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Types of calculations

Types of welds (— #16/ 16)

Welds
Fillet Butt Plug Flare groove
,,Normal” | Intermittent | All round Full Partial
penetration | penetration
All types of load Shear All types of load Shear forces only
forces only
Calculations: Calculations:
as butt as plug
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EN 1993-1-8 tab 4.7.1

Full penetration butt welds

4.7.1 Full penetration butt welds

(1)  The design resistance of a full penetration butt weld should be taken as equal to the design resistance
of the weaker of the parts connected. provided that the weld 1s made with a suitable consumable which
will produce all-weld tensile specimens having both a minimum yield strength and a minimum tensile
strength not less than those specified for the parent metal.

4.7.1 Spoiny czolowe z pelnym przetopem

(1)  Nosnosé obliczeniowa spoin czotowych z petnym przetopem przyjmuje sie réwng nosnosci
obliczeniowe] stabszej z taczonych czesci, pod warunkiem, ze spoina bedzie wykonana z
odpowiedniego materiatu wykazujgcego przy prébie rozciagania spoiny minimalna granice
plastycznosci i minimalng wytrzymatosc¢ nie mniejsze od wartosci nominalnych dla materiatu
rodzimego.
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Full penetration butt welds

Satisfied of technical requirement for weld + sufficient load-bearing weaker element —
calculations of weld load-bearing is not necessary
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Filled welds
Directional method

Photo: Author

V[(on)?+ 3(ty 2+ T < £,/ By T2)

| and
fu 1L g — 01 = 0,91,/ Yz

EN 1993-1-8 (4.1)

a ’L'"

{( / oL
1:u = min (ful ) 1:u2)

Yme = 1,25
1:ul

steel S 235 S 275 S 355 S 420 S 460 EN 1993-1-8
Pu 0,80 0,85 0,90 1,00 tab 4.1
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Geometry of welds: A J, J, Ay Ay, Jo
Loads (cross-section forces): Ngg My gg M, g4V, eg V2 £d M1 K

o= Ng /AL M, g Z/JylL M, eq Y/,
T(l,Z):iT(Vy,Ed/A\/y Vo ed Az Mr gl Jo)

6L=0/2

ti=0/\2+1, (usually t, =0)

T|= T, (usually t, = 1)
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Geometry of welds: A J, J, Ay Ay, Jo

Loads (cross-section forces): Ngg My gg M, g4V, eg V2 £d M1 K

Fugg=(OL+Tot T”) a
I:w, Rd ~ 1:u \/3 a/ (Bw YMZ)

FW, Ed < FW, Rd
EN 1993-1-8 (4.2), (4.3), (4.4)

of Technology

[y :
m 80th Anniversary

Y Cracow University W E?‘Cl;rl‘tge?:’nﬁvil Chair of Bridge, Metal and Timber Structures
I 4!_" 9 g

80th Anniversary Cracow University of Technology



Geometry of welds: geometrical characteristics (A J, J, A, Ay, Jo) = projection of welds cross-
section on plane paralell or perpendicular to load.

Photo: Author
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— #16/23

Geometry of filled welds

a>3 mm 1y = Max( 6a; 30 mm)
(EN 1993-1-8)

02t,<a<0,7t,
t,>t,
(PN-B 3200)

150a>1
(EN 1993-1-8)
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Example 1

Welds between web and web plate or between transverse stiffeners and web

| | 4%155

| |
B | | |
|

| |
| |
| |
* .
ol oliis e
T e | | desam T T T ] T | e |
il I
| |
| | | |
Bl T R |
| | | B-B | |

Photo: Author

Photo: steelconstruction.info

of Technology [%) Engineering

lv‘“v Cracow University r‘ Faculty of Civil Chair of Bridge, Metal and Timber Structures
K.—J 80th Anniversary Cracow University of Technology

[y :
m 80th Anniversary



Geometry of welds and loads

N 4x155

@
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S235

F,, = 154,6 kN
F, = 201,7 kN
M = 34,1 kNm

A=2-4-(160+480 + 160) = 6 400 mm?

1, =2-[4-4803/12+2-4-160 - (80+2)2] =
=90 941 440 mm?*
J,=2-[2-4-160%/12+2-4-160 - (129,2 - 80)? +
+2-4-480 - (80 +2 - 30,8)] =
28 060 535 mm*

