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Floor girders — examples of calculation (part I)
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Ist example of calculations — primary beam Initial assumptions about cross-section

h= Ly /20+ Ly, /25

Steel S 355
Photo: Author Lpodciqg =16,05m
| = h =642 + 803 mm
W% o HEA 800
| P

Ist class of cross-section

Erection stage

Gy [KN] Qg [KN]
1 2 3 3 33 33 33 3 3 3 3 3 21 121,602 0
R N e e
- = = 3 | 40,503 0
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Statics of srtucture

Photo: Author

Asymmetrical - no — —

Symmetrical
Bending moments [KNm] Reactions [KN] Shear forces [kN]
Left span Central Rightspan | Leftspan Central Right span Central Central
support support supports — | supports —
left side right side
Asym
Sym 374,690 669,089 374,690 125,063 833,755 125,063 416,878 416,878
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Ist example of calculations — primary beam

Steel S 355

Photo: Author

2100

Exploitation stage

Gy [KN] Qg [KN]
303 8 33 o2 1 | 20558 | 58725
LT T 36700 | 10864t

3 39,549 117,450

Cracow University [ x| Faculty of Civil Chair of Bridge, Metal and Timber Structures
of Technology ‘L"} Engineering

— Cracow University of Technology




Statics of srtucture
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Photo: Author

Asymmetrical

Symmetrical
Bending moments [KNm] Reactions [KN] Shear forces[kN]
Left span Central Rightspan | Leftspan Central Right span Central Central
support support supports — | supports —

left side right side
Asym 1849,801 | 1659,846 33,165 561,099 1 034,172 82,180 750,248 283,924

Sym 1452,384 | 2593,542 | 1452,384 484,774 3 231,828 484,774 1615914 | 1615,914
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Bending moment only: 9. Photo: Autor

v l
Mgy / Mgy < 1,0 77,
/
Class of cross-section [\/th []]rd ||nd /fSt
Distribution of Elastic Plastié
o aCross cross-section
Effects Local Resistance of cross-section
instability
Mgy = From ,,normal” static calculations of ) |-From special recalculation ic
structure | new static scheme and new
10ads (redistribution)
Mgg = Wess fy/ mo | Wer T/ Ymo Wiy, [ vmo /

W, — 11" laboratory

W,, — tables for design

Erection stagg (small loads)

Exploitation stage (full loads)
W, — I** laboratory
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Axial force and shear force

Ngg/ Npg < 1,0 Veg/ Vg < 1,0
Class of cross-section AVAL 117 |Ind ISt
Negg From ,,normal” static calculations of structure
V4 From ,,normal” static calculations of structure
Nro, 7= \Afy/y'\"o
Ngg c = At fy/ ™Mo \ A fy Lo
Vg = Ay Ty ! (o V3) | CAL (e V3)

There is no axial force in analysed case

A — effective area Simplification: due to the redistribution of

A — total area bending moments, there will also be a slight

A, — active area for shear force redistribution of shear forces
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Erection stage: shear force

EN 1993-1-1, (6.17), (6.18)
Veg/ Veg<1.0  Vgg=A/ 1,/ (V3 Ywo)

Active area for shear force is defined in EN 1993-1-1 6.2.6.(3), but the
most often, for I-beams, in stake into consideration safe estimation h - t; ;

in analysed case =79 - 1,5=118,5 cm?

Vg, = 416,878 kN
Vi =2 428,768 kN

Vigg/ Vgg =0,172<1,0
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Erection stage: interaction shear force — bending moment

Above the central support, we have a large bending moment and shear force
simultaneously. In this situation, stress concentrations from bending and shear occur. We

calculate this by applying a reduction in the bending resistance if the bending stress exceeds
50%. In analysed case is 17,2%, there is no need for reduction.

EN 1993-1-1 (6.12), (6.13), (6.29), (6.30)
Unreduced Iresistance, It cross-section class:
Mgy =W, i T, / 7o = 3 088,145 kKNm
Checking resistance:

Mg, =669,089 KNm

Meg/ Mg req = 0,217 > 1,0
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Global instability: lateral buckling

Lateral buckling: occurs when bending about a
strong axis; the member axis simultaneously bends
and twists, without deforming adjacent cross-
sections. Analyzed only for bending about a strong
axis or bi-axial bending. Hazardous for bending
elements (beams always; columns if they have at
least one rigid node)

Photo: civildigital.com

)

ymm
{
+

]

Y " Phenomenon is described by complex of three derivative formulas:

EJ, W+ M, 9)"=0 [1]
EJ, 0 -[2B,M,+G )]’ +q,(e,-2) o+ M,n"=0 [2]
B,={ IA[ z(y*+2z5)dA]-z}/(23) [3]

There is no general analytical solution; there are only
Photo: K. Rykaluk, Zagadnienia statecznosci . - . . s .
konstrukcji metalowych, DWE 2012 approximate solutions or solutions for limiting assumptions.
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The simplest and easiest situation is a single-span beam supported by pins, with a constant bi-
symmetric cross-section and a constant bending moment (many limiting assumptions).

Ncr 7= Tcz E‘] / (Hz IOz)2
N, 7= [m° By / (ur lop)* + G/ i
cr = Is \/ (Ncr, z Ncr, T)

The case of M = const is, however, very rare in structural analysis (one in a billion beams?), so

the formula given in both the old Polish Standard B-3200 and Access Steel is most often used
in calculations:

M, = {V[E2N_ N 1iZ+ (¥ N

cr, z chs )2]}'LPN
Coefficients Z W depend on the support conditions and the shape of the bending moment along
the beam length and the geometrical characteristics of the cross-section; it is also taken into
account whether the continuous load g is applied to the compression or tension flange. The
specific values = W are specified slightly differently in PN, AS, and still other values can be
found in various literature (approximations). Z =1 and ¥ = 0 give a formulas like the one at the

top of the slide.

cr,z cr, z

.viﬂlv‘ Cracow University ',:\1 Faculty of Civil Chair of Bridge, Metal and Timber Structures

of Technology IQF—AI Engineering

PiC Cracow University of Technology



First step is calculation of critical forces, the same as for flexural bucklning (as for compressive
axial force)

Ner,, = 7 BJ, /(1 lo,)*
Ner, 7= [7* B,/ (ur lor)* + GI] /2

For both forces, we will only refer to the section of the span where the lower (unsecured) flange
IS compressed.

. -] | - Erection stage: no concrete plate, no protection
against instability

Photo: Author

In this stage, |y, = |, = total span = 16,050 m

The form of instability approximately corresponds to the behavior of a beam supported
by a supporting beam.

H, = MWy = 1’0

T Photo: wikipedia
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When analyzing lateral buckling, it is necessary to determine the relative position of three
points in the cross-section:
« center of gravity;

 point of load application; Load in poin Effect
) 1 Bending, shear force, torsion
2 Bending, shear force
Q 3
U
1 2 |

Photo: Author
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If a cross-section has an axis of symmetry, the center of gravity and the lie on
this axis. For bisymmetric cross-sections (I-beams), these two points coincide. If the
direction of the transverse load from point of load application does not pass through the

, then in addition to the classical bending and shearing effects, it will also

cause torsion in the element:
m [KNm / m] =g [KN / m] - eccentricity (:c — pla) [m]

Lateral buckling is a form of loss of stability involving simultaneous bending and rotation,
so rotation a member with an eccentric load can accelerate buckling.

