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Steel Frame Connection Types

AISC defines two types of steel frame connections in building:
« Simple Connections (left picture)

« Moment Connections (right picture) - Fully-Restrained and Partially-Restrained




Steel Frame Connection Types

« All connections have a certain amount of rigidity
« Simple connections have some rigidity, but are assumed to be free to rotate
» Partially-Restrained moment connections are designed to be semi-rigid

» Fully-Restrained moment connections are designed to be fully rigid
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Simple Connections

Beam-to-column or beam-to-beam connections have some degree of moment
restraint, even in those designed as simple joints.
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Shear connection : transmit shear only but no moment

» Designed as flexible connections

« Connections are assumed to be free to rotate

» Vertical shear forces are the primary forces transferred by the connection

* Require a separate bracing system for lateral stability

Simple Connections in Braced Frame

Taseuneuue(Braced Frame) dinldynseegisiedsdaluganyuazsessulianiey

gimidnussnnluiuine ielviliadesaimlunisSunsaiiutieaznesldnisdales

(bracing) tiotelunisgdu

110

I

S

Simple Connection
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Common Simple Connections

Single Plate Connection (Shear Tab) Double Angle Connection

A plate is welded to the supporting The in-plane pair of legs are
member and bolted to the web of the attached to the web of the supported
supported beam beam and the out-of-plane pair of

legs to the flange or web of the
supporting member

Common Simple Connections
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Shear End Plate Connection Single Angle Connection
A plate is welded perpendicular to One leg is attached to the web of the
the end of the supported web and supported beam and the other leg to
attached to the supporting member the flange or web of the supporting

member




Common Simple Connections

Seated Connection

An angle is mounted with one leg
vertical against the column, and the
other leg provides a “seat” upon
which the beam is mounted

A stabilizer connection is also
provided at the top of the web

Tee Connection

The stem of a WT section is
connected to the supported member
and the flange attached to the
supporting member

Framed connections & Seated connections
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Connect beam web to column flange by angle section
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Framed Connections
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A Seated Connections

Top clip angle,

6 mm min. thickness
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Seated Connections

— |« Erection clearance, 1.5 cm
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W250x44.1 (t, =7 W4, k=t +r=27 W4, b.=175 W.1.) ANV NIE W200x49.9 (t, =
8 W.40., b= 200 W.1.)

Length of seat angle = Width of beam flange

E:—EE A O--O- = 175 mm
e B == Bearing length.b = — 25k > 1| R
IENIND = 066 1, < 2| 066F 1,
W200x49.9 W250x44.1 R _2Bk = 8 _25x27
0.66Fy t, ' 0.66x25%x0.7 -
= 0.18 cm
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- %(6.93) = 3.46 cm

Bearing length required is 3.46 cm

Try angle section L 150 x 90 x 15 mm

Try angle section L 150 x 90 x 15 mm

1.5 cm +—» <—>|R
e
s e =bR2+2-1t,—1=346/2+2-15-1
' ; = 1.23 @4,
— ﬁ:—ta=Thicknessof r = 8Re = M
| seat angle ¢ LF, V 17.5%x2.5
| =134cm < 1.5cm OK

Try bolt A325-N 19 mm :

Shear strength

%(1 .9)2(1.48) = 4.20 ton/bolt Control

Bearing strength = (1.9x1.5)(1.2x4.0) =13.7 ton/bolt

number of bolts, n = 8.0/4.2 = 1.91 use 2 A325-N 19 mm
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Moment Connections

However, it is also very difficult to make a perfectly rigid joint that is capable
of transferring 100% moment capacity.

A

A
Special measures must be taken to make a connection moment-resisting

+  Moment and vertical shear forces are transferred through the connection
+ Two types of moment connections are permitted:
= Fully-Restrained

= Partially-Restrained



Moment Connections

© O .0

©

Fully-Restrained (FR) Connections Partially-Restrained (PR) Connections

« Have sufficient strength to transfer « Have sufficient strength to transfer
moments with negligible rotation moments, but the rotation between
between connected members connected members is not negligible

« The angle between connected The angle between connected
members is maintained members may change

(AISC 2005)

Common Moment Connections

Welded Flange Plate Connection Bolted Flange Plate Connection

* Top and bottom flange-plates connect the flanges of the supported member
to the supporting column

= Asingle plate connection is used to transfer vertical shear forces



Common Moment Connections

Bolted Extended End-Plate Connection Welded Flange Connection

A plate is welded to the flanges and
web of the supported member and
bolted with high-strength bolts to the

Complete-joint-penetration  groove
welds directly connect the top and
bottom flanges of the supported

supporting column

member to the supporting column

A shear connection on the web is
used to transfer vertical shear forces

Common Moment Connections

PR Moment Connection — Wind Only

A double angle simple connection
transfers vertical shear forces while
top and bottom flange plates resist
moment forces produced by wind

