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Beam to Column Flange Vertical Brace Connection Calculations

Column Section Properties:

W14x90 - Column Size

d. = 14 in - Column Depth

tw,c = 0.44 in - Column Web Thickness
by = 14.5 in - Column Flange Width
tf. = 0.71 in - Column Flange Thickness
A, = 26.5 in? - Column Area

Column Grade Information:

A992 - Material Grade

F, . = 50 ksi - Column Yield Stress

F, . = 65 ksi - Column Tensile Stress

Beam Section Properties:

W18x50 - Beam Size

dpm = 18 in - Beam Depth

tw,bm = 0.355 in - Beam Web Thickness
bfpm = 7.5 in - Beam Flange Width
tfpm = 0.57 in - Beam Flange Thickness
Ay = 14.7 in? - Beam Area

clr = 1in - Beam Clearance

Beam Grade Information:

A992 - Material Grade

Fypm = 50 ksi - Beam Yield Stress

Fypm = 65 ksi - Beam Tensile Stress

Lower Brace Section Properties:
2L5x5x1/2 - Lower Brace Size

Ay = 9.58 in? - Lower Brace Area

Lon,gpbr = 5 in - Lower Brace Leg on Gusset
Loff.gpir = 5 in - Lower Brace Leg off Gusset
tip = 0.5 in - Lower Brace Thickness

01,60 = 45 - Lower Brace Slope from Vertical in Degrees
Ly;pr = 11 in - Lower Brace Unbraced Length
Lower Brace Grade Information:

A36 - Material Grade

F,15- = 36 ksi - Lower Brace Yield Stress

Fyu16r = 58 ksi - Lower Brace Tensile Stress

Lower Brace Double Angle at Column Section Properties:
2L5x5x1/2 - Lower Brace Double Angle at Column Size
Lysrbr = 5 in - Lower Brace Double Angle Leg at Beam Side
Losrip = 5 in - Lower Brace Double Angle Leg at Column Side
taLat collbr = 0.5 in - Lower Brace Double Angle Thickness
Lower Brace Double Angle at Column Grade Information:
A36 - Material Grade

Fyat,col,or = 36 ksi - Lower Brace Double Angle Yield Stress

Fyatcolbr = 58 ksi - Lower Brace Double Angle Tensile Stress

Upper Brace Section Properties:
2L5x5x1/2 - Upper Brace Size

Aupr = 9.58 in? - Upper Brace Area

Longpupr = 5 in - Upper Brace Leg on Gusset
Loyt gpaupr = 5 in - Upper Brace Leg off Gusset
tupr = 0.5 in - Upper Brace Thickness

0..5r = 45 - Upper Brace Slope from Vertical in Degrees
Ly pe = 11 in - Upper Brace Unbraced Length
Upper Brace Grade Information:

A36 - Material Grade

Fyubr = 36 ksi - Upper Brace Yield Stress
Fyupr = 58 ksi - Upper Brace Tensile Stress

Upper Brace Double Angle at Column Section Properties:
2L5x5x1/2 - Upper Brace Double Angle at Column Size
LNSpupr = 5 in - Upper Brace Double Angle Leg at Beam Side
Losrupr = 5 in - Upper Brace Double Angle Leg at Column Side
2L at col,upr = 0.5 in - Upper Brace Double Angle Thickness
Upper Brace Double Angle at Column Grade Information:
A36 - Material Grade

Fyat,colupr = 36 ksi - Upper Brace Double Angle Yield Stress
Fyat colubr = 58 ksi - Upper Brace Double Angle Tensile Stress

Beam Double Angle at Column Section Properties:
2L5x5x1/2 - Beam Double Angle at Column Size
Lysrpm = b in - Beam Double Angle Leg at Beam Side
Losrpm = 5 in - Beam Double Angle Leg at Column Side
2L at col,bm = 0.5 in - Beam Double Angle Thickness

Beam Double Angle at Column Grade Information:
A36 - Material Grade
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F,at col,tm = 36 ksi - Beam Double Angle Yield Stress

Fyat,colbm = 58 ksi - Beam Double Angle Tensile Stress

Design Loads:

V., = 11 kip - Beam Vertical Shear Load

T, = 5 kip - Beam Tension Load

C, = 5 kip - Beam Compression Load

Toupr = 25 kip - Lower Brace Tension Load
Cu0r = 25 kip - Lower Brace Compression Load
Toupr = 15 kip - Upper Brace Tension Load
Cuupr = 15 kip - Upper Brace Compression Load

AISC 15th Edition page 13-3

Uniform Force Method Loads at Lower Brace:
e. = T in - Half Column Depth
e, = 9 in - Half Beam Depth

r=y/a+e) +(B+e) = /(95 m)+ (7n)? +((7.5n) + (9 n)) = 23.335 in

a = e, tan(0i,) — e. + B tan(6yyr) = (9 in) x tan((45)) — (7 in) + (7.5 in) x tan((45)) = 9.5 in
a = 8.5 in - Distance from Face of Column to Center of Gusset to Beam Connection
B = 7.5 in - Half of Gusset Plate Height along Column

Compression Load at Gusset to Column

e Cuppr  (Tin)x(25 kip) .
Hoe = —— = “Gamrm) = (4996 kip
Tension Load at Gusset to Column
_eeTugpr  (7in)x(25 kip) .
Hyr=—"—= “mEmm 7.4996 kip
Vertical Shear at Gusset to Column
~ BTup (755 in)x(25 kip) Sy .
Vo= ——+AW = “@mmm T (9.6424 kip) = 17.678 kip
Horizontal Shear at Gusset to Beam
_aTyier (95 in)x(25 kip) .
Hy= —— = T@mamm 10.178 kip

Vertical Axial Load at Gusset to Beam
-~ (9 in)x(25 kip)

Vi = AV, = (23.335 in)

Moment Load at Gusset to Beam

My, =V, |a—al + AV, a = (0 kip) x [(9.5 in) — (8.5 in)| + (9.6424 kip) x (8.5 in) = 6.83 kip-ft

b Tulbr

T

— (9.6424 kip) = 0 kip

AISC 15th Edition page 13-3

Uniform Force Method Loads at Upper Brace:
e. = 7 in - Half Column Depth
e, = 9 in - Half Beam Depth

r=Jlat e +(B+ea) = /(875 m) + (Tin))? + (675 in) + (9 in))* = 22.274 in

a = e, tan(fy4) — e + B tan(fypr) = (9 in) x tan((45)) — (7 in) + (6.75 in) x tan((45)) = 8.75 in
a = 8.5 in - Distance from Face of Column to Center of Gusset to Beam Connection

8 = 6.75 in - Half of Gusset Plate Height along Column

Compression Load at Gusset to Column

_ ecCuupr _ (7in)x(15 kip) .
Hye=——= “mram 4.714 kip
Tension Load at Gusset to Column

_ecTuupr _ (Tin)x(15 kip) .
Hor=——="Gmm = 47l4kp

Vertical Shear at Gusset to Column
6.75 in)x (15 kip)

_ BTuupr _ P i
Vo= —22 4+ AV = —mmw + (6.0609 kip) = 10.607 kip
Horizontal Shear at Gusset to Beam

Ty (875 in)x(15 kip) .

Hy=——= (22274 1n) 58926 kip
Vertical Axial Load at Gusset to Beam

b Tuubr (9 in) x (15 kip) . .
Vo= — — AV, = e (6.0609 kip) = 0 kip

Moment Load at Gusset to Beam
My =V, | —al + AV, a = (0 kip) x [(8.75 in) — (8.5 in)| + (6.0609 kip) x (8.5 in) = 4.2931 kip-ft

AISC 15th Edition page 13-3

Design Loads at Beam from UFM:

Ciotal = Cy + max (He,c,1owers He,Cupper) = (5 kip) + maz ((7.4996 kip) , (4.714 kip)) = 12.5 kip
Tiotal = Tu + max (He 1 jower, HeTupper) = (5 kip) 4 maz ((7.4996 kip), (4.714 kip)) = 12.5 kip
Viotal = Vi + Vitower + Vaupper = (11 kip) + (0 kip) + (0 kip) = 11 kip

Connection Information at Beam Web to Column:
2L5x5x1/2 - Beam Double Angle at Column Section Size
LnsLpm = 5 in - Beam Double Angle Leg at Beam Side
Losrpm = 5 in - Beam Double Angle Leg at Column Side
taL, at,colbm = 0.5 in - Beam Double Angle Thickness
Loratcolbm = 12 in - Beam Double Angle Length

Bolt Information at Double Angle to Beam Web:

dp = 0.75 in - Bolt Diameter

A325-SC(A) - Bolt Type

STD - Hole Type at Beam Web

HSSL - Hole Type at Double Angle

n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

n. = 1 - Number of Bolt Columns

$. = 0 in - Bolt Column Spacing

L.r, = 2 in - Horizontal Edge Distance at Beam Web

Bolt Information at Double Angle to Column:

dy = 0.75 in - Bolt Diameter

A325N - Bolt Type

STD - Hole Type at Column
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HSSL - Hole Type at Double Angle
n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

ne. = 1 - Number of Bolt Columns
sc = 0 in - Bolt Column Spacing

ga = 3.5 in - Distance from beam center to first bolt column

Connection Information at Lower Brace to Gusset Plate:
tgprr = 1 in - Lower Brace Gusset Plate Thickness
dp = 0.75 in - Bolt Diameter

A325-SC(A) - Bolt Type

STD - Hole Type at Lower Brace

OVS - Hole Type at Gusset Plate

go = 3 in - Bolt Gage

n, = 3 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

n. = 1 - Number of Bolt Columns

L., = 2 in - Vertical Edge Distance at Brace

Connection Information at Lower Gusset Plate to Beam:
W = 0.25 in - Fillet Weld Size

L, = 15 in - Weld Length

E70XX - Filler Metal Classification

Connection Information at Lower Double Angle to Column:
2L5x5x1/2 - Lower Double Angle at Column Section Size
Lysrpr = 5 in - Lower Brace Double Angle Leg at Beam Side
Losrpr = 5 in - Lower Brace Double Angle Leg at Column Side
t2L,at col,l,br = 0.5 in - Lower Brace Double Angle Thickness
Lo atcotibr = 12 in - Lower Brace Double Angle Length

Bolt Information at Lower Double Angle to Gusset:

d, = 0.75 in - Bolt Diameter

A325-SC(A) - Bolt Type

STD - Hole Type at Beam Web

HSSL - Hole Type at Double Angle

n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

ne. = 1 - Number of Bolt Columns

s = 0 in - Bolt Column Spacing

L., = 2 in - Horizontal Edge Distance at Gusset Plate

Bolt Information at Lower Double Angle to Column:

dy, = 0.75 in - Bolt Diameter

A325N - Bolt Type

STD - Hole Type at Column

HSSL - Hole Type at Double Angle

n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

ne. = 1 - Number of Bolt Columns

sc = 0 in - Bolt Column Spacing

ga = 3.5 in - Distance from beam center to first bolt column

Connection Information at Upper Brace to Gusset Plate:
tgpubr = 1 in - Upper Brace Gusset Plate Thickness
dy = 0.75 in - Bolt Diameter

A325-SC(A) - Bolt Type

STD - Hole Type at Upper Brace

OVS - Hole Type at Gusset Plate

9o = 3 in - Bolt Gage

n, = 3 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

n. = 1 - Number of Bolt Columns

L., = 2 in - Vertical Edge Distance at Brace

C ion Infor ion at Upper Plate to Beam:
W = 0.25 in - Fillet Weld Size

L,, = 15 in - Weld Length

E70XX - Filler Metal Classification

Connection Information at Upper Double Angle to Column:
2L5x5x1/2 - Upper Double Angle at Column Section Size
LNszubr = 5 in - Upper Brace Double Angle Leg at Beam Side
Losrupr = 5 in - Upper Brace Double Angle Leg at Column Side
tar,at,colu,br = 0.5 in - Upper Brace Double Angle Thickness
Logatcolubr = 12 in - Upper Brace Double Angle Length

Bolt Information at Upper Double Angle to Gusset:

dp = 0.75 in - Bolt Diameter

A325-SC(A) - Bolt Type

STD - Hole Type at Beam Web

HSSL - Hole Type at Double Angle

n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

n. = 1 - Number of Bolt Columns

s = 0 in - Bolt Column Spacing

L., = 2 in - Horizontal Edge Distance at Gusset Plate

Bolt Information at Upper Double Angle to Column:

dy, = 0.75 in - Bolt Diameter

A325N - Bolt Type
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STD - Hole Type at Column

HSSL - Hole Type at Double Angle

n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

n. = 1 - Number of Bolt Columns

$c = 0 in - Bolt Column Spacing

ga = 3.5 in - Distance from beam center to first bolt column
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REFERENCES CALCULATIONS RESULTS
Lower Brace Connection to Gusset Plate | AISC 360-16 LRFD
Check No. 1: Connection Detailing Limitations
Detailing Limitations Limit Value (in) Actual Value (in) DCR Result
Minimum Bolt Gage 1.750 3.000 0.583 PASS
Minimum Bolt Row Spacing 2.000 3.000 0.667 PASS
Maximum Bolt Row Spacing 6.000 3.000 0.500 PASS
Gusset Plate Minimum Vertical Edge Distance 1.063 2.000 0.531 PASS
Brace Minimum Vertical Edge Distance 1.000 2.000 0.500 PASS
Brace Minimum Horizontal Edge Distance 1.000 2.000 0.500 PASS
Result: PASS
Demand over Capacity Ratio
2
DCR =2 = & _0.66667
(3)
Check No. 2: Design Capacity of the Bolts in Shear
¢ = 0.85 - Bolt Shear Resistance Factor
1 = 0.3 - Mean Slip Coefficient
D, =1.13
hs =1 -Filler Factor for SC Bolts
dy = 0.75 in - Bolt Diameter
Ty, = 28 kip - Minimum Bolt Pretension
Ns = 2 - Number of Slip Planes
n, = 3 - Number of Bolt Rows
n. = 1 - Number of Bolt Columns
AISC 360-16 Chabpqt‘e(rjg.?;’fj ¢R,, - Design Bolt Shear Capacity
¢Ry = ¢ p Dy by T Ny ny e
¢R, = (0.85) x (0.3) x (1.13) x (1) x (28 kip) x (2) x (3) x (1)
¢ R, = 48.409 kip
Result: PASS
Demand over Capacity Ratio
_ Ty (25kip)
DCR = R, (48.409 kip) 0.51643

AISC 360-16 Chapter J3.10
Eq. (j3-6a)

Check No. 3: Design Bolt Bearing Capacity of the Gusset Plate
Calculate the bolt bearing capacity of the gusset plate.

¢ = 0.75 - Bolt Bearing Resistance Factor

dy = 0.75 in - Bolt Diameter

tgppr = 1 in - Lower Brace Gusset Plate Thickness

F, 16r = 65 ksi - Lower Brace Gusset Plate Tensile Stress

n, = 3 - Number of Bolt Rows

n. = 1 - Number of Bolt Columns

@Ry, bearing - Design Bolt Bearing Capacity of Section

@R bearing = ¢ 2.4 dp top1br Futbr e M
GRor_bearing = (0.75) x 2.4 x (0.75 in) x (1 in) x (65 ksi) x (3) x (1)

R bearing = 263.25 kip

Calculate the clear distance of outer bolts on gusset plate.
L., = 2 in - Vertical Edge Distance at Brace

dy, = 0.9375 in - Vertical Bolt Hole Dimension at Gusset Plate

l¢1 - Clear Distance at First Bolt Row

d
m:m—g
0.9375 1
la = (2in) — %

lg = 15313 in

Calculate the clear distance of inner bolts on gusset plate.
s, = 3 in - Bolt Row Spacing

dp, = 0.9375 in - Vertical Bolt Hole Dimension at Gusset Plate

leo - Clear Distance at Rest of Bolts

lo=sr—dp
I = (3 in) — (0.9375 in)

Iy = 2.0625 in

Calculate the bolt tear-out capacity of the gusset plate.
l.1 = 1.5313 in - Clear Distance at First Bolt Row

le2 = 2.0625 in - Clear Distance at Rest of Bolts

tgprpr = 1 in - Lower Brace Gusset Plate Thickness

Fy 5 = 65 ksi - Lower Brace Gusset Plate Tensile Stress

n, = 3 - Number of Bolt Rows
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AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter J3.10
Eq. (J3-6a)

AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter J3.10

n. = 1 - Number of Bolt Columns

¢ = 0.75 - Bolt Bearing Resistance Factor

SRy tearout - Design Bolt Tear-out Capacity of Section

SR tearout = ¢ [1.2Lex tgpbr Futor e + 1.2 Lz tp 1 pr Foupr e (i — 1)]
ORo tearout = (0.75) x [1.2 x (15313 in) x (1 in) x (65 ksi) x (1) + 1.2 x (2.0625 in) x (1 in) x (65 ksi) x (1) x ((3) — 1)]

GRy_tearout = 330.89 kip

Determine the governing bearing and tear-out capacity of the bolt group on gusset plate.

@Ry, bearing = 263.25 kip - Design Bolt Bearing Capacity of Section

SRy tearout = 330.89 kip - Design Bolt Tear-out Capacity of Section

@R, - Governing Design Capacity

¢Ry, = min (¢ Rn_bearing, PRon_tearout)
G R, = min ((263.25 kip) , (330.89 kip))

#R, = 263.25 kip

Result:
Demand over Capacity Ratio
_ T (25kip)
DCR = R~ B kD) 0.094967

PASS

AISC 360-16 Chapter J3.10
Eq. (J3-6a)

AISC 360-16 Chapter J3.10
Eq. (j3-60)

AISC 360-16 Chapter J3.10
Eq. (j3-6a)

AISC 360-16 Chapter J3.10
Eq. (/3-60)

AISC 360-16 Chapter J3.10

Check No. 4: Design Bolt Bearing Capacity of the Brace
Calculate the bolt bearing capacity of the brace.

¢ = 0.75 - Bolt Bearing Resistance Factor

dy = 0.75 in - Bolt Diameter

t15- = 0.5 in - Lower Brace Thickness

Fy5r = 58 ksi - Lower Brace Tensile Stress

n, = 3 - Number of Bolt Rows

n. = 1 - Number of Bolt Columns

@R, bearing - Design Bolt Bearing Capacity of Section

ORn pearing = ¢ 2.4 dp 2t1br Fiuppr nr M
SR bearing = (0.75) x 2.4 x (0.75 in) x (1 in) x (58 ksi) x (3) x (1)

SR bearing = 234.9 kip

Calculate the clear distance of outer bolts on brace.
Le, = 2 in - Vertical Edge Distance at Brace
dy, = 0.8125 in - Vertical Bolt Hole Dimension at Brace

l.1 - Clear Distance at First Bolt Row

dn
la = Ley — 7’
0.8125 i
lg = (2in) — %

Iy = 1.5938 in

Calculate the clear distance of inner bolts on brace.
s, = 3 in - Bolt Row Spacing

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Brace
le2 - Clear Distance at Rest of Bolts

lo =8, —dp,
ly = (3 in) — (0.8125 in)

lep = 2.1875 in

Calculate the bolt tear-out capacity of the brace.
ls1 = 1.5938 in - Clear Distance at First Bolt Row

s = 2.1875 in - Clear Distance at Rest of Bolts

tipr = 0.5 in - Lower Brace Thickness

Fy 5 = 58 ksi - Lower Brace Tensile Stress

n, = 3 - Number of Bolt Rows

n. = 1 - Number of Bolt Columns

¢ = 0.75 - Bolt Bearing Resistance Factor

@Ry, tearout - Design Bolt Tear-out Capacity of Section

ORy tearout = ¢ [1.21c1 2t1pr Fugpr e + 1.2 ez 26140 Fuppr e (ng — 1))
ORo_tearout = (0.75) x [1.2 x (1.5938 in) x (1 in) x (58 ksi) x (1) + 1.2 x (2.1875 in) x (1 in) x (58 ksi) x (1) x ((3) — 1)]

DRy, tearout = 311.57 kip

Determine the governing bearing and tear-out capacity of the bolt group on brace.

DRy, bearing = 234.9 kip - Design Bolt Bearing Capacity of Section

SRy tearout = 311.57 kip - Design Bolt Tear-out Capacity of Section
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@R, - Governing Design Capacity

¢R, = min (¢R71Jmarlngv SRy tearout)
¢R, = min ((234.9 kip), (311.57 kip))

$R, = 234.9 kip

Result: PASS
Demand over Capacity Ratio

_ Ty (25kip)
DCR = TR @io k) 0.10643

Check No. 5: Design Block Shear Capacity of the Gusset Plate
Calculate the net area of the gusset plate subject to tension.
tgprbr = 1 in - Lower Brace Gusset Plate Thickness

n. = 1 - Number of Bolt Columns

s. = 0 in - Bolt Column Spacing

Leh,gp = 2 in - Gusset Plate Horizontal Edge Distance

dp, = 0.9375 in - Horizontal Bolt Hole Dimension at Gusset Plate
A, - Net Area Subject to Tension (L-pattern)

At = topipr [(ne — 1) Sc+ Lengy — (ne — 0.5) (dp + 0.0625 in)]
A = (Lin) x [((1) = 1) % (0 in) + (2 in) — ((1) — 0.5) x ((0.9375 in) + (0.0625 in))]

Ap = 1.51in?

Calculate the gross area of the gusset plate subject to shear.
tgpibr = 1 in - Lower Brace Gusset Plate Thickness

L., = 2 in - Vertical Edge Distance at Brace

n, = 3 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

Am, - Gross Area Subject to Shear (L-pattern)

Agy =tgpibr [Lev + (np — 1) 5,]
Agy = (Lin) x [(2 in) + ((3) — 1) x (3 in)]

Agy =8 in?

Calculate the net area of the gusset plate subject to shear.
tgpibr = 1 in - Lower Brace Gusset Plate Thickness

L gp = 10 in - Brace Length at Gusset Plate

L., = 2 in - Vertical Edge Distance at Brace

n, = 3 - Number of Bolt Rows

dy, = 0.9375 in - Vertical Bolt Hole Dimension at Gusset Plate
A, - Net Area Subject to Shear (L-pattern)

Any = topior [Lomgy — Lew — (ny — 0.5) (dy + 0.0625 in)]
Apy = (1in) x [(10 in) — (2 in) — ((3) — 0.5) x ((0.9375 in) + (0.0625 in))]

A,y = 5.5 in?

Calculate the design block shear capacity of the gusset plate.
Fy 1 5r = 65 ksi - Lower Brace Gusset Plate Tensile Stress

A, = 5.5 in? - Net Area Subject to Shear (L-pattern)

Ups = 1 - Uniformity factor

A,: = 1.5 in? - Net Area Subject to Tension (L-pattern)

Fy15- = 50 ksi - Lower Brace Gusset Plate Yield Stress

Ay =8 in? - Gross Area Subject to Shear (L-pattern)

¢ = 0.75 - Block Shear Resistance Factor

AISC 360-16 Chaé’(;eaﬁlf;)—‘j @R, - Design Block Shear Capacity of Section

OR, = ¢ (0.6 Fuppr Ay + Ups Fugpr Ant < 0.6 Fyypr Agy + Ups Fugpr Ant)

@Ry = (0.75) x (0.6 x (65 ksi) x (5.5 in”) + (1) x (65 ksi) x (1.5 in”) < 0.6 x (50 ksi) x (8 in”) + (1) x (65 ksi) x (1.5 in?))

¢R, = 234 kip
Result: PASS
Demand over Capacity Ratio
_ Ty (25kip)
DCR = PR = ) 0.10684

Check No. 6: Design Block Shear Capacity of the Brace
Calculate the net area of the brace subject to tension.
tipr = 0.5 in - Lower Brace Thickness

n. = 1 - Number of Bolt Columns

s¢ = 0 in - Bolt Column Spacing

Lehpr = 2 in - Brace Horizontal Edge Distance

dp, = 0.8125 in - Horizontal Bolt Hole Dimension at Brace
Ay - Net Area Subject to Tension (L-pattern)

At = 213y [(ne — 1) Se + Lenpr — (ne — 0.5) (dn + 0.0625 in)]

Ay = (1in) x [((1) = 1) x (0 in) 4 (2 in) — ((1) — 0.5) x ((0.8125 in) + (0.0625 in))]
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Ap = 1.5625 in”

Calculate the gross area of the brace subject to shear.
tipr = 0.5 in - Lower Brace Thickness

Le, = 2 in - Vertical Edge Distance at Brace

n, = 3 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

Agl, - Gross Area Subject to Shear (L-pattern)

Agy = 2ty [Ley + (nr — 1) 5,
Ay = (Lin) x [(21in) + ((3) — 1) x (3 in)]

Agy =8 in?

Calculate the net area of the brace subject to shear.
tipr = 0.5 in - Lower Brace Thickness

Ly gp = 10 in - Brace Length at Gusset Plate

Le, = 2 in - Vertical Edge Distance at Brace

n, = 3 - Number of Bolt Rows

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Brace
A, - Net Area Subject to Shear (L-pattern)

Ay = 2ty [Lorgp — Ley — (1 — 0.5) (dp, 4 0.0625 in)]
Apy = (1in) x [(10 in) — (2 in) — ((3) — 0.5) x ((0.8125 in) + (0.0625 in))]

A,y = 5.8125 in”

Calculate the design block shear capacity of the brace.
Fy 5 = 58 ksi - Lower Brace Tensile Stress

A, = 5.8125 in? - Net Area Subject to Shear (L-pattern)

Ups = 1 - Uniformity factor

A, = 1.5625 in? - Net Area Subject to Tension (L-pattern)
Fy 15 = 36 ksi - Lower Brace Yield Stress

A_W = 8 in? - Gross Area Subject to Shear (L-pattern)
¢ = 0.75 - Block Shear Resistance Factor

AISC 360-16 Chabpqt.e(rjé/f.s.j @R, - Design Block Shear Capacity of Section

$Rn = ¢ (0.6 Fuppr Ano + Ups Fupr Ant < 0.6 Fyppr Agy + Ups Fupr Ant)
@R, = (0.75) x (0.6 x (58 ksi) x (5.8125 in”) + (1) x (58 ksi) x (1.5625 in”) < 0.6 x (36 ksi) x (8 in?) + (1) x (58 ksi) x (1.5625 in?))

¢R, = 197.57 kip

Result: PASS
Demand over Capacity Ratio

_ Taw @3
DCR = ¢Rn (19757 kip) 0.12654

Check No. 7: Design Capacity of the Gusset Plate in Tension
Calculate the tensile yielding capacity of the gusset plate.
¢ = 0.9 - Tensile Yielding Resistance Factor

Fy16r = 50 ksi - Lower Brace Gusset Plate Yield Stress

tgppr = 1 in - Lower Brace Gusset Plate Thickness

Wi = 6.9282 in - Whitmore Section

AISC 360-16 Chaé;qtle(rjgfil) @R, 1 - Design Tension Yielding Capacity of Section

SRy 1y = ¢ Fyipr topipr Wr
@R 1y = (0.9) x (50 ksi) x (1 in) x (6.9282 in)

¢Rn_ty = 311.77 kip

Calculate the tensile rupture capacity of the gusset plate.
¢ = 0.75 - Tensile Rupture Resistance Factor

Fy 1 5r = 65 ksi - Lower Brace Gusset Plate Tensile Stress

tgppr = 1 in - Lower Brace Gusset Plate Thickness

Wi = 6.9282 in - Whitmore Section

n. = 1 - Number of Bolt Columns

dj, = 0.9375 in - Horizontal Bolt Hole Dimension at Gusset Plate

AISC 360-16 Ch?’;e(rj%'zl) @R, ¢ - Design Tension Rupture Capacity of Section

ORn_tr = & Fuipr topipr [Wer — ne (dp + 0.0625 in)]
GRy r = (0.75) x (65 ksi) x (1 in) x [(6.9282 in) — (1) x ((0.9375 in) + (0.0625 in))]

SRy, 1 = 289 kip

Determine the governing tensile capacity of the gusset plate.

AISC 360-16 ChaE;;te(rjgfil) ¢R,, 1, = 311.77 kip - Design Tension Yielding Capacity of Section

AISC 360-16 Chab_p;e(rjgf.zl) @R, +» = 289 kip - Design Tension Rupture Capacity of Section

AISC 360-16 Chapter J4.2 | ¢R,, - Governing Design Capacity

Connection Design Report
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SRy = min (¢Rn_ty, $Ry 1r)
$R,, = min ((311.77 kip) , (289 kip))

#R,, = 289 kip

Result:
Demand over Capacity Ratio

DCR = Dutr _ B5K0) ) a6505

Rn (289 kip)

PASS

AISC 360-16 Chapter D3
(Table D3.1 case 2)

AISC 360-16 Chapter J4.1
Eq. (J4-2)

Check No. 8: Design Capacity of the Brace in Tension Rupture
Calculate the tensile rupture capacity of the brace.
¢ = 0.75 - Tensile Rupture Resistance Factor

Fy 5 = 58 ksi - Lower Brace Tensile Stress

Ajpr = 9.58 in? - Lower Brace Area

t15- = 0.5 in - Lower Brace Thickness

dp, = 0.8125 in - Horizontal Bolt Hole Dimension at Brace
n. = 1 - Number of Bolt Columns

n, = 3 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

y = 1.42 in - Brace Centroid

U - Shear Lag Factor

)

Uv=1- —2
(n, —1) s,

(1.42 in)
U=1- ——""
((3)=1) x (3in)
U = 0.76343

@R, ¢+ - Design Tension Rupture Capacity of Section

ORy = ¢ Fuppr U [Arpr —ne (dp + 0.0625 in) 2t;4,]

$Rutr = (0.75) x (58 ksi) x (0.76343) x [(9.58 in®) — (1) x ((0.8125 in) + (0.0625 in)) x (1 in)]

#R,, 1 = 289.09 kip

Result:
Demand over Capacity Ratio
Tt br (25 kip)

DCR = Ry~ (R0 WD) — 0.08648

PASS

AISC 360-16 Chapter E3 Eq.
(E3-4)

AISC 360-16 Chapter E3 Eq.
(E3-2)

AISC 360-16 Chapter E3 Eq.
(E3-1)

Check No. 9: Design Capacity of the Gusset Plate in Compression
Calculate the compression buckling capacity of the gusset plate.
¢ = 0.9 - Compression Resistance Factor

F,15- = 50 ksi - Lower Brace Gusset Plate Yield Stress

tgppr = 1 in - Lower Brace Gusset Plate Thickness

Wi = 6.9282 in - Whitmore Section

K = 1.2 - Effective Length Factor

Ly = 11 in - Lower Brace Unbraced Length

% = 45.726 - Effective Length Slenderness Ratio

Since, ¥ > 25.

F, - Elastic Buckling Stress

% (29000 ksi)
O ((45.726))

F, = 136.89 ksi
4.71 \/F = 113.43 - Effective Length Slenderness Ratio Limiter
Y
h KL B
Since, == < 4.71\/5.

F,, - Critical Buckling Stress

Fylbr
Fo = | 0.658 7 Fyior

(50 ksi)
F.. = <O.658 X k~-J> x (50 ki)

F,, = 42.912 ksi
@R, - Design Compressive Capacity of Section

SRy = ¢ Fer tgp1ir Wir
OR, = (0.9) x (42.912 ki) x (1 in) x (6.9282 in)

$R, = 267.57 kip
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Result: PASS
Demand over Capacity Ratio
C, 25 ki
DCR =S8 — 0 — 0.093433
Summary of Checks
Design Checks Demand Capacity DCR Result

Connection Detailing Limitations 2.000 3.000 0.667 PASS
Design Capacity of the Bolts in Shear 25.000 48.409 0.516 PASS
Design Bolt Bearing Capacity of the Gusset Plate 25.000 | 263.250 0.095 PASS
Design Bolt Bearing Capacity of the Brace 25.000 | 234.900 0.106 PASS
Design Block Shear Capacity of the Gusset Plate 25.000 | 234.000 0.107 PASS
Design Block Shear Capacity of the Brace 25.000 | 197.569 0.127 PASS
Design Capacity of the Gusset Plate in Tension 25.000 | 289.000 0.087 PASS
Design Capacity of the Brace in Tension Rupture 25.000 | 289.085 0.086 PASS
Design Capacity of the Gusset Plate in Compression 25.000| 267.571 0.093 PASS
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REFERENCES CALCULATIONS RESULTS
Lower Gusset Plate Connection to Beam | AISC 360-16 LRFD
Check No. 1: Connection Detailing Limitations
Detailing Limitations Limit Value (in) Actual Value (in) DCR Result
Minimum Fillet Weld Size 0.250 0250] 1000 Pass

Result: PASS
Demand over Capacity Ratio

a4 (02)
DCR= ¢ = (0.25) =1
Check No. 2: Design Capacity of Weld at Gusset to Beam
Connection Information:
¢ = 0.75 - Fillet Weld Resistance Factor
W = 0.25 in - Fillet Weld Size
Fgxx = 70 ksi - Filler Metal Classification Strength
tism = 0.57 in - Beam Flange Thickness
Fypm = 65 ksi - Beam Tensile Stress
tgppr = 1in - Lower Brace Gusset Plate Thickness
Fy1pr = 65 ksi - Lower Brace Gusset Plate Tensile Stress
L,, = 15 in - Weld Length
Calculate Dmax:

AISC 15th Ed. Part 9 Eq. (g)' Maximum Fillet Weld Size for Base Metal Strength

_ tgbm Fupm<0.5%tgp1br Fugpr (057 in)x (65 ksi)<(0.5 in)x (65 ksi)
Dinaz = 3.09 kip/in - (3.09 kip/in) =10.518
Calculate Total Weld Length:
Total Effective Length of Weld
Ly =2[Ly,—2 (W <0.3125 in)] = 2 x [(15in) — 2 x ((0.25 in) < (0.3125 in))] = 29 in
Design Loads:
M, = 6.83 kip-ft - Moment Load at Gusset to Beam
Vhiower = 0 kip - Vertical Axial Load at Gusset to Beam

8 M, 8x(6.83 kipff . .
Viotal = S22 4 Votower = % 4 (0 kip) = 22.61 kip
Hy, = 10.178 kip - Horizontal Shear at Gusset to Beam
Resultant Load
R= \/(W,,m,al)z + (Hy)? = \/((22.61 kip))* + ((10.178 kip))® = 24.795 kip
Loading Angle at Weld in Degrees
_ 1 Vb.wzul) _ ,1( (22.61 ) o
f = tan ( 7 ) =@ (o ) = 65764
Calculate Weld Capacity:
AISC 360-16 ChaE;ge(rIJZZ_;; ¢R,, - Design Strength of Welds
2 D,
&R = 60.6 Frxx % (W < TJ) [1 405 (sine)‘-ﬂ Lo
2 10.518
6R, = (0.75) x 0.6 x (70 ki) x g x ((0425 in) < %) x [1 +0.5 % (sin(e5.764))1-5} % (29 in)
OR, = 231.79 kip

Result: PASS
Demand over Capacity Ratio

_ R _ (4795kip)
DCR= SRn (23179 kip) 0.10697

AISC 360-16 Chapter J10.3
Eq. (j10-4)

AISC 360-16 Chapter J10.2
Eq. (j10-3)

Check No. 3: Design Capacity of the Beam Support
Calculate the web local crippling capacity of the beam.

