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1.0 Introduction

This report summarizes the design procedure for a four-storey steel building for use as an office space in North York. Sample
calculations are shown for governing design forces, structural member design, and connection details. In addition, scaled drawings of
each designed connection is provided.

2.0 Final Member Selection

Gravity Frame Along Line 3

W200%36
1.25D+1.5(RL+LL)
W360x51 Cf=593.52 kN
1.25D+1.5(RL+LL)
Mf=272.79 kNm
VF-181.86 kN
W200%36
1.25D+1.5(RL¥LL)
Cf=1339.02 kN

W150x18
1.25D0+1.5RL+1.5LL
Cy=102.99 kN

CBF Frame Member Summaries

W200:27 W200x36
1.25D+1.4Wy 1.250+1.aWy+0.5RL+0.5LL
Ci=148.71kN Ci=258.12 kN

W200x42
1.250+1L.4Wy
C;=346.29kN

W130x24 W200x46
1.250+1.5RL+1.5LL+0.4W, 1.250+1.4Wy+0.5RL+0.5LL
€;=240.34 kN Cr=490.24 kN
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MRF Along Line 2
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W360x45
1.25D+1.4Wx+0.5LL+0.5RL
M =186.84 kNm

V =133.94 kN

Deflection = 0.007m

Group 16

T -
W3B0x45
1.250+1.4Wx+0.5LL+0.5RL
Mf = 131.38 kNm
P =29047 kN
V=73.13 kN

F e |
WE10x125

1.250+1.4Wx+0.5LL+0.5RL
Mf = 767.57 kNm

P =907 .85kN

V=219.31 kN

W530x101
1.25D+1.4Wx+0.5LL+0.5RL
M = 706.85 kNm

V =323.287 kN

Deflection = 0.0027 m

2.1 Sample Calculations

2.1.1 MRF Beam on 1* Floor (W530x101)

Governing Load Combination: 1.25D + 1.4Wx + 0.5RL + 0.5LL

Loading Action: Moment 3-3, Shear 2-2

Section Class (Table 2):
b, b/2 210/2
t ot 174

d—2t 352-2x098

= =48.17
w 6.9

h
==

Moment Capacity:

170

5
=
S ER

[§13.5.a]Mp, =Z,F, = 2.62 X 10°® x 350 = 917 kNm

4’Mmax

4X706.85

w
Ul
o

w
ul
o

170

170

(=)

[§13.6.ai] w, =
JM%mx+4-M§+7M§+4M52

v w, > 25 s w, =25

[§ 13.6.aii] M, = %\/Elycj + (%Zlch

T 706852 +4x273.682 + 7xX52232 + 4X274.622

=2.67 >25

b

t
~ flange is better than class 2

el

h

w

170

VR

1700

- Py

~ web is better than class 2

_ 25 X m
T 6000

Check Mu> 0.67Mp:1282.17 KNm > 0.67 X 917 KNm = 614.39 KNm

\](200,000)(2.69 X 107)(7.7 x 10*)(1.02 x 106) + (

200,000m
6000

2
) (2.69 x 107)(1.82 x 1012) = 1282.17 kNm
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0.28Mp

0.28(917)
Mu

| = 759.04 kNm
1282.17

[§13.6.a.i]Mr=1.15¢Mp (1 - ) =1.15(0.9)(917) [1 -

Check Mr< ¢Mp : 759.04 KNm < 0.9 x 917 KNm = 825.3 KNm
&~ Mr = 759.04 kNm

©w Mr > Mf = 706.85 KNm ~ Moment check passes
Shear Resistance:

[§13.4.1.114, = dw = 537(10.9) = 5853.3 mm?

