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CONNECTION LIMIT STATES DESIGN
TEACHING AID

by

Robert A. Kerr

W. Samuel Easterling, Chairman

Civil Engineering

(ABSTRACT)

Steel connection design is one area in structural steel design courses that is not
always thoroughly addressed. This report attempts to address this area of steel design at a
basic level. Its purpose is to be used as a teaching aid for a structural steel design course,
and to familiarize students with connection design and its associated strength limit states.

Limit states for steel connection design have been covered using both AISC ASD
and LRFD Specifications. However, all included connection design examples used only
LRFD limit states. Wherever possible all limit state calculations are accompanied by print-
outs from a knowledge-based expert system, CONXPRT.

Typical building connection limit states are covered by way of an accompanying
steel structure, which includes many of the connections, in order for students to receive an
adequate grasp of both simple framing and moment connections. The purpose of this steel
"sculpture" is to actively reinforce the students' understanding of the basic building

connections seen in industry today.
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CHAPTER 1
INTRODUCTION

Steel connection design is an important aspect in structural steel design. However,
many times design engineers do not address connection design directly, leaving the design
responsibility to the steel fabricator. Similarly, steel connection design is one area in
academic structural steel design courses that is not thoroughly addressed. This practice
possibly creates a problem in industry. By allowing structural engineers to ignore
connection design, potential strength or safety concerns could be overlooked . This report
attempts to address this problem at a basic steel design level. Its purpose is to be used as
a teaching aid for a basic level steel design course, familiarizing students with steel
connection design and the associated strength limit states.

Over twenty building connections will be covered in this report to give students an
adequate grasp of both simple framing and moment connections used in industry.
Wherever possible, the design aid will include computer print-outs from a knowledge-
based expert connection design system, CONXPRT, to accompany manually calculated
design limit states (CONXPRT 1992). Basic connection design limit state criteria will be
covered in both LRFD and ASD (AISC 1989, 1993). However, all connections will be
designed using LRFD (AISC 1986, 1993).

To present connection design in a practical way, the building connections will
come directly from a designed structural steel "sculpture". This "sculpture" is
accompanied by fabrication and erection drawings so that it may be constructed and
viewed by students. The purpose of this "sculpture" is to actively reinforce the students'

understanding of the basic building connections seen in industry today.



CHAPTER 11
CONNECTION DESIGN BASICS

2.1  Connection Classification

Connection behavior is often defined by its moment-rotation relationship or M-¢
diagram, as seen in Fig. 2.1. The slope of the M-¢ curve is an indication of the rotational
stiffness of the connection. The greater the slope of the curve, the greater the stiffness of
the connection.

This stiffness is expressed by three types of construction as defined by the AISC
ASD Specification (AISC 1989): Type I, Type II, and Type III. Type I Construction
(Rigid framing) assumes that the connections have sufficient nigidity to fully restrain
rotation at joints. Type II Construction (Simple framing) assumes that the connections are
"pinned" or free to rotate, and only transfer shear. Type III Construction (Semi-rigid
framing) is somewhere in between Type I and Type II.

The AISC LRFD Specification (AISC 1993) defines two types of construction:
FR and PR. FR construction (Fully restrained) is the same as ASD Type I. PR

construction (Partially restrained) contains both ASD Type II and III.

2.2  Basic Design Criteria
The basic design criteria in LRFD connection design is that the factored load, R,
(according to LRFD-A4.1) acting upon a connection may not exceed the connection
design strength, ¢R .
R, < ¢R, 2.1



/ Rigid
Moment //

_— Semi-rigid

-

/// S Simple

Rotation

Figure 2.1 Moment-Rotation Relationship for Typical Connections
(AISC 1992)



The basic design criteria in ASD connection design is that the nominal stress, f (according
to ASD-A4.1) acting upon a connection must be less than or equal to the connection
allowable stress, F, which includes a factor of safety.

f<F (2.2)

2.3  Connection Limit States
The following connection limit states will be presented according the latest editions

of both the AISC LRFD and ASD Specifications (Murray 1993).

2.3.1 Tension Yield
One of the controlling limit states for tension members is tension yielding of the
gross cross-section away from the connection, as in Fig. 2.2. For a tension member

without bolt holes, the nominal strength or allowable stress is as follows:

LRFD: T, < 6T, = ¢F,A, (2.3)
$=09
ASD: f=T/A, <F,=06F, (2.4)

2.3.2 Tension Rupture

Tension members with bolt holes have a reduced cross-sectional area referred to as
the nef area, A,. Concentrated stresses occur at bolt holes in tension members which
cause localized failure. These stresses result in tension rupture through the effective net

area, A_, of a tension member (Salmon and Johnson 1990). Therefore, the limit state

becomes:
LRFD: T, < ¢T = ¢F A, (2.5)
$=0.75
ASD: £f=T/A < F =05F, (2.6)



where, A =UA|

An = Ag - E Ahole
U = reduction factor from ASD-B3 or LRFD-B3.

2.3.3 Shear Yield
For connection members that are subjected to shear, the limit state is shear yielding
of the gross cross-section through the member, as shown in Fig. 2.3. Therefore, for

connection members without bolt holes, the nominal shear strength or allowable stress is

as follows:
LRFD: V, < ¢V, =¢0.6F A, (2.7)
¢$=09
ASD: fy=V/A, <F =04F, (2.8)

2.3.4 Shear Rupture
Connection members with bolt holes have a reduced cross-sectional area referred
to as the nef area, A,. Again, localized stresses result in shear rupture through the ner

area of the member. Therefore the limit state becomes:

LRFD: V, < ¢V = ¢0.6F A (2.9)
¢ =0.75
ASD: f=V/A <F, =03F, (2.10)

2.3.5 Fillet Weld Rupture
The fillet weld design strength is based on the shear resistance through the throat
of the weld. Assuming SMAW, the limit state is as follows:
LRFD: R, < ¢R =¢0.6F A, ., (2.11)
=075



T

A

Figure 2.2 Tension Yield Limit State

o0 e

Figure 2.3 Shear Yield Limit State



Assuming 1/16 inch fillet, E70xx electrodes-
#R_=0.75(0.6)(70)(0.707)(1/16)
= 1.392 Wno (2.11a)
ASD: f <F =03F_A,, (2.12)
Assuming 1/16 inch fillet, E70xx electrodes-
F, = 0.3(70)(0.707)(1/16)
= 0.928 ke (2.12a)
To obtain the weld rupture strength for a particular fillet weld, Eq. 2.11a and Eq. 2.12a
must be multiplied by the weld length, L__,, and the number of 16* inches in the weld size.
It should be noted that the design strength of the fillet weld per unit length must

not be less than the shear rupture strength per unit length of the adjacent base metal.

2.3.6 Full and Partial Penetration Groove Welds

The design criteria for full and partial penetration welds is covered in both the
ASD and LRFD Specifications. When using full or partial penetration welds, the designer
should use a weld metal that is comparable to that of the base metal.

LRFD: See LRFD Table J2.5

ASD: See ASD Table J2.5

2.3.7 Plate Bearing / Tear-Out

The bearing/tear-out limit state is related to the deformation around a bolt hole.
The bearing/tear-out strength is the force applied by the bolt or fastener against the side of
the hole which will split or tear the plate as seen in Fig. 2.4. If the distance between the
center of the hole to either the edge of the plate or an adjacent hole is large, the less the
possibility of having a bearing/tear-out type failure (Salmon and Johnson 1990). The

following limit states apply:
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(b) Tear-out Type Failure

Figure 2.4 Plate Bearing / Tear-out Failure Limit State



For edge distance,

LRFD:

ASD:

For edge distance,

LRFD:

Ext. Bolts

Int. Bolts

e = 1.5d, and spacing, s = 3d, (only bearing applies)

R, < ¢R =¢¥, (2.4F.d 1) STD, OVS, SS, LS
R, < ¢R =¥, (2.0Fdt) LS Normal
¢ =0.75

£=V/(dt) <F,=Y,_(12F)  STD, OVS,SS,LS
£=V/(dt) <F,=Y,(10Fy  LSNormal

e < 1.5d, or spacing, s < 3d, (tear-out applies)

R =Fet < 24Fdt STD, OVS, SS, LS
R =Fet < 20Fdt LS Normal
R =F(s-d,/2)t < 2.4F dt STD, OVS, SS, LS
R =F(s-d,/2)t < 2.0Fdt LS Normal

OR, = $[ T oora(R, ext bolt €q.) + T, (R, int bolt eq.)]

b=

ASD:

Ext. Bolts

Int. Bolts

0.75
F,=0.5Fet < 1.2F, STD, OVS, S§, LS
F,=0.5F et < 1.0F, LS Normal
F,= 05F(s-d/2)t < 1.2F, STD, OVS, SS, LS
F,= 0.5F(s-d/2)t < 1.0F, LS Normal

“ Fy= [T apa(F, xt bolt €.) + T, (F, int bolt eq.)]

(2.13)
(2.14)

(2.15)
(2.16)

(2.17)
(2.17a)
(2.18)

(2.18a)

(2.19)

(2.20)
(2.21)

(2.22)
(2.23)

(2.24)



2.3.8 Bolt Shear
The bolt shear limit state is related to the rupture and failure mode shown in Fig.
2.5. It is important to note the number of shear planes, m, in the connection for this limit
state. The limit state is as follows:
LRFD: R, < ¢R, =mgr A, (2.25)
¢r, from LRFD Table J3.2
ASD: f <F (2.26)
F, from ASD Table J3.2

2.3.9 Combined Shear and Tension on Bolts

In many connections, both shear and tension occur and must be considered in
design. An example of this type of loading is shown by the bearing-type connection in Fig.
2.6, where the bottom fasteners are subjected to both shear and tension. When
considering both shear and tension in a bolted connection, there are two major connection
types: Bearing and Slip-Critical.

Bearing-type connection limit states are based on an interaction relationship
between shear and tension stresses, as seen in Fig. 2.7 for A325-N bolts. Slip-critical
connection limit states similarly use a straight-line interaction relationship, but are more
conservative than the bearing-type. Slip-critical connections use service loads in their

design, because slip resistance is a service load consideration.

The following limit states apply for bearing-type connections.
LRFD: See LRFD Spec. J3.7 & Table J3.2
f < ¢F, from Table J3.2

R, =¢FA,, ¢=0.75 2.27)
ASD: See ASD Spec. J3.5 & Table J3.3
f < F, from Table J3.2 (2.28)

10



Shear planes, m =1

Figure 2.5 Bolt Shear Failure Limit State
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Figure 2.6 Combined Shear and Tension Connection

90 ksi .

N

S

N

Bisi [

Figure 2.7 Shear and Tension Interaction Curve
for A325-N bolts - LRFD
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The following limit states apply for slip-critical connections.
LRFD:

Service loads
(J3.9a) or,=oFA(1-T/T,) (2.29)

F, from Table J3.6, T, from Table J3.1
¢ =1.0 (¢ =0.85 for LS parallel to load)

Factored loads

(J3.9b) ¢R =1.13uT NNN(1-T,/1.13T_N,) (2.30)
¢ varies with hole type

ASD: See ASD Spec. J3.6
f <(1-fA,/Ty)F, (2.31)

F, from Table J3.2, T, from Table J3.7

2.3.10 Block Shear

Block shear is a rupture failure limit state that may control in either bolted or
welded connections. Failure occurs with shear along a line of fasteners, combined with
tension acting along a line perpendicular to the line of force. Rupture does not occur on
both lines of force simultaneously. The failure consists of a rupture on one section with
yielding occurring on another. Fig. 2.8 illustrates the block shear limit state in a direct
loaded connection. In Fig. 2.8a, the probable failure mode would be tension rupture and
shear yield, because the section in tension is larger than the one in shear. The opposite
scenario is shown in Fig. 2.8b.

Direct-loaded and coped-beam connections are the two primary connection limit

states that will be addressed (Murray 1993).

13
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Figure 2.8 Block Shear Failure Limit State
(Salmon and Johnson 1990)

14



2.3.10.1 Block shear in Direct-Loaded Connections
Fig. 2.9 shows both bolted and welded connections in direct-load. The following

limit states apply.

LRFD: See LRFD Spec. J4.3

T, = {max shear rupture } + opposite yield str  (2.32)
tension rupture

shear rupture = 0.6F A shear yield = 0.6F A_,
tension rupture =F A | tension yield = F A
¢=0.75
ASD: See ASD Spec. J4
t<T,_,=05FA +03FA_ (2.33)

2.3.10.2 Block shear in Coped-Beam Connections

Typically, a portion of a framing beam flange and web must be cut in order for it to
frame into a supporting girder at the same elevation. This type of construction is typical
to bolted, as well as welded beam web connections. In both cases, the block shear limit

state must be investigated. The following limit states apply for this connection type.

Welded Connection (Ref. Fig. 2.10)

LRFD: ¢R, = 0.6E It + (F.at, /2) (2.34)
¢=0.75
ASD: R, = 0.4F It + (0.5F at, / 2) (2.35)

Bolted Connection (Ref. Fig. 2.10)
LRFD: See Limit State for Direct-Load Connection

ASD: See Limit State for Direct-Load Connection

15
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Figure 2.10 Block Shear - Coped Beam Connection
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2.3.11 Coped-Beam Strength

In addition to block shear failure in coped beam connections, either local yielding

or buckling of the beam web may occur at a critical section shown in Fig. 2.11. This type

of failure can occur in beams with top and bottom copes. For both situations, the limit

state check treats the coped beams as tee-sections subjected to a moment at a distance c,

from the end of the beam. The following limit states will address top copes, bottom

copes, and finally top and bottom copes combined.

The limit states for beams with only a Bottom Cope as shown in Fig. 2.3.11a are:
LRFD:
ASD:

The limit states for beams with only a Top Cope as shown in Fig. 2.3.11b are:
LRFD:
Yielding

Buckling

where,

Note:

V, < ¢V,=(0.9F)S_/ e
f,=Ve/S, < F,=0.6F,

LRFD Volume II App. B
V.= ¢V, =(9F)S_ /e
V, < ¢V =(09F)S_ /e

u

. 7E 2 (t_wJ .
12(1 —v?){ h,

k = 2.2(h°)1.65 if < <10

c h,

k = 2.2(“*’) i >10
c h,

£= 2% it <10
d d

F=1+% if< =10

When E = 29,000 ksi and v=10.3,

17
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ASD:
Yielding

Buckling

where,

Note:

The limit states for beams with only a Double Cope as shown in Fig. 2.3.11c¢ are:

LRFD:
Yielding

Buckling

where,

Note:

ASD:
Yielding
Buckling

where,

« 2
E = 26,200&"—) fil

o

ASD Volume II App. B
f,=Ve/S,_, < 0.6F,
f,=Ve/S_ <F,

F,=F_/FS., F.S.=1.67
F_ same as for LRFD

When F.S. =1.67, E =29,000 ksi and v=0.3,

2
F, = 15,7oo(t—‘v) fk
h

o

Ref. Volume II App. B

V, =< ¢V, =(09F)S /e

V, < ¢V, =(09F)S, /e
2

F, =0627E— f,
ch

o

£=35-7.5(d/d)
When E = 29,000 ksi,
2
F, = 5«5,500‘Tw (3.5 - 75d,/d)
C

o

Ref. Volume II App. B
f,=Ve/S, < 0.6F,
f,=Ve/S, <F,

F, =0.6F_

F_ same as for LRFD
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v | Yielding
|
/
I
|
e “\_Critical Section

(a) Bottom Coped Beam

_F _ —
& A] ’
ﬁ‘ __4‘/ Limitations:
|
; i Q d c<2d
\Y% i —
hg K | d L < 0.2d
| *— Yielding or
\ | Web Plate Buckling
i
—e—"\‘ Critical Section
(b) Top Coped Beam
L
o [
dc
4 | Limitations:
! |
1 | | <
Y% | <> d Ct— )
g \ d | < 0.2d
i Yielding or '
. i ﬂ Web Plate Buckling dg <0.2d
|
dcj‘ L
»e—{\

Critical Section

(c) Double Coped Beam

Figure 2.11 Typical Coped Beam Limit States
(Murray 1993)
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Note: When E = 29,000 ksi,

2

F = 33,900t1—‘w (35 - 7.5d,/4d) (2.51)
ch,

2.3.12 Local Flange Bending

Beam-to-column strong-axis moment connections transmit either a compressive or
tensile force from the beam flange attachment to the column flange. When this force is in
tension, it may produce significant deformation in the column flange, thus reducing its
capacity. Column flange bending at welded tension flanges can also cause a brittle failure.

See Fig. 2.12. The following limit states prevent local column flange bending from

occurring.
LRFD: LRFD Spec. K1.2
R, = ¢6.25tF (2.52)
¢ =090
IfR, > ¢R, stiffeners are required. (2.53)

Note: Other requirements exist for bolted tension flange connections
(not in Specification)

ASD: ASD Spec. K1.2
P, =5/3(T,+T) (2.54)
=4/3(T,+T, +T, orT,) (2.54a)
Ift, <0.4 -I:"—f— stiffeners are required. (2.55)

yc
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2.3.13 Local Web Yielding

When the transmitted force is compressive to the column as in Fig. 2.13, or
perhaps to a beam flange, local yielding of the column or beam web is a concern. Unlike
local flange bending, web yielding requirements exist in the AISC Specifications for both
bolted and welded compression flange connections. The following calculations are to

check the limit state of local web yielding of the column.

LRFD: Eq. 2.53 Applies

Welded LRFD Spec. K1.3
R, < ¢R, = &(t,+ SK)t F, (2.56)
=10

Bolted
R, = oF t (t, + 6k +2t +2w) (2.57)
=10

w = weld size

ASD:
Welded ASD Spec. K1.9
A - P, — chtg(tfb tsk) 2.58)
yst
Bolted ASD 9t ed. p. 4-117
P, =F t (t, + 6k + 2t +2w) (2.59)

2.3.14 Web Buckling
Another concern with beam-to-column moment connections is buckling of the
column web when a compressive force is acting upon it. See Fig. 2.14a. This limit state is

particularly a plate buckling problem, with the following limit states:
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Figure 2.12 Local Flange Bending Limit State
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P4 Critical
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Welded

Figure 2.13 Local Web Yielding Limit State
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,-/::\: ‘ | C C"\ C

(a) Web Buckling (b) Local Web Crippling

Figure 2.14 Web Buckling and Local Web Crippling Limit States
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LRFD: Eq. 2.53 Applies

LRFD Spec. K1.6
4100t} \/F,,

d (2.60)

<

R, =

¢$=0.90
d, = clear distance between fillets
ASD: ASD Spec. K1.6

Stiffeners are required if,

3
N 4100t%, fF,,

¢ P (2.61)

bf

Note: Stiffeners must be at least (d - t, - k) deep.

2.3.15 Local Web Crippling

The final limit state associated with beam flange forces acting upon the connecting
column is local web crippling. The failure is similar to that of web buckling, but the failure
mode is more localized, as seen in Fig. 2.14b. The limit states depend on the location of

the compressive force to the column end.

LRFD: Eq. 2.53 Applies
LRFD Spec. K1.4
15
F_t
6R, = ¢135ti[1+3(l:_)(‘tl) } s (2.62)
f w
unless at member end (less than d / 2), then
I 15
Ft
for N/d < 0.2,¢R,, = ¢68t%|1+ 3(%)(%} } th (2.63a)
f w
[ aN t, ) | [Fat
for N/d> 0.2, ¢R, = ¢68t2 1+(T —02)[?"—) } f(‘";f (2.63b)
f w

¢=0.75
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ASD: ASD Spec. K1.4

15
F_t
R = 67.513,[1+3[§)[t1) } Fuute (2.64)
d At t

unless at member end (less than d / 2), then

15
Ft
R = 34t§[1+3(§)(t_w) } Pty (2.65)
d At t,

Note: Stiffeners must be at least (d - t, - k) deep.

2.3.16 Column Web Stiffeners

When any of the limit states from local flange bending (2.3.12) through local web
crippling (2.3.15) are violated, strengthening of the column is required. This may be done
with stiffeners or doubler plates, depending of the limit state. The following design

criteria should be used.

LRFD: LRFD Spec. K1.9
w,+(t,./2) =2b/3 (orb,/3) (2.66)
t,=1t/2 (ort /2) (2.67)
b, /t, <95/,F, (2.68)
ASD: ASD Spec. K1.8

Same requirements as for LRFD

If a stiffener is required because of web crippling (K1.4) or web buckling (K1.6),

use an effective column section to determine the compressed member capacity (Sect. E.2):
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A, = A, +25. (2.69)

(Use A + 12t ? if at column top)

kL =0.75h
h=4d-t-k (if partial depth)
=d_ -2k (if full depth)

12 or 25t 2
A%

Figure 2.15 Equivalent Stiffener Area

2.3.17 Column Panel Zone Web Shear
Often in rigid beam-to-column connections, the connected beam webs lie in a
common plane as shown in Fig. 2.16. When the total required shear strength has
exceeded the design shear strength, either double plates or diagonal stiffeners are required
(AISC 1993).
LRFD: LRFD Spec. K1.7
ForP, < 0.75P,

¢R, = 0.8F dt, (2.70)
For P, > 0.75P,

¢R,=0.7F,d¢,[1.9 - 1.2(P,/ P)] 2.71)

$=09

IfR, > ¢R, , double plate(s) are required.
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ASD: ASD Spec. K1.7 & F4

IF = M, + M, -V,
0.95d, 0.95d, (2.72)
f, = _EF >F, from Sect. F4 (2.73)
(detse)

If f, > F, use double plate(s).

Story Shear, \§

’\x
7\
LF \
M, —_— |
™
J .
/ (\/ 4, )
e ¢ |
NG E

V.

Figure 2.16 Column Panel Zone
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2.3.18 Reduced Beam Flexural Strength at Flange Bolted Moment Connection

Frequently, beam-to-column moment connections consist of plates welded to the
column and bolted to the beam flanges. If this type of connection is used, the beam's
reduced flexural strength, due to the bolt holes, must be examined. The following rules
apply for this type of connection.

LRFD: LRFD Spec. B10

No reduction is required if:
0.75F,A, = 0.9F A, (2.74)

Else, the effective reduced area of the tension flange becomes:

0.75F, SF

fe - Afn =__“Afn (275)
0.9F, 6 F,

Therefore, member flexural properties are to be calculated with
Eq. 2.71. The section properties should be calculated with the removed
area from the gross-section. Thus,

Ao = A, - A, (2.76)
Then, a reduced moment capacity may be calculated as follows:

M e =M, - [FA L (d-1)/ 12] 2.77)
ASD: ASD Spec. B2 & B10

Same rules apply as for LRFD

2.4  Simple Framing Connections

Simple framing connections are classified as PR (LRFD) or Type II (ASD), and
are used to connect beams to girders or columns when simple support is assumed. This
type of connection assumes the connectors (i.e., plates, angles, tees) are flexible and allow
rotation between the two connected elements.

Typically, the column or girder connection is made in the field, while the beam

connection is shop fabricated (Salmon and Johnson 1990). These connections may be
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either welded or bolted, but most often welded connections are done in the shop. Some of
the most common simple framing connections are: single-plate, double angle, shear end-
plate, single angle, and tee. Fig. 2.17 illustrates some of the most common framing

connections.

‘ /\/ 1 ; /\/
_A
° | ‘ A
. 2 . (g I‘ ‘
.| : i
—F: 2 A-A
! |
'\ \
(a) Single-Plate Connection (b) Double Angle Connection

(c) Shear End-Plate Connection

Figure 2.17 Typical Simple Framing Connections

With most simple framing connections, the applied load does not pass through the
bolt group or weld center of gravity, and the affect of load eccentricity on the fasteners
must be addressed. Single-plate framing connections always consider the affect of

eccentricity. However, with certain framing angle connections eccentricity may be
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ignored. Those instances are illustrated in the figures below for both double and single

angles (Murray 1993).

M

In-plane leg: No Yes No Yes

Out-of plane leg: No No Yes Yes

Figure 2.18 Eccentricity Considerations For Double Framing Angles

o | oo

e | (W

® ] [ N J
Beam Side: No Yes Yes
Support Side: Yes Yes Yes

Figure 2.19 Eccentricity Considerations For Single Framing Angles

2.5  Moment Connections

Moment connections are classified as FR (LRFD) or Type I (ASD), and are used
to provide a rigid connection between beams and columns, allowing little or no rotation at
the joint. This type of connection is used to fully transfer moment between connected
members. The flange connections are assumed to transfer all moment, while the web
connection transfers nothing but shear. Therefore, unlike in most simple framing

connections, the affect of eccentricity on the web connection is not a concern.
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The most common moment connections are. flange welded, flange plate, and moment

end-plate. Fig. 2.20 below illustrates these connections.

(a) Flange Welded Moment Connection (b) Flange Plate Bolted Moment Connection

(c) Bolted Moment End-Plate Connection

Figure 2.20 Typical Moment Connections
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CHAPTER I11
SCULPTURE CONNECTION DESIGN

3.1 Steel Sculpture Background

To relay the concepts of steel connection design to the student, the following
chapter will cover some of the most common building connections used in industry.
Simple framing and moment connections will be covered, as well as column and beam
splices and other miscellaneous connections. All of the design examples covered in this
report are specifically linked to connections on an actual structure. A basic layout of this
structure is represented in Fig. 3.1 through Fig. 3.6. In addition to these figures, shop
drawings and erection drawings are provided in the appendices of this report. These
drawings will aid in the structure's fabrication and erection, so it may be used for
demonstrative purposes in the future.

The original idea for designing a "teaching sculpture” was developed by Dr. Duane
Ellifritt, a civil engineering professor at the University of Florida (Ellifritt 1987). This
report builds on Dr. Ellifritt's structure by not only giving the students an opportunity to
visualize the connections, but by also reviewing the design limit states for each associated
connection. This project also aids the professor in his approach to teaching connection
design. Therefore, professors and students alike will benefit from this report.

Simple framing connection design examples will be covered first in this chapter,
followed by moment connection design. The final section of this chapter will cover limit
states of all remaining connections contained in the sculpture that do not fall into the two
previous categories (i.e., beam and column splices, bearing connections, truss connections,

etc.).
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3.2  Simple Framing Connection Design Examples

3.2.1 Shear End-Plate Framing Connection

Example 1. Refer to connection beam B2A framing into beam B2. (Fig. 3.1, 3.3)

Given: W12x14 beam framing into a W18x60 Girder.
Shear end-plate connection.
PL 1/4x6x6 1/2
Use 7/8 in. ¢ A325-N bolts.
All steel is A36.
See Fig. 3.7 below.

L 312"

I —
N Ll ti2e || | [
4 | ° o |

— E70XX } 3" o
) °
Wizx14 L PL 1/4x6x6 1/2
Figure 3.7
Show: All limit states that apply.