VY E:‘;:‘:’:,".,‘j.’:,‘;;"""’ W Faculty of Civil Chair of Bridge, Metal and Timber Structures

7N S
[T 7 Engineering . .
PIC R Cracow University of Technology



Deformation from initial imperfection

Deformation as the result of torsional moment

Initial imperfections make eccentricity e and

torsional moment M as the secondary effect of
) My=Load e load.

— #5/77

Deformation from initial imperfection

Deformation as the result of torsional moment

Various points of load’s application makes various
M, =Load - e effects of deformations. These deformations from
¥ torsional moment can intensify or weaken the
impact of initial imperfections. As a result, the
| Photo: Author cross-section may lose stability more easily (smaller
M.,) or more difficult (larger M,,)
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In the lateral buckling calculations, the distance between the and the center of
gravity, denoted z, , will appear. This distance is measured perpendicular to directon of load.
In analysed case: bi-symmetrical 1-beam — this distance is equal 0.

In turn, the location of the load i
application point relative to the
center of gravity is very
Important, as it differentiates the
upper and lower flanges.

Depending on the selected >0 <0
ﬂange! the Value Of the dIStance Photo: eurocodes.jrc.ec.europa.eu Another important parameter iS the
z, may be greater or less than 0. PSymmetry arm: 8 measure of how

asymmetric a particular cross-section
IS about a specific axis. If it is an axis
of symmetry, the asymmetry arm is
zero. For bi-symmetric cross-sections,
both arms equal zero.

r,=r,=0
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HEA 800:

J, =303 400 cm*

J, =12 640 cm*

J; =596,9 cm#

J,, = 18 290 000 cm®

lo, = lor = 16,050 m

b, = ur =10

z,=0,0m
i;=V(i2+i2+2?=0333m

N, ,=n?EJ, /() =1016,988 kN
Ne = [m? EJ, [ (ur lgp)? + GJ]/i2=5687,192 KN

Rough estimate for the I-beam under consideration:
Mg = is V (N, ; Ng; 1) = 800,500 KNm
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A more accurate estimate is possible using the formula

M_={\V[E2N__ N_-i2+(¥N

cr,z 'Yer, T Is

2]} - Ncr, z

or,2)

But the problem is that the = and ¥ coefficients, both in PN and AS, are given for beams
with identical support at both ends. This doesn't quite fit the behavior of a two-span beam.

Tablica Z1-2
Table 3.2 Values of factors C; and C; for cases with transverse loading (for k= 1)
Warunki podparcia®) Wspotczynniki
P . Loading and support . .
i prlqmnu;t t?elkl wouva 1 plaszczyznie conditions Bending moment diagram Cy Cz
(w plaszczyznie symetrii przekroju YZ2) b | e A As g e c,
vz | xz
ST B
Moment staly (B = 1) lub zmienny liniowo?! P P 1 1 1B 0 1/p 2 0 Fiy iy ’ ’
P P 11051336 0 [115p] - -
P U 0505 1/p 0 1B 2 0
TTTTITITETTTTTYY | . A 2578 | 1554
Obciazenie rownomierie rozlozone P P T 1 081 ||[0.53) 1,14 (10,93 ] 0.81 i i i :
P P 1 0105) 1,23 052 1,31 - -
P U 0505 os8 ||0,29) 057 |1.43]0.61
U U 0505 o027 ||1.61] 1.88 [|015] 0.9 il
1,348 0,630
Sila skupiona w $rodku rozpietosci P P 1] 1| 055 |0.78| 1,37 |0.60] 0,81 a [
P P 1105 1,07 | 087 1,48 - -
P U 05)05] 062 050 112 1 || 0,81
u U |osfo5| o [123] 123 | o ||182 ' = — 1683 | 1,645
I P - podparcie obustronnie przegubowe (swobodne); U - obustronne utwierdzenie;
'[‘51' Hen - wspé#czynniki dmgogCi w‘fboczeniowej W p+aszczy§:nie XYi przy Skrﬁcaniu' Mote :  the critical moment M. is calculated for the section with the maximal moment along the member
2V Wspdtezynnik B nalezy przyjmowad wg tabl. 12 - poz. a).

M 2

Photo: PN B-3200 X—2Z ; YyoX ; z—X Photo: eurocodes.jrc.ec.europa.eu
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Estimation according to PN: a more flexible way of supporting the beam is adopted (hinges
at both ends P-P; estimation on the safe side)

Complex of multiple concentrated forces
on a span can be approximated by a

continuous load Tablica Z1-2
W arunki podparcial) Wspatozynniki
. priaienie t?e'ki : \'nr plaszczyznie
(w plaszczyznie symetrii przekroju Y2) \ bl A As g e | ¢
Xz | xz

F 1 1 1/p 0 1/p 2 0
F T 05133 O ||115p
L

Moment staty (B = 1) lub zmignny liniowo?! P\
050 05] 1p 0 1B 2 0

F‘l

S\

N Obcigzenie réwnomisrnie rozlozone 1 1 0.61 |([0.53] 1.14 (|0,93 ] 0.81
T 05 1.23 |[052] 1,31 - -
0505 068 ||028( 0597 || 1,42 0.61

P

Fl

L

L 05056 027 161 1.88 ||015] 0.91
F 1 1 0,855 | 076 1,537 | 0.60( 0.81
F:l 5
L

L

Sita skupiona w srodku rozpigtosci

1105 1,07 (087 1,46 -
05105 082 |[050] 112 0,81
05105 0 1.253) 1,23 o || 1,62

Do OUo||<S T @D

"' P - podparcie obustronnie przegubowe (swobodng); U - cbustronne utwisrdzenig;
Ly, M - wspotczynniki diugosci wyboczeniowe] w plaszezyznie XYiprzy skrecaniu.
2l Wspdlczynnik B nalezy przyjmowac wg tabl. 12 - poz. a).

X—2Z ; y—>X ; Z—X Photo: PN B-3200
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Symbols according to PN:

==B=114

Y=~A=A b, +A;a

A, =0,61

A,=0,53

by=y,—r1,/2

r, —arm of assymetry; for bi-symmetrical cross-section = 0

y, — distance shear center — gravity center; for bi-symmetrical cross-section =0
a, — distane gravity center — point of load application; in this case = 49,5 cm
Y=A,=0+A,a,=0,262m

M_={N[E2N_ N

cr

i2+(¥N

cr,z "Yer, T Is

2]} - Ncr, z

Cr, Z)

M., = 684,606 KNm
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Estimation according to AS: a more flexible way of supporting the beam is adopted (hinges
at both ends; estimation on the safe side

Tabie 3.2 Values of factors C; and C; for cases with transverse loading (for k=1)

Leoading and support

conditions Bending moment diagram Ci C:
T TTETEITERYTY \\L—/ o | oese
iy - . .
TTTITTITITTIITIIY]
| | [Lw‘ﬂ 2578 | 1.554

v T~ 1348 | 0,630
i )