1014 1014 h 1014
Fy—ﬁ—S‘LZO K ;_48.17SFy

[§13.4.1.1.ai] ~ F; = 0.66F, = 0.66(350) = 231 MPa
[§13.4.1]1V. = ®A, F, = 0.9(5853.3)(231) = 1216.90 kN

w Vr >Vf =323.29 KN ~ Shear check passes
Deflection Check:

[Table D.1] Deflection Limit = — = —— = 0.02 m
300 300

Deflection (reading from SAP) = 0.0027 m < 0.02 m .. pass

2.1.2 CBF Beam onFirst Floor (W200x42)

Governing Load Combination: 1.25D + 1.4Wy

Loading Action: Axial (Treat the beam as an axially loaded member due to insignificant moment acting on the beam)
Variables: L = 6000 mm, n =1.34

r, = 87.7 mm, T, = 41.2mm, d = 205mm, b= 166 mm, t=11.8mm, w = 7.2mm

C,, = 84x10° mm®,J = 222x10® mm*, A = 5320 mm?, 7 = 87.7% + 41.2% = 9389 mm?

Slenderness Limit

kL 1.0«6000 mm kyL 1.0¥6000 mm
EE = —————— =684 <200 - ok 22—

T 87.7 mm Ty 41.2mm

= 145.6 < 200 - ok

Local Buckling Checks

b 200 b 2 106 mm
Flange: ¢ <= ,-¢ = 2= —2Z =703 < 10.69 - ok
t Fy t t 11.8mm

b 670 b d—2xt 205 —(2%¥118
Web: 2et< 820 Dot do2t 209mmm@ISMM) _ 95 19 < 35.8 - ok
t ‘/Fy t w 7.2 mm

Compressive Capacity

2 +E m%+200,000 _ _ _mxE__ m?x200,000 _
F, = v W =42191MPa F,, = o —[145'6]2 = 93.11 MPa
= 22
2
F, z *E*CW+ G] ! 434.45 MP
= = R a
“ = [T AR
350
F,=9311MPa, 1= |—— =194
93.11
¢AFy
C,= T =396 KN

[1+2%"R



Group 16 Final Design Project 04 December 2019

2.1.3 MRF Column on First Floor (W610x125)
Governing Load Combination:1.25D +1.4Wx + 0.5RL + 0.5LL

Loading Action: Moment 3-3, Axial, Shear 2-2

Section Class (Table 2):

b, b/2 229/2 584 170 170 1 bel < 170
t t 19.6 \/Fy V350 t = \/ITy
~ flange is better than class 2
h d-2t 612-2x196 148.13 1700 1700 90.9 h - 1700
w w 119 ' [Fy /350 ' w [Fy

~ web is better than class 2

Cross Sectional Strength (Compression):

[§13.3.1]4= 0, Cr = —22 = 0.9(15900)(350) = 5,008.5 kN

@+12mn
[§13.5.a]M, = ®Z,F, = 0.9(3.67 X 10°)(350) = 1,156.5 kNm

[§13.8.5.a] k = —emall _ ¢
Mlarge

[§13.8.5.a]w, = 0.6— 0.4k = 0.6 — 0= 0.6 > 0.4

v w; > 0.4 & w, =06
[§13.8.4]C,, = ”ZLf"‘ = w = 1.59 x 10° kN
[§13.8.41U,, = % = —ss =06 < 1
1% T59x105
v UL <1 A U=1

0.85UiMpy | BUiyMpy _ 90785 | 085(1)(76757)
My Myy 50085 11565

[§ 13.8.2]%+ +0=0.75 < 1.0 - pass

Overall Member Strength (Strong Axis):

_ m2E _ m(200,000)
T kL2 1(3500)\ 2
Fc) ( 249 )

F,
[§13.3.1]F,, =9960.62 MPa ;A:J?: 350 _ .19

9960.82

[§13.3.1]Cr = 2422 _ 090SN0OGSY _ 496701 kN
(1+}LG)i (1+0_192x1.34)T34
- 0.6
[§13.8.4] le: 1Cf: 1__00785 =06
l_c_e 159%10°

[§ 13.5.a]M, = ®Z,F, = 0.9(3.67 x 10°)(350) = 1156.5 KNm

0.85 UMy BUiyMpy  907.85  0.85(0.6)(767.57)
Moy Mpy  4967.01 1156.5

[§13.8.2]g+ +0=0.52< 1.0 - pass

Lateral Torsional Buckling Strength (Weak axis):

_ m*E _ 7%(200,000) o, _ By _ [350 _
[§13.3.1]F,, = (kL>2 = el = 398.02 MPa A= \[F_e = 39805 0.94

5 (=)