Note that the size of the flange plate
is relatively small in comparison to the
beam flange

Top and Bottom Angle with Shear
End Plate Connection

Angles are bolted or welded to the
top and bottom flanges of the
supported member and to the
supporting column

A shear end plate on the web is
used to transfer vertical shear forces



Commonly used moment connections

Most of moment transfer is through the beam flanges
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Finger shim

Moment Connections
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(a) shop-weld flange plates (b) end plate shop-welded
connected to the column to the beam and then field-

flange with a field-bolted beam bolted to the column flange



Welded Moment Connections

Beam Shear strength : [V = 0.4F,d tw]

)
Beam Moment strength : [M = 0.66 F, Sx] 'I V M
el bl Assume weld size =1 cm T

[ |
N

Direct shear stress:
T XL, = 2b; + 2L > f_V
y > 3L,
i 2 d)\2 Tensile stress:
M L =S + 2bf(j — ¢ _ M(d/2)
. =

I

X

Welded Moment Connections

=

———

— ||
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Resultant Stress : [fr = m]

Required weld size : [tw = f./(0.707 FV)]

mm%au E6O: F

= 60 ksi
awiden E70:  F, = 70 ksi

aniien ESO: F, = 80 ksi

4,200 kg/cm? F, = 1,260 kg/cm?

4,900 kg/cm? F, = 1,470kg/cm?
5,600 kg/cm? F, = 1,680 kg/cm?
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LaraIALTeN E70

U

\ 2591 Mdadeunu V = 0.4 F, dt,

= 0.4x2.5x30x1

l - = 30 ton > 20ton OK
Vv

>
Madlaiuuddn M = 0.66 F, S,
= 0.66x2.5x1,360/100

A = 22.44t-m > 10t-m OK
le—— b;— b;=30 cm, use L =20 cm < [d-2(t+r) = 23.4 cm]

amﬁaaw‘z‘fam E70 au1a 1 %4, (1189 = 1,040 nn./2u.)

SL, = 2b, + 2L = 2x30+2x20 = 100 cm

V. 20x10°
ZLy, 100

!
I

= 200 kg/cm?

1 A
ngksuReu fg =

[e—— by — 2 d)\2
[ ] IX - — L + 2 bf (j
12 2
i s :
L = 22+2><30><(320j = 14,833 cm*
-L M(d/2)  10x10°x15 ——omuch
X X
L BUIYLSIee f, = = =(1,011 kg/cm?
| t I, 14,833 ( glom’)
Wuseedoulddnay
f——

3 2 2
| 20+2x30xfﬂq +2x254x(30_15j
6 5 5

25,149 cm*

M (d/2) _ 10x10° x15

= 597 kg/cm®
I 25,149

neksen f, =

X

fo= (f2 + f2 = 2002 +597% = 630 kg/cm’

T¥seeidouvunn = 630/1,040 = 0.61 . (A4 7 w.a.)
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Column Web Stiffener Requirement

Full capacity moment-resisting can only be developed if the column does not
exhibit premature failure.

Assume end moment resisted
by beam flange forces

[M — (TorC)dJ

Column Web Stiffener Requirement

TN V Vv A compression flange force is

assumed to be distributed on a
2.5:1 slope.

|
[
i
| Effective column web area must
|
|
|
|

.
4 :lj 2.5 not less than beam flange area.
E i tb tb I
to+Skz C t,.(t, +5K) > t b,
=) RPN

o
- L:'T' 25 I o> t. b,
P Al A (t +5k)
K If the column web area is not enough, cripping will
r~——t%  occurand a horizontal pair of stiffener are to provided.

two

A, = 2t b, =t b, — t,(t, +5Kk)

st st
And to prevent local buckling : b, _ 795

-~ te  |JF,



Column Web Stiffener Requirement

Column

—
/l%‘ -
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= M
Stiffener <\ For tension flange,

Require Stiffener if,

/P
. - t, < 040 |—L

AISC Stiffener area:

F,, = ni2gu3ans1nveaan (n.n./au.%)
By — Fyetyo (1 +5Kk)

yctwe

St F

yst
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1 A o 9 I o A o
Py = 5/3 mweusenmua lditudunngzi

= A 1 o 4
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Column Web Stiffener Requirement

« d . A,
I‘_Est_’|<_tf _L tp
| T (: | 1:s’[—?—I l '
| -~ — 1
%ﬂ L 1 o : j
s T N :——— bb-—? o i =
twe : I
| v O |
U N ' g__

