REFERENCES CALCULATIONS RESULTS

s SkYCiV Brace to Column Flange Knee Brace Connection Calculations

CLOUD STRUCTURAL SOFTWARE

Column Section Properties:

W14x90 - Column Size

d. = 14 in - Column Depth

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

Column Grade Information:

A992 - Material Grade

F, . = 50 ksi - Column Yield Stress

F, . = 65 ksi - Column Tensile Stress

Brace Section Properties:
2L5x3-1/2x1/2-LLBB - Brace Size
Ay, = 8 in? - Brace Area

Longppr = 5 in - Brace Leg on Gusset
Lot gpr = 3.5 in - Brace Leg off Gusset
tpr = 0.5 in - Brace Thickness

6y = 45 - Brace Slope from Support in Degrees
Ly = 8 in - Brace Unbraced Length
Brace Grade Information:

A36 - Material Grade

Fpr = 36 ksi - Brace Yield Stress

Fypr = 58 ksi - Brace Tensile Stress

Design Loads:
Tou5r = 25 kip - Brace Tension Load
Cypr = 25 kip - Brace Compression Load

Connection Information at Brace to Gusset Plate:
tgp = 1in - Gusset Plate Thickness

W = 0.25 in - Fillet Weld Size

L,, = 6 in - Weld Length

E70XX - Filler Metal Classification

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

Ly, = 12 in - Weld Length 1

Ly = 11 in - Weld Length 2

E70XX - Filler Metal Classification
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REFERENCES CALCULATIONS RESULTS

Brace Connection to Gusset Plate | AISC 360-16 LRFD

Check No. 1: Connection Detailing Limitations

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

Minimum Fillet Weld Size 0.188 0.250 0.752 PASS
Maximum Fillet Weld Size 0.438 0.250 0.571 PASS
Result: PASS
Demand over Capacity Ratio
4 _ (0asy)
DCR= 3 = 0 0.752

Check No. 2: Design Capacity of the Welds at Brace to Gusset

Calculate the maximum fillet weld size in 16th of an inch for base metal check.
ty = 0.5 in - Brace Thickness

F, 3 = 58 ksi - Brace Tensile Stress

tgp = 11in - Gusset Plate Thickness

F, gp = 65 ksi - Gusset Plate Tensile Stress

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

tor Fupr < tgp Fugp

Doz =
3.09 kip/in
(0.5 in) x (58 ksi) < (1 in) x (65 ksi)

Dinaz =
(3.09 kip/in)

Do = 9.3851

Calculate the total effective weld length for NS/FS fillet welds.
W = 0.25 in - Fillet Weld Size

L, = 6 in - Weld Length

L, - Total Effective Length of Weld

Ly =4 [Ly—2 (W < 0.3125 in)]
Ly =4 x [(6in) — 2 x ((0.25 in) < (0.3125 in))]

Ly, =22 in

Calculate the design capacity of the weld.
Fgxx = 70 ksi - Filler Metal Classification Strength
W = 0.25 in - Fillet Weld Size

AISC 15th Ed. Part 9 Eq. (52;)- Dipaz = 9.3851 - Maximum Fillet Weld Size for Base Metal Strength

L,, = 22 in - Total Effective Length of Weld
¢ = 0.75 - Fillet Weld Resistance Factor

AISC 360-16 ChaEpterjz.4 ¢R,, - Design Strength of Welds

q. (j2-4)

3 Dyna
$Ry = $0.6 Foxx % (W < —) Ly

16
) . (9.3851) .
¢R, = (0.75) x 0.6 x (70 ksi) x = x ((0.25 in) < W % (22 in)

¢R, = 122.51 kip
Result: PASS
Demand over Capacity Ratio

_ Tupr _ (25kp)

DCR = R, (12251 kip) 0.20407

Check No. 3: Design Block Shear Capacity of the Gusset Plate

Calculate the net area of the gusset plate subject to tension.
tgp = 1 in - Gusset Plate Thickness
Longppr = 5 in - Brace Leg on Gusset

Ayt - Net Area Subject to Tension (C-pattern)
Ap = tgp Lon,gp,br
Ap = (1in) x (5 in)
Ap =5 in?
Calculate the gross area of the gusset plate subject to shear.
tyy = 1in - Gusset Plate Thickness

L, = 6 in - Weld Length
Ay,, - Gross Area Subject to Shear (C-pattern)

Agy = 2tgp Ly
Agy =2 x (1in) x (6 in)

Ay =12 in®

Calculate the net area of the gusset plate subject to shear.
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tgp = 1 in - Gusset Plate Thickness
L,, = 6 in - Weld Length
A, - Net Area Subject to Shear (C-pattern)

Ay =215 Ly
Apy =2 x (1in) x (6 in)

Apy = 12/in?