. 4’ , ;Ta 1683 1.645
| 1

Note : the cntical moment M., is calculated for the section with the maximal moment along the member

Photo: eurocodes.jrc.ec.europa.eu
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Symbols according to AS:
= =C,=1,127
¥Y=C; C,z2,=1,127- 0,454 - 0,495 m = 0,235 m

M_={N[E2N_ N__i2+(¥N

cr,z " Yecr, T Is

cr, 2)2]} - Ncr, z

M., = 666,698 kNm
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Calculations using the LT-Beam program:

Photo: Author

e TR Tee Pamd  Tybew
W 2 M ETTe m wWl
TR\
L3 1
Few b
R =
| S nx P — B ———
rte Vo L [T - —
' — Aae e A Mo - - -

M, = 1809,3 kNm
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Rougt estimate PN AS LT-Beam
800,500 kNm 684,606 KNm 666,698 KNm 1 809,3 kNm

In Your project, consider

For the next step of calculations, value from LT-Beam is assumed

M, = 1809,3 kNm
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Lateral buckling
EN 1993-1-1 6.3.2

EJ=const | @ r=[1+a(hyr-02)+A57]/2 o = mind
U[D 7+ N (P2 - 159
At = oyt — tab. 6.3, 6.4, EN 1993-1-1 :
=V (W, f,/ M) 1 1,0}
Hot-roled O, = yir = min{
and welded
Lsections | | = [1+ o (Ap-0,4) +0,75 172/ 2 | L[+ (D12 - A 19)]
oy — tab. 6.3, 6.5, EN 1993-1-1 1 "
\ 1,0}

N A <04 — y7=10

The Eurocode is rather unclear about the two proposals (I-sections usually have
EJ = const). This probably refers to the demarcation between I-sections and
other elements (channels) of constant cross-section.
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Cross-section Limmis Buckling curve

M=V (W, f, /M) = 1,707 Rolled I-sections Wbs2 »

Ly ]llr : | i

- Wiz c
Welded [-sec

Velded 1-secti _ Wb > d

Photo: EN 1993-1-1 tab. 6.5

Bt b | Bsd B

—l

Imperfections: buckling curve ¢
(depth of cross-section / width of flange)

Buckling curve a b C

Imperfection factor o 4 0,21 0,34 0,49 0,76

oy s = 0,49

Photo: EN 1993-1-1 tab. 6.3

gor = mMin{ V[O +V (@ 2-4A] ; VA2 ; 1,0} =
=min (0,355 ; 0,582 ; 1,0)=0,355

According to Eurocode EN 1993-1-1 6.3.2.2.(2), the distribution of bending moments
along the length of the beam must also be taken into account.
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it mog = MiN (g /T 1,0)
f=min {1 - 0,5(1-k)[1 - 2(A.; - 0,8)?]

In the case under consideration, the moment

distribution looks like this:
k.=0,91

f=min (1,029 ; 1,0)
XLT, mod — 0’355

Meq / (XL, mog Mra) = 0,611 < 1,0

l‘"“ Cracow University W Faculty of Civil
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; 1,0} (T

1.0

33 - 0.33y

0.94

0.90

0.91

0.86

0,77

0,82

Photo: EN 1993-1-1 tab 6.6
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Erection stage - Secondary beam Primary beam
resistance
Static scheme One-span beam, L = 5,220 m Two-span,beam, L = 16,050 m
Supports 2 times hinge; bolted joint to 3 times hinge; inside masonry wall
vertical stiffeners on primary and over column
beam
Loads g = conts Gropup of forces in points; so dense
that they can be roughly treated as g
= conts
Distribution of cross- |
sectional forces Photo: Author ‘ ‘
|
Shear resistance Yes Yes
Interaction shear force | No (for max M, V = 0; for max V, Yes
— bendint moment M=0)
Bending resistance Yes Yes
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Erection stage — Secondary beam Primary beam
lateral buckling

Initian assumption — Yes Two-span, but one-span will be
one-span beam taken into consideration as
approximation
Supports 2 times hinge; bolted joint to 3 times hinge; inside masonry wall
vertical stiffeners on primary and over column — no prevention
beam — no prevention for for deplanation — situation
deplanation — one-span beam estimated by one-span beam
Loads g = conts Gropup of forces in points; so dense
that they can be roughly treated as g
= conts
Parameters according A, =061 ; A,=053 ; B=114 ; C,=093 ; C,=081
to PN/ AS

C,=1127 ; C,=0,454

Distribution of bending
moments; final
recalculation of y, ¢

(faCtor kc) Photo: Author
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Exploitation stage: shear force

Vg, = 1615914
Vgq = 2 428,768 kN

Vey ! Vey =0,665< 1,0

But, at now, Mg, is not from stati calculation, but from redistribution of bending
moments

Cracow University  [* "] Faculty of Civil Chair of Bridge, Metal and Timber Structures
l %‘ of Technology i "\ s¢

A 2
Engineerin
VA 9 9 ..
PIC R Cracow University of Technology



Redistribution of bending moments

There are two methods of recalculations of bending moments as an effect of redistribution.

Method Time Mgy Vg Accuracy
"Table" @ ®
"Graphical” ®
— #11/78
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Yoy

PK

— #180 Table: PN B 3200

6. Belki ciagte o bisymetrycznym przekroju klasy 1, zabezpieczone przed zwichrzeniem, mozna projektowac z
uwzglednieniem plastyczne] redystrybucji (wyréwnania) momentow, obliczajac ich ekstremalne wartosci wg wzordw:
- przy obcigzeniach rownomiernie rozlozonych: g-statym, g-zmiennym

G, g — dead-weight M=C, gl® + ('[(,/3 (24-9) From forces G, Q in points
& G
- przy obciazeniach skupionych: G - statym, Q - Zmiennym,
Q, q - live load M=CcGl+Co QI 2410) From continue loads g, q

gdzie Cy, Cq, Cg, Ca - wg tabl 74-2

Wspdtczynniki C mozna réwniez przyjmowad , gdy rozpietosc i ekstremalne obcigzenia przesed rozZnig sie nie wiecej niz
o 10%, przy czym do obliczenia momentu podporowego nalezy przyjmowac wartosci Srednie rozpietosci i obcigzen
przyleglych przesel.

