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CLOUD STRUCTURAL SOFTWARE

Column Splice Connection | AISC 360-16 ASD

Lower Column Section Properties:

‘W14x90 - Lower Column Size

dj. = 14 in - Lower Column Depth

twie = 0.44 in - Lower Column Web Thickness
by 1 = 14.5 in - Lower Column Flange Width
ts1c = 0.71 in - Lower Column Flange Thickness
Ay, = 26.5 in® - Lower Column Area

Lower Column Grade Information:

A992 - Material Grade

Fy . = 50 ksi - Lower Column Yield Stress

F ). = 65 ksi - Lower Column Tensile Stress

Upper Column Section Properties:
‘W14x90 - Upper Column Size

dye = 14 in - Upper Column Depth

twuc = 0.44 in - Upper Column Web Thickness
by e = 14.5 in - Upper Column Flange Width
tfuc = 0.71 in - Upper Column Flange Thickness
Ay = 26.5 in® - Upper Column Area

Upper Column Grade Information:

A992 - Material Grade

F,uc = 50 ksi - Upper Column Yield Stress
Fy e = 65 ksi - Upper Column Tensile Stress

Make sure columns' contact
area is prepared as fit to
bear.

Design Loads:

V. = 150 kip - Shear Load

T, = 1000 kip - Tension Load

C, = 1500 kip - Compression Load

M, = 100 kip-ft - Strong-axis Moment Load

Compression load designed for bearing

8 Fye Apng 8x i) (26.125 in®
Capng = min (Ca, L8 Bie Aong F”ﬂ ’ ’) = min ((1500 ip) , (kX GO 1) Cor )

) ) = 1175.6 kip

Clyep = 67.752 kip - Compression load at web connection. This is proportioned based on web area over the total gross area.

Compression load per flange connection
(Ca—Ca,png—Cueh) Ma ((1500 kip)—(1175.6 kip)—(67.752 kip)) (100 kipft)

Cflange = 3 T T 2 (14 in)—(0.71 in)

= 218.6 kip

Tweb = 208.88 kip - Tension load at web connection. This is proportioned based on web area over the total gross area.

Tension load per flange connection

T _ (Ta—Tua) Ma (1000 kip)—(208.88 kip)) (100 kipft)
flange = —5— * g5 = 2 (14 n)—(0.71 in)

Axial load per flange connection

Priange = ma (Tfiange, Cfiange) = maw ((485.86 kip) , (218.6 kip)) = 485.86 kip

P = 208.88 - Axial Load at Web

R, = 257.16 kip - Resultant Load at Web

= 485.86 kip

Bolt Information at Lower Column Flange Connection:
3/4in - Bolt Size

A325-SC(A) - Bolting Category

dy = 0.75 in - Bolt Diameter

Fi = 90 ksi - Bolt Nominal Tensile Strength

F,, = 54 ksi - Bolt Nominal Shear Strength

N, = 1 - Number of Slip Planes

OVS - Bolt Hole Type at Flange Plate

STD - Bolt Hole Type at Column Flange

Bolt Information at Upper Column Flange Connection:
3/4in - Bolt Size

A325-SC(A) - Bolting Category

dp = 0.75 in - Bolt Diameter

F,i = 90 ksi - Bolt Nominal Tensile Strength

F,, = 54 ksi - Bolt Nominal Shear Strength

N = 1 - Number of Slip Planes

OVS - Bolt Hole Type at Flange Plate

STD - Bolt Hole Type at Column Flange

Bolt Information at Lower Column Web Connection:
3/4in - Bolt Size

A325-SC(A) - Bolting Category

dy = 0.75 in - Bolt Diameter

Fpt = 90 ksi - Bolt Nominal Tensile Strength

F,, = 54 ksi - Bolt Nominal Shear Strength

N, = 1 - Number of Slip Planes

OVS - Bolt Hole Type at Web Plate

STD - Bolt Hole Type at Column Web

Bolt Information at Upper Column Web Connection:
3/4in - Bolt Size

A325-SC(A) - Bolting Category

dp = 0.75 in - Bolt Diameter

Connection Design Report

Page 1 of 36




F,+ = 90 ksi - Bolt Nominal Tensile Strength
F,, = 54 ksi - Bolt Nominal Shear Strength
N = 1 - Number of Slip Planes

OVS - Bolt Hole Type at Web Plate

STD - Bolt Hole Type at Column Web
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Flange Plate Connection at Lower Column | AISC 360-16 ASD

Flange Plate Geometry:

b, = 11 in - Flange Plate Width

Lyj, = 20 in - Flange Plate Length

tsp = 1 in - Flange Plate Thickness

Flange Plate Material Grade:

F,, = 50 ksi - Flange Plate Yield Stress

F,, = 65 ksi - Flange Plate Tensile Stress
Connection Information at Flange Plate:

n, = 2 - Number of Bolt Rows

go = 7 in - Bolt Gage

ne = 3 - Number of Bolt Columns

Sc = 3 in - Bolt Column Spacing

Distances:

Ley,jp = 2 in - Flange Plate Vertical Edge Distance
Leye = 2 in - Column Flange Vertical Edge Distance
Lep,fp = 2 in - Flange Plate Horizontal Edge Distance

Lep . = 3.75 in - Column Flange Horizontal Edge Distance

Check No. 1: Connection Detailing Limitations

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

Minimum Bolt Gage 4.375 7.000 0.625 PASS

Minimum Bolt Column Spacing 2.000 3.000 0.667 PASS

Maximum Bolt Column Spacing 6.000 3.000 0.500 PASS

Flange Plate Minimum Vertical Edge Distance 1.063 2.000 0.531 PASS

Flange Plate Minimum Horizontal Edge Distance 1.063 2.000 0.531 PASS

Column Flange Minimum Vertical Edge Distance 1.000 2.000 0.500 PASS

Column Flange Minimum Horizontal Edge Distance 1.000 3.750 0.267 PASS

Result:
Demand over Capacity Ratio
(2

—d_®_
DOR =4 = {3 = 066667

PASS

AISC 360-16 Chapter J3.8
Eq. (J3-4)

Check No. 2: Allowable Capacity of the Bolts in Shear
Q = 1.5 - Bolt Shear Safety Factor

= 0.3 - Mean Slip Coefficient

D, =1.13

hy =1 - Filler Factor for SC Bolts

dy = 0.75 in - Bolt Diameter

T, = 28 kip - Minimum Bolt Pretension

N = 1 - Number of Slip Planes

n, = 2 - Number of Bolt Rows

ne = 3 - Number of Bolt Columns

% - Allowable Bolt Shear Capacity

R, _ Dy hy Ty Ns np me
Q Q

(0.3) x (1.13) x (1) x (28 kip) x (1) x (2) x (3)
(15)

R
Q

% = 37.968 kip

Result:
Demand over Capacity Ratio
(485.86 kip)

— Pange _
DCR = En (37.968 kip) 12.796
[

FAIL

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

Check No. 3: Allowable Bolt Bearing Capacity of the Flange Plate
Calculate the bolt bearing capacity of the flange plate.

Q = 2 - Bolt Bearing Safety Factor

dp = 0.75 in - Bolt Diameter

tsp = 1 in - Flange Plate Thickness

F,, = 65 ksi - Flange Plate Tensile Stress

ne = 3 - Number of Bolt Columns

n, = 2 - Number of Bolt Rows

R bearing
+ - Allowable Bolt Bearing Capacity of Section

Ry bearing 2.4 dpty, Fupne ny

Q Q

Ry, pearing 2.4 x (0.75 in) x (1 in) x (65 ksi) x (3) x (2)
@ @

Ry,_bearing

o = 351 kip

Calculate the clear distance of outer bolts on flange plate.
Ley,fp = 2 in - Flange Plate Vertical Edge Distance
dj, = 0.9375 in - Vertical Bolt Hole Dimension at Flange Plate
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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

l.1 - Clear Distance at First Bolt Row

dn
lr = Leogp — =

. (0.9375 in)
lg = (21in) — —

Iy = 1.5313 in

Calculate the clear distance of inner bolts on flange plate.
Se = 3 in - Bolt Column Spacing
dp, = 0.9375 in - Vertical Bolt Hole Dimension at Flange Plate

Iz - Clear Distance at Rest of Bolts

lep = 8¢ — dp,
lez = (3in) — (0.9375 in)

lez = 2.0625 in

Calculate the bolt tear-out capacity of the flange plate.

Iy = 1.5313 in - Clear Distance at First Bolt Row

le2 = 2.0625 in - Clear Distance at Rest of Bolts

tfp = 1 in - Flange Plate Thickness

F,, = 65 ksi - Flange Plate Tensile Stress

ne. = 3 - Number of Bolt Columns

n, = 2 - Number of Bolt Rows

) = 2 - Bolt Bearing Safety Factor

R tearout
Q

- Allowable Bolt Tear-out Capacity of Section

Ry tearouwt 121ty Fupne + 1212 tgy Fupmy (e — 1)

Q Q

Ry, tearout 1.2 x (1.5313 in) x (1 in) x (65 ksi) x (2) + 1.2 x (2.0625 in) x (1 in) x (65 ksi) x (2) x ((3) — 1)

Q (2

Ry_tearou .
Zntearout _ 441.19 kip

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

Ry bearing .

+ = 351 kip - Allowable Bolt Bearing Capacity of Section
w = 441.19 kip - Allowable Bolt Tear-out Capacity of Section
Rn

o Governing Allowable Capacity

R, . R _tearing  Ro_tearout
o =min| ————, —————

Q Q
R, . . .
- min ((351 kip) , (441.19 kip))
% = 351 kip
Result:
Demand over Capacity Ratio
_ Ppange _ (485.86 kip)
DCR = T @iEn) 1.3842
2

FAIL

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

Check No. 4: Allowable Bolt Bearing Capacity of the Column Flange
Calculate the bolt bearing capacity of the column flange.

) = 2 - Bolt Bearing Safety Factor

dy = 0.75 in - Bolt Diameter

ty1e = 0.71 in - Lower Column Flange Thickness

F, . = 65 ksi - Lower Column Tensile Stress

ne = 3 - Number of Bolt Columns

n, = 2 - Number of Bolt Rows

Ry, bearing

- Allowable Bolt Bearing Capacity of Section

Ry bearing 2.4 dptgic Fujene ny

Q Q

Robearing 24 % (0.75 in) x (0.71 in) x (65 ksi) x (3) x (2)

@ (2

Ry, bearin,
Znbearing _ 94991 kip

Calculate the clear distance of outer bolts on column flange.
Ly = 2 in - Column Flange Vertical Edge Distance
dp, = 0.8125 in - Vertical Bolt Hole Dimension at Column Flange

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 |3.10
Eq. (J3-6a)

AISC 360-16 Chapter /3.10
Eq. (J3-6¢)

AISC 360-16 Chapter J3.10

0.8125 i
lg = (2in) — %

le1 = 1.5938 in

Calculate the clear distance of inner bolts on column flange.
S = 3 in - Bolt Column Spacing

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

le2 - Clear Distance at Rest of Bolts

lo=sc—dp
Iy = (3 in) — (0.8125 in)

Iy = 2.1875 in

Calculate the bolt tear-out capacity of the column flange.
l;1 = 1.5938 in - Clear Distance at First Bolt Row
leo = 2.1875 in - Clear Distance at Rest of Bolts
tg1e = 0.71 in - Lower Column Flange Thickness
F, . = 65 ksi - Lower Column Tensile Stress
ne = 3 - Number of Bolt Columns
n, = 2 - Number of Bolt Rows
Q = 2 - Bolt Bearing Safety Factor
w - Allowable Bolt Tear-out Capacity of Section
Routearout 1.2t tpie Fugene + 121 trie Fujeny (ne —1)
Q Q

Ru tearout 1.2 % (1.5938 in) x (0.71 in) x (65 ksi) x (2) + 1.2 x (2.1875 in) x (0.71 in) x (65 ksi) x (2) x ((3) — 1)

Q &)

Ry, tearout

= 330.55 kip

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

R bearin, .

% = 249.21 kip - Allowable Bolt Bearing Capacity of Section
B rearout '{1“""“ = 330.55 kip - Allowable Bolt Tear-out Capacity of Section
R

o Governing Allowable Capacity

R, . R tearing Ro_tearout
N min [ ———— 1 edron
Q ’ Q

Q

% = min ((249.21 kip) , (330.55 kip))

R
— =249.21 ki
Q P

Result:

Demand over Capacity Ratio

_ Priange _ (485.86 kip)
DCR = Rn o (249.21 kip) 1.9496
[

FAIL

Check No. 5: Allowable Block Shear Capacity of the Flange Plate
Calculate the net area of the flange plate subject to tension.

ts, = 1 in - Flange Plate Thickness

n, = 2 - Number of Bolt Rows

s, = 0 in - Bolt Row Spacing

ga = 7 in - Bolt Gage

Len,;p = 2 in - Flange Plate Horizontal Edge Distance

dp, = 0.9375 in - Horizontal Bolt Hole Dimension at Flange Plate

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

Ap =tgp [(nr —2) 84+ ga + Len,fp — (np — 0.5) (dp 4 0.0625 in)]
A = (1in) x [((2) — 2) x (0in) + (7 in) + (2 in) — ((2) — 0.5) x ((0.9375 in) + (0.0625 in))]

An = 7.5 in’

Calculate the gross area of the flange plate subject to shear.
tsp = 1 in - Flange Plate Thickness

Ley,jp = 2 in - Flange Plate Vertical Edge Distance

ne = 3 - Number of Bolt Columns

Sc = 3 in - Bolt Column Spacing

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

Agy = tgp [Leogp + (e — 1) s
Agy = (1in) x [(21in) 4+ ((3) — 1) x (3 in)]
Agy = 8 in®
Calculate the net area of the flange plate subject to shear.

tsp = 1 in - Flange Plate Thickness

Ley,fp = 2 in - Flange Plate Vertical Edge Distance
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ne = 3 - Number of Bolt Columns

S = 3 in - Bolt Column Spacing

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

Any = tgy (Levgp + (ne — 1) s¢ — (ne — 0.5) (dy + 0.0625 in))
A = (Lin) % (2 in) + ((3) — 1) x (3in) — ((3) — 0.5) x ((0.9375 in) + (0.0625 in)))

Ay = 5.5 in?