Limit States:

1. Beam Gross Shear

$V, = $(06F,A,)
= 0.9(0.6)(36)(11.91)(0.20) = 46.3k

2. Beam Web Strength at Weld

oV

n

= ¢(0.6F L, t.)
0.9(0.6)(36)(6 - 2(1/4))(0.20)
= 222k
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Weld Rupture (t,,, = 1/4 in)

V. = (1.392¢m16)(# of 16u)L,,
= (1.392 x 4)(6 - 2(1/4))(2) = 61.2K

Plate Gross Shear

$V, = $(0.6F,A) = 0.9(0.6)(36)(6 x .25)(2) = 58.3K

Plate Net Shear

SV = $(0.6F A ) = 0.75(0.6)(58)(6 - 2(7/8 + 1/8)(1/4 x 2) = 52.2K

Plate Block Shear
///‘ ﬁ,/// Shear Rupture:

’ 0.6FA_ = 0.6(58)(4.5-1.5(7/8 + 1/8))1/4

/‘l °® e = 26.(1k X ( )

| IV

/I |
y//‘ 2] Tension Rupture:

FA, = 581.5-0.507/8+1/8))1/4
‘ = 14.5k

Shear Rupture > Tension Rupture
". Shear Rupture controls

Tension Yield: F A, =36(1.5x 1/4) = 13.5k
. V. = 0.75(26.1 + 13.5)(2) = 59.4K

Plate Bearing / Tear-out
edge = 1.5 in. > 1.5d, & spacing = 3 > 3d,

*.  Only bearing applies
¢R, = ¢Y . .2.4F dt =2[2x 0.75(2.4)(58)(7/8)(1/4)] = 91.4k

Bolt Shear
4 7/8 in. dia. A325-N bolts

¢R, = ¢rAN, = 0.75(48)(0.6013)(4) = 86.6K
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9. Girder Web Bearing / Tear-out
No edge distance concern, spacing = 3 in. > 3d,

.". Only bearing applies

R = ¥, 2.4Fdt=2[2x0.75(2.4)(58)(7/8)(.415)] = 151.6k

. Beam Web Strength at Weld controls the connection design = ¢V, = 22.2k
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3.2.2 Single-Plate Framing Connection

Example 1. Refer to connection beam B2B framing into beam B2. (Fig. 3.1, 3.4)

Given: A W16x26 beam framing into a W18x60 Girder.
Single plate framing connection.
PL 1/4x4 1/2x9
Use 7/8 in. ¢ A325-N bolts.
All steel is A36.
See Fig. 3.8 below.

{
2" 312"
112"
°
~ ° 2@ 3" ° PL 1/4x4 1/2x9"
< &
° *
W16x26 T [\
) E70XX
!
- ]
112"
W18x60
Figure 3.8
Show: All limit states that apply.

Limit States:

1. Beam Gross Shear

#V, = #(0.6FA)) = 0.9(0.6)(36)(15.69 - 2)(0.25) = 66.5k
2. Beam Net Shear

6V = $(0.6FA) = 0.75(0.6)(58)[15.69 - 2 - 3(7/8 + 1/8)](0.25) = 69.8k
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3. Beam Web Bearing/Tear-out
Must consider eccentricity

Using LRFD Table X and the following values:

b=31in.

X, =3in. ~. C = 1.77 (effective number of bolts)

n=3

e=15in. > 11/2d, & s=3in. > 3d,

¢R = ¢¥ . 24F dt=177x0.75(2.4)(58)(7/8)(.25) = 40.4K

4. Coped Beam Web Block Shear

Tension Rupture:

= 14.5k

I

*.  Shear Rupture controls

Tension Yield: F A, = 36(1.5x0.25) = 13.5k

. $V. = 0.75(43.5+13.5) = 42.8Kk

5. Bending Strength of Coped Beam Web

Consider Structural Tee and Plate

Shear Rupture > Tension Rupture

.. Only bearing applies

— Shear Rupture:
0.6F A = 0.6(58)(7.5 - 2.5(7/8 + 1/8))0.25
% = 43.5k

FA_ = 58(1.5 - 0.5(7/8 + 1/8))0.25

t.=025" || i
X
13.69"
WT8x13 —1 | |
5 7.845"
| I
|
1 ___ % |- 4
‘ 55" 4
d« = 7.845in.
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; (5.845)(0.25)+ 3.84(5.845 + 7.845-2.09)

>
I

(5.845)(0.25)+ 3.84
921 in.

>
i

e
]

1/12(0.25)(5.845) + (0.25)(5.845)(9.21 - 5.845/2)
+23.5+ (3.84)(13.69 - 2.09 - 9.21)

p—
Il

128.2 in*

s, = 252 _ 1391
9.21

Yield: ¢V, = ¢FS_/e = 0.9(36)(13.9)/4 = 112.5K

Buckling:
c/h,=25/13.69 = 0.183 < 1 k = 2.2(h,/ )65 = 36.4
c/d=25/1569 =016 <1 .. f=2(c/d) =032

V. = $[26,200k f(t,/h)](S_/e)
= 0.9[26,200(36.4)(0.32)(0.25/13.69)](13.9 / 4)
6V, = 3183k

.. Yield controls = ¢V, = 112.5K

Bolt Shear
4 7/8 in. dia. A325-N bolts, consider eccentricity

#R, = ¢rAC = 0.75(48)(0.6013)(1.77) = 38.3k
Plate Gross Shear

6V, = $(0.6FA) = 0.9(0.6)(36)(9 x .25) = 43.7K

Plate Net Shear

SV = $(0.6FA ) = 0.75(0.6)(58)(9 - 3(7/8 + 1/8)0.25 = 39.2k
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9. Plate Block Shear

Shear Rupture:

f}’ | 0.6F A_ = 06(58)(7.5 - 25(7/8 + 1/8))0.25
A = 435
s

1
////j Tension Rupture:
7 FA. = 58(1.5 - 0.5(7/8 + 1/8))0.25

‘. = 14.5K

Shear Rupture > Tension Rupture
". Shear Rupture controls

Tension Yield: F,A, = 36(1.5x 0.25) = 13.5k
. ¢V = 0.75(43.5+13.5) = 42.8k

7. Plate Bearing / Tear-out
edge > 1.5d, & spacing >3d, .. Only bearing applies

Note: Use effective number of bolts, C =1.77
¢R, = ¢Y,.2.4F dt=177[0.75(2.4)(58)(7/8)(.25)] = 40.4k
8. Weld Rupture at Girder Web

For a flexible support,e,=n-1=3-1=2in
Using LRFD Table XVIII and the following values:

al=e =2in = a=022
kl=0 = k=0

Interpolation gives, C =2.184

S ¢R =P = CCDI = 1.0(2.184)(4)(9) = 78.6K
9. Girder Web Shear at Weld

SR = 0.9(0.6)(36)(9 x 0.415)(2) = 145.2k

.. Bolt Shear controls the connection design = ¢V _ = 38.3k
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3.2.3 Double Framing Angle Connection
Example 1. Refer to connection beam B1B framing into beam B1. (Fig. 3.1, 3.5)

Given: A W18x40 beam framing into a W18x50 Girder.
Double angle connection.
2L-SLBB 5x3x1/4. Use 7/8 in. ¢ A325-N bolts.

All steel is A36.
See Fig. 3.9 below.
I‘_ 4" "ﬁ
l | " T "
\ ‘
14T T '
2 3/4"
L ® H | @ °
2 @ 3" . i 2 @ 3" . | . 10"
1 ; e | H °
W18x40 i
| i — 2L-SLBB 5x3x1/4"
11/4" ]
12"
Figure 3.9
Show: All limit states that apply.

Limit States:

1. Beam Gross Shear

¢V, = ¢0.6F A)
0.9(0.6)(36)(17.9 - 2(2))(0.315)
= 85.1k

Il

2. Beam Net Shear

6V = $(0.6FA) = 0.75(0.6)(58)[17.9 - 2(2) - 3(7/8 + 1/8)](0.315) = 89.6K

3. Beam Web Bearing/Tear-out
e=15in. > 11/2d, &s=3in. > 3d, .. Only bearing applies

¢R_ = ¢¥ . 2.4F.dt=0753)(2.4)(58)(7/8)(.315) = 86.3K
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4. Coped Beam Web Block Shear

Shear Rupture:
— 0.6F A, = 0.6(58)(7.5-2.5(7/8 +1/8))0.315
7 = 548k
~, [»'_//, Tension Rupture:
- FA, = 58(1.75-0.5(7/8 + 1/8))0.315
— = 228k
—

| Shear Rupture > Tension Rupture
. Shear Rupture controls

Tension Yield: F A = 36(1.34x0.315) = 15.2k

S dV. = 0.75(54.8 +15.2) = 52.5K

5. Bolt Shear
6 7/8 in. dia. A325-N bolts, eccentricity is ignored.

oR, = ¢r AN, = 0.75(48)(0.6013)(3)(2) = 129.6k

6. Bending Strength of Coped Beam Web

In this case, treat as a plate

A = 43875im I, = 1/12(0.315)(13.9)* = 70.5 in*
- : I .
y = 6.95in. S, = = =1014in’
y
13.9"
Yield: e = 4+1.75 =575in.

0.315" ¢R, = ¢FS /e = 0.9(36)(10.14)/5.75 = 57.1k

2
Buckling: F, = 56,500% (3.5 - 7.5d_/d)
C

o

(315)°
4(13.9)

F, = 56,500 [3.5 - 7.5 (2/17.9)]= 268.4 ksi
". Since F <<F_, Yielding controls = ¢V, = 57.1k
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Angle Bearing / Tear-out
edge = 1.251in. < 1.5d, , spacing =3 > 3d, .". Tear-out also applies

for exterior bolts:
'F,et = 58(1.25)(0.25) = 18.1F
R, = min et = 58(1.25)(0.25) = 18. §
‘ 24F,d,t = 2.4(58)(0.875)(0.25) = 30.45
for interior bolts:

R = i | Fu(s-d/2)t = S8(3-0.875/2)(0.25) = 37.16°
(24F,dyt = 2.4(58)(0.875)(0.25) = 3045

n

5. R = 0.75[1(18.1) + 2(30.45)](2) = 118.5k

Angle Block Shear

Shear Rupture:
/7 0.6F A =0.6(58)(8.75 - 2.5(7/8 + 1/8))0.25 = 54 4k
-

g Tension Rupture:
FA, = 58(1.25-0.5(7/8 + 1/8)}(0.25) = 10.9k

Shear Rupture > Tension Rupture
".  Shear Rupture controls

Tension Yield: F A, = 36(1.25 x 1/4) = 11.25K
. V. = 0.75(54.4 + 11.25)(2) = 98.4k
Angle Net Shear

V. = (0.6F.A ) = 0.75(0.6)(58)[10 - 3(7/8 + 1/8)](1/4)(2) = 91.3k

10. Angle Gross Shear

11.

$V, = #0.6F,A) = 0.9(0.6)(36)(10x 0.25)(2) = 97.2K

n

Angle Bearing/Tear-out (Girder Side)
edge =2.75 in. > 1.5d, , spacing = 3 > 3d, .". Only bearing applies

R, = $T,,2.4F,dit = (2)3)[(0.75)(2.4)(58)(7/8)(1/4)] = 137K
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12. Angle Block Shear (Girder Side)

7 ~ Shear Rupture:

cT 0.6F A_=0.6(58)(8.75 - 2.5(7/8 + 1/8))0.25 = 54.4K

4
éz . Tension Rupture:
L I

FA_ = 58(1.4-0.5(7/8 +1/8))(0.25) = 10.15k

Shear Rupture > Tension Rupture
.. Shear Rupture controls

Tension Yield: F A, = 36(1.4x 1/4) =12.6K
. ¢V = 0.75(54.4 + 12.6)(2) = 100.5k

13. Bolt Shear
3 7/8 in. dia. A325-N bolts, eccentricity is ignored.

#R, = ¢r, AN, = 0.75(48)(0.6013)(3)(2) = 129.9K

14. Girder Web Bearing / Tear-out
No edge distance concern, spacing = 3 in. > 3d, .. Only bearing applies

¢R = ¢ ¥, 24F dt=(2)(3)(0.75)(2.4)(58)(7/8)(.355)] = 194.6K

. Block Shear at Coped Beam Web controls the connection design = ¢V_ = 52.5K
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Example 2. Refer to connection beam B3 A framing into beam B3. (Fig. 3.1, 3.6)
Given: A W12x50 beam framing into a W21x44 Girder.
Double angle connection.
2L-SLBB 4x3 1/2x3/8. Use 7/8 in. ¢ A325-N bolts.
All steel is A36.
See Fig. 3.10 below.
312"
| "
—_ = 2T1/" h51/2"—4
1 |
112"
\g o H —| ® °
1/4" | 3
" | e °
1 ’r
W12x50 | —— 2L-SLBB 4x3 1/2x3/8"
’7 —J
12"
Figure 3.10
Show: All limit states that apply.

Limit States:

1. Beam Gross Shear

oV,

n

= $(0.6F,A)

0.9(0.6)(36)[12.19 - 2](0.37)

= 733k

2. Weld Shear Strength (t, = 1/4 in)

Using LRFD Table XXII and the following values:
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6"

35 Lo WA |
6 +2(3)
l al = 35in. -xl = 2.751n.
a= & 2Dm e
| 6 in
- k= & 3m
3 1 61n
-
xl Interpolation gives C = 1.815
S ¢R =P = CCDI = (1)(1.815)4)6)x2 = 87.2K
Beam Web Strength at Weld

Yield strength per inch of beam = ¢(0.6F t )
= 0.9(0.6)(36)(0.37) = 7.19K/in.
Strength per inch of weld = 1.392(2x 4) = 11.14K/in.
7.19 < 11.14 .. web is not adequate for full weld

119 872y = s63k

1114

Block Shear at Coped Beam Web

6V, = $[0.6F It + (F,/2)at,]

0.75[0.6(36)(6)(0.37) + (58/2)(2.75)(0.37)]

58.1k Note: Cope less than in-plane angle leg
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5.

6.

Bending Strength of Coped Beam Web

Consider Structural Tee and Plate
1 E—
tw=0.37" | |

\;
i
X |
|

|
|
1 10.19"

;
1
}
|

{ | [ J l
b 8.08"—

%(4, 095)2(0.37)+ 7.34(10.19-1.17)

|
0

(4.095)(0.37) + 7.34
7.83 in.

>
I

I = 1/12(0.37)(4.095) + (0.37)(4.095)(7.83 - 4.095/2):
+18.7 + (7.34)(10.19 - 1.17 - 7.83)

I = 81.9in*
819 .
Swc = m = 10.46 111.3

Yield: F, = 36 ksi

Buckling:
c/h =35/1019 =034 < 1 Sk = 22(h, /)65 = 1283
c/d=35/1219=0287 <1 .. f=2(c/d) = 0574

F, = 26,200k f(t,/h)y

26,200(12.83)(0.574)(0.37/10.19)
= 254.4 ksi

". Since F, >>F, = Yield controls

. ¢V, = $ES_ /e = 0.9(36)(10.46)/ 4 = 84.7K

Angle Gross Shear

¢V, = (0.6FA) = 0.9(0.6)(36)(6 x 0.375)(2) = 87.5K
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10.

11.

Angle Net Shear

V. = $0.6F A ) = 0.75(0.6)(58)(6 - 2(7/8 + 1/8)(0.375)(2) = 78.3k

Angle Block Shear

Z—r Shear Rupture: )
= - + =
% 0.6F A =0.6(58)[4.5-1.5(7/8 + 1/8)](0.375) = 39.15
e Tension Rupture:

F A = 58[1.435-0.5(7/8 + 1/8)](0.375) = 20.33k

Shear Rupture > Tension Rupture
", Shear Rupture controls

Tension Yield: F A, = 36(1.435x0.375) =19.37K

S V. = [0.75(39.15 + 19.37)](2) = 87.8k

Angle Bearing/Tear-out
edge > 1.5d, , spacing 3d, .. Only bearing applies

R = ¢T ., 2.4F d t = (2)(2)[(0.75)(2.4)(58)(7/8)(.375)] = 137K

Bolt Shear
4 7/8 in. dia. A325-N bolts, eccentricity is ignored.

¢R, = ¢r AN, = 0.75(48)(0.6013)(4) = 86.6K

Girder Web Bearing / Tear-out
No edge distance concern, spacing = 3 in. > 3d, .. Only bearing applies

¢R. = ¥ . 2.4F dt=(2)(2)[(0.75)(2.4)58)(7/8)(.35)] = 127.9K

.. Beam Web Strength at Weld controls the connection design = ¢V, = 56.3k
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Example 3. Refer to connection beam B3B framing into beam B3. (Fig. 3.1, 3.5)
Given: A W12x50 beam framing into a W21x44 Girder.
Double angle connection.
2L-SLBB 4x3 1/2x3/8. Use 7/8 in. ¢ A325-N bolts.
All steel is A36.
See Fig. 3.11 below.
~31/2" A
‘ 1 "
L ‘ »27 21/2" }‘__‘ 5 1/2" ﬁl
o |
112"
s . | @ ®
< v’
@3 | @ ‘ o
e °
W14x48
— —— 2L-SLBB 4x3 1/2x3/8"
1/ "
Figure 3.11
Show: All limit states that apply.

Limit States:
1. Beam Gross Shear

$V, = ¢(0.6F A)
0.9(0.6)(36)[13.79 - 2](0.34)
= 779k

2. Weld Shear Strength (t_,, = 1/4 in)

Using LRFD Table XXII and the following values:

_ 2[3(1.5)] _

f—“'ﬁ xl 0.6 in.
- 9 +2(3)
l al = 35in. -xl = 29in
. a= 2 =20 _ 43
1 9in
k= A _3in 553
1 9in
} 3"
—
x1 54



Interpolation gives C = 1.753

S @R =P = CCDI = (1)(1.753)(4)(9)x2 = 126.2K

Beam Web Strength at Weld
Yield strength per inch of beam = ¢(0.6Ft )

= 0.9(0.6)(36)(0.34) = 6.61k/n.
Strength per inch of weld = 1.392(2x 4) = 11.14K/in.
6.61 < 11.14 .. web is not adequate for full weld

861 1262) = 749k
1114

Block Shear at Coped Beam Web

6V, = ¢[0.6F It + (F,/2)at,]

0.75[0.6(36)(9)(0.34) + (58/2)(2.75)(0.34)]

v_
Il

Bending Strength of Coped Beam Web

69.9k Note: Cope less than in-plane angle leg

Consider Structural Tee and Plate

tw=0.34" / |
. 4.895"

11.79" ’
\ | 6.895"
| |
_ %(4.895)2(0.34)+7.07(11.79-1.35)
x ftd
(4.895)(0.34)+7.07
x = 8.92in.
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6.

7.

8.

[
Il

1/12(0.3)(4.895) + (0.34)(4.895)(8.92 - 4.895/2):
+24.09 + (7.07)(11.79 - 1.35 - 8.92)

I = 113.47 in*
s = 347 _ 15 72in?
8.92
Yield: F, = 36 ksi
Buckling:
¢/h, =35/11.79 <1 .. k=22 /c)l6 = 1632
c/d=35/13.79 < 1 s f=2@c/d) = 051
F_ = 26,200k f(t, /h)y
= 26,200(16.32)(0.51)(0.34/11.79)
= 181.3 ksi
". Since F_ >>F, = Yield controls
. @V, = ¢FS_ /e = 0.9(36)(12.72) /4 = 103K
Angle Gross Shear
¢V, = #(0.6FA) = 0.9(0.6)(36)(9 x 0.375)(2) = 131.2k

Angle Net Shear

SV = $0.6FA ) = 0.75(0.6)(58)[9 - 3(7/8 + 1/8)](0.375)(2) = 117.5K
Angle Block Shear

> | Shear Rupture:

=0 0.6FA_ = 0.6(58)[7.5 - 2.5(7/8 + 1/8)](0.375) = 65.25K

;ﬁ Tension Rupture:

FA, = 58[1.435-0.5(7/8 + 1/8)](0.375) = 20.33k

Shear Rupture > Tension Rupture
*.  Shear Rupture controls

Tension Yield: F A, = 36(1.435x0.375) = 19.37K

. V. = [0.75(65.25 + 1937)](2) = 126.9K
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9. Angle Bearing/Tear-out
edge > 1.5d,, spacing 3d, .". Only bearing applies

SR = ¢¥ . 2.4F dt=(2)3)(0.75)(2.4)(58)(7/8)(.375)] = 205.5K

10. Bolt Shear
6 7/8 in. dia. A325-N bolts, eccentricity is ignored.

¢R, = ¢r AN, = 0.75(48)(0.6013)(6) = 129.9K

11. Girder Web Bearing / Tear-out
No edge distance concern, spacing = 3 in. > 3d, .. Only bearing applies

OR, = ¢ ¥, 24F.dt = Q)B)(0.75)2.4)(58)(7/8)(35)] = 1918

.. Block Shear at Coped Beam controls the connection design = ¢V, = 69.9K
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Example 4. Refer to connection beam B6A framing into beam B6. (Fig. 3.2, 3.4)

Given: A W12x26 beam framing into a W16x40 Girder.
Double angle connection.
2L-SLBB 3x3x3/8. Use 7/8 in. ¢ A325-N bolts.
All steel is A36.
See Fig. 3.12 below.

r
13/4" v
-
I i 7‘* ‘ I
% / bl
1/4" a l [ o
|
L
W12x26 l
- |
| i — 2L-SLBB 3x3x3/8"
12"
Figure 3.12
Show: All limit states that apply.

Limit States:

1. Beam Gross Shear

$V, = $(0.6F,A)
= 0.9(0.6)(36)(12.22)(0.23)
= 54.6K

2. Weld Shear Strength (t, = 1/4 in)

Using LRFD Table XXII and the following values:
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F‘B" *‘T %l = m = 0.451in.

9 4+2(2.5)
al = 3in. - xI = 2.55in.
a = al _ 255in. _ 0.8
* 1 9 in '
k=Ko 23 0
1 91n
2.5"
- Interpolation gives C = 1.84

x1
S ¢R =P = CCDI = (1)(1.84)(4)(6)x2 =132.5k

Beam Web Strength at Weld

Yield strength per inch of beam = ¢(0.6F t )
= 0.9(0.6)(36)(0.23) = 4.47K/mn.
Strength per inch of weld = 1.392(2x4) = 11. 14K/in.
447 < 11.14 .. web is not adequate for full weld

447 1325y = 532k

1114
Angle Gross Shear
¢V, = ¢#(0.6F A) = 0.9(0.6)(36)(9 x 0.375)(2) = 131.2k

Weld Shear Strength (t_,, = 1/4 in)

Using LRFD Table XXIV and the following values:

k——al ‘1 Neglecting returns=> kl = 0, k= 0
B al = 3in. + O'—f = 3115 in.
o | . l 4 = al _ 3.11.51n. 035
1 9 in
L_< Interpolation gives C = 0.86
W S. ¢R =P = CCDI = (1)0.86)(4)(9)x2 = 61.9K
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6. Shear Yield of Girder Web at Weld:

SR = 0.9(0.6)(36)(9 x 0.305)(2) = 106.7K

". Beam Strength at Weld controls the connection design = ¢V, = 53.2k
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Example 5. Refer to connection beam B8A framing into beam B8. (Fig. 3.2, 3.4)

Given:

Show:

A W10x33 beam framing into a W16x31 Girder.
Double angle connection.

2L-SLBB 3x3x3/8. Use 7/8 in. ¢ A325-N bolts.
All steel is A36.

See Fig. 3.13 below.

T .
13/4" /14
| VA
I S /
1/ "

W10x33

——

— 2L-SLBB 3x3x3/8"

i

172"
Figure 3.13

All limit states that apply.

Limit States:

1.

Beam Gross Shear

oV,

Weld Shear Strength (t

= ¢(0.6F A,)
= 0.9(0.6)(36)(9.73)(0.29)
= 549k

= 1/4 in)

weld

Using LRFD Table XXII and the following values:

6"

"*3"ﬁ x = A2 _ 6 o

6 +2(2.5)
al = 3in. -x1 = 2.431in.
. a=ﬂ=2'4sm'=0.40
5 5¢ 1 6 in
k—ﬁ— 2.51n — 042
H | 61n
x1



Interpolation gives C = 1.77
. ¢R =P, = CCDI = (1)(1.77)(4)6)x2 = 85.0k

Beam Web Strength at Weld

Yield strength per inch of beam = ¢(0.6F t,)
= 0.9(0.6)(36)(0.29) = 5.64K/in.
Strength per inch of weld = 1.392(2 x 4) = 11.14K/in.
5.64 < 11.14 .. web is not adequate for full weld

ﬂ(SS) = 43k
11.14

Angle Gross Shear

¢V, = #0.6F,A) = 0.9(0.6)(36)(6 x 0.375)(2) = 875K

Weld Shear Strength (t,,, = 1/4 in)

Using LRFD Table XXIV and the following values:

k——al A‘ Neglecting returns= kl = 0, k= 0

l al = 3in. + % — 3145 in.

6"

Interpolation gives C = 0.63

'j S ¢R_= P, = C.CDI = (1)(0.63)(4)(6)x2 = 30.2k

Shear Yield of Girder Web at Weld:

$R. = 0.9(0.6)(36)(6 x 0.275)(2) = 64.2K

. Weld Rupture (Girder side) controls the connection design = ¢V, = 30.2K
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Example 6. Refer to connection beam B8 framing into column C2. (Fig. 3.2, 3.6)

Given: A W16x31 beam framing into a W12x106 Column.

Double angle connection.

2L-SLBB 3x3x3/8. Use 7/8 in. ¢ A325-N bolts.
All steel is A36.

See Fig. 3.14 below.

I
—
S 774 /18" P
b /
g | / | I
|
< ——1 | |
' 12"
|
| | ]
W16x31 J
’F — 2L-SLBB 3x3x3/8"
1/ "
Figure 3.14
Show: All limit states that apply.

Limit States:

1.

Beam Gross Shear

#V, = #(0.6F A)
= 0.9(0.6)(36)(15.88 x 0.275)
= 840k

Weld Shear Strength (t_,, = 1/4 in)

Using LRFD Table XXII and the following values:

v o
— 3 xl = —2[2'5(1'25)] = 0.37 in.
l 12 +2(2.5)
al = 3in. - x1 = 2.63in.
12" | a = ﬂ _ 2.63.m - 02
| 12 in
25" K = kI _ 2.5.1n. - 021
— | 12 in
x1



Interpolation gives C = 1.68

o oR

n

= P, = C,CDI = (1)(1.68)(4)(12)x2 = 161.3K

3. Beam Web Strength at Weld

Yield strength per inch of beam = ¢(0.6Ft )
= 0.9(0.6)(36)(0.275) = 5.35K/in.
Strength per inch of weld = 1.392(2x 4) = 11.14K/in.
535 < 11.14 .. web is not adequate for full weld

ﬁ(lsls) = 77.5k

1114

4.  Angle Gross Shear

¢V, = #(0.6FA) = 0.9(0.6)(36)(12 x 0.375)(2) = 175k
5. Weld Shear Strength (t,, = 1/4 in)

Using LRFD Table XXIV and the following values:

——al — Neglecting retumns = kl = 0, k= 0
— |
al = 3in. + 0'2275 = 3.1375 in.
| | l 4= al _ 3.137.51n‘ — 096
1 12 in

Interpolation gives C = 1.013

CDI = (1)(1.013)(4)(12)x2 = 97.2k

n u 1

[
}? S ¢R, =P, =C

6. Shear Yield of Column Web at Weld:

SR = 0.9(0.6)(36)(12 x 0.61)(2) = 284.6K

". Beam Strength at Weld controls the connection design = ¢V, = 77.5k
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3.2.4 Single Framing Angle Connection

Example 1. Refer to connection beam B4A framing into girder B4. (Fig. 3.1, 3.4)

Given: A W12x26 beam framing into a W18x60 Girder.