Belki o liczbie przeset wigksze] niz 5 oblicza si¢ analogicznie jak belki piecioprzesiowe, traktujac wszystkie przgsta poza
dwoma skrajnymi z obu stron jak przesio srodkowe (nr 3)
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Moments (— #11 / 82):

Stiffness distribution along 1,2,3—inspans ; A, B, C—over supports
beam (— #11/ 82)

Type of action
\ [ q | G.Q GIQ | G]Q GO IG [ =0
Liczba Rodzaj || Oznaczeniq | 4 Eﬂ:ﬁq I I
przeset || belki'' || momentow b — fe—t—
/? Cg Cq Cg Ca Cg Ca Ce Cao
M, 0,086 0,105 0,167 0,198 0,250 0,292 0,334 0,412
Number Of : I Mz -0,086 -0,105 -0,167 -0,198 -0,250 -0.292 -0,334 0412
Spans M, 0,086 0.106 0,167 0,200 0,250 0,285 0,334 0.417
I Ms -0,086 -0,106 -0,167 -0,200 -0.250 -0,285 -0,334 0,417
M2 0,039 0,086 0,083 0,150 0,084 0217 0.166 0,334
3
Ay 0,096 0111 0,188 0,213 0,278 0,308 0375 0,437
1 Mz -0.063 -0,096 0,125 -0,175 -0,167 -0,256 -0,250 -0,375
M, 0,063 0.096 0,125 0,175 0,167 0,256 0,250 0,375
M, 0,086 0.106 0,167 0,200 0,250 0,205 0,324 0,417
| Mz -0.086 -0,106 -0,167 -0,200 -0,250 -0,295 -0,334 0,417
Mo 0,055 0,094 0,111 0,165 0,150 0253 0,222 0,367
Mc 0,055 | 0,094 | -0,111 || -0,169 | -0,150 | -0,253 | -0,222 | -0,367
4
M 0,096 0.110 0,168 0,212 0,278 0,306 0,375 0,436
M= -0,063 -0,097 -0,125 -0,177 -0.167 -0.260 -0,250 -0,380
I Ao 0,063 0,097 0,125 0177 0,167 0280 0,250 0,380
Mo -0 063 -0,097 -0,125 0,177 -0.167 -0,260 -0,250 -0,380
— #11/ 81
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— #11/ 82

M; 0,086 0,106 0,167 0,200 0,250 0,205 0,334 0417
Ms 0086 | 0,106 | 0167 || -0200 | -0250 | -0.205 | 0334 | -0.417
i My 0055 | 0094 | 0111 || 0165 || 0150 | 0253 | 0223 | 07368
Mo -0 055 -0,094 -0,111 -0,169 -0,150 -0.253 -0,223 -0,368
Ms 0,070 0,102 0,139 0,185 0,184 0272 0,277 0,401
M 0,096 0.110 0,188 0,212 0,278 0,307 0,375 0,436
Ms 0063 | 0097 | 0125 || 0,177 || 0167 | 0260 | -0.250 | -0.380
5 1 Mo 0063 | 0097 | 0125 || 0177 || 0167 | 0250 | 0250 | 0380
Mo -0.063 -0,057 -0,125 -0,177 0,167 -0.260 -0,250 -0,380
M, 0,063 0 100 0,125 0,181 0,167 0,285 0.250 0,389
M, 0,086 0.106 0,167 0,200 0,250 0,255 0,334 0,417
Ms -0.086 -0,106 -0,167 -0,200 -0,250 0,295 0,334 -0,417
la M: 0051 | 0092 | 0146 || 0164 || 0139 | 0246 | 0209 | 0260
Me 0063 | 0098 | 0125 || 0,179 || 0167 | 0263 | -0.250 | -0,385
M3 0,063 0 098 0,125 0,179 0,167 0263 0.250 0,385
1)
R B ® B p R
AvAT A AT A7A
| & & n E A
ikl
la 2 v
E- X &K & & A (o
. zr A&~ A ?
T A S ) O 1 o
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| gt == o i O ’“I LT
; Y
Liczba Rodzaj || Oznaczenig ' | L L F‘Ii:q

przeset || belki' | momentow h— —e —
Cg Cq Caq Ca Cg Ca Ce Ca
2 | M, 0,086 0,105 0/167 0,198 0,250 0,292 0,334 0,412
Mz i -0,086 -0,105 -0,167 -0,198 -0,250 -0.292 -0,334 -0,412
M, 0,086 l U.106 0,167 0,200 0,250 0,285 0,334 0,417
I M= 0,086 -0,106 -0,167 -0,200 0,250 0,285 0,334 -0,417
M: 0,039 0,086 0,083 0,150 0,084 0217 0.166 0,334

3
M 0,096 0111 0,188 0,213 0,278 0,308 0,375 0,437
" M -0,063 -0,096 0,125 -0,175 -0,167 -0,256 -0,250 -0,375
M, 0,083 0.096 0,125 0,175 0,167 0,256 0,250 0,375
M, 0,086 0.1086 0,167 0,200 0,250 0,205 0,334 0,417
I Mz -0,086 -0,106 -0,167 -0,200 -0,250 -0.295 -0,334 -0,417
M- 0,055 0,094 0,111 0,169 0,150 0,253 0,222 0,367
Mc -0,055 -0,094 0111 -0,169 -0,150 -0,253 -0,222 -0,367
q

M 0,096 0,110 0,188 0,212 0,278 0,306 0,375 0,436
M= -0,063 -0,097 -0,125 -0,177 -0.167 -0.260 -0,250 -0,380
I M> 0,063 0,097 0,125 0,177 0,167 0,280 0,250 0,380
M -0 063 -0,097 -0,125 0,177 -0,167 -0,260 -0,250 -0,380

Basedon#t/4: g=19,584kN/m q=57,993KkN/m
M, = |Mg| = 0,086 - 19,584 [KN / m] - (16,05 [m])? + 0,105 - 57,993 [KN / m] - (16,05 [m])? =
=2002,470 KNm
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Exploitation stage, verification:

Redistribution:

Mexploit, »hormal”, asym, Ed, span < I\/Ispan , redistribution = Msupport, redistribution < Mexploit, »hormal”, sym, Ed, support

1452,384 <2002,470 <2 593,542

OK, redistribution correctly

N4 g;?r:::r“l:g;;rsity W Faculty of Civil Chair of Bridge, Metal and Timber Structures
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Erection stage: interaction shear force — bending moment

Above the central support, we have a large bending moment and shear force
simultaneously. In this situation, stress concentrations from bending and shear occur. We
calculate this by applying a reduction in the bending resistance if the bending stress exceeds
50%. In analysed case is 66,5%.

EN 1993-1-1 (6.12), (6.13), (6.29), (6.30)

Unreduced resistance, ISt cross-section class:

Mgy =W, i T, / Yo = 3 088,145 kNm

Reductin:

p =[(2Vgq/ Vg —1J° = 0,109

Mrg rea =MIN{Mgg 5 W, 5 -p (A (4 t)]f, /vy } =3 022,115 KNm
Sprawdzenie nosnosci na zginanie:

Mg, =2 002,470 KNm

Mgg/ Mgg reg = 0,663 <1,0

lviﬂ?‘ Cracow University ',:\1 Faculty of Civil Chair of Bridge, Metal and Timber Structures
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Lateral buckling: difference in relation to erection stage

Currently, the upper flange is stiffened by a reinforced concrete slab. The only loss of
stability occurs in the section where the lower flange is compressed.

N The compression range of the lower flange is
= —= ———— greatest for asymmetric loading.

Photo: Author

In analysed case: |, = l;; = 7,658 m

he adjacent sections: the second span and the section of the span that does not lose
stability make it possible to estimate the buckling length coefficients as

I Hz:HT:OJO?
g‘_"#ﬁf._--- \
\ AN

T
Photo: wikipedia
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Rest calculation are the same as for previous case; only critical length is different.