Jo~J, +J,=119 001 975 mm*

Chair of Bridge, Metal and Timber Structures
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There are three different methods of distribution forces F,, + F,, and recalculation them
to shear stress t:

a) Both forces must be recalculated to stress T| (parallel to weld axis);

b) F,, produces horizontal t; F,, produces vertical t; these stresses are paralell or
perpendicular to weld axis;

c) F, acts only on horizontal part of weld and produces T for its part;
F,, acts only on vertical part of weld and produces T for its part;
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Example la

t=(Fy+F,)/A=55,672 MPa

T =M/,

oo = V[(480+4)2 + (129,2)4] = 500,9 mm
o1 J,= 143,533 MPa
o = 15°

TMmax: M r

Photo: Author
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’C"F: t=55,672 MPa
T|m = Tmmax €OS o = 138,642 MPa
Ty = Tymax SIN 0 = 37,149 MPa

c. = 0,000 MPa

T = TiIm + T||F: 194,314 MPa
T1L = t1y = 37,149 MPa

£,/ (Buwz) = 360 MPa
0,9f,/ ypp = 259,200 MPa

\/[(m)z +3(t ”2 + 1,2)] = 342,657 MPa < 360 MPa

o1 = 0,000 MPa < 259,200 MPa
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Example 1b

A =6 400 mm?2
J, =119 001 975 mm?

1, = F, /A= 24,156 MPa
t,=F,/A=31516 MPa
/J,= 143,533 MPa

TMmax - M rmax

Faculty of Civi Chair of Bridge, Metal and Timber Structures
ngineering . .
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TIF=Tu = 24,156 MPa
T1p = Ty = 31,516 MPa
T|m = Tmmax €OS o = 138,642 MPa
Tl = Tymax SIN o = 37,149 MPa
T = TiIm + ’C”F: 162,798 MPa
TL = Tip + Ty = 68,665 MPa
c. = 0,000 MPa

£,/ (Bywz) = 360 MPa
0,9f,/ ypp = 259,200 MPa

VI(61)? + 3(t )2+ ©1?)] = 306,030 < 360 MPa

c. = 0,000 MPa < 259,200 MPa
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Photo: Author

Example 1c

Ay=2" 4" (160 + 160)=2 560 mm?
A,=2"4"-480=3 840 mm?
A=A, +A,=6400 mm?

J, =119 001 975 mm?

1y, = Fy /A, = 60,390 MPa
Tvl 1y, =0/A, = 0,000 MPa
Ty =M /), = 143,533 MPa

I 1, =0/ A, = 0,000 MPa
— ty, = Fy /A, = 52,526 MPa
Ty, =M, /) = 138,971 MPa
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For point 1
\/[(cul)z +3(t I >+ 11,%)] = 350,670 MPa < 360 MPa
o1, = 0,000 MPa < 259,200 MPa
For point 2

TJ_Z - TVZ + TMZ Sln a = 8,726 MPa
VI(61,)? + 3(r 2+ 11,2)] = 331,553 MPa < 360 MPa

61, = 0,000 MPa < 259,200 MPa
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Conclusions

Condition Method a Method b Method ¢
V[(oL)?+ 3(ty 2+ 1131/ 0,952 0,850 0,921
[fu/ (BW YMZ)]
oL/ (0,9f,/ o) 0,000 0,000 0,000

Effort of welds is similar for each method of calculations. There is ho matter,
which type of model will be taken into consideration.
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Example 2

Welds between gusset plate and girder or column

Photo: Author
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Z
L | S235
m§m__________

y F=1615kN
4 4 o = 5°

Zr,FI@——» e = (46 +60)/ 2 =53 mm
F

M=Fe=8,398 KNm

T TU; F, = F cos o = 160,885 kN

& F__o& 1" _ F, = F sin o = 14,076 kN

A=2-5-300=3 000 mm?
A=A
Phot: Autor W, =2 -5 -300%/6 =150 000 mm3
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Gy = F, | A+ M /W, = 4,692 MPa + 55,987 MPa = 58,320 MPa
t1=F, /A, =53628 MPa
GL= cmax/vZ 37,703 MPa

11 =0, /N2 =37,703 MPa
’C” =1 =53,628 MPa

fu/ (Bwymz2) = 360 MPa
0,9f,/ vy, = 259,200 MPa

V[(01)? + 3(12+ 119)] = 119,641 MPa < 360,000 MPa

oL = 37,703 MPa < 259,200 MPa
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Example 3

Welds between end-plate and girder or between base plate and column or between girder and
column
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- e This example is calculated for three cases:

a) According to experience; thickness of welds according
to #t/ 10

b) Thickness of welds according to EN 1993-1-8
p.4.10.(5)

c) Beam-column without horizontal stiffeners (nonlinear
distribution of stress in welds)

Photo: Author
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Example 3a

130
g d S235
. IPE 450
. R
i End-plate thickness 30 mm
—
E
According to #t / 10:
T T 02t,<a<0,7t
t,>t
‘ Photo: Author Flange — end-plate: Flange — web:
te= 14,6 mm t, =94 mm
—r te., = 30 mm te, = 30 mm
6 2 6
6 mm<a<10,2 mm 6 mm <a<6,6 mm
a=10 mm a=6mm
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190

A
oA
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A=2-6-380+2-10- 190 = 8 360 mm?
A, =2 6380 =4 560 mm?
J,=2-6-380%/12+2- 10190 - (190 + 35 + 5)2 =
= 255 892 000 mm?