Single angle connection.
L4x3 1/2x3/8. Use 7/8 in. ¢ A325-N bolts.

All steel is A36.
See Fig. 3.15.
"7 - 1
3 i
T |(—_’ i
112" il /
= ® ’ N
2 @ 3“ ‘ . i ‘ I 9"
- ‘ | H
W12x26 |
LL — L4x3 1/2x3/8"
| 11/4" '
172"
Figure 3.15
Show: All limit states that apply.
Limit States:
1. Beam Gross Shear
¢V, = ¢(0.6F A)
= 0.9(0.6)(36)(12.22 x 0.23)
= 54.6K
2. Beam Net Shear
oV, = #(0.6F A) = 0.75(0.6)(58)[12.22 - 3(7/8 + 1/8)](0.23) = 55.3k
3. Beam Web Bearing/Tear-out

No edge distance concern, s =3 in. > 3d, .". Only bearing applies
R = ¢¥, 24F dt=07503)2.4)(58)(7/8)(23) = 63K

65



Bolt Shear
3 7/8 in. dia. A325-N bolts, eccentricity is ignored.

¢R, = ¢r AN, = 0.75(48)(0.6013)(3) = 64.9K

Angle Gross Shear

n

Angle Net Shear

A) = 0.75(0.6)(58)[9 - 3(7/8 + 1/8)](3/8) = 58.7K

u TS,

¢V, = #(0.6F,A) = 0.9(0.6)(36)(9 x 0.375) = 65.6K

¢V, = $(0.6F

Angle Bearing/Tear-out (Girder Side)
edge > 1.5d,, spacing >3d, .". Only bearing applies

$R = ¢T,. 2.4F dt=(3)[(0.75)(2.4)58)(7/8)(3/8)] = 102.8K

Angle Block Shear

| Shear Rupture:
| 0.6F A_=0.6(58)[7.5 - 2.5(7/8 + 1/8)](0.375) = 65.25K

A

Tension Rupture:
- F A, = 58(2.25-0.5(7/8 + 1/8))(0.375) = 38.1k

Shear Rupture > Tension Rupture
. Shear Rupture controls

Tension Yield: F A, = 36(2.25 x 3/8) = 30.4K

. ¢V, = [0.75(65.25 +30.4)] = 71.7K

Flexural Yield of Angle:
2 9)*(3/8
v, = 00Es fe, s, = Lo OB a0
¢ 6 6
. gy = _0936)(506) 23 5K

(1.75 N 0,415)
2
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10. Flexural Rupture of Angle:

¢oV_ = 0.75FS_, /e

n ¥~ net

N, (N,? —1)[t(d, +1/8)]

Snet = Sg_ 61
3)*(3)(3* —1)|0.375(7/8 +1/8
= 5.06 - G 1)o7 ) = 3.56in’
6(9)
SV, = 0. 75(58)83;‘5165) _ 791k
(1.75 + = )
2
11. Weld Shear Strength (t,,, = 1/4 in)
Using LRFD Table XXIV and the following values:
}"3-615" = 2207 g agin
3549
1/ al = 3.615in. - xI = 3125in.
R a= A - MBI _ 5
¢ 1 9in
k=Moo 35m 4
1 9in
3.5" lation « B
) Interpolation gives C = 1.31
x1

"~ ¢R =P, = CCDI = (1)(1.31)(4)(9)=47.2kK

12. Girder Web Strength at Weld

Yield strength per inch of girder = #(0.6F t,)
= 0.9(0.6)(36)(0.415) = 8.07K/in.
Strength per inch of weld = 1.392(4) = 5.57k/in.

5.57 < 8.07 .. web is adequate for full weld

m(47.2) = 68.4k
5.57

. Weld Rupture controls the connection design = ¢V, = 47.2K
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Example 2. Refer to connection beam B4B framing into girder B4. (Fig. 3.1, 3.3)

Given: A W10x22 beam framing into a W18x60 Girder.

Single angle connection.
L4x3 1/2x3/8. Use 7/8 in. ¢ A325-N bolts.
All steel is A36.

See Fig. 3.16.
212" 112"
T T T
{} 112"
> 1/4" N H ®
<
6" "
| 3
’ ®
| I
W10x22
— L4x3 1/2x3/8"
172"
Figure 3.16
Show: All limit states that apply.

Limit States:

1.

Beam Gross Shear

$V, = #0.6F, A)
= 0.9(0.6)(36)(10.17 x 0.24)
= 474k

Weld Shear Strength (t, , = 1/4 in)

weld

Using LRFD Table XXII and the following values:

- 4"4‘ <l = M = 094 in.
6 +2(3.5)
l al = 4in. - xI = 3.06 in.
6 | e a= A o300 _
| 6 in
35" k = -1?— = 30 5
L 4 mn




Interpolation gives C = 1.871
. ¢R_ = P, = C,CDI = (1)(1.871)(4)(6) = 44.9K

3. Beam Web Strength at Weld

Yield strength per inch of beam = $(0.6F t,)
= 0.9(0.6)(36)(0.24) = 4.67K/in.
Strength per inch of weld = 1.392(4) = 5.57K/in.
4.67 < 5.57 .. web is not adequate for full weld

4'—67(44.9) = 37.7k
5.57

4. Angle Gross Shear

&V, = $(0.6F,A) = 0.9(0.6)(36)(6 x 0.375) = 43.7K

5. Angle Net Shear

6V, = #(0.6F A ) = 0.75(0.6)(58)(6 - 2(7/8 + 1/8)(3/8) = 39.2K

n

6. Angle Block Shear

Shear Rupture:
0.6F A =0.6(58)[4.5-1.5(7/8 + 1/8)](0.375) = 39.2k

i Tension Rupture:
FA, = 58(1.5-0.5(7/8 + 1/8))(0.375) = 21.8k

Shear Rupture > Tension Rupture
".  Shear Rupture controls

Tension Yield: F A, = 36(1.5x 3/8) =20.3K
. ¢V, = 0.75(39.2+203) = 44.6k

7. Flexural Yield of Angle:

¢V, = 09FS /e, S, = — = e = 2.25in’

69



. 0.9(36)(2.25)
L PV = T
(2 N 0.24]

2

8. Flexural Rupture of Angle:

= 344K

6V = 0.75ES_ /e

y net

N, (N2 —1)[t(d, +1/8)]

Snet = S =
e 6/
37 (2) 2% —1)]0.375(7/8 +1/8
= 225 - B)( )( )[ ( hl )] = 169 in’
6(6)
eV = 0.75(58)(1.69) _ 347K

o (2 N 0.24)
2

9. Bolt Shear
2 7/8 in. dia. A325-N bolts, Must consider eccentricity.

Using LRFD Table X and the following values:
b=3in

X, =2in = Interpolation gives, C =1.18
n=2

5. ¢R, = ¢rAC = 0.75(48)(0.6013)(1.18) = 25.5K
10. Angle Bearing/Tear-out

edge > 1.5d,, spacing >3d, .". Only bearing applies
UseC=1.18

R = ¢¥ . 2.4F dt=(1.18)[(0.75)(2.4)(58)(7/8)(3/8)] = 40.4k

11. Girder Web Bearing/Tear-out
No edge distance concern, spacing > 3d, .. Only bearing applies

¢R = ¢T . 2.4F.dt=(2)[(0.75)(2.4)(58)(7/8)(415)] = 75.8K

.. Bolt shear controls the connection design = ¢V, = 25.5
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3.2.5 Tee Framing Connection

Example 1. Refer to connection beam B1A framing into girder B1. (Fig. 3.1, 3.6)

Given: A W14x34 beam framing into a W18x50 girder.

Tee connection.

WT5x15. Use 7/8 in. ¢ A325-N bolts.
All steel is A36.

See Fig. 3.17 below.

yamvs b
112" /
8 *
2 @ 3" . 9“
®
T
W14x34 ‘
— WT5x15
2"
1, "
Figure 3.17
Show: All limit states that apply.

Limit States:

1.

Beam Gross Shear

oV, = ¢0.6F A)
0.9(0.6)(36)(13.98 x 0.285)
= 775k

I

Beam Net Shear

6V = $(0.6F.A) = 0.75(0.6)(58)[13.98 - 3(7/8 + 1/8)](0.285) = 81.7K

Beam Web Bearing/Tear-out
No edge distance concern, s =3 in. > 3d, .". Only bearing applies

SR = ¢¥ . 24F dt=0.75(3)(2.4)(58)(7/8)(.285) = 78.1K
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Bolt Shear
3 7/8 in. dia. A325-N bolts, eccentricity is ignored.

¢R, = ¢rAN, = 0.75(48)(0.6013)(3) = 64.9K

Tee Gross Shear

¢V, = #0.6FA) = 0.9(0.6)(36)(9 x 0.30) = 52.5k
Tee Net Shear
oV, = ¢(0.6F A ) = 0.75(0.6)(58)(9 - 3(7/8 + 1/8)(0.30) = 47k

Tee Bearing/Tear-out
edge > 1.5d, , spacing >3d, .". Only bearing applies

¢R = ¢¥, 24F.dt=(3)[(0.75)(2.4)(58)(7/8)(0.30)] = 77.5k

Tee Block Shear

Shear Rupture:
% 0.6F A _=0.6(58)[7.5-2.5(7/8 + 1/8)](0.30) = 52.2k
//3 Tension Rupture:
L F A, = 58(2.735-0.5(7/8 + 1/8))(0.30) = 38.9k

Shear Rupture > Tension Rupture
.. Shear Rupture controls

Tension Yield: F A, = 36(2.735 x 0.30) = 29.5K
. V. = 0.75(52.2+29.5) = 61.3K

Weld Shear Strength (t, = 1/4 in)

Using LRFD Table XXIII (special case) and the following values:

al Ignoring the returns,
—
al = 25in., kl = 5.77 in.
a= A = 23 _ o
1 9in.
k= Ko 27T 6y
1 9in
kl 5
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Interpolation gives C =2.157
S ¢R =P = CCDI = (1)2.157)(4)9) = 77.7K

10. Girder Web Strength at Weld
R = $(0.6F)L .t = 0.9(0.6)(36)(9)(0.355)x2 = 124.2K

Tee Stem Net Shear controls the connection design = ¢V_ = 47k

Note: The following are additional requirements to ensure ductility (Murray 1993)

-t

t 2
W, = 0015821 97+2 <34,
b \L 4 I

F 2
Ay = 0.162t,,/-% b—2+2 < 0.69,/t,
b (L
L

also,

t s(d_b)+L

* 2) 16

. J L |

* = 64 Ll
b 2 ' b
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3.3 Moment Connection Design Examples

3.3.1 Flange Welded Moment Connection

Example 1. Refer to connection beam B1 framing into column C1. (Fig. 3.1, 3.5)

Given: A W18x50 beam framing into a W12x170 column.
Flange welded, web bolted moment connection.
PL 1/4x4 1/2x9
Use 7/8 in. ¢ A325-N bolts.

All steel is A36.
See Fig. 3.18 below.
l*\ ]
\.
W18x50
112" |
Y i

2@ |
<~ L

PL 1/4x4 12x9"
yd

W12x170
N |
5/16" L7 | | A, |
3"
Figure 3.18
Show: All limit states that apply.

Limit_States:

1. Beam Gross Shear

oV, = ¢(0.6FA) = 0.90.6)(36)(17.99 x 0.355) = 1242k
2. Beam Net Shear
oV = ¢(0.6F A ) = 0.75(0.6)(58)[17.99 - 3(7/8 + 1/8)](0.355) = 138.9k

3. Beam Web Bearing/Tear-out
Eccentricity is ignored
No edge distance concern & s =3 in. > 3d, .". Only bearing applies
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10.

¢R = ¢¥, 2.4F dt=3x0.75(2.4)(58)(7/8)(.355) = 97.3K

Bolt Shear
3 7/8 in. dia. A325-N bolts

¢R, = ¢rAN, = 0.75(48)(0.6013)(3) = 64.9K

Plate Gross Shear

¢V, = $(0.6F,A) = 0.9(0.6)36)(9 x 25) = 43.7K

Plate Net Shear

V. = $(0.6F A ) = 0.75(0.6)(58)[9 - 3(7/8 + 1/8)]0.25 = 39.2K

Plate Bearing / Tear-out
edge = 1.25in. > 1.5d, & spacing =3 > 3d, .. Only bearing applies

R = ¢¥ . 2.4F dt=3[0.75(2.4)(58)(7/8)(.25)] = 68.5K

Plate Block Shear
Shear Rupture:
Phd 0.6F A = 0.6(58)(7.5 - 2.5(7/8 + 1/8))0.25
> = 43.5k
/i‘ Tension Rupture:
9 FA. = 58(1.5-0.5(7/8 + 1/8))0.25
S = 145

Shear Rupture > Tension Rupture
". Shear Rupture controls

Tension Yield: F,A, = 36(1.5x0.25) = 13.5k

. ¢V, = 0.75(43.5+13.5) = 42.8K

Weld Rupture
R = 1.392(5)(9)2) = 1253k

Column Flange Shear Yield at Weld

SR, = 0.9(0.6)(36)(9 x 1.56)(2) = 545.9K
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11. Weld at Beam and Column Flange

Full Penetration groove weld, F, = 70 ksi
Be sure weld is compatible with both materials

Check for stiffener requirement:

If )R < Flange force = F, = M, /(d - t), then stiffeners are required.

12. Column Flange Bending

¢R, = $6.25t7F = 0.9(6.25)(1.56)%(36) = 492.8k
13. Column Web Yielding

¢R, = (t,+ SK)F, 1, = 1.0[0.57 + (5 x 2.25)](36)(0.96) = 408.5K

14. Column Web Crippling

15
F_t
SR, = ¢135t§,|:1+3(£)(tlJ ] et
d At t,

(0.75)135(0.96)2|:1 + 3[ 0.57 )[ 0.96)"’] 36(1.56)

R,
14.03 A 1.56 0.96

¢R. = 756X

15. Column Web Buckling

4100t JF,,
4R, = 6—2 = (075)

[

3
41000.96)'v36 _ U

Assuming F;, << ¢R , no stiffeners are required.

.. Plate Block Shear controls the connection design = ¢R_= 428K
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3.3.2 Flange Plate Bolted Moment Connection

Example 2. Refer to connection beam B2 framing into column C1. (Fig. 3.1, 3.3, 3.5)

Given: A W18x60 beam framing into a W12x170 column (weak axis).

Flange plate bolted, web bolted moment connection.
PL 1/2x10x1'-6 1/2"

2-PL 3/4x10 7/8x1'- 3 1/2"

Use 7/8 in. ¢ A325-N bolts.

All steel is A36.
See Fig. 3.19 below.
/N
! L\
- !
: lﬁ' }1/’2“
| l ‘“2@3"ﬂ |
i T e T \ | — L )
oo i N ‘T | o
o | | i A e o e \/‘
oo s L |
Lol el T o kT Bl
~ IR | e e e
. I — | )
N | | ] k -
W18x60 |
E I TOP VIEW
A‘\;/
SIDE VIEW W12x170
Figure 3.19
Show: All limit states that apply.
Limit States:
Shear:
1. Beam Gross Shear
oV, = ¢(0.6F A, = 0.9(0.6)(36)(18.24 x 0.415) = 147.2k
2. Beam Net Shear
oV, = ¢(0.6F A) = 0.75(0.6)(58)[18.24 - 5(7/8 + 1/8)](0.415) = 143.4k
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Beam Web Bearing/Tear-out
Eccentricity is ignored
No edge distance concern & s =3 in. > 3d,  .". Only bearing applies

SR = ¢¥ . 24F dt="5x0.75(2.4)(58)(7/8)(415) = 189.6k

Bolt Shear
5 7/8 in. dia. A325-N bolts

oR, = ¢r AN, = 0.75(48)(0.6013)(5) = 108.2K

Plate Gross Shear

6V, = ¢(0.6F,A) = 0.9(0.6)(36)(15x 0.5) = 145.8K

Plate Net Shear

V. = $(0.6F.A ) = 0.75(0.6)(58)[15 - 5(7/8 + 1/8)]0.5 = 130.5k

Plate Bearing / Tear-out
edge = 1.51in. > 1.5d, & spacing =3 > 3d, .. Only bearing applies

¢R = ¢¥ . 24F dt=5[0.75(2.4)(58)(7/8)(0.5)] = 228.4K

Plate Block Shear
J Shear Rupture:
- 0.6F A = 0.6(58)[13.5 - 4.5(7/8 + 1/8)]0.5
Z/, T = 1565k
e |
Z’ Tension Rupture:
1 FA, = 58[1.5-0.5(7/8 + 1/8)]0.5
/{9 =29
2/
yﬁi Shear Rupture > Tension Rupture

". Shear Rupture controls

Tension Yield: F A = 36(1.5x0.5) = 27k

. V. = 0.75(156.5 +27) = 137.7K
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Plate Yield at Weld (at column web)

SV = 0.9(0.6 x 36)[18.5 - 2(0.75)](0.5 x 2) = 330.5K

10. Weld Rupture (Shear only)

SR = 1.392(6)[18.5 - 2(0.75)](2) = 284K

11. Column Web Shear Yield at Weld
SR = 0.9(0.6)(36)[18.5 - 2(0.75)](0.96)x2 = 634.5K
Moment: Compare force limit states with Flange force = F, = M /(d-t)

12. Web Plate Yield at Weld (at flange plates)

13.

14.

éV, = 0.9(0.6 x36)[6-0.75](0.5x2) = 102.1k
Flange Plate Yield at Weld

6V = 0.9(0.6 x 36)[6 - 0.75](0.75x 2) = 153.1K

Beam Flexural Strength Reduction

0.75F A, = 0.75(58)[7.55 - 2(7/8 + 1/8)](0.695) = 167.8K
0.9F,A = 0.9(36)[7.55](0.695) = 170K

09F A = 0.75FA; .. Reduced capacity due to flange holes
. = 0.75F, A, = M[ISS-Z(I)](O.G%) = 518in’
0.9F, 0.9(36)

Ao = A, - A, = 7.55(0.695) - 5.18 = 0.08 in?

M, = 369 k-ft

M, e = 369 - 36(0.08)(18.24 - 0.695)/12 = 364.8 k-ft
So¢M, = 3283 kAR
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15.

16.

17.

18.

Flange Plate Tension Yield

¢T, = ¢FA A, = min

w, using the Whitmore Model below
W, t,  (Whitmore 1952).

w_ = 3.5+ 2[(3 +3)tan30°] = 1043 in.

w_ = 6.14 in. (at last bolt group)

. ¢T. = 0.9(36)(6.14x 0.75) = 149.2K

Flange Plate Tension Rupture

6T = ¢F A = (0.75)58)[6.14 - 2(7/8 + 1/8)](0.75) = 135.1k

Tension Flange Plate Bearing/Tear-out
edge = 1.5 in. > 1.5d, & spacing =3 > 3d, .. Only bearing applies

¢R = ¢¥ . 2.4F dt=6[0.75(2.4)(58)(7/8)(0.75)] = 411.1K

Tension Flange Plate Block Shear

o
1
e e
<
S
Case 1 Case 2
By inspection Case 2 controls.
Shear Rupture:
0.6F A = 0.6(58)(7.5 - 2.5(7/8 + 1/8))0.75x2
= 261
Tension Rupture:
FA, = 58(3.5-1(7/8 + 1/8))0.75
= 108.8K
Shear Rupture > Tension Rupture .. Shear Rupture controls
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19.

20.

21.

22.

Tension Yield: F,A, = 36(3.5x0.75) = 94.5k
. ¢V = 0.75(261 +94.5) = 266.6K

Bolt Shear
6 7/8 in. dia. A325-N bolts

¢R, = ¢rAN, = 0.75(48)(0.6013)(6) = 129.9K

Beam Flange Bearing / Tear-out
edge =1.51n. > 1.5d, & spacing = 3 > 3d, .. Only bearing applies

¢R. = ¢T . 2.4F dt=6[0.75(2.4)(58)(7/8)(0.695)] = 381K

Beam Flange Block Shear

1 Shear Rupture:
'.LQL,QI 0.6F A = 0.6(58)(7.5 -2.5(7/8 + 1/8))0.695x2
__________________ = 241.9K
% ““““““““““ Tension Rupture:
<8 9~ FA, = 58(2.025 - 0.5(7/8 + 1/8))0.695x2
N = 1229k
Shear Rupture > Tension Rupture .. Shear Rupture controls

Tension Yield: F A, = 36(2.025 x 0.695)x2 = 101.3k
. ¢V = 0.75(241.9+101.3) = 257.4K

Compression Flange Plate Capacity

B e e .
X A A AL S P A A A X

6.7"
t=075"

|

|

]

I = 1/12(6.7)(0.75) = 0.236 in*
A, = 6.7(0.75) = 5.025 i

S \/—0'236 = 0.22'in
YA 5.025

g
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23.

24,

25.

26.

27.

usek =038 kL/r = 0.8(2.2)/0.22 = 80 =
. R = 30.5(5.025) = 153.3k
Compression Flange Local Bucklin
A= (1)—37; = 176 < A,
35

| _ _
|'—I—T13/4')‘_?_4‘67<)"
| | I

f B ]
1.32"j 3.5" 1.32"

Weld at Column Flanges

SR = 2(2)(1.392)(6)(5.8 - 3/8 - 3/4) = 156.2k

Column Flange Yield at Weld

dR, = 0.9(0.6)(36)(5.8 - 3/8 - 3/4)(1.56) = 141.8k
Weld at Column Web

SR = 2(1.392)(6)[10.91 - 2(3/4)] = 157.2k
Column Web Yield at Weld

SR = 0.9(0.6)(36)[10.91 - 2(3/4)](0.96) = 292.7k

¢F_=30.5 ksi

= 9—5 .. ok
JE

_ 23 . ok

=

. Bolt Shear controls the connection design (for shear portion) = ¢R_ = 108.2K

Web Plate Yield at Flange Plate Weld controls the connection design
(for moment portion) = ¢R = 102.1k

82



3.3.3 Flange Plate Welded Moment Connection

Example 3. Refer to connection beam B4 framing into column C1. (Fig. 3.1, 3.4, 3.6)

Given: A W18x60 beam framing into a W12x170 column (weak axis).
Flange welded, web bolted moment connection.
PL 1/2x10x1'-4 3/4"
2-PL 3/4x10 7/8x1'-6 1/2"
Use 7/8 in. ¢ A325-N bolts.
All steel is A36.
See Fig. 3.20 below.

1
|
i
L b
\ N e
‘ | I 1 {
| J ! [
112" i | \ N
—e | ! N \ !
® | ‘R\ \' 17 \ N
1g3 J ~ |3 2 7
) ° § \‘ \\ E < ::::::::::::&:i:: 8
5Nl Y
1120 | ! j
IR RN | I i
b X L
L N
! Py
W18x60 T !
i H
: E TOP VIEW
\
SIDE VIEW W12x170
Figure 3.20
Show: All limit states that apply.

Limit States:
Shear:

1. Beam Gross Shear

¢V, = ¢(0.6FA) = 0.9(0.6)(36)(18.24 x 0.415) = 147.2k
2. Beam Net Shear

6V, = $(0.6F,A) = 0.75(0.6)(58)[18.24 - 4(7/8 + 1/8)](0.415) = 154.2K
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Beam Web Bearing/Tear-out
Eccentricity is ignored
No edge distance concern & s =3 in. > 3d,  .’. Only bearing applies

¢R = oY, 24F dt=4x0.75(2.4)(58)(7/8)(415) = 151.6K

Bolt Shear
4 7/8 in. dia. A325-N bolts

¢R, = ¢r AN, = 0.75(48)(0.6013)(4) = 86.6K

Plate Gross Shear

$V, = $(0.6F,A) = 0.9(0.6)(36)(12x 0.5) = 116.6K

Plate Net Shear

V. = &0.6FA_) = 0.75(0.6)(58)[12 - 4(7/8 + 1/8)10.5 = 104.4K

Plate Bearing / Tear-out
edge=1.51n. > 1.5d, & spacing =3 > 3d, .. Only bearing applies

R = ¥ .. 2.4F d.t=4[0.75(2.4)(58)(7/8)(0.5)] = 182.7K

Plate Block Shear
S Shear Rupture:
L 0.6F A = 0.6(58)[10.5 - 3.5(7/8 + 1/8)]0.5
i = 121.8K
// é > Tension Rupture:
s FA, = SSLI.S - 0.5(7/8 + 1/8)]0.5
7 =29
- I

Shear Rupture > Tenston Rupture
. Shear Rupture controls

Tension Yield: F,A, = 36(1.5x0.5) = 27K

S ¢V = 0.75(121.8+27) = 111.6K
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9. Plate Yield at Weld (at column web)

V. = 0.9(0.6 x 36)[16.75 - 2(0.75)](0.5 x 2) = 296.4K
10. Weld Rupture (Shear only)

SR = 1.392(6)[16.75 - 2(0.75)](2) = 254.7K
11. Column Web Shear Yield at Weld

oR, = 0.9(0.6)(36)[16.75 - 2(0.75)](0.96) = 569.2k
Moment: Compare force limit states with Flange force = F, = M,/ (d-t)
12. Web Plate Yield at Weld (at flange plates)

$V. = 0.9(0.6 x 36)[6 - 0.75](0.5x 2) = 102.1k
13. Flange Plate Yield at Weld (at web plate)

SV, = 0.9(0.6 x 36)[6 - 0.75](0.75x 2) = 153.1k
14. Flange Plate TensionYield at Weld

#R_ = 0.9(36)[7.55x 0.75] = 183.5K
15. Beam Flange Tension Yield at Weld

#R_ = 0.9(36)[7.55 x 0.695] = 170K
16. Weld Rupture

Full Penetration Groove Weld, F_ = 70 ksi

Be sure weld matches base material.
17. Flange Plate Tension Yield

SR = 0.9(36)[10.91 x 0.75] = 265.1K
18. Flange Plate Tension Rupture

#R_ = 0.75(58)[10.91 x 0.75] = 356K
19. Flange Plate Weld Rupture at Column Web

¢R = 2x1.392(6)[10.91 - 2(0.75)] = 157.2K
20. Flange Plate Weld Rupture at Column Flanges

$V. = 2x2x1.392(6)[5.8 - 3/8 - 0.75] = 156.2k
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21. Flange Plate Shear Yield at Weld at Column Flanges

SV = 0.9(0.6 x 36)[5.8 - 3/8 - 0.75](0.75)x2x2 = 272.6K

22. Compression Flange Plate Capacity

| 10.91"

| N

1§ X A X
N
\,

\ t=0.75"

3/ "

I = 1/12(10.91)(0.75) = 0.384 in*
A, = 10.91(0.75) = 8.18 in?

g
r, = L - \]w = 0.217in
A, 8.18

usek=0.38 kL/r = 0.8(.75)/0.217 = 2.77 = oF_ =30.59 ksi

5. @R = 30.59(8.18) = 250.2k

23. Compression Flange Local Buckling

A= 1091 sy o 283

0.75 T[}T

*. ok

*. Bolt Shear controls the connection design (for shear portion) = ¢R = 86.6K

Web Plate Yield at Flange Plate Weld controls the connection design
(for moment portion) = ¢R = 102.1K
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3.3.4 Extended End-Plate Moment Connection

Example 3. Refer to connection beam B4 framing into column C1. (Fig. 3.1, 3.4, 3.5)

Given: A W18x60 beam framing into a W12x170 column (weak axis).
4-bolt extended, unstiffened moment end-plate connection.
PL 1x7 1/2x2'- 3 1/4"
Use 7/8 in. ¢ A325-N bolts.
All steel is A36.
See Fig. 3.21 below.