M., (PN) = 2 769,308 kNm
M., (AS) = 2 857,686 KNm

For the next step of calculations, the minimum (PN ; AS) was assumed:
M, =2 769,308 kNm

s = 0,732
f= 0,964

XLT, mod — 0'767

Meqg / (LT, mod MRrg ) = 0,864 < 1,0

VY Cracow University W Faculty of Civil Chair of Bridge, Metal and Timber Structures
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Deflections:

Two methods:

* Value fro mstatic calculations;

« Approximation value:
A=050[59gL*/(384EJ)]+0,75[5qL*/ (384 EJ)]
where

A - deflection; g - dead-weight; g - live load; L — one-
span length

Various values for various

part of structurews

In analysed case:
A=0,039 m
Agop = 16,05/ 350 = 0,046 m
A/ Agop =0,840 < 1,0

Member Accepted
value

Main roof girder L /250
(truss or beam)

Purlin L /200
Corrugated sheel - L /150
roofing

Floor girder:
—> primary beam L /350
> secondary beam L /250
Door head or window L /500

head

EN 1993-1-1 N.A. 22
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Efforts

Stage Shear force | Interaction shear Bending Lateral Deflection
resistance force — bending moment buckling
moment resistance
| 0,172 <0,50 0,217 0611 [
[l 0,665 > 0,50 0,663 0,864 0,840

VY Cracow University W Faculty of Civil Chair of Bridge, Metal and Timber Structures
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Exploitation stage - Secondary beam Primary beam
resistance
Static scheme One-span beam, L = 5,220 m Two-span,beam, L = 16,050 m
Supports 2 times hinge; bolted joint to 3 times hinge; inside masonry wall
vertical stiffeners on primary and over column
beam
Loads g = conts Gropup of forces in points; so dense
that they can be roughly treated as g
= conts
Distribution of cross- | . - |
sectional forces Photo: Author |
I
Shear resistance Yes Yes
Interaction shear force | No (for max M, V = 0; for max V, Yes
— bendint moment M=0)
Bending resistance Yes Yes

lviﬂ?‘ Cracow University ',:\1 Faculty of Civil Chair of Bridge, Metal and Timber Structures
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Exploitation stage — Secondary beam Primary beam
lateral buckling

Initian assumption — Two-span, but one-span will be taken into
one-span beam No (flange under consideration as approximation
compression is fully

Supports 3 times hinge; inside masonry wall and over
protected by concrete | cq1ymn — no prevention for deplanation —
plate) situation estimated by one-span beam
Loads Gropup of forces in points; so dense that they
can be roughly treated as g = conts
Parameters according A; =061 ; A,=0,53 ;
to PN/ AS B=114 ; C;,=093 ; C,=0,81
C,=1127 ; C,=0,454
Distribution of bending Photo: Author

moments; final x |
recalculation of y,
(factor k)
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11nd example of calculations — hinge joint

Hinge joint, secondary beam - primary beam

Photo: Author

|
¥* ¥* |
# e — 1 —

¥* | |* |
Photo: mscsteel.com | B ‘ 0 ‘
%;LJ 300
~ IPE |

. O ¥

(New complex of data): [ - e |

Span of secondary beam L = 3,00 m
Vertical force = reaction at the end of secondary beam V¢4 = 90,50 kKN

Secondary bending moment Mg, = 0,077 - 90,50 = 6,969 kNm

Cracow University ',:\1 Faculty of Civil Chair of Bridge, Metal and Timber Structures

of Technology I‘L“I Engineering

Cracow University of Technology



Analysis of bolted joint concerns few important questions:

« Initial analysis (category of joint, class of bolt, dimension, length, geometry) — #t/ 46 - 51
«  Stiffness of joint (according assumption — hinge joint) — #t/ 52 - 58

« Distribution of extrenal actions between bolts — #t / 59 - 61

»  Checking of resistances — #t/ 62 - 88

«  Stiffener — example V't

«  Conclusions — #t/ 89

Cracow University [ x| Faculty of Civil Chair of Bridge, Metal and Timber Structures
‘ of Technology ‘%} Engineering . 5
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— #15/13

Categories of bolted joints and loads

RN SN
<= SR ==
I LA A - Z &_
Categories of A B C D E
bolted joint
Types of Static without Static with Dynamic Static; Dynamic
loads changing the | changing the aerodynamic
direction of the | direction of
bending the bending
moments; moments;
aerodynamic | aerodynamic
Types of ,,normal” preloaded ,,normal” preloaded
bolts

Changing the direction of the bending moment:
various combinations of loads

PK

of Technology

Cracow University

Faculty of Civil

IIQ%}II Engineering

Photo: Author

Chair of Bridge, Metal and Timber Structures

Cracow University of Technology




Bolts:

Symbol:
M16 — d = 16mm

Category Class Diameter
A, D 4.6,4.8 d =16 mm
5.6,5.8,6.8 d=20-24 mm
8.8, 10.9 d>24 mm
B 8.8,10.9 d>24 mm
C,E

Class: X.Y
X=f,/100 — f,, =100 X
Y = 1Ofyb/fub —>fyb: 10 XY

Class: 4.8
f,, = 400 MPa

f,, = 320 MPa

l‘lh‘ Cracow University W Faculty of Civil

[T I“&—AI Engineering
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Recommendation, diameter of bolts: function of thickness of elements

15t <d<2,5t

A, D: St<5d
| B, C, E: St<8d

suns} o>

t

min

Recommendation type of bolt for
category A: type SB with a thread
along part of shank length according
to EN 4014

min

|
|
| |
| |
2t : d |
| |
| |
|
|

Photo: Author

Photo: wikipedia
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Assumptions: static action without change of direction of actions: joint
cateqory A, bolts M16, class 4.8

= thickness of web IPE 300 = 7,1 mm

tmin

1,5t,;, =1l mm<d=16 mm <25 t,, =18 mm
OK

A: 2t <5d =80 mm
Max recommended thickness of all elements
OK

f,, =400 MPa > f, = (S235) = 360 MPa
oK
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Distances according to EN 1993-1-8 fig. 3.1
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EN 1993-1-8 tab 3.3

Maximum
,,Normal” steels
Dimensions Minimum Steel exposed to the Not exposed Stainless steels
weather / corrosion
influences

e, 1,2d, 41, min +40 mm max(8 t, yin ; 125 mm)
e, 1,2 d, 4ty min +40 mm max(8 t, min ; 125 mm)
e, 1,5d,

e, 1,5d,

P, 2,2d, min(14 t, i, ; 200 mm) | min(14 t, ;. ; 200 mm) | min(14t.;,; 175 mm)
P1o min(14 t, ., ; 200 mm)

Py min(14 t, i, ; 200 mm)

o 2,4d, min(14 t, i, ; 200 mm) | min(14 t, ;. ; 200 mm) | min(14t.;, ; 175 mm)

(1,2dyand L>2,4d,)

. AN ‘ Cracow University
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Stiffness of joint

«  Structure uses slotted holes;
»  For slotted holes, Eurocode only provides

v distances from edge; | |
A4 «  There are no guidelines regarding AR
R s distance of oval slotted from each other:; * | |
—eL-eL— ul - Distances for slotted holes are more -‘J o —
Lo restrictive than for round one; ii |
—J»— fL— B *  Design adopted guidelines for round | :
W P EN1993-1-8 fig. 3.1 holes. Photo: Author
Dimension min [mm] max [mm] real [mm] Conclusion
e, (e3) 24 68 45
e, (ey) 24 68 30 ;
o 35 99 70

e, — 30 for beam, 70 for stiffener (stiffener will be fatter than web of beam, so for
calculation is taken into consideration olny web of beam)

VY| Srremaen™ LN

Faculty of Civil

IAv‘I Engineering

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

PK



According to results of experiments, we can assume, that there are always pinned
joints, if:
_ — #14/ 42
» web only is supported,;

 for bolts are applied slotted holes.

