AISC DG29 Example 5.9
ORIGIN := 1
MWW
Reference to AISC 14th Edition shapes database:
T1 := Row(shape) := | for ie 1. rows(T1) -1
AISC Shapes I@ase vi4.1.xls <2>
Re«i if (T1 )i = shape
R

Solve Example 5.9 Chevron Brace Connection

W-shape: A992

HSS: A500 Gr. B

Plates: A572 Gr. 50

W 27x114 L =64"
W.P.
_<> = — — = = — =
L= 32"
/ ] > \ e = 13.65
‘Di
a3
N
HSS 8x8xY
1
N ‘
6§‘®%° PL%"x18"X5"-4"

a=52"

Fig. 5-19. Typical chevron brace connection.
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AISC DG29

Example 5.9

Loads

LRFD Brace axial force
note : similar in both braces

Material Properties
Beams steel grade A992

Brace steel grade A500 GrB
Plate steel grade A572 Gr. 50

Modulus of Elasticity

weld strength

Member Properties

Beam Properties

Beam section
depth of beam
width of flange
thickness of flange
thickness of web

design weld depth

Brace Properties

Brace section
cross sectional area
radius of gyration

depth to end of weld

slope of brace

P, = 289kip

FYpeam := 50-ksi Fupeam = 65-ksi
FYbrace = 46-Ksi FUprace == 58-ksi
FypL := 50Ksi Fupy := 65ksi

E := 29000ksi

Fexx == 70ksi Cy:=10

[Beam := "w27x114"|

dbeam = T1(Row(Beam),7)in = 27.3-in
bfpeam := T1(Row(Beam), 12)-in = 10.1-in
tfheam := T1(Row(Beam),20) in = 0.93in
tWpeam = T1(R0W(Beam), 17) -in=0.57-in

k_deSbrace = T1(Row(Beam)’25)'|n = 1.53"”

[Brace := "HSS8X8X.500"|

.2 .2
Abrace = T1(Row(Brace),6) N = 13.5-in

this is the r.x value

"orace = T1(Row (Brace),42)in = 3-in (sim to r.y for square shapes)

t_deSbrace = T1(Row(Brace)’24)'|n = O.465'|n
B = T1(Row(Brace),9) in = 8in
H=T1(Row(Brace), 14)-in = 8in

12
slope := atan(ﬁj =45.deg
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AISC DG29 Example 5.9

Plate Properties

thickness tp = 0.75in distance brace to W.P. ewp = 27.375in
length /\II_V\ — 64in eccentricity of brace CL to W.P. &= 13.65 in
height . end of PL to WP L4 = 32in
d — length (centered)
L2 = L1
cut length a:= 52in
W27x114
Span = 30'-0"
—<" - - - - - “N=0 - - - - —¢
Whitmore p M = -5,560 kip-in. (LRFD)
section N / A M = -3,720 kip-in. (ASD)
™4V =-408 kips (LRFD)
L V =-272 kips (ASD)

|
|
|
S N'=0
HSS 8x8x7% | M=D HSS 8x8xs
@ V' = -30.3 kips (LRFD) /
V' = -19.8 kips (ASD)

Fig. 5-20. Admissible force fields.

subscript “1” denotes Brace 1, on the left side of Figure 5-19, and the subscript “2” denotes Brace 2 on the right side

Li-Ly  32.in-32:in

A= 5 = 5 =0in
Py1 := —289kip P2 := 289kip
Hy1 := Pyq-cos(slope) = —204.35 kip H,2 := Po-cos(slope) = 204.4-kip
Vi1 = Pyq-sin(slope) = -204.4-kip V2 := Pyy-sin(slope) = 204.4-kip

My = Hyq-e + Vyi-A = ~2789.4-kip-in Muz := Hug-€ + Viz-A = 2789.4-kip-in

1 1
VurL = 5 Hurh = 5 -Myg = 679-Kip-in M’y =

1 1
8 4

1
Viz'L =5 Huz'h = -Myz = ~679-kip-in

My : 1
v 8 4
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Example 5.9

Axial
Shear

Moment

Axial

Shear

Moment

Check tension yielding on the brace (J4.1a)

feduction factor

tensile yealding

shear rupture in the brace wall (J4.2b)

feduction factor

calculated weld length
(4 lengths of weld)

check weld strength (EQ: 8-1)

feduction factor

try weld size 5/16 inch

weld strength

minimum weld length

NU = VU1 + Vu2 = Oklp
VU = HU1 - Hu2 = —4087k|p

MU = Mu1 — Mu2 = —55789k|pln

1 .
N, = E-(Hu1 + Hyp) = 0-kip
1 2My
Vi= 2 (V1 = Vi) - — = ~30kip

M, = My + Mo = 0-kip-in

® = 0.90

MW

@Ry, == ®-FYprace AGbrace = 558.9-kip
if(P, < ®R,,, "OK" , "NOT OK" ) = "OK"