11/4"

I 5‘
WE'—Q ‘ | ! . 112"
il s

< 14 1/4"
7
W21x44 u ° °
| — —— 4
n
°
q 112"
Al :
W12x170 L PL 1x7 1/2x2-3 1/4"
SIDE VIEW FRONT VIEW
Figure 3.21
Show: All limit states that apply.

Note: Refer to Extended End-Plate Moment Connections (Murray 1990).
Limit States:

1. Beam Gross Shear

éV, = $(0.6F,A,) = 0.9(0.6)(36)(20.66 x 0.35) = 140.6K

2. Bolt Shear and Tension

« Tension: ¢R, = 0.75(90)(0.6013) = 4ok/bolt = 160k
e Shear: #R, = 0.75(48)(0.6013) = 21.6k/bolt = g 6k
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End-Plate Yield

b < b,+1=75in .. ok
g <b,=65in .. ok

Effective bolt distance,

p. = p,-dy/2-0.707w = 1.30

A, _ 65(045) _ 0.405
A 20.66(0.35)

w

p,/d, = 1.30/0.875 = 1.49

3 3
c, = |2} = (E) - 0931

b, 7.5
C, = 1.36 (from AISC moment end-plate design guide)
1/3 1/4
a, = C.C, ﬁ b
Aw db

1.36(0.931)(0.405)"*(1.49)"* = 1.04
M, = —“miﬁ'pe , let F, = 4(40) = 160

cu

M - L04a60)13) _ o, k-fi

€u

ctoreqa = M, _ 0.94in. < lin., ok
0.9E,b,

Weld at Beam Web to End-Plate

Note: Weld between end-plate and beam need to meet the requirement for
tension in the web near the tension bolts and the requirement for beam
shear.

Req'd weld to develop web tension,
D . = PEt, _ 0.9(36)0.35) _
T 2(1.392) 2(1.392)

4.07 < 6 .. ok
Req'd weld for shear, (assume V, = 10K)
D - v, _ 10

req'd d d << 6 .. 0k
2(1_392)(5 —tf) 2(1.392)[—2- —tf)
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Column Side Limit States:

5.  Column Web Yield

$R, = OF 1, (t, + 2w +1t + 6k)

yc we

= 1.0(36)(0.96)[0.45 + 2(0.375) + 6(2.25)] = 542.6K

6. Column Web Crippling

Will not govern

7.  Column Web Buckling

Will not govern

8. Column Flange Bending

Analyze column as an end-plate with,

—
It
-

) fc
b, = 2.5(p,+t, +p).c = (p,+t,+p)
b./b = 1.0

A/A, =10
b = 2.5) = 10

P

' P,

A 13 14
a, = C,C,|[—F Pe
Aw db

V4
1.36(1.0)(1‘0)”3(%) = 1.46

2.5¢ C

g/2-d/2-k = 5/2-.875/2-1.125 = 1.16in.

_ $Ebuty  _ 0.9(36)(12.57X1.56)"
cu 4 4
= unstiffened column capacity = ¢Rn
_ 4AM,, _ 4(2473)

en

a,p,  1.46(116)

= 247.8k-in

=

cap

= 585.3K

If ¢R <F, , stiffeners and welds need to be designed to carry F, - ¢R___ .
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3.4  Miscellaneous Connection Design Examples

3.4.1 Beam and Column Splice Connections

Example 1. Beam Splice - Refer to beam B3 splice connection. (Fig. 3.5, 3.6)

Given: 2-W21x44 beam members in a moment splice connection.
3-Plate, bolted beam moment splice connection.
2-PL 1/2x6 1/2x1'-6 1/2" (flange plates)
2-PL 1/4x6 1/2x1'-3" (web plates)

Use 7/8 in. ¢ A325-N bolts.

All steel i1s A36.
See Fig. 3.22 below.
S . S S 3120
e | o o | | o L112
| | | |
e | | o e | | o
{ | | |
2 e | | o \) e | | e ‘@3
| b | i
'Y ; | e ° : l
] i
| i i
e | | © ® | .-——'f*- 112
W21x44 W21x44 —
2-PL 1/4x6 1/2x1'-3"
-+ ka2
1
| |
e o o | e o oJ—w
E E 3172
! |
e o o (o o o
Pl
— PL 1/2x6 1/2x1'-6 1/2" Top and Bottom
" 312" 2@3"
11 2@3 @ i
Figure 3.22
Show: All limit states that apply.

Limit States:

1. Beam Gross Shear

$V, = 6(0.6F,A,)
2. Beam Net Shear

¢V, = ¢(0.6FA))

= 0.9(0.6)(36)(20.66)(0.35) = 140.6k

= 0.75(0.6)(58)[20.66 - 5(7/8 + 1/8)](0.35) = 143.1k

90



Beam Web Bearing/Tear-out
Must consider eccentricity

Using LRFD Table X and the following values:

b=3in.

X, =21n. = 4 40 (effective number of bolts)

n=>5

No edge distance concern & s =3 in. > 3d, .. Only bearing applies

¢R = ¥, 24F.dt=4.40x 0.75(2.4)(58)(7/8)(.35) = 140.7K

Bolt Shear
Consider eccentricity. Use effective number of bolts, C = 4.40

¢R, = ¢r A.Cm = 0.75(48)(0.6013)(4.40)x2 = 190.5K

Web Plate Gross Shear

¢V, = ¢(0.6F,A) = 0.9(0.6)(36)(15 x .25) = 72.9K/plate — 145 gk

Web Plate Net Shear

6V, = $(0.6F.A ) = 0.75(0.6)(58)[15 - 5(7/8 + 1/8)](0.25)x2 = 130.5k

Web Plate Bearing / Tear-out
edge > 1.5d, & spacing = 3 > 3d, .. Only bearing applies

Note: Use effective number of bolts, C =4.40
¢R = ¢, . 2.4F d t=440[0.75(2.4)58)(7/8)(25)]x2 = 201k

Top Flange Plate Tension Yield

#T, = 0.9(36)(6.5x 0.5) = 105.3k

Top Flange Plate Tension Rupture

¢T, = ¢F A, A,.= min 0.85A, where,
A - LA,

0.85(6.5x0.5) = 2.7625 in’

A, = min ,
(6.5x0.5) - 2(7/8 + 1/8)0.5 = 2.25 i’

. ¢T. = 0.75(58)(2.25) = 97.9k
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10. Flange Plate Bearing / Tear-out

11

12.

13.

edge > 1.5d, & spacing =3 > 3d, .. Only bearing applies
dR = ¢ Y .2.4F dt=6[0.75(2.4)(58)(7/8)(0.5)] = 274.1k

Flange Plate Block Shear

& o Shear Rupture:
R 0.6FA_ = 0.6(58)[7.5-2.5(7/8 +1/8)}(0.5)2 = 174k
* o0

i

\
o
|

Tension Rupture:
FA, = 58[1.5-0.5(7/8+1/8)](0.5)2 = 58k

Controlling Case

Shear Rupture > Tension Rupture .". Shear Rupture controls
Tension Yield: F,A, = 36(1.5x0.5)2 = 54k
. ¢T. = 0.75(174 + 54) = 171k
Bolt Shear
#R_ = 0.75(48)(0.6013)x6 = 129.9K

Compression Flange Plate Capacity

‘ 6.5"
|
A AR AT IS
X 72 2 0 ) X

~.
7

t=0.5"

::Izu—_:.:
|
3‘ " H
"
I = 1/12(6.5)(0.5) = 0.068 in*

A, = 6.5(05) = 3251

rx = I_X = w = 0.145 in
A \ 3.25

g

usek =0.8 kL/r = 0.8(3.5)/0.145 = 24.1 =  ¢F_=29.68ksi
5. ¢R = 29.68(3.25) = 96.5K



14. Compression Flange Local Buckling

15.

16.

17.

D x = E = 3 < kl’ = _9_5_ '. Ok
| ; 0.5 \/E
| 3.5 253
| . x = . = 7 < xr = . Ok
:L T | 172 0.5 \/F'
] —— '
1.5 3.5" Lo

Beam Flange Bearing / Tear-out
edge = 1.5 in. > 1.5d, & spacing = 3 > 3d, .. Only bearing applies

¢R = ¢ ¥, 24F.dt=6[0.75(2.4)(58)(7/8)(0..45)] = 246.6K

Beam Flange Block Shear

T ~] Shear Rupture:
;\‘\x 0.6F A = 0.6(58)[(7.5-2.5(7/8 + 1/8)]0.45x2
_________________ = 156.6K
< Tension Rupture:
-0 0~ FA, = 58[1.5-0.5(7/8 + 1/8)]0.45x2
— = 522k
Shear Rupture > Tension Rupture .. Shear Rupture controls

Tension Yield: F,A, = 36(1.5x 0.45)x2 = 48.6k
. ¢V, = 0.75(156.6 + 48.6) = 153.9K

Beam Flexural Strength Reduction

0.75F A, = 0.75(58)[6.5 - 2(7/8 + 1/8)1((0.45) = 88.1k
0.9F,A, = 0.9(36)(0.65 x 0.45) = 94.8

09FA > 075FA, .. Reduced capacity due to flange holes
N = 0.75F, Ay = 9'75(—58)[6.5-2(1)](0.45) = 2.72'in
0.9E, 0.9(36)
A s = Ag- A, = 65(0.45)-2.72 = 021 in?

M, = 287 k-ft
M, e = 287 - 36(0.21)(20.66 - 0.45)/12 = 274.3 k-ft

S oM, = 246.8 k-fi
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. Web Plate Shear Rupture controls the connection design
(for shear portion)= ¢R_ = 130.5K

Flange Plate Compressive Capacity controls the connection design
(for moment portion) = ¢R, = 96.5K
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Example 2. Column Splice - Refer to C1 to C2 column splice connection.
(Fig. 3.3,3.5)

Given: A W12x170 and W12x106 column in a connection.
2-Plate, bolted/welded column splice connection.
PL 5/8x9x9" (web plate)
PL 1x8 1/2x1'-9" (flange plate)
Use 7/8 in. ¢ A325-N bolts.
All steel is A36.
See Fig. 3.23 below.

( 51/2"
‘ W12x106 B
! 112"
‘ ® )
L 2@¥ o o
112" ||
PP >T . \I_l ® :I: - o [
PL5/8x9%9"
o \
W&— PL1x8 1/2x1':9 o -
W12x170 i 172" 2
y A
EAST ELEVATION NORTH ELEVATION
Figure 3.23
Show: All limit states that apply.
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M M
N N
Assume C1 takes bearing stress from C2.
s B B | Splice plates are stressed by wind loads
— (tensile bearing stresses) - Case I and II.

Limit States:

1.

Column Bearing Stress

LRFD J8.1

¢R, = $2.0F,A,) = 0.75(2.0)(36)(31.2) = 1685k

For Flange Plate (Case I):

2.

Bolt Shear
SR = 0.75(48)(0.6013)(6) = 129.9k

Plate Tension Yield

¢Ty = 0.9(36)(8.5x 1.0) = 275.4K

Plate Tension Rupture

0.85A,
A,- LA,

¢T = ¢F A, where, A = min
A= min | 08585x10) =72 in? 2

(8.5x 1.0)-2(7/8 + 1/8)1.0 = 6.5in
. ¢T. = 0.75(58)(6.5) = 282.8k

Plate Bearing / Tear-out
edge > 1.5d, & spacing =3 > 3d, .. Only bearing applies

SR = ¢¥ . 2.4F. d.t=6[0.75(2.4)(58)(7/8)(1.0)] = 548.1k
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6. Flange Plate Block Shear

Shear Rupture:
0.6F A6 = 0.6(58)[7.5-2.5(7/8 +1/8)](1.0)2 = 348k

A\ ,—t Tension Rupture:

FA, = 58[1.5-0.5(7/8+1/8)](1.0)2 = 116K

Shear Rupture > Tension Rupture .". Shear Rupture controls
Tension Yield: F,A, = 36(1.5x1)2 = 108K
. ¢T, = 0.75(348 + 108) = 342K

7. Column Flange Bearing / Tear-out
edge > 1.5d, & spacing = 3 > 3d, .. Only bearing applies

¢R, = ¢T,.2.4F d.t = 6[0.75(2.4)(58)(7/8)(1.56)] = 855K

8. Column Flange Block Shear

ave Shear Rupture:
0.6F A = 0.6(58)[9 -2.5(7/8 +1/8)](0.99)2
= 447.9K

N

T
\

PPN
\

 Tension Rupture:
FA, = 58[3.35-0.5(7/8 + 1/8)](0.99)2 = 327.3k

|

Shear Rupture > Tension Rupture .". Shear Rupture controls
Tension Yield: F,A, = 36(3.35x0.99)2 = 238.8k
. ¢T. = 0.75(447.9 + 238.8) = 515K
9. Weld Rupture (1/2" fillet)
SR = 8(1.392)[8.5 +2(10.5 - 2(1/2))] = 306.2K

10. Plate Tension Rupture (welded portion)

SR = 0.75(58)[0.85(8.5 x 1.0)] = 314.3K
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For Flange Plate (Case II):

11. Bolt Shear

Must consider eccentricity, using LRFD Table X1V

. [
. \ b=55in
r 3 H‘ X, =61in = Interpolating, C =281
n=2
——e @
6"L ¢R = 2.81(0.75)(48)(0.6013) = 60.8K
° °

Assume V] at splice

12. Plate Shear Yield

#R_= 0.9(0.6 x 36)(8.5 x 1.0) = 165.2k

13. Plate Shear Rupture

SR = 0.75(0.6 x 58)(8.5 - 2(7/8 + 1/8))(1.0) = 169.7K

14. Plate Bearing / Tear-out
edge > 1.5d, & spacing =3 > 3d,
. Only bearing applies, and consider eccentricity.

¢R = ¢¥ . 2.4F dt=281[0.75(2.4)(58)(7/8)(1.56)] = 256.7K

15. Weld Rupture (t,,, =1/2in)

Using LRFD Table XXII and the following values:

—

T K =105 - 2w = 10.5 - 2(0.5) = 9.5in.

u al oo 2954T _ e
. 8.5 +2(9.5)

X 4 =105in -x = 7.22in.

85 a = ﬂ _ 7.22‘1n. - 085
1 85in
k= o250y,

1 85in

Interpolation gives C = 2.26

. ¢R =P = CCDI = (1)(2.26)(8)8.5) = 153.7K
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16. Column Flange Strength at Weld

Yield strength per inch of column = ¢(0.6F t )
= 0.9(0.6)(36)(1.56) = 30.3K/in.
Strength per inch of weld = 1.392(8) = 11.14K/n.

30.3 > 11.14 .". web is adequate for full weld

For Web Plate (Case I):

17. Bolt Shear
Must consider eccentricity, using LRFD Table X

b=6in

x,=3in. = Interpolating, C = 1.39
n=2

¢R, = 1.39(0.75)(48)(0.6013) = 30.1k

18. Plate Shear Yield

SR = 0.9(0.6 x 36)(9 x 5/8) = 109.4k

19. Plate Shear Rupture

SR = 0.75(0.6 x 58)(9 - 2(7/8 + 1/8))(5/8) = 114.2k

20. Plate Bearing / Tear-out
edge > 1.5d, & spacing =3 > 3d,
*. Only bearing applies, and consider eccentricity.

¢R = ¢¥, 2.4F dt=139[0.75(2.4)(58)(7/8)(5/8)] = 79.4k

21. Column Web Bearing / Tear-out
edge > 1.5d, & spacing =3 > 3d, .. Only bearing applies.

¢R = ¢¥,. 2.4F d.t=1.39[0.75(2.4)58)(7/8)(0.61)] =77.5K
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22. Weld Rupture (t_,, = 3/8 in)

Using LRFD Table XXII and the following values:

= ! ki = 4.5 - 2(3/8) = 3.75in.
al
y i o = ABTSABTS)] oo
. —hl 9 +2(3.75)
L al = 45in. - xl = 3.65in.
9" .
_a _36%2m. _ 4
1 9in
k=2 _3Bn
1 91in

Interpolation gives C = 1.77
. ¢R_= P. = C,CDI = (1.0)(1.77)(6)9) = 95.6K

23. Column Web Strength at Weld

Yield strength per inch of column = ¢(0.6F t,)
= 0.9(0.6)(36)(0.96) = 18.66K/In.
Strength per inch of weld = 1.392(6) = 8.35k/in.

18.66 > 8.35 .". web is adequate for full weld
For Web Plate (Case II):

24. Bolt Shear
SR = 0.75(48)(0.6013)(2) = 43.3K
25. Plate Tension Yield

¢Ty = 0.9(36)(9 x 5/8) = 1823k
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26.

27.

28.

29.

30.

31.

32.

Plate Tension Rupture

oT, = ¢F A, where, A= min 0.85A,
As' EAhole

0.85(9 x 5/8) = 4.78 in’

A, =
(9 x 5/8) - 2(7/8 + 1/8)(5/8) = 4.375in
. ¢T. = 0.75(58)(4.375) = 190.3k

Plate Bearing / Tear-out
edge > 1.5d, & spacing =3 > 3d, .. Only bearing applies

¢R, = ¢Y . ,.2.4F d.t =2[0.75(2.4)(58)(7/8)(5/8)] = 114.2k
Flange Plate Block Shear

: 4 " Shear Rupture:
06F A = 0.6(58)[1.5-0.5(7/8 +1/8)](5/8)2 = 43.5k

’ Tension Rupture
A | FA, = S8[1.5-05(7/8+ 1/8))(5/8)2 = 50.75k

v

Tension Rupture > Shear Rupture .. Tension Rupture controls
Shear Yield: 0.6F,A, = 0.6(36)(1.5x 5/8)2 = 40.5k
. ¢T. = 0.75(50.75 + 40.5) = 68.4K

Column Web Bearing / Tear-out
edge > 1.5d, & spacing =3 > 3d, .. Only bearing applies

¢R = ¢ Y, 2.4F dt =2[0.75(2.4)(58)(7/8)(0.61)] = 111.4k
Column Web Block Shear

Will not govern by inspection

Weld Rupture (3/8" fillet)

SR = 6(1.392)[9 +2(4.5-2(3/8x2))] = 137.8k

Plate Tension Rupture (welded portion)

¢R_ = 0.75(58)[0.85(9 x 5/8)] = 208K
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For Partial Penetration Groove Weld:

33. Weld Strength
Using LRFD Table J2.3 = mint, = 3/8in.

Assume 3/4 in. chamfer

from Table J2.1, t, = 3/4-1/8 = 5/8in.
R,
¢ R,

0.9(5/8)(36) = 20.25KIn = ¢ R = 20.25(12.2) = 247.1K (compression)

0.8(5/8)(0.6 x 70) = 21kK/in = ¢ R = 21(12.2) = 256.2K (shear)

". Bolt Shear in Web Plate controls connection design = ¢ R, = 30. 1k
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3.4.2 Bearing Connections

Example 1. Seated Beam Connection - Refer to beam B6 into column C2 connection.
(Fig. 3.2,3.5)

Given: A W16x40 beam framing into a W12x106 column connection.
Unstiffened angle, seated beam connection.
14x4x3/8x6 1/2" (seat angle)
L4x4x3/8x6" (erection angles)
Use 7/8 in. ¢ A325-N bolts.
All steel is A36.
See Fig. 3.24 below.

Wl}xl()é
|

It
P — I)\/
t
{
{
|

172"

112"

14V

W16x40

l
|
|

1/4" 8

i
|
|
|
|
|
|
|
|
b
i
I
I
i
|
|
|
|
|
|
I
|
|
|
|
|
|
!

N, \

2 3/4"
NORTH ELEVATION EAST ELEVATION

Figure 3.24
Show: All limit states that apply.

Limit States:
Note: Refer to "Design Loads for Seated-beam in LRFD." (Garrett, ef a/ 1986)
1. Beam Gross Shear

SR = 0.9(0.6x36)(16.01 x 0.305) = 94.9k
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Beam Net Shear

SR = 0.75(0.6x58)[16.01 - 2(7/8 + 1/8)](0.305) = 111.5K

Beam Web Local Yielding

Use N as shown below.
Conservatively, use N = angle leg - 3/4 =3.25in.
¢R, = ¢(N +2.5k)Ft,

1.0[3.25 + (2.5 x 1.1875)](36 x 0.305) = 68.3K

Beam Local Web Crippling

N/2 =1.625 < d2
N/d = 1625/16.01 = 0.203 > 0.2

15
5 4N t K. t;
= 8 M ') W v
¢R, = ¢6 t{lw{ y —oz)(tf) } ,

w

9R, = (0.75)68(0.305)2[1+(m _0_2)[_0-305) } \/@
16.01 0.505 0.305

oR. = 471K
Angle Shear Yield
SR = 0.9(0.6 x 36)(6.5 x 3/8) = 47.4K

Flexural Strength of Angle
1t (65)(3/8) _

S = — =2"""" = 264in°
6 6
2 4 8

e= 22,3 (3 13)- 165in
2 4 (8 8

¢V, = 09ES, /e,

0.9(36)(2.64) _
(1.625)

k

LV, = 52.7

104



7. Column Flange Yield at Weld

#R_= 0.9(0.6 x 36)(4 x 3/8)2 = 58.3k

8. Weld Rupture (1/4" fillet)

4"

-

Neglect weld returns.
e, = N2+3/4 =2375in.
Using LRFD Table XVIII and

6.5"

klI=65in. = k=1.625
al=2375in. = a=069 ..C=187

SR =P = 1.0(1.87)(4)(4) = 30K

9. Column Flange Yield at Weld

#R = 0.9(0.6 x 36)(4 x 0.61)2 = 94.9k

For erection angle:

10. Angle Shear Yield

SR = 0.9(0.6 x 36)(6 x 3/8) = 43.7K

11. Angle Shear Rupture

SR = 0.75(0.6 x 58)[6 - 2(7/8 + 1/8)1(3/8) = 39.2k

12. Angle Bearing / Tear-out
edge > 1.5d, & spacing =3 > 3d, .. Only bearing applies

¢R = ¢T .. 2.4F dt=2[0.75(2.4)(58)(7/8)(0.375)] = 68.5K

13. Angle Block Shear

L

|

Shear Rupture:
0.6F A_=0.6(58)[6 - 1.5(7/8 + 1/8)](0.375) = 58.7k

! Tension Rupture:

FA_ = 58(1.25-0.5(7/8 + 1/8))(0.375) = 163k

Shear Rupture > Tension Rupture .. Shear Rupture controls

Tension Yield: F,A, = 36(1.25x 3/8) = 16.9K

S V. = [0.75(58.7 + 16.9)] = 56.7K
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14. Bolt Shear
SR = 0.75(48))(0.6013)2 = 43.3k

15. Flexural Yield of Angle

¢V, = 0.9FS /e, S, = & T T T2 in*

. _ 0.9(36)(2.25) _ <k
A a1 26.5

16. Flexural Rupture of Angle

6V, = 0.15ES /e
2N (N, =1)[t(d, +1/8)]

snel = sg— 61
2
s (3)'(2)[0.375(7/8 +1/8)] 160 ine
6(6)
v - 0.75(58)(1.69) _ , 1k
(2.75)

17. Weld Shear Strength (t, = 1/4 in)

Using LRFD Table XVIII and the following values:

r_2_75" 4* al = = 275 in.'

a = ﬂ _ 2.7§m. = 0.46
| 6 1n.
kI=0, k=0
6"

Interpolation gives C = 1.399

S ¢R_ =P = C.CDI = (1)(1.399)(4)(6) =33.6K

u

. Weld Rupture controls the connection design = ¢R, = 30K

(Ignoring the erection angle limit states)
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Example 2.

Given:

Show:

Limit States:

Beam Bearing Connection - Refer to column C3 bearing on beam B4.
(Fig. 3.3,3.4)

A 4" ¢ STD Pipe column bearing onto a W18x60 beam connection.
Bearing stiffeners (half-depth)

2-PL3/8x3 1/2x8 1/2"

All steel is A36.

See Fig. 3.25 below.

l

k N N| 3/4" clip — l
] W AN

W18x60

Z(
—7

-

85"
|
|
|

-~
~

ZPLEI/SXB 1/2x8 1/2"

Figure 3.25

All limit states that apply.

1. Local Web Yielding

Load distance > d from end, N=10.5in.

. ¢Ry

= 1.0[5(1.375) + 10.5](36)(0.415) = 260.6k

2. Local Web Crippling

Load distance > d/2,

¢R, = 1352

¢R

n

¢R, =

n

15
1+3(E) ty ) | Bt
d At t,

(0 75)135(0 415)2 1+3((10.5))(0.4]5)U \[36(075)
' ' 18.24 ) 0.695 0.415

243 3K

107



Sidesway Web Buckling (LRFD K1.5)
h/t, 38.7

= |——=——| =61 =7 .. will not occur.
1/b, 4(12)/
/1.555
Stiffener Capacity 2-PL3/8x3 1/2x8 1/2" (half depth)
b33 _93 <~ 15833 ok

t 0.375 \/Fj

I = 1/12(3/8)(7.415y = 12.74 in*

tw A = 2(3.5x3/8)+17.375(0.415) = 9.84 in?
V7777777777777 77777 12.74
' = ,J—— = 114 in.
9.84

kL = 0.75(8.5) = 6.375 in.

kL/r = 6.375/1.14 = 5.6 = ¢F_=30.55 ksi

N + 5k
(17.375") 5. ¢P. = 30.55(9.84) = 300.6K

Weld Strength
SR = 4x4(1.392)(8.5-0.75) = 172.6K

.. Weld Strength controls the connection design = ¢R = 172.6k
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Example 3. Beam Bearing Connection - Refer to beam B8 bearing on column C3.
(Fig. 3.3,3.4)

Given: A W16x31 beam bearing onto a 4" ¢ STD Pipe column connection.
All steel is A36.
See Fig. 3.26.
W16x31
< <
S
[ J
) N J
D T |
Figure 3.26
Show: All limit states that apply.

