Chapter 4
Moment Connections

4.1 W-BEAMS TO HSS COLUMNS

Contemporary information concerning moment connections
to HSS columns is limited in literature, although some rec-
ommendations appear in design guides such as by Packer and
Henderson (1997) and Kurobane et al. (2004). Part 12 of the
AISC Manual discusses seven types of these connections:

e HSS through-plate flange-plated

¢ HSS cut-out plate flange-plated

« HSS directly welded

* HSSend plate

* HSS above and below continuous beams
¢ HSS welded tee flange

e HSS diaphragm plate

As with this entire Design Guide, the scope is restricted
to nonseismic applications. Note that HSS-to-HSS moment
connections are covered in Chapter 9 of this Design Guide.

The best configuration for a particular application depends
on four factors:

1. The magnitude of the moment that must be transferred
to the HSS

2. The magnitude of the moment that must be transferred
through the HSS

3. The magnitude of the axial force in the HSS

4. Therequirements for orthogonal framing

The detail of the connection must accommodate mill
tolerances of the W-beam. These include variations in the
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depth and tilt of the flanges. Shimming in the field with con-
ventional shims or finger shims is the most commonly used
method. The examples in this chapter illustrate the limit
states that must be considered in design.

4.2 CONTINUOUS BEAM OVER HSS COLUMN

A continuous beam over an HSS column, as shown in
Figure 4-1, is a very efficient connection for single-story con-
struction. However, there is an important stability issue that
must be considered. In this type of construction, the beam is
braced only at the top flange. Therefore, out-of-plane motion
at the top of the HSS is restrained only by the relatively weak
flexural stiftness of the beam web, greatly increasing the ef-
fective length of the column.

The restraint to this motion must be increased by adding
stiffeners to the web, as in Figure 4-1(a), or by using a bot-
tom chord extension to the joist supported by the beam at
the connection as in Figure 4-1(b), or both, as illustrated in
Figure 4-1(c). The stiffener in (a) can also be used as the
orthogonal framing connection. See the AISC Manual Part
2 for additional information and details for beams framing
continuously over columns.

AISC Manual CD Companion Example K.11 (AISC,
2005c) is a continuous beam over an HSS column, but only
the limit states associated with a concentrated load on the
end of an HSS are evaluated. Example 4.1 in Section 4.5
examines all the limit states.

(c)

Fig. 4-1. Beam over HSS column connection.
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4.3 THROUGH-PLATE CONNECTIONS

If the required moment transfer to the column is larger than
can be provided by a bolted base plate or cap plate, or if the
HSS width is larger than that of the W-shape beam, a through-
plate fully-restrained (FR) connection can be used. Example
4.2 shows a calculation for a through-plate connection.

44 DIRECTLY WELDED CONNECTIONS

Some moment transfer can be achieved by welding the flanges
of the W-shape directly to the wall of the HSS column as
shown in Figure 4-2. The single-plate connection transfers all
of the shear force and facilitates erection of the beam. These
connections may be capable of developing the full flexural
strength of the HSS (depending primarily on the beam width
relative to the HSS column width). The full fiexural strength
of the W-shape, however, is seldom achievable.

The strength of the flanges in tension and compression
are calculated by considering them as transverse plates act-
ing on the face of the HSS column. To obtain the maximum
efficiency, the HSS should be thick, and the beam flange
width should be close to the flat width of the HSS, estimated
as B -3z

The limit states that must be considered in AISC Specifi-
cation Section K1.3b are local yielding of the beam flange
due to uneven load distribution, HSS shear yielding (punch-
ing), sidewall tension, and sidewall compression failure.
However, shear yielding only needs to be checked for certain
flange widths and the sidewall limit states only apply when
the flange and HSS widths are the same. This is also tabu-
lated in Table 7-2 of this Design Guide. Example 4.3 shows
a calculation for a directly welded connection.

7

L

/

+oo

N

Shear plate ——/

L

Fig. 4-2. Directly welded connection.
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4.5 CONNECTION DESIGN EXAMPLES

Example 4.1—Beam over HSS Column Connection

Given:

From AISC Manual Tables 2-3 and 2-4, the material properties are as follows:

6x6xY,

HSS8x8xY4 H Ss
ASTM A500 Grade B
F, =46 ksi

F, =58 ksi

W18x40 Wig x 26

ASTM A992
F, =50 ksi
F, =65ksi

Cap plate

ASTM A36
F,, =36 ksi
F.,=58 ksi

up

From AISC Manual Table 1-12, the HSS geometric properties are as follows:

Cafn we, M2 Havy CommeaHon

Verify the adequacy of the connection shown in Figure 4-3, between a two-span W18x40 beam supported by an HSS8x8x4
column. The column axial dead and live loads are Pj, =7.50 kips and P, =22.5 kips, respectively. The moment transferred across
the beam-to-column interface consists of dead and live load moments of My, = 4.50 kip-ft and M, = 13.5 kip-ft, respectively.