A;{V>V\= 0.75
Py <®-0.6-F;-Ap, =®-0.6-F-t_desprace (4) lweld
Py
lweld = =6in
[0-6'[‘13'Fubrace't_desbrace'(4):|:|
A;{gv\:: 0.75

Wyelg := 5in 16 th ofaninch

1
Po<® R, = q>-0.60-FExx'(ﬁj'Wwe|d'(4)'|weld

u

Iweld2 1
$-0.60-Fexy-| — |- Wyyerg- (4
[ EXX(\/E)WM()}

Py

WI: =104in
1 ) Wweld
|:<I>-O.60-FEXX-(—) (4)}

ﬁ 16

recall

Vi1 = —204.4kip
V2 = 204.4kip
Hy1 = —204.4kip
Hyo = 204.4kip
L =64in

M'y1 = 679.5in"kip
M'y2 = -679.5in-kip

recall

FYorace = 46-ksi

AQbrace = 13.5 in2
P, =289kip

recall
P, = 289Kkip
FUprace = 58-ksi

t_despace = 0.5in

recall
P, = 289 kip
FEXX = 70Kksi
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AISC DG29 Example 5.9

check weld strength (EQ: 8-2)

weld strength &P, =1.392Dlygq'(4) recall

P, P, =289kip
minimum weld length | = =10.4in .

MERT Y 390Ksi-Wyyerg- (4) Wyelg = 5N
use Iweld =12" WZ: 12in
Check tensile rupture on the brace (J4.1b)
recall
. 2
slot width dgjot := tp + Rin =0.9in tp =0.75in
.2

Net area AGbrace = 13.51n

.2
ANprace := AQprace — 2-t_de€Sprace dsiot = 12.69in t_deSprace = 0.465in

2 B =38in
eccentricity of connection B”+2.B-H , .
x_bar:= ———— =3in H=28in
Table D3.1, Case 6 4(B + H) _
|weld =12in
shear lag factor
g e x_bar) 75 FUprace = 58ksi
Table D3.1, Case 6 T e :
weld Py = 289 kip
effective net area Aeprace = ANpraceU = 9.51 in’
feduction factor L= 075
tensile rupture strength 2Ra= ®-Flbrace ACbrace = 413.9-kip

if(P, < ®R,,, "OK" , "NOT OK" ) = "OK"

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

recall
Block shear strength Rn = 0.60Fy-Apy + UpsFy-Ant < 0.60F-Agy + Ups-Fy-Ant :
tp|_ =0.75In
ross shear area = 12i
’ AgVeL = 2 tpL hyeig = 18in” el = 12in

FypL = 50ksi
net shear area PL
AnVPL = AngL =18 in2

FUPL = 65ksi
0.60-Fyp| -Agvp, = 540-kip B =8in
0.60-Fup - Anvp = 702 -kip Py = 289 kip
Ubs =1

gross tensile area Agtp :=tp-B=6 in”
nettensile area Antp = Agtp =6 in’
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AISC DG29

Example 5.9

Ubs'FUpL'AntPL = 390k|p
feduction factor P = 0.75
MMWN
Block shear strength

if(P, < ®R,,, "OK" , "NOT OK" ) = "OK"

Check the gusset plate for tensile yielding on the Whitmore section (J4.1a)

width of Whitmore section (pg: 9-3)

ly:= B + 2-lyeq-tan(30deg) = 21.9in
see sketch above

gross tensile area Ay = (IW - 2in) tp + 2in-(twbeam) — 16in”

feduction factor = 0.90

D
MW
tensile yielding strength DR, = ®-Fyp Ay, = 721.5-kip

if(P, < ®R,,, "OK" , "NOT OK" ) = "OK"

Check the gusset plate for buckling on the Whitmore section

effective length factor

KPL = 0.65
length of plate to buckle Lp := 8in
3
) . LpL-tpL ,
radius of gyration fpL = o L 0.217in
‘pL-bpL
Kt KpL-LpL
r — =24 <25
PL