Calculate the allowable block shear capacity of the flange plate.

Q = 2 - Block Shear Safety Factor

F,, = 50 ksi - Flange Plate Yield Stress

F,, = 65 ksi - Flange Plate Tensile Stress

Ups = 1 - Uniformity factor

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

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

At = 7.5 in - Net Area Subject to Tension (L-pattern)

AlISC 360-16 Chab%t.e(r/{ﬁ;j_j % - Allowable Block Shear Capacity of Section

Ra 06 Fup Avs + Uss Fup Aue < 0.6 Fyp Agy + Ui Fup Ave
Q Q

R, _ 0.6 (65 ksi) x (5.5 in”) + (1) x (65 ksi) x (7.5 in”) < 0.6 x (50 ksi) x (8 in?) + (1) x (65 ksi) x (7.5 in*)

o )

Rn .
— = 351 kij
Q p

Result: FAIL

Demand over Capacity Ratio

_ Piange (48586 kip)
DCR = & T @iEn) 1.3842

Q

Check No. 6: Allowable Block Shear Capacity of the Column Flange

Calculate the net area of the flange subj tot

ts1c = 0.71 in - Lower Column Flange Thickness

by 1 = 14.5 in - Lower Column Flange Width

ga = 7 in - Bolt Gage

dj, = 0.8125 in - Horizontal Bolt Hole Dimension at Column Flange
Ayt - Net Area Subject to Tension (2L-pattern)

Apt = tgie [bic — ga — (dn + 0.0625 in)]
Ap = (0.71 in) x [(14.5 in) — (7 in) — ((0.8125 in) + (0.0625 in))]

Ay = 4.7037 in?

Calculate the gross area of the column flange subject to shear.
ti1e = 0.71 in - Lower Column Flange Thickness

Ly = 2 in - Column Flange Vertical Edge Distance

ne = 3 - Number of Bolt Columns

S = 3 in - Bolt Column Spacing

Agy - Gross Area Subject to Shear (2L-pattern)

Agy = 2t0e [Leve + (ne — 1) ¢
Agy =2 x(0.711in) x [(21in) + ((3) — 1) x (3 in)]

Agy = 11.36 in®

Calculate the net area of the column flange subject to shear.
tp1e = 0.71 in - Lower Column Flange Thickness

Ley,e = 2 in - Column Flange Vertical Edge Distance

ne. = 3 - Number of Bolt Columns

Sc = 3 in - Bolt Column Spacing

d, = 0.8125 in - Vertical Bolt Hole Dimension at Column Flange
Ap, - Net Area Subject to Shear (2L-pattern)

Apy =2t (Leve + (ne — 1) sc— (n. — 0.5) (dp +0.0625 in))
Apy =2 % (0.711n) x ((2in) + ((3) — 1) x (3in) — ((3) — 0.5) x ((0.8125 in) + (0.0625 in)))

Ay = 8.2538 in®

Calculate the allowable block shear capacity of the column flange.
€ = 2 - Block Shear Safety Factor

Fy . = 50 ksi - Lower Column Yield Stress

F, . = 65 ksi - Lower Column Tensile Stress

Ups = 1 - Uniformity factor

Ay = 11.36 in? - Gross Area Subject to Shear (2L-pattern)

A, = 8.2538 in? - Net Area Subject to Shear (2L-pattern)

Apnt = 4.7037 in? - Net Area Subject to Tension (2L-pattern)

-. . Rn .
AISC 360-16 ChaE%tle(rl‘jﬁ; o - Allowable Block Shear Capacity of Section
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R, 0.6 Fujc Any + Ups Fujge Ant < 0.6 Fyie Agy + Ups Fute Ant
Q Q
R, 0.6 (65ksi) x (8.2538 in?) + (1) x (65 ksi) x (4.7037 in*) < 0.6 x (50 ksi) x (11.36 in?) + (1) x (65 ksi) x (4.7037 in?)
Q- )]
R .
— =313.82 ki
Q P
Result: FAIL
Demand over Capacity Ratio
_ Priange (48586 kip)
DCR = En o (31382 kip) 1.5482
2
Check No. 7: Allowable Capacity of the Flange Plate in Tension
Calculate the tensile yielding capacity of the flange plate.
Q = 1.67 - Tensile Yielding Safety Factor
F,, = 50 ksi - Flange Plate Yield Stress
tsp = 1 in - Flange Plate Thickness
bsp = 11 in - Flange Plate Width
AISC 360-16 Chak%t‘e(rj{éil) % - Allowable Tension Yielding Capacity of Section
Ry _ Fyptipbsp
Q Q
R, ¢ (50 ksi) x (1in) x (11 in)
Q (1.67)
Rn ity
—— =329.34 ki
Q P
Calculate the tensile rupture capacity of the flange plate.
) = 2 - Tensile Rupture Safety Factor
F,, = 65 ksi - Flange Plate Tensile Stress
tsp = 1 in - Flange Plate Thickness
bsp = 11 in - Flange Plate Width
n, = 2 - Number of Bolt Rows
dp, = 0.9375 in - Horizontal Bolt Hole Dimension at Flange Plate
AlISC 360-16 ChaE;;t.e(r/{f.Zl) % - Allowable Tension Rupture Capacity of Section
Row  Fuptp [bsp—ny (dy +0.0625 in)]
Q Q
Ry 4 (65 ksi) x (1in) x [(11 in) — (2) x ((0.9375 in) + (0.0625 in))]
Q 2
R
o 292.5 kip
Determine the governing tensile capacity of the flange plate.
- . R, . ! — ’ )
AISC 360-16 ChaE;;t.e(r/{fll) T"" = 329.34 kip - Allowable Tension Yielding Capacity of Section
AISC 360-16 ChaE‘Z,t_e@{{le) % = 292.5 kip - Allowable Tension Rupture Capacity of Section
AISC 360-16 Chapter /4.1 % - Governing Allowable Capacity
Ry oo Rnty R
Q Q’ Q
R, . .
5 = min ((329.34 kip) , (292.5 kip))
R .
— =292.5 ki
Q p
Result: FAIL
Demand over Capacity Ratio
_ Thange _ (485.86 kip)
DCR = “E T @) 1.661
{1
Check No. 8: Allowable Capacity of the Column in Tension
Calculate the tensile rupture capacity of the column.
) = 2 - Tensile Rupture Safety Factor
F, . = 65 ksi - Lower Column Tensile Stress
Aje = 26.5 in? - Lower Column Area
ts1c = 0.71 in - Lower Column Flange Thickness
dp, = 0.8125 in - Horizontal Bolt Hole Dimension at Column Flange
n, = 2 - Number of Bolt Rows
n. = 3 - Number of Bolt Columns
S = 3 in - Bolt Column Spacing
y = 1.1356 in - Centroid of WT section
AISC 360-16 Chapter D3 _
{Table D3.1 case 2) U = 0.81081 - Shear Lag Factor
AISC 360-16 ChaE%tle(r]{ﬁ.zl) % - Allowable Tension Rupture Capacity of Section
Ry FueU [0.5 Aie —n, (dp +0.0625 in) ty]
Q Q
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Ry (65ksi) x (0.81081) x [0.5 x (26.5 in%) — (2) x ((0.8125 in) + (0.0625 in)) x (0.71 in)]

Q )
R tr .
—— = 316.42 ki
Q P
Result: FAIL
Demand over Capacity Ratio
_ Thange _ (485.86 kip)
DCR = Tow G0 1.5355

Q

Check No. 9: Allowable Capacity of the Flange Plate in Compression
Calculate the compression buckling capacity of the flange plate.

€ = 1.67 - Compression Safety Factor

F,, = 50 ksi - Flange Plate Yield Stress

E = 29000 ksi - Modulus for Steel

tsp = 1 in - Flange Plate Thickness

bsp = 11 in - Flange Plate Width

K = 1.2 - Effective Length Factor

L, = 2 in - Flange Plate Unbraced Length

K—rL = 8.3138 - Effective Length Slenderness Ratio

Since, KT—L < 25.

AISC 360-16 Chaﬁ_;;t‘.e(l}{ﬁg % - Allowable Compressive Capacity of Section

Ro _ FEwtivbs

Q Q
R,  (50ksi) x (1in) x (11 in)
Q (1.67)
% = 329.34 kip
Result: PASS
Demand over Capacity Ratio
_ Cpunge _ (2186 kip)
DCR = R Gt 0.66375

Q
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Summary of Checks

Design Checks Demand Capacity DCR Result
Connection Detailing Limitations 2.000 3.000 0.667 PASS
Allowable Capacity of the Bolts in Shear 485.856 37.968 12.796 FAIL
Allowable Bolt Bearing Capacity of the Flange Plate 485.856 | 351.000 1.384 FAIL
Allowable Bolt Bearing Capacity of the Column Flange | 485.856 | 249.210 1.950 FAIL
Allowable Block Shear Capacity of the Flange Plate 485.856 | 351.000 1.384 FAIL
Allowable Block Shear Capacity of the Column Flange 485.856 | 313.820 1.548 FAIL
Allowable Capacity of the Flange Plate in Tension 485.856 | 292.500 1.661 FAIL
Allowable Capacity of the Column in Tension 485.856 | 316.415 1.535 FAIL
Allowable Capacity of the Flange Plate in Compression | 218.600 | 329.341 0.664 | PASS
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Flange Plate Connection at Upper Column | AISC 360-16 ASD

Flange Plate Geometry:

b, = 11 in - Flange Plate Width

Lyj, = 20 in - Flange Plate Length

tsp = 1 in - Flange Plate Thickness

Flange Plate Material Grade:

F,, = 50 ksi - Flange Plate Yield Stress

F,, = 65 ksi - Flange Plate Tensile Stress
Connection Information at Flange Plate:

n, = 2 - Number of Bolt Rows

go = 7 in - Bolt Gage

ne = 3 - Number of Bolt Columns

Sc = 3 in - Bolt Column Spacing

Distances:

Ley,jp = 2 in - Flange Plate Vertical Edge Distance
Leye = 2 in - Column Flange Vertical Edge Distance
Lep,fp = 2 in - Flange Plate Horizontal Edge Distance

Lep. = 3.75 in - Column Flange Horizontal Edge Distance

Check No. 1: Connection Detailing Limitations

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

Minimum Bolt Gage 4.375 7.000 0.625 PASS

Minimum Bolt Column Spacing 2.000 3.000 0.667 PASS

Maximum Bolt Column Spacing 6.000 3.000 0.500 PASS

Flange Plate Minimum Vertical Edge Distance 1.063 2.000 0.531 PASS

Flange Plate Minimum Horizontal Edge Distance 1.063 2.000 0.531 PASS

Column Flange Minimum Vertical Edge Distance 1.000 2.000 0.500 PASS

Column Flange Minimum Horizontal Edge Distance 1.000 3.750 0.267 PASS

Result:
Demand over Capacity Ratio
(2

—d_®_
DOR =4 = {3 = 066667

PASS

AISC 360-16 Chapter J3.8
Eq. (J3-4)

Check No. 2: Allowable Capacity of the Bolts in Shear
Q = 1.5 - Bolt Shear Safety Factor

= 0.3 - Mean Slip Coefficient

D, =1.13

hy =1 - Filler Factor for SC Bolts

dy = 0.75 in - Bolt Diameter

T, = 28 kip - Minimum Bolt Pretension

N; = 1 - Number of Slip Planes

n, = 2 - Number of Bolt Rows

ne = 3 - Number of Bolt Columns

R, .
x_7" - Allowable Bolt Shear Capacity

R, _ Dy hy Ty Ns np me
Q Q

(0.3) x (1.13) x (1) x (28 kip) x (1) x (2) x (3)
(15)

R
Q

% = 37.968 kip

Result:
Demand over Capacity Ratio
(485.86 kip)

— Pange _
DCR = En (37.968 kip) 12.796
[

FAIL

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

Check No. 3: Allowable Bolt Bearing Capacity of the Flange Plate
Calculate the bolt bearing capacity of the flange plate.