Calculate the design block shear capacity of the gusset plate.
F, 4p = 65 ksi - Gusset Plate Tensile Stress

Ay, = 12 in® - Net Area Subject to Shear (C-pattern)

Ups = 1 - Uniformity factor

Ayt = 5 in? - Net Area Subject to Tension (C-pattern)

F, g» = 50 ksi - Gusset Plate Yield Stress

Ay,, = 12 in? - Gross Area Subject to Shear (C-pattern)
¢ = 0.75 - Block Shear Resistance Factor

AISC 360-16 Cha&-e;.e(r]{ﬁgj ¢R,, - Design Block Shear Capacity of Section

GRn = ¢ (0.6 Fugp Any + Uss Fugp Ant < 0.6 Fygp Agy + Ubs Fugp Ant)
@R, = (0.75) x (0.6 x (65 ksi) x (12in?) + (1) x (65 ksi) x (5in?) < 0.6 x (50 ksi) x (12 in?) + (1) x (65 ksi) x (5 in?))

¢R, = 513.75 kip

Result: PASS
Demand over Capacity Ratio

_ Tupr . (25kip)
DCR = TR = G R 0.048662

Check No. 4: Design Capacity of the Brace in Tension
Calculate the tensile rupture capacity of the brace.
¢ = 0.75 - Tensile Rupture Resistance Factor

F,pr = 58 ksi - Brace Tensile Stress

Ay = 8 in? - Brace Area

= 0.901 in - Brace Centroid

L, = 6 in - Weld Length

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

T
Uv=1--2%
Ly,
vy (0901in)
(6 in)
U = 0.84983

AISC 360-16 ChaE;ge(rjﬁlfél) @R, ¢ - Design Tension Rupture Capacity of Section

SRntr = ¢ Fupy U Apy
G R 1= (0.75) x (58 ksi) x (0.84983) x (8 in?)

¢ Ry 1r = 295.74 kip

Result: PASS
Demand over Capacity Ratio

_ Tupr _ (25kip)
DCR = OR, i (295.74 kip) 0.084533

Check No. 5: Design Capacity of the Gusset Plate in Tension
Calculate the tensile yielding capacity of the gusset plate.
¢ = 0.9 - Tensile Yielding Resistance Factor
F, gp = 50 ksi - Gusset Plate Yield Stress
tgp = 1in - Gusset Plate Thickness
Wy = 11.928 in - Whitmore Section
AISC 360-16 Ch%%t.e(rf‘lﬁil) @R, t, - Design Tension Yielding Capacity of Section
SRty = ¢ Fygptop Wor
¢Ry, 1y = (0.9) x (50 ksi) x (1 in) x (11.928 in)

@Ryt = 536.77 kip

Result: PASS
Demand over Capacity Ratio

Tubr 25 ki
DCR = —2r — 280 _ 046575

OR, 1,  (536.77 kip)

Check No. 6: Design Capacity of the Gusset Plate in Compression

Calculate the compression buckling capacity of the gusset plate.

¢ = 0.9 - Compression Resistance Factor

F, gp = 50 ksi - Gusset Plate Yield Stress

tgp = 1 in - Gusset Plate Thickness

Wi = 11.928 in - Whitmore Section

K = 1.2 - Effective Length Factor

Ly = 8 in - Brace Unbraced Length

KL
T

= 33.255 - Effective Length Slenderness Ratio
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Since, K,—L > 25.

AISC 360-16 Chapter ngg) F, - Elastic Buckling Stress

=2

*E
2
(%)
w2 x (29000 ksi)
((33.255))*
F, = 258.81 ksi
4.71\/%17 = 113.43 - Effective Length Slenderness Ratio Limiter
Y
Since, % <471 \/?
v

AISC 360-16 Chapter ?gfg) F,, - Critical Buckling Stress

Lvar
F, = (0.658 Fe ) Fyop

(50 ksi)
F, = <0.658 e ksn> % (50 ksi)

F., = 46.116 ksi
AISC 360:16 Chapter 523557) ¢R,, - Design Compressive Capacity of Section
SRy = ¢ For tgy Wer
GR, = (0.9) x (46.116 ksi) x (1 in) x (11.928 in)

OR, = 495.07 kip

Result: PASS
Demand over Capacity Ratio
_ Cupr  (25kip)
DCR = ORn (49507 kip) 0.050498
Summary of Checks
Design Checks Demand Capacity DCR Result

Connection Detailing Limitations 0.188 0.250 0.752 PASS
Design Capacity of the Welds at Brace to Gusset 25.000 122.506 0.204 PASS
Design Block Shear Capacity of the Gusset Plate 25.000 | 513.750 0.049 PASS
Design Capacity of the Brace in Tension 25.000 | 295.742 0.085 PASS
Design Capacity of the Gusset Plate in Tension 25.000 | 536.769 0.047 PASS
Design Capacity of the Gusset Plate in Compression 25.000 | 495.074 0.050 PASS
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REFERENCES

CALCULATIONS

RESULTS

Gusset Plate Connection to Support | AISC 360-16 LRFD

Check No. 1: Connection Detailing Limitations

Detailing Limitations Limit Value (in) Actual Value (in) DCR Result
Minimum Fillet Weld Size 0.250 0250] 1000 Pass