Limit States:

1. Local Web Yielding
Load distance < d from end, N = 10.5 in.

. $R = 1.0[2.5(1.125) + 10.5](36)(0.275) = 131.8K

2. Local Web Crippling
Load distance > d/2,

15
Ft
$R, = ¢135t€[[]+3(£){t_w) ] yw f
d At t,

(0.75)135(0.275)2[1+ 3[ 10.5 )(0.275)“} 36(0.44)

¢R

n

15.88 /\ 0.44 0.275

#R, = 115.1K

.. Web Crippling controls the connection design = ¢R_ = 115. 1k

109



Example 4. Column Base-Plate Connection - Refer to column C3 connection.
(Fig. 3.3, 3.4)

Given: A W16x31 beam bearing onto a 4" ¢ STD Pipe column connection.
PL5/8x5 1/2x10 1/2" (top)
PL5/8x7 1/2x10 1/2" (bottom)

All steel is A36.
See Fig. 3.27.
| 512" 4 L 71.2* N
W16x31 — [ N ' o | 1
- 31/4" ‘ 3 1/4"
’J } 4" 10 172" — j — 4"
i | ' [ ‘ )
) I |
< 31/4" 31/4"
L | L

A J _
! | - l
r : 1 ) )
34" 4 3/4" W18x60 134" 4 13/4"

TOP BASE PLATE BOTTOM BASE PLATE

Figure 3.27

Show: All limit states that apply.
Limit States:

For Top Plate:

1. Plate Bearing
b 5.5

m=—-k= =2 -1125 = 1.6251n.
2 2
1" tZ "
Z, = At ("X0-625) _ 4 6977 in3
4 4
M, = ¢F,Z, = 0.9(36)(0.0977) = 3.16k-in
fo= M _ 2610 _ 4
P me? (1.625)
f = P,
NB

. ¢$R, = fNB = 2.4(5.5)(10.5) = 138.6K
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2. Plate Bending
m = 3.25 in (critical)
"M, = 3.16k0 = f = 2(3.16)/(3.25)* = 0.60 ksi
#R_ = 0.60(5.5)(10.5) = 34.7K

For Bottom Plate:

3. Plate Bearing

m=2 k=713 _1375 = 2375in.
2 2
1" t2 "
L= W6 A")O.6257 _ 4977 ins
4 4
M, = ¢F,Z = 0.9(36)(0.0977) = 3.16k-in
g = My _ 2618 g
P m? (2.375)2
Pll
fp = NB

. R, = £ NB = 112(7.5)10.5) = 88.2k

4. Plate Bending
m = 3.25 in. (cnitical) and f = 0.60 ksi

#R_ = 0.60(7.5)(10.5) = 47.3k

*. Plate Bending (Top Plate) controls the connection = ¢R, = 34.7k
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Example 5. Moment Resistant Column Base-Plate Connection
- Refer to column C1 base-plate connection. (Fig. 3.1, 3.4, 3.5)

Given: A W12x170 column bearing connection.
PL 1 1/2x18x2'-2"
2-L4x4x1'-0", 6-PL 3/4x4x8 and 6 1 1/4" ¢ Anchor bolts.
All steel is A36.
See Fig. 3.28 below.

V e \
s W12x170 N

\ s ~
! |
1 o 12",
‘ y

1 | | |

|
912" 912"
Assume: A,/A >4
— | - £' = 2500 psi
® ° ®
6 18"
) ° °
26"
Figure 3.28
Show: All limit states that apply.
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N |
T [ B
| 1.
e f—t
T |
| Ll i
B T 0.8b,
| |
! |
1 \ |
| ,4 - [
I ol
] n
m 0.95d m

Limit States:

Axial Load Only:

1.

Concrete Crushing

Since A,/ A, > 4,
¢P, = ¢0.85fA,V4 = 0.6(0.85)(2.5)[18 x 26]W4 = 1193.4K

Plate Bending

n=3972in. < m=6.3358in. .". m controls

t,=15in.
1“ t2 " 2
zZ, = (4)” = B3P 4 5625 ins
M, = ¢F,Z, = 0.9(36)(0.5625) = 18.225k-in
F o= 2M, _ 2(18.225) — 0.9] ksi
P m? (6.3358)
[ =
NB

. ¢R, = f,NB = 0.91(18)(26) = 4258k
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Consider Eccentric Load (Moment):

Note: Refer to Column Base Plates (DeWolf et al 1991).

2+212, e

| a
14.94" . o0se" | &
A v
\ VT
[ ' |
Y I
|
i Assume P, = 100K | M, = 50k-ft
B . e =50(12)/100 = 6in.
R Load on Bolts:
I
- y/3 P, = 100(0.56) / 14.94 = 3.75K
| Y
|

Assume 1 1/4" ¢ anchor bolts, A36 = A =1.23 in2 (use 2 anchor bolts)

o f =F,/2A, =3.75/2(1.23) = 1.52 ksi << 36 ksi, ok
Compressive Flange Resultant = R = P, +P, = 103.75K
y = 2(P,+P)/fB , f = 0.25f',Let B=18in. and f' = 2500 pst

.y = 2(103.75)/0.25(2.5)X18) = 18.4in.

y/3 = 6.1in.

. N = 2(6.1)+(14.03-1.56) = 24.7in. = Use N=26in.

Therefore,

Base-plate dimensions should be: 26 in. x 18 in.
(base-plate is adequate to resist moment)
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For Angles and Stiffener Plates:

1.

*. Angle Shear Yield controls connection design = ¢R =

Tension Yield of Anchor Bolts

Ry = 0.9(36)(1.23)2 = 79.7K

Compressive Capacity of Stiffener Plates

—>7
- |o

D )
X L2 2 e o T e T X
t=0.75"

8"

95

o S

= 1/12(4)(0.75) = 0.1406 in*
\ = 4(0.75) = 3 i

usek=0.75  kL/r = 0.75(8)/0.05 = 120 =
. ¢R, = 14.34(3) = 129.1K
Weld Rupture (at Column Flange) (3/8" fillets)

SR = 2(6)(1.392)(8 - 0.75)x3 = 363.3k

Plate Yield at Weld

SR = 0.9(0.6 x 36)[8 - 0.75](0.75)2x3 = 634.2K
Column Flange Yield at Weld

SR = 0.9(0.6 x 36)[8 - 0.75](1.56)2x3 = 1319K

Shear Yield of Angle

#R_ = 0.9(0.6 x36)(12x 1/2) = 116.6K
Weld Rupture (at Column Flange) (3/8" fillets)
SR = (6)(1.392)[12(2) + 2(4)] = 267.3K

Angle Yield at Weld

SR = 0.9(0.6 x 36)[12(2) + 2(4)](0.5) = 311k
Weld Strength (at Column Flange) (3/8" fillets)

SR = 6(1.392)(4 - 0.75)2x3 = 162.9K
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3.4.3 Semi-Rigid Flexible Wind Connection

Example 1. Seated Beam (Flexible Wind) Connection - Refer to beam BS5 into
column C2 connection. (Fig. 3.3, 3.5)
Given: A W16x36 beam framing into a W12x106 column connection.

Unstiffened angle, seated beam/flexible wind connection.
L6x6x3/4x5 1/2" (seat angie)

L4x4x3/8x6" (top flange angle)

Use 7/8 in. ¢ A325-N bolts.

All steel is A36.

See Fig. 3.29 below.

)

an

/4" ] _*‘ 3 WI"
E . F e e
212" JL
]
172"
W16x36
— 4. C
A 11/21 .
S o o
e 3
3/8" e o
W12x106
312"
A\ N\
\\/
WEST ELEVATION NORTH ELEVATION
Figure 3.29

Show: All limit states that apply.

Note: Refer to LRFD Vol. II. Flexible Wind Connections (AISC 1992).

Limit States:

1. Beam Gross Shear

¢R. = 0.9(0.6x36)(15.86x0.295) = 91.0K
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2.

Beam Web Local Yielding

Use N as shown below.

I N/2
Conservatively, use N = angle leg - 3/4 =5.251in.
TR SR, = (N +2.5K)Ft,

— )

A

1.0[5.25 + (2.5 x 1.125)](36x0..295) = 85.6K

Beam Local Web Crippling

N/2 = 2625 < d2
N/d =525/1586 = 033 > 0.2

15
¢R, = $68t, 1+(ﬂ —0‘2) bl | Bt
: " d t, t

w

¢R, = (0.75)68(0.295)2[1+(@ _0_2)(@) } ‘/@
15.86 0.43 0.295

6R_ = 422K

For Bottom Angle:

4.

Angle Shear Yield
SR = 0.9(0.6 x 36)(5.5 x 3/4) = 80.2k

Flexural Strength of Angle
1t (55)°(374)

S = — =222~ 7 =378in’
6 6
2 4 8

e= 22243 (32 +3)=2.25in.
2 4 4 8

$V, = 09FS, /e,

. gy = 0966)378)

k
= = 545
" (2.25)
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10.

11.

Angle Bearing / Tear-out
No edge distance concern & spacing =3 >3d, .". Only bearing applies

SR = ¢¥ . 2.4F.dt=4[0.75(2.4)(58)(7/8)(0.75)] = 274.1K

Bolt Rupture (Shear and Tension)
Using LRFD Table J3.5 (for A325-N bolts)
F = 117-19f < 90ksi
f < ¢F, = setf = ¢F = 0.75(48) = 36 ksi
S F =117-19(36) = 486 < 90 ok
¢R, = Y oFA, = 0.75(48.6)(0.6013)4 = 87.7k

Column Flange Bearing / Tear-out
No edge distance concern & spacing =3 >3d, .. Only bearing applies

R = ¢, 2.4F.dt=4[0.75(2.4)(58)(7/8)(0.99)] = 361.7¥
Weld Rupture (Bottom Angle) (t,, = 3/8 in)

S @R = (2)(1.392)(6)(6 - 3/4) =87.7k
Angle Yield at Weld

SR = 2x0.9(0.6 x 36)[6 - 3/4](3/4) = 153.1K

Beam Flange Yield at Weld

SR = 2x0.9(0.6 x 36)[6 - 3/4](0.43) = 87.8K

For Top Angle:

12.

13.

14.

Angle Shear Yield
#R_ = 0.9(0.6 x 36)(5.5 x 3/8) = 40.1K

Angle Bearing / Tear-out
No edge distance concern & spacing =3 >3d, .. Only bearing applies

¢R = oY, .2.4F d,t =2[0.75(2.4)(58)(7/8)(0.375)] = 68.5K
Bolt Rupture (Shear and Tension)

Using LRFD Table J3.5 (for A325-N bolts)

F, = 117-19f < 90ksi

f < ¢F, = setf = ¢F, = 0.75(48) = 36 ksi
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15.

16.

17.

18.

19.

112"

212"

486 <

. F = 90 ok
R = YT PFA, - 0.75(48.6)(0.6013)2

Column Flange Bearing / Tear-out

117 - 1.936) =
= 439k

No edge distance concern & spacing =3 >3d, .". Only bearing applies
SR = ¢¥ . 24F.dt=2[0.75(2.4)(58)(7/8)(0.99)] = 180.9K
Weld Rupture (Top Angle) (t, = 1/4 in)

= (2)(1.392)(4)[4 - 2(1/4)] = 39.0K

Angle Yield at Weld

SR = 2x0.9(0.6 x 36)[4 - 2(1/4)](3/8) = 51k

Beam Flange Yield at Weld

SR = 2x0.9(0.6 x 36)[4 - 2(1/4)](0.43) = 58.5k

Prying Action See LRFD Vol. II - Hanger Connections (AISC 1992)

= |
// \ 5 R ‘
ér, = 0.75(90)(0.6013) = 40.6K
p=275in.
b=25-t =25-0375 =2125in.
b =Db- db/2 = 2.125-0.875/2 = 1.6875 in.
a=15in
a =a+d/2 =15+08752 = 1.9375in.
p=Db/a = 0871
6=1- — , whered = nominald,
p

5:1_M = 0.6591

275

Assume F, = 36.2K (top angle controlling limit state)
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r.b'
= s = ¢Z F
“ 1+ b« oLEy
Lo Lb oM, 1816875 -313 _ o
M,,d 3.13(0.6591)

t, = ru( LI 1) = 181 —26B10) 871y 4 1] = 24.4k
1+ 0.6951(1.0)

". Since t, < ¢r,, The connection is adequate for prying action.

*. Top Angle Shear Yield Rupture controls the connection design
(for shear) = ¢R_ = 40.1K

Weld Rupture (Top Angle) controls the connection design
(for moment) = ¢R = 36.2k
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3.4.4 Skewed Beam Framing Connection

Example 1. Skewed Beam Framing Connection - Refer to beam B9 framing
into beams B5 and B8. (Fig. 3.2, 3.3, 3.6)

Given: A C9x15 channel framing into a W16x36 (B5) and a W16x31 (B8).
Skewed beam connection.
2-P1.1/4x6x8" bent at 45°
Use 7/8 in. ¢ A325-N bolts.
All steel is A36.
See Fig. 3.30 below.

X
| \\\\\\\/‘4\\2 172
é—_“"“t::j% 1172
B NS
\\\\}V
TOP VIEW
— ¥ W16x36 (or 31)
\
/4" ! e
= ] 'S
. |
Cox15 |
J
W16x36 (or 31) '
SIDE VIEW END VIEW
Figure 3.30
Show: All limit states that apply.

Limit States:
1. Channel Gross Shear
#V, = #(0.6F,A,) = 0.9(0.6)(36)(9 x 0.285) = 49.9k

2. Weld Shear Strength (t.,, = 1/4in)

Using LRFD Table XXII and the following values:
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‘F"a]—’j kl = 4 - % - 2(0.25) = 3in.
xl = A _ g
K 6 +2(3)
al = 4in. - x1 = 3.251n.
- a= & o 32m 4,
g | 61n
xl k=£—m“05
1 6 In

Interpolation gives C = 1.64
S ¢R_ =P, = CCDI = (1)(1.64)(4)(6) = 39.4K

3. Channel Web Strength at Weld

Yield strength per inch of channel= ¢(0.6F t,)
= 0.9(0.6)(36)(0.285) = 5.54k/in.
Strength per inch of weld = 1.392(4) = 5.57k/in.
5.54 < 5.57 .. web is not adequate for full weld

5ﬁ(39.4) =392k

5.57
4. Plate Gross Shear

6V, = $(0.6F,A) = 0.9(0.6)(36)(6 x 0.25) = 29.2k

5. Plate Net Shear

SV = H(0.6F.A ) = 0.75(0.6)(58)[6 - 2(7/8 + 1/8)]0.25 = 26.1K
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6.

Plate Block Shear

ﬁ ] Shear Rupture:

e 0.6F A _ = 0.6(58)[4.5 - 1.5(7/8 + 1/8)].25
9 | = 26.1k

ﬁx‘ Tension Rupture:

| FA_ = 58[(1.5 - 0.5(7/8 + 1/8)]0.25

L | = 145k

Shear Rupture > Tension Rupture
*. Shear Rupture controls

Tension Yield: F A, = 36(1.5x0.25) = 13.5k
. ¢V = 0.75(26.1 + 13.5) = 29.7K

Plate Bearing / Tear-out
edge = 1.25 in. > 1.5d, & spacing =3 > 3d, .. Only bearing applies

Note: Use effective number of bolts, C = 1.03 from bolt shear limit state.

R = ¢T, . 24F dt= 1.03[0.75(2.4)(58)(7/8)(.25)] = 23.5k

Bolt Shear
4 7/8 in. dia. A325-N bolts, consider eccentricity

Using LRFD Table X and the following values:

b=3in
X, =4-15=25m. . C = 1.03 (effective number of bolts)
n=2

$R, = ¢r,A,C = 0.75(48)(0.6013)(1.03) = 223k

Beam Web Bearing/Tear-out
=15in. > 11/2d, & s=3in. > 3d, .". Only bearing applies

R = ¢¥ . 24F.dt=2x0.75(2.4)58)(7/8)(0.295) = 53.9K (for B5)
¢R = ¢¥ . 24F dt=2x0.75(2.4)(58)(7/8)(0.275) = 50.2K (for B8)

. Bolt Shear controls the connection design = ¢V, = 22.3K
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3.4.5 Built-Up Truss Connection

Example 1. Built-Up Truss - Refer to truss B7 connected to column C2.
(Fig. 3.5, 3.6)

Given: A built-up truss connected to a W12x106 column.
7/8" ¢ A325-n bolts.
All Steel is A36.
See Fig. 3.31 below.

2-1.5x3 1/2x3/8"

PL 1/2x9x10"

S j

14"
17

~— PL 1/2x13x1'-3 1/2"

A UL,
312

W12x106 — 2-L3x3x1/4

7

g
§<///// F—PL 1/2x10x1"-5"
|

- - T

\ 2.Ldxax3/8"

Note: All angles welded to gusset plates use 1/4" fillets

Figure 3.31

Show: All limit states that apply.

Limit States:

For Top Chord (UJ 2-1.5x3 1/2x3/8

1. Compressive Capacity
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a) Buckling of Single Angle:

KLy - 402) 63 (for single)

r), 0762

KLY~ 402) | 36 < 63 (for double)
r), 160

KLY _442) _ 32.9 < 63 (for double)
r 1.46

Sincex, = y,, use LRFDeq. A-E3-5

F = = EC,, + GJ 1
- _(kzL)Z Ix + IY
2
F, = |~ (29000)(0'2217) + 11200(0.153) L 589ksi
| (10(48)) 7.78 + 3.18

b) x-x Buckling of Double Angle:

E) =30 = ¢F, = 29.18 ksi
r X

. P = 2018(6.09) = 177.7%

c¢) Flexural Torsional Buckling:

F._ +F 4F F H
Feyz = 2 H = 1- \{1 SRR A —
(Fey +Fez)

= = 63 > 50 .. Need to use k—L)
0 762 I Jn,

7

(329) + (63 =50)" = 30.22
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2.

4.

2 2(2
F o= =E _  «2(29000) ~ 313.4 ksi

EL)Z (30.22)°

T

[ E 1
F, = |5 +
_(k7L) Ix . Iy
2
F =|Z (29000)(2’20‘217) + 11200(2x0.153) |———
(4(12)) 156 + 13

_ 3134 41217 [ [ 4G13.4(121.7)(0.682)
ez 2(0.682) (313.4 +121.7)°

F or E._ = 105 ksi

exyz eyz

A, = Jﬂ = 0.60 < 1.5
105

. ¢F. = 0.85(0.658°9 )36 = 26.5 ksi

F = min

-]

éP. = 26.5(6.09) = 161.4X

177.7
Compressive Strength = min
161.4

. ¢P = 161.4K

Angle Bearing / Tear-out

No edge distance concern and s > 3d, .". Only bearing applies.
SR = 4(0.75)(2.4 x 58)(7/8)(3/8)2 = 274K

Bolt Shear

#R_ = (0.75)(48)(0.6013)4 x2 = 173.2k

Weld Rupture at Gusset Plate (L, =9 -2(1/4) =8.51in.)

SR = 2x4(1.392)(8.5) = 94.7K
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For Diagonal Chord (D). 2-L3x3x1/4

5. Tension Yield

—L - L.

SR = 0.9(36)(2.88) = 93.3k

6. Tension Rupture

q"Rn = quuée ? Ae = UAn

U=1-§=1-(0—'8£)=0.72
L 3

A, =0.72[2.88 - 2(7/8 + 1/8)0.25] = 1.71 in?
. ¢R_ = 0.75(58)(1.71) = 74.5k

7. Angle Bearing / Tear-out
e>1.5d ands>3d, .. Only bearing applies

oR, = 0.75(2.4 x 58)(7/8)(0.25)4 = 121.8k
8. Bolt Shear

SR = 2(0.75)(48)(0.6013)2 = 86.6K

9. Weld Rupture at Gusset Plate ( use 2 1/4" fillets, 4 inches long)
SR = 2x2x(4)(1.392)4) = 89.1k
10. Gusset Plate Yield at Weld

SR, = 0.9(0.6 x 36)(4 x 4)(0.5) = 155.5K

For Diagonal Chord (D,):
Assume same limit states as for Diagonal D,

For Bottom Chord (L,): 2-L4x4x3/8

11. Tension Yield
#R, = 0.9(36)(5.72) = 185.3k
12. Tension Rupture

R, = $FA, , A, = UA,

u e 2
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U=1-2=1- Ei)=o_87
L 9

A, =0.87[5.72 - 2(7/8 + 1/8)0.375] = 4.32 in?
S ¢R = 0.75(58)(4.32) = 188.1K

13. Angle Bearing / Tear-out
e>1.5d, and s >3d, .. Only bearing applies

SR = 0.75(2.4 x 58)(7/8)(0.375)8 = 365.4K

14. Bolt Shear
$R_ = 4(0.75)(48)(0.6013)2 = 173.2k

15. Weld Rupture at Gusset Plate (use 2 1/4" fillets, Lyl = 17 - 2(.25) = 16.5 in.)
SR = 2x(4)(1.392)(16.5) = 183.7K

16. Gusset Plate Yield at Weld

SR = 0.9(0.6 x 36)(2 x 16.5)(0.5) = 320.8K
For Vertical Chord (UL ): 2-L3x3x1/4

17. Compressive Capacity

|

e

a) Buckling of Single Angle:

kL 39 .

— | = —— = 659 (for single

r), 059 (for single)

KLY = 3%~ 419 < 65.9 (for double)

r )y 093

E = 2— = 28.1 < 65.9 (for double)

r), 139

F, = | 4 gyl ]

exyz _(kZL)Z Ix + Iy
i 2

R, = | T{2000X0.9200) 1, 11200(0.0322) | — = 147 ksi
| (10(39)) 124 + 1.24
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b) x-x Buckling of Double Angle:

—ISL—) = 419 = ¢F, = 27.9 ksi
r X

" ¢P_ = 27.9(2.88) = 80.4K

c¢) Flexural Torsional Buckling

F, +F, 4F, F_H
F, = Yz—H 1- 1~ —=e

(Fey +Fez)
2 - 9 = 65.9 > 50 .. Need to use Ej
I, 0.592 r /.,

IERes

)
. )m = \/(28.1)2 H65.9 =50)" = 23.2

2 2
F, - T _ m000) _ 335544

E)z (23.2)°

| E

r

F = = EC, + GI 1
| (kL) L+
2
F, =X (29000)(22"0‘0206) + 11200(2x0.0322) |———— = 187.9 ksi
] (39) 2.49 + 139
+
- 5332 +1879 [, [ 4(533.2)(187.9)(0.8244) 746 ke
2(0.844) (533.2 +187.9)
= 28— s <15
147
. ¢F. = 0.85(0.658°% )36 = 27.6 ksi
k

#P. = 27.6(2.88) = 79.5
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18. Weld Rupture at Gusset Plate (use 2 1/4" fillets, 2.5 and 5.5 inches long)

SR = 2x2x(4)(1.392)(2.5+5.5)0.5) = 89.1k

19. Gusset Plate Yield at Weld

SR = 2x0.90.6 x 36)(2.5 + 5.5)(0.5) = 155.5K

For Gusset Plate Connection at Column (U):

-

PP Sy
N

1/4 N

VA

N

L

20. Plate Bearing / Tear-out (for top bolts)

No edge concern, s > 3d,

S ¢R = 0.75(2.4 x 58)(7/8)(0.5)4 = 182.7K

21. Compressive Capacity of Plate

e

w, = 10.4 in. (Whitmore Model)

usek=08and b=104in.

1 = %(10.4)(0.5)3 = 0.108 in*

X

A, = 10.4(0.5) = 52in’

r, = ,/w = 0.144 in.
5.2

KL _ 082 _ 111 & 4F = 304ksi
ro 0144
$R, = 30.4(5.2) = 158.1k
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22. Plate Tension Yield (bottom bolts)

\ SR = 0.9(36)(3.5x0.5) = 56.7K

w, = 3.5 in. (Whitmore Model)

23. Plate Tension Rupture

SR = 0.75(58)[3.5 - 1(7/8 +1/8)](0.5) = 54.4K

24. Weld Rupture
SR = 4(1.392)(15.5)x2 = 172.6K

25. Column Flange Yield at Weld

SR = 0.9(0.6 x 36)(15.5)(0.99)x2 = 596.6k
For Gusset Plate Connection to Column (L ):

—\ /N— SN
v 74

N/\_q

26. Plate Tension Yield

SR = 0.9(36)(4x 0.5) = 648Kk

27. Plate Tension Rupture

SR = 0.75(58)[4 - 1(7/8 +1/8)](0.5) = 65.3k

28. Plate Bearing / Tear-out
edge > d, and spacing > 3d,

. ¢R_ = 0.75(2.4 x 58)(7/8)(0.5)4 = 182.7K
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29. Weld Rupture
SR = 4(1.392)(4)x2 = 44.5K
30. Column Flange Yield at Weld

SR = 0.9(0.6 x 36)(4)(0.99)x2 = 154K
Column Side:

31. Local Web Yielding

$R, = ¢(N+5k)tF, = 1.0[15.5 + 5(1.5875)](0.61)(36) = 525.7K

32. Web Buckling

4100t fF,, _ 0.0.4100(0.61)°36
o d ' 95

c

= 520K

33. Local Web Crippling

15
F_t
. - ¢135t{1+3(§)(tl) } Fole
d At t,

¢R. 0.85(135)(0.61)2[1+3( 15.5 )(0'61) } 36(099) _ ggs gk

12.89 )\ 0.99 0.61

Assuming ¢R > F, , no stiffeners are required for C2 at truss connection.
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3.4.6 Hanger Plate Connection

Example 1. Beam Hanger Plate - Refer to beam B6 hanger plate and threaded rod
connection. (Fig. 3.3, 3.4, 3.5)

Given: A W16x40 beam is supported by a plate and threaded rod
PL 3/4x4x1'-0"
1 3/8" ¢ Threaded Rod (with #3 clevis and 1 1/2" ¢ pin)
All Steel is A36.
See Fig. 3.32 below.

PL 3/4x4x1-0" —

S <
W16x40 T

Figure 3.32

Show: All limit states that apply.
Limit States:
1. Weld Rupture

Using LRFD Table XVIII and the values:

I1=121in.
al=2in. = a=0.167
klI=0 = k=0

Interpolating gives, C = 2.39
S R = 1.0(2.39)(6)(12) = 172.1k

2. Beam Flange Yield at Weld

dR_ = 0.9(0.6 x 36)(12 x 0.505) = 117.8K
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Plate Yield at Weld

SR = 0.9(0.6 x 36)(12x 0.75) = 175K

Plate Tension Yield

#R_ = 0.9(36)[2 x 2/ cos 39.8°)(0.75) = 126.5K

Plate Tension Rupture

SR = 0.75(58)[(2 x 2/ cos 39.8°) - (1 1/2 + 1/8)](0.75) = 116.8K

Plate Bearing / Tear-out
e >1.5d, and s >3d, .. Only bearing applies.

SR = 0.75(2.4 x 58)(1 1/2 + 1/8)(0.75) = 127.2k-

Tensile Capacity of Rod

¢T, = 0.75F,(0.75A) = 0.75(58)(0.75)[x(1.375):/ 4] = 48.4K

". Tensile Capacity of Threaded Rod controls the connection = ¢T, = 48.4k
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3.4.7 STD Pipe Column Design
Example 1. Column Design - Refer to column C3 (Fig. 3.3, 3.4)

Given: A 4" ¢ STD Pipe Column between B4 and BS.
Steel is A36.
See Fig. 3.33 below.

[ |

- Wiex3l (B8) >
j

[ |

3'-103/4"
) — - | k
% W18x60 (B4) f
[ |
Figure 3.33
Show: All limit states that apply.
Limit States:
1. Local Buckling
Using LRFD Table B5.1
2—i—169s33ﬂ=917 ok
t 0.237 F

2. Compressive Capacity

Using LRFD Column Load Tables, k = 1.0
kL =1.03.9)=39ft.

