
AISC DG29 Example 5.1

ORIGIN 1:=

Reference to AISC 14th Edition shapes database:

T1
AISC Shapes Database v14.1.xls

:= Row shape( )

R i T1
2 ( )

i
shape=if

i 1 rows T1( ) 1-..for

R

:=

Solve Example 5.1 Corner tensile Flange: General Uniform Force Method
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AISC DG29 Example 5.1

 Loads

LRFD Brace axial force Pu 840kip:=

horizontal nodal force Hunode 100kip:=

beam axial reaction Aubeam 716kip:=

beam shear reaction Vubeam 50kip:=

 Material Properties

Fybeam 50 ksi:= Fubeam 65 ksi:=
Beams steel grade A992

Brace steel grade A36 Fybrace 36 ksi:= Fubrace 58 ksi:=

Plate steel grade A572 Gr. 50 FyPL 50ksi:= FuPL 65ksi:=

Modulus of Elasticity E 29000ksi:=

weld strength FEXX 70ksi:=

 Member Properties

 Beam Properties

Beam section Beam "W21X83":= Span 25ft:=

depth of beam dbeam T1 Row Beam( ) 7, ( ) in 21.4 in=:=

width of flange bfbeam T1 Row Beam( ) 12, ( ) in 8.4 in=:=

thickness of flange tfbeam T1 Row Beam( ) 20, ( ) in 0.835 in=:=

thickness of web twbeam T1 Row Beam( ) 17, ( ) in 0.515 in=:=

design weld depth k_desbrace T1 Row Beam( ) 25, ( ) in 1.34 in=:=

center of web to flange toe of fillet k_1beam T1 Row Beam( ) 27, ( ) in 0.875 in=:=

strong moment of inertia Ixbeam T1 Row Beam( ) 39, ( ) in
4

 1830 in
4

=:=

Column "W14X90":=
 Column Properties

dcolumn T1 Row Column( ) 7, ( ) in 14 in=:=
depth 

bfcolumn T1 Row Column( ) 12, ( ) in 14.5 in=:=
flange width 

tfcolumn T1 Row Column( ) 20, ( ) in 0.71 in=:=
flange thickness

twcolumn T1 Row Column( ) 17, ( ) in 0.44 in=:=
web thickness

strong moment of inertia Ixcolumn T1 Row Column( ) 39, ( ) in
4

 999 in
4

=:=
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AISC DG29 Example 5.1

 Brace Properties

Brace section Brace "2L8X6X1LLBB":=

cross sectional area Agbrace T1 Row Brace( ) 6, ( ) in
2

 26.2 in
2

=:=

L1 "L8X6X1":=
x distance to centroid x_barbrace T1 Row L1( ) 28, ( ) in 1.65 in=:=

value for single angle

tbrace T1 Row Brace( ) 22, ( ) in 1 in=:=

 Plate Properties 

thickness tPL 1in:=

clip thickness tclip

3

4
in:=

end PL width hendPL 10in:=

 Member Design

 Brace-to-Gusset Connection

 Determine required number of bolts (J3.6)

bolt pitch (spacing) p 3in:=

bolt diameter dbolt

7

8
in:=

area of bolt Abolt dbolt
2 π

4
 0.6 in

2
=:=

bolt shear strength Fnvbolt 84ksi:=
Table J3.2 Group A
threads X

Fntbolt 113ksi:=
bolt tensile strength

Φ 0.75:=
strength reduction factor

Φrnv Φ Fnvbolt Abolt 37.9 kip=:= EQ : J3-1
bolt shear strength (single shear)

Φrnt Φ Fntbolt Abolt 51 kip=:= EQ : J3-1
bolt tensile strength

use 14 bolts
number of bolts  recall

Nbolts

Pu

Φrnv 2( )
11.1=:= Nbolts 14:=

Pu 840 kip=
double shear
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 Check tensile yielding on the brace gross section (J4.1a)
 recall

strength reduction factor Φ 0.9:= Fybrace 36 ksi=

tensile yielding strength of brace ΦRn Φ Fybrace Agbrace 848.9kip=:= Agbrace 26.2 in
2

