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1. Introducao

= Localizacdo: posicdes afastadas de secdes criticas

v’ regides com momento inferior ao momento
Maximo;

v’ nas vigas, ponto onde o esforgo cortante seja
inferior a resisténcia da sec¢éo

= casos onde isto ndo é possivel — custo elevado da
ligacao

v’ ligagdes de emendas em elementos suijeitos a
algum tipo de instabilidade, por exemplo, pilares —
localizadas proximas de um ponto travado
(contraventado)




1. Introducao

= Emendas fora dos pontos de
contraventamento — garantia de
continuidade da pega em termos de
rigidez Wi
v'pecas esbeltas — resisténcia a
flexdo no eixo de menor inércia
— 100% transmitida

v'pecas curtas — 30% com El
minimo — 2 linhas de parafusos

em cada metade ( placas da o

mesma largura da mesa) MM et W«ﬂﬁm
v'pecas intermediarias — entre sty S S

30% e 100%

= Modelo a ser adotado:
v’ cortante (Q) pela ligagdo na alma

v' todo 0 momento (M) é resistido
pela ligacdo das mesas
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2. Analise

v’ supondo a emenda completamente carregada, ou seja,
submetida a M, — mesma simplificagdo de Q e M

v secdo critica na 12 linha de parafusos (XX) — area efetiva
das mesas deve ser utilizada

v a excentricidade de Q gera um momento adicional Q.e
el2

P

R e
il ’
Qe 1l e
_ : My,
Ivlalma (total) — Malma + 2 I :[ * alma
+ L _|- h
e

ot

2. Analise

v' M resistido pelas mesas —
pode ndo ser usado para N
Band of material at yield

‘plate girders” com almas hi
esbeltas ‘

v" a alma resiste parcialmente
ao cortante através da e o
formagéo do campo de
tracdo — fila dupla de
parafusos em cada lado da B s
emenda




= Soldas de entalhe com
penetracdo total — mais caras

v suporte temporario p/ fase de
soldagem — transpasse dos
flanges (x)

v’ furos ndo preenchidos pela solda
— podem gerar tensdes residuais

v’ retracdo / distor¢do das soldas —
excessiva quantidade de calor — 1°
mesas e 2° alma (passes
sucessivos)
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= Aparafusadas com placas
v'parafusos de alta resisténcia
v/chapa simples ou dupla nas mesas

v'M,.2x — dupla nas mesas — mais
econdmica pois utiliza menos
parafusos — 2 planos de corte

v’ reducgdo da 12 linha de parafusos
— desalinhamento vertical

v/contato a compressdo — “bearing”
(n&o recomendavel)

v'mudanca de espessura ou altura —
uso de chapas adicionais

3. Tipos de Emendas -

Vigas
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3. Tipos de Emendas - Vigas

= Com placas soldadas X

v'ndo se usa chapa dupla nas mesas I
— vigas com alturas menores
= Com placas soldadas e ooy e setonrcx
aparafusada L
v'chapas simples nas mesas o i
v'tipo de ligacdo ndo muito comum E
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3. Tipos de Emendas Vigas

= Placas de extremidade (M|) [ [“—_1
vfratura lamelar — t, 2 25 mm | t |

1. mesas — “T" efeito de M‘:-I_ = Tacking ot e
_ { alavanca —» L
2. centro de rotagao| prying action I~
|2 |

v'parafusos — lado comprimido, n By s

partes em contato -' / 7 | sreneree
v'distor¢do da placa — solda ‘ ] J
v+ ou - 5mm de tolerancias — @

End-plate beam splices. (a) Short end plates;

aj u SteS dOS pa rafu SOS gl‘::(:i:,gly extended end plates; (c) doubly extended end
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3. Tipos de Emendas - Vigas

