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Local stiffness of joint

According to information presented in previous lecture: type of node depends on ratio between
global stiffness (for total structure) and local stiffness of node elements (plates, bolts). Local
stiffness of joint is defined by many dimensions and factors, concern various phenomena.
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A) Limits between types of
joints depends on global
stiffness of total structure

! tg 0.3 = S;3
2
O, ini ¢

O -~ Ol > B) Characteristic of joint depends on
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Eurocode procedures for calculating joint stiffness focus on beam-column tension joints.
Recommendation for this type of joint, come from experiecne:

1. It’s recommended to take into consideration only three rows of bolt in tensed part of joint
(the furthest from compressed flange of beam: 1, 2, 3).

2. Although it, we should applied rows through whole high of beam for bolted joint category E.
3. One row of bolt = 2 bolts only; we are not sure, if for 4 bolts in row formulas are the same

4. Shear force is applied to the lowest row of bolts only

5. Eurocodes not presented cleary information about influence of vertical rib over flange of
beam on stifeness and resistance of joint. Recomendation: square rib (axa) of thickness the
same as web of beam. Rib should reach ~ 200 mm over the highest row of bolts. Solution is not
very popular —rib is in collision with concrete plate.
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Dimensions
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Dimensions
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Dimensions

Arms of actions:

"frame" joints:

=Ez2/[X (1/K)]

Photo: Author ...
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support joints:
T Simi={EZ2/[Z/K)}el(e+e)

Theoretical situation: no bolts in joint —
rotation of beam around bottom part of
compressed zone. Theoretical axis of rotation:
centre of gravity (CoG) of compressed beam’s
flange.
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Arm of action z is defined as distance between CoG of bottom flange to
CoG of top flange or axis of bolt (AoB):

| AoB | CoG | Global:
: — | | ! z2=(2,+25)12
| E | Z,|2, 2,
- | — S eIt e e [ S
| I I I
e : 5 A
| 1l CoG | | ' |
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Beam-column geometry
EN 1993-1-8 tab. 5.4

Type of joint configuration Action Ttransformation
parameter 3
Mp1 kg B=1
| Mb1.Ed
MI:H.Ed
\
S |
'/ /
Mp1 ed = Myo, Eq B=0 %)
S
Moz e Myiee Mozeg T Mp1 ed = My, g4 > 0,0 B=1
d 1\ /| 1\ _ N
r\ " ‘3/ |.\‘> ‘;/:' I\/Ibl, Ed — |\/|b2, Ed < O’O B ~ 2
L] My, ¢ + My, 4 = 0,0

*) in this cane the value of B is the exact value rater than an approximation
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EN 1993-1-8 tab. 6.3

B ©®
0,0<B<0,5 =10
0,5<pB<1,0 o=0;,+2(1-B)1-on)

p=10 O =0,
1,0<B<20 o=m,+2(1-p) (0, - )
p=20 O =0,

W, = 1 /\/[1 + 193(beﬁ, C, WC tWc /A\/c)z]
, =1 /\/[1 + Saz(beff, C, WC Cove /A\/c)z]

A\/c = A\/c, column (z hw tw)

B, o - two ways to take into account shape of join (one beam to column / two
beams to column...)

[N | Faculty of Civil Chair of Bridge, Metal and Timber Structures
of Technology ‘L"} Engineering . 5
D] 8ot Arniversary EZ| soth Anniversary Cracow University of Technology

l AN ‘ Cracow University




Column base

1. Concrete (f,y) decides about
resistance of base: it is the weakest
element, which can be destroyed as
first. Resistance of base depends on
effective area of contact between

48 Photo: osha.gov steel and concrete.

Photo: diy.stackexchange.com Photo: Author | |
2. Effective area is the area of the cross-section of the column and :!:
its the nearest neighborhood. This is the result of linearisation of 7 /
stress under base plate. w4 jog
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| | 3. Range of the nearest neighborhood c is proportional to the

t+ 2 c(ty) thickness of base plate.
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Categories of bolted joints and loads

RN SN
<= SR ==
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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
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Shear of bolt’s shank and bearing (deformation of plates as a effect of contact with shank) —
two very important phenonena occur in case of shear bolted joint.
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Stresses in bolted tensile Oy
We have a full set of cross-sectional forces in

joint

beam: Mgy, Nggy, Vig -

e Axial force is taken into account only in form
of stipulation in EN 1993-1-8 6.2.7.1 (2) that it
must not exceed 5% of beam’s resistance; it is

then neglected in calculations. This
L requirement is another condition to be met for

beam.

Shear force is traditionally applied by

Photo: Author calculation to compressed zone only.