=

Pu 840 kip=
check capacity if Pu ΦRn< "OK", "NOT OK", ( ) "OK"=

 Check tensile rupture on the brace net section (J4.1b)
 recall

net area of brace Anbrace Agbrace 4 tbrace dbolt

2

16
in+









- 22.2 in
2

=:= Agbrace 26.2 in
2

=

tbrace 1 in=

x_barbrace 1.65 in=
length of bolted connection lbrace

14

2
1-









3 in 18 in=:=
Fybrace 36 ksi=

Fubrace 58 ksi=
shear lag factor (Tbl D3.1 case 2) U 1

x_barbrace

lbrace

- 0.908=:=
FyPL 50 ksi=

FuPL 65 ksi=
effective area of brace Aebrace U Anbrace 20.2 in

2
=:=

Nbolts 14=

dbolt 0.875 in=

Φ 0.75:= p 3 in=
strength reduction factor

ΦRn Φ Fubrace Aebrace 877.2kip=:= tPL 1 in=
tensile rupture strength of brace

if Pu ΦRn< "OK", "NOT OK", ( ) "OK"= Pu 840 kip=
check capacity

 Check block shear rupture on the brace (J4.3)

block shear strength Rn 0.60Fu Anv Ubs Fu Ant+ 0.60Fy Agv Ubs Fu Ant+=

gross shear area
Agvbrace 2( ) tbrace lbrace 1.5in+( ) 39 in

2
=:=

net area for shear
Anvbrace Agvbrace 2( )

14

2
0.5-









tbrace dbolt

2

16
in+









- 26 in
2

=:=

net area for tension Antbrace 2( ) tbrace p 2in+( ) 1.5 dbolt

2

16
in+









-








 7 in
2

=:=

0.60Fubrace Anvbrace 904.8kip=
uniformly loaded Ubs 1:=

0.60Fybrace Agvbrace 842.4kip=

Ubs Fubrace Antbrace 406 kip=
strength reduction factor Φ 0.75:=

ΦRn Φ 0.6 min Fubrace Anvbrace Fybrace Agvbrace, ( ) Ubs Fubrace Antbrace+( ):=
block shear strength

ΦRn 936.3kip=

check capacity if Pu ΦRn< "OK", "NOT OK", ( ) "OK"=
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AISC DG29 Example 5.1

 Check block shear rupture on the gusset plate (J4.3)

gross shear area AgvPL 2 tPL lbrace 1.5in+( ) 39 in
2

=:=

net area for shear AnvPL AgvPL 2( )
14

2
0.5-









tPL dbolt

2

16
in+









-:=

AnvPL 26 in
2

=

net area for tension AntPL tPL 3in dbolt

2

16
in+









-








 2 in
2

=:=
0.60FuPL AnvPL 1014 kip=

uniformly loaded Ubs 1:= 0.60FyPL AgvPL 1170 kip=

Ubs FuPL AntPL 130 kip=
strength reduction factor Φ 0.75:=

block shear strength ΦRn Φ 0.6 min FuPL AnvPL FyPL AgvPL, ( ) Ubs FuPL AntPL+( ) 858 kip=:=

if Pu ΦRn< "OK", "NOT OK", ( ) "OK"=
check capacity

 Check bolt bearing on the gusset plate (J3.10)

 recall
bolt bearing strength Rn 1.2 lc t Fu 2.4 d t Fu<= Φrnv 37.9 kip=

dbolt 0.875 in=
clear distance (between bolts) lc_inner 3in dbolt

1

16
in+









- 2.06 in=:=
FuPL 65 ksi=

clear distance (between edge) lc_edge 1.5in 0.5 dbolt

1

16
in+









- 1.03 in=:= Nbolts 14=

Pu 840 kip=

strength reduction factor Φ 0.75:=

edge bolt bearing strength ΦRn_edge min Φ 1.2 lc_edge tPL FuPL Φ 2.4 dbolt tPL FuPL, 2( )Φrnv,   60.3 kip=:=

inner bolt bearing strength ΦRn_inner min Φ 1.2 lc_inner tPL FuPL Φ 2.4 dbolt tPL FuPL, 2( )Φrnv,   75.8 kip=:=