Photo: Author

Chair of Bridge, Metal and Timber Structures
Cracow University of Technology




Photo: Author

Recalculation from axis of element to axis of weld:
o =5
Mgy =247,1 KNm Ngy=213,0kN Vg, =68,5kN
M = Mg, = 247,1 KNm
F, = Ngq COS o + V4 SINn o = 218,169 kN
F, = - NggSin o + Vg4 c0s a = 49,675 kKN
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Stress blocks

Photo: Author
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o (F,) =o (F,) =F,/A=26097 MPa
s (M) =Mz, /],
6 (M) =Mz,/J,
Z, =235 mm
Z, =190 mm
o (M,) = 226,952 MPa
o (M,) = 183,493 MPa
t (F,;) = 0,000 MPa
t (F,,) = 10,893 MPa
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o, =0 (F,) + o (M,) = 253,049 MPa
o, =06 (F,,) + o (M,) = 209,590 MPa
1, =1 (F,;) = 0,000 MPa
1, =1 (F,;) = 10,893 MPa

61, =11, =0,/ \2=178,933 MPa
61, =11, =0,/\2=148203 MPa
T, = 7. = 0,000 MPa
T|,= 1, = 10,893 MPa
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f./(B,¥np) = 360,000 MPa
0,9f,/ yppp = 259,200 MPa

For point 1
VI(61,)2+ 3(t 2+ 11,9)] = 357,866 MPa < 360,000 MPa

o1, = 178,933 MPa < 259,200 MPa

For point 2
VI(61,)2+ 3(t 2+ 11,2)] = 297,006 MPa < 360,000 MPa

o1, = 148,203 MPa < 259,200 MPa
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Example 3b

S235
IPE 450

EN 1993-1-8 4.10.(5):

Resistance of welds between flange and plate = resistance of flange for axial force
IPE 450 — b, =190 mm ; t; = 14,6 mm

Rdf_bftff /YM0_651 890 kN
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A=10- 190 =1 900 mm?
=t

6 = Ngg ¢/ A= 343,100 MPa
61 =11=0/2=242.608 MPa

Photo: Author

f./ (B,Ynp) = 360,000 MPa
0,9f,/ Y\, = 259,200 MPa

V[(ow,)2 + 3(ty 2+ 11,2)] = 485,216 MPa > 360,000 MPa
61, = 242,608 MPa < 259,200 MPa

Welds assumed according to experience could be too weak according to Eurocode
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Shoto: Author Increasing resistance: welds on both sides of flange

) 190 J
g Recommendation: centre of gravity for welds in the same
» i 146 point as centre of gravity for flange.
~ s ,f a,
69 | 69 190 -a- (14,6 +a)/2=2-69 -a, - (14,6 +a,) /2

a,~13a

According to simplified method:
o = Ngq/ (Zl; a)

6L=t1=06/2
Fpneg=(ortti)a

Formulas could be applicated for a = const; in analysed case will be applicated min (a ; a;) =a
and I, a = ZI; &,

Fora =T, 3a/ Bw¥m2)

I:w, Ed = FW, Rd

Faculty of Civil Chair of Bridge, Metal and Timber Structures

AN Cracow University A
. [T ‘ of Technology ‘L"L Engineering ) )
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Sla= b+2 (0 -2r-t,)/2=190 - a+2(190-2-21-94)-a,/2=
=190 -a+2(190-2-21-9,4)-1,3-a/2=370,18 - a

6 = Ngqg/ (Zl; &)

6L=1.=06/2

Fuea=(0L+t1)a=2ca/V2=v2ca=v2Ngsa/(370,18 a) = V2 N,/ 370,18
FW, Rd ~ 1:u \/3 a/ (BWYMZ)

FW, Ed < FW, Rd
V2 Ngqy/ 370,18 <f,\3 a/ (B, Ymo)

V2 Nig By Vi / (370,18 V3 f) <a
40mm<a

There will be taken into consideration 4 mm over flange and 1,3 - 4 = 5 mm under flange.
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Photo: Author
190 Resistance of welds = resistance of flange:
’ ’ A=190-4+2(190-2-21-94)-5/2=1453 mm?

‘ 4 6 = Ngy ¢/ A= 448,651 MPa

6L =11=0/2=317244 MPa

69 69 f./(Byyae) = 360,000 MPa
0,9f,/ Yy, = 259,200 MPa

Vi(owy)2+ 3(vy 2+ tu,2)] = 634,488 MPa > 360,000 MPa ¥

o1, = 317,244 MPa > 259,200 MPa 5

Welds assumed according simplified method are too weak.