Q = 2 - Bolt Bearing Safety Factor

dp = 0.75 in - Bolt Diameter

tsp = 1 in - Flange Plate Thickness

F,, = 65 ksi - Flange Plate Tensile Stress

ne = 3 - Number of Bolt Columns

n, = 2 - Number of Bolt Rows

R bearing
+ - Allowable Bolt Bearing Capacity of Section

Ry bearing 2.4 dpty, Fupne ny

Q Q

Ry, pearing 2.4 x (0.75 in) x (1 in) x (65 ksi) x (3) x (2)
@ @

Ry,_bearing

o = 351 kip

Calculate the clear distance of outer bolts on flange plate.
Ley,fp = 2 in - Flange Plate Vertical Edge Distance
dj, = 0.9375 in - Vertical Bolt Hole Dimension at Flange Plate
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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 /3.10

l.1 - Clear Distance at First Bolt Row

dn
lr = Leogp — =

. (0.9375 in)
lg = (21in) — —

Iy = 1.5313 in

Calculate the clear distance of inner bolts on flange plate.
Se = 3 in - Bolt Column Spacing
dp, = 0.9375 in - Vertical Bolt Hole Dimension at Flange Plate

Iz - Clear Distance at Rest of Bolts

lep = 8¢ — dp,
lez = (3in) — (0.9375 in)

lez = 2.0625 in

Calculate the bolt tear-out capacity of the flange plate.

Iy = 1.5313 in - Clear Distance at First Bolt Row

le2 = 2.0625 in - Clear Distance at Rest of Bolts

tfp = 1 in - Flange Plate Thickness

F,, = 65 ksi - Flange Plate Tensile Stress

ne. = 3 - Number of Bolt Columns

n, = 2 - Number of Bolt Rows

€2 = 2 - Bolt Bearing Safety Factor

R tearout
Q

- Allowable Bolt Tear-out Capacity of Section

Ry tearouwt 121ty Fupne + 1212 tgy Fupmy (e — 1)

Q Q

Ry, tearout 1.2 x (1.5313 in) x (1 in) x (65 ksi) x (2) + 1.2 x (2.0625 in) x (1 in) x (65 ksi) x (2) x ((3) — 1)

Q (2

Ry_tearou .
Zntearout _ 441.19 kip

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

Ry bearing .

+ = 351 kip - Allowable Bolt Bearing Capacity of Section
w = 441.19 kip - Allowable Bolt Tear-out Capacity of Section
Rn

o Governing Allowable Capacity

R, _ min Ry bearing  Rin_tearout
Q Q 0

% = min ((351 kip) , (441.19 kip))

Ry .
— =351 ki
Q P

Result:

Demand over Capacity Ratio

_ Ppange _ (485.86 kip)
DCR = T @iEn) 1.3842
2

FAIL

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

Check No. 4: Allowable Bolt Bearing Capacity of the Column Flange
Calculate the bolt bearing capacity of the column flange.

) = 2 - Bolt Bearing Safety Factor

dy = 0.75 in - Bolt Diameter

tgue = 0.71 in - Upper Column Flange Thickness

F e = 65 ksi - Upper Column Tensile Stress

ne = 3 - Number of Bolt Columns

n, = 2 - Number of Bolt Rows

R,
nbearing - Allowable Bolt Bearing Capacity of Section

R bearing 24 dp tfue Fuue e

Q Q

Robearing 24 % (0.75 in) x (0.71 in) x (65 ksi) x (3) x (2)

@ (2

Ry, bearin,
Znbearing _ 94991 kip

Calculate the clear distance of outer bolts on column flange.
Ly = 2 in - Column Flange Vertical Edge Distance
dp, = 0.8125 in - Vertical Bolt Hole Dimension at Column Flange

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 |3.10
Eq. (J3-6a)

AISC 360-16 Chapter |3.10
Eq. (J3-6¢)

AISC 360-16 Chapter J3.10

0.8125 i
lg = (2in) — %

le1 = 1.5938 in

Calculate the clear distance of inner bolts on column flange.
Sc = 3 in - Bolt Column Spacing

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

le2 - Clear Distance at Rest of Bolts

lo=sc—dp
Iy = (3 in) — (0.8125 in)

Iy = 2.1875 in

Calculate the bolt tear-out capacity of the column flange.

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

leo = 2.1875 in - Clear Distance at Rest of Bolts

tjue = 0.71 in - Upper Column Flange Thickness

F e = 65 ksi - Upper Column Tensile Stress

ne = 3 - Number of Bolt Columns

n, = 2 - Number of Bolt Rows

Q = 2 - Bolt Bearing Safety Factor

Bn_tearout
Q

- Allowable Bolt Tear-out Capacity of Section

Ry tearowr  1.21ct true Fuue e + 1.2 1o tyue Fuuenr (ne — 1)

Q Q

Ru tearout 1.2 % (1.5938 in) x (0.71 in) x (65 ksi) x (2) + 1.2 x (2.1875 in) x (0.71 in) x (65 ksi) x (2) x ((3) — 1)

Q &)

Ry, tearout

= 330.55 kip

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

R bearin, .

% = 249.21 kip - Allowable Bolt Bearing Capacity of Section
B rearout '{1“""“ = 330.55 kip - Allowable Bolt Tear-out Capacity of Section
R

o Governing Allowable Capacity

R, . R tearing Ro_tearout
N min [ ———— 1 edron
Q ’ Q

Q

% = min ((249.21 kip) , (330.55 kip))

R
— =249.21 ki
Q P

Result:

Demand over Capacity Ratio

_ Priange _ (485.86 kip)
DCR = Rn o (249.21 kip) 1.9496
[

FAIL

Check No. 5: Allowable Block Shear Capacity of the Flange Plate
Calculate the net area of the flange plate subject to tension.

tg, = 1 in - Flange Plate Thickness

n, = 2 - Number of Bolt Rows

s, = 0 in - Bolt Row Spacing

ga = 7 in - Bolt Gage

Len,;p = 2 in - Flange Plate Horizontal Edge Distance

dp, = 0.9375 in - Horizontal Bolt Hole Dimension at Flange Plate

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

Ap =tgp [(nr —2) 84+ ga + Len,fp — (np — 0.5) (dp 4 0.0625 in)]
A = (1in) x [((2) — 2) x (0in) + (7 in) + (2 in) — ((2) — 0.5) x ((0.9375 in) + (0.0625 in))]

An = 7.5 in’

Calculate the gross area of the flange plate subject to shear.
tsp = 1 in - Flange Plate Thickness

Ley,jp = 2 in - Flange Plate Vertical Edge Distance

ne = 3 - Number of Bolt Columns

Sc = 3 in - Bolt Column Spacing

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

Agy = tgp [Leogp + (e — 1) s
Agy = (1in) x [(21in) 4+ ((3) — 1) x (3 in)]
Agy = 8 in®
Calculate the net area of the flange plate subject to shear.

tsp = 1 in - Flange Plate Thickness

Ley,fp = 2 in - Flange Plate Vertical Edge Distance

Connection Design Report
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AISC 360-16 Chapter J4.3
Eq. (j4-5)

ne = 3 - Number of Bolt Columns

S = 3 in - Bolt Column Spacing

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

Any = tgy (Levgp + (ne — 1) s¢ — (ne — 0.5) (dy + 0.0625 in))
A = (Lin) % (2 in) + ((3) — 1) x (3in) — ((3) — 0.5) x ((0.9375 in) + (0.0625 in)))

Ay = 5.5 in?

Calculate the allowable block shear capacity of the flange plate.
Q = 2 - Block Shear Safety Factor

F,, = 50 ksi - Flange Plate Yield Stress

F,, = 65 ksi - Flange Plate Tensile Stress

Ups = 1 - Uniformity factor

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

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

At = 7.5 in? - Net Area Subject to Tension (L-pattern)

R,
T" - Allowable Block Shear Capacity of Section

R, 0.6 Fup Ay + Uss Fup At < 0.6 Fyp Ago + Ups Fup At
Q- Q

R, _ 0.6 (65 ksi) x (5.5 in”) + (1) x (65 ksi) x (7.5 in”) < 0.6 x (50 ksi) x (8 in?) + (1) x (65 ksi) x (7.5 in*)

o (2)

Rn .
— = 351 kij
Q p

Result:

Demand over Capacity Ratio

 Prange  (485.86 kip)
DCR = & T @iEn) 1.3842

Q

FAIL

AISC 360-16 Chapter J4.3
Eq. (/4-5)

Check No. 6: Allowable Block Shear Capacity of the Column Flange

Calculate the net area of the flange subj tot

tfue = 0.71 in - Upper Column Flange Thickness

bfue = 14.5 in - Upper Column Flange Width

ga = 7 in - Bolt Gage

dj, = 0.8125 in - Horizontal Bolt Hole Dimension at Column Flange
Ayt - Net Area Subject to Tension (2L-pattern)

At = true Biue — ga — (dn + 0.0625 in)]
Ay = (0.71 in) x [(14.5 in) — (7 in) — ((0.8125 in) + (0.0625 in))]

Ay = 4.7037 in?

Calculate the gross area of the column flange subject to shear.
tfue = 0.71 in - Upper Column Flange Thickness

Ly = 2 in - Column Flange Vertical Edge Distance

ne = 3 - Number of Bolt Columns

S = 3 in - Bolt Column Spacing

Agy - Gross Area Subject to Shear (2L-pattern)

Agy = 2tpue [Leve + (e — 1) sc]
Agy =2 x(0.711in) x [(21in) + ((3) — 1) x (3 in)]

Agy = 11.36 in®

Calculate the net area of the column flange subject to shear.
tjue = 0.71 in - Upper Column Flange Thickness

Ley,e = 2 in - Column Flange Vertical Edge Distance

ne. = 3 - Number of Bolt Columns

Sc = 3 in - Bolt Column Spacing

d, = 0.8125 in - Vertical Bolt Hole Dimension at Column Flange
Ap, - Net Area Subject to Shear (2L-pattern)

Ay = 2tfue (Leve + (ne —1) s — (ne — 0.5) (dy + 0.0625 in))
Apy =2 x (0.71 in) x ((2in) + ((3) — 1) x (3 in) — ((3) — 0.5) x ((0.8125 in) + (0.0625 in)))

Ay = 8.2538 in®

Calculate the allowable block shear capacity of the column flange.
€ = 2 - Block Shear Safety Factor

Fyuc = 50 ksi - Upper Column Yield Stress

Fy e = 65 ksi - Upper Column Tensile Stress

Ups = 1 - Uniformity factor

Ay = 11.36 in? - Gross Area Subject to Shear (2L-pattern)

A, = 8.2538 in? - Net Area Subject to Shear (2L-pattern)

Apnt = 4.7037 in? - Net Area Subject to Tension (2L-pattern)

Rn

T Allowable Block Shear Capacity of Section
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R, 0.6 Fuue Any + Ups Fue Ant < 0.6 Fyuc Ago + Uss Fue Ant

Q Q

R, 0.6 (65ksi) x (8.2538 in?) + (1) x (65 ksi) x (4.7037 in*) < 0.6 x (50 ksi) x (11.36 in?) + (1) x (65 ksi) x (4.7037 in?)

Q )

% = 313.82 kip

Result: FAIL

Demand over Capacity Ratio
_ Priange (48586 kip)
DCR = En (31382 kip) 1.5482
i)

Check No. 7: Allowable Capacity of the Flange Plate in Tension
Calculate the tensile yielding capacity of the flange plate.
Q = 1.67 - Tensile Yielding Safety Factor
F,, = 50 ksi - Flange Plate Yield Stress
tsp = 1 in - Flange Plate Thickness
bsp = 11 in - Flange Plate Width
AISC 360-16 Chak%t‘e(rj{éil) % - Allowable Tension Yielding Capacity of Section
Ry _ Fyptipbsp
Q Q

Ry (50 ksi) x (1in) x (11 in)
o (1.67)

R,
ij = 329.34 kip

Calculate the tensile rupture capacity of the flange plate.

) = 2 - Tensile Rupture Safety Factor

F,, = 65 ksi - Flange Plate Tensile Stress

tsp = 1 in - Flange Plate Thickness

bsp = 11 in - Flange Plate Width

n, = 2 - Number of Bolt Rows

dp, = 0.9375 in - Horizontal Bolt Hole Dimension at Flange Plate

AlISC 360-16 ChaE;;t.e(r/{f.Zl) % - Allowable Tension Rupture Capacity of Section

R, Futp [bsp—n, (dy+0.0625 in)]
o )

Ry (65ksi) x (1in) x [(11 in) — (2) x ((0.9375 in) + (0.0625 in))]

L )

Ry 4r
T’ = 292.5 kip

Determine the governing tensile capacity of the flange plate.

AISC 360-16 Chapter J4.1 R, . . R . .
ag%_e(r/{;_l) % = 329.34 kip - Allowable Tension Yielding Capacity of Section

AISC 360-16 ChaE%r.eagle) % = 292.5 kip - Allowable Tension Rupture Capacity of Section

R
AISC 360-16 Chapter /4.1 7" - Governing Allowable Capacity

R, _ Rnty R
Q Q’ Q

—= = min ((329.34 kip) , (292.5 kip))

o| &

% = 292.5 kip

Result: FAIL

Demand over Capacity Ratio
(485.86 kip)

_ Tange _
DCR = Bn T (2925 kip) = 1.661
i)

Check No. 8: Allowable Capacity of the Column in Tension
Calculate the tensile rupture capacity of the column.