@AFy _ 0.9(15900)(350)
T — T

[§13.3.1]Cr = = 3175.24 kN

(1+,12n)i (1+0.942x1.34)m
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[§13.5.a] M, = Z,F, = (3.67 x 10°)(350) = 1284.50 kNm

[§13.8.5.a] k = —small — [§ 13.6.a.ii] @, = 1.75 + 1.05k + 0.3k* = 1.75 < 2.5
Mlarge
[§ 13.6.ii] M, =22 [EIyG] + (C5)2lyCw
L75 X T 200,000)(3.93 x 107)(7.7 x 10%)(154 x 10) + (200’000”)2 393 x 107)(3.45 x 1012
= ——- B A X /X . X s A X . X
Ts00— | (200,000)( ) ) )+ (S0 € ) )
= 3616.78 kNm

Check if Mu>0.67*Mp :3616.78 KNm > 0.67 x 1284.50 KNm = 860.62 KNm

0.28Mp.

0.28(1284.50)
Mu

[§13.6.a.i] Mr=1.15¢Mp (1 - 361678

) = 1.15(0.9)(1284.50) (1 ) = 1197 25 kNm

Check if Mr<¢Mp : 1197.25 > 0.9 x 1284.50 = 1156.05 kNm

= M, > oM, # M, = oM, = 1156.05 kNm
2EI 2 7
[§13.8.4]C,, ="—2 = TEREIAID) _ 6337 66 kN

[§13.8.5.a] w, = 0.6— 0.4k = 0.6 — 0= 0.6 > 0.4

v w,>04 ~ w;=0.6
w 0.6

[§13.8.4]U = —1Cf= —s7ss = 070 <1
1_C_e 633266

U, <1 ~U=1

085UiMpy | FUiyMpy _ 907.85 | 0.85(1)(767.57)
Moy My, 317524 1156.05

(513821 + 0=0.85 <1.0 - pass

Check for Low Axial Loads with High Moments:

My + Mgy, <1 767.57
Myy  Mpy — 1156.05

+0<1 - pass

Shear Resistance:

[§13.4.1.114, = dw = 612(11.9) = 7282.8 mm?

1014 1014 h 1014
Fy—ﬁ—S‘l.ZO KX ;—48.13 SF}/

[§13.4.1.1.a.i] ~ F; = 0.66F, = 0.66(350) = 231 MPa

[§13.4.1]1V,. = ®A, F, = 0.9(7282.8)(231) = 1514.09 kN
wVr >Vf =219.31 KN ~ Shear check passes

Note: W610x125 is the most economical section when we checked the demand to capacity ratio in SAP. Smaller section, such as
W610x113, failed in SAP (d/c ratio =1.04). Therefore, we chose W610x125 asthe optimal section. However, when we checked later in
Excel, it showed that W610x113 works, with a d/c ratio of 0.95, while the d/c ratio of W610x125 is only 0.85. SAP and Excel s howed
different results because SAP takes more variables into consideration. While W610x113 is the most economical section according to
Excel, we decided to stick with W620x125.

2.1.4 CBF Column on First Floor (W130x24)
Governing Load Combination:1.25D +1.5RL + 1.5LL
Loading Action: Axial

Section: W130x24,n=1.34
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Slenderness Limit

T, = 54.1mm,ry = 32.2mm

KyL 1.0%3500 mm KyL 1.0%3500 mm
XX o — 64.6 < 200 -~ ok XY

Tx 54.1mm Ty 32.2mm

=108.96 < 200 - ok

Local Buckling Checks

d =127 mm,b = 127 mm,t = 9.1 mm,w = 6.1 mm

b 200 b b 127 mm
. Del 200 Del 2 _ 2
Flange: c SR Pilirwu— 6.98 < 10.69 - ok
Web: 2t < 820 Dot d72:t_ 127Mm- @I _ 4784 < 358 - ok

t [Fy 't w 6.1 mm

Compressive Capacity

C, = 10.8x10° mm®,] = 76.2x10° mm*, A = 3040 mm?, 7Z= 54.1% + 32.2% = 3964 mm?