Condition ,,resistance of welds = resistance of flange” is satisfied for welds 7 mm over
flange and 9 mm under flange; nearly two times bigger than from simplified method.

of Technology
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190

1 © ‘fr- ,,Full” resistance (bending moment + axial force + shear
| b
) 5 1} N force):
—
o
3
A=2-6-380+2-6-190+4 -9 -69=9 324 mm?

- | A,=2 6380 =4 560 mm?
' J,=2-6-380°/12+2- 6190 - (450 /2 +3)% +
+4-9-69 (190 + 12 +4,5)2 =
= 279 318 869 mm"

|

In analogy to example 3a, we calculate stresses in
points 1 and 2

e
9
6 6

Photo: Author
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o (F,) =0 (F,) =F, /A= 23,402 MPa
6 (M) =Mgqz, /1,
6 (My) =Mgq 7,1,
z, =231 mm
Z, =190 mm
o (M,) = 204,355 MPa
o (M,) = 168,084 MPa
t (F,;) = 0,000 MPa
t (F,,) = 10,893 MPa
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o, =0 (F,y) + o (M,) = 227,757 MPa
o, =06 (F,,) + o (M,) = 191,486 MPa
1, =1 (F,;) = 0,000 MPa
1, =1 (F,;) = 10,893 MPa

61, =11, =0,/ \2=161,049 MPa
61,=1T1,=0,/\2=135401 MPa
T, = 7. = 0,000 MPa
T|,= 1, = 10,893 MPa
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f./(B,¥np) = 360,000 MPa
0,9f,/ yppp = 259,200 MPa

For point 1
VI(o1,)2+ 3(ty 2+ t1,9)] = 322,650 MPa > 360,000 MPa

o1, = 161,049 MPa < 259,200 MPa

For point 2
Vl(0.1,)2+ 3(ty,2+ 11,9] = 271,458 MPa < 360,000 MPa

o1, = 135,401 MPa < 259,200 MPa
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Example 3¢

190
S235
- IPE 450 (beam)
| R HEB 600 (column)
T When there are no horizontal stiffeners in joint beam-
column; we must make reduction for length of horizontal
- - welds (EN 1993-1-8 p.4.10.(2))
I — i__ f:’E’ixfi__i__
- =
‘ = ‘ Photo: Author - ___;___ _::im |
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Effective length of horizontal welds:
Der=min (b, ; t, +25+7kty)

HEB 600 (column) — t+=30mm ; t,,=155mm ; r=27mm

Hot-rolled column: s=r
Welded column: s = a \2

k=min[1,0 ; (ts /to)(F, cr /Ty 00 ]
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IPE 450 (beam) — b, =190 mm ; t;= 14,6 mm
HEB 600 (column) — t+=30mm ; t,,=155mm ; r=27mm

Hot-rolled column: s =r =27 mm
k=min[1,0 ; (ts /t)(fy ¢ /T, ) 1=min (1,0 ; 2,055)=1,0
Effective length of horizontal welds:

= min (190 ; 279.5) = 190 mm

There is no reduction for this situation. Rest calculations are completely the
same as in previous examples (3b fore example).
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Conclusions

Condition Point | Example a | Example b, | Example b, | Example c
implified second
SIMPATIE checking
V[(o)?+ 3(t)2+ AN/ [f,/ By | 1
Ym2)]

2
2

Resistance of welds = resistance No No

of flange, EN 1993-1-8 4.10.(5)

Welds according to experience could not satisfied condition EN 1993-1-8 4.10.(5);
Welds assumed according to simplified method could be too weak;

In case of no horizontal stiffeners, length of horizontal welds should be reduced.
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Example 4

Photo: Author

Photo: tboake.com

Welds between web member and chord of
steel truss
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This example is calculated for two cases:
a) ldeal truss;

b) Non-ideal truss;

According to Eurocodes, we must satisfy many requirements to can calculate real truss

as ideal truss (axial forces only). Sometimes - when part of these requirements are not

satisfy - we must take into calculations local bending moments in nodes of truss. More
information will be presented on Lecture #21.
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Example 4a

5 1 S235
H CHS diameter 51 mm
O CHS thickness of flange 3,2 mm
7HL Thickness of weld 3 mm
3 < A= [(51/2+3)-(51/2)?] =509 mm?