Shear force in column don’t affected on joint.
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Various resistances for various rows of bolts:

 [ocal transverse tension of column’s web
around I, 11, 111 row of bolts;

[1, 111 row of bolts;
» Local bending of end plate around I, 11, 111
row of bolts;

|
— — — I—s Local bending of column’s flange around I,
|

‘ * Local longitudinal tension of beam’s web
around I, I1, Il row of bolts;

o] AN B Photo: Author ]
| The same resistance for each row of bolts:

* Local transverse compression of beam’s
Tensed zone flange;
» Local transverse compression of column’s
web under global longitudinal compression;
» Local shearing of column’s web between
"scissors"” of compressed and tensed zones;

Shear zone
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Photo: Author

3 models of destruction must be analysed in bended zone.

Model 1 — complete yielding
of flange / end plate

Model 2 — bolt failure with
(partial) yelding of flange / eng
plate

Model 3 — bolt failure

Thin column’s flange / end plate — prying action

Fat column’s flange / end plate

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
|

X
Y

|
—~
I
I
|
|
I
|
|
|
I
I
I
I
I
}
o

Force inbolt=P
Total force in tensed zone = F

PY=(F/2)(X+Y)
P=(F/2) (X+Y)/Y
(X+Y)/Y>2 — P>F (1)

FI2 F/2

Force inbolt=P
Total force in tensed zone = F

P=F/2
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Prying action - when it can occur? Photo: Author
EN 1993-1-8 tab. 6.2
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L,<L,” — Prying forces
L,>L,” — No prying forces
L," =88 m3A,/ Zlg td)
A, — area of bolt cross-section in threated portion
t; — the thickness of the thinnest plate Photo: physics.weber.edu
m — #t/ 6 Give me the place to stand, and
Sl — #t/23 - 25, #/27 | shall move the Earth
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Calculation model: effective area of stress concentration - effective length
Flange, plate — 1.«

Web — b« (other symbol, but value the same as for flange / plate | «)
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There is possible, that effective areas from two row of bolts would be common. In this
situation we must analysed group of bolts Zl_, not separate bolts | .

Zl.1s important for resistance only, I ; is important for resistance and stiffness.
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Generally, breakage of plate / flange is possible by two ways:

b

Circular patterns Non-circular patterns

555 &

J L Photo: Author

There are different values of | for both. We must calculate I ¢ for both and take into following
consideration less of them.

of Technology

m 80th Anniversary

w Cracow Universit Faculty of Civil Chair of Bridge, Metal and Timber Structures
l‘ﬂh‘ g HI"@I Engineering sC

80th Anniversary Cracow University of Technology



e,  — distance from bolt to end of column’s flange

Photo: Author

s

Explanation is not given in
. the Polish version of EN;
. Is presented in amendment

e, , — the least distance from bolt to the nearest stiffener
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The information in the Eurocode (row name) <> (location) is not completely clear; other
Interpretations can also be found in the literature

Analysis of literature and Eurocode indicates existence of 4 differently
working rows of bolts. Descriptions from EN 1993-1-8 will be given for
these four series.

Sm— |

First below flange of beam / column stiffener
Next below flange of beam / column stiffener

Last below flange of beam / column stiffener

The most often, one of two situations is applicated: — .

-
:
\
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! Photo: Author |
End-plate / beam web S N D

| |
| i ‘ | I |
(Web stiffeners doesn’t matter) SN |3 S— _H '
: | |
S| -
| ‘ | '
e I '
EN 1993-1-8 tab. 6.6 o | o |
,,,,,%,,,,f ,,,,,%,,,,,
Bolt-row location Bolt-row considered individually As part of a group of bolt-rows
Circular g Non-circular l¢ Circular 2l o, Non-circular Zl
min (2zm, ; min (4m, + 1,25e, ; - -
m, + W ; e +2m, + 0,625e, ;
m, + 2e) 0,5b, ;
0,5w +2m, + 0,625e, )
First bolt-row below tension 21tm om m+p 0,5p + am - 2m - 0,625e
flange of beam
Other inner bolt-row 21tm 4dm + 1,25e 2p p
2tm 4m + 1,25e Tm + p 2m + 0,625e + 0,5p
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Unstiffened column flange / ;

unstiffened column web I B N -
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[ \ |
,,,,,:,,,,,, N | I S —
Bolt-row location Bolt-row considered individually As part of a group of bolt-rows
Circular lg ¢, Non-circular log Circular Zlg ¢, Non-circular Zlgg
min (2m ; min (4m + 1,25e ; min (xm+p ; | min (2m + 0,625e + 0,5p ;
m+2e;, ) 2m +0,625¢ + 2e, , ) 2e,,+p) e;;+0,5p)
Inner bolt-row 2mm 4m + 1,25e 2p p
(Bottom) end bolt row min (2rm ; min (4m + 1,25¢ ; min (mm+p ; | min(2m + 0,625e + 0,5p ;
m+2e;,) 2m +0,625e + 2e, ,, ) 2e;,+p) e, +0,5p)

