REFERENCES

CALCULATIONS

RESULTS

Beam to Column Web Moment Connection Calculations

Design Load/s:

V. = 400 kip - Vertical Shear Load

P, = 250 kip - Axial Load

M, = 500 kipft - Strong-axis Moment Load

Beam Section Properties:
W27x194 - Beam Size

dp, = 28.1 in - Beam Depth

tws = 0.75 in - Beam Web Thickness
by, = 14 in - Beam Flange Width

tsp = 1.34 in - Beam Flange Thickness
Ap, = 57.1 in? - Beam Area

Beam Grade Information:

A992 - Material Grade

Fy, = 50 ksi - Beam Yield Stress

F,, = 65 ksi - Beam Tensile Stress

E = 29000 ksi - Beam Modulus of Elasticity

Column Section Properties:

W14x90 - Column Size

dsup = 14 in - Column Depth

tws = 0.44 in - Column Web Thickness
bfs = 14.5 in - Column Flange Width

t¢s = 0.71 in - Column Flange Thickness

Asup = 26.5 in? - Column Area

Column Grade Information:

A992 - Material Grade

Fys = 50 ksi - Column Yield Stress

F,s = 65 ksi - Column Tensile Stress

E = 29000 ksi - Column Modulus of Elasticity

Bolt Information at Flange Connection (Beam Side):
1in - Bolt Size

A490-SC(B) - Bolting Category

dp = 1 in - Bolt Diameter

F,; = 113 ksi - Bolt Nominal Tensile Strength

F,, = 68 ksi - Bolt Nominal Shear Strength

Ns; = 1 - Number of Slip Planes

OVS - Bolt Hole Type at Plate

STD - Bolt Hole Type at Beam

Bolt Information at Web Connection (Beam Side):
1in - Bolt Size

A490N - Bolting Category

dp = 1 in - Bolt Diameter

F,; = 113 ksi - Bolt Nominal Tensile Strength

F),, = 68 ksi - Bolt Nominal Shear Strength

Ng; = 1 - Number of Shear Planes

HSSL - Bolt Hole Type at Plate

STD - Bolt Hole Type at Beam

Weld Information at Flange Connection (Column Side):
E70XX - Weld Classification

W = 0.5 in - Fillet Weld Size

Fgxx = 70 ksi - Filler Metal Classification Strength

Weld Information at Web Connection (Column Side):
E70XX - Weld Classification

W = 0.5 in - Fillet Weld Size

Fgxx = 70 ksi - Filler Metal Classification Strength
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Flange Plate Connection | AISC 360-16 LRFD

Flange Plate Geometry:
bsp = 16 in - Flange Plate Width

L¢, = 45 in - Flange Plate Length
tsp = 1.5 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, = 4 - Number of Bolt Rows

go = 5.5 in - Bolt Gage

s, = 3 in - Bolt Row Spacing

n. = 12 - Number of Bolt Columns

S. = 3 in - Bolt Column Spacing

Distances:

Ley by = 2 in - Vertical Edge Distance on Beam Flange
Len v = 1.25 in - Horizontal Edge Distance on Beam Flange
Ley by = 2 in - Vertical Edge Distance on Beam Flange
Len_p = 2.25 in - Horizontal Edge Distance on Flange Plate
Ly ¢, = 10 in - Unbraced Length at Flange Plate

Check No. 1: Connection Detailing Limitations Check at Beam Side

Detailing Limitations Limit Value (in) Actual Value (in) DCR Result
Minimum Bolt Gage 5.125 5.500 0.932 PASS
Minimum Bolt Row Spacing 2.667 3.000 0.889 PASS
Maximum Bolt Row Spacing 6.000 3.000 0.500 PASS
Minimum Bolt Column Spacing 2.667 3.000 0.889 PASS
Maximum Bolt Column Spacing 6.000 3.000 0.500 PASS
Plate Minimum Vertical Edge Distance 1.375 2.000 0.688 PASS
Plate Minimum Horizontal Edge Distance 1.375 2.250 0.611 PASS
Beam Minimum Vertical Edge Distance 1.250 2.000 0.625 PASS
Beam Minimum Horizontal Edge Distance 1.250 1.250 1.000 PASS
Result: PASS
Demand over Capacity Ratio
1.25
DCR=4 =52 _4
(1.25)
Check No. 2: Design Capacity of the Bolts in Shear
P,r - Equivalent Flange Force from Strong Axis Moment
M, P,
Pyp=—2 42
(dom — tp) 2
(500 kipft) (250 kip)
Pur = . . +
((28.1in) — (1.34 in)) 2
P,r = 349.22 kip
¢ = 0.85 - Bolt Shear Resistance Factor
p = 0.5 - Mean Slip Coefficient
D, =1.13
hy = 0.85 - Filler Factor for Slip Critical Bolts
dp = 1 in - Bolt Diameter
T, = 64 kip - Minimum Bolt Pretension
Ns; = 1 - Number of Slip Planes
n, = 4 - Number of Bolt Rows
ne. = 12 - Number of Bolt Columns
AISC 360-16 Ch%;geaé%j)i @R, - Design Bolt Shear Capacity
OoR, = ¢ p Dy hy Ty, Ny 1, e
¢R, = (0.85) x (0.5) x (1.13) x (0.85) x (64 kip) x (1) x (4) x (12)
¢R, = 1254 kip
Result: PASS

Demand over Capacity Ratio

DOR — Pur _ (31922 kip)