Total bolt bearing strength ΦRn 2( ) ΦRn_edge Nbolts 2-( ) ΦRn_inner+ 1029.9 kip=:=

check capacity if Pu ΦRn< "OK", "NOT OK", ( ) "OK"=

 recall
 Check the gusset plate for tensile yielding on the Whitmore section (pg: 9-3 ) lbrace 18 in=

lw p tan 30deg( ) 2 lbrace+ 23.8 in=:= twbeam 0.515 in=
whitmore section width

tPL 1 in=
lw_web 4.70in:=

FyPL 50 ksi=
effective area of the
Whitmore section

Aw lw lw_web-( ) tPL lw_web( ) twbeam+ 21.5 in
2

=:= Pu 840 kip=
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AISC DG29 Example 5.1

 tensile yielding strength of the gusset plate (J4.1a)

strength reduction factor Φ 0.90:=

ΦRn Φ FyPL Aw 967.7kip=:=
tensile yielding strength

if Pu ΦRn< "OK", "NOT OK", ( ) "OK"=
check capacity

 Check the gusset plate for compression buckling on the Whitmore section (J4.4)
 recall

effective length factor KPL 0.5:= tPL 1 in=

FyPL 50 ksi=
length of plate to buckle LPL 9.76in:=

Pu 840 kip=

radius of gyration rPL

LPL tPL
3



12 tPL LPL
0.289 in=:=

K L

r
KPL LPL

rPL

16.9=  < 25

gross area AgPL tPL 20.9 in 20.9 in
2

=:=

strength reduction factor Φ 0.90:=

compressive strength ΦPn Φ FyPL AgPL 940.5kip=:=

check capacity if Pu ΦPn< "OK", "NOT OK", ( ) "OK"=

 Connection Interface Forces (chapter 13)
 recall

beam half depth ebeam

dbeam

2
10.7 in=:=

dbeam 21.4 in=

column half depth dcolumn 14 in=
ecolumn

dcolumn

2
7 in=:=

Pu 840 kip=

slope of brace θbrace atan
12

11.125









47.2 deg=:=

α β tan θ( )- ebeam tan θ( ) ecolumn-= Eq : 13-1

β_bar 12in:=

β β_bar:=

α ebeam tan θbrace( ) ecolumn- β tan θbrace( )+ 17.5 in=:=

plate thickness tp 1in:=
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AISC DG29 Example 5.1

α_bar α=
lh tclip+

2
tp+=

lh 2 α tp-( ) tclip- 32.2 in=:=

Eq. 13-6
r α ecolumn+( )2 β ebeam+( )2

+ 33.4 in=:=

Vcolumn

β
r

Pu 301.9kip=:= Eq. 13-2

Vbeam

ebeam

r
Pu 269.2kip=:= Eq. 13-4

Pu cos θbrace( ) Vcolumn Vbeam+( )- 0- kip=

Hcolumn

ecolumn

r
Pu 176.1kip=:= Eq. 13-3

Eq. 13-5
Hbeam

α
r

Pu 439.9kip=:=

Pu sin θbrace( ) Hcolumn Hbeam+( )- 0- kip=

 Gusset-to-Beam Connection

 Check gusset plate for shear yielding (J4.2a) and tensile yielding (J4.1a) along the beam flange

 recall
lweld lh 0.75in- 31.5 in=:=

weld length

lh 32.2 in=
Φ 1.00:=

strength reduction factor tPL 1 in=
ΦRn Φ 0.60 FyPL tPL lweld 944.1kip=:=

shear yielding strength FyPL 50 ksi=

check capacity if Hbeam ΦRn< "OK", "NOT OK", ( ) "OK"= Hbeam 439.9kip=

Vbeam 269.2kip=
Φ 0.90:=

strength reduction factor

ΦRn Φ FyPL tPL lweld 1416.2 kip=:=
Tensile yielding strength

check capacity if Vbeam ΦRn< "OK", "NOT OK", ( ) "OK"=
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 Consider force interaction for gusset plate

interaction Eq plasticity theory
(Neal, 1977) and suggested by
Astaneh-Asl (1998)