SH&

N, = 64,73 kN

Photo: Author
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o =Ng /A=127,171 MPa
=0 MPa

61=1.=0/2=289923 MPa
’C" =1 =0,000 MPa

f./ (B, V) = 360,000 MPa

0,9f,/ Yy, = 259,200 MPa

V[(c1)2+ 3(t)2+ t1?)] = 254,342 MPa < 360,000 MPa

oL = 89,923 MPa < 259,200 MPa
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Example 4b

%L S235

O A= [(51/2+3)2-(51/2)?] =509 mm?
7HL J=m-[(51/2+3)*-(51/2)*] /4=186080 mm*
2 % W=J/(r+a)=186080/(51/2 + 3) =6529 mm?
3.C Ng, = 64,73 kN
Mgy = 2,24 KNm

Photo: Author
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o =Ngy/A+ Mg, /W=127171 + 343,085 MPa = 470,256
=0 MPa

6L=11=0/V2=2332,521 MPa
’C" =T= 0,000 MPa

f./(B,Yyp) = 360,000 MPa
0,9f,/ Yy, = 259,200 MPa

V[(02)?+ 3(vy2+ 1.9 = 665,042 MPa > 360,000 MPa §

61 = 332,521 MPa > 259,200 MPa §
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Conclusions

Condition Example a Example b
V[(oL)? + 3(ty 2+ 1191/ 0,707 1,847
[fu/ (BW YMZ)]
oL/ (0,91,/ vm) 0,347 1,283

Effort in welds in truss is very big even for very small value of bending moment.
Better way is satisfied each conditions for calculations truss as ideal truss.
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Above calculation based on very big simplification. First of all, area of weld is much more
bigger than only ring around CHS. This is true for weld between CHS and flat member for
axis of CHS perpendicular to plane.

For joint CHS-CHS, shape of weld is much more complicated.

| 15T ANGLE MwOJECTON

Fig 128

Photo: pclgroupcncmachine.com
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Second reason, much more important: strong restriction for angle between elements in
case of fillet welds (— #16 / 24): 60° — 120° (EN 1993-1-8 p.4.3.2.1):

This part of welds must be
calculated as butt partial
penetration weld

< 60°

This part of welds must be
tested experimentally

Photo: Author

Next problem: according to EN 1993-1-8 4.7.2(1): ,,design resistance of a partial
penetration butt weld should be determined using the method for a deep penetration
fillet”. So, for angle < 60° : fillet weld as but weld, but butt weld as filled weld, fillet

weld as but weld, but butt weld as filled weld...
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Crown points = 0° and 180°
Saddle points = 90° and 270°

Subtended angle (p)

Angle W between two CHS varies along

weld. It is possible for ranges to occur

simultaneously in which

 W>120° (fillet welds tested
experimentally);

e 120°>Y¥ > 60° ("normal” fillet welds);

« W <600 (fillet welds counted as butt
welds with partial penetration).

Tributary length

Photo: Fillet welds around circular hollow
sections, Tousignant K., Packer J., Weld
World 63, 421-433 (2019)

Therefore, technical requirements specify need to use both butt and fillet welds,
depending on angle value.
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Standard EN 1090-2 presents

i

technical requirements for making Deta atA B etai at
of welds CHS-CHS. Technical /

requirements for butt welds are
presented on fig. E2.

L
£
i <=
where dy < dg @ =50 to 90°
b =2 mmto 4 mm b =2 mmto 4 mm
y ¢=1mmto 2 mm ¢=1mmto2mm
Photo: EN 1090-2 fig. E2
rad =1

where dy =dy
b= max, 2 mm

l AN ‘ Cracow University
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b =2 mm to 4 mm
¢=1mmto 2 mm

For & < 60°, a fillet weld detail (as
Figure E.3)) should be used at D
in the heel area.
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o'y

C
. . . E Ty A
Technical requirements for fillet ‘ ‘
welds are presented on fig. E2. B R e °
|| .I L
Detail at A, B: Detail at C: Detail at O:
Ly
Ny 1 v
k [
L
60° = 8 =< 90° 30* =6 =<80°
Photo: EN 1090-2 fig. E3 b =max. 2 mm b=max. 2 mm b=max. 2mm
Faor & = &0°, a butt weld Far the smaller angles, full
detail (as Figure E.2)) penetration is not required
should be used at C in provided there s
the toe area adequate throat thickness
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Conclusion: change of type of welds (fillet / butt) is recommended for joints between two
CHS and two RHS.
1, 2, 3, 4 - order of making welds to minimalisation of residual strains and stresses.

{ ] L)

m+
= )

il B

Photo: EN 1090-2 fig. E1

Resistance of such type of weld can be calculated as for mixed joint.
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Mixed joints

Interaction between filled and all round welds or plug welds

Geometry of plug welds and / or filled all round welds must be
added to geometry of ,,normal” fillet welds:

A=A, TA +A

all round ’normal”’

plug

Jy= oty + +

all round, y “normal”, y

plug, y

‘]z = ‘]plug, Z + ‘]all round, z + ‘]”normal”, z
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More complicated is interaction between butt and fillet welds. Information is presented in
literature only, not in Eurocode.