= SR~ (mikm) 0.27847

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

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

¢ = 0.75 - Bolt Bearing Resistance Factor

dp = 1 in - Bolt Diameter

tsp = 1.5 in - Flange Plate Thickness

F., = 65 ksi - Flange Plate Tensile Stress

n. = 12 - Number of Bolt Columns

n, = 4 - Number of Bolt Rows

qun_bearmg - Design Bolt Bearing Capacity of Section

¢Rn_bearing - ¢ 2.4 db tfp Fup Ne Ny
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®Rn_bearing = (0.75) x 2.4 x (11in) x (1.5 in) x (65 ksi) x (12) x (4)

¢Rnibearing — 8424 kip

Calculate the clear distance of outer bolts on flange plate.
Ley_p = 2 in - Vertical Edge Distance on Flange Plate
dp, = 1.25 in - Vertical Bolt Hole Dimension at Plate

l.1 - Clear Distance at First Bolt Row

dp,
lcl - Lev_fp - 7
) (1.25 in)
leg = (2in) —
2
leg = 1.375 in
Calculate the clear distance of inner bolts on flange plate.
. = 3 in - Bolt Column Spacing
dp, = 1.25 in - Vertical Bolt Hole Dimension at Plate
l.o - Clear Distance at Rest of Bolts
lc2 =S¢ — dh

lo = (31in) — (1.25 in)

lcz = 1.751in

Calculate the bolt tear-out capacity of the flange plate.
l.,y = 1.375 in - Clear Distance at First Bolt Row

l.o = 1.75 in - Clear Distance at Rest of Bolts

typ = 1.5 in - Flange Plate Thickness

F.;, = 65 ksi - Flange Plate Tensile Stress

n. = 12 - Number of Bolt Columns

n, = 4 - Number of Bolt Rows

¢ = 0.75 - Bolt Bearing Resistance Factor

AISC 360-16 Chaé’;_eaé‘?blg DR, tearout - Design Bolt Tear-out Capacity of Section

ORp tearout = ¢ [1.2 11 typ Fupny + 1.2 1 tsp Fupny (ne — 1)
AR tearowt = (0.75) x [1.2 x (1.375 in) x (1.5 in) x (65 ksi) x (4) + 1.2 x (1.75 in) x (1.5 in) x (65 ksi) x (4) x ((12) — 1)]

¢Rn_tearout = 72394 klp

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

AISC 360-16 Chaé);ea{_i’éla()) ORy, pearing = 8424 kip - Design Bolt Bearing Capacity of Section

AISC 360-16 Chapter J3.10
Eq. (/3-6¢)

AISC 360-16 Chapter J3.10 | ¢R,, - Governing Design Capacity

SR, tearout = 7239.4 kip - Design Bolt Tear-out Capacity of Section

R, = min (QbRn,bearinga ¢Rn7tear0ut)
®R, = min ((8424 kip), (7239.4 kip))

éR,, = 7239.4 kip

Result: PASS
Demand over Capacity Ratio

Py (349.22 kip)
DCR = ¢Rn — (7239.4 kip)

= 0.048238

Check No. 4: Design Bolt Bearing Capacity of the Beam Flange
Calculate the bolt bearing capacity of the beam flange.

¢ = 0.75 - Bolt Bearing Resistance Factor

dy = 1 in - Bolt Diameter

tsp = 1.34 in - Beam Flange Thickness

F,;, = 65 ksi - Beam Tensile Stress

ne. = 12 - Number of Bolt Columns

n, = 4 - Number of Bolt Rows

AISC 360-16 Chaé);ea{_i’éla()) @Ry, pearing - Design Bolt Bearing Capacity of Section

¢Rn,bearing =¢244d tfb Fuy ne ny
® Ry bearing = (0.75) x 2.4 x (1 in) x (1.34 in) x (65 ksi) x (12) x (4)

gbRn_bearing = 75254 klp

Calculate the clear distance of outer bolts on beam flange.
Ley vy = 2 in - Vertical Edge Distance on Beam Flange
dp, = 1.125 in - Vertical Bolt Hole Dimension at Beam

l.1 - Clear Distance at First Bolt Row
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lcn =1.4375in

Calculate the clear distance of inner bolts on beam flange.
S, = 3 in - Bolt Column Spacing
dp, = 1.125 in - Vertical Bolt Hole Dimension at Beam

l.o - Clear Distance at Rest of Bolts

leo = 5. —dp
Lo = (3 in) — (1.125 in)

leo =1.875 in

Calculate the bolt tear-out capacity of the beam flange.
l.,1 = 1.4375 in - Clear Distance at First Bolt Row

l.o = 1.875 in - Clear Distance at Rest of Bolts

tsp = 1.34 in - Beam Flange Thickness

F,, = 65 ksi - Beam Tensile Stress

ne. = 12 - Number of Bolt Columns

n, = 4 - Number of Bolt Rows

¢ = 0.75 - Bolt Bearing Resistance Factor

Al5C 360-16 Cha,:%'e@és,_blg @R, tearout - DeSign Bolt Tear-out Capacity of Section

¢Rn_tearout — ¢ []-2 lcl tfb Fub n, + 1.2 lc2 tfb Fub ny (nc - 1)]
ORon tearout = (0.75) x [1.2 x (1.4375 in) x (1.34 in) x (65 ksi) x (4) + 1.2 x (1.875 in) x (1.34 in) x (65 ksi) x (4) x ((12) — 1)]

¢Rn_tearout = 6917.9 klp

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

AISC 360-16 Chaé);e(rlés_’élag PRy, pearing = 7525.4 kip - Design Bolt Bearing Capacity of Section

AISC 360-16 Chaéjcf_eagblg SR, tearout = 6917.9 kip - Design Bolt Tear-out Capacity of Section

AISC 360-16 Chapter J)3.10 | ¢R,, - Governing Design Capacity

¢Rn = min (QbRn,bearinga ¢Rn7tear0ut)
¢ R, = min ((7525.4 kip), (6917.9 kip))