Interpolation gives, ¢P, = 90k
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CHAPTER IV
CONCLUSION

This report has looked at a number of different steel connections which are used in
industry today, focusing mainly on simple framing and moment connections. All the
necessary design limit states have been given to the reader from both the AISC LRFD and
ASD Specifications. Over twenty different building connection design examples have
been covered to give students a realistic idea of how they are connected and what limit
states control their design. This report's purpose is to be used as a teaching aid for
structural steel design in order to familiarize students with connection design and the
associated strength limit states.

Wherever possible, the report included print-outs from an AISC computer
software package, CONXPRT, in both LRFD and ASD. Studying both design methods
will allow students to compare results between the two techniques.

Finally, the building connections have been linked to a structural steel "sculpture”
to reinforce the students' understanding of the basic building connections through
visualization. Fabrication and erection drawings are provided for this "sculpture."

It is the author's desire that this report helps students visualize and understand the
connections presented, and that understanding will carry over to other areas in structural

steel connection design.

136



REFERENCES

AISC (1986). Manual for Steel Construction, Load and Resistance Factor Design,
Ist ed., American Institute of Steel Construction, Chicago, IL.

AISC (1989). Specification for Structural Steel Buildings, Allowable Stress Design
and Plastic Design, 9th ed., American Institute of Steel Construction, Chicago,
IL.

AISC (1992). Manual for Steel Construction - Connections (ASD), Sth ed., Vol. 11,
American Institute of Steel Construction, Chicago, IL.

AISC (1992a). Manual for Steel Construction - Connections (LRFD), 1st ed., Vol. 11,
American Institute of Steel Construction, Chicago, IL.

AISC (1993). Specification for Structural Steel Buildings -- Load and Resistance
Factor Design, Proposed 2nd ed., American Institute of Steel Construction,
Chicago, IL.

Blodgett, O. W. (1966). Design of Welded Structures, James F. Lincoln Arc Welding
Foundation, Cleveland, OH, Section 3.3.

CONXPRT (1992). User's Manual for CONXPRT Module I - ASD Shear Connections,
Version 1.1, American Institute of Steel Construction, Chicago, IL.

CONXPRT (1992a). User's Manual for CONXPRT Module II - ASD Moment
Connections, Version 1.0, American Institute of Steel Construction, Chicago,
IL.

CONXPRT (1992b). User's Manual for CONXPRT FOR THE CLASSROOM
Modlule I - LRFD Framing Connections, Version 1.0, American Institute of Steel
Construction, Chicago, IL.

DeWolf, J. T. and Ricker, D. T. (1991). Column Base Plates, Steel Design Guide Series,
2nd ed., American Institute of Steel Construction, Chicago, IL.

Driscoll, G. C. and Beedle, L. S. (1982). "Suggestions for Avoiding Beam-to-Column
Web Connection Failure," Engineering Journal, AISC, 19(1), 16-19.

Easterling, W. S. (1992). Class Notes: Design of Steel Structures, Virginia
Polytechnic Institute and State University, Blacksburg, VA.

137



Garrett, J. H. and Brockenbrough, R. L. (1986). "Design Loads for Seated-beam in
LRFD," Engineering Journal, AISC, 23(2), 84-88.

Murray, T. M. (1990). Extended End-Plate Moment Connections, Steel Design Guide
Series, American Institute of Steel Construction, Chicago, IL.

Murray, T. M. (1993). Class Notes: Advanced Steel Design, Virginia Polytechnic
Institute and State University, Blacksburg, VA.

Rentchler, G. P., Chen, W. F. and Driscoll, G. C. (1982). "Beam-to-Column Web
Connections Detalils," Journal of the Structural Division, ASCE, 108(ST2),
February, 393-409.

Salmon, C. G. and Johnson, V. E. (1990). Steel Structures - Design and Behavior,
3rd ed., Harper and Row, New York.

Whitmore, R. E. (1952). "Experimental Investigation of Stresses in Gusset Plates,"

Bulletin No. 16, Engineering Experiment Station, University of Tennessee,
Knoxville.

138



APPENDIX A
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CONXPRT LRFD for the Classroom Version 1.0 from AISC, Chicago, IL.
Use of this software is restricted by license to educational purposes.
Licensed to: VIRGINIA TECH
Department of Civil Engineering
Blacksburg, VA 24061

Date: 06/30/94 By: RAK Page 1
Job Id: M.E.C.E. PROJECT
Con. Id: B1A TO Bl

Bean: W18x40 FRANING ANGLES - BRAM 70 GIRDER WEB COMNECTION
i 236 1 . Glrder Web Connection
Girder: glgzso Begzhnevmonéo 0.0" ) 7 g;_ 'O Sxm 2* .

Steel vith respect irder
Vu: 10  Kips m: 50.9 lipsq .
4 Girder tw: 0.355*
— Bolt Stagger: 1-1/2*

™

2=3/4
20 3 El'j)‘! 3 e
(3 Bolts) (6 Bolts)
2
Web Connection l
1/4° 2L-SLBB 5x3x1/4
ST A 36 Steel

Bolts

Framing angles, beam to girder web connection.

Beam: W18x40 A 36 Steel F = 36 ksi Fu = 58 ksi
d= 17.9 in. tw = 0.315 in.

Girder: W18x50 A 36 Steel F = 36 ksi Fu= 58 ksi
t, = 0.355 in. Y

Factored beam end reaction, Vu: 10 Kips
Connection strength, ¢ Vn: 50.9 Kips
Strength Limit States:

Beam gross shear strength (AISC LRFD Sect. F2):
[ Vn- (0.9) x (0.6 Fy A“)ﬂ 85.1 Kips 2 10 Kips OK

Beam net shear strength (AISC LRFD Sect. J4):
[ Vn= (0.75) x (0.6 Fu An)= 91.2 Kips 2 10 Kips OK

Beam web bearing/tearout strength (AISC LRFD Sect. J3.6, J3.9 & J3.10):
® V = (0.75) V = 86.3 Kips 2 10 Kips OK

Beam web connection:
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Date: 06/30/94 By: RAK Page 2
Job Id: M.E.C.E. PROJECT
Con. Id: BlA TO Bl

Use three (3) 7/8" ¢ x 2-1/4" w/ 5/32" thick washers
A325-N STD bolts in double shear

(User may need to adjust bolt length for other conditions.)
Total bolt shear design strength:

(] Rb= 126.6 Kips 2 10 Kips OK (AISC LRFD J3.3)

Block shear strength of coped beam web (AISC LRFD Sect. J5.2.c):
[ vbs= 0.75 Vb = 50.9 Kips 2 10 Kips OK
s
Bending strength of coped beam web:
(Design and Behavior of Coped Beams, University of Texas at
Austin, July 1984)
¢ Vop= 0.9 V= 73 Kips 2 10 Kips OK (Bending controls)

Girder web connection:

Use six (6) 7/8 in. ¢ x 2" w/ 5/32" thick washers
A325~N STD bolts in single shear

(User may need to adjust bolt length for other conditions.)
Total bolt shear design strength:

® Rb = 126.6 Kips 2 10 Kips OK (AISC LRFD J3.3)

Girder web bearing/tearout strength (AISC LRFD Sect. J3.6):
¢ P= 0.75 P,= 194.6 Kips 2 10 Kips OK
Rem?ining weB bearing/tearout strength= 184.6 Kips

Framing angles:

2L-SLBB 5x3x1/4 x 10"

A 36 Steel Angles Fys 36 ksi F = 58 ksi

Angle gross shear strength (AISC LRFD Equ. J5-3):
¢ Vn= 0.8 Vn= 100.8 Kips 2 10 Kips OK

Beam side angle leg design strengths:
Net shear (AISC LRFD Sect. J4):
¢ Vn- 0.75 V. = 93.8 Kips 2 10 Kips OK
Block shear (ATSC LRFD Sect. J5.2.c):
¢ V., = 0.75 V. _= 81 Kips 2 10 Kips OK
BeariRS/Tearoutb?AIsc LRFD Sect. J3.6, J3.9 & J3.10):
® Pb= 0.75 Pb= 118.5 Kips 2 10 Kips OK

Girder side angle leg design strengths:
Net shear (AISC LRFD Sect. J4):
¢ V.= 0.75 V.= 93.8 Kips 2 10 Kips OK
Block"'shear (Alsc LRFD sect. J5.2.c):
oV, = 0.75 Vb = 102.6 Kips 2 10 Kips OK
BeariRS/Tearout TAISC LRFD Sect. J3.6, J3.9 & J3.10):
¢ Pb= 0.75 Pb= 137 Kips 2 10 Kips OK

-- End --
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CONXPRT LRFD for the Classroom Version 1.0 from AISC, Chicago, IL.
Use of this software is restricted by license to educational purposes.
Licensed to: VIRGINIA TECH
Department of Civil Engineering
Blacksburg, VA 24061

Date: 06/30/94 By: RAK Page 1
Job Id: M.E.C.E. PROJECT
Con. Id: B2A TO B2

Bean: W12x14 SHRAR END PLATE - BEAN 10 GIRDER WEB CONNECTION
, 2 36 Steel . Girder Web Comnection
Girder: W18x60 Bean Elevation; -3* 7/8" ¢x2°
A 36 Steel ‘mh rggsect to girder) 25-§ STD  Bolts
Wu: 10 Kips ¥n: 22.2 Kips
Girder tw: 0.415"
3-1/2  1-1f2
1 i 1-1/2 L
|)_/ bt \1-1/2
nog 1 I I 18 3 |6
1 (4 bolts)
% Yer J LR 14 x 612
= X
/ A36¥al

Connection Description:
Shear end plate, beam to girder web connection.

Beam: Wi2x1l4 A 36 Steel F = 36 ksi Fus 58 ksi
d= 11.91 in. tw= 0.2%in.

Girder: W18x60 A 36 Steel F = 36 ksi Fu- 58 ksi
t, = 0.415 in. Y

Factored beam end reaction, Vu: 10 Kips
Connection strength, ¢ Vn: 22.2 Kips

Strength Limit States:

Beam gross shear strength (AISC LRFD Sect. F2):
[ Vn= (0.9) x (0.6 Fy Aw)-= 46.3 Kips 2 10 Kips OK

Maximum beam web strength at plate= 0.8 x (0.7 F ) (L -

2xt ) x t
= 22.2 Kips > Yo KiBs oReld

w

Beam web connection:
Use two 1/4 in. - E70 XX fillet welds
Total weld shear strength = 61.2 Kips 2 10 Kips OK

sird ) tion:
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Date: 06/30/94 By: RAK Page 2
Job Id: M.E.C.E. PROJECT
Con. Id: B2A TO B2

Use four (4) 7/8 in. ¢ x 2" w/ 5/32" thick washers
A325-N STD bolts in single shear

{User may need to adjust bolt length for other conditions.)
Total bolt shear design strength:

® Rb= 84.4 Kips 2 10 Kips OK (AISC LRFD J3.3)

Girder web bearing/tearout strength (AISC LRFD Sect. J3.6):
¢ P.= 0.75 P, = 151.6 Kips 2 10 Kips OK
Remgining weg bearing/tearout strength= 141.6 Kips

Connection Plate:

PL 1/4 x 6-1/2 x 6"
A 36 Steel plate Fy= 36 ksi Fu= 58 ksi
Plate gross shear strength (AISC LRFD Equ. J5-3):
[ Vn- 0.8 V. = 60.5 Kips 2 10 Kips OK
Platenet shelr strength (AISC LRFD Sect. J4):
¢ V.= 0.75 V = 53.8 Kips 2 10 Kips OK
Plate™block shBar strength (AISC LRFD Sect. J5.2.c):
¢ V. = 0.75 V,_= 60.6 Kips 2 10 Kips OK
PlatebSearing/tggrout strength (AISC LRFD Sect. J3.6, J3.9 & J3.10):
¢ P = 0.75 P, = 91.3 Kips 2 10 Kips OK

- End --
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CONXPRT LRFD for the Classroom Version 1.0 from AISC, Chicago, IL.
Use of this software is restricted by license to educational purposes.
Licensed to: VIRGINIA TECH
Department of Civil Engineering
Blacksburg, VA 24061

Date: 06/30/94 By: RAK Page 1
Job Id: M.E.C.E. PROJECT
Con. Id: B2B TO B2

Bean: W16126 PLATE - BEAM 70 GIRDER WEB CONNECTION
36 Steel (Ei Use AISC Method (Comservative)
evation: 0 0"
1 ‘u%h respfct qgirder) Girder tw: 0.415"
1/

e wt
31/2 /E-lﬂ

28 ) -
12t Beam, ¢ Feb Comection J;i— ys x ez

25-0 STD Bolts A 36

Single plate (shear tab), beam to girder web connection.
Note:
The girder web is treated as as rotationally flexible element.

Beam: W16x26 A 36 Steel F = 36 ksi Fu= 58 ksi
d= 15.69 in. tw’ 0.25 in.

Girder: Wisx60 A 36 Steel F.= 36 ksi Fu= 58 ksi
t, = 0.415 in. Y

Factored beam end reaction, Vu: 10 Kips
Connection strength, ¢ Vn: 37.1 Kips

Strength Limit States:

Beam gross shear strength (AISC LRFD Sect. F2):
¢ Vn= (0.9) x (0.6 Fy Aw)= 66.5 Kips 2 10 Kips OK

Beam net shear strength (AISC LRFD Sect. J4):
@ Vn= 0.75 vn= 71 Kips 2 10 Kips OK

Beam web bearing/tearout strength (AISC LRFD Sect. J3.6, J3.9 & J3.10):

(Effective number of bolts= C= 1.76)
¢ Pb= 0.75 Pb= 40.2 Kips 2 10 Kips OK
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Date:

06/30/94 By: RAK Page 2

Job Id:

Con.

Id:

M.E.C.E. PROJECT
B2B TO B2

Beam web connection:

Use three (3) 7/8 in. ¢ x 2" w/ 5/32" thick washers
A325-N STD bolts in single shear
(User may need to adjust bolt length for other conditions.)
Total bolt shear design strength:
¢ r = 21.11 Kips / bolt (AISC LRFD J3.3)
C=1.76
the value of C was obtained from Table X in Part 5 of
the AISC LRFD Manual using:
b= 3 in. X,= 3 in. n= 3
¢ R=Cx (¢r))
= 37.1 Kips 2 10 Kips OK

Block shear strength of coped beam web (AISC LRFD Sect. J5.2.c):
[ vbs= 0.75 vbs‘ 42.1 Kips 2 10 Kips OK

Bending strength of coped beam web:
(Engineering for Steel Construction, Appendix B)
¢ Vop= 0.9 V= 94 Kips 2 10 Kips OK (Bending controls)

Connection Plate:

PL 1/4 x 4-1/2 x 9"
A 36 Steel plate Fys 36 ksi F,= 58 ksi
Plate gross shear strength (AISC-LRFD Egqu. J5-3):
¢ V= 0.8V =45.4 Kips 2 10 Kips OK
Plate net shegr strength (AISC LRFD Sect. J4):
¢ V.= 0.75 Vn= 40.4 Kips 2 10 Kips OK
Platenblock shear strength (AISC LRFD Sect. J5.2.c):
¢ V. = 0.75 V., _= 43.8 Kips 2 10 Kips OK
Plntebgearing/tggrout strength (AISC LRFD Sect. J3.6, J3.9 & J3.10):
(Effective number of bolts= C= 1.76)
[ Pb= 0.75 Pb= 40.2 Kips 2 10 Kips OK

Girder web connection:

Connection welds are designed for the gross shear strength
of the plate ( 45.4 Kips ).

Use two 1/4" - E70 XX fillet welds

e,=3 in. C= 1.766
The value of C was obtained from Table XVIII in Part 5 of
the AISC LRFD Manual using: a= 0.33 k= 0.0

Maximum reaction (based on weld strength):
¢Rn= 63.6 Kips 2 45.4 Kips OK

Girder web shear strength at weld= 150.6 Kips 2 10 Kips OK
Remaining girder web shear strength= 140.6 Kips

== End --
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Date: 06/30/94 By: RAK Page 3
Job Id: M.E.C.E. PROJECT
Con. Id: B2B TO B2

- Note:
Number of bolt rows has been increased to satisfy minimum plate
length requirements.
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CONXPRT LRFD for the Classroom Version 1.0 from AISC, Chicago, IL.
Use of this software is restricted by license to educational purposes.
Licensed to: VIRGINIA TECH
Department of Civil Engineering
Blacksburg, VA 24061

Date: 06/30/94 By: RAK Page 1
Job Id: M.E.C.E. PROJECT
Con. Id: B2B TO B2

Bean: Wi6x26 S PLATE - BEAK TO GIRDER WEB CONNECTION
. A 36 Steel (/) Use AISC Method (Comservative)
Girder: w1860 Bean Rlevation: 0.0" .

4 36 Steel with respect to girder) Girder tw: 0.415"

Vu: 10 l.\pg.uz vn: 37.1 Kips —
_—t o

3-1/2 / :i\_1-1/2

fs bas) | —rl
L_ |_m

tv= 14
k= 1-1/16°

1-1/2{f Bean Web Connection

7/8* 2' 1/¢ x 4-1/2 x8*
54%% mu;&36¥aﬂ /
Connection Description:
Single plate (shear tab), beam to girder web connection.
Note:

The girder web is treated as as rotationally flexible element.
The method described in the 9th Edition of the AISC-ASD
Manual was used to design this connection, except that Load
and Resistance Factors were used instead of Safety Factors.
The AISC-ASD method is conservative.

Beam: W16x26 A 36 Steel F = 36 ksi Fu= 58 ksi
d= 15.69 in. tw- 0.25 in.

Girder: W18x60 A 36 Steel F = 36 ksi F,= 58 ksi
t, = 0.415 in. Y

Factored beam end reaction, Vu: 10 Kips
Connection strength, ¢ Vn: 37.1 Kips

st th Limit States:

Beam gross shear strength (AISC LRFD Sect. F2):
® Vn= (0.9) x (0.6 FY Aw)= 66.5 Kips 2 10 Kips OK

Beam net shear strength (AISC LRFD Sect. J4):
¢ V = 0.75 V = 71 Kips 2 10 Kips OK
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Date: 06/30/94 By: RAK Page 2
Job Id: M.E.C.E. PROJECT
Con. Id: B2B TO B2

Beam web bearing/tearout strength (AISC LRFD Sect. J3.6, J3.9 & J3.10):
(Effective number of bolts= C= 1.76)
[ Pb= 0.75 Pb= 40.2 Kips 2 10 Kips OK

Beam web connection:

Use three (3) 7/8 in. ¢ x 2" w/ 5/32" thick washers
A325~-N STD bolts in single shear
(User may need to adjust bolt length for other conditions.)
Total bolt shear design strength:
¢ r = 21.11 Kips / bolt (AISC LRFD J3.3)
Cc= 1.76
the value of C was obtained from Table X in Part 5 of
the AISC LRFD Manual using:
b= 3 in. X,=3 in. n= 3
¢ R=Cx (¢r.)
= 37.1 Kips > 10 Kips OK

Block shear strength of coped beam web (AISC LRFD Sect. J5.2.c):
[ Vbs= 0.75 vbs= 42.1 Kips 2 10 Kips OK

Bending strength of coped beam web:
(Engineering for Steel Construction, Appendix B)
$ Vo= 0.9 Vcb= 94 Kips 2 10 Kips OK (Bending controls)

Connection Plate:

PL 1/4 x 4-1/2 x 9"

A 36 Steel plate = 36 ksi F,= 58 ksi

FY
Plate gross shear strength (AISC-LRFD Equ. J5-3):

[ Vn= 0.8 V_ = 45.4 Kips 2 10 Kips OK
Plate™net shefr strength (AISC LRFD Sect. J4):

¢ V.= 0.75 Vn= 40.4 Kips 2 10 Kips OK
Plate”block shlar strength (AISC LRFD Sect. J5.2.c):

¢ V. _=0.75 V,_= 43.8 Kips 2 10 Kips OK
Plate’Bearing/tBErout strength (AISC LRFD Sect. J3.6, J3.9 & J3.10):
(Effective number of bolts= C= 1.76)

(] Pb= 0.75 Pb= 40.2 Kips 2 10 Kips OK

Girder web connection:

Connection welds are designed for the gross shear strength
of the plate ( 45.4 Kips ).

Use two 1/4" - E70 XX fillet welds

ew= 3 in. C= 1.766
The value of C was obtained from Table XVIII in Part 5 of
the AISC LRFD Manual using: a= 0.33 k= 0.0

Maximum reaction (based on weld strength):
¢Rn= 63.6 Kips 2 45.4 Kips OK
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Date: 06/30/94 By: RAK Page 3
Job Id: M.E.C.E. PROJECT
Con. Id: B2B TO B2

Girder web shear strength at weld= 150.6 Kips 2 10 Kips OK
Remaining girder web shear strength= 140.6 Kips

-- End --
- Note:

Number of bolt rows has been increased to satisfy minimum plate
length requirements.
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CONXPRT LRFD for the Classroom Version 1.0 from AISC, Chicago, IL.
Use of this software is restricted by license to educational purposes.
Licensed to: VIRGINIA TECH
Department of Civil Engineering
Blacksburg, VA 24061

Date: 06/30/94 By: RAK Page 1
Job Id: M.E.C.E. PROJECT
Con. Id: B3A TO B3

+ W12¢50 FRANING ANGLES - BEAM TO GIRDER WEB CONNECTION
A 36 Steel . Girder Web Connectlon
Girder: W2lxdd Bean Rlevation: 0.0" }48' ¢ X 2-1/4"
1 36 Steel vith respect to girder) 25-N STD Bolts
Wu: 10 K.lps3 Y Vn: 58.1 Kips

o '——ill 1»1/2 &4
Wi i

Girder tw: 0.35"

18 3
(4 Bolts)

tv=0.37"
k= 1-3/8"

L 2L-SLBB 4x3413/8
1 36 Steel

Connection Description:
Framing angles, beam to girder web connection.

Beam: W12x50 A 36 Steel F = 36 ksi Fu= 58 ksi
d= 12.19 in. tw= 0.3% in.

Girder: W21x44 A 36 Steel F = 36 ksi Fu= 58 ksi
t, = 0.35 in. Y

Factored beam end reaction, V. _: 10 Kips
Connection strength, ¢ Vn: 58.1 Kips

Strength Limit States:

Beam gross shear strength (AISC LRFD Sect. F2):

¢ Vn= 0.9 x (0.6 Fy Aw)= 73.3 Kips 2 10 Kips OK

Beanm web connection:

Use 1/4 in. -~ E70 XX fillet welds

Total weld shear strength = 87.3 Kips 2 10 Kips OK

Beam web strength at weld = 58.5 Kips 2 10 Kips OK

Block shear strength of coped beam web:

(Engineering for Steel Construction, 1984, Page 3-33 except
that Resistance Factors are used instead of Safety Factors)

¢ V = 0.75 V_ = 58.1 Kips 2 10 Kips OK
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Bending strength of coped beam web:
(Engineering for Steel Construction, Appendix B)
® Vo= 0.9 V= 84.6 Kips 2 10 Kips OK (Bending controls)
Girder web connection:

Use four (4) 7/8 in. ¢ x 2-1/4" w/ 5/32" thick washers
A325-N STD bolts in single shear

(User may need to adjust bolt length for other conditions.)
Total bolt shear design strength:

[ ] Rb = 84.4 Kips 2 10 Kips OK (AISC LRFD J3.3)

Girder web bearing/tearout strength (AISC LRFD Sect. J3.6):
¢ P= 0.75 P, = 127.9 Kips 2 10 Kips OK
Remgining web bearing/tearout strength= 117.9 Kips

Framing angles:

2L-SLBB 4x3%x3/8 x 6"
A 36 Steel Angles Fys 36 ksi Fu= 58 ksi

Angle gross shear strength (AISC LRFD Equ. J5-3):
" vn= 0.8 Vn = 90.7 Kips 2 10 Kips OK

Girder side angle leg design strengths:
Net shear (AISC LRFD Sect. J4):
¢ Vn= 0.75 V.= 80.7 Kips 2 10 Kips OK
Block"shear (Asc LRFD sect. J5.2.c):
¢ V, = 0.75 V, = 89.6 Kips > 10 Kips OK
BeariR§/Tearout®§aIsc LRFD Sect. J3.6, J3.9 & J3.10):
¢ Pb= 0.75 Pb= 137 Kips 2 10 Kips OK

-- End --
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CONXPRT LRFD for the Classroom Version 1.0 from AISC, Chicago, IL.
Use of this software is restricted by license to educational purposes.
Licensed to: VIRGINIA TECH
Department of Civil Engineering
Blacksburg, VA 24061

Date: 06/30/94 By: RAK Page 1
Job Id: M.E.C.E. PROJECT
Con. Id: B3B TO B3

Bean: W14x48 FRAMING ANGLES - BEAM 70 GIRDER WEB CONNECTIOR
A 36 G?&ex Web Connection

Steel
Girder: W2lx#4 Bean Elevation: 0.0" 7/8* ¢ x 2-1/4*
A 36 Steel with respect to girder) 25-N STD Bolts
w10 Kips Vn: 69.9 Kips )
3-1/ Girder tw: 0.35"

, 1 51
2/ A :[2-1/2 ! ,

1-1/2
E70Iﬁ7 \ I \ 1-1/ p

28 3
{6 Bolts)
tw= 0.34"
k= 1-3/8* L
2L-SLBB 4x34x3/8
1 36 Steel
. £ r iption:

Framing angles, beam to girder web connection.

Beam: W1l4x48 A 36 Steel F. = 36 ksi Fu= 58 ksi
d= 13.79 in. tw= 0.34 in.

Girder: W21x44 A 36 Steel F = 36 ksi Fu= 58 ksi
t, = 0.35 in. b4

Factored beam end reaction, Vu: 10 Kips
Connection strength, ¢ Vn: 69.9 Kips

Strength Limit States:

Beam gross shear strength (AISC LRFD Sect. F2):
¢ Vn= 0.9 x (0.6 Fy Aw)= 77.9 Kips 2 10 Kips OK

Bean web connection:

Use 1/4 in. - E70 XX fillet welds

Total weld shear strength = 126.5 Kips 2 10 Kips OK

Beam web strength at weld = 77.9 Kips 2 10 Kips OK

Block shear strength of coped beam web:

(Engineering for Steel Construction, 1984, Page 3-33 except
that Resistance Factors are used instead of Safety Factors)

¢ Vbs= 0.75 vbs= 69.9 Kips 2 10 Kips OK
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Bending strength of coped beam web:
(Engineering for Steel Construction, Appendix B)
¢ vcb= 0.9 vcb= 103.6 Kips 2 10 Kips OK (Bending controls)

Girder web connection:

Use six (6) 7/8 in. ¢ x 2-1/4"™ w/ 5/32" thick washers
A325~-N STD bolts in single shear

(User may need to adjust bolt length for other conditions.)
Total bolt shear design strength:

(] Rb = 126.6 Kips 2 10 Kips OK (AISC LRFD J3.3)

Girder web bearing/tearout strength (AISC LRFD Sect. J3.6):
¢ P.= 0.75 P,= 191.8 Kips 2 10 Kips OK
Remgining weB bearing/tearout strength= 181.8 Kips

Framing angles:

2L-SLBB 4x3%x3/8 x 9"

A 36 Steel Angles Fy= 36 ksi F,= 58 ksi

Angle gross shear strength (AISC LRFD Equ. J5-3):
¢ Vn= 0.8 v, =136.1 Kips 2 10 Kips OK

Girder side angle leg design strengths:
Net shear (AISC LRFD Sect. J4):
¢ V.= 0.75 V = 121.1 Kips 2 10 Kips OK
Block 'shear (A?SC LRFD Sect. J5.2.c¢):
¢ V.= 0.75 Vb = 129.6 Kips 2 10 Kips OK
BeariR§ /TearoutPfAISc LRFD Sect. J3.6, J3.9 & J3.10):
@ Pb= 0.75 Pb= 205.5 Kips 2 10 Kips OK

-- End --
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Licensed to: VIRGINIA TECH
Department of Civil Engineering
Blacksburg, VA 24061

Date: 06/30/94 By: RAK Page 1
Job Id: M.E.C.E. PROJECT
Con. Id: B6A TO B6

uu:ﬁ%?&uu FRAMING ANGLES - BEAM 70 GIRDER WEB COMNECTION
Girder: W16x40 Bean Rlevation: -2* Girder tw: 0.305*
A 36 Steel vith respect to El;rder)
Shear: 10 Kips city: 51.2 Kips
U}
4 \_1-3/4
ma’ ]
tv= 0.23° 1
k= 7/8" +r
2L-SLBB 3!313/!
c ti D iption:

Framing angles, beam to girder web connection.

