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i 1. Introducéo

= capacidade de transmitir momentos
v’ rigida (tipo 1) — M, = M,
v flexivel (tipo 2) — M, =0
v semi-rigida (tipo 3) —» 0 <M, <M,
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[E 1. Introdugo

= Tipos de ligagdes viga-coluna
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[E 1. Introdug&o

= Deslocavel x Indeslocavel ""‘
v’ tipo Il — Australia e USA (g foxivl +  barates (st do
= flexivel — deslocavel deslocaimentos com corlraventamentos ¢ “":j“
= flexivel — cargas \| ™~ /
gravitacionais 4
= rigida — cargas laterais I I
v'semi-rigidas — M x ¢ T bysemirigia
* n&o possui solugdo fechada N s
= tema de pesquisa N ‘
vflexiveis — resist. L/h<20
v'rigidas — esbeltas — rigidez ) 1 1

(c) rigida
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i 1. Introducéo

= Vantagem — capacidade de transmitir momentos
v" viga em portico contraventado
v' projeto 1 — ligagdes para resistir ao cisalhamento [A]
v’ substituicdo das “rétulas” por ligagdes que resistem M [B]& [C] — IPE 180 trocado

por IPE 140
symm SYMIM
¥ Y
1
@‘ =T ‘ I {ISEN g (e
| s |
4500 4500
o Less steel -16 kg -22 kg
a More welding:
46m B = +79 kg
1.m 5 = +20 kg
a Fabrication
of plates et +79kq +20kq
a Extra holes
+2 holes = + 4kg
+6 holes = +12 kg

Difference + 146 kg +30kg |
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i 1. Introducéo

= Some other aspects which facilitate economy in design are:

v Limit the number of bolt diameters, bolt lengths and bolt grades as far
as possible. Use for instance standard M20 bolts in grade 8.8

v Ensure good access so that welds can be made easily
v Minimize situations where precise fitting is required

v" Achieve repetition of standard details

v Provide ease of access for site bolting

v/ Provide means for supporting the self weight of the piece quickly, so
that the crane can be released

v Achieve ease of adjustment for alignment
v’ Consider maintenance where necessary
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i 2. Ligagdes Flexiveis

= Transmiss&o do cortante — Q
v’ “sitting” (cantoneira de apoio) — ]

mais econdmica para fabricantes
automatizados

v’ overlap — viga x cantoneira
v’ enrijecedor — compressao

v parafusos — M +Q
(excentricidade e)

v" L de topo ndo contribui p/
resisténcia ao cortante (flexiveis)

|1

' L -
LPGELCIV -

i 2. Ligagdes Flexiveis

= Transmissao do cortante — Q

v “welded cleats” (cantoneira
soldada) — “T" x “L”

v" aumentar area de solda na
menor inércia

v’ cuidado no transporte /
montagem — danos

v’ pequena L na alma —
estabilidade a torgcédo

(b}
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i 2. Ligagdes Flexiveis

= Transmissao do cortante — Q

v"“web cleats” (cantoneira de
alma) — “L" ou placas (“fin
plates”) — aparafusadas ou
soldadas

v'mesas — pequena solda —
montagem

vexcentricidade e — duplo (I >
0,6 h) — n&o héa problema

v'e pequenos — dupla
excentricidade

Flanges notched on one
side for erection so that
.-17beam can be dropped in

=

+ + + +

" — Double web cleats
—"1 usually used
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i 2. Ligagdes Flexiveis

= Transmissao do cortante — Q

v/fin plates — capacidade de
rotacdo — parafusos 8.8 —
rasgamento — deformagéo
controla (t < 0,5 D)

v'distancia aborda<2D

v'resisténcia da solda > momento
transmitido pelos parafusos
v'Ductilidade
= |, =1,21t(643)
=, =141t(650)

Flanges

side for

+ + + +

.-17beam can be dropped in

]//
Lo
ol

J.n

o)

notched on one
erection so that

— Double web cleats
usually used




v'placas de extremidade —

h = F*El-:!.:w_','-_‘
[ i 2. Ligagdes Flexiveis

= Transmissdo do cortante — Q

dimensdes precisas / ajustes —

hplaca

evitar dano

vt<D/2(8.8)