Part not completely clear in Eurocode; e, , according to #t/21 ; e, could be problably taken
as distance to bottom end of column or to joint in lower lewel of frame
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Stiffened column flange / A I T
! I | ! I |
stiffened column web = ——
S| R S | -
| ' | '
e LT !
I [ : | H :
EN 1993-1-8 tab. 6.5 N b
| |
Bolt-row location Bolt-row considered individually As part of a group of bolt-rows
Circular g Non-circular lg Circular Zl Non-circular Zl
cp
min (2mm min - -
mm+2e; ;) (e, + am-2m-0,625¢ ;
am)
Bolt-row adjacent to a 2mm om m+p 0,5p + am - 2m - 0,625e
stiffener
Other inner bolt-row 2mm 4m + 1,25e 2p p
min (2mm ; min (4m + 1,25e ; min (mm+p ; [ min(2m + 0,625e + 0,5p ;
m +2€;,) 2m +0,625¢ + 2e, , ) 2e,,+p) e;,+0,5p)

Recommendation in literature
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Informal remarks on the effect of the reinforcing rib above the beam flange

y |
EE Photo: Author
Circular patterns | Non-circular patterns
ool =i 0 ==
O oe) ilee > 2
1 2 3 1 2 3 4

Photo: J. Goczek, L. Supel, M. Gajdzicki, Przyktady obliczen konstrukcji
stalowych, Politechnika £.6dzka 2011

Formulas for effective lengths given, in the table, apply to specific failure mechanisms.

Reinforcement of plate over beam flange by a vertical rib (— #t / 4) will make second

mechanism in circular (mm, + w) and third + fourth mechanisms in non-circular ones

(e +2m, + 0,625e, ; 0,5b,) impossible (rib will prevent collapse involving both bolts
at the same time). These formulas can be omitted from calculations.
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Flange cleat

Photo: EN 1993-1-8 fig. 6.12

ly=b,/2

Photo: Behaviour of stiffened flange cleat
joints, D. SkejicD. Dujmovic, D. Beg
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Effective areas in compressed part of column web
EN 1993-1-8 6.2.6.2

_____#_____ "'_—T"" L -
| I [ —
T . )
Det o we |t T 2V2 &, + 5(t;, +S) to + 232 a, + 5(t;, +5) + 5, 2t + 0,6 1, + 5(t,, +5)

Photo: Author
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Effective areas in compressed part

Column: Sy S i
Welded I-beam min (t, + ¢ ; 2t)) 2 a, he - 2(t. + V2 a,)
Hot rolled I-beam I h.-2(t + 1)

¢ — length of end-plate out
off bottom flange of beam

EN 1993-1-8 6.2.6.2

s i
g s E— ' =0 -
S E—;D >0,72 (_7“p -0.2)/ (xp)2
c i
| i) !
| |

: | }\‘p = 0,932 v | (beff, c, We dwc fy, wc) I (E twcz) ]
Photo: Author

p - simplified calculation of instability in compressed part of web -
without full calculation of instability factor (), only reduction factor.
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Effective areas in compressed part

— T —— T Max compression for plane part of web (dg,):
| | [o (Ned + I\/lEd) ]dwc = O¢om, Ed
| |
i |
- |
| | If, K
A | B o com Ed WC
| | <0,7 1,0
- |
| |
I i > 0’7 1’ /- cScom Ed / 1:y wc
- dgy |
1
- EN 1993-1-8 6.2.6.2
|
\)ME,, K, - Influence of double - transverse and longitudinal -

compression of the column flange
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Component method: resistance and stiffness of joint is effect of resistance and stiffness
Its components.

| — #14 /17
|
4—
Photo: Author
—
~-t--d For stifness, joint is analysed as a complex
| of springs.
For resistance, the most important is the End-plate
weaknest component (the weaknest link). . P
Kowt Kofo Kbt Kepd K2
4 ¢" bolt row #3
Kewt K Kbt Kepb - K3
Kews Kowe M Kows Kowe
Beam
Column Kows km«:! " I

Figure 2. (a) Active components for bolted beam-to-column end-plate
connections and (b) joint rotational stiffness according to EC3-1.8 (2003).
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My — (. ( J—
®_ __R7__i_<_> ®_ ®_ ___i_D
ON S @, O &= k,—column web in
___[<_2i__ k' shear;

k, — column web in
. - N W local transversal
compression;

k, — flange of beam in
compression;

3@5___
Tilae

N
\,

OF -

~
L

=~

N_

~

oo

K,o —welds (each on
each positions);

Ko, — haunched beam
In compression;

INW/| Cracow University  [* ]| Faculty of Civil Chair of Bridge, Metal and Timber Structures
lllll ‘ of Technology ‘L"} Engineering