) = 2 - Tensile Rupture Safety Factor

Fy e = 65 ksi - Upper Column Tensile Stress

Aye = 26.5 in? - Upper Column Area

tfuc = 0.71 in - Upper Column Flange Thickness

dp, = 0.8125 in - Horizontal Bolt Hole Dimension at Column Flange
n, = 2 - Number of Bolt Rows

n. = 3 - Number of Bolt Columns

S = 3 in - Bolt Column Spacing

y = 1.1356 in - Centroid of WT section

AISC 360-16 Chapter D3 _
{Table D3.1 case 2) U = 0.81081 - Shear Lag Factor
AISC 360-16 ChaE%tle(r]{ﬁ.zl) % - Allowable Tension Rupture Capacity of Section

Rovr  FuucU [0.5 Aye —ny (dpp + 0.0625 in) ty)

Q Q
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Ry (65ksi) x (0.81081) x [0.5 x (26.5 in%) — (2) x ((0.8125 in) + (0.0625 in)) x (0.71 in)]

Q )
R tr .
—— = 316.42 ki
Q P
Result: FAIL
Demand over Capacity Ratio
_ Thange _ (485.86 kip)
DCR = Tow G0 1.5355

Q

Check No. 9: Allowable Capacity of the Flange Plate in Compression
Calculate the compression buckling capacity of the flange plate.

€ = 1.67 - Compression Safety Factor

F,, = 50 ksi - Flange Plate Yield Stress

E = 29000 ksi - Modulus for Steel

tsp = 1 in - Flange Plate Thickness

bsp = 11 in - Flange Plate Width

K = 1.2 - Effective Length Factor

L, = 2 in - Flange Plate Unbraced Length

K—rL = 8.3138 - Effective Length Slenderness Ratio

Since, KT—L < 25.

AISC 360-16 Chaﬁ_;;t‘.e(l}{ﬁg % - Allowable Compressive Capacity of Section

Ro _ FEwtivbs

Q Q
R,  (50ksi) x (1in) x (11 in)
Q (1.67)
% = 329.34 kip
Result: PASS
Demand over Capacity Ratio
_ Cpunge _ (2186 kip)
DCR = R Gt 0.66375

Q
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REFERENCES CALCULATIONS RESULTS

Summary of Checks

Design Checks Demand Capacity DCR Result
Connection Detailing Limitations 2.000 3.000 0.667 PASS
Allowable Capacity of the Bolts in Shear 485.856 37.968 12.796 FAIL
Allowable Bolt Bearing Capacity of the Flange Plate 485.856 | 351.000 1.384 FAIL
Allowable Bolt Bearing Capacity of the Column Flange | 485.856 | 249.210 1.950 FAIL
Allowable Block Shear Capacity of the Flange Plate 485.856 | 351.000 1.384 FAIL
Allowable Block Shear Capacity of the Column Flange 485.856 | 313.820 1.548 FAIL
Allowable Capacity of the Flange Plate in Tension 485.856 | 292.500 1.661 FAIL
Allowable Capacity of the Column in Tension 485.856 | 316.415 1.535 FAIL
Allowable Capacity of the Flange Plate in Compression | 218.600 | 329.341 0.664 | PASS

Web Plate Connection at Lower Column | AISC 360-16 ASD

Web Plate Geometry:

byp = 7 in - Web Plate Width

Ly = 14 in - Web Plate Length

typ = 1 in - Web Plate Thickness

Web Plate Material Grade:

Fy, = 50 ksi - Web Plate Yield Stress

F,, = 65 ksi - Web Plate Tensile Stress
Connection Information at Web Plate:

n, = 2 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

ne = 2 - Number of Bolt Columns

Sc = 3 in - Bolt Column Spacing

Distances:

Leywp = 2 in - Web Plate Vertical Edge Distance
Lep,. = 2 in - Column Web Horizontal Edge Distance

Len,wp = 2 in - Web Plate Horizontal Edge Distance

Check No. 1: Connection Detailing Limitations

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
Minimum Bolt Column Spacing 2.000 3.000 0.667 PASS
Maximum Bolt Column Spacing 6.000 3.000 0.500 [ PASS
Web Plate Minimum Vertical Edge Distance 1.063 2.000 0.531 | PASS
Web Plate Minimum Horizontal Edge Distance 1.063 2.000 0.531 PASS
Minimum Connection Depth 5.000 7.000 0.714 PASS
Maximum Connection Depth 10.000 7.000 0.700 PASS

Result: PASS

Demand over Capacity Ratio

DCR=4% = % =0.71429

Check No. 2: Allowable Capacity of the Bolt Group in Shear
Q = 1.5 - Bolt Shear Safety Factor
= 0.3 - Mean Slip Coefficient

D, =1.13

hy = 1 - Filler Factor for SC Bolts

dp, = 0.75 in - Bolt Diameter

Ty, = 28 kip - Minimum Bolt Pretension
N, = 1 - Number of Slip Planes

n, = 2 - Number of Bolt Rows

n. = 2 - Number of Bolt Columns

AISC 360-16 Chapter J3.8 R,

Eq. (/3-4) Tﬂ - Allowable Bolt Shear Capacity
R,  #DuhyTNyn, .
- e
R, (0.3) x(1.13) x (1) x (28 kip) x (1) x (2) x (2)
Q (1.5)
% = 25.312 kip
Result: FAIL
Demand over Capacity Ratio
R (25706 kip)
DCR = T ) 10.159

Q

Check No. 3: Allowable Capacity of the Bolt Group in Bearing and Tear-out at Web Plate due to Shear Load
Calculate the bolt bearing capacity of the web plate.

dy = 0.75 in - Bolt Diameter

tup = 1 in - Web Plate Thickness

F,, = 65 ksi - Web Plate Tensile Stress

C = 4 - Bolt Group Coefficient

Q = 2 - Bolt Bearing Safety Factor

Connection Design Report
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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
Eq. (J3-6a

AISC 360-16 Chapter J3.10
Eq. (j3-6¢

AISC 360-16 Chapter J3.10

Ry, bearing

) - Allowable Bolt Bearing Capacity of Section

R bearing 24 dp tup Fup C

Q Q

Ro bearing _ 24 x (0.75 in) x (1 in) x (65 ksi) x (4)

Q (2)
R bearing — 234 kip
Calculate the clear distance of outer bolts on web plate.
Leywp = 2 in - Web Plate Vertical Edge Distance
dj, = 0.9375 in - Vertical Bolt Hole Dimension at Web Plate
I, - Clear Distance at First Bolt Row
dj
let = Leyup — 71
. (0.9375 in)
la = (2im) - ———

I = 15313 in

Calculate the clear distance of inner bolts on web plate.
sy = 3 in - Bolt Row Spacing

dj, = 0.9375 in - Vertical Bolt Hole Dimension at Web Plate

leo - Clear Distance at Rest of Bolts

lep = 8y — dp,
lez = (3in) — (0.9375 in)

lep = 2.0625 in

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

s = 2.0625 in - Clear Distance at Rest of Bolts

typ = 1 in - Web Plate Thickness

F,, = 65 ksi - Web Plate Tensile Stress

C = 4 - Bolt Group Coefficient

n, = 2 - Number of Bolt Rows

) = 2 - Bolt Bearing Safety Factor

w - Allowable Bolt Tear-out Capacity of Section
(1201 tup Fup+ 1.21 tup Fup (n, — 1)] (£
Ry tearout B el twp Lup 2 twp Lup (T T
Q N Q
. . . . . . )
Ru tearont [1.2 % (1.5313 in) x (1 in) x (65 ksi) + 1.2 x (2.0625 in) x (1 in) x (65 ksi) x ((2) —1)] x (m
Q )]

Rn,fca'r‘out

= 280.31 kip

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

W = 234 kip - Allowable bolt bearing capacity of web plate

B tearout
Q

= 280.31 kip - Allowable bolt tear-out capacity of web plate

R
T" - Governing Allowable Capacity

Rn — min Ru vearing Rn_tearout
Q Q ’ Q
Ry B . .
q = min ((234 kip), (280.31 kip))
Ry .
— =234k
) P
Result:
Demand over Capacity Ratio
_ Va _ (150 kip)
DCR = T = @ik = 0.64103
2

PASS

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

Check No. 4: Allowable Capacity of the Bolt Group in Bearing and Tear-out at Web Plate due to Axial Load

Calculate the bolt bearing capacity of the web plate.

dp = 0.75 in - Bolt Diameter

twp = 1 in - Web Plate Thickness

F,, = 65 ksi - Web Plate Tensile Stress

C = 4 - Bolt Group Coefficient

Q) = 2 - Bolt Bearing Safety Factor

Ry _bearing
Q

- Allowable Bolt Bearing Capacity of Section

R bearing 24 dy tup Fup C

Q Q
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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 /3.10

Bo bearing 24 x (0.75 in) x (1 in) x (65 ki) x (4)
Q (2

Ry _bearin
Zncbearing _ 934 kip

Calculate the clear distance of outer bolts on web plate.
Len,wp = 2 in - Web Plate Horizontal Edge Distance

dp, = 0.9375 in - Horizontal Bolt Hole Dimension at Web Plate
1.1 - Clear Distance at First Bolt Row

dj
let = Lehuwp — %

. (0.9375 in)
lg = (21in) — —

I, = 1.5313 in

Calculate the clear distance of inner bolts on web plate.
S = 3 in - Bolt Column Spacing
dj, = 0.9375 in - Horizontal Bolt Hole Dimension at Web Plate

Iz - Clear Distance at Rest of Bolts

lep =sc—dp
lez = (3in) — (0.9375 in)

lez = 2.0625 in

Calculate the bolt tear-out capacity of the web plate.
Iy = 1.5313 in - Clear Distance at First Bolt Row

l.s = 2.0625 in - Clear Distance at Rest of Bolts

typ = 1 in - Web Plate Thickness

F,, = 65 ksi - Web Plate Tensile Stress

C = 4 - Bolt Group Coefficient

ne = 2 - Number of Bolt Columns

€2 = 2 - Bolt Bearing Safety Factor

w - Allowable Bolt Tear-out Capacity of Section
C
R vorny 1206t tup Fap+ 120 tup Fop (me — 1)) (£)
Q Q
R v 112 (15313 in) x (Lin) x (65 ksi) + 1.2 x (2.0625 in) x (1 in) x (65 ksi) x ((2) — 1)] x (%)
Q- (2)

Ry_tearou .
Zntearont 980,31 kip

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

Ry, bearing .
+ = 234 kip - Allowable bolt bearing capacity of web plate
w = 280.31 kip - Allowable bolt tear-out capacity of web plate

% - Governing Allowable Capacity

R _ . ( Busearing R teoromt
Q Q ’ Q

Bu _ nin (234 xip) , (280.31 kip))

Q
Ry
— = 234 ki
Q P
Result: PASS
Demand over Capacity Ratio
_ Py _ (20888)
DCR = T T @iE) 0.000027744
Q
Check No. 5: Shear and Axial Interaction of Bolt Bearing/Tearout at Web Plate
Calculate the shear and axial interaction of bolt bearing/tearout capacities in the web plate.
Vo = 150 kip - Shear Load
P, = 208.88 - Axial Load at Web
Interaction - Shear and Axial Interaction
2 2
L Va Puey
Interaction = N + 7
Q o
150 kip) \ * 208.88) \*
Interaction = (g> + <u>
(234 kip) (234 kip)
Interaction = 0.64103
Result: PASS

Demand over Capacity Ratio
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= 0.64103

DCR — Interaction __ (0:64103)
0 (1

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. (J3-6¢)

AISC 360-16 Chapter J3.10

Check No. 6: Allowable Capacity of the Bolt Group in Bearing and Tear-out at Column Web due to Shear Load
Calculate the bolt bearing capacity of the column web.

dp = 0.75 in - Bolt Diameter

tw,ic = 0.44 in - Lower Column Web Thickness

F,1c = 65 ksi - Lower Column Tensile Stress

C = 4 - Bolt Group Coefficient

) = 2 - Bolt Bearing Safety Factor

B _bearin
—";1 * - Allowable Bolt Bearing Capacity of Section

Ry bearing ~ 2-4dp tuwic Fuic C

Q Q

Ro pearing 24 x (075 in) x (0.44 in) x (65 ksi) x (4)

Q &)

Ry, pearin
Znbearing _ 102.96 kip

Calculate the clear distance of inner bolts on column web.
sy = 3 in - Bolt Row Spacing

dj, = 0.8125 in - Vertical Bolt Hole Dimension at Column Web
leo - Clear Distance at Rest of Bolts

lep = 8, — dp,
ly = (3 in) — (0.8125 in)

lep = 2.1875 in

Calculate the bolt tear-out capacity of the column web.
leo = 2.1875 in - Clear Distance at Rest of Bolts

tyje = 0.44 in - Lower Column Web Thickness

F, . = 65 ksi - Lower Column Tensile Stress

C = 4 - Bolt Group Coefficient

Q = 2 - Bolt Bearing Safety Factor

- Allowable Bolt Tear-out Capacity of Section

Bn_tearout
Q

R tearout _ 1-21e2 tute Fuge C

Q Q

R tearout 1.2 X (2.1875 in) x (0.44 in) x (65 ksi) x (4)