¢ = 0.75 - Web Local Crippling Resistance Factor

twpm = 0.355 in - Beam Web Thickness

Iy = 7.5 in - Bearing Length: Half Gusset Plate Width along Beam
dp, = 18 in - Beam Depth

tfm = 0.57 in - Beam Flange Thickness

Fypm = 50 ksi - Beam Yield Stress

E = 29000 ksi - Modulus for Steel

@Ry, wic - Design Web Local Crippling Capacity of Support

SR wic = ¢ 0.4 (tupm )

1+ (4_“ - 0.2) < Wﬂn)l‘5 EFymfm
dym tsom twbm

GRo_wie = (0.75) x 0.4 x ((0.355 in)) x

4 % (7.5 in) (0.355 in) \ ° (29000 ksi) x (50 ksi) x (0.57 in)
b ( (18 in) 702) % ( (0.57 in) ) } x \/ (0.355 in)

GRo wie = 99.274 kip

Calculate the web local yielding capacity of the beam.

¢ =1 - Web Local Yielding Resistance Factor

Fypm = 50 ksi - Beam Yield Stress

twpm = 0.355 in - Beam Web Thickness

Kges_1c = 0.972 in - Beam kdes

Iy = 7.5 in - Bearing Length: Half Gusset Plate Width along Beam
@R, iy - Design Web Local Yielding Capacity of Support

SR wiy = & Fypm twpm (2.5 Kaes 1c + 1)

Connection Design Report
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SRty = (1) x (50 ksi) x (0.355 in) x (2.5 x (0.972 in) + (7.5 in))

¢Ry wiy = 176.26 kip

Calculate for the governing design capacity of the beam.
AISC 360-16 Chapter J10 | ¢R,, - Governing Design Capacity of the Support

¢R, = min (¢Ry wies R wiy)
#R,, = min ((99.274 kip) , (176.26 kip))

OR, = 99.274 kip

Vit beam = 11.305 kip - Required Load: Half total Vb

Result: PASS
Demand over Capacity Ratio
Vh,at beam (11.305 kip)

DCR = oRa (99.274 kip) = 0.11388
Summary of Checks
Design Checks Demand Capacity DCR Result
Connection Detailing Limitations 0.250 0.250 1.000 PASS

Design Capacity of Weld at Gusset to Beam 24.795| 231.793 0.107 PASS

Design Capacity of the Beam Support 11.305 99.274 0.114 PASS
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REFERENCES

CALCULATIONS

RESULTS

Lower Gusset Plate Connection to Column | AISC 360-16 LRFD
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REFERENCES CALCULATIONS RESULTS
Check No. 1: Connection Detailing Limitations at Gusset Side
Detailing Limitations Limit Value (in) Actual Value (in) DCR Result
Minimum Bolt Row Spacing 2.000 3.000 0.667 | PASS
Maximum Bolt Row Spacing 6.000 3.000 0.500 PASS
Double Angle Minimum Vertical Edge Distance 1.000 1.500 0.667 PASS
Double Angle Minimum Horizontal Edge Distance 1.125 2.000 0.563 PASS
Gusset Plate Minimum Horizontal Edge Distance 1.000 2.000 0.500 PASS
Minimum Connection Depth 7.500 12.000 0.625 PASS
Maximum Connection Depth 13.500 12.000 0.889 PASS
Minimum Bolt Gage at Double Angle 1.750 3.000 0.583 PASS
Result: PASS
Demand over Capacity Ratio
12
DCR =4 = 2 _ 88889
(13.5)
Check No. 2: Design Capacity of the Bolt Group in Shear at Gusset Side
Design Loads:
Loading Angle from Vertical in Degrees
— tan (22 = gan ({0 )
6 = tan ( 7 ) = tan ((17-673 W) = 22.989
Resultant Load
R=/(H) + (V)" = /(7.4996 kip))® + ((17.678 kip))® = 19.203 kip
Calculate the C-coefficient of the bolt group.
AISC 15th Edition T%zlg e = 3 in - Design Bolt Group Eccentricity
AISC 360-16 Ch%;;t.e(rj{??j)i ¢R,, = 16.136 kip - Design Bolt Shear Capacity
AISC 15th Ed. Page 7'67f§ The bolt coefficient C is derived using the instantaneous center of rotation method. The coordinates of each bolt are listed in the table below.
Bolt No. 1 is located at the bottom-left corner of the bolt group.
Bolt No. x-coordinate (in) y-coordinate (in)
1 0.00 0.00
2 0.00 3.00
3 0.00 6.00
4 0.00 9.00
AISC 15th Ed. Page 7'67f§ The location of the instantaneous center with respect to Bolt No. 1 is calculated using iterations. The resulting coordinates of the I.C. are as follows.
. = —2.6244 in - Location of I.C. along the X-axis
Yic = 6.0145 in - Location of I.C. along the Y-axis
Using the AISC 15th Edition Equation (7-1), the corresponding reactions per bolt are listed below.
Bolt No. Ru (kip) Rux (kip) Ruy (kip) Mn (kip-in)
1 15.84 14.53 6.29 103.55
2 14.98 11.32 9.81 59.43
3 13.68 -0.00 13.68 35.56
4 14.98 -11.32 9.80 59.44
C = 2.6133 - Calculated Bolt Group Coefficient
C' = 11.256 in - Calculated Bolt Group Coefficient for Moment-only Case
Calculate the design shear capacity of the bolt group.
¢ = 0.85 - Bolt Shear Resistance Factor
dp = 0.75 in - Bolt Diameter
C = 2.6133 - Calculated Bolt Group Coefficient
= 0.3 - Mean Slip Coefficient
N = 2 - Number of Slip Planes
hy = 1 - Filler Factor for SC Bolts
Ty, = 28 kip - Minimum Bolt Pretension
AISC 360-16 Chaqut.e(r]é.i’&j ¢R,, - Design Bolt Shear Capacity
Ry =¢p Dy hyTy N, C
¢R, = (0.85) x (0.3) x (1.13) x (1) x (28 kip) x (2) x (2.6133)
¢R, = 42.17 kip
Result: PASS
Demand over Capacity Ratio
_ R _ (19203kip)
DCR = IR T (mirEm) 0.45537

AISC 360-16 Chapter J3.10
Eq. (/3-6a)

Check No. 3: Design Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Gusset Side
Calculate the bolt bearing capacity of the double angle.

dp = 0.75 in - Bolt Diameter

taLat,collpr = 0.5 in - Lower Brace Double Angle Thickness

Foy at,cotor = 58 ksi - Lower Brace Double Angle Tensile Stress

C = 2.6133 - Calculated Bolt Group Coefficient

¢ = 0.75 - Bolt Bearing Resistance Factor

@Ry bearing - Design Bolt Bearing Capacity of Section

GRy bearing = ¢ 2.4 dy [2(tarat cotbr)] Fusat,cotipr C

ORn_bearing = (0.75) x 2.4 x (0.75 in) x (1 in) x (58 ksi) x (2.6133)
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AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter J3.10
Eq. (J3-6a)

AISC 360-16 Chapter J3.10
Eq. (3-60)

AISC 360-16 Chapter J3.10

&R bearing = 204.62 kip

Calculate the clear distance of outer bolts on double angle.
L, = 1.5 in - Vertical Edge Distance at Double Angle

d, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle

le1 - Clear Distance at First Bolt Row

d
lo = Lo —
0.8125 1
la = (15 in) — %

ler = 1.0938 in

Calculate the clear distance of inner bolts on double angle.
s, = 3 in - Bolt Row Spacing

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle

le2 - Clear Distance at Rest of Bolts

lp =58, —dn
Ly = (3 in) — (0.8125 in)

Iy = 2.1875 in

Calculate the bolt tear-out capacity of the double angle.
.1 = 1.0938 in - Clear Distance at First Bolt Row

leo = 2.1875 in - Clear Distance at Rest of Bolts

taL,at,collor = 0.5 in - Lower Brace Double Angle Thickness
Fyatcolbr = 58 ksi - Lower Brace Double Angle Tensile Stress
C = 2.6133 - Calculated Bolt Group Coefficient

n, = 4 - Number of Bolt Rows

¢ = 0.75 - Bolt Bearing Resistance Factor

SRy, tearout - Design Bolt Tear-out Capacity of Section

C
ORy,_tearout = ¢ [1.2 lex [2(t2r at cotbr)] Fuatcotpr + 1.2 lea [2(tar,at colibr)] Fuatcolibr (1 —1)] <—)

ny

SR tearout = (0.75) x [1.2 x (1.0938 in) x (1 in) x (58 ksi) + 1.2 x (2.1875 in) x (1 in) x (58 ksi) x ((4) — 1)] x ( @

ORy_tearout = 261.11 kip

Determine the governing bearing and tear-out capacity of the bolt group on double angle.

ORy,_pearing = 204.62 kip - Design bolt bearing capacity of double angle

SRy tearout = 261.11 kip - Design bolt tear-out capacity of double angle

@R, - Governing Design Capacity

OR, = min (¢Ry_vearing, D Rn_tearout)
#R,, = min ((204.62 kip) , (261.11 kip))

R, = 204.62 kip

Result:
Demand over Capacity Ratio
Ve _ (17678 kip)
DCR = = GoieEn) 0.086392

(2.6133)

)

PASS

AISC 360-16 Chapter |3.10
Eq. (/3-6a)

Check No. 4: Design Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Gusset Side due to Axial Load
Calculate the bolt bearing capacity of the double angle.

dy = 0.75 in - Bolt Diameter

tar atcol,lor = 0.5 in - Lower Brace Double Angle Thickness

Fyatcotbr = 58 ksi - Lower Brace Double Angle Tensile Stress

C = 2.6133 - Calculated Bolt Group Coefficient

¢ = 0.75 - Bolt Bearing Resistance Factor

@GR, pearing - Design Bolt Bearing Capacity of Section

@R _bearing = ¢ 2-4dy [2(tar at,colpr)] Fuatcotor C
G Rn_pearing = (0.75) x 2.4 x (0.75 in) x (1 in) x (58 ksi) x (2.6133)
G Ry, bearing = 204.62 kip
Calculate the clear distance of outer bolts on double angle.
Le;, = 2 in - Horizontal Edge Distance at Double Angle

dp, = 1 in - Horizontal Bolt Hole Dimension at Double Angle
l.1 - Clear Distance at First Bolt Row

d
la = Len — %
(1 in)
I = (21in) 3
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AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter |3.10
Eq. (J3-6a)
AISC 360-16 Chapter J3.10
Eq. (J3-6¢)
AISC 360-16 Chapter J3.10

la=15in

Calculate the clear distance of inner bolts on double angle.
se = 0 in - Bolt Column Spacing
dy, = 1 in - Horizontal Bolt Hole Dimension at Double Angle

l.2 - Clear Distance at Rest of Bolts

lp=5c—dh
leo = (0in) — (1in)

leo=—1in

Calculate the bolt tear-out capacity of the double angle.
Iy = 1.5 in - Clear Distance at First Bolt Row

l.s = —1 in - Clear Distance at Rest of Bolts

taLat,collpr = 0.5 in - Lower Brace Double Angle Thickness
Fyatcolibpr = 58 ksi - Lower Brace Double Angle Tensile Stress
C = 2.6133 - Calculated Bolt Group Coefficient

n. = 1 - Number of Bolt Columns

¢ = 0.75 - Bolt Bearing Resistance Factor

PRy tearout - Design Bolt Tear-out Capacity of Section

C
SRy tearout = ¢ [1.2 L1 [2(tar at,cotipr)] Fuat.colipr + 1.2 lea [2(t2Lat,colibr)] Fuatcolibr (ne —1)] (n_>
e

. ) . . . ) (2.6133)
GRy tearout = (0.75) x [1.2 x (1.5 in) x (1in) x (58 ksi) + 1.2 x (—1in) x (1 in) x (58 ksi) x ((1) —1)] x <—)

(1)
SRy tearout = 204.62 kip

Determine the governing bearing and tear-out capacity of the bolt group on double angle.

GR;, bearing = 204.62 kip - Design bolt bearing capacity of double angle

SRy, tearout = 204.62 kip - Design bolt tear-out capacity of double angle
¢R,, - Governing Design Capacity

@Ry = min (dRy_vearing D Ra_tearout)
$ R, — min ((204.62 kip) , (204.62 kip))

$R,, = 204.62 kip

Result: PASS
Demand over Capacity Ratio
_ H. (74996 kip)
DCOR = ¢Rn (20462 kip) 0.036651
Check No. 5: Shear and Axial Interaction of Bolt Bearing/Tearout in Double Angle
Calculate the shear and axial interaction of bolt bearing/tearout capacities in the double angle.
V. = 17.678 kip - Vertical Shear at Gusset to Column
H, = 7.4996 kip - Axial Load at Gusset to Column
Interaction - Shear and Axial Interaction
V. \? 2
Interaction = ( ) + ( )
R, ¢Rn
) (17.678 kip) \* (7.4996 kip) \?
Interaction = - + -
(204.62 kip) (204.62 kip)
Interaction = 0.093845
Result: PASS

Demand over Capacity Ratio

_ Interaction _ (0.093845)
DCR = 1.0 -

o = 0.093845

AISC 360-16 Chapter J3.10
Eq. (/3-6a)

Check No. 6: Design Capacity of the Bolt Group in Bearing and Tear-out on Gusset Plate
Calculate the bolt bearing capacity.

dp = 0.75 in - Bolt Diameter

tgppr = 1 in - Lower Brace Gusset Plate Thickness

Fy 5 = 65 ksi - Lower Brace Gusset Plate Tensile Stress

C = 2.6133 - Calculated Bolt Group Coefficient

¢ = 0.75 - Bolt Bearing Resistance Factor

@Ry, bearing - Design Bolt Bearing Capacity of Section

ORo bearing = ¢ 2.4 dp tgpibr Futpr C
SRy bearing = (0.75) x 2.4 x (0.75in) x (1 in) x (65 ksi) x (2.6133)

& Ro_bearing = 229.32 kip

C the clear di of inner bolts on member.

s, = 3 in - Bolt Row Spacing
dj, = 0.8125 in - Vertical Bolt Hole Dimension at Gusset Plate
le2 - Clear Distance at Rest of Bolts

lep =8, —dp

Connection Design Report
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AISC 360-16 Chapter J3.10
Eq. (j3-6¢)

AISC 360-16 Chapter J3.10
Eq. (/3-6a)
AISC 360-16 Chapter J3.10
Eq. (J3-6¢)
AISC 360-16 Chapter J3.10

l.o = (3 in) — (0.8125 in)

Iy = 2.1875 in

Calculate the bolt tear-out capacity.

leo = 2.1875 in - Clear Distance at Rest of Bolts

tgppr = 1 in - Lower Brace Gusset Plate Thickness
F, 5 = 65 ksi - Lower Brace Gusset Plate Tensile Stress
C = 2.6133 - Calculated Bolt Group Coefficient

¢ = 0.75 - Bolt Bearing Resistance Factor

SRy tearout - Design Bolt Tear-out Capacity of Section

SRy tearout = 1.2 lea top e Fugr C

GRo_tearout = (0.75) x 1.2 x (2.1875 in) x (1 in) x (65 ksi) x (2.6133)

DR tearout = 334.42 kip

Determine the governing bearing and tear-out capacity of the bolt group.

DRy bearing = 229.32 kip - Design bolt bearing capacity of member

PRy, tearout = 334.42 kip - Design bolt tear-out capacity of member
@R, - Governing Design Capacity

@Ry = min ($Ry_bearings $Ro_tearout)
$ R, = min ((229.32 kip) , (334.42 kip))

SR, = 229.32 kip

Result:
Demand over Capacity Ratio
Ve _ (17678kip)
DCR = $Rn (22932 kip) 0.077088

PASS

AISC 360-16 Chapter J3.10
Eq. (/3-6a)

AISC 360-16 Chapter J3.10
Eq. (j3-60)

Check No. 7: Design Capacity of the Bolt Group in Bearing and Tear-out on Gusset Plate due to Axial Load

Calculate the bolt bearing capacity.

dp = 0.75 in - Bolt Diameter

tgppr = 1 in - Lower Brace Gusset Plate Thickness
F,16r = 65 ksi - Lower Brace Gusset Plate Tensile Stress
C = 2.6133 - Calculated Bolt Group Coefficient

¢ = 0.75 - Bolt Bearing Resistance Factor

@Ry bearing - Design Bolt Bearing Capacity of Section

SR bearing = ¢ 2.4 dp top1br Fuir C

ORn_bearing = (0.75) x 2.4 x (0.75 in) x (1 in) x (65 ksi) x (2.6133)

SRy bearing = 229.32 kip

Calculate the clear distance of outer bolts.
L., = 2 in - Horizontal Edge Distance at Gusset Plate
dj, = 0.8125 in - Horizontal Bolt Hole Dimension at Gusset Plate
1.1 - Clear Distance at First Bolt Row
dp

It = Len — >

0.8125 i
la = (2in) — %

I = 1.5938 in

Calculate the clear distance of inner bolts.

s. = 0 in - Bolt Column Spacing

dp, = 0.8125 in - Horizontal Bolt Hole Dimension at Gusset Plate
leo - Clear Distance at Rest of Bolts

lep=8c—dn
Iy = (0 in) — (0.8125 in)

l.o = —0.8125 in

Calculate the bolt tear-out capacity.

l.1 = 1.5938 in - Clear Distance at First Bolt Row

leo = —0.8125 in - Clear Distance at Rest of Bolts

tgprr = 1 in - Lower Brace Gusset Plate Thickness
Fy 5 = 65 ksi - Lower Brace Gusset Plate Tensile Stress
C = 2.6133 - Calculated Bolt Group Coefficient

n. = 1 - Number of Bolt Columns

¢ = 0.75 - Bolt Bearing Resistance Factor

@Ry, tearout - Design Bolt Tear-out Capacity of Section

GRy_tearour = ¢ [1.2 lex topipr Fuppr + 1.2 lea tgpipr Fugpr (ne — 1)

Connection Design Report
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GRon_tearour = (0.75) x [1.2 x (1.5938 in) x (1 in) x (65 ksi) + 1.2 x (—0.8125 in) x (1 in) x (65 ksi) x ((1) — 1)] x (%)

ORy tearout = 243.65 kip

Determine the governing bearing and tear-out capacity of the bolt group.
AISC 360-16 ChaEp;e(rj{g.Glatj ORy, bearing = 229.32 kip - Design bolt bearing capacity of member
AISC 360-16 Chaé’;fa?_gg PRy, tearout = 243.65 kip - Design bolt tear-out capacity of member
AISC 360-16 Chapter J3.10 | @R, - Governing Design Capacity

¢Rn = min (¢Rn bearing) ¢Rn teaTmLt)
¢R,, = min ((229.32 kip) , (243.65 kip))

R, = 229.32 kip

Result: PASS
Demand over Capacity Ratio

_ He (74996 kip)
DCR = SRn (22932 kip) 0.032704

Check No. 8: Shear and Axial Interaction of Bolt Bearing/Tearout on Gusset Plate
Calculate the shear and axial interaction of bolt bearing/tearout capacities.

V. = 17.678 kip - Vertical Shear at Gusset to Column

H, = 7.4996 kip - Axial Load at Gusset to Column

Interaction - Shear and Axial Interaction

Interaction = (
2

) ( (17.678 kip) )2 ( (7.4996 kip)>2
Interaction = +
(229.32 kip) (229.32 kip)

Interaction = 0.083738

Result: PASS
Demand over Capacity Ratio

DCR — Inte;z[ftwn _ [(o083738) 0.083738

Check No. 9: Design Capacity of Double Angle in Block Shear at Gusset Side
Calculate the net area of the double angle subject to tension.

taL,at,collpr = 0.5 in - Lower Brace Double Angle Thickness

ne. = 1 - Number of Bolt Columns

s, = 0 in - Bolt Column Spacing

Le;, = 2 in - Horizontal Edge Distance at Double Angle

dp, = 1 in - Horizontal Bolt Hole Dimension at Double Angle

A, - Net Area Subject to Tension (L-pattern)

Ane = [2(tar.atcoripr)] [(ne — 1) 8¢ + Lo — (ne — 0.5) (d, + 0.0625 in))]
Ap = (1in) x [((1) = 1) x (0 in) + (2 in) — ((1) — 0.5) x ((1 in) 4 (0.0625 in))]

A, = 1.4688 in®

Calculate the gross area of the double angle subject to shear.
t2L,at col1,br = 0.5 in - Lower Brace Double Angle Thickness

L, = 1.5 in - Vertical Edge Distance at Double Angle

n,. = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

Agy - Gross Area Subject to Shear (L-pattern)

Agy = [2(tar,atcotpr)] [Lev + (1 — 1) 4]
Agy = (1in) x [(L5 in) + ((4) — 1) x (3 in)]

Agy =105 in®

Calculate the net area of the double angle subject to shear.
t2L,at col1,br = 0.5 in - Lower Brace Double Angle Thickness

Lo atcotibr = 12 in - Lower Brace Double Angle Length

L., = 1.5 in - Vertical Edge Distance at Double Angle

n,. = 4 - Number of Bolt Rows

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle
A, - Net Area Subject to Shear (L-pattern)

Any = [2(tar,at,cortpr)] [Lor.at,coltr — Lev — (e — 0.5) (dp, + 0.0625 in)]
Apy = (1in) x [(12 in) — (1.5 in) — ((4) — 0.5) x ((0.8125 in) + (0.0625 in))]

Ay = T7.4375 in®

Calculate the design block shear capacity of the double angle.
Fyatcolbr = 58 ksi - Lower Brace Double Angle Tensile Stress

Ay, = 7.4375 in® - Net Area Subject to Shear (L-pattern)

Ups = 1 - Uniformity factor

A, = 1.4688 in? - Net Area Subject to Tension (L-pattern)
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Fat,col,or = 36 ksi - Lower Brace Double Angle Yield Stress
Ay =105 in? - Gross Area Subject to Shear (L-pattern)

¢ = 0.75 - Block Shear Resistance Factor
AISC 360-16 Chapter J4.3
Eq. (j4-5)

@R, - Design Block Shear Capacity of Section
OR, = ¢ (0.6 Fuar coror Anv + Uss Fuatcotipr Ant < 0.6 Fyap cotipr Agy + Uss Fuat,cotlpr Ant)
$Rn = (0.75) x (0.6 x (58 ksi) x (7.4375 in®) + (1) x (58 ksi) x (1.4688 in*) < 0.6 x (36 ksi) x (10.5 in®) + (1) x (58 ksi) x (1.4688 in”))

GR, = 233.99 kip

Result: PASS
Demand over Capacity Ratio

Ve _ (17678 kip)
DCR = GR, — (233.99 kip) 0.075549

Check No. 10: Design Capacity of Double Angle in Block Shear at Gusset Side due to Axial Load
Calculate the net area of the double angle subject to tension.

t2Lat col1,br = 0.5 in - Lower Brace Double Angle Thickness

n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

L., = 1.5 in - Vertical Edge Distance at Double Angle

dj, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle

A, - Net Area Subject to Tension (L-pattern)

Ant = [2(tazatcolipr)] [(mr — 1) 8r+ Ley — (1, — 0.5) (dp + 0.0625 in)]
Ap = (Lin) x [((4) — 1) x (3 in) + (1.5 in) — ((4) — 0.5) x ((0.8125 in) + (0.0625 in))]

Ay = 7.4375 in®

Calculate the gross area of the double angle subject to shear.
ta1,atcollbr = 0.5 in - Lower Brace Double Angle Thickness

L., = 2 in - Horizontal Edge Distance at Double Angle

ne = 1 - Number of Bolt Columns

s = 0 in - Bolt Column Spacing

Ay,, - Gross Area Subject to Shear (L-pattern)

Agy = [2(tar,atcotpr)] [Len + (ne — 1) s
Agy = (1in) x [(21in) + ((1) — 1) x (0 in)]

Agy =2in®

Calculate the net area of the double angle subject to shear.
tar at.collbr = 0.5 in - Lower Brace Double Angle Thickness
Lysr6r = 5 in - Lower Brace Double Angle Leg at Beam Side

ga = 3 in - Double Angle Gage

ne = 1 - Number of Bolt Columns

dy, = 1 in - Horizontal Bolt Hole Dimension at Double Angle

A, - Net Area Subject to Shear (L-pattern)

Any = [2(t2rat,colipr)] [ENSL Ly — ga — (e — 0.5) (dp, + 0.0625 in)]
A = (1in) x [(5 in) — (3in) — ((1) — 0.5) x (1 in) + (0.0625 in))]

Ay, = 1.4688 in®

Calculate the design block shear capacity of the double angle.
Foy at,cotr = 58 ksi - Lower Brace Double Angle Tensile Stress

A, = 1.4688 in® - Net Area Subject to Shear (L-pattern)

Ups = 1 - Uniformity factor

A, = 7.4375 in? - Net Area Subject to Tension (L-pattern)
Fat,col,or = 36 ksi - Lower Brace Double Angle Yield Stress

Ay =2 in? - Gross Area Subject to Shear (L-pattern)

¢ = 0.75 - Block Shear Resistance Factor

AISC 360-16 Ch%;;t.e(rjﬁzf.s_j @R, - Design Block Shear Capacity of Section

Ry = ¢ (0.6 Fuat,colitr Anv + Uss Fuatcoltpr Ant < 0.6 Fyatcolitr Ago + Uss Fuat,cotlbor Ant)
$Rn = (0.75) x (0.6 x (58 ksi) x (1.4688 in”) + (1) x (58 ksi) x (7.4375 in®) < 0.6 x (36 ksi) x (2 in®) + (1) x (58 ksi) x (7.4375 in?))

$R,, = 355.93 kip

Result: PASS
Demand over Capacity Ratio

_ Hemjower (74996 kip)
DCR = ¢Rn (355.93 kip) 0.02107

Check No. 11: Shear and Axial Interaction of Block Shear in Double Angle

Calculate the shear and axial interaction of block shear capacities in the double angle.
V. = 17.678 kip - Vertical Shear at Gusset to Column

H, 110wer = 7.4996 kip - Tension Load at Gusset to Column

Interaction - Shear and Axial Interaction

Interacti 2 Hergower )
nteraction = oR, + oR,
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) ( (17.678 kip) )2 ( (7.4996 kip)>2
Interaction = +
(233.99 kip) (355.93 kip)

Interaction = 0.078432

Result: PASS
Demand over Capacity Ratio
DCR — Interaction _ (0.078432) 0.078432
- 10 T
Check No. 12: Design Capacity of Double Angle in Shear at Gusset Side
Calculate the gross area of double angle subj to yieldi
Lopatcolibr = 12 in - Lower Brace Double Angle Length
taL,at,collpr = 0.5 in - Lower Brace Double Angle Thickness
Agy - Section Gross Area
Agy = Lot atcolipr [2(taL at,colbr)]
Ay = (121in) x (1in)
Ay = 121in?
Calculate the shear yielding capacity of the double angle.
Fy at color = 36 ksi - Lower Brace Double Angle Yield Stress
Ay =12 in? - Section Gross Area
¢ =1 - Shear Yielding Resistance Factor
AISC 360-16 Chaqut.e(rj{ﬁ—.?z)’ @Ry, sy - Design Shear Yielding Capacity of Section
OR, sy = $ 0.6 Fyat colibr Ago
$Ru oy = (1) x 0.6 x (36 ksi) x (12 in®)
OR, s = 259.2 kip
Calculate the net area of double angle subject to rupture.
t2L,at col1,br = 0.5 in - Lower Brace Double Angle Thickness
Lo at,cotibr = 12 in - Lower Brace Double Angle Length
n, = 4 - Number of Bolt Rows
dp, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle
A, - Section Net Area
Any = [2(taratcoribr)] [Lor.at,collor — e (dn + 0.0625 in)]
Apy = (1in) x [(12 in) — (4) x ((0.8125 in) + (0.0625 in))]
Apy = 8.5 in?
Calculate the shear rupture capacity of the double angle.
Fyatcotbr = 58 ksi - Lower Brace Double Angle Tensile Stress
Ay = 8.5 in? - Section Net Area
¢ = 0.75 - Shear Rupture Resistance Factor
AISC 360-16 Chaqut.s(r]ﬁtf;ﬁ @R, s - Design Shear Rupture Capacity of Section
ORy v = ¢ 0.6 Fyatcotbr Anv
GRu o= (0.75) x 0.6 x (58 ksi) x (8.5 in”)
PR, o = 221.85 kip
Determine the governing shear capacity of the double angle.
AISC 360-16 Ch%;;te(rj{ﬁj ¢R, s, = 259.2 kip - Design shear yielding capacity of double angle
AISC 360-16 Ch%;;t.e(rjﬁffj JR,, s = 221.85 kip - Design shear rupture capacity of double angle
AISC 360-16 Chapter J4.2 | ¢R,, - Governing Design Capacity
SR, = min (¢Ry_sy, PR _sr)
¢R, = min ((259.2 kip) , (221.85 kip))
R, = 221.85 kip
Result: PASS
Demand over Capacity Ratio
_ Ve _ (17678kip)
DOR = ¢R. (22185 kip) 0.079683

Check No. 13: Design Capacity of Double Angle in Flexure Using Double Coped Procedure at Gusset Side
Calculate and compare upper and lower limits.

E = 29000 ksi - Modulus for Steel

Fy at color = 36 ksi - Lower Brace Double Angle Yield Stress

Ly = 3 in - Unbraced Length at Double Angle

Lo atcotibr = 12 in - Lower Brace Double Angle Length

t2L,at col1,br = 0.5 in - Lower Brace Double Angle Thickness

Depth to Thickness Ratio
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Lyd _ (3 in)» (12 in) — 144

2 (0.5 in)?
Depth to Thickness Ratio Lower Limit
0.08E _ 0.08x(20000 ksi)

T @6 ) = 64.444
Depth to Thickness Ratio Upper Limit
198 1.9%(29000 ksi)

BT @) 1530.6

So, UBE < 22 ang At < LOE,
Calculate the plastic section modulus of the double angle.
taLat,collor = 0.5 in - Lower Brace Double Angle Thickness
Lo atcotipr = 12 in - Lower Brace Double Angle Length
Plastic Section Modulus
taLatcolir (D2Lateolitn)’ (0.5 in)x ((12 in))?

Z = T = T =18 in

Calculate the elastic section modulus of the double angle.
taL,at,col,lor = 0.5 in - Lower Brace Double Angle Thickness
Lopatcolibr = 12 in - Lower Brace Double Angle Length

Elastic Section Modulus

g 2L at,col Lbr (:u atcoldtr)’ _ (0.5 in) xﬁ((lz in))? 120}

Calculate the lateral torsional buckling modification factor.
Lysr, = 3 in - Unbraced Length at Double Angle

Lapatcollpr = 12 in - Lower Brace Double Angle Length

der, = 0 in - Double Angle Cope Depth (Assumed 0)

C}, - Lateral-Torsional Buckling Modification Factor

L d.
Cy = [3+ln( b2k )} <1 — ) >1.84
Lo at colbr Lo, at col b

= F““( ((132123)” b <1 - ((1021:20 = e

Cy=1.84

AISC 15th Edition pg. (9-9)
Eq. (9-15)

Calculate the flexural capacity of the double angle.
AISC 15th Editiur}:_gg.(g(?igﬁ C, = 1.84 - Lateral-Torsional Buckling Modification Factor
M

12
Fyat,col,1,or = 36 ksi - Lower Brace Double Angle Yield Stress

E = 29000 ksi - Modulus for Steel
S = 12 in? - Elastic Section Modulus
Z = 18 in® - Plastic Section Modulus

@ = 0.9 - Flexure Resistance Factor

= 144 - Depth to Thickness Ratio

Alsgi?lﬁg-i_g(_‘(fg;;tg)r @M, - Design Flexural Capacity of Coped Section

F,
oM, = ¢ [cb [152— 0.274 (%) (%”b)] Fyatcaiin S < Fyatcaiin Z] 2

(36 ksi)

M, = (0.9) x [(1,84) x {152 —0.274 x ((144)) x (7(29000 si)

éM,, = 97.2 kip-ft

Calculate the equival shear ity of the double angle.