Nk
)

< <
< <

1|
|
I_._. AHAH___._._.|_._
e
|
1

o
T

Photo: Author

Photo: tekla-detailed-structural-fabrication.com
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Differences between two diameters: d,-d= or I-d= [mm]

Bolts or pins: M12, M14 | M16,M18, M20,M22 | M24 | M27,M 30 ...
Fit bolts 0
Normal round holes 1(0,5) 2 2 (1,5) 3(2,5)
Oversize round holes 3 4 6 8
Short slotted holes | d, 12 2 3
I 4 6 8 10
Long slotted holes | d, 12 2 3
I 1,5d

EN 1090-2 tab 11 (L 1

(mast, towers)
countersunk bolts

Rivets - nominal hole diameter shall be specified individually in adeH
eaCh dESIgn prOJECt Photo: zeglarstwo.sail-ho.pl
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Due to application of slotted holes, there is clearance around bolts, between shanks
and edges of holes. It allows for slight mutual rotation of connected elements and is
Important for good reproduction of behavior of hinge joint.

Is it sufficient to reproduce a perfectly hinged node?

General explanation of problem, there is no need to repeat it in project.

g = const
i L J A Q) I
Schwedler-Zurawski formulas: Photo: Author
q(x) = -Q’(x) = -M”(x)
QXX)=-gx+(qL/2) M(x)

M(X)=-(gx2/2)+(gLx/2)
Relations M(x) © w’(x) © w(X):
w’(x) =-M(x) / EJ
Ox)=w(X)/(EN=[(gx3/6)-(qLx2/4)+ (g L3/24)]/(EJ)
w(x)=[(gx*/24)-(qLx3/12) + (g L3x/24)]/(EJ)
wx=L/2)=w,,,=5qL*/(384EJ)

VY Cracow University W Faculty of Civil Chair of Bridge, Metal and Timber Structures
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Ve = Q(x=0)=90,50 KN (— #t/44) ; L=3,0m(— #t/44) ; IPE 300 (— #t/44)
J (IPE 300) = 8 356 cm?
Q(x=0)=qL/2=9050kN — q=60,333 kN /m

Rotation angle in case of ideal hinge joit in

& axis of bolts: (x =77 mm) =1,77°
¥ M6, g8 |

| %&%‘%&
*
|
|
|
|
|

Assumption: short slotted hole, M16

/0 20?5,
% % %

Photo: Author dO =d+2mm=18 mm

|=d+6mm=22mm
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T /

Theoretical point of rotation Real point of rotation

¢, = 0,7° b, ~ 2,5°
¢(x =77 mm) = 1,77 ° < ¢, — no problem with rotation of beam thanks to slotted holes.

.v‘"v 7 Cracow University [ "] Faculty of Civil Chair of Bridge, Metal and Timber Structures
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In ideal situation, thanks to clearances around bolt's shank, there is no contact
between bolt and plate. Checking beraring resistance is not necessary.

In fact, due to imperfections, bolt may be right at edge of hole from the beginning
and - due to rotation — immediatelly come into contact with plate. Checking beraring
resistance is necessary just in case.

o)
|
| \

@ @
| |

Photo: Author
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Distribution of forces Effect from bending moment; Photo: Author
always perpendicular to arm r
between center of bolts group and

\_@_> analised bolt.

Effect from bending moment =
| =Mgg - i/ Z[(h)]

> E } N I = [Z )]
Resultants

=N

) <) <)

Vertical force per one bolt =
= total force / number of bolts

lviﬂ?‘ Cracow University ',:\1 Faculty of Civil Chair of Bridge, Metal and Timber Structures
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Secondary bending moment is very often neglected in calculation, because of its very
small value. In example is presented full version; secondary bending moment is analysed.

Most often effect of analysis
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Distribution of forces: Photo: Author

==

Effect from bending moment =
= 6,969 - 0,070/ [2- (0,070)?] =

i
P
i

Resultant =
=[( )2 + (49,779)?] =
= 58,206 kN

VY Cracow University W Faculty of Civil Chair of Bridge, Metal and Timber Structures

PK

7AN 7
of Technology Vi Engineering : ;
R Cracow University of Technology



Resistance of joint

Cathegory of joint A: three mechanism of destruction:

Block tearing

Shear resistance .
(total destruction of plate / web)

(destruction of shank)

Bearing resistance

(local deformation of plate /
web as effect of contact shank-
plate)

Photo: ceprofs.civil.tamu.edu Photo: quora.com

Photo: ascelibrary.org
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PK

Loads:

Shear resistance
Block tearing

Photo: ceprofs.civil.tamu.edu

. Bearing resistance
Full value of force in one g

bolt
58,206 kN

Photo: quora.com

Total external vertical force

Photo: ascelibrary.org
Both (vertical and horizontal) components in one bolt
49,779 KN
analyzed independently in both directions
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Shear plane can goes through threated or unthreated part of bolt.

Photo: Author

It is necessary to check bolt length (length of thread along part of shank) now, and not - as
In the previous project - only at the very end.
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Recommendation for bolted joint category A: one washer under nut.

t, — smaller one thickness; in this case: thickness of
beam web, 7,1 mm

t, — thickness of stiffener; unknown for now, will be
calculated in example V. As an estimate, we can
- assume 12 - 25 mm (different thicknesses in different
places of beam). For this example of calculations, we
_ g will assume a maximum thickness of 25 mm.

L, — recommended between 1P and 1/3t, (1/3 - 7,1 =
- L 2,5 mm)

L EN 1SO 4014:

16 mm

d=
-

Bolt P [mm]
L M16 2,0
Photo: Author MZO 2,5

"1 L*Pitch M24 3,0

Photo: u-bolts-r-us.co.uk M 30 315
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m EN 14 399-5;

t
X 39 ; Bolt g [mm]
M16 4,0
_ M20 4,0
= - M24 4,0
= = M30 5,0
I T
© ij‘W*Wiﬁ
Lt L Photo: Author EN ISO 4032
u
Bolt m [mm]
L
M16 14,8
d=16>x>1P=2
M20 18,0
L=x+148+4+7,1+25=53-76 mm
M24 21,5
t,+t,+9g=36>L,>t,+2/3t, =30 mm M30 25 6