. Placas de extremidade P ?:—ﬁL—:l
(alturas diferentes) ( ) J
v'mudanga de altura i
v/utilizagéo de enrijecedores ' ol
v’consideragao do angulo de | m B
dispersdo B HiF |
v'tamanho do cord&o de solda l ( J ;
i Bl

(b)

End-plate beam connections between elements
of different serial size. (a) Coplanarity of compression
flange: (b) coplanarity of tension flange

) L -
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3. Tipos de Emendas - Colunas

v’ mais econémicas — compressao -
= Soldadas "

v’ compressao é transmitida
diretamente pelas mesas ’

v’com ou sem solda [+]
v'com placa de extremidade L
v'enrijecedor o @

v'mudangas de espessuras das
mesas

v'realizadas fora dos nés — um [ |
pouco acima do pavimento  Buttwelded columa slice. (2) a0d (5 Same

serial size; (c) and (d) different rolling weight, same serial
size; (¢) different serial size




= Aparafusadas

v parafusos de alta resisténcia

v indicadas para vigas-colunas
(presenca de momento)

v'placa de extremidade (M)

: 3. Tipos de Emendas - Colunas
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la) (b) (e —

Column splices using end plates. (a) Similar
sections, low moment: (b) similar scctions, high moment;

(c) different scrial sizes, high moment

(e}

Bolted, splice platc column splices. (a) Similar
columns; (b) diffcrent rolling weights, same serial size; (c)
different serial size

: 4. Exemplos (1)

Bolted cover plate splice far _Universal Beam

Design o bolted cover plate splice for o
LS7xI1S2x 66 WLB N gade SO steel. )
The sphée is 2 carry “the fallawifg loading

(due factured lodds):
Ber‘idlhs Memient 2L27] kN m
Shear™ 113 kN
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B/M 2o Genen|
grade HEFG
balts N @ach

Fla
s.J'gI:a:J-{‘E::‘P‘.)
Assome. tiak all oF the moment (s carmed
by the flange splices and that the web
sph'cz. amly carries the shear,

_F_LQ_JQ_E. sph'ces_
| Flange force = 227 x10% . 4.3 kN

AERT— 1373

For M2o Genersl grade HSFG bolts i
single shear

SI-'P resistones = Dl voLS= ikl = T3 kN
{per bsll)
Bearing tesistanca = 20%13:3x% lobS X 1073

=F FinnﬂeCp-:r belt) = 28343 feN
No aF balts virea = S 143 .

° i 713 L

Use L4 rews of 2 bolts «—

Effective area of Flange = I'0x (1529 ~2¥22)
x|3+3

= 448 mm*

= 35S ¢ ILLE * |02
= Sih'2 kN
Ffﬂnge forea

F|ane3e Q@Pﬂd:!‘s

(=




- 4. Exemplos (1)

Try 150 mm wide splice plate

Tr(j
from the centre of the jaink

1S0% |5 Flanad
Splica plates
(Gmde Se)

Thickness of splica plate requifed
=._iu.c_z_ug‘ﬁ_ = 1377 mm
I % ASSCISo—2x212
Use IS mm
Wweb SE'lE.E
Far M2o Generul grade HSFG bolts in
dou]bh: she?.‘:n Cpe bolt)
Slip resis ce r 1
P 2A%l lvo-uswiby = 142k
Qanf.ha resistonee of web (per bolt)
=z20¥F % lobS ¥ 1a™2 = 1To-4 kN

3 belts at loo mm vertical pitch 45 ma

Horizontal sheer force on boltdue fo moment

due to eccentricity = 11 o .
MR RS ©117 Bl
Verhéal sheor foree = 112 - X 3/M20 Genersl
e er bellk 3 377 kN r{:.d- Hsrt:
Resultant shear force = [25 4%+ 37-T> “t'h“fﬂ'z:;‘"‘
= 4545 kN (=ach side of
< boltcapacihy  ©.k Joinb)
4 o 2 Ne. § mm
Use 2 No. 8 mm thick splice plates provia

- 4. Exemplos (2)

ISo8 mm X boo mm plafe girder, with
40 mm thich flanges and a. IS mm thick
web in e 43 sfteel.