Result:
Demand over Capacity Ratio
(0.25)

_d_ —
DCR= 3 = o = 1

PASS

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

AISC 360-16 Chapter 2.4
Eq. (2-4)

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

¢ = 0.75 - Fillet Weld Resistance Factor

W = 0.25 in - Fillet Weld Size

Fgxx = 70 ksi - Filler Metal Classification Strength
ti. = 0.71 in - Column Flange Thickness

F, . = 65 ksi - Column Tensile Stress

typ = 1 in - Gusset Plate Thickness

F, 4p = 65 ksi - Gusset Plate Tensile Stress

Ly = 23 in - Total Plate Length

Calculate Dmax:

Maximum Fillet Weld Size for Base Metal Strength

Fugp  (0.71 in)x (65 ksi)<(0.5 in)x (65 ksi)
Drmaa = —555 Kp/m (3.09 kip/in) =10.518

Calculate Total Weld Length:
Total Effective Length of Weld
Ly =2 [Lyr —2 (W < 0.3125 in)] = 2 x [(23 in) — 2 x ((0.25 in) < (0.3125 in))] = 45 in
Design Loads:

Moment Load at Gusset to Support

My = Ny \Lgl—ng\ _ (77 kxp)x\;u in)—(11 in)|

Brace Component Perpendicular to Support
Ny = Toupr sin(6y,) = (25 kip) X sin((45)) = 17.678 kip

= 0.73657 kip-ft

y %(0.73657 kipf
%JrNbT: = (45 in) =
Brace Component Along Support
Vir = Tupr cos(0sr) = (25 kip) x cos((45)) = 17.678 kip
Resultant Load

R= \/(N,,,,T)Z + (Vo) = \/((19.249 kip))? + ((17.678 kip))® = 26.135 kip
Loading Angle at Weld in Degrees

_ 1 Ner\ _p ( (19249 kip)\
0 = tan (—VM ) = tan (7(17‘678 kip)) = 47.437

N = + (17.678 kip) = 19.249 kip

Calculate Weld Capacity:
¢R,, - Design Strength of Welds

3
GRn— 0.6 Fuxx % (W < DlL6> [1+05 (sn0)""] L,

6R,, = (0.75) x 0.6 x (70 ksi) x ? x ((0425 in) < %) x [1 +0.5 % (sin(47.437))1'5} % (45 in)

#R, = 329.78 kip

Result:
Demand over Capacity Ratio

DCR— L — (26.135 kip)

OR: (32078 kip) 0.07925

PASS

AISC 360-16 Chapter J10.3
Eq. (10-4)

Check No. 3: Design Capacity of the Support
Calculate the web local crippli pacity of the Support.

¢ = 0.75 - Web Local Crippling Resistance Factor

tw,c = 0.44 in - Column Web Thickness

I, = 11.5 in - Bearing Length: Half Gusset Plate Length along Support
d. = 14 in - Column Depth

tj. = 0.71 in - Column Flange Thickness

F, . = 50 ksi - Column Yield Stress

E = 29000 ksi - Modulus for Steel

@R, _wic - Design Web Local Crippling Capacity of Support

EF, ts.

5 b\ [ twe )"
ORy wie = ¢ 0.8 (twe)” |1+3 | — ¥
d. tie

twe

GRo_wic = (0.75) x 0.8 x ((0.44 in))* x

(14 in) (0.71 in) (0.4 in)

GRy wie = 391.29 kip

Calculate the web local yielding capacity of the Support.
¢ =1 - Web Local Yielding Resistance Factor

F,,. = 50 ksi - Column Yield Stress

tw,e = 0.44 in - Column Web Thickness

kges = 1.31 in - Column kdes
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AISC 360-16 Chapter J10.2
Eq. (10-2)

AISC 360-16 Chapter J10

Iy = 11.5 in - Bearing Length: Half Gusset Plate Length along Support
@R, wiy - Design Web Local Yielding Capacity of Support

SRy ity = ¢ Fyetwe (5Kdese + 1)
GRoy iy = (1) x (50 ksi) x (0.44 in) x (5 x (1.31 in) + (115 in))

¢ Ry, iy = 397.1 kip

Calculate for the governing design capacity of the Support.
¢R,, - Governing Design Capacity of the Support

¢Ry = min (¢ Ry wic; ®Rn_wiy)
$ Ry = min ((391.29 kip) , (397.1 kip))

#R, = 391.29 kip

Nrat,support = 9-6245 kip - Required Load: Half total Nbr

Result: PASS
Demand over Capacity Ratio
_ Noratsupport (96245 kip)
DCR = Ry T (391.29 kip) 0.024597
Summary of Checks
Design Checks Demand Capacity DCR Result

Connection Detailing Limitations 0.250 0.250 1.000 PASS

Design Capacity of Weld at Gusset to Support 26.135| 329.777 0.079 PASS

Design Capacity of the Support 9.625| 391.294 0.025 PASS
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