HSS8x8xl4
H =8.00in.
B =8.00in.
t =0.2331in.
W18x40
Stiffener ASTM A992
7 4) %" dia.
G e USe —_—— ASTM A325-N bolts
bolks oM cach £ : %0'500'
6
L| o
HSS 8x8
N \urnn ASTM A500 ér.)dé .
Grde of @ 3.50
Yo veduce the

yers e Load oN
bolF [2) (@ (b)

Fig. 4-3. W-beam over HSS column connection.
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From AISC Manual Table 1-1, the W-shape geometric properties are as follows:

W18x40
d=179in.
t,=0315in,
f; =0.525 in.
k =0.927 in.
ki ="Yis in.

The gage, g, is 3.50 in. for the W18x40.

The geometric properties of the cap plate and bolts are as follows:

Cap plate

length = 14.0 in.
width = 9.00 in.
t, =0.500 in.

ASTM A325 bolts
d, =%in.
Solution:

From Chapter 2 of ASCE 7, the required strength is:

LRFD

ASD

P, =1.2(7.50 kips)+1.6(22.5 kips)
=45.0 kips

M, =1.2(4.50 kip-ft)+1.6(13.5 kip-ft)
=27.0 kip-fi

P, =7.50 kips + 22.5 kips
=30.0 kips — 22k
M, =4.50 kip-ft + 13.5 kip-ft
=18.0 kip-ft __ 4ok

Tensile load in bolt

Calculate the bolt tension, T, assuming that the compression force, C,, acts at the face of the column as shown in Figure 4-3(a).

From the summation of forces and moments with C, = C, and T, = T, for LRFD, and C, = C, and T, = T, for ASD, the required

bolt tension is determined as follows:

324 kip-in. = 4.00 in.(45.0 kips + 27, ) +5.50 in.(27, )
2T, =15.2 kips on 2 bolts

7. = 152 kips
2

= 7.60 kips/bolt

LRFD ASD
C.=C;T,=T, C=Cy;T,=T,
P, = 45.0 kips P, =30.0 kips
=C, - 2T, =C, - 2T,
M, = 27.0 kip-ft(12 in./ft) M, =18.0 kip-ft(12 in./tt)
=324 kip-in. =216 kip-in.
M, = 8.00 in. C, + 11.0 1n.(2T“) M, = 8.00 in. C + 11.0 in. (2Tu)
2 2 2 2

216 kip-in. = 4.00 in.(30.0 kips + 27,) + 5.50 in.(2T;)
2T, =10.1 kips on 2 bolts
T = 10.1 kips
2
= 5.05 kips/bolt

7'0/ = ‘lk;(’5 ‘h‘)”"
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Effect of prying action—W-shape flange

Check the flange thickness for prying action per Part 9 of the AISC Manual.

Using Figure 4-3(b):
b = distance from bolt centerline to face of beam web
= (g - tw) /2
=(3.50 in.— 0.315 in.) /2
=1.59 in.

b’ = distance from face of bolt to face of web

=h——
2

.
~1.59 in, — 20

=1.22 in.

p = tributary length per pair of bolts in the perpendicular direction, which should preferably not exceed the gage

between the pair of bolts, g
=8
=3.50 in.

The following is a simplified check provided in Part 9 of the AISC Manual based upon the “no prying action” equation.

LRFD

ASD

L [rsany
min — pF;‘

_ |4.44(7.60 kips/bolt)(1.22 in.)
- 3.50 in.(65 ksi)

O
min. = ‘DF;‘

_ 6.66(5.05 kips/bolt)(1.22 in.)
- 3.50 in.(65 ksi)

=0.425 in. =0.425 in.
0.425 in. < 0.525 in. o.k. 0.425 in. < 0.525 in. o.k.
Because t,,;, < t;, there is no prying action in the beam flange. .
f prvineg e Emn > tp ' Can we USe

Effect of prying action—cap plate

Check the cap plate thickness for prying action per Part 9 of the AISC Manual.