lviﬂ?‘ Cracow University ',:\1 Faculty of Civil Chair of Bridge, Metal and Timber Structures
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Thread, M12 M16 B
— K b Product grade
C\ A B
| O T 1 “[ I Loyl o8| B &
— J i nom. min. max. min. max. | min. | max. || min. | max|| min.
f ) s0 | 495 | sos | — — |12s| 20
I () 55 544 | 556 | 535 | 865 |1625| 25
. ; 60 554 | 606 | s85 | 615 |21.25] 30
B5 644 | 656 | 635 | 665 |2628 35 | 17 | 27
Photo: EN 4014 fig. 1 70 694 | 706 | 685 | 7115 |21.25] 40 | 22 | 32
80 194 | 806 | 785 | 815 |4125) s0 | 3z | 42 || 215
L=53—-76 MM : l=65mm OK 90 B93 [ 907 | 8825 | 91,75 |51.25( 60 || 42 | s2 || 1.6
100 | 983 | 1007 | 98,25 | 101,75 61,25 70 | s2 | B2 || 415
36 > |_u >30mm ; Ig =27 mm too small 110 | 1093 | 1107 | 108,25 | 111,75 |71.25| 80 | &2 | 72 || 515
120 | 1183 | 1207 | 118,25 | 121,75 81,25 g0 | 712 | 82 || 615
b=1-1.=65-27 =238 130 | 1202 | 1308 | 128 | 132 | | b 76 | 86| 6ss
J 140 | 1382 | 1408 | 138 | 142 i 86 | 96 || 755
L, =t,+t +g—Db=-2mm impossible 150 | 1402 | 1508 | 148 | 152 96 | 108|855
160 — — 158 | 162 106 | 116]| 95,5
‘an R . ane e

L=53-76mm ; I=70mm OK
36>L,230mm ; |,=32mm OK
b=1-1,=70-32=238

=t,+t, +g—b=-2mm impossible

Photo: EN 4014 tab. 1

L

a
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Recommended type of bolt (thread along part of shank length according to EN 14 399-4) does
not satisfy geometric requirements. So, there will be adopted bolt with thread along entire
shank length, type SB, according to EN 4017.

e Thread (d) Mg M10 miz || me M20 M24
- 1o 10,00 10,30 — — 1 :
X g , 20| 1958 20,42 18,95 21,05 :
25| 2458 25,42 23,95 26,05 :
C 30 | 29,58 30,42 28,95 31,06 !
wl B 35| 345 35.5 33,75 36,25 :
- i 40| 395 40,5 38,75 | 4125 !
45 44,5 45,5 43,75 46,25 !
! 50 | 49,5 50,5 48,75 51,25 !
17 E R TTS TES i
Photo: EN 4017 fig. 1 60| 594 60,6 58,5 61,5 I
65| 644 65,6 63,5 66,5 |
70| 694 70,6 68,5 71,5 |
80| 9.4 80,6 T8.5 1.6 :
. - e - e e [ mm——— 1 [

Photo: EN 4017 tab. 1

There is no problem with geommetrical requirements — but for sure shear plane goes through
threated part of bolt. A, = 1,61 cm?
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e

50 0,47 0,76 1,10 1,63 2,18 3,62 52 7,791 1030 1360 1760 2190 2740 37407
55 0,82 1,19 1,75 2,34 3.87 5,56 8,28 11,00 | 1450 1860 23,20 2890 39,31

60 0,88 127 1,87 2,5 413 5,82 8,78 11,70 | 1530 19,60 2440 3040 41,213
65 0,91 1,351 2,66 4,38 6,28 928] 1230 |1610 20,70 2570 3190 43116
70 097 1,435 2,82 4,63 6,64 9,791 1300 |1690 21,70 2690 3340 45019

Photo: nycz.pl

For example, for L = 60 mm, unit mass = 11,70 kg / 1000 pcs

Yoy
PK

Cracow University

of Technology

Faculty of Civil

Engineering

48,77

51,103

53,436

55,769

58,102
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Shear resistance: destruction of shank of bolt

Vv

Tmz = 1,25

Photo: Author

I‘7/7/1

A, = area of unthreaded portion of bolt A, or threaded portion of bolt A,

n - numer of shear planes (in analised case n = 1, between web of IPE 300 and vertical
stiffener)

a,, - function of call of bolt:

A, = A, A, =A

4.6 5.6 8.8 4.8 5.8 6.8 10.9

EN 1993-1-8 tab. 3.4

0,6 0,5 0,6
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Fyura = Noy, fiu Ayl ymp=1-0,6 - 400 MPa - 1,61 cm?/ 1,25 = 24,730 kN

Shear resistance

Total force in bolt 58,206 kN

Photo: ceprofs.civil.tamu.edu

Rimax / Fyrg = 2,354 > 1,0 wrong

Conclusion: in joint should be more massive bolts or more than 3 bolts.

More thah 3 bolts — smaller external actions applicated to one bolt
More massive bolts — go to #t / 49, once again analysis of length of bolt and
area; bigger resistance.
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Bearing resistance

b - ————

= : N\ Deformation or destruction of plates as
* the effect of contact with shank of bolt.

a; .
(y = konst)

o' S ._34 :r ‘ Photo: A. Biegus, Projektowanie konstrukcji stalowych
T s i wedlug Eurokoddw, Politechnika Wroctawska
y
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Local deformation or destruction - but no global destruction (block tearing)

Destruction could be parallel || or perpendicular - to direction of force

Total destruction is problem of netto area or block tearing, not bearing resistance

0 o o o

Photo: Author
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-~ 7

AN

Fora = By Ky o Ty d tin / iz

).
'

Photo: Author

|
EN 1993-1-8 tab 3.4, red part is given in bottom part of table.

B, — parameter of shape of hole — #t/ 75
k, — parameter for phenomenons in direction perpendicular - to force — #t / 76
o, — parameter for phenomenons in direction parallel || to force — #t/ 75, 76
f, — ultimate strength of plate
d — dimension of bolt
— minimum total thickness of plate — #t/ 75
Ymz = 1,25

t

min

VY Cracow University W Faculty of Civil Chair of Bridge, Metal and Timber Structures
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o, = min (oy; f,/f,; 1,0)
t.. =min (Xt ; Zt)

ot, |

T
_____x_____

Photo: Author

Intentionally: no resistance, allowing . i
free movement along hole's axis. This Fit bolts 1,0
allows beam to rotate, as in an ideal \Normal round holes
hinge. After bolt has moved, it may ;

possibly come into contact with plate. Oversiged round holes/ — 8
Then coefficient can be assumed as €S 06 | e
for an enlarged round hole 0,8 (to — | t
avoid damage of plate).