PRE| o Aniversey S| soth Anniversary Cracow University of Technology



: k3,i:’ k4,i ) k5,i ) k8,i ) k10,i :
| I i=1,23 T - kls,i Ky Koi Kg i Ko

_;> F_

|

| k, — column web in
r5= 3

|

| | local transversal

i=1,2,3

: tension;
_k&i, k4’i , k5’i , k&i , klO,i K, — c_:olumn flange in
% li=1,2,3 bending;
m =" i‘;D ks — end plate in
— bending;
|

ks — flange cleat in

bending;
| | | |
| A3 )
| <> | s | <> kg — beam web in
= - R —feedeal — - .
: | s : tesnion;
| | 1 |
| | |

Photo: Author

i=1,23 k5,i y k8,i y klO,i klo - bOIt |n tenS|0n,
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k12,i

_k9,i Ky

o o e | | ke — plate in tension or
| <> | :%l D compression;
f e ky, — bolt in shear;
| | |
SN | SR IS | SN | R AR | P

| | Ky, — bolt in bearing;
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K5 — base plate in
bending under
k., —concrete in  tension;
compression;

_;D k.5 — anchor bolt in
k,, — base plate in  tesnion;
bending under

~-b--t-- - —- compression; k17 —anchor bolt in
d shear;
|
| I | ! | .
i | : : —rr— k,g — anchor bolt in
| I | | * Ik F | .
| | | P - | bearln .
k15 : k14 C_.i_._ —— _: _4_> - _.i _____ — ::E::._._ — —i —4—> gv
\ | - | : ! ! nv:-v |
Ki7 , Kig &7 o : ' :
Photo: Author '
k16 k13
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Values of k1

Ky

EN 1993-1-8 tab. 6.11

Column web in shear
Photo: Author

BN

0,38A,./ Bz —

A, — active area of web = h, t,,
z—#/8,9
B—#t/10
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k
2 Ks
Column web in transversal

. Column web in
compression

transversal tension

Welded, bolted Bolted Welded

/d — D

k2 07beffcwcwc c
ks 0,7Db

/dc — o0

eff, t, wc WC

Detr ¢ we — #t /23 — 25, #t 127

Photo: Author EN 1993'1'8 tab 611
Dot ¢ we — #t/ 28

dC:hC'zth
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Attention

There is information in Eurocode, that infinitive value of k,, k, and k5 can be taken into
consideration for stiffned sub-part of joint. But there is no information, which type of
stiffeners should be applied for different sub-parts.

According to literature, rule is that stiffeners are applied conforming to type of load:

Photo: Author
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EN 1993-1-8 tab. 6.11
3

Column flange in bending

0,9 Lt 2/ m3

k5
End-plate in bending

0,9 lge t,3 /M3
k6
Flange cleat in bending

m— #t/6 0,9 Ief‘ftaslm3
| — #t/23 — 25, #t/28

t, — thickness of column’s flange / end plate / flange cleat

of Technology

m 80th Anniversary
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k Photo: amsd.co.uk
7

Beam flange and beam web in compression
k8

Beam web in tension

k9

Web / flange plate in tension or compression

EN 1993-1-8 tab. 6.11 — no information about value. Parts
important for resistance of joint only, not for stiffness. Stiffness
of web, flange on plate in their planes is very big. This means,
local stiffness can be taken into consideration as

BN

Photo: resources.scia.net

Stiffness of total join is in proportion to Z (1 / k;)]. When k; tends to infinitive, its reversion
tends to 0. This parts have no effect on total stiffness of joins.

of Technology
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Kio L6 AL, EN 1993-1-8 tab. 6.11

Bolts in tension L, , A, — #t/18

kll k12
Bolts in shear Bolts in bearing
Categories of bolted joint A B C
K1y 16 n, d? f, / (E dyqe) ., o
K12 24n, k, k. df,/E S 0

d — diamete of bolt
dyig = 16 mm
n, = number of bolt-rows
k,=min (1,25 ; 0,25¢,/d+0,5 ;0,25p,/d+0,375)
ki=min (2,5 ; 1,5t/ dyye)
e, , P, — H#t/7
Faculty of Civil Chair of Bridge, Metal and Timber Structures
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k13

Concrete in compression (including grout)
EN 1993-1-8 tab. 6.11

E.V (b lir) /(1,275 E)

beﬁ: y IEff - bEff y Ieﬁ: (C — 1,25 tp) _%, % Photo: Author
c—#t/12 K

\
VAN

k14
Plate in bending under compression

EN 1993-1-8 tab. 6.11 — already taken into consideration in K5 .
Part important for resistance only, not for stiffness.

