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Gusset Plate

Gusset plate is used to transfer load between members that
can not be joined directly.

Gusset Plate of a Diagonal Brace
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Gusset Plate

Whitmore (1952) study stress distribution in gusset plate and found that the
stress can be assumed uniformly distributed over an effective area.

» Projecting 30° lines on both side from first to last row of bolts

» For welded connection, projecting 30° lines on both side of the welds
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Effective area = Effective width (L,) x Thickness (t)
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Gusset Plate in Compression

Under compression, a gusset plate can buckle in the area beyond the end of bracing.

To compute buckling strength, 1-cm longest strip within the Whitmore’s effective
width is treated as a column with an effective length factor K=1.2.
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i i L, = Whitmore’s width

t = Gusset thickness

L, = Length of gusset column

Gusset Plate Buckling Length

Two methods are permitted to determine an unbraced length L of gusset plate.

A largest distance (L,) or an average of the three lengths (L,, L, and Lj).




Buckling of Free Edge
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Use the largest free unbraced length,
Ly, = larger of Ly, or Ly,.
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1) Whitmore effective width

Lwa=4+8+15tan 30°= 20.7 cm

L.g =8 + 2x15 tan 30°
= 25.3 cm

2) Compression buckling at A

l, = 112 L2 = 11(20.7)(1.6)3 = 7.07 cm*

2
f | 707 _ 446 om
A 20.7x1.6

KL
0 _ 1.2x10 _ op1 ML
My 0.46

F, = 1,406 kg/cm?

P, = F,A = 1.406 x20.7 x 1.6 = 46.6 ton



3) Tension Strength at B

Yielding Strength :
T=06FL,t=0.6x2.5x25.3x1.6 = 60.7 ton [efel p] {e]H

Rupture Strength :
T =05F,(L,—nd)t = 0.5x4.0(25.3-2x2.2)x1.6 = 66.9 ton

Block Shear Strength :

T = 0.3F,A, +0.5F,A,

= 0.3x4.0x2(19-2.5x2.2)x1.6
+ 0.5x4.0(8-2.2)x1.6

= 70.4 ton

Eccentric Shear Connections

Bracket Beam-Column
Connection Connection



Bolts Subjected to Eccentric Shear

P

When the load P does not pass through

Elastic Analysis e the center of gravity of a bolt group.
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Moment Resistant

of Bolt Group

rn Vv
Q rn_rnsing H
H—®~+ d dsind v
d,
v H=GV=£MO’12](L]= MV2
c.g.+ 0 | d, Zd d, Zd
’: h : LM




A106190 12-1 wensausluganinaernuinigalunguiinanseglugll Taely

ay a 4 = a
ATNITUAIICULUUDAITAN

lV
~ 15cmP=12ton P/8 'P/8
H2 H2 < A
y )
10c§ 00
—O O
100‘ o O 15¢cm
10 chn H,
3 O O
10 cm

3591 danndeusazALasLsINnEinReNwlaenTIuaza Nl NI NwAgNLEAS (T

Tugd FeaziAnladnaanindesiznungauazaidiea1sgaasdniisusaninign

WAZLNIAH
Mv  240(15)
e=15+5=20cm H=Zd2= 1500 =3.0 ton
M= Pe = (12)(20) = 240 t-cm b 2406)
V= Z = 1200 =1.0 ton %
Q= M+ v 2.d [ P8
Zdz:8(5)2+4(52+152):1,200 P/8=12/8=1.5ton H_,l._“_

LIIANY LA ANINAEIAI2IE19GR (LMIAUAIZINUREGR )aZtiIAU

r =+3.02 +2.52 =3.9 ton

15 cm

cm



A196190 12-2 3an1suse P uniganuluydeaslusdamisosessula wuag
o [~ % = ~ 1
ufluydeiidremian A6 ldaaninded A325 v 22 1. TusznAIFIUL N80
A a 4 a a
Tuszuumou IasldsmMsdasiziuuudataan