2 +E m2%200,000 _ m?xE__ w?200,000 _
Fex = [KTT— W =473 MPa Fey = Kyly 5 = —[108.96]2 =166.3 MPa

= BE
F B ey ]G] ! 631.4 MP

= + = . a
2 =2
ez [k,L,] AxT7§
AF,
F, = 166.3MPa, A= /3—50= 145 c, =2 _361kN
1663 [1+2277

2.1.5 CBF Brace on First Floor (W200x46)

Governing Load Combination:1.25D +1.4Wy + 0.5RL + 0.5LL
Loading Action: Axial

Section: W200x46,n=1.34

Slenderness Limit

T = 88.1mm,ry = 51.2mm

Ky Ly — 1.0%x6946 mm= 78.8 < 200 - ok Ky Ly — 1.0x6946 mm

Tx 88.1mm Ty 51.2mm

= 135.7 < 200 - ok

Local Buckling Checks

d =203mm,b = 203 mm,t = 11.0mm,w = 7.2 mm

200 b E 203 mm
Flange: 2 <= ¢ = 2= —2 =923 <10.69 - ok
Fy t t 11.0mm
Web: b€l< 670 b_EZ= d—Z*t= 203 mm—(2x110 mm) = 25.14 < 35.8 -~ ok

Tt TRt w 7.2 mm

Compressive Capacity
C, = 141x10° mm®, J = 220x10® mm* A = 5890 mm?, 7 = 88.1% + 51.2° = 10,383.05 mm?

2+E 7%+200,000 m?xE__ m?%200,000

F, = Foar = Tasr - 317.89 MPa Foy = o= T = 107.19 MPa
E =
_ [m?xExCy, 1 _ _ 350 _
F, = [[KZLZ]Z +]G]A*T,§ = 371.3 MPa F,=10719 MPa, 1= |- =181
BAF,

C,= —>1 =495 KN
[1+A2M7
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2.1.6 Gravity Beam on First Floor (W360x51)
Governing Load Combination: 1.25D + 1.5RL + 1.5LL

Loading Action: Moment 3-3, Shear 2-2

Section Class (Table 2):

b b/2 171/2 170 170 @< ﬂ

e 12 Te =737 F:\/%:().l t _\/ITy

t t ' v ~ flange is better than class 2

hod—2t 355-2x116 1700 1700 g

WS T g ol Ty v e

W w ' y ~ web is better than class 2
Moment Capacity:
[§13.5.a] M, = Z,F, = 893 x 10° x 350 = 312.55 kNm

4Myp 4x273.94 =107 > 25

[§13.6.aii] w, = 2 T 273942 + 4x235422 + 7256822 + 4x269.662
JM;MX+4M§+7M,7+4MCZ : ’ ) '

ww, =1.07

Wy T

[§ 13.6..ii] M, =

\/EIyG] + ()2 Iycw

107 x 7 200,0007
= ——— [(200,000)(9.68 x 106)(7.7 x 10%)(2.37 x 10%) + (W

2
1500 ) (9.68 x 10°)(2.85 x 1011) =1615.05 kNm

Check Mu> 0.67Mp:1616.05 > 0.67 x 312.55 = 209.4 KNm

0.28Mp

0.28(312.55)
Mu

1615.05

[§13.6.a.i) Mr=1.15¢Mp (1 - ) =1.15(0.9)(312.55) [1 - = 305.96 kNm

Check Mr< ¢Mp: 305.96 < 0.9 x 312.55 KNm = 281.3 kNm

&~ Mr = 281.3 kNm

v Mr > Mf = 273.94 kNm ~ Moment check passes
Shear Resistance:

[§13.4.1.114,, = dw = 355(7.2) = 2556 mm?>

1014 1014 h 1014
E—E—S‘LZO - ;—46.1Sﬁ

[§ 13.4.1.1..i] ~ F, = 0.66F, = 0.66(350) = 231 MPa
[§13.4.11V, = ®A,F, = 0.9(2556)(231) = 531.4 kN

wVr >Vf = 181.862 kN ~ Shear check passes

Deflection Check:

[Table D.1] Deflection Limit = L=t 002m
300 300

Winar Of (snow, wind, live) = 2.4kPa * 6m = 14.4—
m

SwL* 5(14.4)6000*
384El ~ 384(200000)(141 x 10°)

