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Table 14 — Maximum allowable imperfection f for plates and stiffeners

Irt; Type of stiffness [llustration Allowable imperfection f
\ fotm
e [ N “la 250
1 General = / l,, = a,where a <2b
d - l,, = 2b,where a > 2b
Unstiffene
d plates
. N Im
Subject to H f S =75en
Q
2 transverse Vi \ 250
compressio B 1, = b,where b < 2a
n I, =2a,where b > 2a
y
. . . —_— .
Longitudinal stiffeners < 4
3 in plates with Y /=
o . . 400
longitudinal stiffening 3
4 Transverse stiffeners in \ fod
plates with longitudinal © 400
and transverse stiffening a b
i< /=200
a

f  shall be measured in the perpendicular plane.

l

is the gauge length.

m

Figure 10 shows a plate field with dimensions a and b (side ratio a = a/b). It is subjected to longitudinal
stress varying between o, (maximum compressive stress) and y x o, along its end edges, coexistent

shear stress7 and with coexistent transverse stress o, ,(e.g. from wheel load, see C.3 ¢d) applied on

one side only.
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Figure 10 — Stresses applied to plate field

8.3.2 Limit design stress with respect to longitudinal stress o,

The limit design compressive stress fi,rax is calculated from:

K, % [,
fb,Rd,x = > (47)
where
Kx is a reduction factor according to Equation (48);
fy is the yield stress of the plate material.
The reduction factor kx is given by:
Ky = 1,05 for AX <0,635
Ky = 1,474 - 0,677 x Ay for 0,635 <1A4<1,26
(48)
1
Ky = Ve for A 21,26
where
Ax is a non-dimensional plate slenderness according to Equation (49);
The non-dimensional plate slenderness A is given by:
lr = L (49)
v kGX X O-e
where
O is a reference stress according to Equation (50);
Kox is a buckling factor given in Table 15.
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The reference stress o. is given by:

*xE 2
o, = 12;[(1——#) x GJ (50)
where
E is the modulus of elasticity of the plate;
v is the Poisson’s ratio of the plate (v = 0,3 for steel);
t is the plate thickness;

b is the width of the plate field.

The buckling factor ksx depends on the edge stress ratio i, the side ratio a and the edge support
conditions of the plate field. Table 15 gives values for the buckling factor k.« for plate fields supported
along both transverse and longitudinal edges (Case 1) and plate fields supported along both transverse

edges but only along one longitudinal edge (Case 2).
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Table 15 — Buckling factor ko

Casel Case 2
Supported along all Supported along both loaded (end) edges and along only
four edges one longitudinal edge.
b [y
= b
1 Type of [Q ~
support f A
- R T
[ﬁ: ~— |G] L ]
. i
1
=1\l
| ]
)il )i
o
2 Stress 7 v 7 vo v 7
distribution b b b
3 y =1 4 0,43
4| 1>y >0 82 0578 0,57 - 0,21y + 0,072
v v +105 v +034 o =0ty + 007y
5 w=0 7,81 1,70 0,57
6 | 0>y >-1 7,81- 6,29y +9,78y2 170 -5y +17,1p/2 0,57 — 0,21y +0,07y 2
7 y =-1 23,9 23,8 0,85
8 y <1 5.98 x (1-1)2 23,8 0,57 - 0,21y + 0,07y
NOTE For Case 1 the values and equations for buckling factors k_ given in Table 15 for plate fields

supported along all four edges can give overly conservative results for plate fields (see figure 10 for & ) with
a <10 for rows 3 to 6 and « < 0,66 for row 7. For Case 2 the results can be overly conservative for plate fields
with @ < 2,0. Further information regarding alternative values for short plate fields can be found in additional
references, see Bibliography.

8.3.3 Limit design stress with respect to transverse stress o,

Where the transverse stresses are due to a moving load, e.g. travelling wheel load on a bridge girder, the
use of methods utilizing post buckling mentioned in 8.3.1 is not allowed.

The limit design transversal normal stress shall be calculated from:

_ Ky'fy

fb,Rd,y - (51)

m

K is a reduction factor according to Equation (52);
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f ) is the minimum yield stress of the plate material.

The reduction factor «, is given by:

Ky =1,05 for Ay <0,635
Ky =1,474-0,677 x A for 0,635<2y<1,26
y y y
(52)
1
Ky = 1 for Ay >1,26
y
The non-dimensional plate slenderness ﬂ,y is given by:
A, = (53)
where
Oc is a reference stress according to Equation (50);
Koy is a buckling factor determined using figure 11;
a is the plate field length
c is the width over which the transverse load is distributed (¢ = 0 corresponds to a

theoretical point load in Figure 11, see [A2) C.3 ¢4])
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Figure 11 — Buckling factor &,
8.3.4 Limit design stress with respect to shear stress
The limit design buckling shear stress is calculated from:
K,.f
fb,Rd,r = \/371 (54)
where
K, isareduction factor given by:
K, =284 for 2, > 0,84 (55)
AT
k., =1 fori, <084
where
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PR (56)

’ k. .o, A3

S 1s the minimum yield strength of the plate material

o. is areference stress according to Equation (50)

k. is abuckling factor calculated (for a plate field supported along all four edges) using equations
given in table 16.