Area = Ay * Avitler * 0,5

Olny axial force is accepted in this case. Next step of calculation according to

calculation of ,,normal” fillet welds.
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Conclusions

Accurate weld analysis in the case of CHS joints is extremely complicated:

» weld forms a curved line in three dimensions;

» opening angle between the CHS walls varies along the joint;

* itis recommended to use both butt and fillet welds in one node;

» cooperation of these two types of welds is little described in literature.

VY Cracow University [ "] Faculty of Civil Chair of Bridge, Metal and Timber Structures

7\ . -
of Technology () 7 Engineering : 5
PR ot Anniversary 5| soth Anniversary Cracow University of Technology




Cracow University

. &" of Technology
m 80th Anniversary

S

al

1€ | =

\ /_<f“> 47
\
Photo: Author ; | -IT: Looes)
[ [ T,
! b || N
! NI |
‘ \].\ \\ ‘\?/
™ ‘ - | ™ N
J | - | \
' A
‘ | AN 19%173
s
=33 REEES ] : =a:
| 2] B
[ 1 o
5|
|

Faculty of Civil
Engineering
80th Anniversary

Photo: Author

| ‘.‘.
Welds between gusset plate and bracing or
between flange plate and flange
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This example is calculated for two cases:
a) When |4 <150 a
b) When |, > 150 a

wel
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Example 5a

600
y £ 5235

9% |

=9 . . — 2
_ F., A,=2-10 600 =12 000 mm
O’\ -

Feq = 2 374,3 kN

%S |

Photo: Author
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A
oA

o =0 MPa
T =Fgy/ A, = 197,833 MPa

61 =11=06/Y2=0,000 MPa
’C” =T= 197,833 MPa

Faculty of Civi Chair of Bridge, Metal and Timber Structures
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f./(B,¥np) = 360,000 MPa
0,9,/ Yy, = 259,200 MPa

V[(o1)?+ 3(r) 2+ 112)] = 342,657 MPa < 360,000 MPa

o1 = 0,000 MPa < 259,200 MPa
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Example 5b

S235

Photo: Author

A,=2"3-600=3 600 mm?

y 600 v Feg = 712,3 kKN
7 7
¥
Force = 30% Example 5a
> Fe. . Area = 30% Example 5a
— Effort the same

But...

| =600 mm > 150 a = 450 mm
Long joint

For long joint we have non-linear distribution of shear stress
along weld. Values at the end is bigger than in central part. We
assume constant value for calculations — is possible, that at the

end real value of stress will be bigger than resistance.
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V[(oL)?+ 3(ty 2+ 1] < Brw fu/ Buvmo)
61<0,9 By fu/ Ymz

Values of B,,, for different types and lengths of welds:

Length of weld: 0 - 00

Between flange and web in welded 1,0
I-beam

Length of weld: L<1,700m 1,700 m <L <8,500 m L > 8,500 m

Between transverse stiffeners and 1,0 1,1-L/17 0,6
plates in welded I-beam
Length of weld: L<150a 150a<L<900a L >900a
All other cases 1,0 1,2-0,2 L/ (150 a) 0,0

EN 1993-1-8 (4.9), (4.10)
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By =1,2-0,2 - 600 /450 = 0,933

BLW fu/ (BWYMZ) - 336,000 MPa
019 BLW fU/yMZ = 241,920 MPa

o =0 MPa
t=Fgy/ A, = 197,861 MPa
61 =1L=0/Y2=0,000 MPa
’C" =T= 197,861 MPa

VI(oL)2+ 3(x2+ 112)] = 342,705 MPa > 336,000 MPa §

o1 = 0,000 MPa < 241,920 MPa
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Conclusions

Condition Example a Example b
V[(oL)?+ 3(ty 2+ 1191/ 0,952 1,020
[fu/ (BW YMZ)]
oL/ (0,9f,/ yuo) 0,000 0,000

There is possible, that for very long welds resistance will be smaller than stress in weld.
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Welds between lacings and laced member or
between battens and battened member - lacing or
battens is L-section

HEB 300
! -6 730<@ ! !
_ I
| \ o t
o — = — P
+ " N + Miee 'a /1‘;{ z
| oy o | e AN
| | 2
| |
| | | /\ \/
I 190 1150 Jlé— |
, X130 !
s 3 201 Ly |
— [Nn} — -
a |
—_ v | o
|
|
|
| —
A Ul Photo: Behaviour of Single Laced Columns versus Double Laced
- Columns, P. F. Hasheela

Photo: Author
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For L-sections distance between axis of bar and centre of gravity for welds are
very important. Because of this, there are two cases:

a) Distance =0

b) Distance # 0
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Example 6a

S235
o _ L 40x40x5
No eccentricities — different length of welds
(centre of gravity for welds at the same axis as a=3mm
centre of graviry for L-section) Fe, = 182,2 kN

e;,=116+a/2=131 mm
e,=28,4+a/2=29,9mm

|, =2,2841,

Assumption:
I, =205 mm
l, =90 mm

Photo: Author
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XlI=1+1,=295 mm
A,=a X1=3-295=885 mm?