Mub

ΦMn









Vub

ΦNn









2

+
Hub

ΦVn









4

+ 1<
 recall 

FyPL 50 ksi=
Φ 0.90:=

strength reduction factor lweld 31.5 in=
ΦMnPL Φ Fy Zx=

tPL 1 in=

Hbeam 439.9kip=
nominal moment strength (EQ: F2-1) ΦMnPL Φ FyPL

tPL lweld
2



4









 11142.1 in·kip=:=
Vbeam 269.2kip=

interaction equation
0

ΦMnPL









Vbeam

0.90 FyPL tPL lweld( )









2

+
Hbeam

1.0 0.60 FyPL tPL lweld( )









4

+ 0.08=

 Design weld at gusset-to-beam flange connection 
 recall 

lweld 31.5 in=
fa

Vbeam

lweld

8.6
kip

in
=:=

axial stress in weld
Hbeam 439.9kip=

Vbeam 269.2kip=
shear stress in weld fv

Hbeam

lweld

14
kip

in
=:=

bending stress in weld fb 0:=

peak stress fpeak fa fb+( )2
fv

2
+ 16.4

kip

in
=:=

average stress favg

1

2
fa fb-( )2

fv
2

+ fa fb+( )2
fv

2
++





 16.4

kip

in
=:=

load angle
θload atan

fa

fv









31.5 deg=:=

additional ductility (pg: 13-11) ductility 1.25:=

stress on weld fweld max ductility favg fpeak, ( ) 20.5
kip

in
=:=

D
fweld

2 1.392
kip

in









 1.0 0.50 sin θload( )1.5
+





6.2=:=
gusset to beam flange weld size

D ceil D( ) in 7 in=:= 16 th of an inch
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 Check beam web local yielding (J10.2)  recall 

Fybeam 50 ksi=
strength reduction factor Φ 1.00:=

twbeam 0.5 in=ΦRn Φ Fyw tw 2.5k lb+( )=
web local yielding strength k_desbrace 1.3 in=ΦRn Φ Fybeam twbeam 2.5k_desbrace lweld+( ) 896.6kip=:=

lweld 31.5 in=
check capacity if Vbeam ΦRn< "OK", "NOT OK", ( ) "OK"=

Vbeam 269.2kip=

 recall  recall 
 Check equivalent normal force, Ne Nue Vbeam

2 0

lweld 2( )
+ 269.2kip=:=

twbeam 0.5 in= tfbeam 0.84 in=

lweld 31.5 in= Fybeam 50 ksi=

 Check beam web local crippling (J10.3) dbeam 21.4 in= E 29000 ksi=

Vbeam 269.2kip=
strength reduction factor Φ 0.75:=

web local crippling strength ΦRn Φ 0.80 twbeam
2

 1 3
lweld

dbeam










twbeam

tfbeam









1.5

+










E Fybeam tfbeam

twbeam

 765.4kip=:=

check capacity if Vbeam ΦRn< "OK", "NOT OK", ( ) "OK"=

 Gusset-to-Column Connection
 Design bolts at gusset-to-column connection (J3.6 & J3.7)

 recall 
number of bolts Nbolts.end_PL 14:= Fnvbolt 84 ksi=

Fntbolt 113 ksi=
ultimate shear force per bolt ruv

Vcolumn

Nbolts.end_PL

21.6 kip=:= Φrnv 37.9 kip=

Φrnt 51 kip=
check capacity if ruv Φrnv< "OK", "NOT OK", ( ) "OK"=

Hcolumn 176.1kip=

rut

Hcolumn

Nbolts.end_PL

12.6 kip=:= Vcolumn 301.9kip=
ultimate tensile force per bolt

Abolt 0.6 in
2

=
check capacity if rut Φrnt< "OK", "NOT OK", ( ) "OK"=

strength reduction factor Φ 0.75:=

modified nominal tensile
stress factored to include
shear stress efects

F'nt 1.3 Fnt
Fnt

Φ Fnv
frv- Fnt<=

F'ntbolt min 1.3 Fntbolt
Fntbolt

Φ Fnvbolt

ruv

Abolt









- Fntbolt, 








82.6 ksi=:=

combined loading strength ΦRn Φ F'ntbolt Abolt 37.2 kip=:=

check capacity if rut ΦRn< "OK", "NOT OK", ( ) "OK"=
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 recall 
 Design gusset-to-end plate weld (Eq: 8-2)