Faculty of Civil Chair of Bridge, Metal and Timber Structures

AN ‘ Cracow University A . !
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Kys Ky

Base plate in bending under tension Anchor bolts in tension

With prying forces Without prying
forces
Kis 0,85 lgg t3 / m? 0,425 g 2 / m?
Kig 1,6 A,/ L, 20A, /L,

EN 1993-1-8 tab. 6.11
m—#t/6

Prying forces — #t/ 15 - 18
L,, A, — #t/ 18

lviﬂ?‘ Cracow University Faculty of Civil Chair of Bridge, Metal and Timber Structures
IJ I
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kl?
Anchor bolts in shear

|
Kig |

Anchor bolts in bearing

EN 1993-1-8 tab. 6.11 — no information about value. Parts
Important for resistance only, not for stiffness.

Sear and bearing of anchor bolt in analysed in horizontal
direction. For stifness of support important is vertical direction
These two phenomena have no influence on stiffness of |
support. I:>
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Kig
Welds

k20
Haunched beams

EN 1993-1-8 tab. 6.11 — no information about value. Parts
important for resistance only, not for stiffness.

Welds are too tiny elements to have influence on stiffness.

Haunched beam is rather massive element of big stiffness in its
plane:

Photo: resources.scia.net
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Spring models

3 Ki i Ky Kg
T M e
i
——rT |
! |
| |
BN o
! |
l_._._ .......... |- — ) .
i | G 3 Kz 3 Ks
! = Migal | T 1 Mi'Ed
| [ ) T T
| ! |
N DR _
: Mj Ed,I_'Mj,Ed,r
Photo: Auth | L
oto: Author “ 4 4 . kl’kZ’k3
] - j,Ed
[
M; gq1 7 - M; gq

EN 1993-1-8 tab. 6.9 tab. 6.10
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Photo: Author
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- One bolt-row in Ky Ky Kgi Ky Ks; Ky
tension
1 M
J__ /e Two or more bolt- Ky 5 Ky 5 Keg
! row in tension
! - One bolt-row in K, Ksi Ky s Ks 5 Kqg
SN o tension
i ' M, Eq T M; eq
; :%: ‘ 77 ’ Two or more bolt- K, ; keq
| L row in tension
| ‘ ! M; eq,1= - M gq,r
P | o One bolt-row in Ky Ky Kgi Ky Ks; Ky
A o tension
i Mire : j M; e bol ; .
Photo: Author | ' Tv;lgv\?:nnl(e):]eslo?] t- kl y k2 ) keq
M; g1 7 - Mj gq.r

EN 1993-1-8 tab. 6.9 tab. 6.10
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k3i k4i I(5i k10i

:EW%

i keff,l

i | . keff,2
B MLw Kefr s

eq

Photo: Author
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| k1’k2’k3’k4’k6’k10’k ’
- bf - bf - . tL - | bL
T Mg PRI CPRI ST P k12
I
. . . . . tf - bf -
¥ I3 7\, Ky Ks; 1!<4 , kgf’ Ko Kig ’bk11 ’
e K" s Kio™ 5 Ky 5 K™
|
M gq.1= - M g, r
vee | 33 " k1’k2’k3’k41k61k101k !
: o 44 hEd bf - bf - | tL - | bL
Photo: Author j ! kll k k12 k12 : k12
M; eg.1 # - Mj g, r

EN 1993-1-8 tab. 6.9 tab. 6.10
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ks K, Ks Ky Ky, Kyt Kyt

e

ky Kk,

bf bf bL
kll k12 k12

keff, 3

Photo: Author
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One bolt-row in tension Kis i Kis; Kig

-row i 1ok 1ok 1ok 2k 2Kk 2 k.3 -k 3-
Two or more bolt-row in | ki3t 5 Kyt s Kigl s Kig? 5 Kis? 5 Kig? 5 Kig® s Kys®;
tension Kyl ...

Photo: Author

EN 1993-1-8 tab. 6.9 tab. 6.10
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keff,l €q
eff,2

eff,3

Photo: Author
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i.Ed
. N tf- ¢ bf- tF-) bf-| tp-
, STRIN PRl kle’ SPRIM CPAL
Ko™
o d g Ky K ;
M T  Mize tf bf t bf tp
o STRINLCTRUN SPR SPR PR
M g = - M Ky,
j,Ed, 1 = 7 Wi Ed, r
Mige | 23 M, kl;kz'kg;
Photo: Author T 7 tf - bf tp -
k
j, Ed |75'Mj,Ed r

In analogy to EN 1993-1-8 tab. 6.9 tab. 6.10
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Ky ™ Ky kP

keff, 1 keff, 2 m

keff, 3

Photo: Author
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One bolt-row in tension ks 5 k"5 Ky

Two or more bolt-row in k

) eq
tension

i
—— =t
!
|
i
i
i
i
i
i
I D
!
1

Photo: Author

In analogy to EN 1993-1-8 tab. 6.9 tab. 6.10
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Photo: Author
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o ok

| |
| |
| |
e e tfl - bfl - tfl - bfl - tpl - bpl -
_._.i ________ e wde ] — — — i._._ k]_]_ ' k]_]_ ' k]_2 1 k12 ’ klzp ’ k]_2 P ’
| |
| |
| |

ol t i J

tfr - bfr - tfr - bfr - tpr - bpr
kll ’ kll ’ k12 ’ k12 ’ k12p ’ k12 P

Photo: Author

In analogy to EN 1993-1-8 tab. 6.9 tab. 6.10
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tfl tfl tpl
kll k12 klzp
k tfr k tfr k tpr