Using Figure 4-3(a):
b = distance from bolt centerline to face of HSS
=(11.0 in.-8.00 in.)/2
=1.50 in.

b’ = distance from face of bolt to face of HSS

=bh—
2

"
1,50 jn,— A

=1.13 in.

shed PM 4o LN Oresse,

e

e lgE
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p = tributary length per pair of bolts in the perpendicular direction, which should preferably not exceed the gage
between the pair of bolts, g
= half the cap plate width
_9.00 in,
)
=4.50 in.

Use p =4.50 in.

The gage limitation given on page 9-11 of the AISC Manual does not apply to this configuration because with bending checked
at the face of the HSS, and the “gage” being interrupted by the HSS, an artificially large value of g results.

The following is a simplified check provided in Part 9 of the AISC Manual based upon the “no prying action” equation.

LRFD ASD
PF, " PF,
_ \/4.44(7.58 kips/bolt)(1.13 in.) ~ J6.66(5.05 kips/olt)(1.13 in.)
- 4.50 in. (58 ksi) - 4.50 in. (58 ksi)
=0.382 in. =0.382 in.
0.382 in. < 0.500 in. o.k. 0.382 in. < 0.500 in. o.k.

Because ¢, < t,, there is no prying action in the cap plate.

Bolt available tensile strength

Because there is no prying action, the required strength of the bolt is 7, (7, for LRFD and T, for ASD). The available tensile
strength, ¢, and r,/Q, of a ¥-in.-diameter ASTM A325 bolt is given in AISC Manual Table 7-2.

LRFD ASD
or, 2 T, =7.60 kips/bolt 1 /Q2T, =5.05 kips/bolt
or, = 29.8 kips/bolt r, /€ =19.9 kips/bolt
29.8 kips > 7.60 kips o.k. 19.9 kips > 5.05 kips o.k.

Beam web local yielding

The limit state of beam web local yielding is checked as follows.
Determine the compression force, C,, where C, = C, for LRFD and C, = C, for ASD.

LRFD ASD
C,=F +21, C,=F +12T,
=45.0 kips +2(7.60 kips/bolt) =30.0 kips+2(5.05 kips/bolt)
= 60.2 kips = 40.1 kips

Assume a 2.5:1 dispersion slope or 21.8° dispersion angle of the load from the HSS wall through the cap plate. From the AISC
Specification Commentary Section K1.6:

N =t+51,
=0.233 in.+5(0.500 in.)
=273 in.
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Fy =F
=50 ksi

From AISC Specification Section J10.2,
R, =[Sk+N]F,t,
=[5(0.927 in.) +2.73 in. |(50 ksi)(0.315 in.)

(Spec. Eq. J10-2)

=116 kips
LRFD ASD
6=1.00 Q=150
0R, =1.00(116 kips) = 116 kips R"/Q=1—116—§'%P§=77.3 kips
116 kips > 60.2 kips o.k. 77.3 kips > 40.1 kips ok

Beam web crippling

Check the limit state of beam web crippling using AISC Specification Section J10.3 and the following equation.

R, =080 1+

| [EF.f
J ywly (Spec. Eq. J10-4)

Ly

Using AISC Manual Table 9-4, this equation can be simplified as follows:

LRFD

ASD

For N/d=2.73 in. /17.9 in. =0.153 < 0.2:

OR, =2[OR, + NOR, |

OR, = 46.3 kips

OR, = 3.60 kips/in.

OR, = 2[46.3 kips +2.73 in.(3.60 kips/in.) ]
=112 kips

112 kips > 60.2 kips o.k.

For N/d =273 in. /17.9 in. = 0.153 < 0.2:
R, /Q=2[R,/Q+NR,[/Q]

Ry /Q=30.9 kips

R, /Q =2.40 kips/in.

R, /Q=2[30.9 kips +2.73 in.(2.40 kips/in.)]

=74.9 kips
74.9 kips > 40.1 kips o.k.

Note that if the total axial force were applied at the beam top flange over the connection, web compression buckling (AISC Speci-
Jfication Section J10.5) would also be checked to determine if a stiffener is required over the HSS wall.

HSS wall strength

The compression force in the HSS wall may not be uniformly distributed over the entire HSS wall width due to shear lag. This
phenomenon is also discussed in Section 7.4 of this Design Guide. Assume that the force in the beam web disperses at a slope of

2.5:1 (or 21.8°). From Carden et al. (2008):
N =2k +5¢;
=2(%ie in.)+ 5(0.525 in.)
=4.25in.
From AISC Specification Section K1.6:

5t, + N =5(0.500 in.)+4.25 in.
=6.75 in. < B=8.00 in.
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Because (51, + N) < B, the available strength of the HSS is normally computed by summing the contributions of the two walls into
which the load is distributed. However, in this example, only one wall is subjected to the compression load, C,.