Deflection = = 0.0086 m < 0.02m - pass
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2.1.7 Gravity Column on First Floor (W200x36)
Governing Load Combination:1.25D +1.5RL + 1.5LL
Loading Action: Axial

Slenderness Limit

r, = 89.0 mm,r, = 51.8 mm

* Kyl %
Lalx o ZOBOUTR 39,33 < 200 - ok 2y o LRI 67.57 < 200 - ok
Tx 89.0 mm Ty 518 mm
Local Buckling Checks
d =206 mm,b = 204 mm,t = 12.6 mm,w = 7.9 mm
b 200 b b 204 mm
c2el 200 el Z_ Tz :
Flange: : < BTt Taemm 8.095 < 10.69 - ok
Web: 280 < S8 Zet o S22 ZOIMIECUIZET) _ 9789 < 35.8 - ok
N w 7.9mm
Compressive Capacity
C, = 167 x 10° mm®,] = 323 x 10® mm*, 4 = 6650 mm?
72 = 89.0% + 51.8% = 10604 .2 mm?
o= m2«E  w%%200,000 1283.3 MP Fo= m2«E  mw?x200,000 432.34 MP
. [KXLX] ToEes3? ' ¢ T Kyly? T e7.572 T ¢
Tx Ty
2* *
Fop = [EE22 4 16] L5 = 7343 MPa F,=43234 MPa, A = |22 =0.90,n = 1.34
[KzL7]? AxTE 43234
PAF,
C, =1377.3 KN w Cr >Cf =1339 kN ~ passes
[1+A2Y7

3.0 Connection Details
3.1 Shear Tab
%
Shear Force: Vf = 181.862 kN 2 Shear Tabs: ?f =90.931 kN

Beam: W360x51

Bolt Requirement:

[§13.12.1.2]V,. = 0.600,nm A F,0.7
181862 = 0.60(0.80)(2)(2)A,(825)(0.7)
A, = 80.4 mm?

Column: W200x52

[Table3-1] F, = 825 MPa (A325d >1")
Assume that threads are intercepted
Assume plate thickness: t=20
Use A325 %” Bolts

[§22.3.1] Min. Pitch Distance: 75>12.7
2.7d, = 2.7(0.5)(25.4) = 12.7 mm
Using the Tables in Part 3 HSC (p. 3-31to 3-37)
[§13.12.1.2] Vr = 0.60®,nmA,F, = 100.58 kN
Pr90.931
=—=—>=0.904
V. 100.58
Usingb= 75 mm, L=50 mm C=1.20
Pr = (1.2)(100.6) = 120.7 kN 120.7>90.9
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Using ICR Method

V. =100.58 kN
Assume ICR, x = 80 mm
V; =V, = 100.58 kN

Final Design Project
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A ny= 8.64 mm
Ai_ - Amax

F,r, + E,r.
p— 212

ZMICR =0,

F,cos@ +F,cos§—P=0 (x+e)
Iterations:
X (mm) ri=rz (mm) 0(°) P (bolts) (kN) P (M) (kN)

80 110 43.2 147.1 169.8

90 117 39.8 154.6 168.4

110 133 34.3 166.2 167.4
Error<3% P, = 166.2(2) = 332.2kN
Weld Requirement:

[§13.13.2.2] One Weld (M=1.0): A, =0.707DL

V. =0.60d0,4,X,(1+0.5sin>*0) M,

90931 = 0.67(0.67)(0.707D)(131)(490)(1)(1)

4.464 = 0.707D

Use L103x90x20

Net Section Fracture

[§13.2.2.ii] T, = O, 4,,F,
= (0.75) (1561.6) (450) = 527 kN

[§12.3.1.b]4, = (w)t
= (28 + 75 + 28 — 2((0.5)(25.4) + 2 + 2)))(20)
= 1952 mm?
Block Shear

(Fy+Fy)

[§13.111T, = @, [U A,F, + 0.64,, ]

