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In this video, the T-Stub definition is introduced according to Eurocode 1993-1-8. The
following topics are covered:

a) Equivalent T-Stub.

b) Different failure modes.

c) Prying force and its definition.

d) Stress area of a bolt.

e) Individual and group bolt rows in general.

f) The effective length of a T-Stub for column flange.
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https://youtu.be/kNtH66VLyzg
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6.2.4 Equivalent T-stub in tension

6.2.4.1 General

(1) In bolted connections an equivalent T-stub in tension may be used to model the design resistance of
the following basic components:

- column flange in bending;
- end-plate in bending:
flange cleat in bending;

- base plate in bending under tension.

(2)  Methods for modelling these basic components as equivalent T-stub flanges, including the values to be
used for ey, (oy and mi, are given in 6.2.6.

(3)  The possible modes of failure of the flange of an equivalent T-stub may be assumed to be similar to
those expected to occur in the basic component that 1t represents,

(4)  The total effective length ¥ (¢ of an equivalent T-stub, see Figure 6.2, should be such that the design

resistance of its flange is equivalent to that of the basic joint component that it represents.
NOTE: The effective length of an equivalent T-stub is a notional length and does not necessarily
comespond to the physical length of the basic joint component that it represents.
|
6.2.4 Equivalent T-stub in tension t L
6.24.1 General

(5)  The design tension resistance of a T-stub flange should be determined from Table 6.2

NOTE: Prying effects are implicitly taken into account when determining the design tension
resistance according to Table 6.2.

(6) [ In cases where prying forces may flc\'c]np,i see Table 6.2, the design tension resistance of a T-stub
flange Frra should be taken as the smallest value for the three possible failure modes 1, 2 and 3.

(7 | In cases where prying forces may not dc\'cluplshc design tension resistance of a T-stub flange Frg,
should De taken as the smallest value Tor the two possible failure modes according to Table 6.2,
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Figure 6.2: Dimensions of an equivalent T-stub flange
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Table 6.2: Design Resistance Frgy of a T-stub flange

Prying forces may develop, 1.e. L, = L, o prying forc

Method 2 (alternative method)

without AN

axd . (8n—2e, )M .,
backing | Frna — Friza 5
plates m 2mn—-e, (m+n) .
i F M
T.1-2Rd
with 4M a0 +2M,, ) (8n—2e, M 4, 40 +40M o m
backing | I — LI Frara N = -
* f +
plates m 2mn—e_(m+n)
] -ny
—-"!;-.' 1n THEF, b
m+n
IF, pa

Mode 1: Complete yielding of the {1
Mode 2: Bolt failure with yielding of the flange
Mode 3: Bolt failure
Ly, is -the bolt elongation length, taken equal to the grip length (total thickness of material and
washers), plus half the sum of the height of the bolt head and the height of the nut or
- the anchor bolt elon n length, taken equal to the sum of 8 times the nominal bolt diameter,
the grout layer, the plate thickness, the washer and half the height of the nut

8.8m’ A,
\ 16)Modification to 6.2.4.1

Ly

Q is the prying force
Myi1 pa :

My g

Figq 1s the design tension resistance of a bolt, see{Table 3.4;
-

Y is the total value of F, g4 for all the bolts in the T-stub;
l? i

2 Legey 15the value of } [y tor mode 1;
¥ (g 18the value of Y (. for mode 2;
€uun - m and g are as indicated in Figure 6.2,

fyvp 15 the yield strength of the backing plates:

Top is the thickness of the backing plates;
- dy /4
dy is the diameter of the washer, or the width across points of o
the bolt head or nut, as relevant, n m - n

NOTE 1: In bolted beam-to-column joints or beam splices it may be assumed that prying forces
will develop.