Alsgi?fg-i_gc(fg?tg)r @M, = 97.2 kip-ft - Design Flexural Capacity of Coped Section

Lysr, = 3 in - Unbraced Length at Double Angle
¢V, - Design Capacity of Single Plate in Bending

SM;,
V, = —~
W Lysr
(97.2 kip-ft)
V= ——=—
(3 in)
¢V, = 388.8 kip
Result:
Demand over Capacity Ratio
Ve _ (17678 kip)
DCR = W = Gwmskn) 0.045467

)] x (36 ksi) x (12 in®) < (36 ksi) x (18 inf‘)] x 2

PASS

Check No. 14: Shear and Moment Interaction of Double Angle at Gusset Side

Calculate the shear and moment interaction of the double angle.
V, = 17.678 kip - Vertical Shear at Gusset to Column

Moment at Component

M, =V, Lyo, = (17.678 kip) x (3 in) = 4.4194 kip-ft

AISC 360-16 Chez;ge(r]{&é ¢V, = 259.2 kip - Design shear yielding capacity of double angle
AISC 360-16 Chapter
F11.2 Eq. (F11-2)

AISC 15th Ez;:g)ogquaglg) I+ - Interaction for Shear Yielding/Buckling and Flexure

@M, = 97.2 kip-ft - Design Flexural Capacity of Double Angle
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B ((174678 kip)>2 < (4.4194 kip»ft)>2
"7\ (259.2 kip) (97.2 kip-ft)

I,y = 0.0067186

Result: PASS
Demand over Capacity Ratio
DCR =t — % = 0.0067186

Check No. 15: Design Capacity of Double Angle in Tension
Calculate the tensile yielding capacity of the double angle.
¢ = 0.9 - Tensile Yielding Resistance Factor
Fyat,col,1or = 36 ksi - Lower Brace Double Angle Yield Stress
t2Lat col1br = 0.5 in - Lower Brace Double Angle Thickness
Loy at,colibr = 12 in - Lower Brace Double Angle Length
AISC 360-16 Chab%te(rjgfil) @R, 1 - Design Tension Yielding Capacity of Section

SRy 1y = & Fyarcortir [2(t2rat,coivr)] Larat,col,ibr

&Ry, 1y = (0.9) x (36 ksi) x (1 in) x (12 in)

®R, 1, = 388.8 kip

Calculate the tensile rupture capacity of the double angle.
¢ = 0.75 - Tensile Rupture Resistance Factor

Fyatcotbr = 58 ksi - Lower Brace Double Angle Tensile Stress
t2L,at,col1,br = 0.5 in - Lower Brace Double Angle Thickness

Lo atcotibr = 12 in - Lower Brace Double Angle Length

n, = 4 - Number of Bolt Rows

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle
AISC 360-16 Ch%;;t.e(rjﬁg.s @R, ¢ - Design Tension Rupture Capacity of Section

SR tr = ¢ Fuatcolipr [2(t2r,atcottpr)] [Larat,colipr — e (dn + 0.0625 in)]
SR 1 = (0.75) x (58 ksi) x (1 in) x [(12 in) — (4) x ((0.8125 in) + (0.0625 in))]

GRy, 1 = 369.75 kip

Determine the governing tensile capacity of the double angle.

AISC 360-16 Chaquts(rjﬁlfil) Ry, 1y = 388.8 kip - Design Tension Yielding Capacity of Section

AISC 360-16 Chak%tle(rj{ﬁél) PR, ¢ = 369.75 kip - Design Tension Rupture Capacity of Section

AISC 360-16 Chapter J4.2 | ¢R,, - Governing Design Capacity

R, = min (¢Rn 1y, R tr)
#R,, = min ((388.8 kip) , (369.75 kip))

SR, = 369.75 kip

Result: PASS
Demand over Capacity Ratio

_ Hemgower (74996 kip)
DCR = SRn  (369.75 kip) 0.020283

Check No. 16: Tension and Flexure Interaction of the Double Angle
Calculate the tension and flexure interaction of the double angle.
He 7 jower = 7.4996 kip - Tension Load at Gusset to Column

V, = 17.678 kip - Vertical Shear at Gusset to Column

Interaction - Tension and Flexure Interaction

He 1 jower v,
2¢R, ¢V

Interaction =

(7.4996 kip)  (17.678 kip)
2% (369.75 kip)  (388.8 kip)

Interaction =

Interaction = 0.055609
Result: PASS
Demand over Capacity Ratio

DOR = dnteraction _ 029 _ ¢ 55609

Check No. 17: Design Capacity of Double Angle in Compression
Calculate the compression buckling capacity of the double angle.
¢ = 0.9 - Compression Resistance Factor

Fyat,col,1,or = 36 ksi - Lower Brace Double Angle Yield Stress

t2L,at col1,br = 0.5 in - Lower Brace Double Angle Thickness

Lo at,cotibr = 12 in - Lower Brace Double Angle Length

K = 1.2 - Effective Length Factor

ga = 3 in - Double Angle Gage

K—rL = 12.471 - Effective Length Slenderness Ratio

Since, % < 25.

AISC 360-16 Ch%;;t.e(rjﬁgj @R, - Design Compressive Capacity of Section

ORn = ¢ Fyatcortpr [2(tar,at el ipr)) LoLat,collbr
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GR, = (0.9) x (36 ksi) x (1 in) x (12 in)

#R, = 388.8 kip

Result: PASS
Demand over Capacity Ratio
_ Heciower  (7.4996 kip)
DCR = $Rn (3888 kip) 0.019289
Check No. 18: Compression and Flexure Interaction of the Double Angle
Calculate the compression and flexure interaction of the double angle.
H, ¢ jower = 7.4996 kip - Compression Load at Gusset to Column
V, = 17.678 kip - Vertical Shear at Gusset to Column
Interaction - Compression and Flexure Interaction
He o low ]
Interaction = ———=" 14
2¢R, SVa
. (7.4996 kip) (17.678 kip)
Interaction = - -
2 x (388.8kip)  (388.8 kip)
Interaction = 0.055112
Result: PASS
Demand over Capacity Ratio
DOR — Interaction _ (0.055112) 0.055112
- 1.0 o
Check No. 19: Design Capacity of Gusset Plate in Block Shear
Calculate the net area of the gusset plate subject to tension.
tgprr = 1 in - Lower Brace Gusset Plate Thickness
ne. = 1 - Number of Bolt Columns
s. = 0 in - Bolt Column Spacing
L., = 2 in - Horizontal Edge Distance at Gusset Plate
dp, = 1 in - Horizontal Bolt Hole Dimension at Double Angle
A, - Net Area Subject to Tension (L-pattern)
Apt = tgpiir [(ne — 1) 8¢+ Len — (ne — 0.5) (dp + 0.0625 in)]
Ap = (1in) x [((1) = 1) % (0in) + (2 in) — ((1) — 0.5) x ((1 in) 4 (0.0625 in))]
Ay = 1.4688 in®
Calculate the gross area of the gusset plate subject to shear.
tgppr = 1 in - Lower Brace Gusset Plate Thickness
L., = 3 in - Vertical Edge Distance at Gusset Plate
n, = 4 - Number of Bolt Rows
s, = 3 in - Bolt Row Spacing
A_(,,, - Gross Area Subject to Shear (L-pattern)
Agy = topibr [Lev + (np — 1) 5,]
Ay = (1in) x [(31in) + ((4) — 1) x (3 in)]
Agy =12 1in*
Calculate the net area of the gusset plate subject to shear.
tgppr = 1 in - Lower Brace Gusset Plate Thickness
hgp1br = 15 in - Lower Brace Gusset Plate Height along Column
L., = 3 in - Vertical Edge Distance at Gusset Plate
n, = 4 - Number of Bolt Rows
dj, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle
A, - Net Area Subject to Shear (L-pattern)
Any = topior [hopitr — Lev — (ny — 0.5) (dj, + 0.0625 in)]
Apy = (1in) x [(15 in) — (3 in) — ((4) — 0.5) x ((0.8125 in) + (0.0625 in))]
Apy = 8.9375 in®
Calculate the design block shear capacity of the gusset plate.
F,,16r = 65 ksi - Lower Brace Gusset Plate Tensile Stress
A, = 8.9375 in? - Net Area Subject to Shear (L-pattern)
Ups = 1 - Uniformity factor
A, = 1.4688 in? - Net Area Subject to Tension (L-pattern)
F,15r = 50 ksi - Lower Brace Gusset Plate Yield Stress
Agy = 12 in? - Gross Area Subject to Shear (L-pattern)
¢ = 0.75 - Block Shear Resistance Factor
AISC 360-16 Ch%’ge(r/fgj @R, - Design Block Shear Capacity of Section
¢Ry, = ¢ (0.6 Fuppr Ano + Ups Fugpr Ane < 0.6 Fy e Agy + Ups Fuppr Ant)
$R, = (0.75) x (0.6 x (65 ksi) x (8.9375 in) + (1) x (65 ksi) x (1.4688 in®) < 0.6 x (50 ksi) x (12 in®) + (1) x (65 ksi) x (1.4688 in®))
¢R, = 333.02 kip
Result: PASS

Demand over Capacity Ratio
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Ve (17.678 kip) _
DCR = Ry (333.02 kip) 0.053082

Check No. 20: Design Capacity of Gusset Plate in Block Shear due to Axial Load

Calculate the net area of the gusset plate subject to tension.
tgprr = 1 in - Lower Brace Gusset Plate Thickness

n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

L., = 3 in - Vertical Edge Distance at Gusset Plate

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle

A, - Net Area Subject to Tension (L-pattern)

Ant = tgpipr [(ne — 1) 8 + Ley — (ny — 0.5) (dj + 0.0625 in)]
Ay = (1in) x [((4) —1) x (3in) + (3 in) — ((4) — 0.5) x ((0.8125 in) + (0.0625 in))]

A, = 8.9375 in®

Calculate the gross area of the gusset plate subject to shear.
tgppr = 1 in - Lower Brace Gusset Plate Thickness

L., = 2 in - Horizontal Edge Distance at Gusset Plate

ne = 1 - Number of Bolt Columns

s = 0 in - Bolt Column Spacing

Agy - Gross Area Subject to Shear (L-pattern)

Agy = togpibr [Len + (e — 1) s
Agy = (Lin) x [(2in) 4+ (1) — 1) % (0 in)]

Agy =2in®

Calculate the net area of the gusset plate subject to shear.
tgppr = 1 in - Lower Brace Gusset Plate Thickness

ne. = 1 - Number of Bolt Columns

S = 0 in - Bolt Column Spacing

dj, = 1 in - Horizontal Bolt Hole Dimension at Double Angle

Le;, = 2 in - Horizontal Edge Distance at Gusset Plate

A, - Net Area Subject to Shear (L-pattern)

Any = tapipr (Len + (ne — 1) s¢ — (ne — 0.5) (dy + 0.0625 in))
Any = (Lin) x ((21in) + ((1) — 1) x (0 in) — ((1) — 0.5) x ((1 in) + (0.0625 in)))

Ay, = 1.4688 in?

Calculate the design block shear capacity of the gusset plate.
Fy5r = 65 ksi - Lower Brace Gusset Plate Tensile Stress

A, = 1.4688 in® - Net Area Subject to Shear (L-pattern)

Ups = 1 - Uniformity factor

An: = 8.9375 in? - Net Area Subject to Tension (L-pattern)

Fy 160 = 50 ksi - Lower Brace Gusset Plate Yield Stress

Ay =2 in? - Gross Area Subject to Shear (L-pattern)

¢ = 0.75 - Block Shear Resistance Factor

AISC 360-16 Chaqut_e(?{ﬁ';) @R, - Design Block Shear Capacity of Section

GRy = ¢ (0.6 Fuppr Anw + Ups Futpr Ant < 0.6 Fy e Agy + Ups Fupr Ant)
$R, = (0.75) x (0.6 x (65 ksi) x (1.4688 in”) + (1) x (65 ksi) x (8.9375 in®) < 0.6 x (50 ksi) x (2 in®) + (1) x (65 ksi) x (8.9375 in?))

SR, = 478.66 kip

Result: PASS
Demand over Capacity Ratio

_ Hemgower (74996 kip)
DOR = $Rn  (478.66 kip) 0.015668

Check No. 21: Shear and Axial Interaction of Block Shear in Gusset Plate

Calculate the shear and axial interaction of block shear capacities in the gusset plate.
V, = 17.678 kip - Vertical Shear at Gusset to Column

He 7 jower = 7.4996 kip - Tension Load at Gusset to Column

Interaction - Shear and Axial Interaction

2
T lower >

2 H,
Interaction = + <
( SR, > .

) ( (17.678 kip) )2 ( (7.4996 kip)>2
Interaction = +
(333.02 kip) (478.66 kip)

Interaction = 0.055346

Result: PASS
Demand over Capacity Ratio

_ Interaction _ (0.055346)
DCOR = Imsetion — ——oe = 0.055346

Check No. 22: Connection Detailing Limitations at Support Side
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Detailing Limitations Limit Value (in) Actual Value (in) DCR Result

Minimum Bolt Row Spacing 2.000 3.000 0.667 PASS

Maximum Bolt Row Spacing 6.000 3.000 0.500 PASS

Double Angle Minimum Vertical Edge Distance 1.000 1.500 0.667 PASS

Double Angle Minimum Horizontal Edge Distance 1.125 2.000 0.563 PASS

Column Minimum Horizontal Edge Distance 1.000 3.750 0.267 | PASS

Minimum Bolt Gage at Column 4.375 7.000 0.625 PASS

Minimum Bolt Gage at Double Angle 4.500 7.000 0.643 PASS
Result: PASS
Demand over Capacity Ratio

_d_0® _
DCR= ¢ = ® = 0.66667
Check No. 23: Design Capacity of the Bolt Group in Shear at Support Side
F,, = 54 ksi - Bolt Nominal Shear Strength
F,+ = 90 ksi - Bolt Nominal Tensile Strength
Nr = 8 - Total Number of Bolts in Tension
H,. = 7.4996 kip - Axial Load at Gusset to Column
AISC 360-16 Chapter J3.7 | Fj, - Design Modified Bolt Shear Strength
. 0.84 F,,, H,
Fy, = min (13 Fpy — ——— ¢ F,,
Fut Nr df
. i 0.84 x (54 ksi) x (7.4996 kip) .
Fy, = min | 1.3 x (54 ksi) — > (54 ksi)
(90 ksi) x (8) x (0.75 in)
Fy, = 54 ksi
dy = 0.75 in - Bolt Diameter
N = 1 - Number of Shear Planes
Ny = 8 - Total Number of Bolts in Shear
hf =1 - Filler Factor for Bearing Bolts
¢ = 0.75 - Bolt Shear Resistance Factor
AISC 360-16 Ch%;;t.e(r}?_.g ¢R,, - Design Bolt Shear Capacity
™ 2
¢R, = ¢ Fy, 1 (ds)” N5 Ny hy
¢R, = (0.75) x (54 ksi) x % x ((0.75 in))* x (1) % (8) x (1)
R, = 143.14 kip
Result: PASS
Demand over Capacity Ratio
V(17678 kip)

DCR = ¢R, (14314 kip) 01235

AISC 360-16 Chapter J3.10
Eq. (J3-6a)

Check No. 24: Design Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Support Side
Calculate the bolt bearing capacity of the double angle.

dp = 0.75 in - Bolt Diameter

taLat,collpr = 0.5 in - Lower Brace Double Angle Thickness

Fyatcolibpr = 58 ksi - Lower Brace Double Angle Tensile Stress

Ny = 8 - Total Number of Bolts in Shear

¢ = 0.75 - Bolt Bearing Resistance Factor

@Ry, bearing - Design Bolt Bearing Capacity of Section

GRy bearing = ¢ 2.4 dy tap,at collbr Fuat,colipr Nv
OB searing = (0.75) x 2.4 x (0.75 in) x (0.5 in) x (58 ksi) x (8)

@Rn_bearing = 313.2 kip

Calculate the clear distance of outer bolts on double angle.
L., = 1.5 in - Vertical Edge Distance at Double Angle
dj, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle

l.1 - Clear Distance at First Bolt Row

d)
e = Ley — 7"

(0.8125 in)

Iy = (1.5 in) — 3

I, = 1.0938 in

Calcul: the clear di of inner bolts on double angle.
s, = 3 in - Bolt Row Spacing

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle

le2 - Clear Distance at Rest of Bolts

lep =8, —dp

l.o = (3 in) — (0.8125 in)
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AISC 360-16 Chapter J3.10
Eq. (3-60)

AISC 360-16 Chapter /3.10
Eq. (/3-6a)

AISC 360-16 Chapter /3.10
Eq. (j3-60)

AISC 360-16 Chapter J3.10

I,y = 2.1875 in

Calculate the bolt tear-out capacity of the double angle.
l.1 = 1.0938 in - Clear Distance at First Bolt Row

leo = 2.1875 in - Clear Distance at Rest of Bolts

tar, atcol,lor = 0.5 in - Lower Brace Double Angle Thickness
Fyatcolbr = 58 ksi - Lower Brace Double Angle Tensile Stress
Ny = 8 - Total Number of Bolts in Shear

n, = 4 - Number of Bolt Rows

¢ = 0.75 - Bolt Bearing Resistance Factor

DRy, tearout - Design Bolt Tear-out Capacity of Section

Ny
GRy_tearout = ¢ [1.2 lex tarat,cottbr Fuat.cobr + 1.2 lea tor at et tbr Fuateolipr (N — 1)] < - )
.,

SR tearowt = (0.75) x [1.2 x (1.0938 in) x (0.5 in) x (58 ksi) + 1.2 x (2.1875 in) x (0.5 in) x (58 ksi) x ((4) — 1)] x (

@R tearout = 399.66 kip

Determine the governing bearing and tear-out capacity of the bolt group on double angle.

@GRy, bearing = 313.2 kip - Design bolt bearing capacity of double angle

SRy tearout = 399.66 kip - Design bolt tear-out capacity of double angle

¢R,, - Governing Design Capacity

OR, = min (¢Ry vearing, PR tearout)
#R,, = min ((313.2 kip) , (399.66 kip))

6R, = 313.2 kip

Result:
Demand over Capacity Ratio
Vi (17678 kip)
DCR = YR,  (3132kip) 0.056442

B

PASS

AISC 360-16 Chapter J3.10
Eq. (/3-6a)

AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter J3.10
Eq. (/3-6a)

AISC 360-16 Chapter J3.10
Eq. (j3-60)

AISC 360-16 Chapter J3.10

Check No. 25: Design Capacity of the Bolt Group in Bearing and Tear-out at Support Flange

Calculate the bolt bearing capacity.
dy = 0.75 in - Bolt Diameter

tje = 0.71in - Column Flange Thickness
F, . = 65 ksi - Column Tensile Stress

Ny = 8 - Total Number of Bolts in Shear
¢ = 0.75 - Bolt Bearing Resistance Factor

d)R,wa”,Lg - Design Bolt Bearing Capacity of Section

SR bearing = ¢ 2.4 dytye Fue Ny
G R bearing = (0.75) x 2.4 x (0.75 in) x (0.71 in) x (65 ksi) x (8)

&R bearing = 498.42 kip

Calculate the clear distance of inner bolts on member.
s, = 3 in - Bolt Row Spacing

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Column

leo - Clear Distance at Rest of Bolts

lea = 8 —dp
l.o = (3 in) — (0.8125 in)

I,y = 2.1875 in

Calculate the bolt tear-out capacity.

leo = 2.1875 in - Clear Distance at Rest of Bolts
tf. = 0.71 in - Column Flange Thickness

F, . = 65 ksi - Column Tensile Stress

Ny = 8 - Total Number of Bolts in Shear

¢ = 0.75 - Bolt Bearing Resistance Factor

PRy tearout - Design Bolt Tear-out Capacity of Section

SRy tearout = $ 1.21c tyc Fue Ny
SR tearout = (0.75) x 1.2 % (2.1875 in) x (0.71 in) x (65 ksi) x (8)

SRy tearout = 726.86 kip

Determine the governing bearing and tear-out capacity of the bolt group.
OR . bearing = 498.42 kip - Design bolt bearing capacity of member
@Ry, tearout = 726.86 kip - Design bolt tear-out capacity of member

@R, - Governing Design Capacity

¢Ry = min (d Ry _bearings DR tearout)

¢ R, = min ((498.42 kip) , (726.86 kip))
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R, = 498.42 kip

Result: PASS
Demand over Capacity Ratio

_ Vs _ (17678kip)
DCR = R = st 0.035467

Check No. 26: Design Capacity of Double Angle in Block Shear at Support Side

bl

Calculate the net area of the d angle subj to

tar at.collbr = 0.5 in - Lower Brace Double Angle Thickness
n. = 1 - Number of Bolt Columns

S = 0 in - Bolt Column Spacing

L., = 2 in - Horizontal Edge Distance at Double Angle

dj, = 1 in - Horizontal Bolt Hole Dimension at Double Angle
A, - Net Area Subject to Tension (L-pattern)

Ane = [2(t2nat,colpr)] [(ne —1) ¢ + Len — (ne — 0.5) (dp, + 0.0625 in)]
A = (1in) x [((1) — 1) x (0in) + (2 in) — (1) — 0.5) x ((L in) + (0.0625 in))]

Ape = 1.4688 in®

Calculate the gross area of the double angle subject to shear.
taL,at,collpr = 0.5 in - Lower Brace Double Angle Thickness

L., = 1.5 in - Vertical Edge Distance at Double Angle

n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

Ay, - Gross Area Subject to Shear (L-pattern)

Ago = [2(tazatcotipr)] [Lew + (0 — 1) 55
Agy = (1in) x [(L5 in) + ((4) — 1) x (3 in)]

Agy = 10.5 in®

Calculate the net area of the double angle subject to shear.
taL,at,collpr = 0.5 in - Lower Brace Double Angle Thickness
Lopatcolibr = 12 in - Lower Brace Double Angle Length

L., = 1.5 in - Vertical Edge Distance at Double Angle

n, = 4 - Number of Bolt Rows

d, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle
A, - Net Area Subject to Shear (L-pattern)

Any = [2(t2rat,cotbr)] [LaL,at,colipr — Lev — (nr — 0.5) (dp + 0.0625 in)]
Ay = (Lin) x [(12 in) — (L5 in) — ((4) — 0.5) x ((0.8125 in) + (0.0625 in))]

Ay, = 7.4375 in®

Calculate the design block shear capacity of the double angle.
Fyatcolbpr = 58 ksi - Lower Brace Double Angle Tensile Stress

A, = 7.4375 in? - Net Area Subject to Shear (L-pattern)

Ups = 1 - Uniformity factor

A, = 1.4688 in? - Net Area Subject to Tension (L-pattern)

Fy at col,tor = 36 ksi - Lower Brace Double Angle Yield Stress

Agp =105 in? - Gross Area Subject to Shear (L-pattern)

¢ = 0.75 - Block Shear Resistance Factor

AISC 360-16 Chez;ge(r]{fé_j ¢R,, - Design Block Shear Capacity of Section

OR, = ¢ (0.6 Fuat cortbr Anv + Uss Fuat,cotipr Ant < 0.6 Fyat cotipr Ago + Uss Fuat.cotlbr Ant)
$Rn = (0.75) x (0.6 x (58 ksi) x (7.4375 in?) + (1) x (58 ksi) x (1.4688 in*) < 0.6 x (36 ksi) x (10.5 in®) + (1) x (58 ksi) x (1.4688 in”))

SR, = 233.99 kip

Result: PASS
Demand over Capacity Ratio

Vi (17678 kip)
DCR = $Rn (23399 kip) 0.075549

Check No. 27: Design Capacity of Double Angle in Shear at Support Side

Calculate the gross area of double angle subj to yieldi

Lapatcollpr = 12 in - Lower Brace Double Angle Length
taLat,collbr = 0.5 in - Lower Brace Double Angle Thickness

Agy - Section Gross Area

Agy = Lopatcolipr [2(f2L at col,ipr)]
Ay = (121in) x (1in)

Agy = 121in?

Calculate the shear yieldi ity of the double angle.

Fy at col,or = 36 ksi - Lower Brace Double Angle Yield Stress
Agy = 12 in? - Section Gross Area

¢ = 1 - Shear Yielding Resistance Factor

AISC 360-16 Chapter J4.2 d)RnJy - Design Shear Yielding Capacity of Section
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Eq. (j4-3)

ORy_sy = ¢ 0.6 Fyat coltor Ago
GRn sy = (1) x 0.6 x (36 ksi) x (12 in®)

SR, g = 259.2 kip

Calculate the net area of double angle subject to rupture.
tar, atcol,lor = 0.5 in - Lower Brace Double Angle Thickness

Lo at ot br = 12 in - Lower Brace Double Angle Length

n, = 4 - Number of Bolt Rows

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle
A, - Section Net Area

Any = [2(tar,at,colipr)] [Lorat,colipr — e (dp 4 0.0625 in)]
Apy = (1in) x [(12 in) — (4) x ((0.8125 in) + (0.0625 in))]

Ay, = 8.5 in’
Calculate the shear rupture capacity of the double angle.
Fyatcolibpr = 58 ksi - Lower Brace Double Angle Tensile Stress

A,y = 8.5 in? - Section Net Area
¢ = 0.75 - Shear Rupture Resistance Factor

AISC 360-16 Chaﬁ;e(rjfﬁj @R, s - Design Shear Rupture Capacity of Section

OR v = ¢ 0.6 Fyatcotbr Anv
GRy_or = (0.75) x 0.6 x (58 ksi) x (8.5 in®)

$Ry o = 221.85 kip

Determine the governing shear capacity of the double angle.
AISC 360-16 Chaqute(r]{;fj ¢R,,_sy = 259.2 kip - Design shear yielding capacity of double angle
AISC 360-16 ChaE;;t‘e(rj{ﬁj PR, s = 221.85 kip - Design shear rupture capacity of double angle

AISC 360-16 Chapter J4.2 | ¢R,, - Governing Design Capacity

@Ry, = min (¢Rn_sy, pRn_sr)
GR,, = min ((259.2 kip) , (221.85 kip))

$R,, = 221.85 kip

Result:
Demand over Capacity Ratio
Vi (17678 kip)
DCR = ¢R. (22185 kip) 0.079683

PASS

Check No. 28: Design Capacity of Double Angle in Flexure Using Double Coped Procedure at Support Side
Calculate and compare upper and lower limits.

E = 29000 ksi - Modulus for Steel

Fy at col,,or = 36 ksi - Lower Brace Double Angle Yield Stress

Lysr, = 3 in - Unbraced Length at Double Angle

Loratcolipr = 12 in - Lower Brace Double Angle Length

taLat,collpr = 0.5 in - Lower Brace Double Angle Thickness

Depth to Thickness Ratio
Lyd _ (3 in)><(12‘ in) — 144

2 (0.5 in)?
Depth to Thickness Ratio Lower Limit
0.08E _ 0-08x(29000 ksi)

7 36 ) = 64.444
Depth to Thickness Ratio Upper Limit
198 1.9%(29000 ksi)

e e 1530.6
0.08E Lyd Lyd 195
So, F, < 2 and 2 < 7

Calculate the plastic section modulus of the double angle.
t2L,at col1,br = 0.5 in - Lower Brace Double Angle Thickness

Lo atcotibr = 12 in - Lower Brace Double Angle Length

Plastic Section Modulus

2

tapatcolbr (LaL,at,colbr, 5 i 2 in))? s 03
7 Lty (LaL,at col br) _ (05 in)x((12 in)y — 18 ind

4 4

Calculate the elastic section modulus of the double angle.
taLat,collor = 0.5 in - Lower Brace Double Angle Thickness

Lo atcolpr = 12 in - Lower Brace Double Angle Length

Elastic Section Modulus

tarateottir (LoLatcolipr) _ (05 in)x((12 in)?

— ind
s =12in

S =
Calculate the lateral torsional buckling modification factor.
Lo, = 3 in - Unbraced Length at Double Angle

Lo atcolibr = 12 in - Lower Brace Double Angle Length

de2r, = 0 in - Double Angle Cope Depth (Assumed 0)

AISC 15th EditionE;qy.g.(g(?l-gj Cy - Lateral-Torsional Buckling Modification Factor
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AISC 15th Edition pg. (9-9)
Eq. (9-15)

AISC 360-16 Chapter
F11.2 Eq. (F11-2)

AISC 360-16 Chapter
F11.2 Eq. (F11-2)

L d.
G = [3+ln< b2k ﬂ <1 — ) >1.84
Lo, at col,,br Lo, at col,br

o= fem(BE) (1

C,=1.84

Calculate the flexural capacity of the double angle.
Cj, = 1.84 - Lateral-Torsional Buckling Modification Factor
L—L;d = 144 - Depth to Thickness Ratio

Fy at col,or = 36 ksi - Lower Brace Double Angle Yield Stress
E = 29000 ksi - Modulus for Steel

S = 12 in® - Elastic Section Modulus

Z = 18 in® - Plastic Section Modulus

¢ = 0.9 - Flexure Resistance Factor

@M, - Design Flexural Capacity of Coped Section

Lyd Fy at collbr
oM, = ¢ [Cb [1.52—0,274 (%2) (%)] Fyarcatiin S < Fyateoiin Z] 2
(36 ksi)

¢ M, = (0.9) x [(1.84) X [1.52 —0.274 x ((144)) x (7(29000 s

)] x (36 ksi) x (12 in®) < (36 ksi) x (18 1113)] x 2

M, = 97.2 kip-ft

Calculate the equivalent shear capacity of the double angle.