T Y

Ky P kP kg, PP Ky P Ky Dfr Ky, bPr

| |

| |

| & 0% & |

| e |

—_—]—_———— b -t ] —  — — ] | —- =
| 6 A |
| e |
| |
| I

keff, I

keff,z

Photo: Author
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Equivalent and effective springs

Keq = 2 ( keE, ) 1z EN 1993-1-8 (6.29)

eq
Kett = 1/Z (17K )

Zeq =2 ( keff, r hrz) /X ( keff, r hri)

ki,r:k3,rvk4,rvk5,r’k10,r

h, - arm of action; the same as for resistance

Photo: Author

Photo: Author
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Loading Lever arms Rotation stiffness S; ;;
Left-T, Right-C, exampe:
Mgg>0 ; Ngg<0 Z=Zr %t Zc Neg >0 e>1zq Ngg=<0  e<-zc,
—
- 4\ e = Mg/ Neg Ez2e/{n(e+e) [(1/ke )+ (1K )}
| | N
! | oz f e = (Zc, Ko r - Zr K ) 1 (Kr + Ke o)

£

Left-T, Right-T, exampe:

Mgg>0 | Ngg>0

Meg
e
1} | | N
T £Tx

Z=Zr v 27,

e = Mgy / Ngq

Ezze/{ne+ed [(1/ke)+ (/K )l

&= (Zr Ky - z1 ke ) T (Kp Ky ))

A

Photo: Author

Cracow University

& ‘ of Technology ‘#A

m 80th Anniversary L —

EN 1993-1-8 tab. 6.12, first part
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Loading Lever arms Rotation stiffness S;

j, ini
Left-C, Right-T, exampe:
MEd.<(—) ;I N_Ed<|0 Z2=2c %21, Ngg >0 e<-zq, Negg<0 e>z¢,
Meq
| R e = Mg/ N, Ezze/{u(e+ed [(1/ke )+ (L/ ke ]}
o |
-l [ = € = (Zr, Ko - Ze 1 Ke 1) 1 (Ke, + Ky )
Left-C, Right-C, exampe:
Mgg>0 | Ngg<0 Z=Zc tZc, Ngg<0  O<e<zc Ngg<0  -Z¢  <e<0
—
/T: € = Mgg / Ngg Ez?e/{ne+ed [(1/ke )+ (1/ke I}
Mz
(N N
T e €= (Z¢,r Ker - Zc 1 Ke i) T (Ke 1 + Ke, )

Photo: Author

EN 1993-1-8 tab. 6.12, second part
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Ky 1 = Kis, 1t Kig, g
Ky 1 = Kis, ¢ + Kyg
Ke,1 = Kyg)|
Ke,r = Kag ¢

w— #14/77 - 79

EN 1993-1-8 6.3.4 (1)

Faculty of Civil Chair of Bridge, Metal and Timber Structures
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Examples of stiffness joint calculation

Photo: amsd.co.uk

Photo: microstran.com.au

—— T
| \
| |
| —
| |
- — = — ===
‘ |
|
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| |
| |
S | I I | I
|
|
Photo: j-p.com.ua Photo: Author
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e Ky s Ks

Photo: microstran.com.au

Welded joint, horizontal
and diagonal stiffeners.

Photo: Author
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Welded joint, horizontal and diagonal stiffeners.

K, Kk, — o (#t/36)
K, — o (#t/37)
Ke — o (#t/37)
K,k
: S m=EZ/[X(1/k)]=

—EZ?/[(1/w )+ (1 /o )+ (1/0 )] —
—EZz2/(0+0+0)—> o

Photo: Author
Sj ini — % — rigid joint

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

Welded joint, no
stiffeners.

Photo: Author
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Welded joint, no stiffeners.

Photo: Author

Yoy

PK

Cracow University
of Technology
80th Anniversary

A
oA

Faculty of Civil
Engineering
80th Anniversary

k, << o (#t/ 36)
k, << oo (#t/37)
Ky << oo (#t/37)

Siini=EZ2/[Z(1/k)] <<o

j, ini

Sj,ini << o —rigid, semi-rigid or hinged joint

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




kgt Kt Ky,
Bolted joint, bolts

tfr tfr tpr
category B or C Photo: Author LCTRUNE CPLLN ¢P!

| . 123450 |
]

* %% %

k,,Pf k.0 k.ol bfr | bfr | bpr
11 12 12 k11 k12 k12 p

There are 3 coefficients for each row of
| | bolts: ultimately there are 36 springs for to
and 36 for bottom in this case.