Hcolumn 176.1kip=
resultant load on weld Ru Hcolumn

2
Vcolumn

2
+ 349.5kip=:=

Vcolumn 301.9kip=

Nbolts.end_PL 14=
resultant weld load angle θresultant atan

Hcolumn

Vcolumn









30.3 deg=:=
p 3 in=

end plate effective length of weld lweld.end_PL p
Nbolts.end_PL

2
 21 in=:=

Dend_PL

Ru

2( ) 1.392
kip

in









 lweld.end_PL 1.0 0.50 sin θresultant( )1.5
+





5.1=:=
end plate weld size

Dend_PL ceil Dend_PL( ) 6=:=

 Check gusset plate tensile and shear yielding at the gusset-to-end-plate interface (J4.1a & J4.2a)

strength reduction factor Φ 0.90:=  recall 

lw 23.8 in=
Tensile yielding strength ΦNn Φ FyPL tPL lw( ) 1070.3 kip=:=

tPL 1 in=
check capacity

if Hcolumn ΦNn< "OK", "NOT OK", ( ) "OK"=
FyPL 50 ksi=

strength reduction factor Φ 1.00:= Hcolumn 176.1kip=

shear yielding strength ΦVn Φ 0.60 FyPL tPL lw( ) 713.5kip=:= Vcolumn 301.9kip=

check capacity
if Vcolumn ΦNn< "OK", "NOT OK", ( ) "OK"=

 Check prying action on bolts at the end plate (Part 9 and Figure 5-4a)

bolt gage gage 5.5in:=

bendPL

gage tPL-

2
2.3 in=:=

Eq 9-21 b'endPL bendPL

dbolt

2
- 1.8 in=:=

aendPL

hendPL gage-

2
2.25 in=:=  recall 

tPL 1 in=

Eq 9-27 a'endPL min aendPL

dbolt

2
+ 1.25 bendPL

dbolt

2
+, 









2.69 in=:= dbolt

7

8
in=

hendPL 10 in=
ρendPL

b'endPL

a'endPL

0.674=:= Φrnt 51 kip=

p 3 in=
d' dbolt

1

16
in+

15

16
in=:= Φrnt 51 kip=

FuPL 65 ksi=
Eq 9-24 δendPL 1

d'

p
- 0.69=:=

rut 12.6 kip=
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available tensile bolt strength B Φrnt 51 kip=:=

strength reduction factor Φ 0.90:= B 24.2kip:=

thickness to prevent prying action
Eq 9-30

tc
4 B b'endPL

Φ p FuPL
1 in=:=

Eq 9-35 α'
1

δendPL 1 ρendPL+( )

tc

tPL









2

1-









 0-=:=

Eq 9-33 Q
tPL

tc









2

1 δendPL α'+( ) 1=:=

Tavail B Q 24.2 kip=:=
available strength

check capcity if rut Tavail< "OK", "NOT OK", ( ) "OK"=

tendPL

5

8
in:=

try t_endPL=5/8"

α'
1

δendPL 1 ρendPL+( )

tc

tendPL









2

1-









 1.35=:=

Q
tendPL

tc









2

1 δendPL+( ) 0.66=:=

Tavail B Q 16 kip=:=
available strength

check capcity if rut Tavail< "OK", "NOT OK", ( ) "OK"=

 recall 
 Check bolt bearing at bolt holes on end plate (J3.10a) Φrnv 37.9 kip=

dbolt 0.875 in=
clear distance lc_endPL 1.75in 0.5 dbolt

1

16
in+









- 1.28 in=:=
tendPL 0.625 in=

strength reduction factor Φ 0.75:= FuPL 65 ksi=

bolt bearing strength ΦRn min Φ 1.2 lc_endPL tendPL FuPL Φ 2.4 dbolt tendPL FuPL, Φrnv, ( ) 37.9 kip=:=

check capcity if ΦRn Φrnv "bolt shear governs", "check bolt bearing", ( ) "bolt shear governs"=
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 Check block shear rupture of the end plate (J4.3)  recall 

Vcolumn 301.9kip=
block shear strength Rn 0.60Fu Anv Ubs Fu Ant+ 0.60Fy Agv Ubs Fu Ant+=