NOTE 2: In method 2, the force applied to the T-stub flange by a bolt is assumed to be uniformly
distributed under the washer, the bolt head or the nut, as appropriate, see figure, instead of
concentrated at the centre-line of the bolt. This assumption leads to a higher value for mode 1, but
leaves the values for Fy . pg and modes 2

Table 3.4: Design resistance for individual fasteners subjected to shear and/or

tension
Failure mode Bolts Rivets
Tension resistance * F ky [ - 06 f, 4,
LR - LRA -
Pz Sz
where k. = 0,63 for countersunk bolt,
otherwise |k =09,
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Proof Load

Proof load Is defined as the maximum tenslie force that can be applied to a bolt that will not result in plastic deformation. A material must remain in its
elastic reglon when loaded up to its proof load typically between 85.95% of the yield strength. Acceptable clamp load is typlcally 75% of proof load
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6.2.4.2  Individual bolt-rows, bolt-groups and groups of bolt-rows

(1) Although in an actual T-stub flange the forces at each bolt-row are generally equal, when an
equivalent T-stub flange is used to model a basic component listed in 6.2.4.1(1), allowance should be
made for the different in forces at each bolt-row.

(2)  When using the equivalent T-stub approach to model a group of bolt rows it may be necessary to
divide the group into separate bolt-rows and use an equivalent T-stub to model each separate bolt-row,

(3)  When using the T-stub approach to model a group of bolt rows the following conditions should be
satisfied:

a) the force at each bolt-row should not exceed the design resistance determined considering ox
that individual bolt-row;

b) | the total force on each group of bolt-rows, comprising two or more adjacent bolt-rows within
the same bolt-group, should not exceed the design resistance of that group of bolt-rows.

(4)  When determining the design tension resistance of a basic component represented by an equivalent
T-stub flange, the following parameters should be calculated:

a) | the design resistance of an individual bolt-row, determined considering only that bolt-row;

b) | the contribution of each bolt-row to the design resistance of two or more adjacent bolt-rows
within a bolt-group, determined considering only those bolt-rows.

(5) | In the case of an individual bolt-row ¥ (. should be taken as equal to the effective length (.
tabulated in 6.2.6 for that bolt-row taken as an individual bolt-row.

(6) In the case of a group of bolt-rows ¥ [,y should be taken as the sum of the effective lengths (.4
tabulated in 6.2.6 for each relevant bolt-row taken as part of a bolt-group.
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6.2.6.4  Column Mange in tranverse bending

6.2.6.4.1 Unstiffened colunm flange, bolted connection

(1) | The design resistance and failure mode of an unstiffened column flange in tranverse bending, together
with the associated bolts in tension, should be taken as similar to those of an equivalent T-stub flange,
see 6.2.4, for both:

- each individual bolt-row required to resist tension;
- each group of bolt-rows required to resist tension.

(2) | The dimensions ey, and » for use in 6.2.4 should be determined from Figure 6.8.

(3) | The effective length of equivalent T-stub flange should be determined for the individual bolt-rows and
the bolt-group in accordance with 6.2.4.2 from the values given for each bolt-row in Table 6.4.

6.2.6.4 Column flange in tranverse bending
"
08r, 08a,2 m e
r | - - -
< a & I
I | T 1
L] | | | [
lafe! € min
A,
~
a) Welded end-plate narrower than column flange.
Figure 6.8: Definitions of e, eqn, re and m
Table 6.4: Effective lengths for an unstiffened column flange
Bolt-row considered Bolt-row considered as
[Bolt-row | individually part of a group of bolt-rows
[Location | Circular patterns  [Non-circular patterns Circular patterns Non-circular patterns
Lerep Cerne Lefrep Cetpoe

fluner 2mm 4+ 1,25 2p P

solt-row

End |The smaller of: The smaller of: [The smaller of: [The smaller of:

roli-row 2am dm + 1,25¢ mm +p 2m + 0,625 + 0,5p

i+ 2ey 2m +0.625¢ + ¢ 2e) +p e +0,5p
Mode 1: lemrt = lemoe DUt Loy € logrop Flemy = 2lemne DUt ¥lmy = ¥ leprop
Mode 2: Cemrz = Lot 2ler = Zlemn

19)Modification to 6.2.6.4.1

Paragraph "(3)", "Table 6.4", add a row at the bottom of the table confaining the following paragraph:

“g4 is the distance from the centre of the fasteners in the end row to the adjacent free end of the column flange

measured in the direction of the axis of the column profile (see row 1 and row 2 in Figure 6.9).".
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1 End bolt row adjacent to a stiffener
2 End bolt row

3 Iuner bolt row

4 Bolt row adjacent to a stiffener

Figure 6.9: Modelling a stiffened column flange as separate T-stubs

& Shah.fi