SR, = 6917.9 kip

Result: PASS
Demand over Capacity Ratio

DOR — Pur _ (31922 kip)

~ ¢Rn  (6917.9 kip) = 0.05048

Check No. 5: Design Block Shear Capacity of the Flange Plate
Calculate the net area of the flange plate subject to tension.
typ = 1.5 in - Flange Plate Thickness

n, = 4 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

gq = 5.5 in - Bolt Gage

Len_fp = 2.25 in - Horizontal Edge Distance on Flange Plate

dy, = 1.25 in - Vertical Bolt Hole Dimension at Plate

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

At =tgp [(ne —2) Sy 4+ ga + Len_fp — (ny — 0.5) (dp, +0.0625 in)]
Apt = (1.51in) x [((4) —2) x (31in) + (5.5 in) + (2.25 in) — ((4) — 0.5) x ((1.25 in) + (0.0625 in))]

A, = 13.734 in®

Calculate the gross area of the flange plate subject to shear.
typ = 1.5 In - Flange Plate Thickness

Ley_gp = 2 in - Vertical Edge Distance on Flange Plate

ne. = 12 - Number of Bolt Columns

S. = 3 in - Bolt Column Spacing

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

Ag =tp [Lev_fp + (nec — 1) 8]
Ay = (1.5in) x [(2in) + ((12) — 1) x (3 in)]

Ay, = 52.5 in”

Calculate the net area of the flange plate subject to shear.
typ = 1.5 In - Flange Plate Thickness

Ley_gp = 2 in - Vertical Edge Distance on Flange Plate

ne. = 12 - Number of Bolt Columns

S, = 3 in - Bolt Column Spacing

dy, = 1.25 in - Vertical Bolt Hole Dimension at Plate

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

Ay =ttp (Lev_fp + (ne —1) sc — (ne — 0.5) (dp, + 0.0625 in))

Apy = (15 in) x (2 in) + ((12) — 1) x (3 in) — ((12) — 0.5) x ((1.25 in) + (0.0625 in)))
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AISC 360-16 Chapter J4.3
Eq. (J4-5)

A,y = 29.859 in®

Calculate the design block shear capacity of the flange plate.
¢ = 0.75 - Block Shear Resistance Factor

F,, = 50 ksi - Flange Plate Yield Stress

F,;, = 65 ksi - Flange Plate Tensile Stress

Ups = 1 - Uniformity factor for single line of bolts

Ay = 52.5 in? - Gross Area Subject to Shear (L-pattern)

Ay = 29.859 in? - Net Area Subject to Shear (L-pattern)

A,; = 13.734 in? - Net Area Subject to Tension (L-pattern)

¢R,, - Design Block Shear Capacity of Section

¢Rn = ¢ (06 Fup Anv + Ubs Fup Ant S 0.6 pr Agv + Ubs Fup Ant)
¢R, = (0.75) x (0.6 x (65 ksi) x (29.859 in*) + (1) x (65 ksi) x (13.734 in*) < 0.6 x (50 ksi) x (52.5 in®) + (1) x (65 ksi) x (13.734 in?))

¢ R, = 1542.9 kip

Result: PASS
Demand over Capacity Ratio
Py (34922 kip)
DCR = ¢Rn (15429 kip) 0.22633
Check No. 6: Design Block Shear Capacity of the Beam Flange
Calculate the net area of the beam flange subject to tension.
tsp = 1.34 in - Beam Flange Thickness
by = 14 in - Beam Flange Width
go = 5.5 in - Bolt Gage
dp, = 1.125 in - Vertical Bolt Hole Dimension at Beam
A,; - Net Area Subject to Tension (2L-pattern)
A, = 177 [bfb — gq — (dh + 0.0625 in)]
Apt = (1.34in) x [(14 in) — (5.5 in) — ((1.125 in) + (0.0625 in))]
Apy = 9.7988 in?
Calculate the gross area of the beam flange subject to shear.
tsp = 1.34 in - Beam Flange Thickness
Ley by = 2 in - Vertical Edge Distance on Beam Flange
n. = 12 - Number of Bolt Columns
S. = 3 in - Bolt Column Spacing
Ay, - Gross Area Subject to Shear (2L-pattern)
Agv =2 tfb [Lev_bf + (nc — 1) SC]
Ay =2 % (1.34in) x [(2in) 4+ ((12) — 1) x (3 in)]
Ay = 93.8 in®
Calculate the net area of the beam flange subject to shear.
tsp = 1.34 in - Beam Flange Thickness
Ley by = 2 in - Vertical Edge Distance on Beam Flange
n. = 12 - Number of Bolt Columns
S. = 3 in - Bolt Column Spacing
dp, = 1.125 in - Vertical Bolt Hole Dimension at Beam
A, - Net Area Subject to Shear (2L-pattern)
A, =2 tfb (Lev_bf + (nc — 1) Se — (nc — 0.5) (dh + 0.0625 in))
Ay =2x%x(1.341in) x ((21in) + ((12) — 1) x (3 in) — ((12) — 0.5) x ((1.125 in) + (0.0625 in)))
Apy = 57.201 in®
Calculate the design block shear capacity of the beam flange.
¢ = 0.75 - Block Shear Resistance Factor
Fy, = 50 ksi - Beam Yield Stress
F,, = 65 ksi - Beam Tensile Stress
Uys = 1 - Uniformity factor for single line of bolts
Ay = 93.8 in? - Gross Area Subject to Shear (2L-pattern)
A, = 57.201 in? - Net Area Subject to Shear (2L-pattern)
A,; = 9.7988 in? - Net Area Subject to Tension (2L-pattern)
AISC 360-16 Chaqut.e(r/ﬁil;jS)’ ¢R,, - Design Block Shear Capacity of Section
¢Rn — ¢ (06 Fub Anv + Ubs Fub Ant S 0.6 Fyb Agv + Ubs Fub Ant)
@R, = (0.75) x (0.6 x (65 ksi) x (57.201 in*) + (1) x (65 ksi) x (9.7988 in*) < 0.6 x (50 ksi) x (93.8 in*) + (1) x (65 ksi) x (9.7988 in*))
o R, = 2150.8 kip
Result: PASS