:: e=40cm P 3%1/11
ribem | 1 Buuud: M = Pe = 40P Au-o.
I : Y 2. Nﬂi?hi%ﬂ%ﬁfﬁﬁﬂﬁ%1ﬂﬂﬂﬁu§dlﬂ
! Critical polts ) ) )
5@8om {1 |41 £h* =12(8)* =768 cm
l L] $v2 = 4(4)” +4(12)% +4(20)% =2,240 cm?
: st a s _ 2
NN Sd> =3 +3v* =768 +2,240 = 3,008 cm

4 A Y] = a a v 1
3. ENﬂﬂi%ﬂﬂﬂlliﬁ‘ﬂﬁﬂﬂlﬂaﬂﬁ’lﬂﬂﬁ wmimmqusauawqumﬁﬁumm

My _40PQ20) _ [ _ Mh _40P@®)

_ My S =0.106P
>d> 3,008 >d’> 3,008

P/12 = 0.083P a1

v Jd [ ~ A
4. LLiQﬁW‘ﬁcluﬁaﬂLﬂﬁfJ’J’Jﬂﬂﬁ

r=yH?+(V +P/12)* = P\J0.266" + (0.106 +0.083)* = 0.326P

INA1TN 4.1 AANINATY A325 YUIA 22 WA, JIZATTIY INAI0g IusIUmDY

(% A d' Y o 9] [ glz
'51Jm'5maumm“lﬂmaz 5.63 1 ANUU
0.326P = 5.63 A1

3 A Yy
HINUDUINNG A P=17360U |



Design of Single Line Fasteners under Moment

How many bolts required (n=7?)
(R/p)xn/(n-1)

np

Solving equation for n :

Assuming R is the force in the
outermost fastener

Md
¥ d?

Average load/length = R/p @ outermost fastener

Load/length @ extreme fiber = E(Lj
pln-1
SHAE
2l 2 Jpln-1
3
M = T(Enpj = Rn'p
3 6(n-1)

Ro\ n )  \Rp

From Steel Structures Design and Behavior 4t Ed. (1996) by Charles G. Salmon pp.150-156

Example 4.12.6 : Determine the req

uired number of 22-mm-diam A325 bolts for one

vertical line of fasteners shown in figures below. Assume it to be a bearing type
connection with threads included in the shear planes (A325-N)

Solution:
Design strength of A325-N 22 mm

20 ton
~15¢cm
\4 |

5 +
S | Angle 6 mm
= | thick ™
© 1
N + 12 mm
= plate

Double shear: (control)

R = 2(n/4)(2.2)2(1.48) = 11.25 ton

Bearing:

: : 6M 6x20x15
Estimate the number of bolts required, n = [— = ,[———— =
Rp 11.25x10

R =1.2(2.2)(1.2)(4.0) = 12.67 ton

4.0

The R value has not been adjusted for the direct shear; try 4 fasteners

Next Step : Check !



Check the adequacy using an elastic analysis 5 20 ton
cm

A

Moment: M =20x15 = 300 t-cm v

S = V2 = 2x52 + 2x152 = 500 cm? =fe | *
Qls ||+
Moment component: ol +
<o N 12 mm
R, = Mv. _300x15 _ 54 tonc plate
xd 500
Direct shear component: R, =20/4 =5.0 ton {
Then, the resultant: R = 49°+5° = 10.3ton < [11.25t0on] OK

Example 4.12.7 : Determine the required number of 19-mm-diam A325 bolts in
standard holes for the bracket plate, assuming 4 vertical rows. Assume it to be a
bearing type connection with threads included in the shear planes (A325-N)

\/\//ﬂ om 24 ton m Solution:

. . ' Design strength of A325-N 19 mm

Single shear: (control)