@M, = 97.2 kip-ft - Design Flexural Capacity of Coped Section

Lysr, = 3 in - Unbraced Length at Double Angle

@V, - Design Capacity of Single Plate in Bending

_ oM,
T Lyar

[

(97.2 kip-ft)

o= (3in)

#V,, = 388.8 kip

Result: PASS
Demand over Capacity Ratio
Vi (17678 kip)
DCR = W = GmaEn) 0.045467
Check No. 29: Shear and Moment Interaction of Double Angle at Support Side
Calculate the shear and moment interaction of the double angle.
V, = 17.678 kip - Vertical Shear at Gusset to Column
Moment at Component
M, =V, Lys;, = (17.678 kip) x (3 in) = 4.4194 kip-ft
AISC 360-16 Cha[_%t.e(r]{ﬁﬁ @V, = 259.2 kip - Design shear yielding capacity of double angle
A’ngfg'i—gc(’g?ts)r @M, = 97.2 kip-ft - Design Flexural Capacity of Double Angle
AISC 15th Ecg(t)l)ugquh(olg)- I,; - Interaction for Shear Yielding/Buckling and Flexure
V. \? M\?
w=(ar) + (i)
AV oM,
B ((17.678 kip)>2 < (4.4194 kip-ft)>2
" (259.2 kip) (97.2 kip-ft)
I,; = 0.0067186
Result: PASS
Demand over Capacity Ratio
0.0067186
DCR = 7% = S50 — 0.0067136

Check No. 30: Design Capacity of Double Angle in Bolt Prying
dy = 0.75 in - Bolt Diameter

n,. = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

H_ T 10wer = 7.4996 kip - Tension Load at Gusset to Column
Fyatcolibpr = 58 ksi - Lower Brace Double Angle Tensile Stress
b= 2.751in - b prying

F,, = 54 ksi - Bolt Nominal Shear Strength

Fy,+ = 90 ksi - Bolt Nominal Tensile Strength

V; = 17.678 kip - Vertical Shear at Gusset to Column

L., = 2 in - Horizontal Edge Distance at Double Angle

dj, = 1 in - Horizontal Bolt Hole Dimension at Double Angle

B = 29.818 kip - Available tension per bolt

)
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AISC 15th Edition Equation
(9-19a)

(1in)
min (3.5 x (2.75 i), (3 in))

S=1-

& = 0.66667
B
g min (Leh + 0.5 dpy 1.25b+ 0.5 dy) (2 Herjouwer — 4 By
a Hettower (dy — 2b)
~min((2 in) + 0.5 x (0.75 in) , 1.25 x (2.75 in) + 0.5 x (0.75 in)) x (2 x (7.4996 kip) — 4 x (29.818 kip) x (4))
B (7.4996 kip) x ((0.75 in) — 2 x (2.75 in))
B = 30.808
o

()]

(0.6;667) . (1 fs?;f:(:ié) )H

a =1

L
5

a = min {1,

a = min |:17

tmin - Minimum thickness required to ensure an acceptable combination of fitting strength and stiffness and bolt strength

A 2.22 He T jower (b— 0.5dy)
" min (3.5b, ;) Fuateolprtr (1+3a)

. 2.22 % (7.4996 kip) x ((2.75 in) — 0.5 x (0.75 in))
i A nin (3.5 % (275 i), (3 in)) x (58 ksi) x (4) x (1 + (0.66667) x (1))

tmin = 0.18463 in

Result:
Demand over Capacity Ratio
0.18463 i
DCR = tmn_ . QIS _ (36096

taL,at colbr (0.5 in)

PASS

AISC 15th Edition Equation
(9-19a)

Check No. 31: Design Capacity of Column Flange in Bolt Prying
dp = 0.75 in - Bolt Diameter

n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

V, = 17.678 kip - Vertical Shear at Gusset to Column

H, 71ower = 7.4996 kip - Tension Load at Gusset to Column
F, . = 65 ksi - Column Tensile Stress

b =3.28 in - b prying

F,, = 54 ksi - Bolt Nominal Shear Strength

F,+ = 90 ksi - Bolt Nominal Tensile Strength

L.y, = 3.75 in - Horizontal Edge Distance at Column

dj, = 0.8125 in - Horizontal Bolt Hole Dimension at Column
B = 29.818 kip - Available tension per bolt

1)

G

min (3.5b,s,)
(0.8125 in)

min (3.5 x (3.28 in), (3 in))

f=1-

6 =0.72917

min Loy + 0.5 dy, 1.25 b+ 0.5 dy) (2 Hortower — 4 By
Herjower (dy—2b)

min ((3.75 in) + 0.5 x (0.75 in), 1.25 x (3.28 in) + 0.5 x (0.75 in)) x (2 x (7.4996 kip) — 4 x (29.818 kip) x (4))
(7.4996 kip) x ((0.75 in) — 2 x (3.28 in))

B = 43.746

i (55))

(0721917) . <1 £4?42426) )H

a =1

a =min {1,

a = min [1,

tmin - Minimum thickness required to ensure an acceptable combination of fitting strength and stiffness and bolt strength

. 2.22 He 1 jouer (b — 0.5 dy)
e min (3.5b,8,) Fuen, (1+da’)
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. 2.22 x (7.4996 kip) x ((3.28 in) — 0.5 x (0.75 in))
e \/min(345 x (3.28 in), (3 in)) x (65 ksi) x (4) x (1 + (0.72917) x (1))

tmin = 0.18937 in

Result: PASS
Demand over Capacity Ratio
_ tmin _ (018937in)
DCR = tre  (0.71im) 0.26671
Check No. 32: Design Capacity of Support due to Compressive Load
Calculate the web local crippli ity of the
¢ = 0.75 - Web Local Crippling Resistance Factor
tw,c = 0.44 in - Column Web Thickness
Lo atcolibr = 12 in - Lower Brace Double Angle Length
d. = 14 in - Column Depth
tf. = 0.71 in - Column Flange Thickness
F, . = 50 ksi - Column Yield Stress
E = 29000 ksi - Modulus for Steel
AISC 360-16 Chaqut.e(r]éloqg @Ry, wic - Design Web Local Crippling Capacity of Support
Loy, at col i pr tuwe \° EF, ts.
SRt = 308 (tue)” [1+3 (‘—) ( ’“) el g,
de fe twe
12 in 0.44 in) \ ** 29000 ksi) x (50 ksi) x (0.71 in
GRo wie = (0.75) x 0.8 x ((0.44 in))* x |1+ 3 x <( - )> X <g> X ( ) x - )x( )x 1)

(14 in) (0.71 in) (0.44 in)

¢Ry wic = 400.58 kip
Calculate the web local yielding capacity of the column.
¢ =1 - Web Local Yielding Resistance Factor
F,, . = 50 ksi - Column Yield Stress
tw,e = 0.44 in - Column Web Thickness
kdes,c = 1.31 in - Column kdes
Loy atcolibr = 12 in - Lower Brace Double Angle Length

AISC 360-16 Chaqut‘e(rjéloqj &R, w1y - Design Web Local Yielding Capacity of Support
ORy wiy = ¢ Fyetuwe (5 kdese + LoLat,col,ipr)
&Ry, wiy = (1) x (50 ksi) x (0.44 in) x (5 x (1.31 in) + (12 in))

¢R;, w1y = 408.1 kip

Calculate for the governing design capacity of the column.
AISC 360-16 Chapter J10 | ¢R,, - Governing Design Capacity of the Support
SR, = min (¢ R_uwic; $Ro_wiy)
¢R, = min ((400.58 kip) , (408.1 kip))
¢ R, = 400.58 kip
Result: PASS
Demand over Capacity Ratio
_ Heciower  (7.4996 kip)

DCR = R = a0 ED) 0.018722

Summary of Checks
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Design Checks Demand Capacity DCR Result
Connection Detailing Limitations at Gusset Side 12.000 13.500 0.889 PASS
Design Capacity of the Bolt Group in Shear at Gusset Side 19.203 42.170 0.455 PASS
Design Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Gusset Side 17.678 | 204.623 0.086 PASS
Eoeas(ijgn Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Gusset Side due to Axial 7500 | 204.623 0.037 PASS
Shear and Axial Interaction of Bolt Bearing/Tearout in Double Angle 0.094 1.000 0.094 PASS
Design Capacity of the Bolt Group in Bearing and Tear-out on Gusset Plate 17.678 | 229.319 0.077 PASS
Design Capacity of the Bolt Group in Bearing and Tear-out on Gusset Plate due to Axial Load 7.500 [ 229.319 0.033 PASS
Shear and Axial Interaction of Bolt Bearing/Tearout on Gusset Plate 0.084 1.000 0.084 PASS
Design Capacity of Double Angle in Block Shear at Gusset Side 17.678 | 233.991 0.076 [ PASS
Design Capacity of Double Angle in Block Shear at Gusset Side due to Axial Load 7.500 ( 355.931 0.021 PASS
Shear and Axial Interaction of Block Shear in Double Angle 0.078 1.000 0.078 PASS
Design Capacity of Double Angle in Shear at Gusset Side 17.678 | 221.850 0.080 PASS
Design Capacity of Double Angle in Flexure Using Double Coped Procedure at Gusset Side 17.678 | 388.800 0.045 PASS
Shear and Moment Interaction of Double Angle at Gusset Side 0.007 1.000 0.007 PASS
Design Capacity of Double Angle in Tension 7.500 [ 369.750 0.020 PASS
Tension and Flexure Interaction of the Double Angle 0.056 1.000 0.056 PASS
Design Capacity of Double Angle in Compression 7.500  388.800 0.019 PASS
Compression and Flexure Interaction of the Double Angle 0.055 1.000 0.055 PASS
Design Capacity of Gusset Plate in Block Shear 17.678 | 333.023 0.053 PASS
Design Capacity of Gusset Plate in Block Shear due to Axial Load 7.500 ( 478.664 0.016 PASS
Shear and Axial Interaction of Block Shear in Gusset Plate 0.055 1.000 0.055 PASS
Connection Detailing Limitations at Support Side 2.000 3.000 0.667 PASS
Design Capacity of the Bolt Group in Shear at Support Side 17.678 | 143.139 0.124 PASS
Design Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Support Side 17.678 | 313.200 0.056 PASS
Design Capacity of the Bolt Group in Bearing and Tear-out at Support Flange 17.678 | 498.420 0.035 PASS
Design Capacity of Double Angle in Block Shear at Support Side 17.678 | 233.991 0.076 PASS
Design Capacity of Double Angle in Shear at Support Side 17.678 | 221.850 0.080 PASS
Design Capacity of Double Angle in Flexure Using Double Coped Procedure at Support Side 17.678 | 388.800 0.045 PASS
Shear and Moment Interaction of Double Angle at Support Side 0.007 1.000 0.007 [ PASS
Design Capacity of Double Angle in Bolt Prying 0.185 0.500 0.369 PASS
Design Capacity of Column Flange in Bolt Prying 0.189 0.710 0.267 PASS
Design Capacity of Support due to Compressive Load 7.500 [ 400.582 0.019 PASS

Connection Design Report

Page 32 of 79




REFERENCES CALCULATIONS RESULTS
Upper Brace Connection to Gusset Plate | AISC 360-16 LRFD
Check No. 1: Connection Detailing Limitations
Detailing Limitations Limit Value (in) Actual Value (in) DCR Result
Minimum Bolt Gage 1.750 3.000 0.583 PASS
Minimum Bolt Row Spacing 2.000 3.000 0.667 PASS
Maximum Bolt Row Spacing 6.000 3.000 0.500 PASS
Gusset Plate Minimum Vertical Edge Distance 1.063 2.000 0.531 PASS
Brace Minimum Vertical Edge Distance 1.000 2.000 0.500 PASS
Brace Minimum Horizontal Edge Distance 1.000 2.000 0.500 PASS
Result: PASS
Demand over Capacity Ratio
DCR =2 = & _0.66667
(3)
Check No. 2: Design Capacity of the Bolts in Shear
¢ = 0.85 - Bolt Shear Resistance Factor
1 = 0.3 - Mean Slip Coefficient
D, =1.13
hs =1 -Filler Factor for SC Bolts
dy = 0.75 in - Bolt Diameter
Ty, = 28 kip - Minimum Bolt Pretension
Ns = 2 - Number of Slip Planes
n, = 3 - Number of Bolt Rows
n. = 1 - Number of Bolt Columns
AISC 360-16 Chabpqt‘e(rjg.?;’fj ¢R,, - Design Bolt Shear Capacity
¢Ry = ¢ p Dy by T Ny ny e
¢R, = (0.85) x (0.3) x (1.13) x (1) x (28 kip) x (2) x (3) x (1)
¢ R, = 48.409 kip
Result: PASS
Demand over Capacity Ratio
_ Tuubr _ (15kip)
DCR = SR = (a0 kD) 0.30986

AISC 360-16 Chapter J3.10
Eq. (j3-6a)

Check No. 3: Design Bolt Bearing Capacity of the Gusset Plate
Calculate the bolt bearing capacity of the gusset plate.

¢ = 0.75 - Bolt Bearing Resistance Factor

dy = 0.75 in - Bolt Diameter

tgpubr = 1 in - Upper Brace Gusset Plate Thickness

Fyubr = 65 ksi - Upper Brace Gusset Plate Tensile Stress

n, = 3 - Number of Bolt Rows

n. = 1 - Number of Bolt Columns

@Ry, bearing - Design Bolt Bearing Capacity of Section
G R bearing = ¢ 2.4 dp tgpubr Fuubr e M
ORyy bearing = (0.75) x 2.4 x (0.75 in) x (1 in) x (65 ksi) x (3) x (1)
R bearing = 263.25 kip
Calculate the clear distance of outer bolts on gusset plate.
L., = 2 in - Vertical Edge Distance at Brace

dy, = 0.9375 in - Vertical Bolt Hole Dimension at Gusset Plate
l¢1 - Clear Distance at First Bolt Row

d
m:m—g
0.9375 1
la = (2in) — %

lg = 15313 in

Calculate the clear distance of inner bolts on gusset plate.
s, = 3 in - Bolt Row Spacing

dp, = 0.9375 in - Vertical Bolt Hole Dimension at Gusset Plate

leo - Clear Distance at Rest of Bolts

lo=sr—dp
I = (3 in) — (0.9375 in)

Iy = 2.0625 in

Calculate the bolt tear-out capacity of the gusset plate.
l.1 = 1.5313 in - Clear Distance at First Bolt Row

le2 = 2.0625 in - Clear Distance at Rest of Bolts

tgpubr = 1 in - Upper Brace Gusset Plate Thickness

Fyupr = 65 ksi - Upper Brace Gusset Plate Tensile Stress

n, = 3 - Number of Bolt Rows
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AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter J3.10
Eq. (J3-6a)

AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter J3.10

n. = 1 - Number of Bolt Columns

¢ = 0.75 - Bolt Bearing Resistance Factor

SRy tearout - Design Bolt Tear-out Capacity of Section

ORy_tearout = ¢ [1.21c1 topupr Fuupr ne + 1.2 lea tgpupr Fuupr e (np — 1))
ORo tearout = (0.75) x [1.2 x (15313 in) x (1 in) x (65 ksi) x (1) + 1.2 x (2.0625 in) x (1 in) x (65 ksi) x (1) x ((3) — 1)]

GRy_tearout = 330.89 kip

Determine the governing bearing and tear-out capacity of the bolt group on gusset plate.

@Ry, bearing = 263.25 kip - Design Bolt Bearing Capacity of Section

SRy tearout = 330.89 kip - Design Bolt Tear-out Capacity of Section

@R, - Governing Design Capacity

¢Ry, = min (¢ Rn_bearing, PRon_tearout)
G R, = min ((263.25 kip) , (330.89 kip))

#R, = 263.25 kip

Result:
Demand over Capacity Ratio
_ Tuupr _ (15kip)
DCR = ¢Rn  (263.25 kip) 0.05698

PASS

AISC 360-16 Chapter J3.10
Eq. (J3-6a)

AISC 360-16 Chapter J3.10
Eq. (j3-60)

AISC 360-16 Chapter J3.10
Eq. (j3-6a)

AISC 360-16 Chapter J3.10
Eq. (j3-60)

AISC 360-16 Chapter J3.10

Check No. 4: Design Bolt Bearing Capacity of the Brace
Calculate the bolt bearing capacity of the brace.

¢ = 0.75 - Bolt Bearing Resistance Factor

dy = 0.75 in - Bolt Diameter

tupr = 0.5 in - Upper Brace Thickness

Fyupr = 58 ksi - Upper Brace Tensile Stress

n, = 3 - Number of Bolt Rows

n. = 1 - Number of Bolt Columns

@R, bearing - Design Bolt Bearing Capacity of Section

ORn bearing = ¢ 2.4 dp 2ty pr Fypr 1y 1
ORo bearing = (0.75) x 2.4 x (0.75 in) x (1 in) x (58 ksi) x (3) x (1)

SR bearing = 234.9 kip

Calculate the clear distance of outer bolts on brace.
Le, = 2 in - Vertical Edge Distance at Brace
dy, = 0.8125 in - Vertical Bolt Hole Dimension at Brace

l.1 - Clear Distance at First Bolt Row

dn
la = Ley — 7’
0.8125 i
lg = (2in) — %

Iy = 1.5938 in

Calculate the clear distance of inner bolts on brace.
s, = 3 in - Bolt Row Spacing

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Brace
le2 - Clear Distance at Rest of Bolts

lo =8, —dp,
ly = (3 in) — (0.8125 in)

lep = 2.1875 in

Calculate the bolt tear-out capacity of the brace.
ls1 = 1.5938 in - Clear Distance at First Bolt Row

les = 2.1875 in - Clear Distance at Rest of Bolts

tupr = 0.5 in - Upper Brace Thickness

Fyupr = 58 ksi - Upper Brace Tensile Stress

n, = 3 - Number of Bolt Rows

n. = 1 - Number of Bolt Columns

¢ = 0.75 - Bolt Bearing Resistance Factor

@Ry, tearout - Design Bolt Tear-out Capacity of Section

ORn tearout = ¢ [1.21c1 2tupr Fuupr ne + 1.21c2 2ty pr Fuupr ne (ny — 1))
ORo_tearout = (0.75) x [1.2 x (1.5938 in) x (1 in) x (58 ksi) x (1) + 1.2 x (2.1875 in) x (1 in) x (58 ksi) x (1) x ((3) — 1)]

DRy, tearout = 311.57 kip

Determine the governing bearing and tear-out capacity of the bolt group on brace.

DRy, bearing = 234.9 kip - Design Bolt Bearing Capacity of Section

SRy tearout = 311.57 kip - Design Bolt Tear-out Capacity of Section
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@R, - Governing Design Capacity

¢R, = min (¢R71Jmarlngv SRy tearout)
¢R, = min ((234.9 kip), (311.57 kip))

$R, = 234.9 kip

Result: PASS
Demand over Capacity Ratio

_ Tuupr (5 kip)
DCR = TR~ aioEm) 0.063857

Check No. 5: Design Block Shear Capacity of the Gusset Plate
Calculate the net area of the gusset plate subject to tension.
tgpubr = 1 in - Upper Brace Gusset Plate Thickness

n. = 1 - Number of Bolt Columns

s. = 0 in - Bolt Column Spacing

Leh,gp = 2 in - Gusset Plate Horizontal Edge Distance

dp, = 0.9375 in - Horizontal Bolt Hole Dimension at Gusset Plate
A, - Net Area Subject to Tension (L-pattern)

Ant = tapupr (e — 1) 80+ Lengp — (ne — 0.5) (dn + 0.0625 in)]
Ane = (Lin) x [(1) — 1) x (0/in) + (2 in) — ((1) — 0.5) x ((0.9375 in) + (0.0625 in))]

Ap = 1.51in?

Calculate the gross area of the gusset plate subject to shear.
tgpubr = 1 in - Upper Brace Gusset Plate Thickness

L., = 2 in - Vertical Edge Distance at Brace

n, = 3 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

Am, - Gross Area Subject to Shear (L-pattern)

Agy = topupr [Lew + (n — 1) 5,
Agy = (Lin) x [(2in) + ((3) — 1) x (3 )]

Agy =8 in?

Calculate the net area of the gusset plate subject to shear.
tgpubr = 1 in - Upper Brace Gusset Plate Thickness

L gp = 10 in - Brace Length at Gusset Plate

L., = 2 in - Vertical Edge Distance at Brace

n, = 3 - Number of Bolt Rows

dy, = 0.9375 in - Vertical Bolt Hole Dimension at Gusset Plate
A, - Net Area Subject to Shear (L-pattern)

Any = topupr [Lomgp — Lew — (nn — 0.5) (d, + 0.0625 in)]
Apy = (1in) x [(10 in) — (2 in) — ((3) — 0.5) x ((0.9375 in) + (0.0625 in))]

A,y = 5.5 in?

Calculate the design block shear capacity of the gusset plate.
Fyupr = 65 ksi - Upper Brace Gusset Plate Tensile Stress

A, = 5.5 in? - Net Area Subject to Shear (L-pattern)

Ups = 1 - Uniformity factor

A,; = 1.5 in? - Net Area Subject to Tension (L-pattern)

Fypr = 50 ksi - Upper Brace Gusset Plate Yield Stress

Ay =8 in? - Gross Area Subject to Shear (L-pattern)

¢ = 0.75 - Block Shear Resistance Factor

AISC 360-16 Chaé’(;eaﬁlf;)—‘j @R, - Design Block Shear Capacity of Section

SRy = ¢ (0.6 Fyupr Any + Uss Fuupr Ant < 0.6 Fypr Agy + Ups Fuubr Ant)

@Ry = (0.75) x (0.6 x (65 ksi) x (5.5 in”) + (1) x (65 ksi) x (1.5 in”) < 0.6 x (50 ksi) x (8 in”) + (1) x (65 ksi) x (1.5 in?))

¢R, = 234 kip
Result: PASS
Demand over Capacity Ratio
_ Tuupr _ (5kip)
DCR = R T i) 0.064103

Check No. 6: Design Block Shear Capacity of the Brace
Calculate the net area of the brace subject to tension.
tubr = 0.5 in - Upper Brace Thickness

n. = 1 - Number of Bolt Columns

s¢ = 0 in - Bolt Column Spacing

Lehpr = 2 in - Brace Horizontal Edge Distance

dp, = 0.8125 in - Horizontal Bolt Hole Dimension at Brace
Ay - Net Area Subject to Tension (L-pattern)

At = 2w [(Me — 1) 8¢+ Lenpr — (ne — 0.5) (dy + 0.0625 in)]

Ay = (1in) x [((1) = 1) x (0 in) 4 (2 in) — ((1) — 0.5) x ((0.8125 in) + (0.0625 in))]

Connection Design Report

Page 35 of 79




Ap = 1.5625 in”

Calculate the gross area of the brace subject to shear.
tupr = 0.5 in - Upper Brace Thickness

Le, = 2 in - Vertical Edge Distance at Brace

n, = 3 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

Agl, - Gross Area Subject to Shear (L-pattern)

Agy = 2typy [Ley + (np — 1) s,
Ay = (Lin) x [(21in) + ((3) — 1) x (3 in)]

Agy =8 in?

Calculate the net area of the brace subject to shear.
tupr = 0.5 in - Upper Brace Thickness

Ly gp = 10 in - Brace Length at Gusset Plate

Le, = 2 in - Vertical Edge Distance at Brace

n, = 3 - Number of Bolt Rows

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Brace
A, - Net Area Subject to Shear (L-pattern)

Any = 2tupr [Lorgp — Lev — (1 — 0.5) (dp, +-0.0625 in)]
App = (Lin) x [(10 in) — (2 in) — ((3) — 0.5) x ((0.8125 in) + (0.0625 in))]

A,y = 5.8125 in”

Calculate the design block shear capacity of the brace.
Fyupr = 58 ksi - Upper Brace Tensile Stress

A, = 5.8125 in? - Net Area Subject to Shear (L-pattern)
Ups = 1 - Uniformity factor

A, = 1.5625 in? - Net Area Subject to Tension (L-pattern)
F, b = 36 ksi - Upper Brace Yield Stress

A_W = 8 in? - Gross Area Subject to Shear (L-pattern)

¢ = 0.75 - Block Shear Resistance Factor

AISC 360-16 Chabpqt.e(rjé/f.s.j @R, - Design Block Shear Capacity of Section

SRy = ¢ (0.6 Fuupr Ano + Ubs Fuupr Ant < 0.6 Fyupr Ago + Uss Fuupr Ant)
@R, = (0.75) x (0.6 x (58 ksi) x (5.8125 in”) + (1) x (58 ksi) x (1.5625 in”) < 0.6 x (36 ksi) x (8 in?) + (1) x (58 ksi) x (1.5625 in?))

¢R, = 197.57 kip

Result: PASS
Demand over Capacity Ratio

= Lo _(5kip)
DCR = 6R. (19757 kip) 0.075923

Check No. 7: Design Capacity of the Gusset Plate in Tension
Calculate the tensile yielding capacity of the gusset plate.
¢ = 0.9 - Tensile Yielding Resistance Factor

Fypr = 50 ksi - Upper Brace Gusset Plate Yield Stress

tgpubr = 1 in - Upper Brace Gusset Plate Thickness

Wi = 6.9282 in - Whitmore Section

AISC 360-16 Chaé;qtle(rjgfil) @R, 1 - Design Tension Yielding Capacity of Section

ORy 1y = ¢ Fyupr tgpupr Wor
@R 1y = (0.9) x (50 ksi) x (1 in) x (6.9282 in)

¢Rn_ty = 311.77 kip

Calculate the tensile rupture capacity of the gusset plate.
¢ = 0.75 - Tensile Rupture Resistance Factor

Fyupr = 65 ksi - Upper Brace Gusset Plate Tensile Stress

tgpubr = 1 in - Upper Brace Gusset Plate Thickness

Wi = 6.9282 in - Whitmore Section

n. = 1 - Number of Bolt Columns

dj, = 0.9375 in - Horizontal Bolt Hole Dimension at Gusset Plate
AISC 360-16 Ch?’;e(rj%'zl) @R, ¢ - Design Tension Rupture Capacity of Section

GRytr = b Fuuir tgpupr [Wor — ne (dp +0.0625 in)]
GRu 1r = (0.75) x (65 ksi) x (1 in) x [(6.9282 in) — (1) x ((0.9375 in) + (0.0625 in))]

SRy, 1 = 289 kip

Determine the governing tensile capacity of the gusset plate.

AISC 360-16 ChaE;;te(rjgfil) ¢R,, 1, = 311.77 kip - Design Tension Yielding Capacity of Section

AISC 360-16 Chab_p;e(rjgf.zl) @R, +» = 289 kip - Design Tension Rupture Capacity of Section

AISC 360-16 Chapter J4.2 | ¢R,, - Governing Design Capacity
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SRy = min (¢Rn_ty, $Ry 1r)
$R,, = min ((311.77 kip) , (289 kip))

#R,, = 289 kip

Result:
Demand over Capacity Ratio
Tuupr (15 kip)

DCR = —7p= = @) 0.051903

PASS

AISC 360-16 Chapter D3
(Table D3.1 case 2)

AISC 360-16 Chapter J4.1
Eq. (J4-2)

Check No. 8: Design Capacity of the Brace in Tension Rupture
Calculate the tensile rupture capacity of the brace.
¢ = 0.75 - Tensile Rupture Resistance Factor

Fyupr = 58 ksi - Upper Brace Tensile Stress

Aypr = 9.58 in? - Upper Brace Area

tu,pr = 0.5 in - Upper Brace Thickness

dp, = 0.8125 in - Horizontal Bolt Hole Dimension at Brace
n. = 1 - Number of Bolt Columns

n, = 3 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

y = 1.42 in - Brace Centroid

U - Shear Lag Factor

)

Uv=1- —2
(n, —1) s,

(1.42 in)
U=1- ——""
((3)=1) x (3in)
U = 0.76343

@R, ¢+ - Design Tension Rupture Capacity of Section

SRntr = ¢ Fuupr U [Aupr —ne (dn +0.0625 in) 2ty

$Rutr = (0.75) x (58 ksi) x (0.76343) x [(9.58 in®) — (1) x ((0.8125 in) + (0.0625 in)) x (1 in)]

#R,, 1 = 289.09 kip

Result:
Demand over Capacity Ratio
Tojupr (15 kip)

DCR = oy — (00 WD) — 0.051888

PASS

AISC 360-16 Chapter E3 Eq.
(E3-4)

AISC 360-16 Chapter E3 Eq.
(E3-2)

AISC 360-16 Chapter E3 Eq.
(E3-1)

Check No. 9: Design Capacity of the Gusset Plate in Compression
Calculate the compression buckling capacity of the gusset plate.
¢ = 0.9 - Compression Resistance Factor

F, b = 50 ksi - Upper Brace Gusset Plate Yield Stress

tgpubr = 1 in - Upper Brace Gusset Plate Thickness

Wi = 6.9282 in - Whitmore Section

K = 1.2 - Effective Length Factor

Ly pr = 11 in - Upper Brace Unbraced Length

% = 45.726 - Effective Length Slenderness Ratio

Since, ¥ > 25.

F, - Elastic Buckling Stress

% (29000 ksi)
O ((45.726))

F, = 136.89 ksi
4.71 \/F = 113.43 - Effective Length Slenderness Ratio Limiter
Y
h KL B
Since, == < 4.71\/5.

F,, - Critical Buckling Stress

Fyubr
Fp = (0.658 ~= Fyupr

(50 ksi)
F.. = <O.658 X k~-J> x (50 ki)

F,, = 42.912 ksi
@R, - Design Compressive Capacity of Section

SR, = ¢ For topupr Wor
OR, = (0.9) x (42.912 ki) x (1 in) x (6.9282 in)

$R, = 267.57 kip

Connection Design Report

Page 37 of 79




Result:

DCR =

Cuupr

GRn

Demand over Capacity Ratio

_ (5kp)
T (267.57 kip) 0.05606

PASS

Summary of Checks

Design Checks Demand Capacity DCR Result
Connection Detailing Limitations 2.000 3.000 0.667 PASS
Design Capacity of the Bolts in Shear 15.000 48.409 0.310 PASS
Design Bolt Bearing Capacity of the Gusset Plate 15.000 | 263.250 0.057 PASS
Design Bolt Bearing Capacity of the Brace 15.000 [ 234.900 0.064 PASS
Design Block Shear Capacity of the Gusset Plate 15.000 | 234.000 0.064 PASS
Design Block Shear Capacity of the Brace 15.000 | 197.569 0.076 PASS
Design Capacity of the Gusset Plate in Tension 15.000 [ 289.000 0.052 PASS
Design Capacity of the Brace in Tension Rupture 15.000 | 289.085 0.052 PASS
Design Capacity of the Gusset Plate in Compression 15.000 | 267.571 0.056 PASS
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REFERENCES CALCULATIONS RESULTS

Upper Gusset Plate Connection to Beam | AISC 360-16 LRFD

Check No. 1: Connection Detailing Limitations

Detailing Limitations Limit Value (in) Actual Value (in) DCR Result

Minimum Fillet Weld Size 0.250 0250] 1000 Pass
Result: PASS
Demand over Capacity Ratio
4 (02)
DCR =4 =82 —1

Check No. 2: Design Capacity of Weld at Gusset to Beam
Connection Information:

¢ = 0.75 - Fillet Weld Resistance Factor

W = 0.25 in - Fillet Weld Size

Fgxx = 70 ksi - Filler Metal Classification Strength

tism = 0.57 in - Beam Flange Thickness

Fypm = 65 ksi - Beam Tensile Stress

tgpubr = 1 in - Upper Brace Gusset Plate Thickness

Fy b = 65 ksi - Upper Brace Gusset Plate Tensile Stress

L,, = 15 in - Weld Length

Calculate Dmax:

AISC 15th Ed. Part 9 Eq. (g)' Maximum Fillet Weld Size for Base Metal Strength

D _ tbm Fupm<0-5%tgpubr Fupr (057 in)x (65 ksi)<(0.5 in)x (65 ksi) 10.518
mar 3.09 kip/in - (3.09 kip/in) -

Calculate Total Weld Length:

Total Effective Length of Weld

Ly =2[Ly,—2 (W <0.3125 in)] = 2 x [(15in) — 2 x ((0.25 in) < (0.3125 in))] = 29 in

Design Loads:

M, = 4.2931 kip-ft - Moment Load at Gusset to Beam

Voupper = 0 Kip - Vertical Axial Load at Gusset to Beam

8 (4.2931 kipft)
(29 in)

Hy, = 5.8926 kip - Horizontal Shear at Gusset to Beam

Resultant Load

R= \/(V»,mmz)z + (Hy)? = \/((14.212 kip))? + ((5.8926 kip))® = 15.385 kip

Loading Angle at Weld in Degrees

_ 1 Vototar\ _q( (14212 kip)\
0 = tan (Tb) = tan (—(5,8926 kip)) =67.48

Visotal = 2 + Vi upper = + (0 kip) = 14.212 kip

Calculate Weld Capacity:

AISC 360-16 ChaE;ge(rIJZZ_;; ¢R,, - Design Strength of Welds

3
&R = 60.6 Frxx % (W < DI—G”) [1 405 (sine)‘-ﬂ Lo
(10.518)

¢R, = (0.75) x 0.6 x (70 ksi) x \/TE X ((0.25 in) < 1)

) x [1 0.5 % (sm(67.48))"5] x (29 in)

¢R, = 233.17 kip

Result: PASS
Demand over Capacity Ratio

_ r _ (15385kip)
DCR= Rn (23317 kip) 0.065981

Check No. 3: Design Capacity of the Beam Support
Calculate the web local crippling capacity of the beam.

¢ = 0.75 - Web Local Crippling Resistance Factor

twpm = 0.355 in - Beam Web Thickness

Iy, = 7.5 in - Bearing Length: Half Gusset Plate Width along Beam
dpy, = 18 in - Beam Depth

tfpm = 0.57 in - Beam Flange Thickness

Fypm = 50 ksi - Beam Yield Stress

E = 29000 ksi - Modulus for Steel

AISC 360-16 ChaE;ge(rj{loqg @R, wic - Design Web Local Crippling Capacity of Support

SR wic = ¢ 0.4 (tupm )

1+ (4_“ - 0.2) < Wﬂn)l‘5 EFymfm
dym tsom twbm

4 % (7.5 in) (0.355 in) \ ° (29000 ksi) x (50 ksi) x (0.57 in)
b ( (18 in) 702) % ( (0.57 in) ) } x \/ (0.355 in)

Ry, wie = (0.75) x 0.4 x ((0.355 in))” x x (1)

GRo wie = 99.274 kip

Calculate the web local yielding capacity of the beam.