Q [®)

Ry tear
Zntearont 150,15 kip

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

B pearin, .
Sl 102.96 kip - Allowable bolt bearing capacity of column web

w = 150.15 kip - Allowable bolt tear-out capacity of column web
R,
7” - Governing Allowable Capacity

N min R earing Ru_tearout
Q ’ Q

o=

% — min ((102.96 kip) , (150.15 kip))

% = 102.96 kip

Result:
Demand over Capacity Ratio
Va 150 ki
DCR =2 = W0 4569

Rn — (102.96 kip)
[

FAIL

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

Check No. 7: Allowable Capacity of the Bolt Group in Bearing and Tear-out at Column Web due to Axial Load
Calculate the bolt bearing capacity of the column web.

dy = 0.75 in - Bolt Diameter

twic = 0.44 in - Lower Column Web Thickness

F, . = 65 ksi - Lower Column Tensile Stress

C = 4 - Bolt Group Coefficient

) = 2 - Bolt Bearing Safety Factor

B be
—’bn“”"g - Allowable Bolt Bearing Capacity of Section

Ry vearing  2-4dp tuwic Fuic C

Q Q

R pearing 2.4 X (0.75 in) x (0.44 in) x (65 ksi) x (4)

Q &)

Ry, pearin
Znbearing _ 102.96 kip

Calculate the clear distance of outer bolts on column web.
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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

Lehe = 2 in - Column Web Horizontal Edge Distance

dp, = 0.8125 in - Horizontal Bolt Hole Dimension at Column Web

le1 - Clear Distance at First Bolt Row

d
lr = Lene = =
0.8125 i
lo = (2in) — %

le1 = 1.5938 in

Calculate the clear distance of inner bolts on column web.
Sc = 3 in - Bolt Column Spacing

dj, = 0.8125 in - Horizontal Bolt Hole Dimension at Column Web
le2 - Clear Distance at Rest of Bolts

lo=sc—dp

Lo = (3 in) — (0.8125 in)

Iy = 2.1875 in

Calculate the bolt tear-out capacity of the column web.
.1 = 1.5938 in - Clear Distance at First Bolt Row

leo = 2.1875 in - Clear Distance at Rest of Bolts

tuw,le = 0.44 in - Lower Column Web Thickness

F, . = 65 ksi - Lower Column Tensile Stress

C = 4 - Bolt Group Coefficient

n. = 2 - Number of Bolt Columns

Q = 2 - Bolt Bearing Safety Factor

w - Allowable Bolt Tear-out Capacity of Section
R (12061 tute Fute+ 1212 tuse Fuge (e = 1)] (<)
Q Q

[1.2 x (1.5938 in) x (0.4 in) x (65 ksi) + 1.2 x (2.1875 in) x (0.4 in) x (65 ksi) x ((2) — 1)] x (E—;

R tearout

)

L &)

Ry, tearout

= 129.77 kip

Determine the governing bearing and tear-out capacity of the bolt group on column web.
Ry, bearing
Q

Rn_tearout
Q

= 102.96 kip - Allowable bolt bearing capacity of column web

= 129.77 kip - Allowable bolt tear-out capacity of column web

R, )
x_; - Governing Allowable Capacity

R, _( Rn_bearing Rn_tearout
20 gy | D2eering _in_tearout
Q ’ Q

Q

% = min ((102.96 kip) , (129.77 kip))

R

— =102.96 ki

Q P
Result: FAIL
Demand over Capacity Ratio

_ Pu __(20888)
DCR = T (0296 kD) 0.000063054
Q
Check No. 8: Shear and Axial Interaction of Bolt Bearing/Tearout at Column Web
Calculate the shear and axial interaction of bolt bearing/tearout capacities in the column web.
Va = 150 kip - Shear Load
P,y = 208.88 - Axial Load at Web
Interaction - Shear and Axial Interaction
Interaction =
150 ki : 208.88) 1\’
Interaction = ( ( p) > + < ( ) )
(102.96 kip) (102.96 kip)
Interaction = 1.4569

Result: FAIL

Demand over Capacity Ratio

DCR — Intz*;‘aocnon _ 089 469
: [C))

Check No. 9: Allowable Capacity of Web Plate in Block Shear due to Shear Load
Calculate the net area of the web plate subject to tension.

typ = 1 in - Web Plate Thickness

ne = 2 - Number of Bolt Columns

S = 3 in - Bolt Column Spacing
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AISC 360-16 Chapter J4.3
Eq. (J4-5)

Lepwp = 2 in - Web Plate Horizontal Edge Distance
dp, = 0.9375 in - Horizontal Bolt Hole Dimension at Web Plate
Ayt - Net Area Subject to Tension (L-pattern)

At = tup [(ne — 1) 8¢+ Lehup — (ne — 0.5) (dy +0.0625 in)]
Ay = (Lin) x [((2) — 1) x (31in) + (2 in) — ((2) — 0.5) x ((0.9375 in) + (0.0625 in))]

Ay = 3.5 in’

Calculate the gross area of the web plate subject to shear.
tup = 1 in - Web Plate Thickness

Leywp = 2 in - Web Plate Vertical Edge Distance

n, = 2 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

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

Agy = tup Loy + (2~ 1) 51]
Agy = (1in) x [(2in) + ((2) — 1) x (3 in)]

Ay =5 in®

Calculate the net area of the web plate subject to shear.
typ = 1 in - Web Plate Thickness

byp = 7 in - Web Plate Width

Leywp = 2 in - Web Plate Vertical Edge Distance

n, = 2 - Number of Bolt Rows

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

Ay = tup [bup — Levup — (7 — 0.5) (dp +0.0625 in)]
Apy = (11in) x [(7in) — (21in) — ((2) — 0.5) x ((0.9375 in) + (0.0625 in))]

Any = 3.5 in?

Calculate the allowable block shear capacity of the web plate.
F,, = 65 ksi - Web Plate Tensile Stress

A,y = 3.5 in? - Net Area Subject to Shear (L-pattern)

Ups = 0.5 - Uniformity factor

A = 3.5 in? - Net Area Subject to Tension (L-pattern)

F,;, = 50 ksi - Web Plate Yield Stress

Agp =5 in? - Gross Area Subject to Shear (L-pattern)

€ = 2 - Block Shear Safety Factor

Rn "
o Allowable Block Shear Capacity of Section

R, 0.6 Fup Au+ Ui Fup Aus < 0.6 Fyy Agy + Ui Fup Aut

Q Q

0.6 x (65 ksi) x (3.5 in%) + (0.5) x (65 ksi) x (3.5 in?) < 0.6 x (50 ksi) x (5 in®) + (0.5) x (65 ksi) x (3.5 in?)

R,
Q )

% = 125.13 kip

Result:
Demand over Capacity Ratio
_ Va _ (150 kip)
DCR = T = (mBED) 1.1988
i)

FAIL

Check No. 10: Allowable Capacity of Web Plate in Block Shear due to Axial Load
Calculate the net area of the web plate subject to tension.

typ = 1 in - Web Plate Thickness

n, = 2 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

Leywp = 2 in - Web Plate Vertical Edge Distance

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

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

Apt = tup [(nr — 1) 8 + Levuwp — (1 — 0.5) (dn +0.0625 in)]
Ap = (Lin) x [((2) = 1) x (3in) + (21in) — ((2) — 0.5) x ((0.9375 in) + (0.0625 in))]

An = 3.5 in’

Calculate the gross area of the web plate subject to shear.
typ = 1 in - Web Plate Thickness

Lepwp = 2 in - Web Plate Horizontal Edge Distance

n. = 2 - Number of Bolt Columns

S = 3 in - Bolt Column Spacing

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

Agy = tup [Lenup + (ne — 1) s

Ag, = (1in) x [(21in) + ((2) — 1) x (3 in)]
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AISC 360-16 Chapter J4.3
Eq. (/4-5)

2
Ay =5in

Calculate the net area of the web plate subject to shear.
typ = 1 in - Web Plate Thickness

Ly, = 7 in - Web Plate Length

Lep,. = 2 in - Column Web Horizontal Edge Distance

ne = 2 - Number of Bolt Columns

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

Any = tup [Lup — Lene — (ne — 0.5) (dj + 0.0625 in))]
Ay = (1in) x [(7 in) — (2 in) — ((2) — 0.5) x ((0.9375 in) + (0.0625 in))]

Apy = 3.5 in?

Calculate the allowable block shear capacity of the web plate.
F,, = 65 ksi - Web Plate Tensile Stress

A, = 3.5 in? - Net Area Subject to Shear (L-pattern)

Ups = 1 - Uniformity factor

Ani = 3.5 in? - Net Area Subject to Tension (L-pattern)

F,, = 50 ksi - Web Plate Yield Stress

Ap =5 in? - Gross Area Subject to Shear (L-pattern)

Q = 2 - Block Shear Safety Factor

% - Allowable Block Shear Capacity of Section

R, 0.6 Fup Ay + Uss Fup At < 0.6 Fyy Agy + Upe Fupp At
o Q

R, _ 0.6 (65 ksi) x (8.5 in?) + (1) x (65 ksi) x (3.5 in?) < 0.6 x (50 ksi) x (5 in?) + (1) x (65 ksi) x (3.5 in?)

Q@ )

Ry

— = 182 ki

Q P
Result: FAIL
Demand over Capacity Ratio

_ T _ (20888kip)
DCR = T T s 1.1477
Q
Check No. 11: Shear and Axial Interaction of Block Shear in Web Plate
Calculate the shear and axial interaction of block shear capacities in the web plate.
Vo = 150 kip - Shear Load
Twevr = 208.88 kip - Tension load at web connection. This is proportioned based on web area over the total gross area.
Interaction - Shear and Axial Interaction
Interaction =
) (150 kip) \? (208.88 kip) \*
Interaction = - + -
(125.13 kip) (182 kip)
Interaction = 1.6596

Result: FAIL

Demand over Capacity Ratio

DCR = Intersction _ (W90 _ 56

Check No. 12: Allowable Capacity of Column Web in Block Shear due to Axial Load
Calculate the net area of the column web subject to tension.

tyje = 0.44 in - Lower Column Web Thickness

n, = 2 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

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

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

Ant = tuge [(nr — 1) 8, — (ny — 1) (dn + 0.0625 in)]
An = (0.44in) x [((2) — 1) x (3in) — ((2) — 1)  ((0.8125 in) + (0.0625 in))]

Ay = 0.935 in?

Calculate the gross area of the column web subject to shear.
twie = 0.44 in - Lower Column Web Thickness

Lehe = 2 in - Column Web Horizontal Edge Distance

n. = 2 - Number of Bolt Columns

S = 3 in - Bolt Column Spacing

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

Agy =2ty [Lene + (ne — 1) s
Ago = 2 x (044 in) x [(2 in) + ((2) — 1) x (3 in)]

Ay = 4.4 in°
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Calculate the net area of the column web subject to shear.
tuw,le = 0.44 in - Lower Column Web Thickness

Lep,c = 2 in - Column Web Horizontal Edge Distance

ne. = 2 - Number of Bolt Columns

Sc = 3 in - Bolt Column Spacing

dj, = 0.8125 in - Horizontal Bolt Hole Dimension at Column Web
Ap, - Net Area Subject to Shear (C-pattern)

Any = 2tuie [(ne — 1) 8¢+ Lene — (ne — 0.5) (dp + 0.0625 in)]
Appy = 2% (044 in) x [((2) — 1) x (3in) + (2in) — ((2) — 0.5) x ((0.8125 in) + (0.0625 in))]

Ay = 3.245 in®

Calculate the allowable block shear capacity of the column web.
F, ). = 65 ksi - Lower Column Tensile Stress

Ani = 0.935 in? - Net Area Subject to Tension (C-pattern)

Ups = 1 - Uniformity factor

Ap =44 in? - Gross Area Subject to Shear (C-pattern)

Fy 1. = 50 ksi - Lower Column Yield Stress

Ay = 3.245 in? - Net Area Subject to Shear (C-pattern)

Q = 2 - Block Shear Safety Factor

AISC 360-16 Cha[:_;ﬁe(rlﬁlf.s.j % - Allowable Block Shear Capacity of Section

R, 0.6 Fujc Any + Ups Fuje Ant < 0.6 Fyie Agy + Ups Futc Ant

Q Q

R, 0.6 x (65ksi) x (3.245 in?) + (1) x (65 ksi) x (0.935 in®) < 0.6 x (50 ksi) x (4.4 in?) + (1) x (65 ksi) x (0.935 in?)
o @)

% = 93.665 kip

Result: FAIL
Demand over Capacity Ratio

\ 208.88 ki
DOR — Tew _ 20888K) ) og

En_ (93.665 kip)
i)

Check No. 13: Allowable Capacity of Web Plate in Shear
Calculate the gross area of web plate subject to yielding.
byp = 7 in - Web Plate Width

typ = 1 in - Web Plate Thickness

Agy - Section Gross Area

Agy = bup tup
Agy = (7in) x (1 in)

Agy = Tin*
Calculate the shear yielding capacity of the web plate.
F,;, = 50 ksi - Web Plate Yield Stress
Agy = T in? - Section Gross Area
Q = 1.5 - Shear Yielding Safety Factor

Al 16 Chapterja.2 | R
5C 360-16 C SE%.E(']{H) == - Allowable Shear Yielding Capacity of Section

R,y 06F, A,
QO Q

R 0.6 (50 ksi) x (7 in?)
Q (1.5)

Ry s,
—* — 140 kip

Calculate the net area of web plate subject to rupture.
typ = 1 in - Web Plate Thickness

byp = 7 in - Web Plate Width

n, = 2 - Number of Bolt Rows

dj, = 0.9375 in - Vertical Bolt Hole Dimension at Web Plate
Ay, - Section Net Area

Any = tup [bup — 1 (dp + 0.0625 in)]
Any = (Lin) x [(7 in) — (2) x ((0.9375 in) + (0.0625 in))]

Apy = 5in?
Calculate the shear rupture capacity of the web plate.
F,, = 65 ksi - Web Plate Tensile Stress
A, =5 in? - Section Net Area
Q = 1.5 - Shear Yielding Safety Factor
- R
AISC 360-16 Chak%r.e(rjﬁif) —5— - Allowable Shear Rupture Capacity of Section
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AISC 360-16 Chapter 4.2
Eq. (/4-3)
AISC 360-16 Chapter 4.2
Eq. (j4-4)

AISC 360-16 Chapter J4.2

Bna 0.6 Fup Ao
Q Q

Ry 0.6 (65ksi) x (5in?)