®R, ;= -(min(0.60-Fypy-Agvpy , 0.60-Fupy -Anvpy ) + Ups-Fup -Antp ) = 697.5-kip

recall

B =8in
lweig = 121in
tp =0.75in

tWpeam = 0.57in

P, =289 kip

recall
B =8in

tPL =0.8in
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Example 5.9

Gusset-to-Beam Connection

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

gross area Agp = tp -L=48 in”
- Vil
Shear yielding stress fuv = = 8.5-ksi
AgpL
feduction factor $ = 1.00
MW

q)RU = (I’O6OFYP|_ = 30Kksi
if(fuy < ®R,,, "OK" , "NOT OK" ) = "OK"

N
Tensile yielding stress fia = —— = 0-ksi
(due to tension) AgpL
2

plastic section modulus tpL .3

ZPL = =768In

4

Tensike yielding stress i M| i
(due to moment) Tz =7.3ksl

Total tensile yielding stress fun == fuv + fup = 15.8ksi

feduction factor P = 0.90
MM
%ZZ (I"prL = 45Kksi

if(fun < ®R,, "OK" , "NOT OK" ) = "OK"

Design weld at gusset-to-beam flange connection (EQ: 8-13)

effective eccentricity of M

u .
the shear force Ceffective = 1~ = 13.651n
u

value in table 8-4 Ceffective
Aweld == =0.213
Table 8-4 G=3.458
additioanl ductility (pg: 13-11) ductility := 1.25
feduction factor 2= 0.75
R, (®-C-C;-DL)
weld strength V, < =
ductility ductility
N . (|Va| + Kip)-ductility
minimum weld size Dmin = =31
®-C-Cq-(L+in)
use D =4 /16th Duelq := 4in 16 th of an inch

recall
tp = 0.751in
L =64in
V, = —408.7-kip
N, = 0-kip
M, = -5578.9-kip-in
FypL = 50ksi
recall

M, = -5578.9in-kip
V, = —408.7kip
L=64in

Ci=1

V,-ductility

Prin > 5.6 1)
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alternative method to determine the required weld size (DG29 Appendix B), (EQ: 8-2 & pg: 8-9)

maximum equivalent normal force

minimum equivalent normal force

peak weld resultant force

average weld resultant force

angle of weld loading

weld strength

minimum weld size

% difference in calculated
weld size

Check gusset internal strength

My
— 348.7-Ki
E p

Nmin =

Rpeak = =,/ V + Nmax = 537.2-kip

Nmax + len .
Ravg = Vu + = 537.2-kip

0= atan( j 40.5-deg

PR, $.1392 (1 + 0.5-sin(6)1‘5)-D-L-(2)
duct|I|ty ductility

[N -

4My
—|| =348.7-ki
L p

Ravg

ductility-(Rayg + kip)
Drmin.2 = =2.99

13921 + 0.5-5in(6)"*)-(2)-(L = in)

Dmin - Dmin.2
Dmin

=2.93-%

Check the gusset plate for shear yielding (J4.2a)

d = 1.00
MMWN
q)RU = cI»‘'0.60'FyP|_'AgVP|_ = 540k|p

if(Vy < ®R,, "OK" , "NOT OK" ) = "OK"

recall

M, = -5578.9in-kip
V, = —408.7kip

N, = 0kip

L =64in

Dpin = 3.1

ductility = 1.25

1+05-sin(8)° =126

% strength increase

recall

V', = -30.01-kip
AgVPL =18 in2
prL = 50 ksi
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Example 5.9

Check gusset stresses on Section b-b for a hypothetical load case (P.1 = P.2= compression)

worst case equivalent normal
force (compression)
DG 29 Appendix B

DG 29 Appendix C.4

critical buckling stress
DG 29 EQ:C-6

actual (worst case)
compressive stress

My1_hypothetical == Hu1-€ = —-2789.4-kip-in

Mu2_hypothetical = Mu1_hypothetical = —2789.4-Kip-in

1 1 1
M u1_hypothetical ‘= (g 'Hu1 L - Z 'Vu1 'h) -5 'Mu1_hypothetica|

2

M'u1_hypothetical = 679.5in"kip

M'u2_hypothetical = M'u1_hypothetical = 679-5-Kip-in
Nu_hypothetical := Hu1 + Vy1 = —408.7-kip
Vu_hypothetical = Hu1 = Vy1 =-0-kip

IVlu_hypothetcal = IVlu1_hypothetica| - Mu2_hypothetical = 0-kip-in

1 .
Nl_hypothetical = 5'(Hu1 + Vu1) =-204.4-kip
. 1 2in _
V_hypothetical = 5'(Hu1 - Vu1) + T '(Vu_hypothetical) =-0-kip

M'hypothetical = M'u1_hypothetical + M'u2_hypothetical = 1359-Kip-in

M'hypothetical

Nue_hypothetical = Nl_hypothetical + h=2

b:= h=18in

(b+ to)/FypL = ksi

1120
5475+ ——
(a+b)