Table 16 — Buckling factor £,

(0.4 kr
a>1 k, =534 + iz
[04
534
as 1 k‘[ = +_2
(04
8.4 Execution of the proof
8.4.1 Membersloaded in compression
For the member under consideration, it shall be proven that:
Ngg < Nrq (57)

where
Nsq is the design value of the compressive force;
Nrq  is the limit design compressive force according to 8.2.2.
8.4.2 Plate fields
8.4.2.1 Plate fields subjected to longitudinal or transverse compressive stress

For the plate field under consideration, it shall be proven that:

losd.x| < fordx and |O’Sd,y| < foRdy (58)
where
Osdx, Osdy are the design values of the compressive stresses o, or o,;

fordx,foray  are the limit design compressive stresses in accordance with 8.3.2 and 8.3.3.
8.4.2.2 Plate fields subjected to shear stress

For the plate field under consideration, it shall be proven that:
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7sd < fo,Rd,r (59)
where

rgq  is the design value of the shear stress;

Jo.Rd,- 1s the limit design shear stress in accordance with 8.3.4.

8.4.2.3 Plate fields subjected to coexistent normal and shear stresses

For the plate field subjected to coexistent normal (longitudinal and/or transverse) and shear stresses,
apart from a separate proof carried out for each stress component in accordance with 8.4.2.1 and
8.4.2.2, it shall be additionally proven that:

(]!l sl | e o
where

er=1+ K? 61)

er =1+ K‘;} (62)

e3:1+Kx></cy><KT2 (63)

and with k. calculated in accordance with 8.3.2, k', in accordance with 8.3.3 and «, in accordance with 8.3.4.

y
V= (Kx X K'y)6 for o5y x054, 20 (64)
V=-1 for o5y x5, <0
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Annex A
(informative)

Limit design shear force Fyrq per bolt and per shear plane for multiple
shear plane connections

Table A.1 and table A.2 give limit design shear forces in relation to the shank diameter and the bolt
material and are independent of the detailed design of the bolt.

Table A.1 — Limit design shear force F,rq per fit bolt and per shear plane for multiple shear
plane connections

Shank Fyra [kN]
Fit bolt diameter Fit bolt material
[mm] for yro=1,1

4.6 5.6 8.8 10.9 12.9
M12 13 16,7 20,9 44,6 62,8 75,4
M16 17 28,6 35,7 76,2 107,2 1286
M20 21 43,5 54,4 116,2 163,2 196,1
M22 23 52,2 65,3 139,4 196,0 235,2
M24 25 61,8 77,3 164,9 231,9 2783
M27 28 77,6 97,0 206,9 291,0 349,2
M30 31 95,1 1118 | 253,6 356,6 428,0

Table A.2 — Limit design shear force F ; in the shank per standard bolt and per shear plane for
multiple shear plane connections

F, rq [KN]
Bolt disal:ﬁ:z:r Bolt material

[mm] for yrp, =11
4.6 5.6 8.8 10.9 12.9
M12 12 14,2 17,8 37,9 53,4 64,1
M16 16 25,3 31,6 67,5 94,9 113,9
M20 20 39,5 49,4 | 1055 | 1484 | 178,0
M22 22 47,8 59,8 | 127,6 | 179,5 | 215,4
M24 24 56,9 71,2 | 151,9 | 213,6 | 256,4
M27 27 72,1 90,1 | 192,3 | 270,4 | 324,5
M30 30 89,0 111,3 | 237,4 | 333,9 | 400,6
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Annex B
(informative)

Preloaded bolts

Bolt sizes in Tables B.1 and B.2 refer to standard series of ISO metric thread and pitch in accordance

with [SO 262,
Table B.1 — Tightening torques in Nm to achieve the maximum allowable preload level 0,7 x Fy
Bolt size Bolt material
8.8 10.9 12.9
M12 86 122 145
M14 136 190 230
M16 210 300 360
M18 290 410 495
M20 410 590 710
M22 560 790 950
M24 710 1000 1200
M27 1040 1460 1750
M30 1410 2000 2400
M33 1910 2700 3250
M36 2 460 3500 4200
A friction coefficient 4 = 0,14 is assumed in the calculations of the preceding tightening
torques. For other values of the friction coefficient the tightening torques should be
adjusted accordingly.
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