Nbolts.end_PL 14=

gross shear area (1 side) AgvendPL

Nbolts.end_PL

2
1-









p 1.75in+








tendPL 12.3 in
2

=:= tendPL 0.625 in=

net shear area (1 side) AnvendPL AgvendPL tendPL

Nbolts.end_PL

2
0.5-









 dbolt

2

16
in+









- 8.28 in
2

=:=

net tensile area (1 side) AntendPL tendPL

hendPL gage-

2
0.5 dbolt

2

16
in+









-








 1.09 in
2

=:=

0.60FuPL AnvendPL 323 kip=
Ubs 1:=

0.60FyPL AgvendPL 370.3kip=

strength reduction factor Ubs FuPL AntendPL 71.1 kip=Φ 0.75:=

block shear strength ΦRn Φ 2( ) 0.6 min FuPL AnvendPL FyPL AgvendPL, ( ) Ubs FuPL AntendPL+( ) 591.1kip=:=

if Vcolumn ΦRn< "OK", "NOT OK", ( ) "OK"=
check capcity

 Check prying action on column flange

bcolumn

gage twcolumn-

2
2.5 in=:=

 recall 

gage 5.5 in=

b'column bcolumn

dbolt

2
- 2.1 in=:= twcolumn 0.44 in=

dbolt 0.875 in=
use 

acolumn

bfcolumn gage-

2
4.5 in=:= > aendPL 2.25 in= bfcolumn 14.5 in=

tfcolumn 0.71 in=

a'column min aendPL

dbolt

2
+ 1.25 bcolumn

dbolt

2
+, 









2.69 in=:= p 3 in=

Fubeam 65 ksi=

ρcolumn

b'column

a'column

0.78=:= rut 12.6 kip=

δcolumn 1
d'

p
- 0.69=:=

Φ 0.90:=

B 24.2 kip=
tc

4 B b'column

Φ p Fubeam
1.074 in=:=

α'
1

δcolumn 1 ρcolumn+( )

tc

tfcolumn









2

1-









 1.05=:=

Q
tfcolumn

tc









2

1 δcolumn+( ) 0.74=:=

available strength
Tavail B Q 17.8 kip=:=

check capacity if rut Tavail< "OK", "NOT OK", ( ) "OK"=
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more realistic model

number of bolts in row n Nbolts.end_PL 2 7=:=
 recall 

Nbolts.end_PL 14=
a_bar

bfcolumn gage-

2
:=

bfcolumn 14.5 in=

bcolumn 2.5 in=
b_bar bcolumn 2.5 in=:=

gage 5.5 in=

replace p with p.eff peff

n 1-( )p π b_bar+ 2 a_bar+

n
5 in=:= Fubeam 65 ksi=

tfcolumn 0.7 in=

Tavail 17.8 kip=δcolumn_eff 1
d'

peff

- 0.81=:=

tc
4 B b'column

Φ peff Fubeam
0.833 in=:= B 24.2 kip=

α'
1

δcolumn_eff 1 ρcolumn+( )

tc

tfcolumn









2

1-









 0.26=:=

Qeff

tfcolumn

tc









2

1 δendPL α'+( ) 0.86=:=

percent change
available trength Tavail.eff B Qeff 20.7 kip=:= Tavail.eff Tavail-

Tavail

16.3 %=
check capacity if rut Tavail.eff< "OK", "NOT OK", ( ) "OK"=

 Check bearing on column flange
tfcolumn 0.7 in= > tendPL

5

8
in=

 Beam-to-Column Connection

b
Span

2
150 in=:=

 recall 

Span 25 ft=

Height
Span

tan θbrace( )
278.1 in=:= θbrace 47.2 deg=

Ixbeam 1830 in
4

=
c

Height

2
139.1 in=:=

Ixcolumn 999 in
4

=

Agbrace 26.2 in
2

=
MuD 6

P

A b c










Ib Ic

Ib

b

2Ic

c
+











b
2

c
2

+

bc









=
DG 29 EQ 4-12

ebeam 10.7 in=

β_bar 12 in=

Hcolumn 176.1kip=
MuD 6

Pu

Agbrace b c










Ixbeam Ixcolumn

Ixbeam

b

2Ixcolumn

c
+











b
2

c
2

+

b c









:=
Pu 840 kip=

Vbeam 269.2kip=
MuD 1272.8 in·kip=
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AISC DG29 Example 5.1