Q (1.5)
Rn_sr
—— =130ki
Q P
Determine the governing shear capacity of the web plate.
Rn_s .
T” = 140 kip - Allowable shear yielding capacity of web plate
% = 130 kip - Allowable shear rupture capacity of web plate

Rn

o Governing Allowable Capacity

% = min (140 kip), (130 kip))

Ry .
— =130 ki
Q p
Result: FAIL
Demand over Capacity Ratio
_ Va _ (150kip)
DCR = T = (0w 1.1538
2
Check No. 14: Allowable Capacity of Web Plate in Tension
Calculate the tensile yielding capacity of the web plate.
Q) = 1.67 - Tensile Yielding Safety Factor
F,, = 50 ksi - Web Plate Yield Stress
typ = 1 in - Web Plate Thickness
byp = 7 in - Web Plate Width
- . B iy . . . .
AlISC 360-16 ChaE%tle(rljlf 1) T’” - Allowable Tension Yielding Capacity of Section
Rnly o Fyp tup buw
Q Q
R, ., (50 ksi) x (1in) x (7 in)
Q (1.67)
Rn ity
— = 209.58 kij
Q P
C e the ile rupture capacity of the web plate.
Q = 2 - Tensile Rupture Safety Factor
F,, = 65 ksi - Web Plate Tensile Stress
typ = 1 in - Web Plate Thickness
byp = 7 in - Web Plate Width
n, = 2 - Number of Bolt Rows
dp, = 0.9375 in - Vertical Bolt Hole Dimension at Web Plate
AlSC 360-16 Cha&-e;e(r]{ﬁzl) R'S'l" - Allowable Tension Rupture Capacity of Section
Rutr Fuptup [bup — 1w (dp + 0.0625 in)]
Q Q
(65 ksi) x (1 in) x [(7 in) — (2) x ((0.9375 in) + (0.0625 in))]
(2)
R
— = 162.5 ki
Q P
Determine the governing tensile capacity of the web plate.
AISC 360-16 Cha;_:e;e(r]{;‘fjl) % = 209.58 kip - Allowable Tension Yielding Capacity of Section
AISC 360-16 Chak_;z;s(r]{ﬁ.zl) % = 162.5 kip - Allowable Tension Rupture Capacity of Section
AISC 360-16 Chapter J4.1 % - Governing Allowable Capacity
R, min Rnty Ry
Q Q’Q
Ry ) . .
q = min ((209.58 kip) , (162.5 kip))
Rn .
— =162.5 ki
Q P
Result: FAIL
Demand over Capacity Ratio
_ Tuw _ (20888kip)
DCOR = Bn T (1625 kip) 1.2854
Q

Check No. 15: Allowable Capacity of Beam in Tension
Calculate the tensile rupture capacity of the beam.
Q = 2 - Tensile Rupture Safety Factor

F, . = 65 ksi - Lower Column Tensile Stress
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AISC 360-16 Chapter D3
(Table D3.1 case 2)

Aj. = 26.5 in® - Lower Column Area

twic = 0.44 in - Lower Column Web Thickness

d, = 0.8125 in - Vertical Bolt Hole Dimension at Column Web
n, = 2 - Number of Bolt Rows

ne = 2 - Number of Bolt Columns

S, = 3 in - Bolt Column Spacing

= = 3.1003 in - Centroid of WF section

U = 0.175 - Shear Lag Factor

AISC 360-16 Chak%t‘eg{é,zl) R!’I" - Allowable Tension Rupture Capacity of Section
Rty FuieU [Ae —np (dp +0.0625 in) tuc]
Q Q
Ry (65ksi) x (0.175) x [(26.5 in?) — (2) x ((0.8125 in) + (0.0625 in)) x (0.44 in)]
e ®
R tr
—— = 146.34 ki

Q P
Result: FAIL
Demand over Capacity Ratio

T (20888 kip)
DCR = R (146.34 kip) 1.4273
1]
Check No. 16: Allowable Capacity of Web Plate in Compression
Calculate the compression buckling capacity of the web plate.
Q = 1.67 - Compression Safety Factor
F,, = 50 ksi - Web Plate Yield Stress
typ = 1 in - Web Plate Thickness
byp = 7 in - Web Plate Width
K = 1.2 - Effective Length Factor
Ly = 2 in - Web Plate Unbraced Length
% = 8.3138 - Effective Length Slenderness Ratio
Since, % < 25.
AISC 360-16 Cha[fp:;e&{l% % - Allowable Compressive Capacity of Section
Ry Fyptupbup
Q Q
R, (50 ksi) x (1in) x (7 in)
Q (1.67)
R,
— = 209.58 ki
Q P
Result: PASS
Demand over Capacity Ratio
_ Cue _ (67.752kip)
DCR = T T oo En) 0.32327
Q
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REFERENCES CALCULATIONS RESULTS

Summary of Checks

Design Checks Demand Capacity DCR Result
Connection Detailing Limitations 5.000 7.000 0.714 PASS
Allowable Capacity of the Bolt Group in Shear 257.156 25.312 10.159 FAIL
Allowable Capacity of the Bolt Group in Bearing and Tear-out at Web Plate due to Shear Load 150.000 | 234.000 0.641 PASS
Allowable Capacity of the Bolt Group in Bearing and Tear-out at Web Plate due to Axial Load 208.875| 234.000 0.893 PASS
Shear and Axial Interaction of Bolt Bearing/Tearout at Web Plate 0.641 1.000 0.641 PASS

Allowable Capacity of the Bolt Group in Bearing and Tear-out at Column Web due to Shear Load [ 150.000 | 102.960 1.457 FAIL
Allowable Capacity of the Bolt Group in Bearing and Tear-out at Column Web due to Axial Load 208.875 102.960 2.029 FAIL

Shear and Axial Interaction of Bolt Bearing/Tearout at Column Web 1.457 1.000 1.457 FAIL
Allowable Capacity of Web Plate in Block Shear due to Shear Load 150.000 | 125.125 1.199 FAIL
Allowable Capacity of Web Plate in Block Shear due to Axial Load 208.875 182.000 1.148 FAIL
Shear and Axial Interaction of Block Shear in Web Plate 1.660 1.000 1.660 FAIL
Allowable Capacity of Column Web in Block Shear due to Axial Load 208.875 93.665 2.230 FAIL
Allowable Capacity of Web Plate in Shear 150.000 | 130.000 1.154 FAIL
Allowable Capacity of Web Plate in Tension 208.875 162.500 1.285 FAIL
Allowable Capacity of Beam in Tension 208.875 146.339 1.427 FAIL
Allowable Capacity of Web Plate in Compression 67.752 | 209.581 0.323 PASS

Web Plate Connection at Upper Column | AISC 360-16 ASD

Web Plate Geometry:

byp = 7 in - Web Plate Width

Ly, = 14 in - Web Plate Length

typ = 1 in - Web Plate Thickness

Web Plate Material Grade:

F,, = 50 ksi - Web Plate Yield Stress

F,, = 65 ksi - Web Plate Tensile Stress
Connection Information at Web Plate:

n, = 2 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

n. = 2 - Number of Bolt Columns

S. = 3 in - Bolt Column Spacing

Distances:

Leywp = 3.5 in - Web Plate Vertical Edge Distance
Lehe = 2 in - Column Web Horizontal Edge Distance

Lepwp = 2 in - Web Plate Horizontal Edge Distance

Check No. 1: Connection Detailing Limitations

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
Minimum Bolt Column Spacing 2.000 3.000 0.667 PASS
Maximum Bolt Column Spacing 6.000 3.000 0.500 PASS
Web Plate Minimum Vertical Edge Distance 1.063 3.500 0.304 PASS
Web Plate Minimum Horizontal Edge Distance 1.063 2.000 0.531 PASS
Minimum Connection Depth 5.000 7.000 0.714  PASS
Maximum Connection Depth 10.000 7.000 0.700 PASS

Result: PASS

Demand over Capacity Ratio

DCR=% = _ 071429

M

Check No. 2: Allowable Capacity of the Bolt Group in Shear
Q = 1.5 - Bolt Shear Safety Factor

1 = 0.3 - Mean Slip Coefficient

D, =1.13

hy =1 -Filler Factor for SC Bolts

dy = 0.75 in - Bolt Diameter

Ty, = 28 kip - Minimum Bolt Pretension

N; = 1 - Number of Slip Planes

n, = 2 - Number of Bolt Rows

ne = 2 - Number of Bolt Columns

AISC 360-16 Chapter /3.8 | X Allowable Bolt Shear Capacity

R,  #DyhsTy Nsnyne

Q Q
R,  (0.3) x (1.13) x (1) x (28 kip) x (1) x (2) x (2)
Q (1.5)
% = 25.312 kip
Result: FAIL
Demand over Capacity Ratio
R (2576kp)
DCR = Fr = anEm) 10.159
2
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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
Eq. (J3-6a)

AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter |3.10

Check No. 3: Allowable Capacity of the Bolt Group in Bearing and Tear-out at Web Plate due to Shear Load

Calculate the bolt bearing capacity of the web plate.

dy = 0.75 in - Bolt Diameter

tup = 1 in - Web Plate Thickness

F,, = 65 ksi - Web Plate Tensile Stress

C = 4 - Bolt Group Coefficient

Q) = 2 - Bolt Bearing Safety Factor

Ry bearing
Q

- Allowable Bolt Bearing Capacity of Section

Ry, vearing 2.4 dptyy Fyy C

Q Q

Ry tearing 24 x (075 in) x (L in) x (65 ksi) x (4)

Q@ &)

Ry, pearing

— 934k
Q P

Calculate the clear distance of outer bolts on web plate.
Leywp = 3.5 in - Web Plate Vertical Edge Distance

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

l.1 - Clear Distance at First Bolt Row

dy,

Lot = Lepup — 7’
0.9375 in
la = (3.5in) — %

le1 = 3.0313 in

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

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

l2 - Clear Distance at Rest of Bolts

lo = s —dp
lez = (3in) — (0.9375 in)

I = 2.0625 in

Calculate the bolt tear-out capacity of the web plate.
le1 = 3.0313 in - Clear Distance at First Bolt Row

le2 = 2.0625 in - Clear Distance at Rest of Bolts

typ = 1 in - Web Plate Thickness

F,, = 65 ksi - Web Plate Tensile Stress

C = 4 - Bolt Group Coefficient

n, = 2 - Number of Bolt Rows

) = 2 - Bolt Bearing Safety Factor

m - Allowable Bolt Tear-out Capacity of Section

(1201 tup Fup + 1.21es tup Fup (nr — 1)] (2)

Rn,t(‘uruut _ e
Q )
Ry 112 (30313 in) x (Lin) x (65 ksi) + 1.2 x (2.0625 in) x (1 in) x (65 ksi) x ((2) —1)] x (%)
o tearout
o (2)

Ry,_tearou
Zntearot _ 397,31 kip

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

Rn_pearin .
% = 234 kip - Allowable bolt bearing capacity of web plate
—R"*’S;’”‘"“ = 397.31 kip - Allowable bolt tear-out capacity of web plate

Rn

9 " Governing Allowable Capacity

R, = min R tearing  Ro_tearout
Q Q ’ Q

B _ min ((234 kip) , (397.31 kip))

Q

Ry .
— =234k
Q P

Result:

Demand over Capacity Ratio

Vo _ (150kip)
DCR = T = i) 0.64103

Q

PASS

Check No. 4: Allowable Capacity of the Bolt Group in Bearing and Tear-out at Web Plate due to Axial Load