= h,;ga (Maior momento de
inércia) — caso contrario —
cuidados no transporte —
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i 2. Ligagdes Flexiveis

= Transmissdo do cortante — Q

v'“shear plate”

v'f — mais trabalhosa —
nao existe solda fora da
viga

v'g — endplate + shear
plate — menos solda

v'parafusos — centro de
rotacdo — cuidados
com escorregamento

£
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i 2. Ligagdes Flexiveis

= Transmissdo do cortante — Q

L

v'parafusos suplementares :

— evitar distorgdo
v'semi-rigidas

= altura da edificagao
controla o

dimensionamento
= rigidez e ndo resisténcia

{f

(g}
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i 3. Ligacdes Rigidas

= Edificios Comerciais / Residenciais

@

v'a — soldas de campos e furos

* Estendidas — mais eficientes — M, e
M, da viga

v'b e ¢ — placas de extremidade 3

= h <500 mm — 6 parafusos 8.8

" IVlrequerido =07a08 Iv'y — “T" (tragéo)
e “C” (compresséo)

- (b) 1 4=

= parafusos mesa comprimida — efeito
mola — transmitir Q

=M> 0,8My — alma deve contribuir —

enrijecedores triangulares




= Edificios Industriais —
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i 3. Ligacdes Rigidas

=

momentos elevados
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v'parafusos adicionais —
aumentar o brago de

alavanca

v'misula — limitagao de
altura

L
fb)

v'mesa misulada — compressao
v“alma da misula — Q
v’solda de resisténcia total

= Edificios Industriais

v'comportamento da misula

= ama— Q
= C, — cisalhamento + flexao

= cisalhamento vertical através
da alma daviga— C,, C,, T,
T,—>EZMem[1]e[2]
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L 3. Ligagdes Rigidas
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[Z 3. Ligacdes Rigidas

= Edificios Industriais — momentos elevados

v’coluna com seg&o tubular ou “plate girder”

=
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[Z 3. Ligacdes Rigidas

= Enrijecedores

v'colunas internas — + comum (a)

v'placa na alma da coluna —
preparagao da solda (bujéo)

v'mesa tracionada — “backing plates”

|{ ; T - ;ﬁl EEES
q I SectionX-X o | IR

{a) {b) (c)




[ i 3. Ligacdes Rigidas
- = Enrijecedores

v'colunas externas — + comum (d) | v"“Morris stiffener” (f) — redugdo do

v cisalhamento n&o transmitido brago de alavanca — escoamento por

venrijecedor de compresséo (e) compressao — ruina

) . . \/ . 0 0 (o)
v'projeto do enrijecedor diagona Ho << Hyigy — 30°<a<60° (melhor 45°)
a2 _,’, | ———ee = - —— S— 4
=
; |
fc al's ——
Y
Lo _ Ii j;/ il | -
id) (e) (f) (ol
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[ i 3. Ligacdes Rigidas
- = Detalhes das Soldas

v 1° enrijecedor tracionado -
v’ 2° enrijecedor comprimido
v’ realizadas em fabrica First

First L
/

L_,z____%

No fusion here «First
= - No fusion here

{c)

(a) A
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i 4. Exemplos (1)

Design a. seating cleal eannestion for o

bebx T8 xSk UR N Crade 43 ste=|, +w

carry o reachion aof 145 kN (due +=
ored leads) The conntectiom is +2 the

lange of o 203 x203 %52 U n Grade
3 gfcd.