HuD

MuD

β_bar ebeam+
56.1 kip=:=

Hu Hcolumn HuD- Hunode+ 220 kip=:=

required shear strength Vu Vbeam Vubeam+ 319.2kip=:=

required axial strength Tu Hu 220 kip=:=

 Design bolts at beam-to-column connection (J3.6 & J3.7)
 recall 

number of bolts Nbolts_beam 12:= Φrnv 37.9 kip=

Φrnt 51 kip=
ultimate shear force per bolt ruv

Vu

Nbolts_beam

26.6 kip=:=
Fntbolt 113 ksi=

check capacity Fnvbolt 84 ksi=
if ruv Φrnv< "OK", "NOT OK", ( ) "OK"=

Abolt 0.6 in
2

=

ultimate tensile force per bolt Vu 319.2kip=
rut

Tu

Nbolts_beam

18.3 kip=:=
Tu 220 kip=

check capacity
if rut Φrnt< "OK", "NOT OK", ( ) "OK"=

strength reduction factor
Φ 0.75:=

modified nominal tensile
stress factored to include
shear stress efects

F'nt 1.3 Fnt
Fnt

Φ Fnv
frv- Fnt<=

F'ntbolt min 1.3 Fntbolt
Fntbolt

Φ Fnvbolt

ruv

Abolt









- Fntbolt, 








67.6 ksi=:=

combined loading strength ΦRn Φ F'ntbolt Abolt 30.5 kip=:=

check capacity if rut ΦRn< "OK", "NOT OK", ( ) "OK"=

try Gr 490 bolts

nominal tensile stress Fntbolt_A490 113ksi:= Φ 0.75:= factored tensile strength per bolt

nominal shear stress Fnvbolt_A490 84ksi:= B Φ Fntbolt_A490 Abolt 51 kip=:=

modified nominal tensile
stress factored to include
shear stress efects

F'ntbolt_A490 min 1.3 Fntbolt_A490
Fntbolt_A490

Φ Fnvbolt_A490

ruv

Abolt









- Fntbolt_A490, 








67.6 ksi=:=

Φ 0.75:=
strength reduction factor

ΦRn_A490 Φ F'ntbolt_A490 Abolt 30.5 kip=:=
combined loading strength

if rut ΦRn_A490< "OK", "NOT OK", ( ) "OK"=
check capacity
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 Design beam web-to-end plate weld (Eq 8-2)

resultant force Ru Vu
2

Tu
2

+ 387.7kip=:=
 recall 

Nbolts_beam 12=
angle of load θb_endPL atan

Tu

Vu









34.6 deg=:=
Vu 319.2kip=

Tu 220 kip=
effective length of connection lb_endPL

Nbolts_beam

2
p:=

end plate weld size
Db_endPL

Ru

2( ) 1.392
kip

in









 lb_endPL 1.0 0.50 sin θb_endPL( )1.5
+





6.4=:=

Db_endPL ceil Db_endPL( ) in 7 in=:=

 Check the 5.5in. gage with 7/16in. fillet welds (Table 7-15)

required clearance C3_req

7

8
in:=

 recall 

twbeam 0.515 in=
clearance 

clearance
gage

2

twbeam

2
-

Db_endPL

16
- 2.05 in=:=

gage 5.5 in=

check clearance Db_endPL 7 in=
if C3_req clearance< "OK", "NOT OK", ( ) "OK"=

 Check prying action on bolts and end plate (Chapter 9)

beam end plate thickness tb_endPL

5

8
in:=  recall 

twbeam 0.515 in=

gage 5.5 in=
bbeam

gage twbeam-

2
2.5 in=:=

dbolt 0.875 in=

hendPL 10 in=
b'beam bbeam

dbolt

2
- 2.1 in=:=

p 3 in=

FuPL 65 ksi=
abeam

hendPL gage-

2
2.3 in=:=

rut 18.3 kip=

a'beam min abeam

dbolt

2
+ 1.25bbeam

dbolt

2
+, 









2.7 in=:=

ρb_endPL

b'beam

a'beam

0.76=:=

δb_endPL 1
d'

p
- 0.69=:=
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Φ 0.90:= B 51 kip=