Calculate the bolt bearing capacity of the web plate.
dp = 0.75 in - Bolt Diameter

typ = 1 in - Web Plate Thickness

F,, = 65 ksi - Web Plate Tensile Stress
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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 |3.10
Eq. (J3-6a)

AISC 360-16 Chapter J3.10
Eq. (J3-6¢)

AISC 360-16 Chapter J3.10

C = 4 - Bolt Group Coefficient
Q) = 2 - Bolt Bearing Safety Factor

B be
—’bn“”"g - Allowable Bolt Bearing Capacity of Section

Rn pearing 24 dp tup Fup C

Q Q

Ro pearing 24 (0.75 in) x (1 in) x (65 ksi) x (4)

Q @)

Ry, pearin,
Znbearing _ 934 kip

Calculate the clear distance of outer bolts on web plate.
Len,wp = 2 in - Web Plate Horizontal Edge Distance

dp, = 0.9375 in - Horizontal Bolt Hole Dimension at Web Plate
le1 - Clear Distance at First Bolt Row

la = Lenup — g
0.9375 i
lo = (2in) — %

I = 1.5313 in

Calculate the clear distance of inner bolts on web plate.
Sc = 3 in - Bolt Column Spacing

dp, = 0.9375 in - Horizontal Bolt Hole Dimension at Web Plate
le2 - Clear Distance at Rest of Bolts

lo = sc—dp
leo = (3in) — (0.9375 in)

Iy = 2.0625 in

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

l.s = 2.0625 in - Clear Distance at Rest of Bolts

typ = 1 in - Web Plate Thickness

F,, = 65 ksi - Web Plate Tensile Stress

C = 4 - Bolt Group Coefficient

ne. = 2 - Number of Bolt Columns

) = 2 - Bolt Bearing Safety Factor

M - Allowable Bolt Tear-out Capacity of Section

(1201 tup Fup + 1212 tup Fup (ne — 1) (2)

Rn,tearuut _ MNe
Q Q
Ry o 112 (15313 ) x (1 in) x (65 ksi) + 1.2 x (2.0625 in) x (1 in) x (65 ksi) x ((2) —1)] x (%)
a @

Ry, tearout

= 280.31 kip

Determine the governing bearing and tear-out capacity of the bolt group on web plate.
Ry, bearing
Q

Ry tearout
Q

= 234 kip - Allowable bolt bearing capacity of web plate
= 280.31 kip - Allowable bolt tear-out capacity of web plate
Ry

o Governing Allowable Capacity

R, . R tearing R tearout
“— min [ ———— 1 ntedron
Q

Q ’ Q
R, . . .
5 = min ((234 kip) , (280.31 kip))
% = 234 kip
Result:
Demand over Capacity Ratio
_ Puy _ (20888)
DCR = e = ) 0.000027744

[0

PASS

Check No. 5: Shear and Axial Interaction of Bolt Bearing/Tearout at Web Plate

Calculate the shear and axial interaction of bolt bearing/tearout capacities in the web plate.
V. = 150 kip - Shear Load

Pyep = 208.88 - Axial Load at Web

Interaction - Shear and Axial Interaction

2 2
) Va Puey
Interaction = N + T
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Interaction — \/(%Y . (%)2

Interaction = 0.64103

Result: PASS
Demand over Capacity Ratio
DCR — Interaction _ (0.64103) 0.64103
B 1.0 o
Check No. 6: Allowable Capacity of the Bolt Group in Bearing and Tear-out at Column Web due to Shear Load
Calculate the bolt bearing capacity of the column web.
dy = 0.75 in - Bolt Diameter
twue = 0.44 in - Upper Column Web Thickness
Fy e = 65 ksi - Upper Column Tensile Stress
C = 4 - Bolt Group Coefficient
Q) = 2 - Bolt Bearing Safety Factor
- B bearin,
AISC 360-16 Cha“%e(rlé_?éla()) L pllowable Bolt Bearing Capacity of Section
R pearing 24 dp twue Fuue C
Q Q
Ry bearing 2.4 x (0.75 in) x (0.44 in) x (65 ksi) x (4)
Q 2
Ry peari
T — 102.96 kip
Calculate the clear distance of inner bolts on column web.
s, = 3 in - Bolt Row Spacing
d, = 0.8125 in - Vertical Bolt Hole Dimension at Column Web
le2 - Clear Distance at Rest of Bolts
lex = sp —dp
lea = (31in) — (0.8125 in)
lep = 2.1875 in
Calculate the bolt tear-out capacity of the column web.
leo = 2.1875 in - Clear Distance at Rest of Bolts
twue = 0.44 in - Upper Column Web Thickness
Fy e = 65 ksi - Upper Column Tensile Stress
C = 4 - Bolt Group Coefficient
) = 2 - Bolt Bearing Safety Factor
AISC 360-16 Chaé’f@?gg w - Allowable Bolt Tear-out Capacity of Section
R tearout 1-21e2 twue Fuue C
Q N Q
Ry tearout 1.2 x (2.1875 in) x (0.44 in) x (65 ksi) x (4)
Q &)
R
n_tearout — 15015 klp
Determine the governing bearing and tear-out capacity of the bolt group on column web.
- . B bearin, .
AISC 360-16 Cha,%eg,fgﬂg # = 102.96 kip - Allowable bolt bearing capacity of column web
AISC 360-16 Chaqut‘eajj?_blctj w = 150.15 kip - Allowable bolt tear-out capacity of column web
AISC 360-16 Chapter J3.10 % - Governing Allowable Capacity
Ry _ o0 Ro_bearing  Rn_tearout
Q Q ’ Q
R, . . .
o = min ((102.96 kip) , (150.15 kip))
R
— =102.96 ki
Q P
Result: FAIL
Demand over Capacity Ratio
_ Va _ (150kip)
DCR= Bn T (102.96 kip) 1.4569

[

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

Check No. 7: Allowable Capacity of the Bolt Group in Bearing and Tear-out at Column Web due to Axial Load
Calculate the bolt bearing capacity of the column web.

dy = 0.75 in - Bolt Diameter

twue = 0.44 in - Upper Column Web Thickness

Fy e = 65 ksi - Upper Column Tensile Stress

C = 4 - Bolt Group Coefficient

Q = 2 - Bolt Bearing Safety Factor

R
—”"’;Z“”"g - Allowable Bolt Bearing Capacity of Section

Ry bearing  2-4dp twue Fuue C

Q Q
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Ry bearing 24 % (0.75 in) x (0.4 in) x (65 ksi) x (4)

Q )]

Ry, pearing — 102.96 kip

Calculate the clear distance of outer bolts on column web.
Leh,e = 2 in - Column Web Horizontal Edge Distance

dj, = 0.8125 in - Horizontal Bolt Hole Dimension at Column Web
ls1 - Clear Distance at First Bolt Row

dp
l = Lene = 5
0.8125 i
la = (2in) — (—2“1)

o1 = 1.5938 in

Calculate the clear distance of inner bolts on column web.
Sc = 3 in - Bolt Column Spacing

dy, = 0.8125 in - Horizontal Bolt Hole Dimension at Column Web
leo - Clear Distance at Rest of Bolts

lex = sc—dp
Iy = (3 in) — (0.8125 in)

Iy = 2.1875 in

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

leo = 2.1875 in - Clear Distance at Rest of Bolts

twue = 0.44 in - Upper Column Web Thickness

F e = 65 ksi - Upper Column Tensile Stress

C = 4 - Bolt Group Coefficient

ne = 2 - Number of Bolt Columns

Q = 2 - Bolt Bearing Safety Factor

- R
AlISC 360-16 Chaqut‘ea{?S-.ﬁlC()) %"”’”‘ - Allowable Bolt Tear-out Capacity of Section

124t Pue + 1.2t Fuge (ne 1)) ()

Rn,tem“aut o ne
Q Q
Ry wy (12 (15938 i) x (0.44in) x (65 ki) + 1.2 x (2.1875 in) x (0.4 in) x (65 ksi) x ((2) — 1)] x (%)
o - @

Ry, tearo
Zntearout 19977 kip

Determine the governing bearing and tear-out capacity of the bolt group on column web.
AISC 360-16 Chapter J3.10 B pearing

Eq. (3-6a) | —q — = 102.96 kip - Allowable bolt bearing capacity of column web
AISC 360-16 Chaf;?@é%gg w = 129.77 kip - Allowable bolt tear-out capacity of column web
Rn

AISC 360-16 Chapter J3.10 — - Governing Allowable Capacity
R, min Ry bearing Ri_tearout
Q Q ’ Q

% — min ((102.96 kip) , (129.77 kip))

% = 102.96 kip
Result: FAIL
Demand over Capacity Ratio
_ Py _ (208.88) _
DCR = T = (0296 kD) 0.000063054

O

Check No. 8: Shear and Axial Interaction of Bolt Bearing/Tearout at Column Web

Calculate the shear and axial interaction of bolt bearing/tearout capacities in the column web.
V. = 150 kip - Shear Load

Pyep = 208.88 - Axial Load at Web

Interaction - Shear and Axial Interaction

Interaction =

) ( (150 kip) >2 < (208.88) )2
Interaction = +
(102.96 kip) (102.96 kip)
Interaction = 1.4569

Result: FAIL
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Demand over Capacity Ratio

= 1.4569

__ Interaction __ (14569)
DCR = =55 = 5

AISC 360-16 Chapter J4.3
Eq. (J4-5)

Check No. 9: Allowable Capacity of Web Plate in Block Shear due to Shear Load
Calculate the net area of the web plate subject to tension.

typ = 1 in - Web Plate Thickness

n. = 2 - Number of Bolt Columns

Sc = 3 in - Bolt Column Spacing

Lenwp = 2 in - Web Plate Horizontal Edge Distance

dp, = 0.9375 in - Horizontal Bolt Hole Dimension at Web Plate

Ayt - Net Area Subject to Tension (L-pattern)

Apt = tup [(ne —1) ¢+ Lehuwp — (ne — 0.5) (di 4 0.0625 in)]
Ap = (Lin) x [((2) = 1) x (3in) + (21in) — ((2) — 0.5) x ((0.9375 in) + (0.0625 in))]

Ay = 3.5 in’

Calculate the gross area of the web plate subject to shear.
typ = 1 in - Web Plate Thickness

Leywp = 3.5 in - Web Plate Vertical Edge Distance

n, = 2 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

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

Agy = tup [Lenp + (22— 1) 51
Agy = (Lin) x [(3.5 in) + ((2) — 1) x (3 in)]

Agy = 6.5 in’

Calculate the net area of the web plate subject to shear.
typ = 1 in - Web Plate Thickness

byp = 7 in - Web Plate Width

Leywp = 3.5 in - Web Plate Vertical Edge Distance

n, = 2 - Number of Bolt Rows

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

Ay = tup [bup — Levup — (7 — 0.5) (dp +0.0625 in)]
App = (Lin) x [(7in) — (3.5 in) — ((2) — 0.5) x ((0.9375 in) + (0.0625 in))]

Apy = 2 in’

Calculate the allowable block shear capacity of the web plate.
F,, = 65 ksi - Web Plate Tensile Stress

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

Ups = 0.5 - Uniformity factor

A = 3.5 in? - Net Area Subject to Tension (L-pattern)

F,;, = 50 ksi - Web Plate Yield Stress

Agy = 6.5 in? - Gross Area Subject to Shear (L-pattern)

€ = 2 - Block Shear Safety Factor

Rn "
o Allowable Block Shear Capacity of Section

R, 0.6 Fup Au+ Ui Fup Aus < 0.6 Fyy Agy + Ui Fup Aut

Q Q

0.6 x (65 ksi) x (2 in?) + (0.5) x (65 ksi) x (3.5 in?) < 0.6 x (50 ksi) x (6.5 in*) + (0.5) x (65 ksi) x (3.5 in?)
2)

B
Q

% = 95.875 kip

Result:
Demand over Capacity Ratio
_ Va _ (150 kip)
DCR = T e ED) 1.5645
i

FAIL

Check No. 10: Allowable Capacity of Web Plate in Block Shear due to Axial Load
Calculate the net area of the web plate subject to tension.

typ = 1 in - Web Plate Thickness

n, = 2 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

Leywp = 3.5 in - Web Plate Vertical Edge Distance

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

At - Net Area Subject to Tension (L-pattern)

Apt = tup [(nr — 1) 8 + Levuwp — (1 — 0.5) (dn +0.0625 in)]
Ap = (Lin) x [((2) — 1) x (3in) + (3.5 in) — ((2) — 0.5) x ((0.9375 in) + (0.0625 in))]

Ay =5in?

Calculate the gross area of the web plate subject to shear.
typ = 1 in - Web Plate Thickness
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Len,wp = 2 in - Web Plate Horizontal Edge Distance

ne = 2 - Number of Bolt Columns
Se = 3 in - Bolt Column Spacing
Ay,, - Gross Area Subject to Shear (L-pattern)

Agy = tup [Lenup + (ne —1) s
Ay = (1in) x [(2in) + ((2) — 1) x (3 in)]

Agy =5 in®

Calculate the net area of the web plate subject to shear.
typ = 1 in - Web Plate Thickness

Lyyp = 7 in - Web Plate Length

Leh,c = 2 in - Column Web Horizontal Edge Distance

ne = 2 - Number of Bolt Columns

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

Any = tup [Lup — Lene — (ne — 0.5) (dn + 0.0625 in)]
Apy = (1in) x [(7in) — (2in) — ((2) — 0.5) x ((0.9375 in) + (0.0625 in))]

Ay = 3.5 in?