¢ =1 - Web Local Yielding Resistance Factor

Fypm = 50 ksi - Beam Yield Stress

twpm = 0.355 in - Beam Web Thickness

Kges_1c = 0.972 in - Beam kdes

Iy = 7.5 in - Bearing Length: Half Gusset Plate Width along Beam

AISC 360-16 ChaE%terle,Z Rn,_uiy - Design Web Local Yielding Capacity of Support

(/10-3)

SR wiy = & Fypm twpm (2.5 Kaes 1c + 1)
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SRty = (1) x (50 ksi) x (0.355 in) x (2.5 x (0.972 in) + (7.5 in))

¢Ry wiy = 176.26 kip

Calculate for the governing design capacity of the beam.
AISC 360-16 Chapter J10 | ¢R,, - Governing Design Capacity of the Support

¢R, = min (¢Ry wies R wiy)
#R,, = min ((99.274 kip) , (176.26 kip))

OR, = 99.274 kip

Vit beam = 7.1059 kip - Required Load: Half total Vb

Result: PASS
Demand over Capacity Ratio

_ Voatbeam _ (7.1059 kip)
DCR = TR T @zikm) 0.071579

Summary of Checks

Design Checks Demand Capacity DCR Result

Connection Detailing Limitations 0.250 0.250 1.000 PASS

Design Capacity of Weld at Gusset to Beam 15.385| 233.171 0.066 PASS

Design Capacity of the Beam Support 7.106 99.274 0.072 PASS
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REFERENCES

CALCULATIONS

RESULTS

Upper Gusset Plate Connection to Column | AISC 360-16 LRFD
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REFERENCES

CALCULATIONS

RESULTS

Check No. 1: Connection Detailing Limitations at Gusset Side

Detailing Limitations Limit Value (in) Actual Value (in) DCR Result
Minimum Bolt Row Spacing 2.000 3.000 0.667 | PASS
Maximum Bolt Row Spacing 6.000 3.000 0.500 PASS
Double Angle Minimum Vertical Edge Distance 1.000 1.500 0.667 PASS
Double Angle Minimum Horizontal Edge Distance 1.125 2.000 0.563 PASS
Gusset Plate Minimum Horizontal Edge Distance 1.000 2.000 0.500 PASS
Minimum Connection Depth 6.750 12.000 0.563 PASS
Maximum Connection Depth 12.000 12.000 1.000 PASS
Minimum Bolt Gage at Double Angle 1.750 3.000 0.583 PASS
Result: PASS
Demand over Capacity Ratio
—d_ 0
DCR= < = @ =
Check No. 2: Design Capacity of the Bolt Group in Shear at Gusset Side
Design Loads:
Loading Angle from Vertical in Degrees
_ i He\ _1 ( (4714 kip) ) _
6= tan ! (3) = tan ! () = 23.962
Resultant Load
R= \/(H)? + (V.)* = /(4714 kip))? + ((10.607 kip))? = 11.607 kip
Calculate the C-coefficient of the bolt group.
AISC 15th Edition 7?5/3 e = 3 in - Design Bolt Group Eccentricity
AISC 360-16 Cha;;eajj‘_?f)? @R, = 16.136 kip - Design Bolt Shear Capacity
AISC 15th Ed. Page 7-67€g The bolt coefficient C is derived using the instantaneous center of rotation method. The coordinates of each bolt are listed in the table below.
Bolt No. 1 is located at the bottom-left corner of the bolt group.
Bolt No. x-coordinate (in) y-coordinate (in)
1 0.00 0.00
2 0.00 3.00
3 0.00 6.00
4 0.00 9.00
AISC 15th Ed. Page 7'67f§ The location of the instantaneous center with respect to Bolt No. 1 is calculated using iterations. The resulting coordinates of the I.C. are as follows.
;. = —2.624 in - Location of I.C. along the X-axis
Yic = 6.0743 in - Location of I.C. along the Y-axis
Using the AISC 15th Edition Equation (7-1), the corresponding reactions per bolt are listed below.
Bolt No. Ru (kip) Rux (kip) Ruy (kip) Mn (kip-in)
1 15.84 14.56 6.24 104.41
2 14.98 11.42 9.70 60.13
3 13.66 0.31 13.65 35.49
4 14.93 -11.19 9.88 58.58
C = 2.6192 - Calculated Bolt Group Coefficient
C'" = 11.256 in - Calculated Bolt Group Coefficient for Moment-only Case
Calculate the design shear capacity of the bolt group.
¢ = 0.85 - Bolt Shear Resistance Factor
dy = 0.75 in - Bolt Diameter
C = 2.6192 - Calculated Bolt Group Coefficient
= 0.3 - Mean Slip Coefficient
N = 2 - Number of Slip Planes
hs =1 -Filler Factor for SC Bolts
Tj, = 28 kip - Minimum Bolt Pretension
AISC 360-16 Chatqu‘e(rjgﬁ @R, - Design Bolt Shear Capacity
@Rp = ¢ p Dy hyTy Ny C
¢R, = (0.85) x (0.3) x (1.13) x (1) x (28 kip) x (2) x (2.6192)
¢R, = 42.265 kip
Result: PASS
Demand over Capacity Ratio
11.607 ki
DCR = £ — WO 97463

GR, (42265 kip)

AISC 360-16 Chapter J3.10
Eq. (j3-6a)

Check No. 3: Design Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Gusset Side
Calculate the bolt bearing capacity of the double angle.

dy = 0.75 in - Bolt Diameter

taL,at colu,br = 0.5 in - Upper Brace Double Angle Thickness

Fuat colubr = 58 ksi - Upper Brace Double Angle Tensile Stress

C = 2.6192 - Calculated Bolt Group Coefficient

¢ = 0.75 - Bolt Bearing Resistance Factor

PR, bearing - Design Bolt Bearing Capacity of Section

GRy bearing = ¢ 2.4 dp [2(tar at cotubr)| Fuat,colubr C

ORy bearing = (0.75) x 2.4 x (0.75 in) x (1 in) x (58 ksi) x (2.6192)
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AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter J3.10
Eq. (/3-6a)

AISC 360-16 Chapter J3.10
Eq. (j3-60)

AISC 360-16 Chapter J3.10

&Ry bearing = 205.09 kip

Calculate the clear distance of outer bolts on double angle.
L., = 1.5 in - Vertical Edge Distance at Double Angle

d, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle

le1 - Clear Distance at First Bolt Row

d
b = Lo — 5
0.8125 1
o = (15 in) — %

le1 = 1.0938 in

Calculate the clear distance of inner bolts on double angle.
s, = 3 in - Bolt Row Spacing

d, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle

le2 - Clear Distance at Rest of Bolts

lep =8, —dn
les = (3 in) — (0.8125 in)

l.p = 2.1875 in

Calculate the bolt tear-out capacity of the double angle.
l1 = 1.0938 in - Clear Distance at First Bolt Row

s = 2.1875 in - Clear Distance at Rest of Bolts

tar,at,colupr = 0.5 in - Upper Brace Double Angle Thickness
Fyat colupr = 58 ksi - Upper Brace Double Angle Tensile Stress
C = 2.6192 - Calculated Bolt Group Coefficient

n,. = 4 - Number of Bolt Rows

¢ = 0.75 - Bolt Bearing Resistance Factor

@Ry tearout - Design Bolt Tear-out Capacity of Section

C
MMWW:¢uwdmmﬁmmnnmww+xw&mmMmmnnmmwmm—m(;)

G Ro_tearout = (0.75) x [1.2 x (1.0938 in) x (1 in) x (58 ksi) + 1.2 x (2.1875 in) x (1 in) x (58 ksi) x ((4) — 1)] x <M>

(4)
SRy, tearout = 261.7 kip

Determine the governing bearing and tear-out capacity of the bolt group on double angle.

DRy, bearing = 205.09 kip - Design bolt bearing capacity of double angle

SRy_tearout = 261.7 kip - Design bolt tear-out capacity of double angle

@R, - Governing Design Capacity

¢R,, = min (¢Rn_pearing, DRn_tearout)
#R,, = min ((205.09 kip) , (261.7 kip))

¢R,, = 205.09 kip

Result:
Demand over Capacity Ratio
Ve _ (10607 kip)
DCR = ¢Rn — (205.09 kip) 0.051718

PASS

AISC 360-16 Chapter J3.10
Eq. (/3-6a)

Check No. 4: Design Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Gusset Side due to Axial Load
Calculate the bolt bearing capacity of the double angle.

dy = 0.75 in - Bolt Diameter

tar at colu,br = 0.5 in - Upper Brace Double Angle Thickness

Fyat cotupr = 58 ksi - Upper Brace Double Angle Tensile Stress

C = 2.6192 - Calculated Bolt Group Coefficient

¢ = 0.75 - Bolt Bearing Resistance Factor

@Ry, bearing - Design Bolt Bearing Capacity of Section

SRy, bearing = ¢ 2.4dy [2(tar 0t colubr)| Fuat,cotupr C
SR earing = (0.75) x 2.4 x (0.75 in) x (1 in) x (58 ksi) x (2.6192)

®Rn_bearing = 205.09 kip

Calculate the clear distance of outer bolts on double angle.
Lep, = 2 in - Horizontal Edge Distance at Double Angle
d, = 1 in - Horizontal Bolt Hole Dimension at Double Angle

l.1 - Clear Distance at First Bolt Row
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AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter J3.10
Eq. (J3-6a)

AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter J3.10

lq=15in

Calculate the clear distance of inner bolts on double angle.
s. = 0 in - Bolt Column Spacing
dyp, = 1 in - Horizontal Bolt Hole Dimension at Double Angle

le2 - Clear Distance at Rest of Bolts

lp=5c—dhp
leo = (0in) — (1in)

lg=—11in

Calculate the bolt tear-out capacity of the double angle.
lsy = 1.5 in - Clear Distance at First Bolt Row

l.2 = —1 in - Clear Distance at Rest of Bolts

tar,at colupr = 0.5 in - Upper Brace Double Angle Thickness
Fyat colupr = 58 ksi - Upper Brace Double Angle Tensile Stress
C = 2.6192 - Calculated Bolt Group Coefficient

n. = 1 - Number of Bolt Columns

¢ = 0.75 - Bolt Bearing Resistance Factor

@Ry tearout - Design Bolt Tear-out Capacity of Section

C
ORy tearout = ¢ [1.21c1 [2(tar,at,cotupr)] Fuatcotupr + 1.2 1e2 [2(2L,at colubr)] Fuat,colupr (Me — 1)) (n_>
e

GRor tearout = (0.75) x [1.2 x (1.5 in) x (1 in) x (58 ksi) 4 1.2 x (—1 in) x (1 in) x (58 ksi) x ((1) — 1)] x (@)

(1)
¢ Rn_tearout = 205.09 kip

Determine the governing bearing and tear-out capacity of the bolt group on double angle.

DRy, bearing = 205.09 kip - Design bolt bearing capacity of double angle

SRy tearout = 205.09 kip - Design bolt tear-out capacity of double angle
@R, - Governing Design Capacity

®R, = min (P Ry_vearing P Rn._tearout)
$Ryy — min ((205.09 kip) , (205.09 kip))

$R,, = 205.09 kip

Result: PASS
Demand over Capacity Ratio
_ H, _ (4Ti4kip)
DCR = ¢Rn (20509 kip) 0.022986
Check No. 5: Shear and Axial Interaction of Bolt Bearing/Tearout in Double Angle
Calculate the shear and axial interaction of bolt bearing/tearout capacities in the double angle.
Ve = 10.607 kip - Vertical Shear at Gusset to Column
H, = 4.714 kip - Axial Load at Gusset to Column
Interaction - Shear and Axial Interaction
V. \? 2
Interaction = (—C> + ( )
R, R,
10.607 kip) \* 4.714 kip) \*
Interaction = (( p)) + ( ( p) )
(205.09 kip) (205.09 kip)
Interaction = 0.056596

Result: PASS

Demand over Capacity Ratio

DCR — Ints;{z(;:fiml _ (005659) _ ) geerag

AISC 360-16 Chapter J3.10
Eq. (j3-6a)

Check No. 6: Design Capacity of the Bolt Group in Bearing and Tear-out on Gusset Plate
Calculate the bolt bearing capacity.

dy = 0.75 in - Bolt Diameter

tgpubr = 1 in - Upper Brace Gusset Plate Thickness

Fyubr = 65 ksi - Upper Brace Gusset Plate Tensile Stress

C = 2.6192 - Calculated Bolt Group Coefficient

¢ = 0.75 - Bolt Bearing Resistance Factor

PR, bearing - Design Bolt Bearing Capacity of Section

ORn_bearing = ¢ 2.4 dp tgp.ubr Fuupr C
SR bearing = (0.75) x 2.4 x (0.75 in) x (1 in) x (65 ksi) x (2.6192)

SRy bearing = 229.84 kip

C the clear di of inner bolts on member.

sy = 3 in - Bolt Row Spacing
dj, = 0.8125 in - Vertical Bolt Hole Dimension at Gusset Plate
le2 - Clear Distance at Rest of Bolts

lep =8, —dp
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Lo = (3 in) — (0.8125 in)

l.y = 2.1875 in

Calculate the bolt tear-out capacity.

leo = 2.1875 in - Clear Distance at Rest of Bolts

topupr = 1 in - Upper Brace Gusset Plate Thickness
Fyubr = 65 ksi - Upper Brace Gusset Plate Tensile Stress
C = 2.6192 - Calculated Bolt Group Coefficient

¢ = 0.75 - Bolt Bearing Resistance Factor

AISC 360-16 Chaféé%‘?gg @Ry tearout - Design Bolt Tear-out Capacity of Section

ORy_tearout = ¢ 1.2 lea top uor Fuutr C
SR tearout = (0.75) x 1.2 % (2.1875 in) x (1 in) x (65 ksi) x (2.6192)

@ Roy_tearour = 335.18 kip

Determine the governing bearing and tear-out capacity of the bolt group.

AISC 360-16 Chafpff,f_'elag DRy bearing = 229.84 kip - Design bolt bearing capacity of member

AISC 360-16 Cha[:_p;e%a_élg PRy, tearout = 335.18 kip - Design bolt tear-out capacity of member
AISC 360-16 Chapter J3.10 | ¢R, - Governing Design Capacity

OR,, = min (¢Rn_pearing, PRn_tearout)
6R,, = min ((229.84 kip) , (335.18 kip))

$R,, = 229.84 kip

Result: PASS
Demand over Capacity Ratio

Ve _ (10607 kip)
DCR = TR = osiEm) 0.046148

Check No. 7: Design Capacity of the Bolt Group in Bearing and Tear-out on Gusset Plate due to Axial Load
Calculate the bolt bearing capacity.

dy = 0.75 in - Bolt Diameter

tgpubr = 1 in - Upper Brace Gusset Plate Thickness

Fy,br = 65 ksi - Upper Brace Gusset Plate Tensile Stress

C = 2.6192 - Calculated Bolt Group Coefficient

¢ = 0.75 - Bolt Bearing Resistance Factor

AISC 360-16 Ch‘algp;e(r/é%.slalj @Ry, hearing - Design Bolt Bearing Capacity of Section

SRy bearing = ¢ 2.4 dp tgpupr Fuupr C
SR bearing = (0.75) x 2.4 x (0.75 in) x (1 in) x (65 ksi) x (2.6192)

GR bearing = 229.84 kip

C the clear di of outer bolts.

L., = 2 in - Horizontal Edge Distance at Gusset Plate
dp, = 0.8125 in - Horizontal Bolt Hole Dimension at Gusset Plate
l¢1 - Clear Distance at First Bolt Row

dn

la = Loy — =
(081251

lg = (2in) — 3

I = 1.5938 in

Calculate the clear distance of inner bolts.

s¢ = 0 in - Bolt Column Spacing

dp, = 0.8125 in - Horizontal Bolt Hole Dimension at Gusset Plate
le2 - Clear Distance at Rest of Bolts

lep=8c—dn
Ly = (0 in) — (0.8125 in)

l.y = —0.8125 in

Calculate the bolt tear-out capacity.

ls1 = 1.5938 in - Clear Distance at First Bolt Row

le2 = —0.8125 in - Clear Distance at Rest of Bolts

tgpubr = 1 in - Upper Brace Gusset Plate Thickness
Fyupr = 65 ksi - Upper Brace Gusset Plate Tensile Stress
C = 2.6192 - Calculated Bolt Group Coefficient

n. = 1 - Number of Bolt Columns

¢ = 0.75 - Bolt Bearing Resistance Factor

AISC 360-16 Chaé);_e(rj{a'?_élg GRy_tearout - Design Bolt Tear-out Capacity of Section

C
SRy tearout = & [1.21e1 tgpubr Fuupr + 1.21e2 topubr Fuupr (e —1)] (n_)
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AISC 360-16 Chapter J3.10
Eq. (j3-6a)
AISC 360-16 Chapter /3.10
Eq. (j3-60)

AISC 360-16 Chapter J3.10

GRon_tearont = (0.75) x [1.2 x (1.5938 in) x (1 in) x (65 ksi) + 1.2 x (—0.8125 in) x (1 in) x (65 ksi) x ((1) — 1)] x (

@GR tearout = 244.2 kip

Determine the governing bearing and tear-out capacity of the bolt group.

DRy, bearing = 229.84 kip - Design bolt bearing capacity of member

PRy, tearout = 244.2 kip - Design bolt tear-out capacity of member

@R, - Governing Design Capacity

Ry = min (¢ Ry_bearing, PR tearout)
¢ R, = min ((229.84 kip) , (244.2 kip))

SR, = 229.84 kip

(2.6192)

1)

)

Result: PASS
Demand over Capacity Ratio
_ H. _ (4T4kip)
DCR = R = wsivm) — 0.02051
Check No. 8: Shear and Axial Interaction of Bolt Bearing/Tearout on Gusset Plate
Calculate the shear and axial interaction of bolt bearing/tearout capacities.
V. = 10.607 kip - Vertical Shear at Gusset to Column
H,. = 4.714 kip - Axial Load at Gusset to Column
Interaction - Shear and Axial Interaction
2
Interaction = ( > + <
[
10.607 kip) \* 4.714 kip) \
Interaction = <( p)) + < ( p) )
(229.84 kip) (229.84 kip)
Interaction = 0.050501
Result: PASS

Demand over Capacity Ratio

(0.050501)
DCR — Interaction _

- @ = 0.050501

Check No. 9: Design Capacity of Double Angle in Block Shear at Gusset Side

Calculate the net area of the d angle subj to t

tar,at,colupr = 0.5 in - Upper Brace Double Angle Thickness

= 1 - Number of Bolt Columns

e
s. = 0 in - Bolt Column Spacing

Lep, = 2 in - Horizontal Edge Distance at Double Angle

dp, = 1 in - Horizontal Bolt Hole Dimension at Double Angle
Ay - Net Area Subject to Tension (L-pattern)

Ant = [2(tarat,cotupr)] [(e — 1) 8¢+ Len — (ne — 0.5) (dp, +0.0625 in)]
Ay = (Lin) x [(1) — 1) x (0 in) + (2 in) — (1) — 0.5) x (1 in) + (0.0625 in))]

Ap = 1.4688 in®

Calculate the gross area of the double angle subject to shear.
2L at colubr = 0.5 in - Upper Brace Double Angle Thickness

L., = 1.5 in - Vertical Edge Distance at Double Angle

n, = 4 - Number of Bolt Rows

sy = 3 in - Bolt Row Spacing

Agy - Gross Area Subject to Shear (L-pattern)

Agy = 2(tsp.ateotun)] [Leo + (ny — 1) 5]
Agy = (1in) x [(1.5 in) + ((4) — 1) x (3 in)]

Ag =105 in®

Calculate the net area of the double angle subject to shear.
tar at colubr = 0.5 in - Upper Brace Double Angle Thickness

Lo at,colupr = 12 in - Upper Brace Double Angle Length

L., = 1.5 in - Vertical Edge Distance at Double Angle

n, = 4 - Number of Bolt Rows

d, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle
A, - Net Area Subject to Shear (L-pattern)

Any = [2(tar,at,cotupr)] [LaLat,cotupr — Lev — (g — 0.5) (dp + 0.0625 in)]
Ay = (Lin) x [(12 in) — (15 in) — ((4) — 0.5) x ((0.8125 in) + (0.0625 in))]

Ay = T7.4375 in®

Calculate the design block shear capacity of the double angle.
Fuat colubr = 58 ksi - Upper Brace Double Angle Tensile Stress

Ay, = 7.4375 in® - Net Area Subject to Shear (L-pattern)

Uys = 1 - Uniformity factor

A, = 1.4688 in? - Net Area Subject to Tension (L-pattern)
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AISC 360-16 Chapter /4.3
Eq. (j4-5)

Fy at colupr = 36 ksi - Upper Brace Double Angle Yield Stress
Ay =105 in? - Gross Area Subject to Shear (L-pattern)
¢ = 0.75 - Block Shear Resistance Factor

@R, - Design Block Shear Capacity of Section

¢Rn = ¢ (0.6 Fyat,colubr Anv + Ubs Fuat,cotupr Ant < 0.6 Fyat,cotubr Ago + Uss Fujat cotupr Ant)
@Ry = (0.75) x (0.6 x (58 ksi) x (7.4375 in”) + (1) x (58 ksi) x (1.4688 in®) < 0.6 x (36 ksi) x (10.5 in”) + (1) x (58 ksi) x (1.4688 in®))

6R,, = 233.99 kip

Result:
Demand over Capacity Ratio

DCR — Ve _ (10407 kip)

ORn (23399 kip) 0.045329

PASS

AISC 360-16 Chapter j4.3
Eq. (j4-5)

Check No. 10: Design Capacity of Double Angle in Block Shear at Gusset Side due to Axial Load

Calculate the net area of the d

angle subj tot
a1 at colubr = 0.5 in - Upper Brace Double Angle Thickness
n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

L., = 1.5 in - Vertical Edge Distance at Double Angle

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle
A, - Net Area Subject to Tension (L-pattern)

At = [2(tar,at colupr)] [(nr — 1) 8y + Ley — (ny — 0.5) (dp + 0.0625 in)]
Ape = (1in) x [((4) —1) x (3in) + (1.5 in) — ((4) — 0.5) x ((0.8125 in) + (0.0625 in))]

Ay = 7.4375 in®

Calculate the gross area of the double angle subject to shear.
t21,at col,ubr = 0.5 in - Upper Brace Double Angle Thickness

L., = 2 in - Horizontal Edge Distance at Double Angle

n. = 1 - Number of Bolt Columns

s. = 0 in - Bolt Column Spacing

AgU - Gross Area Subject to Shear (L-pattern)

Ay = [2(tar at colupr)] [Len + (ne — 1) sc]
Agy = (Lin) x [(2in) + (1) — 1) x (0 in)]

Agy = 2in®

Calculate the net area of the double angle subject to shear.
21 at col,ubr = 0.5 in - Upper Brace Double Angle Thickness
Lnszupsr = 5 in - Upper Brace Double Angle Leg at Beam Side

go = 3 in - Double Angle Gage

n. = 1 - Number of Bolt Columns

dp, = 1 in - Horizontal Bolt Hole Dimension at Double Angle

A, - Net Area Subject to Shear (L-pattern)

Any = [2(t2r.at,colubr)] [ENSLubr — ga — (ne — 0.5) (dp + 0.0625 in)]
A = (1in) % [(5 n) — (3 in) — ((1) — 0.5) x ((1 in) + (0.0625 in))]

Ay, = 1.4688 in®

Calculate the design block shear capacity of the double angle.
o = 58 ksi - Upper Brace Double Angle Tensile Stress

= 1.4688 in? - Net Area Subject to Shear (L-pattern)
Ups = 1 - Uniformity factor

A, = 7.4375 in? - Net Area Subject to Tension (L-pattern)
Fy at colupr = 36 ksi - Upper Brace Double Angle Yield Stress
Ay =2 in? - Gross Area Subject to Shear (L-pattern)

¢ = 0.75 - Block Shear Resistance Factor

@R, - Design Block Shear Capacity of Section

ORy, = ¢ (0.6 Fuat,cotupr Anv + Ubs Fuatcolupr Ant < 0.6 Fya cotupr Ago + Ubs Fuat,colubr Ant)
$Ry = (0.75) x (0.6 x (58 ksi) x (1.4688 in®) + (1) x (58 ksi) x (7.4375 in”) < 0.6 x (36 ksi) x (2 in”) + (1) x (58 ksi) x (7.4375 in®))

$R,, = 355.93 kip

Result:
Demand over Capacity Ratio
(4.714 kip)

_ Heruper _
DCR = o = Gwmm) 0.013244

PASS

Check No. 11: Shear and Axial Interaction of Block Shear in Double Angle

Calculate the shear and axial interaction of block shear capacities in the double angle.
V. = 10.607 kip - Vertical Shear at Gusset to Column

H_ 7 upper = 4.714 kip - Tension Load at Gusset to Column

Interaction - Shear and Axial Interaction

Interaction = (
¢
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10.607 ki 2 4.714 ki 2
Interaction = <( lp)) + ( ( ip) )
(233.99 kip) (355.93 kip)

Interaction = 0.047224

Result: PASS
Demand over Capacity Ratio
DOR — Interaction _ (0.047224) 0.047224
- .0 S
Check No. 12: Design Capacity of Double Angle in Shear at Gusset Side
Calculate the gross area of double angle subject to yielding.
Lo at,colupr = 12 in - Upper Brace Double Angle Length
tar,at,colupr = 0.5 in - Upper Brace Double Angle Thickness
Agy - Section Gross Area
Agy = Lo at colupr [2(t2L,at colupr)]
Ay, = (121in) x (1in)
Ay =12 in?
Calculate the shear yielding capacity of the double angle.
Fy ot colupr = 36 ksi - Upper Brace Double Angle Yield Stress
Ay, = 12 in? - Section Gross Area
¢ =1 - Shear Yielding Resistance Factor
AISC 360-16 ChaEp;e%Afj @R, 5y - Design Shear Yielding Capacity of Section
ORy sy = ¢ 0.6 Fyat colupr Ago
@Ry oy = (1) x 0.6 x (36 ksi) x (12 in®)
OR, s = 259.2 kip
Calculate the net area of double angle subject to rupture.
2L at colubr = 0.5 in - Upper Brace Double Angle Thickness
Lo at,colupr = 12 in - Upper Brace Double Angle Length
n, = 4 - Number of Bolt Rows
d, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle
A, - Section Net Area
Any = [2(tarat,cotubr)] [LaLat,cotupr — e (dn 4 0.0625 in)]
Apy = (1in) x [(12 in) — (4) x ((0.8125 in) + (0.0625 in))]
Ay, = 8.5 in’
Calculate the shear rupture capacity of the double angle.
Fyat cotupr = 58 ksi - Upper Brace Double Angle Tensile Stress
A, = 8.5 in? - Section Net Area
¢ = 0.75 - Shear Rupture Resistance Factor
AISC 360-16 Chat_p;e&{ff) @R, s - Design Shear Rupture Capacity of Section
ORy_sr = ¢ 0.6 Fyat,colubr Anv
$Ry, o = (0.75) x 0.6 x (58 ksi) x (8.5 in?)
¢R,, o = 221.85 kip
Determine the governing shear capacity of the double angle.
AISC 360-16 Ché?;eaé‘g% ¢R, s, = 259.2 kip - Design shear yielding capacity of double angle
AISC 360-16 Chat%eagfﬁ @R, s = 221.85 kip - Design shear rupture capacity of double angle
AISC 360-16 Chapter 4.2 | ¢R, - Governing Design Capacity
@Ry = min (¢Rn_sy, pRn_or)
¢R,, = min ((259.2 kip) , (221.85 kip))
¢R,, = 221.85 kip
Result: PASS
Demand over Capacity Ratio
Ve _ (10607 kip)
DCR = ~ = e ) 0.04781

Check No. 13: Design Capacity of Double Angle in Flexure Using Double Coped Procedure at Gusset Side
Calculate and compare upper and lower limits.

E = 29000 ksi - Modulus for Steel

Fy at,colupr = 36 ksi - Upper Brace Double Angle Yield Stress

Lyar, = 3 in - Unbraced Length at Double Angle

Lop at colupr = 12 in - Upper Brace Double Angle Length

tar at colubr = 0.5 in - Upper Brace Double Angle Thickness

Depth to Thickness Ratio
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AISC 15th Edition pg. (9-9)
Eq. (9-15)

AISC 15th Edition pg. (9-9)
Eq. (9-15)

AISC 360-16 Chapter
F11.2 Eq. (F11-2)

AISC 360-16 Chapter
F11.2 Eq. (F11-2)

Lyd _ (3 in)x (12 in) — 144

2 (0.5 in)?
Depth to Thickness Ratio Lower Limit
0.08E _ 0.08x(20000 ksi)

B (36 ksi) = 64444
Depth to Thickness Ratio Upper Limit

198 _ 1.9%(29000 ksi) — 1530.6

F (36 ki)
Lyd Lyd

S0, LBE o Ind oy Tid 198
12 t2 Fy

Calculate the plastic section modulus of the double angle.
tar,at,colupr = 0.5 in - Upper Brace Double Angle Thickness

Lor at,colupr = 12 in - Upper Brace Double Angle Length

Plastic Section Modulus

_ baLateoupr (Lar at colu ’n)z _ (05 im)x((12 in))?
Z= 4 - 4

=18 in?
Calculate the elastic section modulus of the double angle.
taL,at,colupr = 0.5 in - Upper Brace Double Angle Thickness

Lo at,colupr = 12 in - Upper Brace Double Angle Length

Elastic Section Modulus

2 . .
tarateolupr (L2Lateolutr)” (0.5 in)x ((12 in))?

_ —12in3
S= 5 & =12in

Calculate the lateral torsional buckling modification factor.
Lyar = 3 in - Unbraced Length at Double Angle

Lap, at,colupr = 12 in - Upper Brace Double Angle Length

dc 21, = 0 in - Double Angle Cope Depth (Assumed 0)

C} - Lateral-Torsional Buckling Modification Factor

Lyt depr,
c,,:[3+1n( ; ﬂ (1_ ; )2184
Lot at col,u,br Lo at colu,br

= o ()] (- L)

Cy = 1.84

Calculate the flexural capacity of the double angle.
Cj, = 1.84 - Lateral-Torsional Buckling Modification Factor
L—I;d = 144 - Depth to Thickness Ratio

Fyat colupr = 36 ksi - Upper Brace Double Angle Yield Stress
E = 29000 ksi - Modulus for Steel

S = 12 in® - Elastic Section Modulus

Z =18 in® - Plastic Section Modulus

¢ = 0.9 - Flexure Resistance Factor

@M, - Design Flexural Capacity of Coped Section
Lyd Fy at colupr
M, = ¢ |Cp |1.52 —0.274 - )7 Fyatcolubr S < Fyatcolupr Z| 2

(36 ksi)

¢My, = (0.9) x {(184) x [152 —0.274 x ((144)) x (7(29000 si)

)] x (36 ksi) x (12in®) < (36 ksi) x (18 ins)} x 2

oM, = 97.2 kip-ft

Calculate the equivalent shear capacity of the double angle.

@M, = 97.2 kip-ft - Design Flexural Capacity of Coped Section

Lypsr = 3 in - Unbraced Length at Double Angle

@V}, - Design Capacity of Single Plate in Bending

oM,

vV, =
oV Lyt

(97.2 kip-ft)
(3 in)

n =

¢V, = 388.8 kip

Result:
Demand over Capacity Ratio
Ve _ (10607 kip)
DCR = SVa (3888 kip) 0.02728

PASS

AISC 360-16 Chapter J4.2
Eq. (J4-3)

AISC 360-16 Chapter
F11.2 Eq. (F11-2)

AISC 15th Edition pg. (10-
90) Eq. (10-5)

Check No. 14: Shear and Moment Interaction of Double Angle at Gusset Side

Calculate the shear and moment interaction of the double angle.
V, = 10.607 kip - Vertical Shear at Gusset to Column

Moment at Component

M, =V, Lys, = (10.607 kip) x (3 in) = 2.6517 kip-ft

@V, = 259.2 kip - Design shear yielding capacity of double angle
@M, = 97.2 kip-ft - Design Flexural Capacity of Double Angle

I+ - Interaction for Shear Yielding/Buckling and Flexure
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B <(10.607 kip) )2 ((2‘5517 kip.ft))2
"~ \(259.2 kip) (97.2 kip-ft)

I+ = 0.0024187
Result:
Demand over Capacity Ratio

Ly (0.0024187)
DCR = Er i 0.0024187

PASS

AISC 360-16 Chapter J4.1
Eq. (j4-1)

AISC 360-16 Chapter J4.1
Eq. (j4-2)

AISC 360-16 Chapter J4.1
Eq. (J4-1)

AISC 360-16 Chapter J4.1
Eq. (J4-2)

AISC 360-16 Chapter /4.2

Check No. 15: Design Capacity of Double Angle in Tension
Calculate the tensile yielding capacity of the double angle.
¢ = 0.9 - Tensile Yielding Resistance Factor

Fy ot colupr = 36 ksi - Upper Brace Double Angle Yield Stress

2L at colubr = 0.5 in - Upper Brace Double Angle Thickness

Lo at colupr = 12 in - Upper Brace Double Angle Length

¢R,;, 1, - Design Tension Yielding Capacity of Section

SR, 1y = & Fyatcolupr 2(t21,at,colubr)] LoL,at colubr

GRn_1y = (0.9) x (36 ksi) x (1 in) x (12 in)

®R,, 1, — 388.8 kip

Calculate the tensile rupture capacity of the double angle.
¢ = 0.75 - Tensile Rupture Resistance Factor

Fyat colupr = 58 ksi - Upper Brace Double Angle Tensile Stress
tar,at,colu,pr = 0.5 in - Upper Brace Double Angle Thickness

Lor at,colupr = 12 in - Upper Brace Double Angle Length

n,. = 4 - Number of Bolt Rows

dj, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle

@R, ¢ - Design Tension Rupture Capacity of Section

SRy, tr = ¢ Fuatcolubr [2(t2r,atcolupr)] [L2Lat colubr — T (dp 4 0.0625 in)]
GRy 1= (0.75) x (58 ksi) x (1in) x [(12 in) — (4) x ((0.8125 in) + (0.0625 in))]

PR, ¢ = 369.75 kip
Determine the governing tensile capacity of the double angle.
¢R, 1, = 388.8 kip - Design Tension Yielding Capacity of Section
@R, » = 369.75 kip - Design Tension Rupture Capacity of Section
@R, - Governing Design Capacity

SR, = min (¢Ro_ty, $Ru_ir)
G R, = min ((388.8 kip) , (369.75 kip))

$R,, = 369.75 kip

Result:
Demand over Capacity Ratio
DOR — He T upper (4.714 kip)

_ ) _
R GoTED) 0.012749

PASS

Check No. 16: Tension and Flexure Interaction of the Double Angle
Calculate the tension and flexure interaction of the double angle.
H_ 7 upper = 4.714 kip - Tension Load at Gusset to Column

V, = 10.607 kip - Vertical Shear at Gusset to Column

Interaction - Tension and Flexure Interaction

He 1 upper v,
26R, Va

Interaction =

(4.714 kip) (10.607 kip)

Interaction =
2 x (369.75 kip) (388.8 kip)

Interaction = 0.033655

Result:
Demand over Capacity Ratio

i 0.033655
DCR — Interaction _ ( )

To = 0.033655

PASS

AISC 360-16 Chapter j4.4
Eq. (/4-6)

Check No. 17: Design Capacity of Double Angle in Compression
Calculate the compression buckling capacity of the double angle.
¢ = 0.9 - Compression Resistance Factor

By

2L at colubr = 0.5 in - Upper Brace Double Angle Thickness

at,colu,br = 36 ksi - Upper Brace Double Angle Yield Stress

Lo at colupr = 12 in - Upper Brace Double Angle Length
K = 1.2 - Effective Length Factor

ga = 3 in - Double Angle Gage

LTL = 12.471 - Effective Length Slenderness Ratio
Since, % < 25.