The carry the following
]a‘u.d.‘ma {due +o ecl loads):

Bending mement bk 4S6 kNm
Shear bie kN
Pxial tensile load ek kN

Prperties of plate girder I=2:916% 10" et
Arasz 693 em®

s

-

o
web splice
platee

13{M12 Genemd
mde HSFG sty
lak 190 mm pitch
in. web (each
side GF.J.;I’!I‘)
2! No o mim uib)
Splita plates

Fil belts M22 Genem) grade
HEFG in 24 mm diameber
hales,

Flate
madanal

raber and splice
grade 43

i .
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b splic
Try a sifgle rew of 13 boths ab loomm verfical
P'i;ch_ So'mm from the eentre of the joink
Bcnd-ba stress in web of eu'rdar at level of
top and battem bolts due o moment
b ¥ o % too
2:91b % lo* x 1o%

Herizontal Shesr form om belt due t8 mement
= 9T xlooxls xig? = 1375 kN
Ru'euu]e stress an girtder due T8 axial lead
=_leb xje? o 153 Mfmm®
£93 ¥ jo*

Herizetal shear firm on belt due fo axial lemd
='S3 X lea x IS ¥ 167 = 2:3 kN

Vertical shomr forea o bolt due to shear

= £28 = 477 kN

horizentel shear form en belt due +2 mement”

due t» eccantricitya &£20 X Fox oo ]

1ficc™s + 30« hod's ool
=le 2 kN

leswttank sheas s (477 (1375 +2.3 +i0-2)*
=2 STl ke

Tr M22 Genemd grade HSFG bolty 1 deuble shear

Shp ﬂm‘ﬁs 2%l 2 ORSnTI e 1752 ey

a 917 Nfmm™

Boanng resisfanca s 22 XI5 * 825 %10 32 2722 ke
of welb{per belt) 3 \

Sl Use

|y Use 2 N Jo mm, thike spln-:- Pidu 1




¢ 4. Exemplos (2)

li Secend momenk of area of
web which has its share of Hhe

F

porfion

lied Moment and axial laad carmed by the

web splica = I,) = 1S% (3002 = A.975 % |0t em¥
1% 1o%

Area of the same pertien of web
= Ay = ISx 130 %1072 = 195 em®™

Prporhon ?F axial load camed by web splica
= An 195 - .28
ﬁﬁ""“" &£93

Fores +2 be camied by F!uﬂqe_ splice

o of applied momenk conmied by

liea = 5{ ATS o & "
Tgirier * a2k wor - OO

= _buSe¥io?y (1- 0-096)+ 126 (1 — 0 28!
Lo ( ) J—( )

ISec —
= 27652 +38:

Ne of M22 Geneml grade HSFG bohs
tequired in deuble shear= 3—]8_?53:3 = lbro

= 28633 kN

Assuming that slip is ertical use k4 s of
& bolts {which includes an edm mu 4o cover
any lack of fit)
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= PGECIV )

=

EPRxctive asesa. of chje .

2 A x(boo—24xb) ¥ 4o = 21,988 mm*
(Gross crea. = OO X 4o = 24,000 mm*)
3

Fl. e acity = 265 % 2LI888 x |o
o0t e ‘J= SEo0 kN
> F“nﬂge forea

Effechve area of Splica. plates ired
= A802:3 xi0* 2 JoI194 :J'E,”x

Ok

Cuter splice plate, try boomm x 15 mem Flad

Effecrive areas= -2 % (koo —b¥x2L) %IE
i =8208 mm*

74 % o194 mm™ O.k.