Calculate the allowable block shear capacity of the web plate.
F,, = 65 ksi - Web Plate Tensile Stress

A, = 3.5 in? - Net Area Subject to Shear (L-pattern)

Ups = 1 - Uniformity factor

A, = 51in? - Net Area Subject to Tension (L-pattern)

F,, = 50 ksi - Web Plate Yield Stress

Ay =5 in? - Gross Area Subject to Shear (L-pattern)

Q = 2 - Block Shear Safety Factor

AISC 360-16 Cha[fp:;e&{és_j % - Allowable Block Shear Capacity of Section

R, 06 Fup Ay + Ups Fup Apy < 0.6 Fyy Agy + Ups Fup Ane
Q Q

R, _ 0.6 (65ksi) x (3.5in%) + (1) x (65 ksi) x (5 in*) < 0.6 x (50 ksi) x (5 in*) + (1) x (65 ksi) x (5 in®)

Q ()

% = 230.75 kip

Result: PASS
Demand over Capacity Ratio

§ 208.88 ki
DCR = Tua _ COBS8KD) 000

Rn_ (230.75 kip)
i)

Check No. 11: Shear and Axial Interaction of Block Shear in Web Plate

Calculate the shear and axial interaction of block shear capacities in the web plate.

V. = 150 kip - Shear Load

Tweb = 208.88 kip - Tension load at web connection. This is proportioned based on web area over the total gross area.

Interaction - Shear and Axial Interaction

Interaction =

) ( (150 kip) >2 < (208.88 kip) )?
Interaction = +
(95.875 kip) (230.75 kip)
Interaction = 1.8075

Result: FAIL
Demand over Capacity Ratio

_ Interaction _ (1.8075) _
DCR = fmestion — =7 = 1.8075

Check No. 12: Allowable Capacity of Column Web in Block Shear due to Axial Load
Calculate the net area of the column web subject to tension.

twue = 0.44 in - Upper Column Web Thickness

n, = 2 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

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

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

Ant = twe [(nr — 1) 8, — (n, — 1) (dy, +0.0625 in)]
Ay = (0.44 in) x [((2) — 1) x (3in) — ((2) — 1) x ((0.8125 in) + (0.0625 in))]

An = 0.935 in®

Calculate the gross area of the column web subject to shear.
twue = 0.44 in - Upper Column Web Thickness
Lep, = 2 in - Column Web Horizontal Edge Distance
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AISC 360-16 Chapter J4.3
Eq. (/4-5)

n. = 2 - Number of Bolt Columns
S = 3 in - Bolt Column Spacing

Ag,, - Gross Area Subject to Shear (C-pattern)

Ag = 2twue [Lene + (ne — 1) s.]
Agy =2 x (044 in) x [(21in) + ((2) — 1) x (3 in)]

Ag = 4.41in?

Calculate the net area of the column web subject to shear.
twue = 0.44 in - Upper Column Web Thickness

Leh,c = 2 in - Column Web Horizontal Edge Distance

n. = 2 - Number of Bolt Columns

S = 3 in - Bolt Column Spacing

dj, = 0.8125 in - Horizontal Bolt Hole Dimension at Column Web
A, - Net Area Subject to Shear (C-pattern)

Apy = 2tuue (e —1) 8+ Lone — (me — 0.5) (dy +0.0625 in)]
Apy =2 % (0.44in) x [((2) — 1) x (3 in) + (2 in) — ((2) — 0.5) x ((0.8125 in) + (0.0625 in))]

Ay = 3.245 in®

Calculate the allowable block shear capacity of the column web.
Fyuc = 65 ksi - Upper Column Tensile Stress

Ant = 0.935 in? - Net Area Subject to Tension (C-pattern)

Ups = 1 - Uniformity factor

Ay =44 in? - Gross Area Subject to Shear (C-pattern)

F,uc = 50 ksi - Upper Column Yield Stress

A, = 3.245 in? - Net Area Subject to Shear (C-pattern)

Q = 2 - Block Shear Safety Factor

R,
?" - Allowable Block Shear Capacity of Section

R, 0.6 Fuuc Anv + Ups Fuue Ant < 0.6 Fyuc Agy + Ups Fuuc Ant
Q- Q

R, 0.6 x (65ksi) x (3.245 in?) + (1) x (65 ksi) x (0.935 in?) < 0.6 x (50 ksi) x (4.4 in?) + (1) x (65 ksi) x (0.935 in?)

o (2)
Ry .
— = 93.665 ki
Q P
Result:
Demand over Capacity Ratio
_ Tue _ (20888kip)
DCR = T (93.665 kip) 223

Bn
Q2

FAIL

AISC 360-16 Chapter J4.2
Eq. (j4-3)

Check No. 13: Allowable Capacity of Web Plate in Shear
Calculate the gross area of web plate subject to yielding.
byp = 7 in - Web Plate Width

typ = 1 in - Web Plate Thickness

Agy - Section Gross Area

Agy = bup tup
Ay = (7in) x (1in)

Agy = Tin?
Calculate the shear yielding capacity of the web plate.
F,, = 50 ksi - Web Plate Yield Stress
Ap =7 in? - Section Gross Area

Q = 1.5 - Shear Yielding Safety Factor
Rn_sy

- - Allowable Shear Yielding Capacity of Section
R, s 06 Fy, Ay
Q Q

Rusy 0.6 x (50 ksi) x (7 in?)

Q (15)

R,
% _ 140 kip

Calculate the net area of web plate subject to rupture.
typ = 1 in - Web Plate Thickness

byp = 7 in - Web Plate Width

n, = 2 - Number of Bolt Rows

dy, = 0.9375 in - Vertical Bolt Hole Dimension at Web Plate
A, - Section Net Area

Ay = tup [bup — mr (dp, +0.0625 in))

Apy = (1in) x [(71in) — (2) x ((0.9375 in) 4 (0.0625 in))]
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AISC 360-16 Chapter j4.2
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

Ay, =5 in?

Calculate the shear rupture capacity of the web plate.
F,, = 65 ksi - Web Plate Tensile Stress
A, = 5 in® - Section Net Area
Q = 1.5 - Shear Yielding Safety Factor
R,
% - Allowable Shear Rupture Capacity of Section

Ry s 0.6 Fup Any

Q Q

Ry 0.6 x (65 ksi) x (5in?)

Q (1.5)
Rn o
—— =130 ki
Q p
Determine the governing shear capacity of the web plate.
Ro_s, .
% = 140 kip - Allowable shear yielding capacity of web plate
% = 130 kip - Allowable shear rupture capacity of web plate
Ran

o Governing Allowable Capacity

Q Q
R, ) . .
o= min ((140 kip) , (130 kip))
% = 130 kip
Result:
Demand over Capacity Ratio
 Va _ (150kip)
DCR = T = (Bowm) 1.1538
[

FAIL

AISC 360-16 Chapter J4.1
Eq. (j4-1)

AISC 360-16 Chapter J4.1
Eq. (/4-2)

AISC 360-16 Chapter J4.1
Eq. (4-1)
AISC 360-16 Chapter J4.1
Eq. (j4-2)

AISC 360-16 Chapter J4.1

Check No. 14: Allowable Capacity of Web Plate in Tension
Calculate the tensile yielding capacity of the web plate.
Q = 1.67 - Tensile Yielding Safety Factor

F,;, = 50 ksi - Web Plate Yield Stress

typ = 1 in - Web Plate Thickness

byp = 7 in - Web Plate Width

R gy
Q

- Allowable Tension Yielding Capacity of Section

Ruwy  Fyptup bup

Q Q

Ry (50 ksi) x (1in) x (7 in)

Q (1.67)

R,
2 909.58 kip

Calculate the tensile rupture capacity of the web plate.
Q) = 2 - Tensile Rupture Safety Factor

F,, = 65 ksi - Web Plate Tensile Stress

typ = 1 in - Web Plate Thickness

byp = 7 in - Web Plate Width

n, = 2 - Number of Bolt Rows

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

Bn o
Q

- Allowable Tension Rupture Capacity of Section

Rut  Fuptup [bup — 1 (d +0.0625 in)]
Q Q

Ruur (65 ksi) x (1in) x [(7 in) — (2) x ((0.9375 in) + (0.0625 in))]

Q )

R
2 _ 162.5 kip
Determine the governing tensile capacity of the web plate.

% = 209.58 kip - Allowable Tension Yielding Capacity of Section

By ir

o = 162.5 kip - Allowable Tension Rupture Capacity of Section

Ry ) .
7’ - Governing Allowable Capacity

Bu _ in Rnty Ry
Q Q’ Q

% — min ((209.58 kip) , (162.5 kip))

% = 162.5 kip
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Result: FAIL
Demand over Capacity Ratio
Tyep (208.88 kip)

DCR = T = (1625 Fm) 1.2854
Q

Check No. 15: Allowable Capacity of Beam in Tension
Calculate the tensile rupture capacity of the beam.
Q = 2 - Tensile Rupture Safety Factor

F e = 65 ksi - Upper Column Tensile Stress

Auye = 26.5 in? - Upper Column Area

twue = 0.44 in - Upper Column Web Thickness

dp, = 0.8125 in - Vertical Bolt Hole Dimension at Column Web
n, = 2 - Number of Bolt Rows

n. = 2 - Number of Bolt Columns

S = 3 in - Bolt Column Spacing

Z = 3.1003 in - Centroid of WF section

AISC 360-16 Chapter D3 _
{Table D3.1 case 2) U = 0.175 - Shear Lag Factor

AISC 360-16 ChaE;ge(rlgf.ZJ) % - Allowable Tension Rupture Capacity of Section

Ryy  FuueU [Auc —mp (dn +0.0625 in) tuuc|

Q Q

Ry (65 ksi) x (0.175) x [(26.5 in®) — (2) x ((0.8125 in) + (0.0625 in)) x (0.44 in)]

Q (2)
Ry 4
" _ 146.34 kip
Result: FAIL
Demand over Capacity Ratio
_ Tuw (20888 kip)
DCR = Tor (031 ER) 1.4273

Q

Check No. 16: Allowable Capacity of Web Plate in Compression
Calculate the compression buckling capacity of the web plate.
Q = 1.67 - Compression Safety Factor

Fy, = 50 ksi - Web Plate Yield Stress

twp = 1 in - Web Plate Thickness

byp = 7 in - Web Plate Width

K = 1.2 - Effective Length Factor

Ly = 2 in - Web Plate Unbraced Length

LTL = 8.3138 - Effective Length Slenderness Ratio

Since, KT—L < 25.

AISC 360-16 Chat_;:é;e(rlﬁzfgj % - Allowable Compressive Capacity of Section

Ru  Fuptup buy

Q Q

R, (50 ksi) x (1in) x (7 in)

Q (1.67)
% = 209.58 kip
Result: PASS
Demand over Capacity Ratio
_ Cuw _ (67.752kip)
DCR = o @005 En) 0.32327

o
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REFERENCES

CALCULATIONS

RESULTS

Summary of Checks

Design Checks Demand Capacity DCR Result
Connection Detailing Limitations 5.000 7.000 0.714 PASS
Allowable Capacity of the Bolt Group in Shear 257.156 25.312 10.159 FAIL
Allowable Capacity of the Bolt Group in Bearing and Tear-out at Web Plate due to Shear Load 150.000 | 234.000 0.641 PASS
Allowable Capacity of the Bolt Group in Bearing and Tear-out at Web Plate due to Axial Load 208.875| 234.000 0.893 PASS
Shear and Axial Interaction of Bolt Bearing/Tearout at Web Plate 0.641 1.000 0.641 PASS
Allowable Capacity of the Bolt Group in Bearing and Tear-out at Column Web due to Shear Load [ 150.000 | 102.960 1.457 FAIL
Allowable Capacity of the Bolt Group in Bearing and Tear-out at Column Web due to Axial Load 208.875 102.960 2.029 FAIL
Shear and Axial Interaction of Bolt Bearing/Tearout at Column Web 1.457 1.000 1.457 FAIL
Allowable Capacity of Web Plate in Block Shear due to Shear Load 150.000 95.875 1.565 FAIL
Allowable Capacity of Web Plate in Block Shear due to Axial Load 208.875 230.750 0.905 PASS
Shear and Axial Interaction of Block Shear in Web Plate 1.808 1.000 1.808 FAIL
Allowable Capacity of Column Web in Block Shear due to Axial Load 208.875 93.665 2.230 FAIL
Allowable Capacity of Web Plate in Shear 150.000 | 130.000 1.154 FAIL
Allowable Capacity of Web Plate in Tension 208.875 162.500 1.285 FAIL
Allowable Capacity of Beam in Tension 208.875 146.339 1.427 FAIL
Allowable Capacity of Web Plate in Compression 67.752 | 209.581 0.323 PASS
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