(350 + 450)
=(0.75) [(0.6)(893)(450) + (0.6)(2060) ———
= 551.6 kN
Bolt Bearing

[§13.12.1.2]
B, = 39,,ntdF, = (3)(0.8)(2)(20)(12.7)(450) = 548.6 kN

3.2 Gusset Plate
Max Tensile Force = 348 kN
Slenderness Limit Check

[§10.422] % = 2222
x

88.1 Ty 51.2

Gross Area Yielding
[§13.2]T, = dAF, = 0.9(5890) (350) = 1855 kN

Selection of Number of Bolts

[§13.12.1.2]1V, = 0.6¢,nmA,F,

D =6.31

Spec.—» D = 6mm

Assume boltholes are punched
[Table 6-3] F, =450 MPa
[Table 6-3] F, =350 MPa
[§13.1]1 @, = 0.75
[§12.3.3.2.b.ii] 4,, = 0.84,,

A, =[(25 + 28) — 0.5(0.5)((25.4) + 2 + 2)](20)
=893 mm?®
Ag, = (75 + 28)(20) = 2060 mm?
[§13.11]U,= 06

d, = 0.5(25.4) = 12.7mm
n=2
[Table 6-3] Fu =450 MPa
[§13.110,, = 0.8
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ITteration 1: let n =4, select M16 bolts
V. =0.6(0.8)(4)(2)(201)(825)(0.7) =446 kN > Tr =348 kN - 4 bolts are suf ficient

Net Section Fracture Check

Assume holes are punched: 4,, = 5890 —2(16 + 2 + 2)(7.2) = 5602 mm?
[§12.3.3.2] 4,, = 0.754, = 0.75(5602) = 4201.5 mm*

[§132]T, = ¢ A, F, = 0.75(4201.5)(450) = 1418 kN > 348 kN - pass
Block Shear

Determine proper bolt spacingr

[§22.3.1] Min Pitch = 2.7d, = 2.7(16) = 43.2mm - set pitch dist = 60 mm
[§22.3.2, Table 6] Min Edge = 28 mm

[§22.3.3] Max Edge < min(12t,150) < min(12 X 7.2), 150) < 86.4 - max edge dist = 86.4 mm
[§22.3.4] Min End = 1.5d, = 1.5(16) = 24 mm

A, = [60 — (16 + 4)](7.2) = 288 mm?

Agy = 2(40 +60)(7.2) = 1440 mm®

(Fy+Fy)
2

(350+450)
[§13.11]1T, = ¢, [U,A,F, + 064, =

Bolt Bearing
[§13.12.1.2] B, = 3¢,,ntd F, = 3(0.8)(4)(7.2)(16)(450) = 497 kN

Bolt Tearout
(Fy+Fu)

[§13.11]7, = ¢,,0.644, == 0.75(0.6) [4(40 + 60)(7.2)] [

2 ]= 518 kN > 348 kN .. pass

3.2.1 Splice Plate (Assume thickness of each splice plate =6 mm)

Gross Area Yielding

[§13.2] T, = A F, = 0.9(140) (12)(350) = 529 kN > 348 kN .. pass

Net Section Fracture Check

Assume holes are punched: 4,, = 140 (12) — 2(16 + 2 + 2)(12) = 1200 mm?

[§13.2]T. = ¢4, F, = 0.75(1200) (450) = 405 kN > 348 kN - pass

3.3 Base Plate

Governing Load Combination: Cy=-1339 kN

Variables:

d=206mm,b=204mm,t=12.6 mm,w=7.9mm bg=b/2=204/2=102mm,h=d-2t=180.8 mm

Dimensions:

1339x103

_S.p _ 1 =—_—
[§25.3.1]14 = "B, = 085®f'c 0.85x0.65%20

= 121,176mm?

Choose C =380 mm, B =330 mm, Area = 125,400 mm? >121,176 mm?>

1=0.75[1(288)(450) +0.6(1440) 22222 — 356 (kN) > 348 kN - pass

10
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Plate thickness:

m=(C-0.95d)/2=92.15 mm n=(B-0.80b)/2=83.4 mm n<m, use n for design

= 23.4mm

2Cm?  [2x1339x103x83.42
BCQF, 330x380%0.9X300

Plate thickness required =¢,, = \/
n/5=16.7mm<23.4mm OK Use25mm (25 mm <65 mm,Fy =300 MPa)
Use PL 25x380x330
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