Demand over Capacity Ratio

DOR — Pur _ (31922 kip)

- ¢Rn  (2150.8 kip) = 0.16236

Check No. 7: Design Capacity of the Flange Plate in Tension
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AISC 360-16 Chapter J4.1
Eq. (/4-1)

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

Calculate the tensile yielding capacity of the flange plate.
¢ = 0.9 - Tensile Yielding Resistance Factor

F,, = 50 ksi - Flange Plate Yield Stress

tsp = 1.5 in - Flange Plate Thickness

bsp = 16 in - Flange Plate Width

¢R,, 1, - Design Tension Yielding Capacity of Section
PRy vy = ¢ Fyp tsp by
®Ry 1ty = (0.9) x (50 ksi) x (1.5 in) x (16 in)

¢R +, = 1080 kip

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

F., = 65 ksi - Flange Plate Tensile Stress

tsp = 1.5 in - Flange Plate Thickness

bsp = 16 in - Flange Plate Width

n, = 4 - Number of Bolt Rows

dp, = 1.25 in - Horizontal Bolt Hole Dimension at Plate

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

SR, tr= @ Fup tep [bfp — N, (dh + 0.0625 in)]
OR, = (0.75) X (65 ksi) X (1.5 in) X [(16 in) — (4) X ((1.25 in) + (0.0625 in))]

SR, 1r = 786.09 kip
Determine the governing tensile capacity of the flange plate.
¢R,,_ 1y, = 1080 kip - Design Tension Yielding Capacity of Section

OR,, +» = 786.09 kip - Design Tension Rupture Capacity of Section
¢R,, - Governing Design Capacity

¢Rn = mzn (¢Rn_ty7 ¢Rn_tr)
®R,, = min ((1080 kip), (786.09 kip))

SR, = 786.09 kip

Result:
Demand over Capacity Ratio

Py (349.22 kip)
DCR = ¢Rn ~ (786.09 kip)

= 0.44424

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 Beam in Tension
Calculate the tensile rupture capacity of the flange plate.

¢ = 0.75 - Tensile Rupture Resistance Factor

F,, = 65 ksi - Beam Tensile Stress

Ap, = 57.1 in? - Beam Area

tsp = 1.34 in - Beam Flange Thickness

dp, = 1.125 in - Horizontal Bolt Hole Dimension at Beam
n, = 4 - Number of Bolt Rows

n. = 12 - Number of Bolt Columns

$. = 3 in - Bolt Column Spacing

y = 3.0789 in - Centroid of WT section

U - Shear Lag Factor

9y
(ne — 1) s,

(3.0789 in)
((12) — 1) x (3 in)

U = 0.9067
¢R,, + - Design Tension Rupture Capacity of Section

OR, tr = Fpo U [0.5 Ay — 1y (dh + 0.0625 in) tfb]
¢Rn 1= (0.75) x (65 ksi) x (0.9067) x [0.5 x (57.11in”) — (4) x ((1.125 in) + (0.0625 in)) x (1.34 in)]

SR, = 980.61 kip

Result:
Demand over Capacity Ratio

DOR — fur_ _ (31922 kip)

= PR,  (980.61 kip) 0.35612

PASS

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

¢ = 0.9 - Compression Resistance Factor

F,, = 50 ksi - Flange Plate Yield Stress

E = 29000 ksi - Modulus for Steel

typ = 1.5 in - Flange Plate Thickness

bsp = 16 in - Flange Plate Width

K = 1.2 - Effective Length Factor

Ly ¢, = 10 in - Unbraced Length at Flange Plate
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AISC 360-16 Chapter E3
Eq. (E3-4)

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

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

% = 27.713 - Effective Length Slenderness Ratio

Since, Ii—L > 25.

F, - Elastic Buckling Stress
2 E
LAY
T

72 x (29000 ksi)
((27.713))°

F, =

F, = 372.68 ksi

4.71 \/F£ = 113.43 - Effective Length Slenderness Ratio Limiter
Y

Since, KL < 4.71\/1_.
r Fy

F,., - Critical Buckling Stress

Fyp
Fp = (O.658 2 ) Fyp

(50 ksi)
F, = (0.658 (37268 ksi)) x (50 ksi)

F.. = 47.27 ksi
¢R,, - Design Compressive Capacity of Section

¢Rn = ¢ For trp bfp
oR, = (0.9) X (47.27 ksi) X (1.5 in) X (16 in)

#R,, = 1021 kip

Result: PASS
Demand over Capacity Ratio
B (34922 kip)
DCR = oRn  (02iEp) 0.34202
Check No. 10: Connection Detailing Limitations Check at Support Side
Detailing Limitations Limit Value (in) Actual Value (in) DCR Result
Maximum Fillet Weld Size per Beam Clearance 8.000 0.500 0.063 PASS
Result: PASS
Demand over Capacity Ratio
0.5
DCR =4 = 82 — 0625
(8)

AISC 15th Ed. Part 9 Eq.
(9-2)

Check No. 11: Design Capacity of Weld to Support Flange

Calculate the maximum fillet weld size in 16th of an inch for base metal check.
typ = 1.5 in - Flange Plate Thickness