Beam: W12x26 A 36 Steel F = 36 ksi Fu= 58 ksi
d= 12.22 in. t"= 0.23 in.

Girder: W16x40 A 36 Steel F = 36 ksi F,= 58 ksi
t, = 0.305 in. Y

Factored beam end reaction, vu: 10 Kips
Connection strength, ¢ Vn: 51.2 Kips

Strength Limit States:
Beam gross shear strength (AISC LRFD Sect. F2):

[ Vn= 0.9 x (0.6 Fy Aw)= 54.6 Kips 2 10 Kips OK

Beam web connection:
Use 1/4 in. - E70 XX fillet welds

Total weld shear strength 123 Kips 2 10 Kips OK
Beam web strength at weld 51.2 Kips 2 10 Kips OK

cird ) : ons
Use 1/4 in. - E70 XX fillet welds
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Total weld shear strength = 64.2 Kips 2 10 Kips OK

Girder web shear strength at weld= 110.7 Kips 2 10 Kips OK
Reraining girder web shear strength= 100.7 Kips

Framing angles:
2L-SLBB 3x3x3/8 x 9"

A 36 Steel Angles Fy= 36 ksi F,= 58 ksi

Angle gross shear strength (AISC LRFD Equ. J5-3):
¢ V= 0.8V =136.1 Kips 2 10 Kips OK

- End --

- Note:
The designer should consider the erectability of this connection.

155
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Use of this software is restricted by license to educational purposes.
Licensed to: VIRGINIA TECH
Department of Civil Engineering
Blacksburg, VA 24061

Date: 06/30/94 By: RAK Page 1
Job Id: M.E.C.E. PROJECT
Con. Id: B8A TO B8

Bean: wmm FRANING ANGLES - BEAM Y0 GIRDER WEB CONNECTION
Girder: iléle Bean Rlevation: -3' Girder tw: 0.275"
36 Steel with respect to E.\
Shear: 10 Kips ity: 32.4 Kips
1/24
jl\.l-m

HD;;I

tw= 0.29'

k= 1 4n9

2L-5LBB 3:3:3/3
c ti D iption:

Framing angles, beam to girder web connection.

Beam: W10x33 A 36 Steel F = 36 ksi F’u= 58 ksi
d= 9.73 in. tw= 0.29%in.

Girder: W16x31 A 36 Steel F = 36 ksi Fu= 58 ksi
t, = 0.275 in. Y

Factored beam end reaction, Vu: 10 Kips
Connection strength, ¢ Vn: 32.4 Kips

Strength Limit States:

Beam gross shear strength (AISC LRFD Sect. F2):
¢ Vn== 0.9 x (0.6 Fy AH)= 54.9 Kips 2 10 Kips OK

Bean web connection:
Use 1/4 in. - E70 XX fillet welds

Total weld shear strength = 84.2 Kips
Beam web strength at weld = 44.2 Kips

Girder web connection:
Use 1/4 in. - E70 XX fillet welds

10 Kips OK
10 Kips OK

Vv
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Total weld shear strength = 32.4 Kips 2 10 Kips OK

Girder web shear strength at weld= 66.5 Kips 2 10 Kips OK

Remaining girder web shear strength= 56.5 Kips

Framing angles:

2L-SLBB 3x3x3/8 x 6"
A 36 Steel Angles FY= 36 ksi Fu= 58 ksi

Angle gross shear strength (AISC LRFD Equ. J5-3):
¢ Vn= 0.8 Vn = 90.7 Kips 2 10 Kips OK

- End --

- Note:
The designer should consider the erectability of this connection.
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Use of this software is restricted by license to educational purposes.
Licensed to: VIRGINIA TECH
Department of Civil Engineering
Blacksburg, VA 24061

Date: 06/30/94 By: RAK Page 1
Job Id: M.E.C.E. PROJECT
Con. Id: B8 TO C2
Bean: glg?ét 1 FRANING ANGLES - BEAN 70 COLUMN WEB CONNECTIOR
ee
Column: W12x106 Column tw: 0.61"
A 36 Steel
Shear: 10 Kips  Capacity: 80.1 Kips
1/2H
{ :t\_x-:m
T
E70 1
tv= 0.275" 1
k= 1-1/8 Sent
2L-SLBB 3x313/8
Connection Description:

Framing angles, beam to column web connection.

W1l6x31 A 36 Steel F = 36 ksi
d= 15.88 in. tw= 0.2%5 in.

Bean: Fus 58 ksi

Column: W12x106 A 36 Steel Fy= 58 ksi

36 ksi Fu=
t, = 0.61 in.

Factored beam end reaction, V :
Connection strength, ¢ v H

st th Limit States:

10 Kips
80.1 Kips

Beam gross shear strength (AISC

¢ Vn= 0.9 x (0.6 Fy Au)= 84.9

Beam web connection:
Use 1/4 in. - E70 XX fillet

Total weld shear strength =
Beam web strength at weld =

Column web connection:
Use 1/4 in. - E70 XX fillet

LRFD Sect. F2):
Kips 2 10 Kips OK

welds
160.8 Kips > 10 Kips OK
80.1 Kips 2 10 Kips OK
welds
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Total weld shear strength = 99.3 Kips 2 10 Kips OK

Column web shear strength at weld= 295.1 Kips 2 10 Kips OK
Remaining column web shear strength= 285.1 Kips

Framing angles:

2L-SLBB 3x3x3/8 x 12"
A 36 Steel Angles Fy= 36 ksi Fu= 58 ksi

Angle gross shear strength (AISC LRFD Equ. J5-3):
¢ V= 0.8V =181.4 Kips 2 10 Kips OK

- End --

- Note:
The designer should consider the erectability of this connection.
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CONXPRTTH Module I ASD Shear Connection Design Advice
Double Framing Angles Knowledge Base
Version 2.0 from AISC, Chicago, IL.
Licensed to: STRUCTURAL ENGINEERS, INC.
537 Wisteria Drive
Radford, VA 24141

Date: 06/30/94 By: RAK Page 1
Job Id: M.E.C.E. PROJECT
Id: B1B TO Bl

Beam: W18x40 FRAMING ANGLES - BEAN 10 GIRDER WEB CONNECTJON
X A36 Defaults Table: SHEARCON.DT1 r Web Connection
Girder: w18x50 Bean Elevation: 0' ng ¢x2"
A6 R with respect to erer) 25-M STD Bolts
Shear: 10 Kips A city: 33.1 G tur 0,355
+— tamnx 1-1/2*

1-3/4 7-1/
2_/{- 4/ 3-1/2 4—f |
- 2-3/4
1 28 3 mlj}! B o
(3 Bolts) {6 Bolts)

tv= 0.315
1-1/4{-[»—1 Web Connectiol
558' ¢ 3 2-1/4' %gsms Sx3xl/4

—

% 1336
—t Bolts

Framing angles, beam to girder web connection.

Beam: W18x40 A36 F = 36.0 ksi F_ = 58.0 ksi
d= 17.9 in. tz = 0.315 in.

Girder: W18x50 A36 F = 36 ksi Fu= 58 ksi
t, = 0.355 in. Y

Beam end reaction= 10.0 Kips
Connection Capacity= 33.1 Kips

I th Limit States:
Beam gross shear capacity (0.4 F Aw)s 63.1 Kips 2 10.0 Kips OK

4

Beam net shear capacity= 0.3 F_ A (AISC ASD Sect. J4)
= 60.8 RipB > 10.0 Kips OK

Beam web bearing/tearout capacity (AISC ASD Sect. J3.7):

Pb= 57.6 Kips 2 10.0 Kips OK

-~ Continued --
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Bean web connection:

Use three (3) 7/8" ¢ x 2-1/4" w/ 5/32" thick washers
A325-N STD bolts in double shear

User may need to adjust bolt length for other conditions.
Total bolt shear capacity = 75.8 Kips 2 10.0 Kips OK

Block shear capacity of coped beam web (AISC ASD Sect. J4):
Vpg= 33.1 Kips 2 10.0 Kips OK

Bending capacity of coped beam web:
(Manual of Steel Construction Volume II, Connections, Appendix B)

Vcb= 48.7 Kips 2 10.0 Kips OK (Bending controls)

sird ) tion:

Use six (6) 7/8 in. ¢ x 2" w/ 5/32" thick washers

A325~N STD bolts in single shear

User may need to adjust bolt length for other conditions.
Total bolt shear capacity = 75.8 Kips 2 10.0 Kips OK

Girder web bearing/tearocut capacity (AISC ASD Sect. J3.7):
P,= 129.7 Kips 2 10.0 Kips OK
Rgmaining web bearing/tearout capacity= 119.7 Kips

Framing angles:

2L-SLBB 5x3x1/4 x 10"
A36 Angles FY- 36 ksi F,= 58 ksi

Angle gross shear capacity= 72.0 Kips 2 10.0 Kips OK

Beam side angle leg capacity:
Net shear (AISC ASD Sect. J4):
V = 62,5 Kips 2 10.0 Kips OK
Blo@k shear (AISC ASD Sect. J4):
V. = 54.0 Kips 2 10.0 Kips OK
Beagfnq/Tearout (AISC ASD Sect. J3.7):
Py= 79.0 Kips 2 10.0 Kips OK

Girder side angle leg capacity:
Net shear (AISC ASD Sect. J4):
V_ = 62.5 Kips 2 10.0 Kips OK
BloBk shear (AISC ASD Sect. J4):
V,..= 69.4 Kips 2 10.0 Kips OK
Bea?fng/Tearout (AISC ASD Sect. J3.7):
P,= 91.3 Kips 2 10.0 Kips OK

Note:
Number of bolt rows at beam web connection may have been

-- Continued --
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increased to satisfy minimum angle length requirements.

-- End --
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Shear End Plate Knowledge Base
Version 1.1 from AISC, Chicago, IL.
Licensed to: STRUCTURAL ENGINEERS, INC.
537 Wisteria Drive
Radford, VA 24141

Date: 06/30/94 By: RAK Page 1
Job Id: M.E.C.E. PROJECT
Id: B2A TO B2

Bean: Wi2x14 SEEAR FND PLATE - BEAM 70 GIRDER WEB COMNECTION
. A36 Defaults table: SHEARCON.DT1 Girder Web Connection
Girder: W18x60 Bean Elevation; -3' Zéa' ¢x2°
_ﬁ? " gagﬁquggoﬁnhn 25-0 STD Bolts
) pe ¥ B8 e Girder tv: 0.415"
312 | 1-1/2
_UTI)—/ KH/Z '\.1 1/2
70 Ksi ] I I 18 3 |6
- ] {4 bolts)
k= 11/16° Lp 14 1612
136

Shear end plate, beam to girder web connection.

Beam: W1l2x14 A36 F = 36 ksi Fu= 58 ksi
d= 11.91 in. H= 0.2 in.

Girder: W18x60 A36 F_= 36 ksi Fu= 58 ksi
tw = 0.415 in.

Beam end reaction= 10.0 Kips
Connection Capacity= 15.8 Kips

Strength Limit States:
Beam gross shear capacity (0.4 Fy Aw)= 34.3 Kips 2 10.0 Kips OK

Beam web yield capacity at plate= (L _-2xt ) xXt x0.4F
= 15Pg xiPB€'% 10.0%Kips OKY

Use two 1/4 in. - 70 Ksi fillet welds

-- Continued --
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Total weld shear capacity = 40.8 Kips 2 10.0 Kips OK
ird ) tion:

Use four (4) 7/8 in. ¢ x 2" w/ 5/32" thick washers
A325-N STD bolts in single shear

User may need to adjust bolt length for other conditions.
Total bolt shear capacity = 50.5 Kips 2 10.0 Kips OK

Girder web bearing/tearout capacity (AISC ASD Sect. J3.7):
P.= 101.1 Kips 2 10.0 Kips OK
Rémaining web bearing/tearout capacity= 91.1 Kips

connection Plate:

PL 1/4 x 6-1/2 x 6"
A36 plate F = 36 ksi F,= 58 ksi

Plate gross shear capacity= 43.2 Kips 2 10.0 Kips OK
Plate net shear capacity (AISC ASD Sect. J4):
V = 35.9 Kips 2 10.0 Kips OK
PlaEe block shear capacity (AISC ASD Sect. J4):
V,.= 41.9 Kips 2 10.0 Kips OK
Plaeg bearing/tearout capacity (AISC ASD Sect. J3.7):
Py = 60.9 Kips 2 10.0 Kips OK
Note:
Number of bolt rows has been increased to satisfy minimum
plate length requirements.

-~ End -~
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CONXPRT'™" Module I ASD Shear Connection Design Advice
Single Plate Knowledge Base
Version 1.1 from AISC, Chicago, IL.
Licensed to: STRUCTURAL ENGINEERS, INC.
537 Wisteria Drive
Radford, VA 24141

Date: 06/30/94 By: RAK Page 1
Job Id: M.E.C.E. PROJECT
Id: B2B TO B2

Bean: W16x26 - BEAN TO GIRDER CONRECTION
) 6 El Use 9th Edition AISC uanual Nethod (Conservative
Girder: ilaxGO Bean evutlon 0", Defaults Table: samoou n
gxth respect gx Girder tw: 0.415°
Shear: 10 nps pacity: 22.2 Kips
3 FLEXIBLE
___+ +—
]
3-1/2
/ :L|>\_1-1/2
A
3 bolts K| |
3 tolts) L’ 7 &1
1-1 Web Connection
IZH da' ¢ x 2" 1/4 2 4-1/2 x9*
¥ ST Bolts A36
c ti D iption:
Single plate (shear tab), beam to girder web connection.
Note:

The girder web is treated as as rotationally flexible element.

Beam: W16x26 A36 F = 36 ksi Fu= 58 ksi
d= 15.69 in. w= 0.250 in.

Girder: W1B8x60 A36 F = 36 ksi F,= 58 ksi
t, = 0.415 in. Y

Beam end reaction= 10.0 Kips
Connection Capacity= 22.2 Kips

I th Limit St .
Beam gross shear capacity (0.4 F Aw)= 49.3 Kips 2 10.0 Kips OK

Yy

Beam net shear capacity= 0.3 F_ A (AISC ASD Sect. J4)
= 47.3 RipB > 10.0 Kips OK

Beam web bearing/tearout capacity (AISC ASD Sect. J3.7):

-- Continued --
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(Effective number of bolts= C= 1.76)
Pb= 26.8 Kips 2 10.0 Kips OK

Beanm web connection:

Use three (3) 7/8 in. ¢ x 2" w/ 5/32" thick washers
A325-N STD bolts in single shear
User may need to adjust bolt length for other conditions.
= 12.6 Kips
C=1.76
the value of C was obtained from Table XI in Part 4 of
the AISC ASD Manual using:
b= 3 in. 1= 3 in. n= 3
Total bolt shear capacity = C x r,
= 22.2 Kips > 10.0 Kips OK

Block shear capacity of coped beam web (AISC ASD Sect. J4):
Vpg= 28.1 Kips 2 10.0 Kips OK

Bending capacity of coped beam web:
(Manual of Steel Construction Volume II, Connections, Appendix B)
Vop= 62-6 Kips 2 10.0 Kips OK (Bending controls)

Connection Plate:

PL 1/4 x 4-1/2 x 9"
A36 plate F = 36 ksi F,= 58 ksi

Plate gross shear capacity= 32.4 Kips 2 10.0 Kips OK
Plate net shear capacity (AISC ASD Sect. J4):

V = 26.9 Kips 2 10.0 Kips OK
plale block shear capacity (AISC ASD Sect. J4):

Vo .= 29.9 Kips 2 10.0 Kips OK
PlaP§ bearing/tearout capacity (AISC ASD Sect. J3.7):
(Effective number of bolts= C= 1.76)

Pb= 26.8 Kips 2 10.0 Kips OK

cird ] ion:

Connection welds are designed for the gross shear capacity
of the plate ( 32.4 Kips ).

Use two 1/4™ - 70 Ksi fillet welds

e = 3.00 in. C= 1.073
The value of C was obtained from Table XIX in Part 4 of
the AISC ASD Manual using: a= 0.33 k= 0.0

Maximum reaction (based on weld capacity):
R= 38.6 Kips 2 Plate gross shear capacity = 32.4 Kips OK

-- Continued ~--
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Girder web shear capacity at weld= 107.6 Kips 2 10.0 Kips
Remaining girder web shear capacity= 97.6 Kips

Note:
Number of bolt rows has been increased to satisfy minimum plate
length requirements.

- End --
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COHXPRTTH Module I ASD Shear Connection Design Advice
Single Plate Knowledge Base
Version 1.1 from AISC, Chicago, IL.
Licensed to: STRUCTURAL ENGINEERS, INC.
537 Wisteria Drive
Radford, VA 24141

Date: 06/30/94 By: RAK Page 1
Job Id: M.E.C.E. PROJECT
Id: B2B TO B2

Bean: W16x26 S| PLATE - BEAN 70 GIRDER WEB CONNECTION

A36 (/) Dse 9th Editlon AISC Manual Method (Conservatxve{
Girder: W18x60 Beu evanon 0* Defaults Table: SHEARCON.DT

A36 . respect to &nﬁt) irder tw: 0.415°
Shear: 10 lxpg_llz xty. 2.2 3 FLEXTRLE

k]
3-1/2
/ :Lh_l'lﬂ

/
e s i
{3 bolts) f o |)’

1-1/2H Beam Web Comnection
343' 912" Bolts o6 1/4 1 4-1/2 19*

connection Description:
Single plate (shear tab), beam to girder web connection.
Note:
The girder web is treated as as rotationally flexible element.
The method described in the 9™ Edition of the AISC-ASD
manual was used to design this connection. This method is
conservative.

Beam: W16x26 A36 F = 36 ksi F = 58 ksi
d= 15.69 in. v 0.250 in.

Girder: W18x60 A36 F = 36 ksi Fu= 58 ksi
tw = 0.415 in.

Beam end reaction= 10.0 Kips
Connection Capacity= 22.2 Kips

I th Limit States:
Beam gross shear capacity (0.4 Fy Aw)— 49.3 Kips 2 10.0 Kips OK

~~ Continued =--
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Beam net shear capacity= 0.3 F_ A (AISC ASD Sect. J4)
= 47.3 RipB > 10.0 Kips OK

Beam web bearing/tearout capacity (AISC ASD Sect. J3.7):
(Effective number of bolts= C= 1.76)

P = 26.8 Kips 2 10.0 Kips OK

Beam web connection:

Use three (3) 7/8 in. ¢ x 2™ w/ 5/32" thick washers
A325-N STD bolts in single shear
User may need to adjust bolt length for other conditions.
r,= 12.6 Kips
C= 1.76
the value of C was obtained from Table XI in Part 4 of
the AISC ASD Manual using:
b= 3 in. 1= 3 in. n= 3
Total bolt shear capacity = C x r
= 22.2 Kips 2 10.0 Kips OK

Block shear capacity of coped beam web (AISC ASD Sect. J4):
Vpg= 28-1 Kips 2 10.0 Kips OK

Bending capacity of coped beam web:

(Manual of Steel Construction Volume II, Connections, Appendix B)
Vep= 62-6 Kips 2 10.0 Kips OK (Bending controls)

Connection Plate:

PL 1/4 x 4-1/2 x 9"
A36 plate Fy= 36 ksi F,= 58 ksi
Plate gross shear capacity= 32.4 Kips 2 10.0 Kips OK
Plate net shear capacity (AISC ASD Sect. J4):
V_= 26.9 Kips 2 10.0 Kips OK
plale block shear capacity (AISC ASD Sect. J4):
V,..= 29.9 Kips 2 10.0 Kips OK
PlaEg bearing/tearout capacity (AISC ASD Sect. J3.7):
(Effective number of bolts= C= 1.76)
Py= 26.8 Kips 2 10.0 Kips OK

Gird ] tion:

Connection welds are designed for the gross shear capacity
of the plate ( 32.4 Kips ).

Use two 1/4" - 70 Ksi fillet welds
= 3.00 in. C= 1.073

wThe value of C was obtained from Table XIX in Part 4 of

-= Continued --
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the AISC ASD Manual using: a= 0.33 k= 0.0

Maximum reaction (based on weld capacity):
R= 38.6 Kips 2 Plate gross shear capacity = 32.4 Kips OK

Girder web shear capacity at weld= 107.6 Kips 2 10.0 Kips

Remaining girder web shear capacity= 97.6 Kips

Note:
Number of bolt rows has been increased to satisfy minimum plate

length requirements.
- End =--
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Date: 06/30/94 By: RAK Page 1
Job Id: M.E.C.E. PROJECT
Id: B3A TO B3
Bean: W12150 FRAMING ANGLES - BEAM T0 GIRDER WEB COMNECTJON
i A3 Defaults Table: SHEARCON.DT1  Girder Web Connection
Girder: W2lx44 Bean Elevation: 0" Zés' 9 X 2-1/4*
A36 . wnmuqmntogyﬂu) 25-0 STD Bolts
Shear: 10 Kips city: 38.5 Rips .
3-1/2 Girder tw: 0.35°

1 ;LH 5-1
2/ / :Iz-uz +——li ,
I\ 1-1/2
70 Ks1 - 6"
18 3
(4 Bolts)
tw= 0.377
k= 1-3/8" L
2L-SLBB 4x33x3/8
A36
i sotions

Framing angles, beam to girder web connection.

Beam: W12x50 A36 F.= 36 ksi Fu= 58 ksi
d= 12.19 in. th= 0.37 in.

Girder: W21x44 A36 F = 36 ksi Fu= 58 ksi

t, = 0.35 in. Y

Beam end reaction= 10.0 Kips
Connection Capacity= 38.5 Kips

Strength Limit States:
Beam gross shear capacity (0.4 FY A')= 54.3 Kips 2
Beam web connection:
Use 1/4 in. - 70 Ksi fillet welds

10.0 Kips OK

From AISC-ASD Table XXIII, using k = 0.500 and a = 0.458

Total weld shear capacity = 53.7 Kips 2 10.0

Kips OK

Bean web capacity at weld = 38.5 Kips 2 10.0 Kips OK

-- Continued =-
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Block shear capacity of coped beam web:

(Manual of Steel Construction Volume II, Connections, Page 3-74)
V, = 46.7 Kips 2 10.0 Kips OK

Benaing capacity of coped beam web:

(Manual of Steel Construction Volume II, Connections, Appendix B)
vcb= 56.4 Kips 2 10.0 Kips OK (Bending controls)

Girder web connection:

Use four (4) 7/8 in. ¢ x 2-1/4" w/ 5/32" thick washers
A325-N STD bolts in single shear
User may need to adjust bolt length for other conditions.

Total bolt shear capacity = 50.5 Kips 2 10.0 Kips OK

Girder web bearing/tearout capacity (AISC ASD Sect. J3.7):
P,= 85.3 Kips 2 10.0 Kips OK
Rgmaining web bearing/tearout capacity= 75.3 Kips

Framing angles:

2L-SLBB 4x34x3/8 x 6"
A36 Angles Fy= 36 ksi F,= 58 ksi

Angle gross shear capacity= 64.8 Kips 2 10.0 Kips OK

Girder side angle leg capacity:
Net shear (AISC ASD Sect. J4):
V_= 53.8 Kips 2 10.0 Kips OK
Blo&k shear (AISC ASD Sect. J4):
V., .= 61.4 Kips 2 10.0 Kips OK
Beanng/Tearout (AISC ASD Sect. J3.7):
Pb= 91.3 Kips 2 10.0 Kips OK
Note:
Number of bolt rows at girder web connection may have been
increased to satisfy minimum angle length requirements.

-- End --
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Beam: Wldxis FRAMING ANGLES - BEAM T0 GIRDER WEB CONNECTION

. A36 Defaults Table: SHEARCON.DT1  Glrder Web Conhection
Girder: Walx44 Bean Elevation: 0° 7/8" ¢ x 2-1/4"

A6 25-H STD  Bolts

Girder tw: 0.35"

!
\.1-1/2

2 3
( 6! Bolts)

20L-SLBB 4¥34x3/8
A36

Framing angles, beam to girder web connection.

Beam: W14x48 A36 Fy= 36 ksi Fu= 58 ksi

d= 13.79 in. tw= 0.34 in.
Girder: W21x44 A36 F. = 36 Kksi Pu= 58 ksi
t_ =0.35 in. Y
W
Beam end reaction= 10.0 Kips
Connection Capacity= 51.3 Kips
St th Limit States:
Beam gross shear capacity (0.4 Fy Aw)= 57.7 Kips 2 10.0 Kips OK
Beanm web connection:

Use 1/4 in. - 70 Ksi fillet welds

From AISC-ASD Table XXIII, using k = 0.333 and a = 0.322
Total weld shear capacity = 77.8 Kips 2 10.0 Kips OK

Beam web capacity at weld = 51.3 Kips > 10.0 Kips OK

=-- Continued -~
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Block shear capacity of coped beam web:

(Manual of Steel Construction Volume II, Connections, Page 3-74)
V., = 57.6 Kips 2 10.0 Kips OK

Benaing capacity of coped beam web:

(Manual of Steel Construction Volume II, Connections, Appendix B)
Veop= 69-0 Kips 2 10.0 Kips OK (Bending controls)

Girder web connection:

Use six (6) 7/8 in. ¢ x 2-1/4" w/ 5/32" thick washers
A325-N STD bolts in single shear
User may need to adjust bolt length for other conditions.