— B —Zeav 203 x52 Uc

090 x Rangle ¥ 166 (nominal gi%l:]
/;.as w78 «Sh UB

|
ai 158 x 90 x |Sangle ¥ |ba
i & bolts Mao gmde L6 aFqogk

7q. rega ;'EJ nﬂ' reot lin
o .I!fr“!.‘st.'c:;a pity *

21 B Ly -
— ; PGECIV

e — [Length of web
bearin:
|
End Tr] 7
clearance 1 b ‘JI
and

tolerance T - T
U1 " T

Y-

|

L

Length of bearing on cleak =b = £9-L.—(T+r) |
=6 —o9+102) = 482 mm

End clearanea of beam froam foce of

calumn = Smm

Allews Smm tolernniea

Try ISo x990 ¥ IS angle X 1bo mm Ionc_]

Distanca freom end of bearing on cleat +a

roetof angle (At B) = b+S+5 = (t+n aﬂoﬂaic
E R = & = L33+5+5—19+12
| hxags ¥ b - bl hd (l‘g D
22 | Ve
— = PGECIY J
Bssume uniformly distributec lead aver
bearing length :.L’,
Momenk ab reot of q.nale(po’rnf" B) duets lood
= n'ahJ" of ‘@'z 145%313 313 - 171 Nm
. Le3 2
MQmenF‘cg.‘aam‘T = |-Lp. 2
e w2 bl 6™ x 1673
&
= 1980 Nm > 1471 Nm ok.
Shear adify of outstand leg of cleat ISox9ax |5
= mvﬁﬂ; ¥ 0 wk = 0bxYy27s x0T ¥ 6D _ ot J=
* ®ISXIGY LS S
=3S6kN S ILSkN  O.k. haibikieilic

o ‘column flange.

=156-8 kN
FIuS kN

= X LAS Y 20 % |25 x 672
- 1S kN

Try b/ M26 Grade bk bolts for connechicn

Shear copadity= b ¥ |60 % 2LLS ¥ 1o™3

|Beaning capadity (of bolts)en ml_u:;sfmt M20 bakts

.k

ey %ra.de Lok
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i 4. Exemplos (2)

Beam o column connection —Roltedd web cleats Connectom web of beamn .

Design a bolted wekb cleal connechidn for r MZ0o Geade G bolts

a ob=178 ¥ Sy UB in Grade L3 steel

1o Cn.(‘l:}j a. reaction of I4S kN (clue ts Shear capacity of bolt in. deuble shear
fochered loads), The connechion is o the =92%lbo ¢ 245 % (073 =784 kN
£l of oo do3x2e3I X522 UC 1N i ]
G-m: 43 steel.

Bearing ity (of bolt) on_ web of beam
= 1435 X238 x T ¥ 103 = 6641 kN
203 %203 ¥ 52 UC Ty 4 kolts ar 1S mm verheal piteh, Somm
_ from heel of cleats
r lLob¥178 ¥ S UR Herizental shear forea on belt-due +=

moment due +B eccentricl
= _luS xSox 12 = 29-0 kN
2(375++ Hl-g i)
Vertical shear 'For‘\r.n p;-_r bolt= “:"-5- =353 ki
Reswltant shear farea = |f 29.0*+ 33

= b Lk
< bolt capaciky ©.K
| Yrevacraangs 4[M20o balts
5 i ol Mo gme. Grade L+l
{ kel ~~6rmm prafction of cleats

Connechan ta cslumn Flmse

/ [ For M20 Grade & ko

[ e
. A Shear capacity of kolt in single shear
& Relic Wao ginca b6 =1bo X 245 x 1073 = 39-2 kN

o = PGECIVI= w
i 4. Exemplos (2)

Bearin acity (of bolt) an Bmm cleat
Sf’;ﬁrloxs wig 3= 96 kN

Ty b bolts, 2 rews ak 75 mm vertfical
P and 120 mm cle.

Assuming centre of pressure. 2Smm below
top of cleaf, horizemtal shear force
on beHem belt due to moement due
+o eccentricdt
- Iq.s'xo-s’z:l'lo—?-ﬁ-)xim = |0 kN
2. (So™+ 25>+ 200%)

Vertical shear foree per bolt
:_lg_._l S = 242 kN

Resultant shear force = ,‘Iﬁ.-o‘:+ 2™
= 280 kN

<. bolk capadity
.k

Use 2 /acxq0x8 angle cleats ¥ Zoomm

b)/M20 botts
Grade Lk

Z/Grc: *q0x 8
le cleats
x oo mm
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Beorm 4o column m — si

esign o belted connechim for o

Lob™ 178 x Sk UB in Gmde 43 shm.i

uSing a single web cleat, fo mﬂ

rea of TILS kN (d..n: +o <l
loads). The cemnechiom is to-the flange
o_?&:. 203 x203%52 UC in Grade 43
5 A

le—_ 203%¥203 x 52 UC

Lob¥ T« S4 UGB

x
&

f:

'51_\ GorqoxFangle ¥ 3%a mm

4 [M2o baftsGen. nLr- H5Fg
\\(um— PRETENSIORNED)

~&mm eehémy

PR S

+++_+

3/Mie genend grade
HsFG bth— PRETENSIGNED
ak bo mm from & of beam web

L =(PGECIV)= w

i | 4. Exemplos (3)E i s firs

Its (ie. net pretensioned )

Shear capacity of bolt in .smrl?k shear
= O L4B¥RLATx 245 % I = 97-3 kN
Bﬂn.rmg ca‘oac'd" on web of beam
= 4o v2d 76 ¥ 1073= £9-9 kN

Tnd L. bolts ak 90 mm vertical P'\'h:h,
Se mm from heel of cleat.

Horizental sheer force on beltdue to
Meament due 4o eccentricd

= LS ¥So X135 _ 3,

ALL5 >+ 1352%) A2l

Vertiéal shear fhrce Pe:‘bal+=-lj£(-;$.3&.3 N

Reswhtant shear force = [Z05T7 3637
aL3b kN
< balt eapacity O.k
G:»nne:.ho ‘tb d:l'u mn £l é;‘}i.ﬂ:anim
g M2o eral Grade’ AsFG bolts  [tofie (et
(&% p2as, par!' 1) used as HSFG bolts.|prefensioned )

sk res:shmcn(perb 1+)
P - | yogssojuq=‘713-kh!

Bearing resistanca of 8mm cleat(per bolt)
= 20%8 x825x 1073 = 1320 kN

Ty 3 b ch“‘]Dm vertical prich,
nd jrnm centre line of I::Eam wekh

Heorizenta) shear forea an bald due 4o mament
due to eccentricity = ;qﬂ,_ =083 kN

26

rIEA:h a:fumn £l -
Crad HSF'G. bol
| (n"k L39s, pa..-r 1) Csed oz HSFG belts.
| sl resmi'ancn{perb I+)
P leon..s'::uu=‘?l3k:\r

Bearing resistanca of 8mm cleat(per bolt)
= 20%8 x825x |0 = 132 kN

Try 3 alk omm vertical prtch,
n:' 'E'-brn Cl line of bcnm ‘web

Hanzml-a.l Shear Form, an balt due 4o moment
ve to eccemtricity = J&%‘Ehé‘%é.o_—ag3 kN

Vertiéal shear force per e balt
_4_ 483 N

Resultont shear forca = (L8 3%+ 1.8 3%

=623 kn
< belt &Paid‘u o.k
3/M20 Gen

Grade HSFG,
belts

- = PGECIVS w
i 4. Exemplos (3)

eal angle . I
Joxqox8 argle ¥ 350m
Cr;q\dzck bending af balt line a[—‘ cennechion
‘o calumn FI’:S'

Bending moment= 1LS %60 = 8700 Nm
Memenk capasity = p,z
=275 &t_éf& xlo™2
SL490T7 Nm
> bending momenk
O.k. Use

[oxqax g
langle cleat
¥ 350

13
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%&Mﬂﬂmﬂ anection —
; iqn o welded end plate connestian for

v 4ObX 178 x Sk UB in Grade 4.3 steel
16 corry o Meachon of 145 kN (due 2
foctered " loads). The cannectizn is +o the
flonge of a "263% 203 % §2. UC in
Grade 43 steel.