(Inside splice plates,+ry 2 No 250mm x I{‘:.S;:g

Effectiie area = 1+2%2 % (250-3x2L)% IS
= 6L068 mm™

[ P4 xl10,194 mm™ ok
24 /Maz .
Dninenn | froxifoder  FEA Spiie|
Py fplares e
[sicle of jorinF)

¢ 4. Exemplos (3)

Bolted cover plate splice for Univens] Gluma

Design a. balted csver plate splice far a
202 % 203 ¥ 40 LLC cenneched 4 o

202 ¥203 %86 LLe. Both cwlumns are
grade 43 steel. The splice is to carry
an axial lsads of Too kN (due +o
factored leads.))

Avba e
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1 2/i5ex® web
/.Iflé:t plates
i L

=
.
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Case (=) The splice is fear o point of
resheint. The ends are net
prepared for full camteck in beaarin
Area of 203% 203w bo UL s T5'8 em™
Arta of web =(209.6-2.% [L2)% 9.3 % ja™>
= |69 em™

ek spliee e
i o) e - ® .
~hon of lead carnied by web = 700 x 1ol
= 56| kN
For 2 No. M22. Genernl gmde HSFG balts
in devkle shear
Tatal slip resistance = 2% 2% [+ X0 LS x|
. =350-5 kN
Tatal bearing resistonca -3
3 %BLE x|SO
K

17
(=19«
=A% 22.%9
IS‘= 337.{’3 kN o.
istanea 6l <o = 36:Smem |
End dis + L %93 825 30:Smm |
Alsc end distanca < 114 (2242) = 3344 mm
Use 2 No & mm thick splica plates
Flange sglices
R:r:FCfon o% load carneel b\d each Ffa.n&e
=4+ (Too—IS1) = 2720 K
Far 4 No M22 Genernl gracde HSFG balts |
in sifgle shear |
TataZ] s]u'P tesistancsa = L¥ IO S=177 |
= 350'5 kN ok |
Total bearing resis

tonce = -l
=L 22.% | Ww2x825% |57
163 kN, o.

o i ‘o x |62 =17
En d'smdz'g%—"—?uuaxwz-sz 17

Alse 4 336 mm

3
mm




4. Exemplos (3)

200 mm wide splica plate
Balts al 14O mm cmss centres 75 m‘nFH‘c‘J'
Thickness of splica plqj_;e regyi medd
; - ® 1o
375 (2co-14o+ 2% 15 Hn 3a%)
= 67 mm

Use 8mm plates

Bec-rfﬂ«a resistonca on balt
L [x22% 8% 825 x |0 2= B3I kr?i_
3. .

Case (b)

The splica is af the midpoint of The
effective |t:1'la‘H'1. The ends are net
prepared for full contact in bearing.

As the splice is nat near o the end of
-Hhe member acceunt is faken of the
mement induced by strut action.

For an effective length of Lm,the moment
is equal to 387 kNm about the Y-y axis

Web splice. As in (=) above, but use M24
Its fo matech flange splice.

_fl
Flange solices ‘
[ Partien axial load carmed by =ach
| Plange = 4 (Too —1S6:1) = 272 kN

|ﬂ.5‘su:-nc 2 lines of balts af 140 mm centres
in each flange
| Axial load pe_rl-'ne cho]ﬁz_lia‘z_n 126

! Load per lihe oF bolts due & memenk

| _ 387 x10% _ Lo

| = e T 51382 kN
[Total lood. per line =136+ (38222 2742 kN
For M2y General grade HSFG bolts in
single shear

Slip resistance per belt = |1 ¥ Ous ¥ 257
= lo2S kN

Beufna resishanea Qk by iNspechion
Number of belts req,ufnad in each line
= 2942 - 2.Lg

Use 3%2./M 24 bolts
Tn: size of the flange splica plates
s uid.a?:dnﬁ less MF-i‘mad'loi;i:qe
asso -
A e Thice (ofuTag by
sechan?)

 Use 2n5x 1S flange splice

205 RIS
Flan sPll'ce

le 25

platés.
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