/ R = (w/4)(1.9)2(2.1) = 5.95 ton
fosketoles|

12 mm plate _
on each Bearlng:
flange

R=1.2(1.9)(1.2)(4.0) = 10.94 ton
Half load carried by each plate: P = 24/2 = 12 ton

Load per line of fasteners: P4 = 12/4 = 3 ton per line

Estimate number of fasteners: n = L = ‘/M = 3.89
Rp 5.95%x8

Try 4 bolts per row




Check the adequacy using an elastic analysis 12 ton

Moment: M = 12x40 = 480 t-cm

Yh? = 8x72 + 8x152 = 2,192 cm? 8

S12 = 8x42 + 8x122 = 1,280 cm2 L1
S =3+ SR =2,192 + 1,280 = 3,472 cm?

Moment component:

R = Mv _480x12 4 esionc

© 2P 3,472

R - Mh _ 480x15 0 iond

g ra? 3,472

Direct shear component: R, =12/16 =0.75 ton {

Then, the resultant: R = /1.66% +(2.07+0.75)° = 3.27ton < [5.95ton] OK

Fasteners Acting in Axial Tension

\

3 Tensile strength: | T = F, A,

] 1 b}

where A,

. F,

ﬁ = 1,400 kg/cm? for A307

3,100 kg/cm? for A325

£
£

fastener gross cross-sectional area

allowable tensile stress

A, = (n/4)cP

= 3,800 kg/cm? for A490

e «— Diameter = d



Example 4.13.2 : Determine the required number of 19-mm.-diam A490 bolts for the

connection.

60 ton
Solution:

Tension strength per bolts, T

Number n of bolts required, n

(n/4) x 1.92x 3.8 = 10.77 ton
60/10.77 = 5.57, Say6

USE 6 — 19 mm.-diam. A490 bolis N

Combined Shear and Tension

2 angles

)

I —

2 angles join the beam web
to the column flange

large moment transmitted
through the flanges of beam

Structural tee

2 angles



Allowable Shear and Tensile Stresses

— elliptical interaction curve \

v v

Safe ft=g F2- f2

v

- - AISC approximates
Safe f,=C,-C,f,

F, "

v

Allowable Tensile Stress F, for Bolts
Subject to Combined Shear and Tension

Type of Bolt|  ndglagluszuiuidan wnaealdagluszuruiion
A307 1820 —1.8f, <1,400
A325 (3080 — 4.39¢2 J(3080) —2.15£2
A490 J(3780) —3.75¢* J(3.780 F —1.8272

Example 7.9 : A WT250x44.8 is used as a bracket to transmit a 25 ton load to a
W350x137 column as shown. Four 22-mm. diameter A325 bolts with thread in shear
are used. Both the column and bracket are of A36 steel. Determine the adequacy of
the connection.

/ v Solution:
For shearing stress,
WT250x44.8 |
3> ! Total shear force = (3/5)25 = 15 tons
> oo
_,_.‘1'_‘_.'_. .: _____ 4. ot T _____ 4. Ab = (7'[/4)(22)2 = 380 Cm2
I 1IN ® | o
| - 15x1,000 _ 987 ksc
! 4x3.80
25t
W350x137 on F, = 0.4(2,500) = 1,000 ksc
YA YA > 987 ksc OK
For bearing stress, A= (2.2)(1.6) = 3.52 cm? (controlled by flange of tee)
£ = 12X _yhegsc
4x3.52
F,=1.2(2,500) = 3,000 ksc > 1,065 ksc OK

From Steel Design 4th Ed. (2007) by William T. Segui pp. 401



For tensile stress,
Total tensile force = (4/5)25 = 20 tons o WT250x44.8
3~
A, = (1/4)(2.2)2 = 3.80 cm? %Ei
i T
20x1,000 '
f=—"——=1316ksc
‘" 4x3.80 N
W350x137 25ton
A325 bolts with thread in shear plane: i

F, = \/3,0802 ~4.39f% = \/3,0802 ~4.39x987% =2282ksc > [f,= 1,316 ksc] OK

The connection is adequate as a bearing connection.