N\ - -

EN 1993-1-8 tab 3.4
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k, — parameter for phenomenons in direction perpendicular to force L
o, — parameter for phenomenons in direction parallel to force ||

a, =min (o ; f,/f, ; 1,0)

EN 1993-1-8 tab 3.4

d, — diameter of hole

k, L g ||
Direction perpendicular to force Direction parallel to force
min (1,4p,/d,-1,7;25) Inner p,/3d,- 0,25
min (2,8e,/d,-1,7; 2,5) End e,/ 3d,

w Cracow University  [* "] Faculty of Civil Chair of Bridge, Metal and Timber Structures
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Index 1 and 2 in symbols e, e, p, p, - there are no horizontal H and vertical V directions,
but always paralell (1) | .and perpendicular (2) - to direction of force:

L

°v 10 3 0 e, 0
i | |
o, © o ol 0, © o o 0, © o ol
© o ol © O 0! © O Oy
Py HE Py HE HE
o o ol ([ © o ol © o o

. 1 . .
Py © o ol © o ol © o ol
v @ 0 ol & @ 0 ol & ® @ ¢l
ey i €1 1 IG e, 110
€4 Pu Pu €y & P P& L & P P &

Photo: Author
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k, L Notice

N min(1,4p,/d,-1,7;25) | Neighboring bolts on both sides L to force

=e[o[-M min(2,8e,/d,-1,7;2,5) Neighboring bolts on one side only

Ky o
—
E S :
o :
| El (o] :
o) |
E O
§ = Em
oy || Notice I

Inner | p,/3d,-0,25 Neighboring bolts on both sides || to force

End e,/ 3d Neighboring bolts on one side only
1 0

C University  [*77]  Faculty of Civil Chair of Bridge, Metal and Timber Structures
lﬂ:}‘ o;?l':::nog;rs g "A\ Engineering &° ) )
Cracow University of Technology
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k,L Notice

NIl min(1,4p,/d,-1,7;25) | Neighboring bolts on both sides - to force

=e[:B min(2,8e,/d,-1,7;2,5) Neighboring bolts on one side only
Oy " Ky 04
I
Ptoto: Author E I E EI | EE
EE L
E o|O|oil
R
I (o
(o) "
o[ofoll
E __Ib
EE
El
EE
oy || Notice

Inner | p,/3d,-0,25 Neighboring bolts on both sides || to force

End e,/ 3d Neighboring bolts on one side only
1 0

w Cracow University  [* "] Faculty of Civil Chair of Bridge, Metal and Timber Structures
l‘ﬂh‘ o;?r:::no;:;;rs g I‘%}I Engineering %

Cracow University of Technology
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Photo: Author

d, = (slotted hole: 1) =22 mm

Edge end ()
\
Photo: Author
‘ Inner
‘ Edge ?
|
|
| Edge ? End ?

k, L

Direction perpendicular to force

Direction parallel to force

Inner p,/3d,-0,25

min (2,8 e,/d,-1,7; 2,5)

End

e, / 3d,

Faculty of Civil
Engineering

Cracow University H
of Technology "A\

iy e

PK

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




Yoy
PK

Edge ?
Photo: Author

Edge ?
Edge ?

Oy ”

|
R
R

f,/f,=400/360 = 1,111

Cracow University
of Technology

oy || =min (og; fyy/f,;2,0) ||
Inner | 1,046 1,000
End | 0,833 0,833

H Faculty of Civil
I‘@I Engineering

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




ti, =min (Xt ; 2t,) =min (7,1 ; 30,0) =7,1 mm

min

B, =0,6

1
_____x_____

Photo: Author

Photo: Author

Resistance for vertical direction;

Fovra = Bo Ky 0t T, d tin / Ypp = 0,6 - 2,5 - 0,833 - 400 MPa - 16 mm - 7,1 mm/ 1,25 =
= 45,422 kN
Fovra = By K 0 Ty d tin / Yma = 0,6 - 2,5 - 1,0 - 400 MPa - 16 mm - 7,1 mm / 1,25 =
= 54,528 kN

~bvRd = Pb koo, f,dt .. /vu=0,6-2,5-0,833-400 MPa- 16 mm - 7,1 mm/ 1,25 =
= 45,422 kN

. Ny Cracow University ',:\1 Faculty of Civil Chair of Bridge, Metal and Timber Structures
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No inner oy "

End

&> o>

Photo: Author

do = (slotted hole:

k, L

Direction perpendicular to force

Edge <_%A\

~ &

Photo: Author

End \ﬁ@A

4

min (1,4 p,/d,-1,7;2,5)

min (2,8 e,/d,-1,7; 2,5)

[) =22 mm
o0 ”
Direction parallel to force
Inner
End e, / 3d,

w Cracow University H Faculty of Civil
lﬂk ‘ of Technology I‘%}I Engineering

PK
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k, L Noinner oy

Kk, 1 Edge \ro_b End\

2,5
2,5

Photo: Author

Inner \%\ Eng e .

Edge - End <=

4

f,/f,=400/360=1111

oy || o, = min (ay; T /T, 5 1,0) |

Inner
End 0,455 0,455

.v‘"v 7 Cracow University [ "] Faculty of Civil Chair of Bridge, Metal and Timber Structures
[T of Technology I‘r}I Engineering

Cracow University of Technology
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ti, =min (Xt ; 2t,) =min (7,1 ; 30,0) =7,1 mm

min

@& - =08

T
_____x_____

Photo: Author

Resistance for horizontal direction:

Fonra = Bp Ky 0 Ty d tin F vz =
=0,8-2,5-0,455-400MPa-16 mm- 7,1 mm/1,25=
&> (o> = 34.459 kN

Fora = Bo Ky 0 Ty d tin /v =
0,8-2,5-0,455-400 MPa - 16 mm - 7,1 mm /1,25 =

Photo: Author

\ % N N
S " = 34,459 kN
Fonra = Po Ky o Ty d tin /v =
< <« =0,8-2,5-0,455-400 MPa - 16 mm - 7,1 mm/ 1,25 =

= 34,459 kN
Cracow University [ "] Faculty of Civil Chair of Bridge, Metal and Timber Structures
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Vertical direction
Force [KN] Resistance [KN] E/R
30,167 45,422 0,664 <1,0
i? 30,167 54,528 0,553<1,0
30,167 45,422 0,664<1,0
? Horizontal direction
Photos Author Force [kN] Resistance [kN] E/R
> 49,779 34,459 1,445 > 1,0
0,000 34,459 0,000< 1,0
49,779 34,459 1,445 > 1,0

SN

Conclusion: more than 3 bolts should be applicated.

More thah 3 bolts — smaller external actions applicated to one bolt
More massive bolts — change of d, and I, small impact for bearing resistance
(but once again analysis of length of bolt)

<=
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Block tearing — total destruction of web

EN 1993-1-8 3.10.2

—_ Zoaz T
“ ) H Tension
,\/T N /\/T Ney Photo: EN 1993-1-8 fig. 3.8
|
e i
i L i
Veff, 1, Rd = 1:u Ant / Tm2 + fy / (\/3 YMO) | 0’5 1Eu Ant / Tm2 + 1:y / (\/3 YMO)

Tmo = 1,005 v = 1,25
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= 0,71 - (5,2 + 5,2 + 3,6) = 9,94 cm?
&
TN o A =0,71-2,1=1,49 cm?
oj§ 8
—OA\ L)
Vet 1. ra = 00 Fy A fymp + 1, A/ (V3 o) =
4 —0,5-360 MPa - 1,49 cm?/ 1,25 +
21
ot Author +235MPa - 9,94 cm?/ (N3 - 1,0) =

= 21,456 kN + 134,863 kN = 156,319 kN

.!t‘> : -az: - - -

Photo: quora.com

Total vertical force E/R=9050/156,319=0579<10
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Conclusions

« Slotted holes enable good imitation of hinge joint;

« Horizontal forces come from secondary bending moment are often neglected in
calculation;

* In general case, bearing resistance must be analysed separately for horizontal
and vertical direstions (various resistances because of various distances between
bolts) for each bolts (various external loads because of distribution reactions
from bending moment);
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Thank you for attention
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