f./ (B,Vnp) = 360,000 MPa
0,9f,/ y\p = 259,200 MPa

o =0 MPa
’C" =T= FEd /A\/: 205,877 MPa

V[(61)? + 3(t)?+ 112)] = 356,587 < 360,000 MPa

oL = 0,000 MPa < 259,200 MPa

Faculty of Civi Chair of Bridge, Metal and Timber Structures
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Example 6b

Eccentricities — the same length of welds as
for previous situation:

205 +90 =295~=150+ 150

Photo: Author

S235
L 40x40x5

a=3mm
Feg = 182,2 kN

A,=2-3-150=900 mm?
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Photo: Author

Z
Fgq /2 cm ) o
- T_
M &
Wt i y
sl I
Fea 12

M; =e; Fgy/2=1,194 KNm

M, =€, Fgq/2=2724 KNm

M=M,-M;=1530 kNm
Jy=2-3-150-(21,5)? = 416 025 mm*
J,=2-3-150%/12 =1 687 500 mm*

Jo=J, +J,=2103 525 mm*
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Calculation as for example 1.:
T = Fgy / A, = 205,877 MPa
Tm = M rmax / ‘]o
Foo =V (752 + 232) = 78,4 mm
sino=23/78,4
T\ = 57,029 MPa
Tv || = Tm SIN @ = 16,731 MPa
Ty L= Ty COS a = 54,521 MPa
c =0 MPa

T I = Ty I + 1= 222,608 MPa
T1= 11 = 54,521 MPa
o1 = 0,000 MPa

y Cracow University  [* "] Faculty of Civil Chair of Bridge, Metal and Timber Structures
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f,/ (ByYwp) = 360,000 MPa
0,9,/ Yo = 259,200 MPa
VI(oL)2+ 3(x2+ 112)] = 396,964 MPa > 360,000 MPa §

oL = 0,000 MPa < 259,200 MPa
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Conclusions

Condition Example a Example b
V[(oL)?+ 3(ty 2+ 1191/ 0,991 1,103
[fu/ (BW YMZ)]
oL/ (0,9f,/ yuo) 0,000 0,000

Effort for non-zero value of eccentricity is bigger than for no eccentricity even for very
small value of bending moment.
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Example 7

Welds between web and flange
A +00 A For this type of welds:
stress in welds = stress in I-beam;
We no calculate geometry of welds

S235
a=6mm

A=2-16-400+1 168 12 =26 816 mm?
A, =1168-12=14016 mm?
J,,=12- 11683/12+
+2-16-400-(1168/2+16/2)*=
=6 079 352 832 mm*
S,=16-400- (1 168 /2+16/2)=3 788 800 mm?3

| z,=1168/2 =584 mm
L6x9 948 W,,; =J,, /2, =10 409 850 mm?

12

1 168

Photo: cedricbodeengineering.com

Mgy = 1 254,2 kNm
Ve = 13259 kN

Photo: Author
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There are three examples:
a) Continous welds
b) Intermitted welds

c¢) Continous welds and local transverse load
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Photo: Author

Example 7a

o1 = Mgg / W,y; = 120,482 MPa

1,=Ve S,/ (22 J,,) = 68,861 MPa

’C" =0 +T;= 189,343 MPa
t1.=0 MPa
oL =0MPa

f./ (Byyae) = 360,000 MPa
0,9f,/ Y, = 259,200 MPa

V[(o1)? + 3(12+ 11%)] = 267,771 MPa < 360,000 MPa

o1 = 0,000 MPa < 259,200 MPa
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Example 7b

| | i ——i'*] Filled intermitted welds reduce length of
Ft sd t.Sd . .
- ' | > |o P=%r welds and consuming of electrodes. Ttis type
| . 3 :
I ) of welds could be applicated to type of joint as
LW =

- " Alj flange-web only. So, they can’t be applicated
Frsd - 1 {_—_—_l—h in case such as in example 5b.
L_ | 1 Foranalysed case (— #16 / 19):
WL JLW:_ - b =400 mm
"I r_ _T_j t=16 mm
| L4
Fesd ] Fesd | ]_T” bl =1 168 mm
- t, =12 mm
| | | | - - : _
P _’ILl'——J - L,>min (0,75b ;0,75b,) =
= Lve = min (300 ; 876) =300 mm

L,<min (12t ; 12t, ; 0,25b ; 200 mm) =
=min (192 ; 144 ; 100 ; 200) = 100 mm

Photo: EN 1993-1-8 fig 4.1
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Photo: Author Into consideration are taken:
L, =350 mm
L,=50 mm