F,;, = 65 ksi - Flange Plate Tensile Stress

ty;s = 0.71 in - Column Flange Thickness

F,s = 65 ksi - Column Tensile Stress

Dy0z - Maximum Fillet Weld Size for Base Metal Strength

L
Tp Fup < tfs Fus
3.09 kip/in

maxr

(0.75 in) x (65 ksi) < (0.71 in) x (65 ksi)
(3.09 kip/in)

mar —

Dyoe = 14.935

Calculate the total effective weld length.
L, - Length of One Weld Segment

(brs — 2 k1_sup)

L, =
2

L — ((14.5 in) — 22>< (1.4375 in))

L, = 5.8125 in
L,, - Total Effective Length of Weld

Ly =4 [Ly, — 2 (W < 0.3125 in)]
L, =4 % [(5.8125 in) — 2 x ((0.5 in) < (0.3125 in))]

L, =20.75 in

Calculate the design capacity of weld.
Fgxx = 70 ksi - Filler Metal Classification Strength
W = 0.5 in - Fillet Weld Size
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AISC 15th Ed. Part 9 Eq. | Dy = 14.935 - Maximum Fillet Weld Size for Base Metal Strength
(9-2)

L,, = 20.75 in - Total Effective Length of Weld
¢ = 0.75 - Fillet Weld Resistance Factor

AlSC 360-16 Chaqut.e(%Z_;)l ¢R,, - Design Strength of Welds

2 Dinaz
¢R, = ¢ 0.6 Fpxx \/7_ (W < 16 ) Ly

2 14.935
éR, = (0.75) x 0.6 x (70 ksi) x % x ((0.5 in) < %) x (20.75 in)
oR, = 231.09 kip
Result: PASS
Demand over Capacity Ratio
DCR — Py (231.09 kip)

$Rn (23100 kip)

Check No. 12: Design Capacity of Weld to Support Web

Calculate the maximum fillet weld size in 16th of an inch for base metal check.
typ = 1.5 In - Flange Plate Thickness

F,;, = 65 ksi - Flange Plate Tensile Stress

tws = 0.44 in - Column Web Thickness

F,s = 65 ksi - Column Tensile Stress

AISC 15th Ed. Part ?glj:g) D0 - Maximum Fillet Weld Size for Base Metal Strength

tf,
%FupgtwsFus

Dma:c —
3.09 kip/in

(0.75 in) x (65 ksi) < (0.4 in) x (65 ksi)
(3.09 kip/in)

mar —

Doz = 9.2557

Calculate the total effective weld length.
L,, - Total Effective Length of Weld

Ly =2 [Toup — 2 (W < 0.3125 in)]
Ly =2 % [(10 in) — 2 x ((0.5 in) < (0.3125 in))]

L, =18.751in

Calculate the design capacity of weld.
Py = 118.12 kip - Excess Flange force to be carried by the web welds

Frgxx = 70 ksi - Filler Metal Classification Strength

W = 0.5 in - Fillet Weld Size

AISC 15th Ed. Part ?glj:g) Doz = 9.2557 - Maximum Fillet Weld Size for Base Metal Strength

L, = 18.75 in - Total Effective Length of Weld

¢ = 0.75 - Fillet Weld Resistance Factor

AlSC 360-16 Ch%;ge(i)éZ_Z)l @R, - Design Strength of Welds

2 -Dmam
SRn— 6 0.6 Fuxx 2 (W < Ly,
2 16
. \/5 ) (9.2557) )
¢R,, = (0.75) x 0.6 x (70 ksi) x 5 % (0.51in) < W x (18.75 in)
o R, = 208.82 kip
Result: PASS
Demand over Capacity Ratio
P (11812kip)
DCR = ¢Rn ~ (208.82 kip) 0.56563

Check No. 13: Design Capacity of Support Web in Punching
Calculate the web capacity in punching of the supporting member.
Py = 118.12 kip - Excess Flange force to be carried by the web welds

¢ = 0.95 - Web Punching Safety Factor

F,s = 50 ksi - Column Yield Stress

tws = 0.44 in - Column Web Thickness

T'sup = 10 in - Column T-Dimension

¢R,, - Design Web Shear Yielding (Punching)

PR, = $ 0.6 Fys tys 2 Toup
®R, = (0.95) x 0.6 x (50 ksi) x (0.44 in) x 2 x (10 in)

oR,, = 250.8 kip

Result: PASS
Demand over Capacity Ratio

P 118.12 ki
DCR = -1 — WSZX0) 4 47099

¢Rn  (250.8 kip)
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REFERENCES

CALCULATIONS

RESULTS

Summary of Checks

Design Checks Demand Capacity DCR Result
Connection Detailing Limitations Check at Beam Side 1.250 1.250 1.000 PASS
Design Capacity of the Bolts in Shear 349.215 | 1254.029 0.278 PASS
Design Bolt Bearing Capacity of the Flange Plate 349.215 | 7239.375 0.048 PASS
Design Bolt Bearing Capacity of the Beam Flange 349.215 | 6917.918 0.050 PASS
Design Block Shear Capacity of the Flange Plate 349.215 | 1542.938 0.226 PASS
Design Block Shear Capacity of the Beam Flange 349.215 | 2150.826 0.162 PASS
Design Capacity of the Flange Plate in Tension 349.215| 786.094 0.444 PASS
Design Capacity of the Beam in Tension 349.215 980.612 0.356 PASS
Design Capacity of the Flange Plate in Compression 349.215 | 1021.025 0.342 PASS
Connection Detailing Limitations Check at Support Side 0.500 8.000 0.063 PASS
Design Capacity of Weld to Support Flange 231.091 231.091 1.000 PASS
Design Capacity of Weld to Support Web 118.124 | 208.817 0.566 | PASS
Design Capacity of Support Web in Punching 118.124 | 250.800 0.471 PASS
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REFERENCES CALCULATIONS RESULTS