Eccentric Bolts under Shear + Tensile
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%91 1. udowued Fevesadninden
[ = 3.8 [4(4) +4(12)7] = 2.432 1.*

NUGUTIAINIDUUDI A325-N = 3,100 N/

k4
=

2. iheusaasiinavu luadanindeddruuge

Pec  (12,000)(30)(12)
I 2,432

=1,776 ksc < 3,100 ksc OK

3. HuleusuReungou i A325-N: F_ = 1,480 An./au.? vidsusapeuluadninagine

fv:

12,000

—= " —395 ksc < 1,480 ksc OK
(8)(3.8)

1 =< A Y 9 a o v J P
asdounIenssRIneenly laglyaumsd§duius nasen 11.5);

Type of Bolt:

= 1 A = 1 1 A
NAa 2D qufl,mzmumma 7'l 8 gluszummﬁ n

A307 1820-1.8f, <1400
A325 J(3080) —4.39 ¢ J(3080) —2.15 £,
A490 J(3780) 375> J(3780) —1.82¢?

F, = |/3,080* —4.39f>

= /3,080° —4.39x395% = 2,967 ksc > 1,776 ksc OK



Example 4.15.1 : Determine the service load capacity P for the connection in the
figure below, if the fasteners are 19-mm.-diam. A325-X bolts subject to shear and
tension in a bearing-type connection with no threads in the shear plane.

N~ 14— 7.5 cm 9cmocm  Solution:
| 2 i e Bolts moment of inertia:
439 il =
i oM O|g  1=284(4x4244x122) = 1,818 om
3@8=225 [I| _ 3 0o |0 _ _
v d 2l o o |5 Tensile stress on top bolts:
4% Tl
| ) s _Pec_Px7.5x12 400
— . o 1818 '
NN .0 Cm
Shear stress on each bolt: £, = F__F =0.0440P
YA 8x2.84

A325-X: F,=/3.082 -2.15f2 = f

t,max

=0.0495P

Solve equation for P =37.9 ton

Therefore, the service load capacity P is 37.9ton =

From Steel Structures: Design & Behavior 4t Ed. (1996) by Charles G. Salmon pp. 174

Example 4.15.2 : For the connection of bracket in figure below, determine the
number of 22-mm.-diam. A325-N. Use 7.5-cm vertical pitch.

™1 20cm | P=28ton Solution:
) o Shear strength of one bolt (single shear):
X Pl eqtie |+
= A =2(2.2)? =3.8cm’
3 = 4
£ np < R =3.8(1.48) = 5.63 ton
Q
N Tensile strength of one bolt:
i A G+ +-O Y
o R=23.8(3.1) =11.8 ton
L
Load per vertical line of bolt: ] P14
P = 28/2 = 14 ton/line R 5.3
M = (28x20)/2 = 280 ton-cm/line = 2.5 required for shear alone

Approximate number of bolt per line:
h_ |BM _ \/ 6% 280
Ro V11.8x7.5

= 4.4 required for M alone

Try 10 bolts (5 per line)




A325-N: & 22 MM. 10 bolts (5 per line)

Moment of inertia (one line):
O O |+
75 cm I =3.8[2(7.5)? + 2(15)?] = 2,137.5 cm*
o O+ Tensile stress:
7.5 cm
3
=& -1 f = Mc _ 280>x10°(15) _ 1,965 ksc < 3,100 ksc
75 om ! 2137.5
O O |+ Shear stress:
7.5 cm 3
o o |+ g 100 a7 ksc <1,480ksc
A, 5(3.8)

Check Shear + Tension Interaction:

F, = /3,080% — 4.39f% =/3,080% — 4.39(737)’

= 2,665 ksc > [ f,=1,965 ksc ] OK

End of Lecture

OK

OK