T = (c;+t)(L,+Ly)/L,=216,392 MPa
t1.=0 MPa
o1 =0 MPa

f./ (Byyae) = 360,000 MPa
0,9f,/ Y, = 259,200 MPa

V[(o1)2+ 3(ty2+ t1?)] = 374,802 MPa > 360,000 MPa ¥

oL = 0,000 MPa < 259,200 MPa
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Example 7c

. 400 .
& Local transverse load - under wheel of crane or under secondary beam
L3
| |
|
: . P
| e | - A
o ; b; | ,/ /
h“I ! — st 0
e e
e l,=2h+2f, |  l=b+2f,
3| o - o
Photo: Author 8235
P=136,4 kN
L6x5 948
l, =212 mm
c,=P/(l,2a)=53,616 MPa
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’C" =0 +T; = 189,343 MPa
11=061=0,/V2=37,912 MPa

£/ (Buyyr) = 360,000 MPa
0,9F,/ yu, = 259,200 MPa
V[(oL)?+ 3(t ||2+ 112)] = 336,603 MPa < 360,000 MPa

oL = 37,912 MPa < 259,200 MPa
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Conclusions

Condition Example a Example b Example c
V[(o)?+ 3(t2+ 1)/ 0,744 1,041 0,935
[fu/ (BW YMZ)]
oL/ (0,9F,/ vyp) 0,000 0,000 0,146

Transversal force changes type of stresses distribution in welds. Application of
intermitted welds must be very careful.
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Example 8 Welds in castellated beams Photo: rfstearns.com

Photo: gunungsteel.com

Photo: H. W. Al-Thabhawee, A.
Mohammed, Experimental study
for strengthening octagonal
castellated steel beams using
circular and octagonal ring
stiffeners , IOP Conf. Ser.:
Mater. Sci. Eng. 584 / 2019

Welds between two parts of I-beam or I-bam and expansion plate
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Photo: Author

In such locations of welds, it is not possible to make an overlapping contact. All parts of
member must lie in the same plane. Only butt welds are allowed.

Butt welds: satisfied of technical requirement for weld + sufficient load-bearing weaker
element — calculations of weld load-bearing is not necessary (— #t / 5)
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Photo: encrypted-tbn0.gstatic.com

Welds between:

truss bar and end plate, area A,

truss bar and longitudinal stiffeners, area A,
longitudinal stiffeners and end plate, area A,

Photo: Author
Photo: Author

lv‘“v Cracow University [ "] Faculty of Civil Chair of Bridge, Metal and Timber Structures

of Technology dw) Engineering

[T .
PRE| o Aniversey S| soth Anniversary Cracow University of Technology



Photo: Author

Global axial force N, is distributed between cross-
section of CHS and cross-section of stiffeners:

Neg, cis = Neg Achs / (Achs +As)
Neg, st= Neg Asi/ (Achs + Asy)

Welds between Force Force Calculation Stress in welds
orientation in as in
relation to weld example
Neg cns | Perpendicular #4a G = Ngqg chs/
cL=TL=0/N2
|| =0
truss bar and NEg st Parallell #5a || = Ngg st/ Ay
longitudinal stiffeners cr=1t1.=0
longitudinal stiffeners | Ngq o Perpendicular #3a G = Ngg st/ As
and end plate 6L=T1=0/\2
|| =0
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Example 10 Filled all round welds

Auxiliary for big flange plate, web plate, etc.

(to inter-connect imperfected components or to prevent the buckling or

separation)

The same type of calculation as in example 1

Photo: Author
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Crevice Photo: Author

Limited air circulation and
limited oxygen access, uneven
__distribution of sparingly and
easily soluble salts on the surface
of gap, increased aggressiveness
of environment inside gap

Photo: epg.science.cmu.ac.th — #7 / 18

Contact (bimetalic): different
chemical composition of alloys or
contact of different metals. In
presence of water/electrolyte,
galvanic cell and directed movement
of electrons is created. As a result,
less noble metal corrodes in the
presence of a more noble metal.

Photo: wikipedia
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Example 11

_____ | e PIUg welds
_I_I ......... |_
| |
| |
| |
| |
—-:+-—.-—-—:- — Auxiliary for big flange plate, web plate, etc.
: : (to inter-connect imperfected components or to
| |

prevent the buckling or separation)

Photo: Author
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The same type of calculation as in example 1

FW, Rd — AW 1:u/ (\/3 Bw YMZ)

A,=nd?/4
1:u = mm_( 1:ul : 1:u2)

Photo: Author YMZ -

steel S 235 S 275 S 355 S 420 S 460

B 0,80 0,85 0,90 1,00

EN 1993-1-8 tab 4.1
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Examination issues

Initial assumptions about geometry of filled welds
Resistance of filled welds

Recalculation from cross-sectional forces to stresses for different types of welds
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Gusset plate - blacha weztowa
End-plate - blacha czotowa
Base plate - blacha stopowa
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Thank you for attention
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