B 30.4kip:=
tc

4 B b'beam

Φ p FuPL
1.19 in=:=

α'b_endPL

1

δb_endPL 1 ρb_endPL+( )

tc

tb_endPL









2

1-









 2.2=:=

Qb_endPL

tb_endPL

tc









2

1 δb_endPL+( ) 0.46=:=

Tavail.b_endPL B Qb_endPL 14.1 kip=:=

if rut Tavail.b_endPL< "OK", "NOT OK", ( ) "NOT OK"=

tb_endPL

3

4
in:=

use thicker plate

α'b_endPL

1

δb_endPL 1 ρb_endPL+( )

tc

tb_endPL









2

1-









 1.3=:=

Qb_endPL

tb_endPL

tc









2

1 δb_endPL+( ) 0.67=:=

Tavail.b_endPL B Qb_endPL 20.3 kip=:=
available strength

check capcity if rut Tavail.b_endPL< "OK", "NOT OK", ( ) "OK"=

 recall 
 Check prying action on column flange b'column 2.09 in=

tc
4 B b'column

Φ p Fubeam
1.2 in=:=

a'column 2.7 in=

ρcolumn 0.8=

α'column

1

δcolumn 1 ρcolumn+( )

tc

tfcolumn









2

1-









 1.5=:= p 3 in=

δcolumn 0.688=

Fubeam 65 ksi=
Qcolumn

tfcolumn

tc









2

1 δcolumn 1+( ) 0.59=:=
tfcolumn 0.7 in=

rut 18.3 kip=
Tavail.column B Qcolumn 17.8 kip=:=

B 30.4 kip=
if rut Tavail.column< "OK", "NOT OK", ( ) "NOT OK"=
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 Check bolt bearing at end plate  recall 
 Check block shear rupture on end plate (J4.3) hendPL 10 in=

block shear strength Rn 0.60Fu Anv Ubs Fu Ant+ 0.60Fy Agv Ubs Fu Ant+= tb_endPL 0.8 in=

Nbolts_beam 12=
fross area in shear (1 side)

Agvb_endPL

Nbolts_beam

2
1-









p 4.40in+








tb_endPL:=
dbolt 0.875 in=

gage 5.5 in=
Agvb_endPL 14.5 in

2
=

net shear area (1 side)
Anvb_endPL Agvb_endPL tb_endPL

Nbolts_beam

2
0.5-









dbolt

2

16
in+


















- 10.4 in
2

=:=

net tensile area (1 side)
Antb_endPL tb_endPL

hendPL gage-

2
0.5 dbolt

2

16
in+









-








 1.31 in
2

=:=

0.60FuPL Anvb_endPL 406.6kip=
Ubs 1:=

0.60FyPL Agvb_endPL 436.5kip=

Ubs FuPL Antb_endPL 85.3 kip=Φ 0.75:=
strength reduction factor

ΦRn Φ 2( ) 0.6 min FuPL Anvb_endPL FyPL Agvb_endPL, ( ) Ubs FuPL Antb_endPL+( ):=
block shear strength

ΦRn 737.8kip=
 recall 

check capacity if Vu ΦRn< "OK", "NOT OK", ( ) "OK"= Vu 319.2kip=

 Check beam shear strength (J4.2)
 recall 

gross shear area Agvbeam dbeam twbeam 11 in
2

=:=
dbeam 21.4 in=

strength reduction factor twbeam 0.515 in=Φ 1.00:=
shear strength Fybeam 50 ksi=ΦRn Φ 0.60 Fybeam Agvbeam 330.6kip=:=

Vu 319.2kip=
check capcity

if Vu ΦRn< "OK", "NOT OK", ( ) "OK"=

 Check column shear strength ( J4.2)

 recall 
gross shear area Agvcolumn dcolumn twcolumn 6.2 in

2
=:=

dcolumn 14 in=

strength reduction factor Φ 1.00:= twcolumn 0.44 in=

shear strength ΦRn Φ 0.60 Fybeam Agvcolumn 184.8kip=:= Fybeam 50 ksi=

Hcolumn 176.1kip=
check capcity if Hcolumn ΦRn< "OK", "NOT OK", ( ) "OK"=
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