Shear Plate Connection | AISC 360-16 LRFD

Single Plate Geometry:
b, = 21 in - Single Plate Width
d, = 21 in - Single Plate Depth

t, = 1 in - Single Plate Thickness

Single Plate Material Grade:
F,, = 50 ksi - Single Plate Yield Stress

F,;, = 65 ksi - Single Plate Tensile Stress

Connection Geometry:

n, = 7 - Number of Bolt Rows

s, = 3 in - Bolt Row Spacing

n. = 4 - Number of Bolt Columns

S = 3 in - Bolt Column Spacing

Distances:

clr = 8 in - Beam Web Clearance

Ly, pm = 2 in - Horizontal Edge Distance on Beam Web
Lep,_p = 2 in - Horizontal Edge Distance on Single Plate
Ley pi = 1.5 in - Vertical Edge Distance on Single Plate

e = 14.5 in - Bolt Group Eccentricity

Check No. 1: Connection Detailing Limitations at Beam Side

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

Minimum Bolt Row Spacing 2.667 3.000 0.889 PASS
Maximum Bolt Row Spacing 6.000 3.000 0.500 PASS
Minimum Bolt Column Spacing 2.667 3.000 0.889 PASS
Maximum Bolt Column Spacing 6.000 3.000 0.500 PASS
Plate Minimum Vertical Edge Distance 1.250 1.500 0.833 PASS
Plate Minimum Horizontal Edge Distance 1.375 2.000 0.688 PASS
Beam Minimum Horizontal Edge Distance 1.250 2.000 0.625 PASS
Minimum Connection Depth 11.500 21.000 0.548 PASS
Maximum Connection Depth 23.625 21.000 0.889 PASS

Result: PASS

Demand over Capacity Ratio

DCR =4 = BX0 _ (889

(3)

Check No. 2: Design Capacity of the Bolt Group in Shear

Calculate the design shear capacity of the bolt group.
¢ = 0.75 - Bolt Shear Resistance Factor

dp = 1 in - Bolt Diameter

C' = 28 - Calculated Bolt Group Coefficient

F),, = 68 ksi - Bolt Nominal Shear Strength

N; = 1 - Number of Shear Planes

AISC 360-16 Chapter

5.2(a) hf - Filler Factor for Bearing Bolts

hy=0.85<1—04 (t—0.25in) < 1
hs=0.85<1—(0.4) x ((0in) — (0.25 in)) < 1

hy=1

AlSC 36jgé6Eth§t§5 ¢R,, - Design Bolt Shear Capacity

SR, = ¢ Fry % (dy)> N, C hy

&R, = (0.75) x (68 ksi) x % x ((11in))? x (1) x (28) x (1)

¢R, = 1121.5 kip

Result: PASS
Demand over Capacity Ratio

_ Vu _ _(00kip)
DCR = ¢Rn — (11215 kip) 0.35665

Check No. 3: Design Capacity of the Bolt Group in Bearing and Tear-out on Single Plate
Calculate the bolt bearing capacity of the single plate.

dp = 1 in - Bolt Diameter

t, = 1 in - Single Plate Thickness

F,;, = 65 ksi - Single Plate Tensile Stress

C = 28 - Calculated Bolt Group Coefficient

¢ = 0.75 - Bolt Bearing Resistance Factor

AISC 360-16 Chapter

J3.10 Eq. (/3-6a) gbRnJ,earmg - Design Bolt Bearing Capacity of Section

¢Rn7bearing - ¢ 2.4 db tp Fup C
&Ry _bearing = (0.75) x 2.4 x (11in) x (1 in) x (65 ksi) x (28)

¢Rn_bearing = 3276 klp

Calculate the clear distance of outer bolts on single plate.

Connection Design Report

Page 10 of 15




Ley i = 1.5 in - Vertical Edge Distance on Single Plate
dp, = 1.125 in - Vertical Bolt Hole Dimension at Plate

l.1 - Clear Distance at First Bolt Row

dp,

lcl Lev_pl - 7
1.125 in
lq = (15 in) — ( > )

lc1 = 0.9375 in

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

dp, = 1.125 in - Vertical Bolt Hole Dimension at Plate

l.o - Clear Distance at Rest of Bolts

ch — Sr_dh

leo = (31in) — (1.125 in)

lio =1.8751n
Calculate the bolt tear-out capacity of the single plate.
l.1 = 0.9375 in - Clear Distance at First Bolt Row
l.o = 1.875 in - Clear Distance at Rest of Bolts
t, = 1 in - Single Plate Thickness
F,;, = 65 ksi - Single Plate Tensile Stress
C' = 28 - Calculated Bolt Group Coefficient
n, = 7 - Number of Bolt Rows
¢ = 0.75 - Bolt Bearing Resistance Factor
AISCJ%?IOblgqFl(}g?gcg DR, tearout - DeSign Bolt Tear-out Capacity of Section
C
(;bRn_tearout = ¢ [12 lcl tp Fup + 1.2 lc2 tp Fup (nr — 1)] n_
.
. . . . . . (28)
ORy, tearout = (0.75) x [1.2 x (0.9375 in) x (1 in) x (65 ksi) + 1.2 x (1.875 in) x (1 in) x (65 ksi) x ((7) — 1)] x W
¢Rn7t6arout - 2851.9 kip
Determine the governing bearing and tear-out capacity of the bolt group on single plate.
AISC 360-16 Chapter o s - : : :
j3.10 Eq. (J3-62) OR,,_bearing = 3276 kip - Design bolt bearing capacity of single plate
AISCj_géloélgq'Clglas’;_Jgi)r DR, tearout = 2851.9 kip - Design bolt tear-out capacity of single plate
AISC 360-16 Ch}a__),t,).tle(/)’ ®R,, - Governing Design Capacity
R, = min (¢Rn,beam‘nga ¢Rn,tearout)
¢R,, = min ((3276 kip), (2851.9 kip))
o R, = 2851.9 kip
Result: PASS
Demand over Capacity Ratio
_ Vu (400 kip)
DCR = @R, — (28519 kip) 0.14026