Stiffener Dimensions : 3) ¢ > g‘tf for 1-side load

t

bb wc

) by > 2= [ - g_ztf for 2-side load
t

2) t 2‘57 4) by _ 795



A998 17-6 pankuUgnRluudlaglduNuANEaTNLAZLOIATULUY shop-
welded wag field-bolted dmiuausaiiioswislugy ldadninded A325-N vua 19

3., @AY E70 Wazivian A36

T W =4 t/m ™
1% YY VY YV YV VYUUUUVVVYVYIIIIVIYY A%
< W300x65.4 =
| 50m >
___/\,___ ___\/\___
W200x56.2 W200x56.2

Solution. For W200 x 56.2
d=20cm, t,=12cm, b, =204cm, t =12cm, k =t+r =25cm

For W300 x 65.4
d=298cm, t, =09cm, b; =201cm, t =14cm, k= t+r = 3.2cm

S, =893cm3, L, =25m, L,=529m

wL/2
At supports :

v |
‘ V:W7L=4X5=1Oton
-wL/2 2 2
wL?/16 ’ ’
M ‘ ‘ M = ﬂWLZ = ﬂ><4><52
WL WL =91 tm

Beam shear strength = 0.4 F dt, = 0.4x2.5x29.8x0.9 = 26.82 > 10ton OK

Beam moment strength : L, < L, < L,

M, = 0.6F,S;, = 0.6 x25x893/100 = 134 > 9.1ton OK

Web connection (sinle shear plate):

Shear capacity of 19 mm A325-N in single shear = 4.20 ton (Table 4.1)

No. of bolts required = 4120 = 2.38 Use 3 bolts

O
O




Design of shear plate:

3cm Iry 18-cm plate 6 cm center-to-center of bolts, with 3 cm at ends.
6
6
3

cm ¢, =18 - 3(1.9+0.2) = 11.7 cm

Vv 10

t, > = = 0.71cm
cm P ¢ F, 11.7x0.3x4.0

cm Try 9 mm plate.

Check bearing on beam web:

Allowable load = 3x1.2x4.0x0.9x1.9 = 246 > 10ton OK

Plate fillet weld to column flange (E70) : O 3cm

10,000 6 cm
- ize f, = = 277.8 kg/cm
Assume 1-cm weld size 1, 5x18 g O
Required weld size = 277.8/1,040 = 0.27cm Use 5 mm 6 om
O 3
cm
Design of flange plates: Flange force due to moment
M 9.1x100
- T=— = = 30.54 ton
ol e s e T J 598
(e}
T 30.54
g A > = = 15.27 cm?
o > M d " 05F, 0.5x4.0
(e}
Z A>T - 305 50350
I s — C ® 0.6F, 0.6x2.5
Try 9 mm x 30 cm plate.
Ay = 0.9x30 = 27cm? > 20.36 cm? OK
A, = 27-2(1.9+0.2)x0.9 = 23.22cm? > 1527 cm? OK
Number of bolts required :
; O O O O
N - 85
' ' o O O O
Use minimum four bolts in each of two rows




Check for column web stiffeners N

P, —F.t,.(t, +5K)

A, > yo wo (AISCS K1.8) J
Fyst - 1
'_1‘\‘\}——2.5 g
P, = 5T/3 = 5x30.54/3 = 50.9 ton = "
te = 1.2cm, k =25cm, t =t, = 09cm | BHKZ /gﬁ—c
50.9-2.5x1.2(0.9+5x2 SRR v
A, > 209- 5x1.2(0.9+5x2.5) _ 498 cnm? A-—ﬁ -
K

Check tension flange :

t, =1.2cm < 040 ,/% = 1.8 cm EBUUCHECEICRELTITE
Design of stiffeners

1) b, > b—b—tﬁ 3) ly = g—tf = @—1.2 = 8.8 cm
3 2 2 2
30 1.2 T .
= ?_? =94 cm ry 9.5 cm x 0.6 cm x 10 cm Clip corner 2 cm
[ |
2)tst2t—b=%=0.450m 4)%:E=16.7£ E:15.9 OK
2 2 t, 0.6 JF,

Design of weld size for stiffener plates

Min. weld size = 6 mm based on the columnweb t, = 1.2cm

Weld strength of 6 mm E70, P, = 620 kg/cm
B —F..t,.(t, +5K)

yc "wc

Reqd weld length =

PW
_ 50.9-2.5%x1.2(0.9+5x%x2.5) — 43¢cm < [Zst: 10 cm] oK
2x2x0.62
”2—9.50mx6mmx1OCmPL
// 9mm x 18 cm PL
| ) /9 mmeISOCm PL 6
=l==l==1 9.5 cm
A 3cm I
] iO 6 cm i O O O O
o 1 O W 300 x 65.4 <> I e
§ Lo aBem 100 0 o0
N\ 3cm L
N ]
[ N H 10 cm
\9mm><30cm PL
| 6

A 5]



End of Lecture