@R, - Design Compressive Capacity of Section

SRy = ¢ Fyat cotupr [2(t2L,at,cotupr)] LoLat,colupr
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GR, = (0.9) x (36 ksi) x (1 in) x (12 in)

#R, = 388.8 kip

Result:
Demand over Capacity Ratio
He ¢ upper (4.714 kip)

DCR = SR Gass kD) 0.012125

PASS

Check No. 18: Compression and Flexure Interaction of the Double Angle
Calculate the compression and flexure interaction of the double angle.
H_ cupper = 4.714 kip - Compression Load at Gusset to Column

V, = 10.607 kip - Vertical Shear at Gusset to Column

Interaction - Compression and Flexure Interaction

H_ cupper v,

SR, PV

Interaction =

(4.714 kip) (10.607 kip)

Interaction =
2 x (388.8 kip) (388.8 kip)

Interaction = 0.033343

Result:
Demand over Capacity Ratio

i 0.033343
DCR — Interaction _ ( )

= =0.033343

PASS

AISC 360-16 Chapter j4.3
Eq. (j4-5)

Check No. 19: Design Capacity of Gusset Plate in Block Shear
Calculate the net area of the gusset plate subject to tension.
tgpubr = 1 in - Upper Brace Gusset Plate Thickness

n. = 1 - Number of Bolt Columns

s¢ = 0 in - Bolt Column Spacing

L, = 2 in - Horizontal Edge Distance at Gusset Plate

dp, = 1 in - Horizontal Bolt Hole Dimension at Double Angle

Ay - Net Area Subject to Tension (L-pattern)

At = topupr [(ne = 1) s¢+ Len — (me — 0.5) (dy +0.0625 in)]
An = (1in) x [((1) = 1) x (0 in) + (2 in) — ((1) — 0.5) x (1 in) + (0.0625 in))]

Ay = 1.4688 in”

Calculate the gross area of the gusset plate subject to shear.
tgpubr = 1 in - Upper Brace Gusset Plate Thickness

L., = 2.25 in - Vertical Edge Distance at Gusset Plate

n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

A_mv - Gross Area Subject to Shear (L-pattern)

Agy = topupr [Lew + (nr — 1) 8]
Agy = (1in) x [(2.25 in) + ((4) — 1) x (3 in)]

Agy = 11.25 in?

Calculate the net area of the gusset plate subject to shear.
tgpubr = 1 in - Upper Brace Gusset Plate Thickness

hgp.upr = 13.5 in - Upper Brace Gusset Plate Height along Column
L., = 2.25 in - Vertical Edge Distance at Gusset Plate

n, = 4 - Number of Bolt Rows

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle
A, - Net Area Subject to Shear (L-pattern)

Ano = topur Trgpatr — Lew — (mr — 0.5) (dh + 0.0625 in)]

Ay = (1in) x [(13.5 in) — (2.25 in) — ((4) — 0.5) x ((0.8125 in) + (0.0625 in))]

Ay, = 8.1875 in®

Calculate the design block shear capacity of the gusset plate.
F ,br = 65 ksi - Upper Brace Gusset Plate Tensile Stress

A, = 8.1875 in® - Net Area Subject to Shear (L-pattern)

Ups = 1 - Uniformity factor

A,; = 1.4688 in? - Net Area Subject to Tension (L-pattern)

F, . br = 50 ksi - Upper Brace Gusset Plate Yield Stress

Ay, = 11.25 in? - Gross Area Subject to Shear (L-pattern)

¢ = 0.75 - Block Shear Resistance Factor

@R, - Design Block Shear Capacity of Section
OR, = ¢ (0.6 Fyupr Anv + Ups Fuupr Ant < 0.6 Fyypr Agy + Uss Fuupr Ant)
$Rn = (0.75) x (0.6 x (65 ksi) x (8.1875 in®) + (1) x (65 ksi) x (1.4688 in”) < 0.6 x (50 ksi) x (11.25 in®) + (1) x (65 ksi) x (1.4688 in”))

$R,, = 311.09 kip

Result:
Demand over Capacity Ratio
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Ve (10.607 kip)
DCR = = GnwwE) 0.034095

AISC 360-16 Chapter j4.3
Eq. (j4-5)

Check No. 20: Design Capacity of Gusset Plate in Block Shear due to Axial Load
Calculate the net area of the gusset plate subject to tension.

tgpubr = 1 in - Upper Brace Gusset Plate Thickness

n,. = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

L, = 2.25 in - Vertical Edge Distance at Gusset Plate

d, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle

Ay - Net Area Subject to Tension (L-pattern)

At = topupr [(nr —1) 85+ Ley — (n, — 0.5) (dy + 0.0625 in)]
Ap = (1in) x [((4) — 1) x (3 in) + (2.25 in) — ((4) — 0.5) x ((0.8125 in) + (0.0625 in))]

Ay = 8.1875 in?

Calculate the gross area of the gusset plate subject to shear.
tgpubr = 1 in - Upper Brace Gusset Plate Thickness

L, = 2 in - Horizontal Edge Distance at Gusset Plate

n. = 1 - Number of Bolt Columns

s¢ = 0 in - Bolt Column Spacing

A_m) - Gross Area Subject to Shear (L-pattern)

Agy =tgpupr [Len + (ne — 1) sc]
Ay = (1in) x [(2in) + (1) — 1) x (0 in)]

Agy = 21in®

Calculate the net area of the gusset plate subject to shear.
tgpubr = 1 in - Upper Brace Gusset Plate Thickness

n. = 1 - Number of Bolt Columns

s¢ = 0 in - Bolt Column Spacing

dp, = 1 in - Horizontal Bolt Hole Dimension at Double Angle

Le;, = 2 in - Horizontal Edge Distance at Gusset Plate

A, - Net Area Subject to Shear (L-pattern)

Any = tgpupr (Len + (ne — 1) sc— (ne — 0.5) (dp + 0.0625 in))
Anp = (1in) x ((21in) + ((1) = 1) x (0 in) — ((1) — 0.5) x ((1 in) + (0.0625 in)))

Ay, = 1.4688 in®

Calculate the design block shear capacity of the gusset plate.
Fy,br = 65 ksi - Upper Brace Gusset Plate Tensile Stress

A, = 1.4688 in® - Net Area Subject to Shear (L-pattern)

Ups = 1 - Uniformity factor

A,; = 8.1875 in? - Net Area Subject to Tension (L-pattern)

F, . 5r = 50 ksi - Upper Brace Gusset Plate Yield Stress

Ay =2 in® - Gross Area Subject to Shear (L-pattern)

¢ = 0.75 - Block Shear Resistance Factor

@R, - Design Block Shear Capacity of Section

ORn = ¢ (0.6 Fuupr Any + Uss Fuupr Ant < 0.6 Fyopr Agy + Ups Fupr Ant)
GRy = (0.75) x (0.6 x (65 ksi) x (1.4688 in®) + (1) x (65 ksi) x (8.1875 in”) < 0.6 x (50 ksi) x (2 in®) + (1) x (65 ksi) x (8.1875 in®))

$R, = 442.1 kip

Result: PASS
Demand over Capacity Ratio
_ Heruper (4714 kip)
DCR = o = GniEm) — 0.010663
Check No. 21: Shear and Axial Interaction of Block Shear in Gusset Plate
Calculate the shear and axial interaction of block shear capacities in the gusset plate.
V, = 10.607 kip - Vertical Shear at Gusset to Column
H_ 7 upper = 4.714 kip - Tension Load at Gusset to Column
Interaction - Shear and Axial Interaction
2 H 2
ST
Interaction = ( > + <ﬂ>
¢ ¢Rn
) (10.607 kip)\? (4.714 kip) \*
Interaction = - + -
(311.09 kip) (442.1 kip)
Interaction = 0.035724

Result: PASS

Demand over Capacity Ratio

DCR — Interaction _ (0:035724)

o = DR 0.035724

Check No. 22: Connection Detailing Limitations at Support Side
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Detailing Limitations Limit Value (in) Actual Value (in) DCR Result
Minimum Bolt Row Spacing 2.000 3.000 0.667 PASS
Maximum Bolt Row Spacing 6.000 3.000 0.500 PASS
Double Angle Minimum Vertical Edge Distance 1.000 1.500 0.667 PASS
Double Angle Minimum Horizontal Edge Distance 1.125 2.000 0.563 PASS
Column Minimum Horizontal Edge Distance 1.000 3.750 0.267 | PASS
Minimum Bolt Gage at Column 4.375 7.000 0.625 PASS
Minimum Bolt Gage at Double Angle 4.500 7.000 0.643 PASS
Result: PASS
Demand over Capacity Ratio
2
DCR =2 = & _0.66667
(3)
Check No. 23: Design Capacity of the Bolt Group in Shear at Support Side
F,, = 54 ksi - Bolt Nominal Shear Strength
F,; = 90 ksi - Bolt Nominal Tensile Strength
Nrp = 8 - Total Number of Bolts in Tension
H,. = 4.714 kip - Axial Load at Gusset to Column
AISC 360-16 ChapterJ3.7 | F}, - Design Modified Bolt Shear Strength
. 0.84 F,, H,
Fjy =min (13 F,, - — ¢ F,
Fu Ny d;
0.84 x (54 ksi) x (4.714 kip
Fy, =min [ 1.3 x (54 ksi) — ( ) x( 5 >, 54 ksi)
(90 ksi) x (8) x (0.75 in)
Fy, = 54 ksi
dy = 0.75 in - Bolt Diameter
N; = 1 - Number of Shear Planes
Ny = 8 - Total Number of Bolts in Shear
hy = 1 - Filler Factor for Bearing Bolts
¢ = 0.75 - Bolt Shear Resistance Factor
AISC 360-16 ChaEp;e&{gﬁ @R, - Design Bolt Shear Capacity
7\' 2
GRn =& Fyy 7 ()" Ny Ny by
. 7r .
SR = (0.75) x (54 1si) x 7 x ((0.75 in))? x (1) x (8) x (1)
¢R,, = 143.14 kip
Result: PASS
Demand over Capacity Ratio
Vi (10.607 kip)
DCR = R = (BiEm) 0.0741

AISC 360-16 Chapter J3.10
Eq. (3-6a)

Check No. 24: Design Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Support Side
Calculate the bolt bearing capacity of the double angle.

dy = 0.75 in - Bolt Diameter

21 at col,ubr = 0.5 in - Upper Brace Double Angle Thickness

Fuatcolubr = 58 ksi - Upper Brace Double Angle Tensile Stress

Ny = 8 - Total Number of Bolts in Shear

¢ = 0.75 - Bolt Bearing Resistance Factor

@Ry, bearing - Design Bolt Bearing Capacity of Section

DR bearing = ¢ 2.4 dp tor at cotu,br Fu,at cotupr Nv
G Roy pearing = (0.75) x 2.4 x (0.75 in) x (0.5 in) x (58 ksi) x (8)

&R bearing = 313.2 kip

Calculate the clear distance of outer bolts on double angle.
L., = 1.5 in - Vertical Edge Distance at Double Angle

d, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle

le1 - Clear Distance at First Bolt Row

d
b = Lo = 5
0.8125 i
la = (15 in) — %

le1 = 1.0938 in

Calculate the clear distance of inner bolts on double angle.
s, = 3 in - Bolt Row Spacing

dj, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle

le2 - Clear Distance at Rest of Bolts

leo =8, —dn

le2 = (31in) — (0.8125 in)
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AISC 360-16 Chapter J3.10
Eq. (3-60)

AISC 360-16 Chapter J3.10
Eq. (j3-6a)

AISC 360-16 Chapter /3.10
Eq. (j3-60)

AISC 360-16 Chapter J3.10

leo = 2.1875in

Calculate the bolt tear-out capacity of the double angle.
lsy = 1.0938 in - Clear Distance at First Bolt Row

l.2 = 2.1875 in - Clear Distance at Rest of Bolts

taL,at colupr = 0.5 in - Upper Brace Double Angle Thickness
Foy at,colubr = 58 ksi - Upper Brace Double Angle Tensile Stress
Ny = 8 - Total Number of Bolts in Shear

n, = 4 - Number of Bolt Rows

¢ = 0.75 - Bolt Bearing Resistance Factor

GRy_tearout - Design Bolt Tear-out Capacity of Section

Ny
OB searont = 6 [1-2 L1 tor gt cotpr Fuatrcobupr + 1.2 s oLt coluir Fuatcolupr (e —1)]
n

GRon_tearout = (0.75) x [1.2 x (1.0938 in) x (0.5 in) x (58 ksi) + 1.2 x (2.1875 in) x (0.5 in) x (58 ksi) x ((4) — 1)] x (%

@Ry tearout = 399.66 kip

Determine the governing bearing and tear-out capacity of the bolt group on double angle.

@Ry, bearing = 313.2 kip - Design bolt bearing capacity of double angle

PRy, tearout = 399.66 kip - Design bolt tear-out capacity of double angle

@R, - Governing Design Capacity

SRy = min (¢ Ry bearings SR _tearout)
¢R, = min ((313.2 kip) , (399.66 kip))

#R,, = 313.2 kip

Result:
Demand over Capacity Ratio
Vi (10607 kip)
DCR = R = @B 0.033865

)

PASS

AISC 360-16 Chapter J3.10
Eq. (3-6a)

AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter J3.10
Eq. (j3-6a)

AISC 360-16 Chapter J3.10
Eq. (j3-6¢)

AISC 360-16 Chapter J3.10

Check No. 25: Design Capacity of the Bolt Group in Bearing and Tear-out at Support Flange
Calculate the bolt bearing capacity.

dy = 0.75 in - Bolt Diameter

tfc = 0.71 in - Column Flange Thickness

F, . = 65 ksi - Column Tensile Stress

Ny = 8 - Total Number of Bolts in Shear

¢ = 0.75 - Bolt Bearing Resistance Factor

¢R7Lbem“ing - Design Bolt Bearing Capacity of Section

PR bearing = ¢ 2.4dp tfc Fue Ny
ORo bearing = (0.75) x 2.4 x (0.75 in) x (0.71 in) x (65 ksi) x (8)

&Rn_bearing = 498.42 kip

Calculate the clear distance of inner bolts on member.
s, = 3 in - Bolt Row Spacing

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Column

le2 - Clear Distance at Rest of Bolts

lea = 8 —dp
ley = (3 in) — (0.8125 in)

Iy = 2.1875 in

Calculate the bolt tear-out capacity.

leo = 2.1875 in - Clear Distance at Rest of Bolts
tf. = 0.71 in - Column Flange Thickness

F,,
Ny = 8 - Total Number of Bolts in Shear

= 65 ksi - Column Tensile Stress

¢ = 0.75 - Bolt Bearing Resistance Factor

@Ry tearout - Design Bolt Tear-out Capacity of Section

SR tearowt = ¢ 1.2 lea tyc Fue Ny
SR tearout = (0.75) x 1.2 x (2.1875 in) x (0.71 in) x (65 ksi) x (8)

¢ Rn_tearout = 726.86 kip

Determine the governing bearing and tear-out capacity of the bolt group.

DRy bearing = 498.42 kip - Design bolt bearing capacity of member

@Ry tearout = 726.86 kip - Design bolt tear-out capacity of member

@R, - Governing Design Capacity

®R, = min (d Ry bearing Rn_tearout)

6R,, = min ((498.42 kip) , (726.86 kip))
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$R,, = 498.42 kip

Result:
Demand over Capacity Ratio
Vi (10.607 kip)

DCR = o7 = sz ) — 002128

PASS

AISC 360-16 Chapter J4.3
Eq. (J4-5)

Check No. 26: Design Capacity of Double Angle in Block Shear at Support Side

Calculate the net area of the double angle subject to tension.
2L at col,ubr = 0.5 in - Upper Brace Double Angle Thickness

n. = 1 - Number of Bolt Columns

s¢ = 0 in - Bolt Column Spacing

L., = 2 in - Horizontal Edge Distance at Double Angle

dp, = 1 in - Horizontal Bolt Hole Dimension at Double Angle

Ay - Net Area Subject to Tension (L-pattern)

Ant = [2(tazatcolupn)] [(ne — 1) sc+ Len — (ne — 0.5) (dy, + 0.0625 in)]
Ap = (Lin) x [((1) = 1) x (0in) + (2 in) — ((1) — 0.5) x ((1 in) + (0.0625 in))]

Ay = 1.4688 in”

Calculate the gross area of the double angle subject to shear.
21, at col,ubr = 0.5 in - Upper Brace Double Angle Thickness

L., = 1.5 in - Vertical Edge Distance at Double Angle

n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

Amv - Gross Area Subject to Shear (L-pattern)

Ay = [2(tar at colupr)] [Lev + (nr — 1) 5]
Agy = (1in) x [(15 in) + ((4) — 1) x (3 in)]

Agy =10.5 in®

Calculate the net area of the double angle subject to shear.
tar,at colupr = 0.5 in - Upper Brace Double Angle Thickness

Lo at colupr = 12 in - Upper Brace Double Angle Length

L., = 1.5 in - Vertical Edge Distance at Double Angle

n, = 4 - Number of Bolt Rows

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle
A, - Net Area Subject to Shear (L-pattern)

Ay = [2(t2L 0t colupr)] [LaLatcolubr — Lev — (e — 0.5) (dp, 4 0.0625 in)]
Ao = (1in) x [(12 in) — (1.5 in) — ((4) — 0.5) x ((0.8125 in) + (0.0625 in))]

Ay, = 7.4375 in®

Calculate the design block shear capacity of the double angle.
Fuat colubr = 58 ksi - Upper Brace Double Angle Tensile Stress

A, = 7.4375 in® - Net Area Subject to Shear (L-pattern)

Ups = 1 - Uniformity factor

A, = 1.4688 in? - Net Area Subject to Tension (L-pattern)

Fy at colupr = 36 ksi - Upper Brace Double Angle Yield Stress

Ay =105 in? - Gross Area Subject to Shear (L-pattern)

¢ = 0.75 - Block Shear Resistance Factor

@R, - Design Block Shear Capacity of Section

ORy, = ¢ (0.6 Fuat cotupr Anv + Ubs Fuatcolupr Ant < 0.6 Fyap cotupr Ago + Uss Fuat colubr Ant)
@Ry = (0.75) x (0.6 x (58 ksi) x (7.4375 in”) + (1) x (58 ksi) x (1.4688 in”) < 0.6 x (36 ksi) x (10.5 in”) + (1) x (58 ksi) x (1.4688 in))

PR, = 233.99 kip

Result:
Demand over Capacity Ratio
|2 (10.607 kip)

DCR = TR @B kD) 0.045329

PASS

AISC 360-16 Chapter J4.2
Eq. (j4-3)

Check No. 27: Design Capacity of Double Angle in Shear at Support Side

Calculate the gross area of double angle subject to yielding.
Lo at colupr = 12 in - Upper Brace Double Angle Length
21 at colubr = 0.5 in - Upper Brace Double Angle Thickness

Agy - Section Gross Area

Agy = Lapatcolubr [2(t2r,at colupr)]
Ay = (121in) x (1in)

Agy = 121in?

Calculate the shear yieldi ity of the double angle.
Fy at colupr = 36 ksi - Upper Brace Double Angle Yield Stress

Ay =12 in? - Section Gross Area
¢ =1 - Shear Yielding Resistance Factor

¢R, s, - Design Shear Yielding Capacity of Section
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AISC 360-16 Chapter /4.2
Eq. (j4-4)

AISC 360-16 Chapter j4.2
Eq. (j4-3)

AISC 360-16 Chapter j4.2
Eq. (j4-4)

AISC 360-16 Chapter J4.2

SRy sy = ¢ 0.6 Fyat,colubr Agw
$Ry oy = (1) x 0.6 x (36 ksi) x (12 in)

GRy_sy = 259.2 kip

Calculate the net area of double angle subject to rupture.
tar,at colupr = 0.5 in - Upper Brace Double Angle Thickness
Loy, at colupr = 12 in - Upper Brace Double Angle Length

n, = 4 - Number of Bolt Rows

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle
A, - Section Net Area

Ay = [2(tar,at.cotupr)] [LoL.atcolusr — M (dn + 0.0625 in)]
Apy = (1in) x [(12 in) — (4) x ((0.8125 in) + (0.0625 in))]

Ay = 8.5 in’

Calculate the shear rupture capacity of the double angle.
Fuatcolubr = 58 ksi - Upper Brace Double Angle Tensile Stress

A,y = 8.5 in? - Section Net Area
¢ = 0.75 - Shear Rupture Resistance Factor

@R,,_sr - Design Shear Rupture Capacity of Section

GRn_sr = ¢ 0.6 Fuatcotubr Anv
¢Rn o = (0.75) x 0.6 x (58 ksi) x (8.5 in”)

SR, o = 221.85 kip

Determine the governing shear capacity of the double angle.

¢R,,_sy = 259.2 kip - Design shear yielding capacity of double angle

@R,,_s» = 221.85 kip - Design shear rupture capacity of double angle

@R, - Governing Design Capacity

¢R,, = min (¢Rn_sy, dRy_sr)
#R,, = min ((259.2 kip) , (221.85 kip))

$R, = 221.85 kip

Result:
Demand over Capacity Ratio
Vi (10.607 kip)
DCR = = o) 0.04781

PASS

AISC 15th Edition pg. (9-9)
Eq. (9-15)

Check No. 28: Design Capacity of Double Angle in Flexure Using Double Coped Procedure at Support Side

Calculate and compare upper and lower limits.
E = 29000 ksi - Modulus for Steel

By

Lypr, = 3 in - Unbraced Length at Double Angle

at,colu,br = 36 ksi - Upper Brace Double Angle Yield Stress

Lo at colupr = 12 in - Upper Brace Double Angle Length

taL,at,colupr = 0.5 in - Upper Brace Double Angle Thickness

Depth to Thickness Ratio
if _6 in)x(l? i) _ 144

12 (0.5 in)?
Depth to Thickness Ratio Lower Limit
0.08E _ 0.08x(29000 ksi)

R ) = 64.444
Depth to Thickness Ratio Upper Limit
105 _ 1.9%(29000 ksi)

= e = 19306
0.08E Lyd Lyd 1.9E
So. - < w ATy S R

Calculate the plastic section modulus of the double angle.
taL,at colupr = 0.5 in - Upper Brace Double Angle Thickness

Lap, atcolupr = 12 in - Upper Brace Double Angle Length

Plastic Section Modulus

Z = =18in®

2 . .
tarateoupr Lavateousr)” (05 in)x (12 in))?
1 = 1

Calculate the elastic section modulus of the double angle.
2L at colubr = 0.5 in - Upper Brace Double Angle Thickness

Lo at colupr = 12 in - Upper Brace Double Angle Length

Elastic Section Modulus

g DLatelunr (z;mmz,m)z _ s 'm)xé(l? P g i3

Calculate the lateral torsional buckling modification factor.
Lyar, = 3 in - Unbraced Length at Double Angle

Lo at colupr = 12 in - Upper Brace Double Angle Length

depr, = 0 in - Double Angle Cope Depth (Assumed 0)

C}, - Lateral-Torsional Buckling Modification Factor

L d.,
Cy = [3+ln( b2k ﬂ <1 - 2 ) >1.84
Lo, at,colu,br Lo, atcolu,br
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AISC 15th Edition pg. (9-9)
Eq. (9-15)

AISC 360-16 Chapter
F11.2 Eq. (F11-2)

AISC 360-16 Chapter
F11.2 Eq. (F11-2)

IR PYARCIUA

C,=1.84

Calculate the flexural capacity of the double angle.
Cy = 1.84 - Lateral-Torsional Buckling Modification Factor
Lyd ; )
= 144 - Depth to Thickness Ratio

Fyat colupr = 36 ksi - Upper Brace Double Angle Yield Stress
E = 29000 ksi - Modulus for Steel

S = 12 in® - Elastic Section Modulus

Z =18 in® - Plastic Section Modulus

¢ = 0.9 - Flexure Resistance Factor

@M, - Design Flexural Capacity of Coped Section

Fyutcotuin
oM, = ¢ {cb {1.52—0.274 (%‘1) (%)] Fyatcotntr S < Fyateotsutr Z] 2
(36 ksi)

M, = (0.9) x {(1-84) x [1-52 = 0.274 x ((144)) x ((29000 ki)

)] x (36 ksi) x (12in®) < (36 ksi) x (18 m3)} x 2

M, = 97.2 kip-ft

Calculate the equivalent shear capacity of the double angle.

@M, = 97.2 kip-ft - Design Flexural Capacity of Coped Section

Ly2r, = 3 in - Unbraced Length at Double Angle

@V, - Design Capacity of Single Plate in Bending

oM,
T Ly

#Va

(97.2 kip-ft)

n =

(3 in)
¢V, = 388.8 kip
Result: PASS
Demand over Capacity Ratio
Ve _ (10.607 kip)
DCR = ¢Vn (3888 kip) 0.02728
Check No. 29: Shear and Moment Interaction of Double Angle at Support Side
Calculate the shear and moment interaction of the double angle.
V, = 10.607 kip - Vertical Shear at Gusset to Column
Moment at Component
M, =V, Lys, = (10.607 kip) x (3 in) = 2.6517 kip-ft
AISC 360-16 Ch‘?t—p;ea{f_‘?% @V, = 259.2 kip - Design shear yielding capacity of double angle
Alsiffg‘égc(?‘;gtg @M, = 97.2 kip-ft - Design Flexural Capacity of Double Angle
AISC 15th E%’g)"gqu(lgg) I+ - Interaction for Shear Yielding/Buckling and Flexure
% M\’
we (o) - ()
oV ¢M,
((10.607 kip) )2 N ( (2.6517 kip-ft) )2
"=\ (259.2 kip) (97.2 kip-ft)
I,y = 0.0024187
Result: PASS
Demand over Capacity Ratio
DOR = 2t — L _ g 9924187
- (1)

Check No. 30: Design Capacity of Double Angle in Bolt Prying
dy = 0.75 in - Bolt Diameter

n,. = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

H_ 7 upper = 4.714 kip - Tension Load at Gusset to Column
Fuat colubr = 58 ksi - Upper Brace Double Angle Tensile Stress
b= 2.75in - b prying

F,, = 54 ksi - Bolt Nominal Shear Strength

Ft = 90 ksi - Bolt Nominal Tensile Strength

V, = 10.607 kip - Vertical Shear at Gusset to Column

Lep, = 2 in - Horizontal Edge Distance at Double Angle

dp, = 1 in - Horizontal Bolt Hole Dimension at Double Angle

B = 29.818 kip - Available tension per bolt

4

§=1— #
min (3.5 b,s,)

(1in)
min (3.5 x (2.75 in) , (3 in))
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AISC 15th Edition
Equation (9-19a)

§ = 0.66667

B
min (Lep, + 0.5 dy, 1.25b + 0.5d3) (2 Heryupper — 4 By)
a Heupper (dy— 2b)
min ((2 in) + 0.5 x (0.75 in), 1.25 x (2.75 in) + 0.5 x (0.75 in)) x (2 x (4.714 kip) — 4 x (29.818 kip) x (4))
B (4.714 kip) x ((0.75 in) — 2 x (2.75 in))
B = 49.603
o

(0.6;667) . (1 (—4?43(.];33) ) H

a =1

a = min {1,

tmin - Minimum thickness required to ensure an acceptable combination of fitting strength and stiffness and bolt strength

A 2.22 He o upper (b— 0.5 dy)
" min (3.5b,8:) Fyatcouprnr (1+35a)

. 2.22 % (4.714 kip) x ((2.75 in) — 0.5 x (0.75 in))
i min (3.5 x (2.75 in), (3 in)) x (58 ksi) x (4) x (1 + (0.66667) x (1))

tmin = 0.14638 in

Result:
Demand over Capacity Ratio
0.14638 i
DCR = e — QUGB D) _ 4 99976
2L,at col u,br (0.5 in)

PASS

AISC 15th Edition
Equation (9-19a)

Check No. 31: Design Capacity of Column Flange in Bolt Prying
dy = 0.75 in - Bolt Diameter

n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

V, = 10.607 kip - Vertical Shear at Gusset to Column
H, 1 upper = 4.714 kip - Tension Load at Gusset to Column
F, . = 65 ksi - Column Tensile Stress

b= 3.28 in - b prying

F,, = 54 ksi - Bolt Nominal Shear Strength

F,,: = 90 ksi - Bolt Nominal Tensile Strength

Ly, = 3.75 in - Horizontal Edge Distance at Column

dy, = 0.8125 in - Horizontal Bolt Hole Dimension at Column
B = 29.818 kip - Available tension per bolt

4

fo1-— B
min (3.5 b,s,)
(0.8125 in)

§d=1-
min (3.5 % (3.28 in) , (3 in))

6 =0.72917

min (Ley + 0.5 dyy 1250+ 0.5dy) (2 Hezugper — 4B 1)
He rupper (dy —2)

min ((3.75 in) + 0.5 x (0.75 in),1.25 x (3.28 in) + 0.5 x (0.75 in)) x (2 x (4.714 kip) — 4 x (29.818 kip) x (4))
(4.714 kip) x ((0.75 in) — 2 x (3.28 in))

B =170.435

(0.721917) X ( 1 E7?71(1)345;5) > H

a =1

a = min {1,

tmin - Minimum thickness required to ensure an acceptable combination of fitting strength and stiffness and bolt strength

[ Hue 6-054)
e min (3.5b,8,) Fyen, (1+da’)

. 2.22 x (4.714 kip) x ((3.28in) — 0.5 x (0.75 in))
\/mm(sAs x (3.28 in), (3 in)) x (65 ksi) x (4) x (1 + (0.72917) x (1))
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tmin = 0.15013 in

Result: PASS
Demand over Capacity Ratio
 tpun (015013 in)
DCR = tie  (0.71in) 0.21146
Check No. 32: Design Capacity of Support due to Compressive Load
Calculate the web local crippling capacity of the column.
¢ = 0.75 - Web Local Crippling Resistance Factor
ty,c = 0.44 in - Column Web Thickness
Lo at,colupr = 12 in - Upper Brace Double Angle Length
d. = 14 in - Column Depth
tfe = 0.71 in - Column Flange Thickness
F; . = 50 ksi - Column Yield Stress
E = 29000 ksi - Modulus for Steel
AISC 360-16 Chaéaqt‘e(rjjllot_)ﬁ @Ry wic - Design Web Local Crippling Capacity of Support
Logat,colupr twe \° EF, t.
SR e = 608 (tu)” 143 <7> <L) Elyetre o
d. tfe tuwe
, 12 in 0.44 in) \ ** 29000 ksi) x (50 ksi) x (0.71 in
SRy, wie = (0.75) x 0.8 x ((0.44 in))* x [1+3 x (( - )> X <¥) X ( ) ( - ) x( >><(1)
(14 in) (0.71 in) (0.44 in)
ORy, wic = 400.58 kip
Calculate the web local yielding capacity of the column.
¢ =1 - Web Local Yielding Resistance Factor
F, . = 50 ksi - Column Yield Stress
tw. = 0.44 in - Column Web Thickness
kges,c = 1.31 in - Column kdes
Lo at colupr = 12 in - Upper Brace Double Angle Length
AISC 360-16 Chaé)qt‘e(rj{llo(?.za @R, w1y - Design Web Local Yielding Capacity of Support
ORy_wiy = ¢ Fye twe (5kdes,e + Larat,colu,br)
dRn_wiy = (1) x (50 ksi) x (0.44 in) x (5 x (1.31 in) -+ (12 in))
¢ Ry, wiy = 408.1 kip
Calculate for the governing design capacity of the column.
AISC 360-16 Chapter J10 | ¢R,, - Governing Design Capacity of the Support
¢ Rn = min (¢ Ry_wic; $Rn_wiy)
¢R,, = min ((400.58 kip) , (408.1 kip))
¢R,, = 400.58 kip
Result: PASS
Demand over Capacity Ratio
_ Hecupper  (4T14 kip)
DCR = R = s Em) 0.011768

Summary of Checks
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Design Checks Demand Capacity DCR Result
Connection Detailing Limitations at Gusset Side 12.000 12.000 1.000 PASS
Design Capacity of the Bolt Group in Shear at Gusset Side 11.607 42.265 0.275 PASS
Design Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Gusset Side 10.607 | 205.085 0.052 PASS
Eoeasti’gn Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Gusset Side due to Axial 4.714| 205.085 0.023 PASS
Shear and Axial Interaction of Bolt Bearing/Tearout in Double Angle 0.057 1.000 0.057 PASS
Design Capacity of the Bolt Group in Bearing and Tear-out on Gusset Plate 10.607 | 229.837 0.046 PASS
Design Capacity of the Bolt Group in Bearing and Tear-out on Gusset Plate due to Axial Load 4.714 | 229.837 0.021 PASS
Shear and Axial Interaction of Bolt Bearing/Tearout on Gusset Plate 0.051 1.000 0.051 PASS
Design Capacity of Double Angle in Block Shear at Gusset Side 10.607 [ 233.991 0.045 | PASS
Design Capacity of Double Angle in Block Shear at Gusset Side due to Axial Load 4.714 | 355.931 0.013 PASS
Shear and Axial Interaction of Block Shear in Double Angle 0.047 1.000 0.047 PASS
Design Capacity of Double Angle in Shear at Gusset Side 10.607 | 221.850 0.048 PASS
Design Capacity of Double Angle in Flexure Using Double Coped Procedure at Gusset Side 10.607 [ 388.800 0.027 PASS
Shear and Moment Interaction of Double Angle at Gusset Side 0.002 1.000 0.002 PASS
Design Capacity of Double Angle in Tension 4.714 | 369.750 0.013 PASS
Tension and Flexure Interaction of the Double Angle 0.034 1.000 0.034 PASS
Design Capacity of Double Angle in Compression 4.714 | 388.800 0.012 PASS
Compression and Flexure Interaction of the Double Angle 0.033 1.000 0.033 PASS
Design Capacity of Gusset Plate in Block Shear 10.607 [ 311.086 0.034 | PASS
Design Capacity of Gusset Plate in Block Shear due to Axial Load 4.714 | 442.102 0.011 PASS
Shear and Axial Interaction of Block Shear in Gusset Plate 0.036 1.000 0.036 PASS
Connection Detailing Limitations at Support Side 2.000 3.000 0.667 PASS
Design Capacity of the Bolt Group in Shear at Support Side 10.607 143.139 0.074 PASS
Design Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Support Side 10.607 | 313.200 0.034 PASS
Design Capacity of the Bolt Group in Bearing and Tear-out at Support Flange 10.607 | 498.420 0.021 PASS
Design Capacity of Double Angle in Block Shear at Support Side 10.607 | 233.991 0.045 PASS
Design Capacity of Double Angle in Shear at Support Side 10.607 | 221.850 0.048 PASS
Design Capacity of Double Angle in Flexure Using Double Coped Procedure at Support Side 10.607 [ 388.800 0.027 PASS
Shear and Moment Interaction of Double Angle at Support Side 0.002 1.000 0.002 PASS
Design Capacity of Double Angle in Bolt Prying 0.146 0.500 0.293 PASS
Design Capacity of Column Flange in Bolt Prying 0.150 0.710 0.211 PASS
Design Capacity of Support due to Compressive Load 4.714 | 400.582 0.012 PASS
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REFERENCES
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RESULTS