._‘_253 % 2e3%x 52 Uc

Lobx178xSYy UB
Pl

- ) 180+ b end ®25a
Gmm filer welds

belfs M2o gmde b %12
4 M2a o 4 c?g

i 4. Exemplos (4)

EEIU:: = w

I connechen o calumn .
r M20 Gmde L- T and a bmm
thicke end plate,
Shear capacity of bal in single sheor
= [bO X 245 % 107 = 39.2 kN
Benn'na capacity (of bolt) o Lmm end
plafe "= aswdo xb vi1et = 2.2 kN

Minimem Number af balts = 145 = 3.7 L/M2e boelts
392 mde b

Use 4 bolts.
E; late
Use [80mm % bmm plate x 256 mm deep

Lan of fllelr welds connecting end |i1ge+6 end

P| e 1o beam web z‘J.S‘o"FO‘QSLQ plate ¥ 250

= 23! mm each side

Shear an| weld = 145 = 0.3] kN/mm
2x 23]

Use bmm Fillet welds

Shear stress on web of beam
= 145 xio® - g3 N/ mm>
231 % b b mm Fillet

< 06 Py C- Kl elds. ]

n

28 =

i 4. Exemplos (5)

4o column connection — welded web

ign o web cleat connechion (welded +o
+he column and site bolted +o Hhe beam)
for o 4obx 178 xS4 UB in Grade 4.3
Steel ta carry a. reaction of LS kN {due
+o factered “loads). The cennechian is
+o the flange ofF a 203x 203 xS52 Uc
in Grade 43 steel.

o 203 ¥ 203 w52 Uc

Lob¥ 78«54 Ui

A
é |
=
g
= + E
of |§'
o
-
+
\Rl

loaw® clear plate
Lo

™ 8 mm Fillet weids
2 balty M2e gmde B8

.
\\lo mm end cleamnes

- = PGECIV =

ot

%ﬂec.h&n +e % of beam .

ny M2o G . s and o Emm
thitk clead; plate..

Shear cafm ety af bolt id single shear
Lo =375 x24s x0T = Q)09 kN

Bearing capaiity of conneched
=Eb¢3vzo¥-7-ax:o“=., 551. N
Minimam Number of belts = 1S = 2]

Use 3 bolts
Ueak plafe
Try ICox € * 340 mm, with belt line
‘-gﬂmm ﬁ'bmp of ealumn
that proposed cleat is table
r ieity effech dee 1o o F of
beom web, 3
Minimum Huckress = _ 9% Reachon
& % pt_t \rdm oFcleat
=S2lLS X0 - 75 mm
#1SMIE0 << B8 mm. Thicknes:OkK
3/M2e bolts|
Grade 8:8

14
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i 4. Exemplos (5)

Mementat face of calumna due ta eccentridly
of lead = |4Sxta = 3Toa Nm

Mementthat could be devel belts (at=
their begn‘ma Ca.pamf‘h-)n 13[;:4&‘?':‘1}10 G

. = [6776 Nm
Design for memenk oF 16776 Nm .

momgni-mpam-h:t GPPHE= 275~ g_“z_l&ix IO‘-B
= L2387 Nm 71677 Nm. oK. |||pox B F'I“'*E
* 340 mm

Effective length of welds = 34o-2x6=32.8 mm

Horizemtnl shear af end of weld due +»
Moment= 167 7bxb - o:-463 kiW/mm

Vertical shear= 145 = 0:22] kN/mm
w328

Resuwltank shea;-;,‘c-ass'q- 0221%= 0'S2 kimn

b weld size for ‘duchility”

06k _ O6x8 . L
= e ik 53 mm

Use 8 mm Bllet welds

B8mm £illet
welds |

= PGECIV)S M

30

beam in Grade L3 steel and

LB a
E 4 Exerrlplos (6) 3*%!.;'\: 305 % |S8 UC column in Grade 4.3
. B ;
The connechon i to camy the following
foctored loads:
Bending mament 423 kNm
Axial ldad in beam 272 kN (tensian’
Shear i beam 288 kN
Shear in column 26 kN
(abae amnectian)

2 Mo 125% 125 shiffenes
bmm Filel welds

3oSuIaT ¥ ISH UC
\ blo¥1igwiol UG
|t T
| ptse, |
-

+ 4]
+ ||+

T 22xn

Ll
| LN

2 e 125 = 12:5 shiffeners 3- a
Lmm Riler welds TN, f,‘:“:f,':h
1 C1e'mm Bllet walds all rewnd Ffamaen
b mm Aller welds 4o web.

mﬁm +o column connectisn — Bolted end [
|3ﬂ‘a connechon between o 610229 % 0]

15