Check No. 4: Design Capacity of the Bolt Group in Bearing and Tear-out on Beam Web

Calculate the bolt bearing capacity of the beam web.
dp = 1 in - Bolt Diameter

twp = 0.75 in - Beam Web Thickness

F,, = 65 ksi - Beam Tensile Stress

C' = 28 - Calculated Bolt Group Coefficient

¢ = 0.75 - Bolt Bearing Resistance Factor

AISC 360-16 Chapter o : . . :
J3.10 Eq. (/3-6a) ¢Rn_beamng Design Bolt Bearing Capacity of Section

¢Rn_beam’ng - ¢ 2.4 db tuwb F, ub C
SR bearing = (0.75) x 2.4 x (1 in) x (0.75 in) x (65 ksi) x (28)

¢Rn_beam'ng = 2457 klp

Calculate the clear distance of inner bolts on beam web.
s, = 3 in - Bolt Row Spacing
dp, = 1.125 in - Vertical Bolt Hole Dimension at Beam

l.o - Clear Distance at Rest of Bolts

ch = 8§p — dh
leo = (31in) — (1.125 in)

lio =1.8751n

Calculate the bolt tear-out capacity of the beam web.
l.o = 1.875 in - Clear Distance at Rest of Bolts

twp = 0.75 in - Beam Web Thickness

F,, = 65 ksi - Beam Tensile Stress
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C' = 28 - Calculated Bolt Group Coefficient

¢ = 0.75 - Bolt Bearing Resistance Factor

AISCJ%?beEqFI&ngf_)r OR,, tearout - DeSign Bolt Tear-out Capacity of Section

¢Rn_tea7’out - ¢ 1.2 ch tuwb Fub C
ORun tearout = (0.75) x 1.2 x (1.875 in) x (0.75 in) x (65 ksi) x (28)

(z)Rn_tearout = 2303.4 klp

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

AISC 360-16 Chapter
J3.10 Eq. ()3-6a)
AISCJ%?JO(—)IS@CZ@%g DR, tearout = 2303.4 kip - Design bolt tear-out capacity of beam web

AlSC 360-16 Chjagtleg ¢R,, - Governing Design Capacity

SRy, pearing = 2457 kip - Design bolt bearing capacity of beam web

¢Rn = min (¢Rn_bearing> ¢Rn_tearout)
&R, = min (2457 kip) , (2303.4 kip))

¢ R, = 2303.4 kip

Result: PASS
Demand over Capacity Ratio

9 400 ki
DCR = 100 Ke)_ _ 017365

$Rn  (2303.4 kip)

Check No. 5: Design Capacity of Single Plate in Block Shear
Calculate the net area of the single plate subject to tension.
t, = 1 in - Single Plate Thickness

n. = 4 - Number of Bolt Columns

S. = 3 in - Bolt Column Spacing

Len_pi = 2 in - Horizontal Edge Distance on Single Plate

dp, = 1.3125 in - Horizontal Bolt Hole Dimension at Plate

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

Ant =ty [(ne — 1) S¢+ Len_pt — (ne —0.5) (dp, + 0.0625 in))]
At = (1in) x [((4) — 1) x (3in) + (2 in) — ((4) — 0.5) x ((1.3125 in) + (0.0625 in))]

A, = 6.1875 in?

Calculate the gross area of the single plate subject to shear.
t, = 1 in - Single Plate Thickness

Ley i = 1.5 in - Vertical Edge Distance on Single Plate
n, = 7 - Number of Bolt Rows
s, = 3 in - Bolt Row Spacing

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

Ag =tp [Levpl + (ny — 1) 5]
Ay = (1in) x [(1.51n) 4+ ((7) — 1) x (3 in)]

Ay =19.5 in?

Calculate the net area of the single plate subject to shear.
t, = 1 in - Single Plate Thickness

d, = 21 in - Single Plate Depth

Ley i = 1.5 in - Vertical Edge Distance on Single Plate
n, = 7 - Number of Bolt Rows

dp, = 1.125 in - Vertical Bolt Hole Dimension at Plate
A, - Net Area Subject to Shear (L-pattern)

Any =ty [dy — Lew i — (ne — 0.5) (dp, + 0.0625 in)]
Any = (1in) x [(21 in) — (1.5 in) — ((7) — 0.5) x ((1.125 in) + (0.0625 in))]

A, = 11.781 in®

Calculate the design block shear capacity of the single plate.
F,;, = 65 ksi - Single Plate Tensile Stress

Ay = 11.781 in? - Net Area Subject to Shear (L-pattern)
Upys = 0.5 - Uniformity factor for multiple line of bolts

An: = 6.1875 in? - Net Area Subject to Tension (L-pattern)
F,, = 50 ksi - Single Plate Yield Stress

Ay =195 in? - Gross Area Subject to Shear (L-pattern)

¢ = 0.75 - Block Shear Resistance Factor

AlsC 362é6Egh82t§5 ¢ R, - Design Block Shear Capacity of Section

R, = ¢ (0.6 Fyp Ay + Ups Fup Aps < 0.6 Fypy Agy + Ups Fup Ant)
¢R,, = (0.75) x (0.6 x (65 ksi) x (11.781 in*) + (0.5) x (65 ksi) x (6.1875 in*) < 0.6 x (50 ksi) x (19.5 in*) + (0.5) x (65 ksi) x (6.1875 in*))

¢ R, = 495.42 kip

Result: PASS
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Demand over Capacity Ratio

V. (400 kip)

DCR = $Rn (49542 kip) 0.80739

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

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

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

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

AISC 360-16 Chapter
4.2

Check No. 6: Design Capacity of Single Plate in Shear

Calculate the gross area of single plate subject to yielding.
dp = 21 in - Single Plate Depth
t, = 1 in - Single Plate Thickness

Agy - Section Gross Area

Ag = dpty
Ay = (21in) x (1 in)

Ay = 21 in?
Calculate the shear yielding capacity of the single plate.