Q:=134-0486-2x=0.7

A= 14

d =09
AW

q)FCI' = @QprL =30.2-ksi

N e_hypothetical
e 37.5ksi

fua_theoretical = .
PL"

if(fua_theoretical < ‘I)Fcr ,"OK" ,"NOT OK") = "NOT OK"

(2) = 506.3-kip

recall

N', = 0-kip

M', = 0-Kip-in
My1 = —2789.4-kip-in
Hy1 = —204.4kip
e=13.7in

L =64in

Vi1 = —204.4kip
h=18in
a=>52in

tp, = 0.751in
FypL = 50ksi
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using 7/8" plate

critical buckling stress
DG 29 EQ:C-6

actual (worst case)
compressive stress

plate thickness

critical buckling stress
DG 29 EQ:C-6

. 7.
Aji= gin

(b + tp)+/FypL = ksi )

A= 1.2
1120
51475 + —
(a=+b)
/Qv\:: 1.34 — 0.486-X = 0.8
q)FQ[ = @QFYPL = 34.5-Ksi
f . - Nue_hypothetical — 321 ksi
tPL'h

if(fua_theoretical < ‘I)Fcr ,"OK" ,"NOT OK") = "OK"

3
ARl = 0
L= 13.6in see Tamboli (2010)
f, == 29.9Kksi
N (b + tp)+/FypL = ksi O
w 1120 '

5475+ ——

(a+ b)

NQV\:= 1.34 - 0.486-X = 0.8
q)FQ[ = @QFYPL = 36.4-ksi

if(f, < ®F ¢, "OK" , "NOT OK" ) = "OK"

Check the gusset plate for buckling on the Whitmore section

effective length factor (conservative)

length of buckling member

K-L

r

Available critical stress (Table 4-22)

Compressive strength (E.3)

recall
Kbuckle =12 LPL =8in
rpL =0.217in
L i 5.661 2
buckle -— \/E = ). N AW —16.03in
Kbuckle Lbuckle Py =289kip

=314 > 25

pL
<I>Fm = 41.86Kksi
PP, = F-A,, =671.1-kip

if(P, < ®P,,,"OK" , "NOT OK" ) = "OK"
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AISC DG29 Example 5.9

Check the gusset plate for sidesway buckling

Compressive strength (E.3) .
PP = OF ¢-tpy -L = 2009.3-kip

if(| Ny_nypothetical| < ®Pp."OK" ,"NOT OK" ) = "OK"

check the beam for web local yielding and local crippling
Check beam web local yielding (J10.2)

length of bearing

strength reduction factor 2.:=1.0

wel local yielding strength BRa= @-Fybeam-twbeam-(S K_deSprace + L) = 2042-kip

if(Npax < @Ry, "OK" , "NOT OK" ) = "OK"

Check beam web shear yielding (J4.2a)

strength reduction factor d:=1.0
MW
‘I)Rn = ‘I)'O-60'FYbeam'Angeam

shear yielding strength DR, = -0.60-Fypeam tWpeam L = 1094.4-kip

if(| Ny_nypothetical| < ®Rpq."OK" ,"NOT OK" ) = "OK"

Check beam web local crippling (J10.3)

strength reduction factor d = 0.75

MW

web local crippling strength

recall

®F ., = 41.9ksi
tp, = 0.75in

L =064in

Nu_hypothetical = 408.7-kip

recall
Nmax = 348.7-kip

k_desprace = 1.531n

tWpeam = 0.57in
FYbeam = 50Kksi
L=64in

recall

FYbeam = 50ksi
tWpeam = 0.57in
L =64in

NU_hypothetical = —408.7kip

recall
E = 29000 ksi

tfoeam = 0.93 N
dbeam =27.3in

E- FYbeam 'tfbeam

if(Npax < @Ry, "OK" , "NOT OK" ) = "OK"

Check transverse section web vielding (G2.1)

Vo= Hug + V' = 174.3 kip

Area of beam web D)
AWpeam = tWpeam dpeam = 15.6in

strength reduction factor
9 D= 10 C,:= 1.0

shear yielding strength DV, = ©-0.6-Fypeam AWpeam-Cy = 466.8-kip

if(Vy < ®V,,"OK" , "NOT OK" ) = "OK"

1.5
2 L tWheam
PRy = @-0.80-tWpeam o[ 1 + 3- .
dbeam tfbeam

= 1311.7-kip

theam

recall

Hyz = 204.4-kip
V', = -30-kip
FYbeam = 50Kksi
tWpeam = 0.571n
dpeam = 27.31in
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