Beam Connection to Column | AISC 360-16 LRFD
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REFERENCES

CALCULATIONS

RESULTS

Check No. 1: Connection Detailing Limitations at Beam Side

Detailing Limitations Limit Value (in) Actual Value (in) DCR Result
Minimum Bolt Row Spacing 2.000 3.000 0.667 | PASS
Maximum Bolt Row Spacing 6.000 3.000 0.500 PASS
Double Angle Minimum Vertical Edge Distance 1.000 1.500 0.667 PASS
Double Angle Minimum Horizontal Edge Distance 1.125 2.000 0.563 PASS
Beam Web Minimum Horizontal Edge Distance 1.000 2.000 0.500 PASS
Minimum Connection Depth 7.750 12.000 0.646 PASS
Maximum Connection Depth 16.000 12.000 0.750 PASS
Minimum Bolt Gage at Double Angle 1.750 3.000 0.583 PASS
Result: PASS
Demand over Capacity Ratio
12
DCR=4 =B _q75
¢ (16)
Check No. 2: Design Capacity of the Bolt Group in Shear at Beam Side
Calculate the C-coefficient of the bolt group.
AISC 15th Edition nglg e = 3 in - Design Bolt Group Eccentricity
AISC 360-16 Ch%;;t.e(r/é_?ﬁ ¢R,, = 16.136 kip - Design Bolt Shear Capacity
AISC 15th Ed. Page 7-67fg The bolt coefficient C is derived using the instantaneous center of rotation method. The coordinates of each bolt are listed in the table below.
Bolt No. 1 is located at the bottom-left corner of the bolt group.
Bolt No. x-coordinate (in) y-coordinate (in)
1 0.00 0.00
2 0.00 3.00
3 0.00 6.00
4 0.00 9.00
AISC 15th Ed. Page 7-67€g The location of the instantaneous center with respect to Bolt No. 1 is calculated using iterations. The resulting coordinates of the I.C. are as follows.
. = —2.2174 in - Location of I.C. along the X-axis
Yic = 7.7T447 in - Location of I.C. along the Y-axis
Using the AISC 15th Edition Equation (7-1), the corresponding reactions per bolt are listed below.
Bolt No. Ru (kip) Rux (kip) Ruy (kip) Mn (kip-in)
1 15.84 15.23 4.34 127.14
2 15.13 13.72 6.39 78.81
3 13.20 8.13 10.40 36.85
4 12.84 -6.46 11.10 32.68
C = 2.7549 - Calculated Bolt Group Coefficient
C' = 11.256 in - Calculated Bolt Group Coefficient for Moment-only Case
Calculate the design shear capacity of the bolt group.
¢ = 0.85 - Bolt Shear Resistance Factor
dp = 0.75 in - Bolt Diameter
C = 2.7549 - Calculated Bolt Group Coefficient
= 0.3 - Mean Slip Coefficient
Ny = 2 - Number of Slip Planes
hy =1 -Filler Factor for SC Bolts
Ty, = 28 kip - Minimum Bolt Pretension
AISC 360-16 ChaE;;t‘e(rjjj?ﬁ ¢R,, - Design Bolt Shear Capacity
Ry =¢ Dy hyTy N, C
¢R, = (0.85) x (0.3) x (1.13) x (1) x (28 kip) x (2) x (2.7549)
PR, = 44.454 kip
Result: PASS
Demand over Capacity Ratio
_ R _ (16651kp)
DCR = $Rn — (44.454 kip) 0.37456

AISC 360-16 Chapter J3.10
Eq. (/3-6a)

Check No. 3: Design Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Beam Side
Calculate the bolt bearing capacity of the double angle.

dp = 0.75 in - Bolt Diameter

toLat,col,bm = 0.5 in - Beam Double Angle Thickness

Fyat colbm = 58 ksi - Beam Double Angle Tensile Stress

C = 2.7549 - Calculated Bolt Group Coefficient

¢ = 0.75 - Bolt Bearing Resistance Factor

@Ry bearing - Design Bolt Bearing Capacity of Section

¢Rn bearing = ¢ 2.4dy, [Z(tiL.at.cal,bm)] Fu,at.ml.bm C
DRy, bearing = (0.75) x 2.4 x (0.75 in) x (1 in) x (58 ksi) x (2.7549)

&Ry tearing = 215.71 kip

Calculate the clear distance of outer bolts on double angle.
L., = 1.5 in - Vertical Edge Distance at Double Angle
dj, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle
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AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter |3.10
Eq. (J3-6a)

AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter J3.10

l.1 - Clear Distance at First Bolt Row

la = Ley — -5

(0.8125 in)

= (L5 in) - ——

ler = 1.0938 in

Calculate the clear distance of inner bolts on double angle.
s, = 3 in - Bolt Row Spacing
d, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle

Iz - Clear Distance at Rest of Bolts

ly = sy —dp
leo = (3 in) — (0.8125 in)

lep = 2.1875 in

Calculate the bolt tear-out capacity of the double angle.
I,y = 1.0938 in - Clear Distance at First Bolt Row

le2 = 2.1875 in - Clear Distance at Rest of Bolts

ta1,at,colbm = 0.5 in - Beam Double Angle Thickness

Fyat colbm = 58 ksi - Beam Double Angle Tensile Stress

C = 2.7549 - Calculated Bolt Group Coefficient

n, = 4 - Number of Bolt Rows

¢ = 0.75 - Bolt Bearing Resistance Factor

PRy, tearout - Design Bolt Tear-out Capacity of Section

C
R seanont = & (1211 (20210t 01m)] Futotimn + 1.2 s (20621, 000m)] Fat ot (e — 1] (E)

GRo tearout = (0.75) x [1.2 x (1.0938 in) x (1 in) x (58 ksi) + 1.2 x (2.1875 in) x (1 in) x (58 ksi) x ((4) — 1)] x ( @
ORy_tearout = 275.25 kip

Determine the governing bearing and tear-out capacity of the bolt group on double angle.

GRy;, bearing = 215.71 kip - Design bolt bearing capacity of double angle

SRy, tearowt = 275.25 kip - Design bolt tear-out capacity of double angle
¢R,, - Governing Design Capacity

@Ry = min (dRy_vearing D Ro_tearout)
$ Ry = min ((215.71 kip) , (275.25 kip))

SR, = 215.71 kip

Result:
Demand over Capacity Ratio
_ Vita _ _(1kip)
DCR = ¢R.  (215.71 kip) 0.050995

(2.7549)

)

PASS

AISC 360-16 Chapter J3.10
Eq. (J3-6a)

Check No. 4: Design Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Beam Side due to Axial Load
Calculate the bolt bearing capacity of the double angle.

dy, = 0.75 in - Bolt Diameter

taL,at,colym = 0.5 in - Beam Double Angle Thickness

Fyat colbm = 58 ksi - Beam Double Angle Tensile Stress

C = 2.7549 - Calculated Bolt Group Coefficient

¢ = 0.75 - Bolt Bearing Resistance Factor

@Ry, bearing - Design Bolt Bearing Capacity of Section
ORy bearing = ¢ 2.4 dy [2(tar,at,cotm)] Fuat,cotpm C
O Rn_bearing = (0.75) x 2.4 x (0.75 in) x (1 in) x (58 ksi) x (2.7549)

ORy, pearing = 215.71 kip

Calculate the clear distance of outer bolts on double angle.
L., = 2 in - Horizontal Edge Distance at Double Angle
dy, = 1 in - Horizontal Bolt Hole Dimension at Double Angle

l.1 - Clear Distance at First Bolt Row

d
e = Len — 7"
X (1 in)
la = (2in) — 2
la=15in

Calculate the clear distance of inner bolts on double angle.
S = 0 in - Bolt Column Spacing

dj, = 1 in - Horizontal Bolt Hole Dimension at Double Angle

leo - Clear Distance at Rest of Bolts
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AISC 360-16 Chapter /3.10
Eq. (3-60)

AISC 360-16 Chapter /3.10
Eq. (/3-68)

AISC 360-16 Chapter /3.10
Eq. (j3-60)

AISC 360-16 Chapter J3.10

lep=8c—dh

leo = (0in) — (1in)

lep=—1in
Calculate the bolt tear-out capacity of the double angle.
ls1 = 1.5 in - Clear Distance at First Bolt Row
leos = —1 in - Clear Distance at Rest of Bolts
2L, at,col,hm = 0.5 in - Beam Double Angle Thickness
Fyatcolpm = 58 ksi - Beam Double Angle Tensile Stress
C = 2.7549 - Calculated Bolt Group Coefficient
n. = 1 - Number of Bolt Columns
¢ = 0.75 - Bolt Bearing Resistance Factor
@Ry tearout - Design Bolt Tear-out Capacity of Section
C
SRy tearout = ¢ [1.21e1 [2(tar,at,cotpm)] Fusat,cotpm + 1.2 lea [2(tar,at,cotpm)] Fuat,cotpm (ne — 1)] <n—c>
. R . X . X (2.7549)
SR tearout = (0.75) x [1.2 x (1.5 in) x (1in) x (58 ksi) + 1.2 x (—1in) x (1 in) x (58 ksi) x ((1) —1)] x <T)

ORy, tearout = 215.71 kip

Determine the governing bearing and tear-out capacity of the bolt group on double angle.

GRy, bearing = 215.71 kip - Design bolt bearing capacity of double angle

@Ry, tearout = 215.71 kip - Design bolt tear-out capacity of double angle

@R, - Governing Design Capacity

SRy = min (¢Rn bearings $Ron_tearout)
¢ R, = min ((215.71 kip) , (215.71 kip))

$R,, = 215.71 kip

Result: PASS
Demand over Capacity Ratio
_ By (125kp)
DCR = R = G 0.057947
Check No. 5: Shear and Axial Interaction of Bolt Bearing/Tearout in Double Angle
Calculate the shear and axial interaction of bolt bearing/tearout capacities in the double angle.
Viotal = 11 kip
Py, = 12.5 kip
Interaction - Shear and Axial Interaction
Interaction =
11 kij 2 12.5 kip) \*
Interaction = ( ( p)' ) + ( ( p) >
(215.71 kip) (215.71 kip)
Interaction = 0.07719

Result: PASS

Demand over Capacity Ratio

_ Interaction _ (007719)
DCR = fggtien — —0es = 0.07719

AISC 360-16 Chapter |3.10
Eq. (J3-6a)

Check No. 6: Design Capacity of the Bolt Group in Bearing and Tear-out on Beam Web
Calculate the bolt bearing capacity of the beam web.

dy, = 0.75 in - Bolt Diameter

twbm = 0.355 in - Beam Web Thickness

Fypm = 65 ksi - Beam Tensile Stress

C = 2.7549 - Calculated Bolt Group Coefficient

¢ = 0.75 - Bolt Bearing Resistance Factor

@Ry, bearing - Design Bolt Bearing Capacity of Section
SR bearing = ¢ 2.4 dp tupm Fupm C
ORy pearing = (0.75) x 2.4 x (0.75 in) x (0.355 in) x (65 ksi) x (2.7549)

&R _bearing = 85.818 kip

Calculate the clear distance of inner bolts on beam web.
s, = 3 in - Bolt Row Spacing

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Beam Web
le2 - Clear Distance at Rest of Bolts

ley = s, —dp
le2 = (3 in) — (0.8125 in)

lez = 2.1875 in

Calculate the bolt tear-out capacity of the beam web.
l.s = 2.1875 in - Clear Distance at Rest of Bolts
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twbm = 0.355 in - Beam Web Thickness

Fypm = 65 ksi - Beam Tensile Stress

C = 2.7549 - Calculated Bolt Group Coefficient
¢ = 0.75 - Bolt Bearing Resistance Factor

AISC 360-16 ChaEptsrB.lO

q. (3-6¢) @Ry, tearout - Design Bolt Tear-out Capacity of Section

SRy tearout = ¢ 1.2 lea tu,pm Fupm C
GRon tearont = (0.75) x 1.2 x (2.1875 in) x (0.355 in) x (65 ksi) x (2.7549)

ORy, tearout = 125.15 kip

Determine the governing bearing and tear-out capacity of the bolt group on beam web.

AISC 360-16 Chapter J3.10
Eq. (/3-6a)

AISC 360-16 Chaé’;fa?_gg @Ry, tearout = 125.15 kip - Design bolt tear-out capacity of beam web

GR . bearing = 85.818 kip - Design bolt bearing capacity of beam web

AISC 360-16 Chapter J3.10 | @R, - Governing Design Capacity
¢Rn = min (¢Rn bearing) ¢Rn teaTmLt)

¢R,, = min ((85.818 kip) , (125.15 kip))

$R, = 85.818 kip

Result: .
Demand over Capacity Ratio

_ Vietw _ (11 kip)
DOR=Sh = (85.818 kip) 0.12818

Check No. 7: Design Capacity of the Bolt Group in Bearing and Tear-out on Beam Web due to Axial Load
Calculate the bolt bearing capacity of the beam web.

dy = 0.75 in - Bolt Diameter

twbm = 0.355 in - Beam Web Thickness

Fypm = 65 ksi - Beam Tensile Stress

C = 2.7549 - Calculated Bolt Group Coefficient

¢ = 0.75 - Bolt Bearing Resistance Factor

AISC 360-16 Chﬁe(r/{f_'sla? d)RnJ,emmg - Design Bolt Bearing Capacity of Section

S Ry_vearing = ¢ 2.4 dp twpm Fupm C
SR bearing = (0.75) x 2.4 x (0.75 in) x (0.355 in) x (65 ksi) x (2.7549)

& Ro_bearing = 85.818 kip

Calculate the clear distance of outer bolts on beam web.
L., = 2 in - Horizontal Edge Distance at Beam Web

dp, = 0.8125 in - Horizontal Bolt Hole Dimension at Beam Web
le1 - Clear Distance at First Bolt Row

d
lo = Lo —
0.8125 i
lo = (2in) — %

ler = 1.5938 in

Calculate the clear distance of inner bolts on beam web.
sc = 0 in - Bolt Column Spacing

dy, = 0.8125 in - Horizontal Bolt Hole Dimension at Beam Web
lea - Clear Distance at Rest of Bolts

lep=8c—dn
Ly = (0 in) — (0.8125 in)

l.o = —0.8125 in

Calculate the bolt tear-out capacity of the beam web.
.1 = 1.5938 in - Clear Distance at First Bolt Row

leo = —0.8125 in - Clear Distance at Rest of Bolts

tw,bm = 0.355 in - Beam Web Thickness

Fypm = 65 ksi - Beam Tensile Stress

C = 2.7549 - Calculated Bolt Group Coefficient

ne. = 1 - Number of Bolt Columns

@ = 0.75 - Bolt Bearing Resistance Factor

AISC 360-16 Chaé’;%gglg SRy, tearout - Design Bolt Tear-out Capacity of Section

C
B searont = & [12 Lot Fatn + 1.2 Lt Fups (e — 1)] (—)

ne

(21510

SR tearout = (0.75) x [1.2 x (1.5938 in) x (0.355 in) x (65 ksi) + 1.2 x (—0.8125 in) x (0.355 in) x (65 ksi) x (1) — 1)] x ( @

ORy tearout = 91.182 kip

Determine the governing bearing and tear-out capacity of the bolt group on beam web.
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AISC 360-16 Chapter J3.10
Eq. (J3-6a)

AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter J3.10

GR;;, bearing = 85.818 kip - Design bolt bearing capacity of beam web

SRy tearout = 91.182 kip - Design bolt tear-out capacity of beam web
¢R,, - Governing Design Capacity

@Ry = min (R bearings DR tearout)
$R, = min ((85.818 kip) , (91.182 kip))

$R,, = 85.818 kip

Result: PASS
Demand over Capacity Ratio
_ By _ _(125kp)
DCR = $R. (85818 kip) 0.14565
Check No. 8: Shear and Axial Interaction of Bolt Bearing/Tearout on Beam Web
Calculate the shear and axial interaction of bolt bearing/tearout capacities in the beam web.
Viotal = 11 kip
Py, = 12.5 kip
Interaction - Shear and Axial Interaction
2 2
Interaction = (Vmal ) + < Do )
R, Ry,
11 ki ? 12.5 kip) '\’
Interaction = < ( p)- ) + ( ( p) )
(85.818 kip) (85.818 kip)
Interaction = 0.19402
Result: PASS

Demand over Capacity Ratio

DOR = Interacion _ (0v1(9402) — 0.19402

AISC 360-16 Chapter J4.3
Eq. (/4-5)

Check No. 9: Design Capacity of Double Angle in Block Shear at Beam Side
Calculate the net area of the double angle subject to tension.

2L, at,col,hm = 0.5 in - Beam Double Angle Thickness

n. = 1 - Number of Bolt Columns

$c = 0 in - Bolt Column Spacing

L., = 2 in - Horizontal Edge Distance at Double Angle

dy, = 1 in - Horizontal Bolt Hole Dimension at Double Angle

A, - Net Area Subject to Tension (L-pattern)

Ant = 2(tar.atcolpm)] [(ne —1) sc + Len — (ne — 0.5) (dj + 0.0625 in)]

Ap = (1in) x [(1) — 1) x (0 in) + (2 in) — (1) — 0.5) x (1 in) + (0.0625 in))]

Ay = 1.4688 in®

Calculate the gross area of the double angle subject to shear.
taL, at,colbm = 0.5 in - Beam Double Angle Thickness

L., = 1.5 in - Vertical Edge Distance at Double Angle
n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

As,v - Gross Area Subject to Shear (L-pattern)

Agy = [2(t2rat.colbm)] [Lev + (nr — 1) 5]
Agy = (1in) x [(1.5 in) + ((4) — 1) x (3 in)]

Agy =10.5 in®

Calculate the net area of the double angle subject to shear.
t21,at.colbm = 0.5 in - Beam Double Angle Thickness

Lspat colpm = 12 in - Beam Double Angle Length

L., = 1.5 in - Vertical Edge Distance at Double Angle

n, = 4 - Number of Bolt Rows

dj, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle
A, - Net Area Subject to Shear (L-pattern)

Any = [2(tar.at,colbm)] [L2rateolbm — Lev — (nr — 0.5) (dp + 0.0625 in)]
A= (Lin) x [(12 in) — (1.5 in) — ((4) — 0.5) x ((0.8125 in) + (0.0625 in))]

Ay, = 7.4375 in®

Calculate the design block shear capacity of the double angle.
Fyatcolbm = 58 ksi - Beam Double Angle Tensile Stress

Ay, = 7.4375 in® - Net Area Subject to Shear (L-pattern)

Ups = 1 - Uniformity factor

A, = 1.4688 in? - Net Area Subject to Tension (L-pattern)

Fy at,col,bm = 36 ksi - Beam Double Angle Yield Stress

Ay =105 in? - Gross Area Subject to Shear (L-pattern)

¢ = 0.75 - Block Shear Resistance Factor

@R, - Design Block Shear Capacity of Section

ORy, = ¢ (0.6 Fuat,cotbm Anv + Uss Fuat,cotpm Ant < 0.6 Fyat cottm Ago + Uss Fuat,cotpm Ant)
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$R, = (0.75) x (0.6 x (58 ksi) x (7.4375 in®) + (1) x (58 ksi) x (1.4688 in”) < 0.6 x (36 ksi) x (10.5 in) + (1) x (58 ksi) x (1.4688 in?))

¢ R, = 233.99 kip

Result: o
Demand over Capacity Ratio

_ Vigtw _ (11 kip)
DOR = 3" = Girao g = 004701

Check No. 10: Design Capacity of Double Angle in Block Shear at Beam Side due to Axial Load
Calculate the net area of the double angle subject to tension.

t2L,at,col,pm = 0.5 in - Beam Double Angle Thickness

n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

L., = 1.5 in - Vertical Edge Distance at Double Angle

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle

A, - Net Area Subject to Tension (L-pattern)

Ant = [2(taz.at.cotom)] (77 — 1) 87 + Ley — (n, — 0.5) (dp + 0.0625 in)]
Ap = (Lin) x [((4) —1) x (3 in) + (1.5 in) — ((4) — 0.5) x ((0.8125 in) + (0.0625 in))]

Ay = 7.4375 in?

Calculate the gross area of the double angle subject to shear.
ta1,at.colbm = 0.5 in - Beam Double Angle Thickness

L., = 2 in - Horizontal Edge Distance at Double Angle

ne. = 1 - Number of Bolt Columns

s = 0 in - Bolt Column Spacing

A_(,,, - Gross Area Subject to Shear (L-pattern)

Ay = [2(tar at colbm)] [Len + (ne — 1) 5]
Ay = (Lin) x [(2in) + (1) — 1) x (0 in)]

Ay =2in®

Calculate the net area of the double angle subject to shear.
2L at col,bm = 0.5 in - Beam Double Angle Thickness

LNsSLpm = 5 in - Beam Double Angle Leg at Beam Side

ga = 3 in - Double Angle Gage

ne. = 1 - Number of Bolt Columns

dj, = 1 in - Horizontal Bolt Hole Dimension at Double Angle

A, - Net Area Subject to Shear (L-pattern)

Any = [2(tarat,colpm)] [LNSLpm — ga — (e — 0.5) (dh + 0.0625 in)]
Ao = (1in) x [(5 in) — (3in) — ((1) — 0.5) x (1 in) + (0.0625 in))]

Ay, = 1.4688 in?

Calculate the design block shear capacity of the double angle.
Fyat colbm = 58 ksi - Beam Double Angle Tensile Stress

A, = 1.4688 in? - Net Area Subject to Shear (L-pattern)

Ups = 1 - Uniformity factor

At = 7.4375 in? - Net Area Subject to Tension (L-pattern)

F, at,col,tm = 36 ksi - Beam Double Angle Yield Stress

Ay =2 in? - Gross Area Subject to Shear (L-pattern)

¢ = 0.75 - Block Shear Resistance Factor

AISC 360-16 Ch%%t.e(rjﬁffgj @R, - Design Block Shear Capacity of Section

¢Rn = ¢ (0.6 Fyat,colbm Anv + Uss Fuat,colm Ant < 0.6 Fyat copm Ago + Uss Fuat,colbm Ant )
$Rn = (0.75) x (0.6 x (58 ksi) x (1.4688 in®) + (1) x (58 ksi) x (7.4375 in®) < 0.6 x (36 ksi) x (2 in®) + (1) x (58 ksi) x (7.4375 in?))

$R,, = 355.93 kip

Result: L
Demand over Capacity Ratio

_ T _ _(125kip)
DCR = SR G0 ED) 0.035118

Check No. 11: Shear and Axial Interaction of Block Shear in Double Angle

Calculate the shear and axial interaction of block shear capacities in the double angle.
Viotas = 11 kip

Tiotar = 12.5 kip

Interaction - Shear and Axial Interaction

N2 s N2
Interaction = Viotal + Tiotal
¢Ry #R,

11 ki ? 12,5 kip) \?
Interaction = ( ( ip) ) + ( ( ip) )
(233.99 kip) (355.93 kip)

Interaction = 0.058679
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Result:
Demand over Capacity Ratio
cracti 0.058679
DCR = teection _ CORT) _ ,038679

PASS

AISC 360-16 Chapter J4.2
Eq. (j4-3)

AISC 360-16 Chapter J4.2
Eq. (J4-4)

AISC 360-16 Chapter /4.2
Eq. (/4-3)
AISC 360-16 Chapter /4.2
Eq. (j4-4)

AISC 360-16 Chapter J4.2

Check No. 12: Design Capacity of Double Angle in Shear at Beam Side

Calculate the gross area of double angle subj to yi

Lor atcolbm = 12 in - Beam Double Angle Length
ta1,at.colbm = 0.5 in - Beam Double Angle Thickness

Agy - Section Gross Area

Agy = Lop at cotpm [2(t2L,at,colpm)]
Ay = (121in) x (1in)

Agy = 121in?

Calculate the shear yielding capacity of the double angle.
Fy at,col,bm = 36 ksi - Beam Double Angle Yield Stress

Ay =12 in? - Section Gross Area

¢ =1 - Shear Yielding Resistance Factor

@R, s, - Design Shear Yielding Capacity of Section

BRn_sy = ¢ 0.6 Fyatcolom Ago
GRn sy = (1) x 0.6 x (36 ksi) x (12 in®)

OR, o = 259.2 kip

Calculate the net area of double angle subject to rupture.
tar,at.colym = 0.5 in - Beam Double Angle Thickness

Log atcotpm = 12 in - Beam Double Angle Length

n, = 4 - Number of Bolt Rows

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle
A, - Section Net Area

Any = [2(tar,at,cotpm)] [LaLat,colom — T (dp 4 0.0625 in)]
Apy = (1in) x [(12 in) — (4) x ((0.8125 in) + (0.0625 in))]

Apy = 8.5 n?

Calculate the shear rupture capacity of the double angle.
Fyat colpm = 58 ksi - Beam Double Angle Tensile Stress

A,y = 8.5 in? - Section Net Area
¢ = 0.75 - Shear Rupture Resistance Factor

¢R,,_s - Design Shear Rupture Capacity of Section

ORy sr = ¢ 0.6 Fy ot cotpm Anv
GRu s = (0.75) x 0.6 x (58 ksi) x (8.5 in?)

$R, . = 221.85 kip

Determine the governing shear capacity of the double angle.

¢R, s, = 259.2 kip - Design shear yielding capacity of double angle

PR, s = 221.85 kip - Design shear rupture capacity of double angle
¢R,, - Governing Design Capacity

Ry, = min (¢Rn_sy, pRn_sr)
GR,, = min ((259.2 kip) , (221.85 kip))

$R, = 221.85 kip

Result:
Demand over Capacity Ratio
_ Vita _ _(1kip)
DCR = ¢R. ~ (221.85 kip) 0.049583

PASS

Check No. 13: Design Capacity of Double Angle in Flexure Using Double Coped Procedure at Beam Side
Calculate and compare upper and lower limits.

E = 29000 ksi - Modulus for Steel

Fy at,col,bm = 36 ksi - Beam Double Angle Yield Stress

Lysr, = 3 in - Unbraced Length at Double Angle

Loratcolpm = 12 in - Beam Double Angle Length

tar, at.colym = 0.5 in - Beam Double Angle Thickness

Depth to Thickness Ratio
Lyd _ (3 in)><(12‘ in) — 144

2 (0.5 in)?
Depth to Thickness Ratio Lower Limit
0.08E _ 0-08x(29000 ksi)

T @6 ) = 64.444
Depth to Thickness Ratio Upper Limit
198 1.9 (29000 ksi)

B = S = 15306
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AISC 15th Edition pg. (9-9)
Eq. (9-15)

AISC 15th Edition pg. (9-9)
Eq. (9-15)

AISC 360-16 Chapter
F11.2 Eq. (F11-2)

AISC 360-16 Chapter
F11.2 Eq. (F11-2)

Lyd Lyd
2 and =5 < L9E

so, % and —- < 4

0.08E
<

Calculate the plastic section modulus of the double angle.
taLat,colym = 0.5 in - Beam Double Angle Thickness

Lorat cotpm = 12 in - Beam Double Angle Length

Plastic Section Modulus

taL,atcotbm (LaL.at.colm)’ _ (05 in)x((12 in))?
4 - 1

Z = =18 in®

Calculate the elastic section modulus of the double angle.
ta1,at.colbm = 0.5 in - Beam Double Angle Thickness

Loratcolm = 12 in - Beam Double Angle Length
Elastic Section Modulus

2 . .
tarateoltm (LaLateolpm)” (0.5 in)x ((12 in))®
- 6

_ —12in3
S= 5 =12in

Calculate the lateral torsional buckling modification factor.
Lo, = 3 in - Unbraced Length at Double Angle

Lsp,at colpm = 12 in - Beam Double Angle Length

der, = 0 in - Double Angle Cope Depth (Assumed 0)

C}, - Lateral-Torsional Buckling Modification Factor

Ly dear
Cp,:[3+ln( ; )} <1_ )2134
Lo at colpm Lot at colpm

= P““( ((132123)” - <1 - ((102120 =1

Cy=1.84

Calculate the flexural capacity of the double angle.
Cj, = 1.84 - Lateral-Torsional Buckling Modification Factor

% = 144 - Depth to Thickness Ratio
Fy at,col,bm = 36 ksi - Beam Double Angle Yield Stress
E = 29000 ksi - Modulus for Steel

S = 12 in? - Elastic Section Modulus

Z = 18 in® - Plastic Section Modulus

@ = 0.9 - Flexure Resistance Factor

@M, - Design Flexural Capacity of Coped Section

F
oM, = ¢ [Cb [1.52 —0.274 (%) (%"’bm)] FyatcotimS < Fyat.colpm Z] 2

(36 ksi)

M, = (0.9) x [(1,84) x {152 —0.274 x ((144)) x (7(29000 si)

)] x (36 ksi) x (12 in®) < (36 ksi) x (18 inf‘)] x 2

$M, = 97.2 kip-ft

Calculate the equi shear ity of the double angle.

@M, = 97.2 kip-ft - Design Flexural Capacity of Coped Section

Lysr, = 3 in - Unbraced Length at Double Angle

¢V, - Design Capacity of Single Plate in Bending

OM;,

v, —
W Lysr

(97.2 kip-ft)

o = (3 in)

¢V, = 388.8 kip

Result: PASS
Demand over Capacity Ratio
_ View _ _(1kip)
DCR = e = s ED) 0.028292
Check No. 14: Shear and Moment Interaction of Double Angle at Beam Side
Calculate the shear and moment interaction of the double angle.
V, =11 kip
Moment at Component
M, =V, Lyo, = (11 kip) x (3 in) = 2.75 kip-ft
AISC 360-16 Chez;ge(r]{f‘.s @V, = 259.2 kip - Design shear yielding capacity of double angle
AIS(’_;ii‘fg—lEgC(I;?;Ith)r @M, = 97.2 kip-ft - Design Flexural Capacity of Double Angle
AISC 15th E‘;’g)ogqu(lgg) I+ - Interaction for Shear Yielding/Buckling and Flexure
2 2
\Z M,
w-(a%) + ()
Va SM,
I ( (11 kip) )2 N ((2.75 kip-ft)>2
"\ (259.2 kip) (97.2 kip-ft)
I,y = 0.0026015
Result: PASS
Demand over Capacity Ratio
DOR =1t — —“"‘":23‘”5) — 0.0026015
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Check No. 15: Design Capacity of Double Angle in Tension
Calculate the tensile yielding capacity of the double angle.
¢ = 0.9 - Tensile Yielding Resistance Factor

B,

t21 at.colbm = 0.5 in - Beam Double Angle Thickness

at,colpm = 36 ksi - Beam Double Angle Yield Stress

Lspatcolpm = 12 in - Beam Double Angle Length
AISC 360-16 Chi%t‘e(rj{ﬁﬁ ¢R,, 1, - Design Tension Yielding Capacity of Section

SRy, 1y = ¢ Fyat,copm [2(t2L,at,cotpm)] LaL,at colbm
&R, 1y = (0.9) x (36 ksi) x (1 in) x (12 in)

SR, 1y = 388.8 kip

Calculate the tensile rupture capacity of the double angle.
¢ = 0.75 - Tensile Rupture Resistance Factor

Fyat colpm = 58 ksi - Beam Double Angle Tensile Stress

2L, at,col,bm = 0.5 in - Beam Double Angle Thickness

Lor atcotpm = 12 in - Beam Double Angle Length

n, = 4 - Number of Bolt Rows

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Double Angle

AISC 360-16 Ch%;;t.e(r/%.z.s @R, ¢ - Design Tension Rupture Capacity of Section

GRn_tr = & Fuatcotpm [2(taratcotbm)] [LaLatcolom — nr (dn + 0.0625 in)]
GRn 1 = (0.75) x (58 ksi) x (1 in) x [(12 in) — (4) x ((0.8125 in) + (0.0625 in))]

GRy 1 = 369.75 kip

Determine the governing tensile capacity of the double angle.
AISC 360-16 Chak%te(rj{ﬁil) R, 1, = 388.8 kip - Design Tension Yielding Capacity of Section

AISC 360-16 Chak%t‘e(rjigl) PR, ¢ = 369.75 kip - Design Tension Rupture Capacity of Section

AISC 360-16 Chapter J4.2 | ¢R,, - Governing Design Capacity

¢R, = min (¢R, 1y, R 1)
6R, = min ((388.8 kip) , (369.75 kip))

SR, = 369.75 kip

Result: PASS
Demand over Capacity Ratio

 Ta . (125kip)
DCR = ¢R.  (369.75 kip) 0.033806

Check No. 16: Tension and Flexure Interaction of the Double Angle
Calculate the tension and flexure interaction of the double angle.
Tiotar = 12.5 kip

V, =11 kip

Interaction - Tension and Flexure Interaction

. Tiotal Vi
Interaction = ——— + ——
2¢0R, @V,
(12.5 kip) (11 kip)

Interaction = - -
2 x (369.75 kip) ~ (388.8 kip)

Interaction = 0.045195

Result: PASS
Demand over Capacity Ratio

DCR — Inte;u[;twn _ (0015195) 45105
- [0

Check No. 17: Design Capacity of Double Angle in Compression
Calculate the compression buckli ity of the double angle.