HSS wall local yielding

Check the limit state of HSS wall local yielding using the following equation from AISC Specification Section K1.6(1).
(Table 7-2 of this Design Guide provides the equation for two walls.) For one wall:

R, = Fit[5t,+ N | < BFt (Spec. Eq. K1-11)
= 46 ksi (0.233 in.)[ 5(0.500 in.)+ 4.25 in.] 8.00 in. (46 ksi}(0.233 in.)
=72.3 kips < 85.7 kips

The available strength is,

LRFD ASD
6 =1.00 Q=150
OR, =1.00(72.3 kips) R,/Q = 72.3 kips
=723 kips 1.50
723 kips > 60.2 kips o.k. = 48.2 kips
48.2 kips > 40.1 kips o.k.

HSS wall local crippling

Check the limit state of HSS wall local crippling using the following equation from AISC Specification Section K1.6(i) and
Table 7-2.

L5
/EF,x
R, = 0.807" 1+§ﬁ(i) -7 (Spec. Eq. K1-12)
B\, t

(4.25 in.)(o,233 in,)"s} \/(29,000 ksi) (46 ksi)(0.500 in.)

.| 6
=0.80(0.233 in.) {1-1—

8.00 in. | 0.500 in. 0.233 in.
=148 kips
The available strength is:
LRFD ASD
$=075 Q=200
. 148 kips
OR, =0.75{148 kips R, /Q=—21"
=111 IE ) / 200
S = 74.0 kips
11 kips > 60.2 kips 0.k. 74.0 Kips > 40.1 kips o.k.

Weld size between the HSS and cap plate

Assuming a 45° maximum load dispersion angle, the weld of the cap plate to the HSS can be checked by evaluating a load per
inch of the lesser of T,/g or T,/(d, + 2b), where b is the distance from the bolt center to the face of the HSS. If 2g or 2(d, + 2b)
exceeds the width of the HSS, B, the weld should be checked for 27/B.

Check if 2¢ < B and 2(d, + 2b) < B:

2¢<B

2(3.50 in.) = 7.00 in. < 8.00 in. ok.

2(d, +2b)< B

2[%in.+2(11.0 in.~8.00 in)/2]=7.50 in.<8.00 in. ok
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Determine the greater of 7,/¢ or T,/(d,, + 2b):

LRFD ASD
With T, =T, With T, =T,
T, 7.60 kips T, _5.05 kips
& 350 i ¥ 350
= 2.17 kipsfin. = 1.44 kips/in.
T, 7.60 kips T, 5.05 kips

d,+2b % in.+2(11.0 in. - 8.00 in.)

=1.13 kips/in.
Use T,/g in the weld size determination.

d,+2b % in.+2(11.0 in. — 8.00 in)

=(1.748 kips/in.
Use T,/(d, + 2b) in the weld size determination.

Using the procedure given in the AISC Manual Part 8, determine the weld size required.

LRFD ASD
OR, =1.392DI 1;; =10.928DI
q)R" > ZZ‘_ Rn 7:1
l g z—
Ql g
7.60 kips ;
1.392D 2 ———— 5.05 kips
: 0.928D 2 ———
3.50 in. 3.50 in.

D > 1.56 sixteenths-of-an-inch

D >1.55 sixteenths-of-an-inch

Vi i . . e
Use “-in. minimum weld size with 70-ksi filler metal. Use Y4-in. minimum weld size with 70-ksi filler metal.

Example 4.2—Through-Plate Connection

Given:

Design a through-plate connection as shown in Figure 4-4. Use 1-in.-diameter A325-N bolts in standard holes and 70-ksi filler
metal. The applied dead and live loads are shown in Figure 4-4. The loads on the two beams can be reversed; therefore, the con-
nection should be symmetric.

N\

Mocomn t Pt = 48.0 Kips

1.00" dia. Piip = 144 Kips
ASTM A325-N
boits o
N Mo s = 60.0 kip-ft |
Mow=60.0kip#t [\ Mo = 180 Kipt | |
T ' Tfh- - ASTM A36 plate
4 A ] W16x57
i , T ASTM A992
Y A 100 2
Vi e = 8.00 kips Vi wgpt = 8.00 Ki f
ot ’ ;" o S00kps | L Hss20x120%
/ Loan =240kl 1= AT AS00
ASTM A36 plate <4 orB
b thick | 12,0

{
t P, Pl

N M

Fig. 4-4. Through-plate moment connection.
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