Total bolt shear capacity = 75.8 Kips 2 10.0 Kips OK

Girder web bearing/tearout capacity (AISC ASD Sect. J3.7):
P, = 127.9 Kips 2 10.0 Kips OK
Rémaining web bearing/tearout capacity= 117.9 Kips

Framing angles:

2L-SLBB 4x3%x3/8 x 9"
A36 Angles Fy= 36 ksi F, = 58 ksi

Angle gross shear capacity= 97.2 Kips 2 10.0 Kips OK

Girder side angle leg capacity:
Net shear (AISC ASD Sect. J4):
V_= 80.7 Kips 2 10.0 Kips OK
Blo8k shear (AISC ASD Sect. J4):
VvV, = 88.0 Kips 2 10.0 Kips OK
Beaping/rearout (AISC ASD Sect. J3.7):
Pp= 137.0 Kips 2 10.0 Kips OK

-= End =--
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Bean: W12x26 LE ANGLE - BEAM 70 GIRDER WEB CONNECTION
i A36 Defauits 'l'able SHEARCON.DTL
Girder: W18x60 Bean Elevatxon -3' Girder tw: 0.415"
A36 with respect Lﬂhﬂ
Shear: 10 Kips ity: 28

13/t 13513/8 —( )M:gubeaegn

1-1/4 3
tv= 0.23" (3 Bolt-S)
k= 7/8"
Bean Web Connection
1-1/4*H Aéa' ¢x 2"

Bolts \-3—1/2 70 Ksi

c £i D iption:
Single framing angle, beam to girder web connection.

Beam: W12x26 A36 F = 36 ksi Fu = 58 ksi
d= 12.22 in. _ 0.23 in.

Girder: W18x60 A36 F. = 36 ksi Fu= 58 ksi
tw = 0.415 in.

Beam end reaction= 10.0 Kips
Connection Capacity= 28.5 Kips

st th Limit States:
Beam gross shear capacity (0.4 F Aw)= 40.5 Kips 2 10.0 Kips OK

b 4
Beam web bearing/tearout capacity (AISC ASD Sect. J3.7):

P = 42.0 Kips 2 10.0 Kips OK
Beam web connection:

-=- Continued --
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Use three (3) 7/8" ¢ x 2" w/ 5/32" thick washers

A325-N STD bolts in single shear

User may need to adjust bolt length for other conditions.
Total bolt shear capacity = 37.9 Kips 2 10.0 Kips OK

cird ] tion:

Use 1/4 in. - 70 Ksi fillet welds
From Table XXV, ASD-AISC Manual of Steel Construction,
9th Edition, page 4-81, and using k= 0.3889 and a= 0.3472:
C= 0.79

Total weld shear capacity = 28.5 Kips 2 10.0 Kips OK

Girder web shear capacity at weld= 45.9 Kips 2 10.0 Kips OK
Remaining girder web shear capacity= 35.9 Kips

Framing angles:

L4ax3%x3/8 x 9"
A36 Angles Fy= 36 ksi Fu= 58 ksi

Angle gross shear capacity= 48.6 Kips 2 10.0 Kips OK

Beam side angle leg capacity:
Net shear (AISC ASD Sect. J¢):
V_= 40.4 Kips 2 10.0 Kips OK
Blogk shear (AISC ASD Sect. J4):
V., = 53.0 Kips > 10.0 Kips OK
Beapfng/Tearout (AISC ASD Sect. J3.7):
P = 68.5 Kips 2 10.0 Kips OK

Warning:
To provide the necessary flexibilty, there should be no weld at the
top or heel of the outstanding leg of the connection angle, with the
exception of the weld return at the top.

Reference: AISC ASD Manual of Steel Construction, ch Edition, 1989,
page 4-84

-— End --
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Bean: W10x22 SINGLE ANGLE - BEAM TO GIRDER WEB CONNECTION
136 Defaults Table: SHEARCON.DT1  Girder Web Commection
Girder: W18x60 Bean Elevation; -3* 7/8% ¢ x 2-1/4°
A6 . with respect to gxﬂer) ¥ STD  Boits
Shear: 10 Kipe ity: 143 Kips )
Girder tw: 0.415*
1/24 :t '
1-3/4
f -3/ -\ _1-1/2*
70 Xsi 1@ 6"
(2 Bolts)
tv= 0.24° -t
k= 3/4* l_
LAX34x3/8 —
b ya3/ (!)(l;o;g Leg on
c ti D iption:

Framing angles, beam to girder web connection.

Beam: W1i0x22 A36 F = 36 ksi Fu= 58 ksi
d= 10.17 in. th= 0.24 in.

Girder: W18x60 A36 F. = 36 ksi Fu= 58 ksi
t, = 0.415 in. Y

Beam end reaction= 10.0 Kips
Connection Capacity= 14.3 Kips

St th Limit States:
Beam gross shear capacity (0.4 Fy Aw)= 35.1 Kips 2 10.0 Kips OK
Bean web connection:

Use 1/4 in. - 70 Ksi fillet welds
From Table XXIII, ASD-AISC Manual of Steel Construction,
9th Edition, page 4-79, and using k= 0.5000 and a= 0.4583:

-- Continued -~
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Cc= 1.12
Total weld shear capacity = 26.8 Kips 2 10.0 Kips OK
Beam web capacity at weld = 24.9 Kips 2 10.0 Kips OK

Girder web connection:

Use two (2) 7/8 in. ¢ x 2-1/4" w/ 5/32" thick washers
A325-N STD bolts in single shear
User may need to adjust bolt length for other conditions.

r = 12.6 Kips
Effective number of bolts: C= 1.14
the value of C was calculated using the ultimate strength
method for determining eccentric loads on fastener groups,
described in page 4-57 of the AISC-ASD Manual, using:
b= 3 in. 1= 2.12 in. n= 2
Total bolt shear capacity = 14.3 Kips 2 10.0 Kips OK

Girder web bearing/tearout capacity (AISC ASD Sect. J3.7):
(Effective number of bolts: C= 1.14)

P, = 28.7 Kips 2 10.0 Kips OK

Rémaining web bearing/tearout capacity= 18.7 Kips

Framing angles:

L4x3%x3/8 x 6"
A36 Angles Fy= 36 ksi F,= 58 ksi

Angle gross shear capacity= 32.4 Kips 2 10.0 Kips OK

Girder side angle leg capacity:
Net shear (AISC ASD Sect. J4):
V. = 26.9 Kips 2 10.0 Kips OK
Blo8k shear (AISC ASD Sect. J4):
V, = 36.8 Kips > 10.0 Kips OK
Bea?fng/Tearout (AISC ASD Sect. J3.7):
(Effective number of bolts: C= 1.14)
P, = 25.9 Kips 2 10.0 Kips OK
Bensing: 3
on gross section, S = 2.25 in
M_ =0.6 F_ S = 48.6 Kip-in.
Eauivalentyshear capacity = 22.9 Kips 2 30.0 Kips OK 3
on net section, (y= 3.00 in. I ¢= 5-00 in Spet= 1:67 in”)
M_=0.5F_ S__. = 48.3 Kip-IR. ne
X u s .
Eﬂuxvalent shggg capacity = 22.8 Kips 2 10.0 Kips OK

-— End --
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FLANGE DIRECT HELDED nmm CONNECTION: szgned with Default 'l'able mlmm
Beam:  W18x50 bf:7.495% “t£:0.57* V:10 l;ps
Column: W12x170 A36 . bf:12.57" tf:1.56" M:176 /176 ft
Fillet Welds: 70 Ksi (Yension on Top= + Holent
------- uurm -to~Column
Web Plate: A36 Flange Weld:
1/ x4-1/2" x9* Pull Penetration
= 70 Ksi
5/16"  Fillet Welds B.S 28
3- 78 ¢ Column Web —
long Stiffeners
1325-§ ST .
Yone Required

(Based on 5/3 Pbf)

A. connection Description:

Flange direct welded - Web bolted beam to column flange
moment connectiocn.

Bean: W18x50 A36 F. = 36.00 ksi F = 58 ksi
d =17.99 in. t¥=0.355 in. sP- 88.9 in~3
b.= 7.495 in. tf= 0.570 in. T"= 15-1/2 in.
Column: W12x170 ASG F = 36.00 ksi Fu= 58 ksi
d = 14.03 in. t¥-o0.960 in.
bf= 12.570 in. tf= 1.560 in.
k™= 2.2500 in. k1= 1.1250 in. dc= 9.53 in.
Beam end reaction = 10.0 Kips
Connection shear capacity = 26.9 Kips
Beam end moment = 176.0 Kip-ft.

Beam flange force M/(d=-t_)

= 121.2 Kips
Connection moment capacity= 176.0 Kip-ft.

B. continuously Braced Beam Flexural Capacitv:

M = (min(b )/b )X F_x8S
a_ (7. 495;9 459 93 76 9 88.% / 12 (Compact Section)

-- Continued --
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= 176 Kip~ft 2 |M|= 176 Kip-ft

If not continuously braced, beam capacity to be verified
by designer.

Use full penetration groove welds with F,= 70 Ksi

D. Connection Shear Capacity:

(0.4 Fy A )= 92.0 Kips 2 10.000 Kips OK

(AISC ASD Sect. J3.7)
Vp= 64.9 Kips 2 10.000 Kips OK

Use three (3) 7/8 in. ¢ x 2" w/ 5/32" thick washers
A325-N STD bolts in single shear

User may need to adjust bolt length for other conditions.
Total bolt shear capacity = 37.9 Kips 2 10.000 Kips OK

PL 1/4 % 4-1/2 x 9"
A36 plate Py= 36 ksi F,= 58 ksi

Plate gross shear capacity= 32.4 Kips 2 10.0 Kips OK
Plate net shear capacity (AISC ASD Sect. J4):
V = 26.9 Kips 2 10.0 Kips OK
Plale block shear capacity (AISC ASD Sect. J4):
V.= 29.9 Kips 2 10.0 Kips OK
Plaes bearing/tearout capacity (AISC ASD Sect. J3.7):

Vb= 45.7 Kips 2 10.000 Kips OK

Use 5/16" - 70 Ksi fillet welds - both sides

Maximum weld strength:
V= 83.5 Kips 2 10.000 Kips OK

Column flange shear capacity at weld= 404.4 Kips 2 10.000 Kips
E. Column Stiffener Plates
Design is based on Ppe

= 5/3 (M/(d-t¢))
= 202.1 Kips

-- Continued --
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Page 3

: (AISC-ASD Sect. Kl1.2)

=t Fy / 0.16
Fen_ 557 6¥Rips = = 202.1 Kips OK
Column flange beRSlng capacity is adequate.

: (AISC-ASD Sect. K1.3)

P _=F t ( + 5 k)
Yo 4¥8.5"Rips” > = 202.1 Kips OK
Column web yleldfgg strength is adequate.

l 5

P._=5/3 x 67.5 t__? [1 + 3(t /d.) (L, /t 1 J(F
WC_ 839.7 Kips ¥ p,, = 202%¥ Kips *

Column web crxpp?fng capacity is adequate.
wa— 4100 t__~3 J(F,.) / d

= 2283.8"Rips 2Y°p__ =%202.1 Kips oK
Column web bucklxgs strength is adequate.

Column stiffener plates are NOT required.
Note:

Number of bolt rows at beam web connection has been increased to

accommodate specified web plate length.
Note:

(AISC-ASD Sect. K1.4)
yc fc/twc

(AISC-ASD Sect. K1l.6)

Web plate-to-column flange weld size can be reduced to 1/4 in.
if particular care is taken to provide sufficient preheat for

soundness of the weld (see AISC—-ASD Sect. J2.2bh).
Note:

The user should consider using short slots at beam web connection

to account for shrinkage caused by beam flange weld.

- End =--
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Bean: W12x26 FRANING ANGLES - am 10 GIRDER WEB CONNECTION
A36 Defaults Table: SHEARCON.DT ]
Girder: Wi6xd0 Bean Elevation: -2° Girder tw: 0.305"
A36 . with respect to arder)
Shear: 10 Kips pacity: 33.6
1
IZH 70 Ksi
\_1-3/4
70 Ksi
tw= 0.23*
k= 7/8"
ZL-SLBB 3x3x3/8

c £ L iption:
Framing angles, beam to girder web connection.

Beam: W12x26 A36 F. = 36 ksi F,= 58 ksi
d= 12.22 in. th= 0.23 in.

Girder: W16x40 A36 F = 36 ksi Fu= 58 ksi
tw = 0.305 in.

Beam end reaction= 10.0 Kips
Connection Capacity= 33.6 Kips

Strength Limit States:
Beam gross shear capacity (0.4 Fy Aw)= 40.5 Kips 2 10.0 Kips OK
Beam web connection:
Use 1/4 in. - 70 Ksi fillet welds
From AISC-ASD Table XXIII, using k = 0.278 and a = 0.284
Total weld shear capacity = 75.4 Kips 2 10.0 Kips OK
Beam web capacity at weld = 33.6 Kips 2 10.0 Kips OK

-- Continued --
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Girder web connection:

Use 1/4 in. - 70 Ksi fillet welds
Total weld shear capacity = 42.8 Kips 2 10.0 Kips OK

Girder web shear capacity at weld= 79.1 Kips 2 10.0 Kips OK
Remaining girder web shear capacity= 69.1 Kips

Framing angles:

2L-SLBB 3x3x3/8 x 9"
A36 Angles Fy= 36 ksi F,= 58 ksi

Angle gross shear capacity= 97.2 Kips 2 10.0 Kips OK

Note:
The designer should consider the erectability of this connection.

— End -
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Bean: W10x33 FRANING ANGLES - BEAN 70 GIRDER WEB COMNECTION
. A36 Defaults Table: SHEARCON.DT1
Girder: W16x3l Bean Elevation; -3t Girder tw: 0.275"
A36 with mspect t.o glrder)
Shear: 10 Kips ity:
i
/ZH 70 Ksi
\_1-3/4
70 Ksi
tv= 0.29"
k= 1-1/16*
ZL-SIm 3x3x3/8
c ti D iption:

Framing angles, beam to girder web connection.

Beam: W10x33 A36 F = 36 ksi F“= 58 ksi

d= 9.73 in. ¥"= 0.29 in.
Girder: W16x31 A36 F = 36 ksi l-"u= 58 ksi
t. = 0.275 in.
w
Bean end reaction= 10.0 Kips
Connection Capacity= 21.6 Kips
Strength Limit States:
Beam gross shear capacity (0.4 Fy Aw)= 40.6 Kips 2 10.0 Kips OK
Beam web connection:

Use 1/4 in. - 70 Ksi fillet welds

From AISC-ASD Table XXIII, using k = 0.417 and a = 0.406
Total weld shear capacity = 52.0 Kips 2 10.0 Kips OK

Beam web capacity at weld = 29.2 Kips 2 10.0 Kips OK

-- Continued --
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Girder web connection:

Use 1/4 in. - 70 Ksi fillet welds
Total weld shear capacity = 21.6 Kips 2 10.0 Kips OK

Girder web shear capacity at weld= 47.5 Kips 2 10.0 Kips OK
Remaining girder web shear capacity= 37.5 Kips

Framing angles:

2L-SLBB 3x3x3/8 x 6"

A36 Angles Fy= 36 ksi F,= 58 ksi

Angle gross shear capacity= 64.8 Kips 2 10.0 Kips OK

Note:
The designer should consider the erectability of this connection.

- End --
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Id: B8 TO C2
Bean: B16x31 FRANING ANGLES - BEAM T0 COLUMN WEB CONNECTIOR
Column: :3121106 Defaults Table: SHEARCON.DT1 Column tw: 0.61%
Shear: 10  Kips  Capacity: 51.9 Kips
1/2~
70 Ksi
:t\_l-Bll

70 Ksi

tv= 0.275"

k= 1-1/8*

ZL-SI.B 313x3/8
Connection Description:
Framing angles, beam to column web connection.
Beam: W16x31 A36 F = 36 ksi F = 58 ksi
d= 15.88 in. tw= 0.275 in.
Column: W12x106 A36 F = 36 ksi F = 58 ksi
t =o0.61 in. Y
W
Beam end reaction= 10.0 Kips
Connection Capacity= 51.9 Kips
Strength Limit States:

Beam gross shear capacity (0.4 Fy Aw)= 62.9 Kips 2 10.0 Kips OK

Bean web connection
Use 1/4 in. - 70 Ksi fillet welds
From AISC-ASD Table XXIII, using k = 0.208

and a = 0.220

Total weld shear capacity = 97.3 Kips 2 10.0 Kips OK
Beam web capacity at weld = 51.9 Kips 2 10.0 Kips OK

-= Continued --
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Column web connection:

Use 1/4 in. - 70 Ksi fillet welds
Total weld shear capacity = 66.2 Kips 2 10.0 Kips OK

Column web shear capacity at weld= 210.8 Kips 2 10.0 Kips OK
Remaining column web shear capacity= 200.8 Kips

Framing angles:

2L-SLBB 3x3x3/8 x 12"

A36 Angles Fy= 36 ksi Fu= 58 ksi

Angle gross shear capacity= 129.6 Kips 2 10.0 Kips OK

Note:
The designer should consider the erectability of this connection.

-- End --
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W21X50
W21X44
W18X60
W18X50
W18X40
W16X40
W16X36
W16X26
W16X31
W16X26
W14X48
W14X34
W12X170
W12X106
W12X26
W10X33
W10X22

CoX15

WT5X15

4" STD PIPE

Table C.1 - Sculpture Material List

I'-6"
5' - 0“
10'- 0"
5' - O"
11 - 6ll
4! - 0"
4-0"
1'-6"
4' - Oll
l! - 6"
1| - 6"
1'-6"
7-6"
5-6"
1' - 6"
I'-6"
I'-6"

5' - 3"

O| - 9"

3'-103/4"

L6X6X3/8
L5X3 1/2X3/8
L5X3X1/4
L4X4X1/2
L4X4X3/8
L4X3 1/2X3/8
L3X3X3/8
L3X3X1/4

PL1/4X4 1/2
PL1/4X6
PL1/4X6 1/2
PL3/8X3 1/2
PL1/2X4
PL1/2X6 1/2
PL1/2X10
PL1/2X1'-1"
PL5/8X10 1/2
PL3/4X4
PL3/4X10 7/8
PL1X7 1/2
PL1X8 1/2

1 3/8" dia Th Rod

0'-51/2"

9'-21/2"
0'- 10"
1'-0"
10’ - 8"
2'-6"
4-6"
16| - 4"

1'-6"
1'-101/2"
I'-3"
1' - 5"
1'-1/2"
3.1
5'-11/4"
1'-31/2"
I'-1"
5' - Oll
4| - 6"
2'-31/4"
I'-9"

4t 4"




Table C.2 - Beam Member Material List

B1 W18X50 5'-0" 1
BI1A W14X34 1'-6" 1
B1B W18X40 1'-6" 1

B2 W18X60 5'-0" 1
B2A W12X14 1'-6" 1
B2B W16X26 1'-6" 1

B3 W21X44 2'-6" 2
B3A W21X50 1'-6" 1
B3B W14X48 I'-6" 1
B4 W18X60 5'-0" 1
B4A W12X26 I'-6" 1
B4B W10X22 1'- 6" 1

B5 W16X36 4'-0" 1
BSA 12K1 3'-0" 1
B5B 12K1 3'-0" 1

B6 W16X40 4'-0" 1
B6A WI12X26 1'-6" 1

B7-TRUSS

Ul L5X31/2X3/8 4'-71/4" 2

L1 L4X4X3/8 4-7" 2

D1 L3X3X1/4 3'-95/8" 2

D2 L3X3X1/4 1'-0" 2
UIL1 L3X3X1/4 3'-43/8" 2

B3 W16X31 4'-0" 1
B8A W10X33 1'-6" 1

B9 Co9X15 5'-3" 1
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Cl
C2
C3

Table C.3 - Column Member Material List

W12X170
W12X106
4" STD PIPE

7! - 6"
5' - 6"
3'-103/4"
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Table C.4 - Connection Material List

ta WT5X15 0'-9" 1 B1A TO BI
aa L5X3X1/4 0'- 10" 1 BIB TO B1
pa PL1/4X 6 1/2 0'-6" 1 B2A TO B2
pb PL1/4 X 41/2 0'-9" 1 B2B TO B2
ab L4 X3 1/2X3/8 0'-6" 1 B3A TO B3
ac L4X31/2X3/8 0'-9" 1 B3B TO B3
pc PL1/4X61/2 1'-3" 2 B3 SPLICE
pd PLI2X6172 | 1'-61/2" 2 B3 SPLICE
ad L4X31/2X3/8 0'- 9" 1 B4A TO B4
ae L4X31/2X3/8 0'-6" 1 B4B TO B4
pe PL3/8X31/2 | 0-81/2" 2 B4 STIFFENERS
pf PL1/4X 41/2 0'-9" 1 B1TOCI
pg PL1/2X 10 1'-61/2" 1 B2 TO C1
ph PL3/4X107/8 | 1-31/2" 2 B2TOCl
pi PL1 X712 2'-31/4" 1 B3 TO C1
pj PL1/2 X 10 1'- 4 3/4" 1 B4 TO C1
pk PL3/4X 1078 | 0'-61/2" 2 B4 TO C1
af L3 X3 X3/8 0'-9" 2 B6A TO B6
pl PL1/2 X 13 1'-31/2" 1 U1 TO C2
pm PL1/2X 4 1'-1/2" 1 L1TO C2
pn PL1/2X9 0'- 10" 1 UIL1 TO Ul
po PL1/2X 10 1-5" 1 UIL1 TOLI
ag L3 X3 X3/8 0-6" 2 BSA TO B8
pp PL1/4X 6 0'-8" 2 B9 TO B5/B8
ah L4X 4 X 3/8 0'-51/2" 1 B5 TO C2
ai L6 X 6 X 3/8 0'-51/2" 1 B5 TO C2
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Table C.4 - Connection Material List (continued)

aj
ak

al

Pq
pr

ps
pt

pu
pv

pWw
cl

wh
nt

14X 4X3/8
L4X4X3/8

L3X3X3/8

PL5/8 X 51/2
PL5/8 X7 1/2

PL5/8 X9
PL1X81/2

PL11/2X 18
PL3/4X 4
L4X4X1/2

PL3/4X 4
1 3/8" Thr Rod
#3 Clevis
1 1/2" dia Pin
Hillside Washer
Nut for 1 3/8"
Rod

0| - 6"
0'-6172"

1! - O!l

0'-101/2"
0'-10172"

OI - 9"
1| - 9"

2! - 2"
0| - 8"
ll - Ol!

ll - O"
4l - 4"

O\ —

—

O ) S

B6 TO C2
B6 TO C2

B8 TO C2

C3 BASE PLATE
C3 BASE PLATE

COL SPLICE
COL SPLICE

C1 BASE PLATE
C1 BASE PLATE
C1BASE PLATE

B6 HANGER PL
B6 HANG ROD
B6 HANG CONN
B6 HANG CONN
B6 HANG CONN
B6 HANG CONN

Note:

Connection bolts and anchor bolts are not given
Connection bolts are 7/8" diam. A325-N
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APPENDIX D
SCULPTURE SHOP DRAWINGS
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APPENDIX E
NOMENCLATURE
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o]

o

-8> O> UP

uiv

>

-

'

>
s

e

& o

>

a

e

eld

>

N

[,

o o
&

length of rupture for block shear failure of a welded coped beam
connection

distance between connectors in a built-up connection
distance from bolt line to application of prying force
bolt area

effective net area

equivalenf area due to reduction

area of beam flange

effective tension flange area

gross flange area

net flange area

gross area

hole area = (d, + 1/16)t

net area

net tension area

net shear area

gross tension area

gross shear area

stiffener area

area of beam web

weld area

area of steel bearing concentrically on concrete support
total cross-sectional area of concrete support

flange width

column flange width
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o o o

ngb
Cw

Ihoh g h M h o h

'Tlg""é

plate width

stiffener width

width of base plate

length of cope

compressive force

coefficients used in extended end-plate connection design
warping constant

depth of member

width of bolt hole parallel to tee stem or angle leg

bolt diameter

distance between fillets = d -2k or T

bottom cope depth

top cope depth

hole diameter = (d, + 1/16)

depth of respective beam member when considering column panel zone
number of sixteenths of an inch in fillet weld size
eccentricity or bolt edge distance

modulus of elasticity for steel = 29,000 ksi

computed stress or factor for computing coped beam strength
computed bending stress

compressive strength of concrete at 28 days

factor for computing coped beam strength

computed compressive stress

computed tensile stress

computed shear stress

computed weld shear stress

force or allowable stress
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i
Il

critical yield stress

<]

= elastic buckling stress

@

e e |

= elastic flexural buckling stress about the major axis

i

= elastic flexural buckling stress about the minor axis

2

elastic torsional buckling stress

]

= flange force

=4

M M T T
Il

= tensile stress

=

= weld strength classification

5

= yield stress

“

= column yield stress

3

flange yield stress

S

= stiffener yield stress

<
4

= web yield stress

e T e B T T T
I

n i
I

factor of safety
= bolt gage
shear modulus of elasticity for steel = 11,200 ksi

= stiffener height

= 2= S W
Il

= height of beam web between coped sections

<

=
]

flexural constant

[—
I

moment of inertia about x and y-axis respectively

&
<

= torsional constant
= distance from outer face of flange to web toe fillet

equivalent length factor for compression members

oo R -
I

= factor for computing coped beam strength

2
Il

equivalent length

kL/r = slenderness ratio

._.
i

length of yield for block shear failure of a welded coped beam connection
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=
I

weld

£ £ 8 3
I I

<
!

p reduced -

<
I

2

=
]

z z Z
i

Z,
i

)

a=]
i

length of connection in direction of loading

length of weld

number of shear planes in a fastener

cantilever dimension of base plate

required flexural strength for extended end-plate connections
plastic moment capacity

reduced moment capacity due to holes in member tension flange
respective applied moment when considering column panel zone
cantilever dimension of base plate

length of bearing

length of base plate

number of bolts in a joint

number of slip planes

length of supporting parallel to stem or leg of hanger tributary to each bolt
in determining prying action

concentrated force a column will sustain without stiffeners

effective span used to compute M_ for extended end-plate connections
extended end-plate connections

distance from centerline of bolt to nearer surface of tension flange in
extended end-plate connections

nominal axial strength

required axial strength due to factored loads
governing radius of gyration

nominal shear value for one fastener

radius of gyration about a and y axes respectively
nominal strength

required strength due to factored loads

bolt spacing
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pl

R L

—~3

tri

—

=

-

=}

—]

B

—

=

~

]

c

s

< < <

<

=

€

<

o

o

section modulus of a plate

section modulus of a tee

thickness

flange thickness

beam flange thickness

plate thickness

stiffener thickness or tee stem thickness
web thickness

column web thickness

fillet weld size

tensile force due to service loads

minimum pretension of a high-strength bolt
tensile force due to earthquake load

tensile force due to live load

minimum fastener tension

nominal tensile strength

required tensile strength due to factored loads
tensile force due to wind load

reduction coefficient, used in calculating effective net area = 1 -

=] >

shear produced by factored loading

nominal shear strength

story shear

required shear strength

weld size

effective width according to Whitmore model

connection eccentricity and distance to centroid along respective axis
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Xy, = coordinates of the shear center with respect to the centroid

Z = plastic section modulus

o = ratio of moment at bolt line to moment at stem line for determining prying
action

o = coefficient used in calculating the design moment, M_, for end plate
connections

o = ratio of net area (at bolt line) and gross area (at face of stem or angle leg)

used in determining prying action

¢ = resistance factor

A, = equivalent slenderness parameter

A, = limiting slenderness parameter or non-compact member
u = mean slip coefficient

T = pi

v = poisson's ratio
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