¢ = 0.9 - Compression Resistance Factor

Fy at,col,bm = 36 ksi - Beam Double Angle Yield Stress
tar,at colbm = 0.5 in - Beam Double Angle Thickness
Lorat colpm = 12 in - Beam Double Angle Length

K = 1.2 - Effective Length Factor

go = 3 in - Double Angle Gage

K—TL = 12.471 - Effective Length Slenderness Ratio
Since, % < 25.

AISC 360-16 Cha&-‘ge(r]fg; @R, - Design Compressive Capacity of Section

GRn = & Fyatcolbm [2(taLat,copm)] LaLat,colbm
@Ry, = (0.9) x (36 ksi) x (1 in) x (12 in)

#R,, = 388.8 kip

Result: .
Demand over Capacity Ratio

_ Cia _ (125kip)
DCR = gt = s = 0.032149

Check No. 18: Compression and Flexure Interaction of the Double Angle

Calculate the compression and flexure interaction of the double angle.
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Clotal = 12.5 kip
V, = 11 kip

Interaction - Compression and Flexure Interaction

Interaction = Clotal 14
20R, ¢V
) (12.5 kip) (11 kip)
Interaction =

2% (388.8 kip)  (388.8 kip)

Interaction = 0.044367

Result: PASS
Demand over Capacity Ratio
DOR — Interaction _ (0.044367) 0.044367
- 1.0 o
Check No. 19: Design Capacity of Beam Web in Block Shear due to Axial Load
Calculate the net area of the beam web subject to tension.
twbm = 0.355 in - Beam Web Thickness
n, = 4 - Number of Bolt Rows
s, = 3 in - Bolt Row Spacing
dp, = 0.8125 in - Vertical Bolt Hole Dimension at Beam Web
A, - Net Area Subject to Tension (C-pattern)
Ant = twpm [(nr — 1) sp — (np — 1) (dj + 0.0625 in)]
Ap = (0.355in) x [((4) — 1) x (3 in) — ((4) — 1) x ((0.8125 in) + (0.0625 in))]

Ay = 22631 in”
Calculate the gross area of the beam web subject to shear.
twpm = 0.355 in - Beam Web Thickness
Le;, = 2 in - Horizontal Edge Distance at Beam Web
ne. = 1 - Number of Bolt Columns
S = 0 in - Bolt Column Spacing
Agy - Gross Area Subject to Shear (C-pattern)

Agy = 2twpm [Len + (ne — 1) s
Agy =2 x(0.355 in) x [(2in) + ((1) — 1) x (0 in)]
Agy = 1.42 in®
Calculate the net area of the beam web subject to shear.
twpm = 0.355 in - Beam Web Thickness
Le;, = 2 in - Horizontal Edge Distance at Beam Web
ne = 1 - Number of Bolt Columns
$. = 0 in - Bolt Column Spacing
dy, = 0.8125 in - Horizontal Bolt Hole Dimension at Beam Web
A, - Net Area Subject to Shear (C-pattern)
Any = 2twim [(ne — 1) ¢+ Len — (ne — 0.5) (d, + 0.0625 in)]
Apy = 2% (0.355in) x [((1) —1) x (0 in) 4 (2 in) — ((1) — 0.5) x ((0.8125 in) + (0.0625 in))]

Ay = 1.1094 in?
Calculate the design block shear capacity of the beam web.
Fypm = 65 ksi - Beam Tensile Stress
A, = 2.2631 in? - Net Area Subject to Tension (C-pattern)
Ups = 1 - Uniformity factor
Ay =142 in? - Gross Area Subject to Shear (C-pattern)
Fypm = 50 ksi - Beam Yield Stress
A, = 1.1094 in? - Net Area Subject to Shear (C-pattern)
¢ = 0.75 - Block Shear Resistance Factor

AISC 360-16 ChaE;;t‘e(rj{l/f;J__j @R, - Design Block Shear Capacity of Section
OR, = ¢ (0.6 Fupm Anv + Ups Fupm Ant < 0.6 Fypm Agy + Ups Fupm Ant)

$R, = (0.75) x (0.6 x (65 ksi) x (1.1094 in®) + (1) x (65 ksi) x (2.2631 in®) < 0.6 x (50 ksi) x (1.42 in®) + (1) x (65 ksi) x (2.2631 in?))

PR, = 142.28 kip
Result: PASS
Demand over Capacity Ratio

_ Tiow _ _(125kip)

DCR = SR — (RmED) 0.087854

Check No. 20: Design Capacity of Beam in Tension
Calculate the tensile rupture capacity of the beam.

¢ = 0.75 - Tensile Rupture Resistance Factor

Fypm = 65 ksi - Beam Tensile Stress

Apn = 14.7 in? - Beam Area

tw,pm = 0.355 in - Beam Web Thickness

d, = 0.8125 in - Vertical Bolt Hole Dimension at Beam Web
n, = 4 - Number of Bolt Rows

n. = 1 - Number of Bolt Columns
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AISC 360-16 Chapter D3
(Table D3.1 case 2)

AISC 360-16 Chapter J4.1
Eq. (/4-2)

s = 0 in - Bolt Column Spacing
= = 1.1395 in - Centroid of WF section

U = 0.175 - Shear Lag Factor

@R, ¢ - Design Tension Rupture Capacity of Section

GRytr =& Fupm U [Apm — nr (dp + 0.0625 in) typm)
@Ry 1 = (0.75) x (65 ksi) x (0.175) x [(14.7 in®) — (4) x ((0.8125 in) + (0.0625 in)) x (0.355 in)]

R, 1 = 114.81 kip

Result: PASS
Demand over Capacity Ratio
_ Tt _ _(125kip) _
DCR = Ry (11481 kip) 0.10887
Check No. 21: Connection Detailing Limitations at Support Side
Detailing Limitations Limit Value (in) Actual Value (in) DCR Result
Minimum Bolt Row Spacing 2.000 3.000 0.667 PASS
Maximum Bolt Row Spacing 6.000 3.000 0.500 PASS
Beam Double Angle Minimum Vertical Edge Distance 1.000 1.500 0.667 PASS
Beam Double Angle Minimum Horizontal Edge Distance 1.125 1.677 0.671 PASS
Column Minimum Horizontal Edge Distance 1.000 3.750 0.267 PASS
Minimum Bolt Gage at Column 4.375 7.000 0.625 PASS
Minimum Bolt Gage at Double Angle 3.855 7.000 0.551 PASS
Result: PASS
Demand over Capacity Ratio
q (1.125)
DCR = = — = 0.67064
(1.6775)
Check No. 22: Design Capacity of the Bolt Group in Shear at Support Side
F,, = 54 ksi - Bolt Nominal Shear Strength
F,; = 90 ksi - Bolt Nominal Tensile Strength
Nrp = 8 - Total Number of Bolts in Tension
Py, = 12.5 kip
AISC 360-16 ChapterJ3.7 | F, - Design Modified Bolt Shear Strength
. 0.84 F,,, P,
Fyy =min (13 F,, - —— 22,
Fo Np d2
0.84 x (54 ksi) x (12.5 kip
Fy, = min | 1.3 x (54 ksi) — ( ) x( 2) , (54 ksi)
(90 ksi) x (8) x (0.75 in)
Fy, = 54 ksi
dp = 0.75 in - Bolt Diameter
N; = 1 - Number of Shear Planes
Ny = 8 - Total Number of Bolts in Shear
hy = 1 - Filler Factor for Bearing Bolts
¢ = 0.75 - Bolt Shear Resistance Factor
AISC 360-16 Chaqut.e(r]é.?i(j ¢R,, - Design Bolt Shear Capacity
7T 2
PR = Fiy 7 ()" Ns Ny by
. ™ .
¢R, = (0.75) x (54 ksi) x 1 x ((0.75 1n))Z x (1) x (8) x (1)
R, = 143.14 kip
Result: PASS
Demand over Capacity Ratio
V. (1kip)
DCR = R, (143.14 kip) 0.076848

AISC 360-16 Chapter /3.10
Eq. (/3-68)

Check No. 23: Design Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Support Side
Calculate the bolt bearing capacity of the double angle.

dy = 0.75 in - Bolt Diameter

t21, at,colbm = 0.5 in - Beam Double Angle Thickness

Fyat colbm = 58 ksi - Beam Double Angle Tensile Stress

Ny = 8 - Total Number of Bolts in Shear

¢ = 0.75 - Bolt Bearing Resistance Factor

d)RnJ,emmg - Design Bolt Bearing Capacity of Section

DR bearing = ¢ 2.4 dy tar, at col,pm Fu,at,cotpm Nv
GRon pearing = (0.75) x 2.4 x (0.75 in) x (0.5 in) x (58 ksi) x (8)

@Rn bearing = 313.2 kip

Calculate the clear distance of outer bolts on double angle.
L, = 1.5 in - Vertical Edge Distance at Double Angle

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Beam Double Angle
le1 - Clear Distance at First Bolt Row
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(0.8125 in)

Iy = (1.5 in) — 5

1 = 1.0938 in

Calculate the clear distance of inner bolts on double angle.
s, = 3 in - Bolt Row Spacing

dj, = 0.8125 in - Vertical Bolt Hole Dimension at Beam Double Angle
leo - Clear Distance at Rest of Bolts

leo = s, — dy,
ley = (3 in) — (0.8125 in)

le2 = 2.1875 in

Calculate the bolt tear-out capacity of the double angle.
I,y = 1.0938 in - Clear Distance at First Bolt Row

les = 2.1875 in - Clear Distance at Rest of Bolts

t21, at.colbm = 0.5 in - Beam Double Angle Thickness

Fyat colbm = 58 ksi - Beam Double Angle Tensile Stress

Ny = 8 - Total Number of Bolts in Shear

n, = 4 - Number of Bolt Rows

¢ = 0.75 - Bolt Bearing Resistance Factor

AISC 360-16 Chaf;?g,ggg @Ry, tearout - Design Bolt Tear-out Capacity of Section

Ny
SRy tearout = ¢ [1.21c1 tar,atcolm Fuat,cotpm + 1.2 lea tar,at colpm Fuat,copm (nr — 1)) ( - )
.

& Ro_tearout = (0.75) x [1.2 x (1.0938 in) x (0.5 in) x (58 ksi) + 1.2 x (2.1875 in) x (0.5 in) x (58 ksi) x ((4) — 1)] x <@)

DRy, tearout = 399.66 kip

Determine the governing bearing and tear-out capacity of the bolt group on double angle.
AISC 360-16 Chaé;te(rjé.?.ﬁla(; @Ry, _bearing = 313.2 kip - Design bolt bearing capacity of double angle

AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter J3.10 | @R, - Governing Design Capacity

PRy, tearout = 399.66 kip - Design bolt tear-out capacity of double angle

SRy = min (¢ Rn_bearings S Ron_tearout)
#R,, = min ((313.2 kip) , (399.66 kip))

#R, = 313.2 kip

Result: PASS
Demand over Capacity Ratio

_ V. (1kp)
DCR = R, (3132 kip) 0.035121

Check No. 24: Design Capacity of the Bolt Group in Bearing and Tear-out at Support Flange
Calculate the bolt bearing capacity of the beam web.

dp = 0.75 in - Bolt Diameter

tf. = 0.71 in - Column Flange Thickness

F, . = 65 ksi - Column Tensile Stress

Ny = 8 - Total Number of Bolts in Shear

¢ = 0.75 - Bolt Bearing Resistance Factor

AISC 360-16 Chaé)ée(rjé&_‘.ﬁl{ﬁ @R, bearing - Design Bolt Bearing Capacity of Section

SRy bearing = ¢ 2.4 dp tfe Fue Ny
G Ry bearing = (0.75) x 2.4 x (0.75 in) x (0.71 in) x (65 ksi) x (8)

&R bearing = 498.42 kip

Calculate the clear distance of inner bolts on beam web.
s, = 3 in - Bolt Row Spacing

dj, = 0.8125 in - Vertical Bolt Hole Dimension at Column

leo - Clear Distance at Rest of Bolts

leo = s, — dy,
ley = (3 in) — (0.8125 in)

le2 = 2.1875 in

Calculate the bolt tear-out capacity of the beam web.
les = 2.1875 in - Clear Distance at Rest of Bolts

tse = 0.71in - Column Flange Thickness

F, . = 65 ksi - Column Tensile Stress

Ny = 8 - Total Number of Bolts in Shear

¢ = 0.75 - Bolt Bearing Resistance Factor

AISC 360-16 Chag;?@é%glg DRy, tearout - Design Bolt Tear-out Capacity of Section

DR tearout = ¢ 1.21e2 ty e Fye Ny
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AISC 360-16 Chapter J3.10

Eq. (.

3-6a)

AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter J3.10

SR tearout = (0.75) x 1.2 x (2.1875 in) x (0.71 in) x (65 ksi) x (8)

ORy_tearout = 726.86 kip
Determine the governing bearing and tear-out capacity of the bolt group on beam web.
DRy, bearing = 498.42 kip - Design bolt bearing capacity of beam web
SRy tearout = 726.86 kip - Design bolt tear-out capacity of beam web

@R, - Governing Design Capacity

@Ry = min ($ Ry bearings DR tearout)
$ Ry = min ((498.42 kip) , (726.86 kip))

SR, = 498.42 kip

Result:
Demand over Capacity Ratio
4 (11 kip)

DOR = g5 = sz ) — 002207

PASS

AISC 360-16 Chap:
E

ter j4.3

q. (j4-5)

Check No. 25: Design Capacity of Double Angle in Block Shear at Support Side

Calculate the net area of the double angle subj to

ta1,at.colbm = 0.5 in - Beam Double Angle Thickness

n. = 1 - Number of Bolt Columns

S = 0 in - Bolt Column Spacing

Lep, = 1.6775 in - Horizontal Edge Distance at Double Angle

dj, = 1 in - Horizontal Bolt Hole Dimension at Beam Double Angle
A, - Net Area Subject to Tension (L-pattern)

At = [2(tar,at,cotpm)] [(ne = 1) S + Len — (ne — 0.5) (dn + 0.0625 in)]
Ay = (1in) x [((1) = 1) x (0 in) + (1.6775 in) — ((1) — 0.5) x ((1 in) + (0.0625 in))]

Ay = 1.1462 in®

Calculate the gross area of the double angle subject to shear.
taL,at,colbm = 0.5 in - Beam Double Angle Thickness

L., = 1.5 in - Vertical Edge Distance at Double Angle

n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

Ay, - Gross Area Subject to Shear (L-pattern)

Ago = [2(t2ratcolim)] [Lev + (1 — 1) ]
Agy = (1in) x [(L5 in) + ((4) — 1) x (3 in)]

Agy =105 in®

Calculate the net area of the double angle subject to shear.
tar,at.colbm = 0.5 in - Beam Double Angle Thickness

Loratcolpm = 12 in - Beam Double Angle Length

L., = 1.5 in - Vertical Edge Distance at Double Angle

n, = 4 - Number of Bolt Rows

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Beam Double Angle
A, - Net Area Subject to Shear (L-pattern)

Any = [2(tar,atcotpm)] [Larat,colom — Lev — (nr — 0.5) (dp + 0.0625 in)]
Ay = (Lin) % [(12 in) — (15 in) — ((4) — 0.5) x ((0.8125 in) + (0.0625 in))]

Ay, = 7.4375 in®

Calculate the design block shear capacity of the double angle.
Fyat colpm = 58 ksi - Beam Double Angle Tensile Stress

Ay, = 7.4375 in? - Net Area Subject to Shear (L-pattern)

Ups = 1 - Uniformity factor

Ani = 1.1462 in? - Net Area Subject to Tension (L-pattern)

Fy at,col,bm = 36 ksi - Beam Double Angle Yield Stress

Agp =105 in? - Gross Area Subject to Shear (L-pattern)

¢ = 0.75 - Block Shear Resistance Factor

¢R,, - Design Block Shear Capacity of Section

¢Rn = ¢ (0.6 Fyat,colbm Anv + Uss Fuat,colm Ant < 0.6 Fyat cotbm Ago + Ubs Fuat,colbm Ant )

$Rn = (0.75) x (0.6 x (58 ksi) x (7.4375 in?) + (1) x (58 ksi) x (1.1462 in*) < 0.6 x (36 ksi) x (10.5 in®) + (1) x (58 ksi) x (1.1462 in?))

SR, = 219.96 kip

Result:
Demand over Capacity Ratio
Ve (11 kip)

DCR = R = G 0.050009

PASS

Check No. 26: Design Capacity of Double Angle in Shear at Support Side

Calculate the gross area of double angle to yi

Lspat colpm = 12 in - Beam Double Angle Length
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AISC 360-16 Chapter J4.2
Eq. (/4-3)

AISC 360-16 Chapter J4.2
Eq. (j4-4)

AISC 360-16 Chapter /4.2
Eq. (/4-3)
AISC 360-16 Chapter /4.2
Eq. (j4-4)

AISC 360-16 Chapter J4.2

tar at,colbm = 0.5 in - Beam Double Angle Thickness

Agy - Section Gross Area

Agy = Log at cotpm [2(t2L,at,colpm)]
Ay = (121in) x (1in)

Agy = 121in?

Calculate the shear yieldi ity of the double angle.

Fy at,col,bm = 36 ksi - Beam Double Angle Yield Stress

Agy = 12 in? - Section Gross Area
¢ = 1 - Shear Yielding Resistance Factor

d)RnJy - Design Shear Yielding Capacity of Section

ORy_sy = 0.6 Fyat colom Ago
GRn sy = (1) x 0.6 x (36 ksi) x (12 in®)

¢Ry_sy = 259.2 kip

Calculate the net area of double angle subject to rupture.
taL,at,colym = 0.5 in - Beam Double Angle Thickness

Lor at cotpm = 12 in - Beam Double Angle Length

n, = 4 - Number of Bolt Rows

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Beam Double Angle
A, - Section Net Area

Any = [2(t2r,at,copm)] [L2L,atcolbm — 17 (dp +0.0625 in)]
Apy = (1in) x [(12 in) — (4) x ((0.8125 in) + (0.0625 in))]

A,y = 8.5 in?

Calculate the shear rupture capacity of the double angle.
Fyat colbm = 58 ksi - Beam Double Angle Tensile Stress

A, = 8.5 in® - Section Net Area
¢ = 0.75 - Shear Rupture Resistance Factor

@R, s - Design Shear Rupture Capacity of Section

ORy sr = ¢ 0.6 Fy at cotpm Anv
G Rp_r = (0.75) x 0.6 x (58 ki) x (8.5 in”)

Ry o = 221.85 kip

Determine the governing shear capacity of the double angle.

¢R, s, = 259.2 kip - Design shear yielding capacity of double angle

PR, s = 221.85 kip - Design shear rupture capacity of double angle
¢R,, - Governing Design Capacity

SR, = min (¢Ry_sy, PR _sr)
GR,, = min ((259.2 kip) , (221.85 kip))

SR, = 221.85 kip

Result:
Demand over Capacity Ratio
Ve (kp)
DCR = $R. (22185 kip) 0.049583

PASS

Check No. 27: Design Capacity of Double Angle in Flexure Using Double Coped Procedure at Support Side
Calculate and compare upper and lower limits.

E = 29000 ksi - Modulus for Steel

Fy at,col,bm = 36 ksi - Beam Double Angle Yield Stress

Lyor, = 3.3225 in - Unbraced Length at Double Angle

Lorat colpm = 12 in - Beam Double Angle Length

taL,at,colbm = 0.5 in - Beam Double Angle Thickness

Depth to Thickness Ratio

Lyd (3.3225 in)x (12 in)
— = ————— =15948

2 (0.5 in)?
Depth to Thickness Ratio Lower Limit
0.08E _ 0.08x(29000 ksi)

T @6 ) = 64.444
Depth to Thickness Ratio Upper Limit
198 1.9 (29000 ksi)

e rrawe e 1530.6
0.085 Lyd Lyd 195
So, 7 < 2 and 2 < 7o

Calculate the plastic section modulus of the double angle.
tar,at.col,bm = 0.5 in - Beam Double Angle Thickness
Lor atcotpm = 12 in - Beam Double Angle Length

Plastic Section Modulus
=18 in®

7 = n =

taratcotim (DL, atcolpm)” (0.5 in)x ((12 in))*
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AISC 15th Edition pg. (9-9)
Eq. (9-15)

AISC 15th Edition pg. (9-9)
Eq. (9-15)

AISC 360-16 Chapter
F11.2 Eq. (F11-2)

AISC 360-16 Chapter
F11.2 Eq. (F11-2)

Calculate the elastic section modulus of the double angle.
taL,at,colbm = 0.5 in - Beam Double Angle Thickness

Lorat colpm = 12 in - Beam Double Angle Length

Elastic Section Modulus

taratcolm (L2Lat.colpm)’ _ (05 in)x((12 in)?

— ind
5 5 =12in

S =

Calculate the lateral torsional buckling modification factor.
Ly, = 3.3225 in - Unbraced Length at Double Angle
Loratcolbm = 12 in - Beam Double Angle Length

de2r, = 0 in - Double Angle Cope Depth (Assumed 0)

C}, - Lateral-Torsional Buckling Modification Factor

Lyt dear
Cb:[3+ln< ; ﬂ (17 )21.34
Lo at colbm Log, at colpm

c - [wn(%)] <1 (‘f;;j)) > 184

Cy=1.84

Calculate the flexural capacity of the double angle.
Cj, = 1.84 - Lateral-Torsional Buckling Modification Factor
% = 159.48 - Depth to Thickness Ratio

F, at,col,bm = 36 ksi - Beam Double Angle Yield Stress
E = 29000 ksi - Modulus for Steel

S = 12 in® - Elastic Section Modulus

Z =18 in® - Plastic Section Modulus

¢ = 0.9 - Flexure Resistance Factor

@M, - Design Flexural Capacity of Coped Section

col,

oM, = ¢ [Cb [1'52 0274 (%) (”Tb)] FyatcotmS < Fyatcotim z] 2

(36 ksi)

éM, = (0.9) x [(1.84) x {1.52—0.274 x ((159.48)) x (m

ﬂ x (36 ksi) x (12 in®) < (36 ksi) x (18 ins)] x 2

¢M, = 97.2 kip-ft

C the equi shear

ity of the double angle.
¢M,, = 97.2 kip-ft - Design Flexural Capacity of Coped Section
Ly, = 3.3225 in - Unbraced Length at Double Angle
@V, - Design Capacity of Single Plate in Bending
SM;
oV =
" Ly
B (97.2 kip-ft)
(3.3225 in)

n

¢V, = 351.06 kip

Result: PASS
Demand over Capacity Ratio
_ Vs (1kp)
DCR = W = Goiookm) 0.031334
Check No. 28: Shear and Moment Interaction of Double Angle at Support Side
Calculate the shear and moment interaction of the double angle.
V, =11 kip
Moment at Component
M, =V, Lysr, = (11 kip) x (3.3225 in) = 3.0456 kip-ft
AISC 360-16 ChaE;:;t.e(rj{;fﬁ @V, = 259.2 kip - Design shear yielding capacity of double angle
AIS(;“_i?lﬁg-i_g(—‘(/ggtg)' @M, = 97.2 kip-ft - Design Flexural Capacity of Double Angle
AISC 15th E(élg)ogquagl—g) I+ - Interaction for Shear Yielding/Buckling and Flexure
2 2
. M,
we (o) + (i)
Va oM,
s ( (11 kip) )2 . <(3.0456 kipft))2
"\ (259.2 kip) (97.2 kip-ft)
I,y = 0.0027828
Result: PASS
Demand over Capacity Ratio
DOR = % = S5 — 0.0027828

Check No. 29: Design Capacity of Double Angle in Bolt Prying
dy = 0.75 in - Bolt Diameter

n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

Tiotar = 12.5 kip

Fyatcolbm = 58 ksi - Beam Double Angle Tensile Stress

b= 3.0725 in - b prying
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F,, = 54 ksi - Bolt Nominal Shear Strength

Fi = 90 ksi - Bolt Nominal Tensile Strength

V, =11 kip

L, = 1.6775 in - Horizontal Edge Distance at Double Angle

dy, = 1 in - Horizontal Bolt Hole Dimension at Beam Double Angle
B = 29.818 kip - Available tension per bolt

[
fo1o— D
min (3.5b,s,)
1i
P (1in)
min (3.5 % (3.0725 in) , (3 in))
6 =0.66667
B
5 min(Lo +05d, 1250+ 05 d) (2 Tuw 4 Brr)
- Tiotar (dp — 2 b)
min (16775 in) + 0.5 x (0.75 in) , 1.25 x (3.0725 in) + 0.5 x (0.75 in)) x (2 x (12.5 kip) — 4 x (29.818 kip) x (4))
- (12.5 kip) x ((0.75 in) — 2 x (3.0725 in))
B=13.76
o

a = min {1,

i (:5)]

o = rino e * ()|

a =1

AISC 15th Edition Etzg_altégg tmin - Minimum thickness required to ensure an acceptable combination of fitting strength and stiffness and bolt strength

P 2.22 Tyotar (b— 0.5 dy)
"\ min (3.5, 5,) Fuatcolimne (1+80)

; 2.22 x (12.5 kip) x ((3.0725 in) — 0.5 x (0.75 in))
e min (3.5 x (3.0725 in), (3 in)) x (58 ksi) x (4) x (1 + (0.66667) x (1))

tmin = 0.25403 in

Result: PASS
Demand over Capacity Ratio
0.25403 i
DCR = o 02 50505
2L,at col bm (0.5 in)

Check No. 30: Design Capacity of Column Flange in Bolt Prying
dp = 0.75 in - Bolt Diameter

n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

V, =11 kip

Thotar = 12.5 kip

F, . = 65 ksi - Column Tensile Stress

b= 3.28in - b prying

F,, = 54 ksi - Bolt Nominal Shear Strength

F: = 90 ksi - Bolt Nominal Tensile Strength

L, = 3.75 in - Horizontal Edge Distance at Column

dp, = 0.8125 in - Horizontal Bolt Hole Dimension at Column
B = 29.818 kip - Available tension per bolt

[
o1 D
min (3.5b,s,)
so1 (0.8125 in)
7 min(3.5 x (3.28 in), (3 in))
§=0.72917
B
min (L + 0.5 dy, 1.25b + 0.5 dy) (2 Thotar — 4 Bny)
B Tiotar (dp — 2 b)
~ min((3.75 in) + 0.5 x (0.75 in), 1.25 x (3.28 in) + 0.5 x (0.75 in)) x (2 x (12.5 kip) — 4 x (29.818 kip) x (4))
B (12.5 kip) x ((0.75 in) — 2 x (3.28 in))
B =25.679
K
a =min |1 l i
N e \1-5
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AISC 15th Edition Equation
(9-19a)

(0721917) * (1 EZii)zz?;g) )H

a =1

a = min [1,

tmin - Minimum thickness required to ensure an acceptable combination of fitting strength and stiffness and bolt strength

. 2.22 Thota (b— 0.5dy)
min (3.5b,5,) Fuen, (L1+da’)

.o 2.22 x (12.5 kip) x ((3-28 in) — 0.5 x (0.75 in))
\/min (3.5 x (3.28 in), (3 in)) x (65 ksi) x (4) x (1 + (0.72917) x (1))

tmin = 0.24447 in

Result: PASS
Demand over Capacity Ratio
_ tmin _ (024447 i0)
DCR = T = Tomm 0.34433
Check No. 31: Design Capacity of Support due to Compressive Load
Calculate the web local crippling capacity of the column.
¢ = 0.75 - Web Local Crippling Resistance Factor
tw,e = 0.44 in - Column Web Thickness
Lor atcotpm = 12 in - Beam Double Angle Length
d. = 14 in - Column Depth
tf. = 0.71 in - Column Flange Thickness
F,, . = 50 ksi - Column Yield Stress
E = 29000 ksi - Modulus for Steel
AISC 360-16 Ch%;;t.e(rjélo(?j @R, i - Design Web Local Crippling Capacity of Support
; Lo at col, twe \° EF, ts,
SR e = 608 (bue) [143 (u tue Elyelie o
c tie tw,c
e (12 in) (0.44 in)\ ' (29000 ksi) x (50 ksi) x (0.71 in)
OR, wie = (0.75) x 0.8 x ((0.44 in))" x 143 x - X | — X - x (1)
(14 in) (0.71 in) (0.44 in)
SRy wie = 400.58 kip
Calculate the web local yieldi ity of the col
¢ =1 - Web Local Yielding Resistance Factor
F, . = 50 ksi - Column Yield Stress
tw.c = 0.44 in - Column Web Thickness
Kdes,c = 1.31 in - Column kdes
Lorat colbm = 12 in - Beam Double Angle Length
AISC 360-16 ChaE;geMloo_.zz)’ d)Rn,wly - Design Web Local Yielding Capacity of Support
ORy wiy = ¢ Fyetuwe (5 Kdes,e + LoLat,colpm)
ORy, wiy = (1) x (50 ksi) x (0.44 in) x (5 x (1.31 in) + (12 in))
SR, w1y = 408.1 kip
Calculate for the governing desig ity of the col
AISC 360-16 Chapter J10 ¢R,, - Governing Design Capacity of the Support
SRy = min (¢ R _uic; R _uty)
¢R, = min ((400.58 kip), (408.1 kip))
$R, = 400.58 kip
Result: PASS
Demand over Capacity Ratio
_ Cita _ _(125kip)
DCE= 9Rn (40058 kip) 0.031204

Summary of Checks
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Design Checks Demand Capacity DCR Result
Connection Detailing Limitations at Beam Side 12.000 16.000 0.750 PASS
Design Capacity of the Bolt Group in Shear at Beam Side 16.651 44.454 0.375 PASS
Design Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Beam Side 11.000 | 215.708 0.051 PASS
Eoeas(ijgn Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Beam Side due to Axial 12.500 | 215.708 0.058 PASS
Shear and Axial Interaction of Bolt Bearing/Tearout in Double Angle 0.077 1.000 0.077 PASS
Design Capacity of the Bolt Group in Bearing and Tear-out on Beam Web 11.000 85.818 0.128 PASS
Design Capacity of the Bolt Group in Bearing and Tear-out on Beam Web due to Axial Load 12.500 85.818 0.146 PASS
Shear and Axial Interaction of Bolt Bearing/Tearout on Beam Web 0.194 1.000 0.194 PASS
Design Capacity of Double Angle in Block Shear at Beam Side 11.000 | 233.991 0.047 [ PASS
Design Capacity of Double Angle in Block Shear at Beam Side due to Axial Load 12.500 | 355.931 0.035 PASS
Shear and Axial Interaction of Block Shear in Double Angle 0.059 1.000 0.059 PASS
Design Capacity of Double Angle in Shear at Beam Side 11.000 | 221.850 0.050 PASS
Design Capacity of Double Angle in Flexure Using Double Coped Procedure at Beam Side 11.000 | 388.800 0.028 PASS
Shear and Moment Interaction of Double Angle at Beam Side 0.003 1.000 0.003 PASS
Design Capacity of Double Angle in Tension 12.500 | 369.750 0.034 PASS
Tension and Flexure Interaction of the Double Angle 0.045 1.000 0.045 PASS
Design Capacity of Double Angle in Compression 12.500 | 388.800 0.032 PASS
Compression and Flexure Interaction of the Double Angle 0.044 1.000 0.044 PASS
Design Capacity of Beam Web in Block Shear due to Axial Load 12.500 | 142.277 0.088 ( PASS
Design Capacity of Beam in Tension 12.500 114.809 0.109 PASS
Connection Detailing Limitations at Support Side 1.125 1.677 0.671 PASS
Design Capacity of the Bolt Group in Shear at Support Side 11.000 | 143.139 0.077 PASS
Design Capacity of the Bolt Group in Bearing and Tear-out on Double Angle at Support Side 11.000 | 313.200 0.035 PASS
Design Capacity of the Bolt Group in Bearing and Tear-out at Support Flange 11.000 | 498.420 0.022 PASS
Design Capacity of Double Angle in Block Shear at Support Side 11.000 | 219.962 0.050 PASS
Design Capacity of Double Angle in Shear at Support Side 11.000 | 221.850 0.050 PASS
Design Capacity of Double Angle in Flexure Using Double Coped Procedure at Support Side 11.000 | 351.061 0.031 PASS
Shear and Moment Interaction of Double Angle at Support Side 0.003 1.000 0.003 | PASS
Design Capacity of Double Angle in Bolt Prying 0.254 0.500 0.508 [ PASS
Design Capacity of Column Flange in Bolt Prying 0.244 0.710 0.344 PASS
Design Capacity of Support due to Compressive Load 12.500 400.582 0.031 PASS
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