tfl - bfl - tfl - bfl - tpl - bpl -
k11 , k11 , k12 , k12 , k12IO , k12 P
tfr - bfr - tfr - bfr - tpr - bpr
k11 : k11 , k12 ; k12 ; klzp ; k12 Pr— keff

Photo: amsd.co.uk
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Bolted joint, bolts category B or C

Ky — o (#t/41)
K=1/Z(1/k)=1/Z(1/®)—>1/0— @

Kol — o (#/41)
Si i = E 221 (L] Ky 1 + 1/ KgPotom ) =

j, ini
=EZ2/(1/ p+1/p )] —
—EZz2/(0+0+0+0)— o

Sj,ini — oo — rigid joint

N4 Cracow University  [* "] Faculty of Civil Chair of Bridge, Metal and Timber Structures
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[T of Technology () 7 Engineering : 5
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Ko Kot Ko
Bolted joint, bolts
category A Kyt Ky Ky

| 123456

* %% %

k,,Pf k.0 k.ol bfr | bfr | bpr
11 12 12 k11 k12 k12 p

There are 3 coefficients for each row of
| | bolts: ultimately there are 36 springs for to
and 36 for bottom in this case.
kg™ kg P s Kyt kDM s kg ! Ky ,PP
klltfr : kllbfr : k12tfr : k12bfr : klztpr : klszr s keff

Photo: Author
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Bolted joint, bolts category A

k' << (#t/41)
ki)' << oo (#t/41) ke=1/2(1/k)<<

S, i =E 22/ (1] Ky + 1/ kg POtom ) << oo

j, ini

S, ini << % — rigid, semi-rigid or hinged joint

Faculty of Civil Chair of Bridge, Metal and Timber Structures
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This joint can be treatred as ideal hinged, but resistance for
one bolt in very small. This type of joint is no recomended
for steel structures (excep electro-energetic towers).

XK

Photo: galeria.budownictwopolskie.pl

‘S
P

o
1

R

[A\
\/

Bolted joint, bolts
category A

Photo: Author

Photo: inzynierbudownictwa.pl

Photo: mlelectric.eu
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Bolted joint, bolts
category A

* % *
! * * ¥
F — e 3
* K ¥
* k *

Photo: Author

Cracow University
AN 'r ‘
l [T ‘ of Technology ‘&A

Faculty of Civil
Engineering

There is no immobilisation of flanges, and, because of this,
there is no clear way to build spring model of joint.

Rough approximation: there is possible, that for web plate,
the farthest bolt rows (most top and most bottom rows) can
be assumed as immobilisation of flanges.

Ultimately, k; should be multiplied by additional factor 6:

T
\ ‘ Z
\ \
| i ; I——]
* % * |
‘ E |
— — H#ews — — —— — - +——
0=J,1J, i e ‘ y
* % ¥ |
| [ | A
\ \
\ \
N | IR IS | S

Photo: Author
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No bending moment acts from beam on column — no k;, k, and K.
Web plate - kg, but value of kg tends to infinitive and can be omitted.

Only k;, and k;, are taken into consideration.

t t tw
kll k12p k12

b b bw
kll k12 P k12

There are 3 coefficients for each row of
bolts: ultimately there are 9 springs for top
and 9 for bottom in this case.
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Bolted joint, bolts category A

Ky << oo (#t/41)
Kip<< oo (#t/41)

S, i =EZ2/ {Z[L/(OK)]} << ®

j, ini

S, ini << % — rigid, semi-rigid or hinged joint

Faculty of Civil Chair of Bridge, Metal and Timber Structures
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— #14 /42

According to results of experiments, we can assume, that there are always pinned
joints, if:

» web only is supported,;

 for bolts are applied slotted holes.

<+
<+
I_._. ] — . — .
<+ p
< <

Photo: Author

Photo: tekla-detailed-structural-fabrication.com
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Photo: Author

Kis s Kis i Kig

|

| N, —
| k13 SS o (# / 42) - ‘-P.hoto"j—p com.ua

| kys << (#/ 43) pen

| Kig << o (#/43)

| z=0
| e=0
|

|

|

S, i ={EZ2/[Z@/K)}[e/(e+e)]—

EO02/[(1/ky)+(L/kys) +(A/ky) I3[0/ (0+e)] —

— {0/ [something]} [0 / (something)] =0

Column base, axial force only,

one row of anchors. S

j, ini = 0 —> plnnedJOIIl'[

of Technology
80th Anniversary
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Photo: Author

Kis s Kis i Kig

Ki3<< oo (#/42)

Kisg << © (#/43)

Kig << oo (#/43)
z#0
e£0

Sjimi={EZ?/[Z/K)}[e/(e+e)]=

S| = {E 22/ [(1/Ky) + (1] Kyg) + (11 kye) THe/ (6 + 0] £0

S;, ini— rigid, semi-rigid or hinged joint
Column base, axial force only,

more than one row of anchors.
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Semi-rigid joints

What to do in this situation?