F,, = 50 ksi - Single Plate Yield Stress

Ay =21 in? - Section Gross Area

¢ = 1 - Shear Yielding Resistance Factor

®R,,_sy - Design Shear Yielding Capacity of Section

¢R, sy = $ 0.6 F,, Ay,
¢Rn sy = (1) x 0.6 x (50 ksi) x (21 in?)

¢R, 5, = 630 kip

Calculate the net area of single plate subject to rupture.
t, = 1 in - Single Plate Thickness

d, = 21 in - Single Plate Depth
n, = 7 - Number of Bolt Rows
dp, = 1.125 in - Vertical Bolt Hole Dimension at Plate

A, - Section Net Area

Apy = t, [dy — 1y (dp + 0.0625 in)]

Anp = (1in) x [(21 in) — (7) x ((1.125 in) + (0.0625 in))]

A, = 12.688 in®

Calculate the shear rupture capacity of the single plate.
F,;, = 65 ksi - Single Plate Tensile Stress

A,, = 12.688 in? - Section Net Area
¢ = 1 - Shear Yielding Resistance Factor

®R,, s - Design Shear Rupture Capacity of Section

$Ry_sr = ¢ 0.6 Fupp Any
¢Ry_or = (1) x 0.6 x (65 ksi) x (12.688 in”)

SR, o = 494.81 kip

Determine the governing shear capacity of the single plate.

¢R,_sy = 630 kip - Design shear yielding capacity of single plate
OR,, s = 494.81 kip - Design shear rupture capacity of single plate

¢R,, - Governing Design Capacity

¢Rn = min (¢Rn,sy7 ¢Rn,sr)
¢R,, = min ((630 kip) , (494.81 kip))

¢ R, = 494.81 kip

Result: PASS
Demand over Capacity Ratio
_ Vu (400 kip)
DCR = ¢Rn —  (494.81 kip) 0.80839
Check No. 7: Connection Detailing Limitations at Support Side
Detailing Limitations Limit Value (in) Actual Value (in) DCR Result
Maximum Fillet Weld Size per Beam Clearance 8.000 0.500 0.063 PASS
Result: PASS
Demand over Capacity Ratio
0.5
DCR =4 =82 _ 00625

(8)

AISC 15th Ed. Part 9 Eq.
(9-2)

Check No. 8: Design Capacity of Weld to Support Web

Calculate the maximum fillet weld size in 16th of an inch for base metal check.

t, = 1 in - Single Plate Thickness
F,;, = 65 ksi - Single Plate Tensile Stress
tws = 0.44 in - Column Web Thickness

F,s = 65 ksi - Column Tensile Stress

D0z - Maximum Fillet Weld Size for Base Metal Strength
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t
711 Fup < tws Fus
3.09 kip/in

-Dmax —

(0.5 in) x (65 ksi) < (0.44 in) x (65 ksi)

Dma:c —
(3.09 kip/in)

Dyoe = 9.2557

Calculate the total effective weld length for NS/FS fillet welds.
W = 0.5 in - Fillet Weld Size

d, = 21 in - Single Plate Depth

lw min = 0.3125 in - Maximum weld length reduction

L,, - Total Effective Length of Weld

Ly =2 [dy, —2 (W < 0.3125 in)]
Ly, =2 x [(21in) — 2 x ((0.5 in) < (0.3125 in))]

L, =40.75 in

Calculate the design capacity of weld in shear.
Fgxx = 70 ksi - Filler Metal Classification Strength
W = 0.5 in - Fillet Weld Size

AISC 15th Ed. Part ?gEg) Doz = 9.2557 - Maximum Fillet Weld Size for Base Metal Strength

L,, = 40.75 in - Total Effective Length of Weld

¢ = 0.75 - Fillet Weld Resistance Factor

AISC 36}3T£6Egh(ajﬁ2?fg)f ®R,, - Design Strength of Welds

2
$R, = ¢0.6 Fxx % (W < D;g“) Ly

R . (9.2557) .
®R, = (0.75) x 0.6 x (70 ksi) x - % (0.5 in) < W x (40.75 in)
¢ R, = 453.83 kip
Result: PASS
Demand over Capacity Ratio
_ Vu (400 kip)
DCR = ¢Rn  (453.83 kip) 0.88139
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REFERENCES

CALCULATIONS

RESULTS

Summary of Checks

Design Checks Demand Capacity DCR Result
Connection Detailing Limitations at Beam Side 2.667 3.000 0.889 PASS
Design Capacity of the Bolt Group in Shear 400.000 | 1121.549 0.357 PASS
Design Capacity of the Bolt Group in Bearing and Tear-out on Single Plate | 400.000 | 2851.875 0.140 PASS
Design Capacity of the Bolt Group in Bearing and Tear-out on Beam Web 400.000 | 2303.438 0.174 | PASS
Design Capacity of Single Plate in Block Shear 400.000 | 495.422 0.807 PASS
Design Capacity of Single Plate in Shear 400.000 | 494.813 0.808 PASS
Connection Detailing Limitations at Support Side 0.500 8.000 0.063 PASS
Design Capacity of Weld to Support Web 400.000 | 453.830 0.881 PASS
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