Photo: Author
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— #14 /23
The result of analisys:

Initial assumption Could be in real What it means for
structure calculations of joint?

Hinged &

Hinged

Semi-rigid % % %
Rigid &

Rigid

To avoid problem of differene between theoretical (fictitious) distribution of cross-sectional
forces and real (unknown) one, which arises due to the flexibility of the joints, a
computational verification of stiffness is necessary.
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For each semi-rigid joints — modification of static scheme
(of course, hinged and rigid joints are not modified).

L mod mel
‘T Ah Jh,mudA v.h
L mod Lmud
AthAv.b T Ath,mudA?,h T_
5, —
AJ Ave . L mod
™ e i ’.Z?”_,-I

AT mod Ave

Photo: Author
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Photo: Author
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Example of modification
Rigid joints beam-column

‘]c = ‘]b
10 10
- —— R
— - 1
8
A A
15 | 15

Photo: Author
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M [kNm]

6740 G740

6740 6740

470, 470,2

Photo: Author
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Semi-rigid joints (limits):

05EJ,/L,<S . <25EJ,/L,

j, ini

Analysis of 5 cases, what’s happened, when

hinged joint (0,5) < S; .. <rigid joint (25)

b I—mod ‘]mod
Siimi1=9EJ /L, J,
Siini2 =10 E 3,/ Ly
S inis=15E /L,

Sj ini, 4 — =20E ‘]b/ I—b Photo: Author
Log = 0,4 M

‘]mod = Sj, ini I—mod I E
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Joint M, ,ves [KNM] Miigge [KNM] M, ,ves [%0] Miigge [%0]
Pinned (theoretically) 0,0 1225,0 -100 +160,5
Si,ini, 1 574,9 581,2 -14.8 +23,6
Sj, ini, 2 626,2 524,7 -7,2 +11,6
Sj,ini, 3 645,6 503,1 -4,3 +7,0
S;, ini. 4 655,7 491,7 -2,8 +4,6
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Photo: Author

caAves j

M‘idge

Joint M oyes Miidge Meayes / Midge Remarks
[KNm] | [KNm]
Sjini1 | 9749 | 5812 0,99 Uniform effort at both points
Siini,2 | 6262 | 524,7 1,19
Siini,z | 6456 | 503,1 1,20
Siini,a | 6957 | 4917 1,34
Rigid 6749 | 470,2 1,44 Uneven effort at both points
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caAves j

M‘idge

Joint M. ayes Miigge I eaves ridge Dead weight
[KNm] [KNm] (kg / m]

Si. ini, 1 574,9 581,2 IPE 550 A 0,99 1,00 93,8

Rigid 674,9 470,2 IPE 600 A 0,91 0,64 109,6

There is possible, that for semi-rigid joints we can make lighter structure.
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For comparison - example of frame with different stiffness of girded
and columns

Rigid joints beam-column

A)2) =],
B)J =2,
10 10
- _'.r_ ' - 1
— —y 1
8
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Joint M, ,ves [KNM] Migge [KNM]
Semi-rigid, S; ;i 5749 581,2
Rigid, J. = J, 674,9 470,2
RigidA(2J.=J,) 594,2 559,5
RigidB (J.=2J,) 724,0 415,1
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But, for one-bay frame: max moment for girder = max moment for column; because of
economic, there will be rather the same cross-section for column and girder (except a high
column susceptible to buckling, which must have a larger cross-section). Additionally:
column should be much more massive than roof girder, because of instability of column.

Generally, there is no sense to correct envelope of bending moments by change of the
stiffness of elements in single-bay one-storey frame.
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Multi-bay multi-storey: max moment for girder in not the same as max moment for column;
for this situation we can try to correct envelope of bending moments by change of J for
columns and girders.
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Idea to deliberately design semi-rigid joints to correction envelope of bending moments, did
not catch on. During its life, structure works under various loads and actions. As a result,
increasing of backlash and deformation gradually reduce the stiffness of the joints.
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S;, ini Change values during time of exploatation, especially for semi-rigid joints. Because of
this, it's not good idea to correct envelop of bending moments by semi-rigid joints.

Better way: correct by change of the stiffness of elements.
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There are used non uniform members for the
best fit resistance and envelope of bending
moments.
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Examination issues

Parts of tension joint important for stiffness
Effective and equivalent springs in springs model
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Pinned joint - wezet przegubowy
Semi-rigid joint - wezet podatny
Flange cleat - naktadka z katownika
End-plate - blacha czotowa

Grip length - grubos¢ skleszczenia
Grout - podlewka

Prying force - sily przy efekcie dzwigni
Anchor bolt - kotew
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Thank you for attention
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