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Beam B_15[19]

Design method

® Furocode 3 (UK NA to BS EN 1993:2005)

Overview

Section size: IPEA550
Sequence: 1

ABM: N/Assign
Plan length: 5000
Camber: 0.00 mm
Span length: 5000
Slope: 0.00°
Material length: 4716
Plan rotation: 0.00°

Section properties

Material grade:
Yield stress, f;:
Tensile strength, f.:
Depth, i:

Web thickness, ¢,:
Flange width, b:
Flange thickness, #:
Root radius, r:

Distance between web toes of fillets, 4:

Moment of inertia about the major axis, I,:

S275

275.0 MPa
430.0 MPa
547.0 mm

9.0 mm

210.0 mm
15.7 mm

24.0 mm
467.6 mm
599.8 10° mm?*
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Design summary

Left end

Connection: Clip angle
Bolted Web, Bolted OSL, Wide
gage
Welded extended tee: No
Full depth extended tee: No
Non-Safety
Create Web Doublers: If
Required
Use web extension: If
Required
Replace doubler: No
Skew holes in angle:
Automatic
Combine clip angles: No
Expand Vertical bolt spacing:
Auto
Both sides, Supported, Non
staggered

Elevation: 2500

Minus Dim: 274.0 mm (AUTO)

Mtrl Setback: 284.0 mm (AUTO)

Std Detail: None

Web: Web vertical

End rotation: 0.00°

Shear: 450.0 kN

Moment: 0.0 kN-m (AUTO)

Tension: 0.0 kN

Compress: 0.0 kN

Tying: 370.0 kN (AUTO)
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B_15 [19] Connection strength check: LEFT END

Member end summary

Connecting nodes

Node 1

Column: C_13[18]
Section size: IPEA550

End 0 elevation: 0 mm

End 1 elevation: 5000 mm
Framing condition: Flange of Column
Material grade: S275

Supporting member 15.7 mm

thickness, .

Factored loads

Shear: 450.0 kN
Tying force: 370.0 kN

Design load notes

® Reaction has been input
® Design reaction is 41.3 % of the allowable uniform steel beam load.

Connection summary

® STANDARD CLIP ANGLE, ALL BOLTED, SHOP BOLTED TO SUPPORTED MEMBER
® TWO-SIDE CONNECTION

Connection details

Angles: Grade: S275
Tensile strength, f,.: 430.0 MPa
Yield stress, f;: 275.0 MPa
lga\. SDS2 Generated by SDS2 v2025.07 on Tue Mar 18 08:47:48 2025

€¢ BYALLPLAN © SDS2 All rights reserved



Project: 0954 _Validation_Eurocode_3UK

Fabricator: Validation_Eurocode_3UK

Report: Connection Cube Report for Angle web cleats

Page 7

Connection details (continued)

Bolts to supported:

Bolts to supporting:

Connection geometry:

NS angle section size:

NS outstanding leg length, /,,,:
FS angle section size:

FS outstanding leg length, /., :
Bolt type:

Hole type in connection:

Bolt diameter, d:

Bolt rows, n;:

Bolt row spacing, p;:

Bolt columns, n;:

Web leg row edge distance, ¢;,:
Bolt type:

Hole type in connection:

Bolt diameter, d:

Bolt rows, n;:

Bolt row spacing, p;:

Bolt columns, n;:

Bolt gage, p;:

OSL row edge distance, e;,.:
Dihedral angle, ¢:

Connection design lock summary

Locked Via Member Edit:
(at dd) Locked Via Design:

(at dd) Not Locked:

16
1
697

L90x90x10 x 430
90.0 mm
L90x90x10 x 430
90.0 mm

8.8, Category A
Standard round
20

6

70.0 mm

1

40.0 mm

8.8, Category A
Standard round
20

6

70.0 mm

108.0 mm
40.0 mm
90.00 °
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Expanded design calculation

Shear yielding of beam web (2). Reference 6.2.6, Part 1-1
Web yield stress, f, = 275.0 MPa
Bottom flange thickness, ¢, = 15.7 mm
Top flange thickness, 7;, = 15.7 mm
Web thickness, tw = 9.0 mm
Full section depth, &2 = 547.0 mm
Applied member shear, V;, = 450.0 kN
Ymo = 1
Cross-sectional shear area, 4, = 11728.8 mm*
Flange width, b = 210.0 mm
Flange thickness, 7, = 15.7 mm
Root radius, r, = 24.0 mm
n=1
Web depth, hw = h - &, - 1,
= 547.0 - 15.7 - 15.7
= 515.6 mm

Web shear area, 4w = max [Av -2 - bt + (tw + 21y - ten -

= max (11728.8-2-210.0 - 15.7 + (9.0 + 2 - 24.0) - 15.7,1

= 6029.7 mm*
. Vea
Unity= | —————— | - 1000.0
Sy Avw
V3 Ymo
4500 | 1000.0
275.0 - 6029.7
( V31 )
= 0.470048
( Sy - Auw
. V3 Yuo
Shear capacity = 10000

( 275.0 - 6029.7)
N
1000.0

957.3 kN
957.3 kKN > 450.0 kN (OK)
0470 <1 (OK)

hy zw)
. 515.6 - 9.0)
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Supported beam-net web shear (4). Reference 6.2.6, Part 1-1

Tensile strength, /', = 430.0 MPa

Bolt rows, n; = 6

Flange thickness, 7, = 15.7 mm

Flange width, b = 210.0 mm

Web thickness, tw = 9.0 mm

Full section depth, & = 547.0 mm
Cross-sectional shear area, 4, = 11728.8 mm
Flange width, b = 210.0 mm

Flange thickness, = 15.7 mm

2

Root radius, 7, = 24.0 mm

n=1

Web depth, hw = h - 1, - ¢,
= 547.0 - 15.7 - 15.7
= 515.6 mm

Gross shear area, Ayw = max (Av “2-bety e T2y 4 B tw)
= max (11728.8 -2-.2100- 157+ 9.0+ 2240 - 157,1 - 515.6 - 9.0)

= 6029.7 mm’
Hole diameter, d, = 22.0 mm
Net shear area, 4,,,e; = Avww - 0y = dy * tw
= 6029.7 - 6 - 22.0 - 9.0
= 4841.7 mm*
Ymz1a = L1
f.ll * Av,net
( V3 - Y141 )

Shear capacity = 1000.0

(430.0 . 4841.7)
V31
1000.0

1092.7 kN
Applied member shear, Vy;, = 450.0 kN

Vea
Shear capacity
450.0
1092.7
0.411824

1092.7 kN > 450.0 kN (OK)
0412<1 (OK)

Unity =
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Web leg-bearing on web (20). Reference Table 3.4, Part 1-8
Column edge distance, e, = 40.0 mm

Connection thickness, ¢ = 9.0 mm

Connection tensile strength, /', = 430.0 MPa

Bolt row spacing, p, = 70 mm

Bolt columns, n, = 1

Bolt rows, n; = 6

Distance from support to center of bolt group, z = 50.0 mm

Bolt diameter, d = 20.0 mm

Calculate bearing resistance in vertical direction
Total length of bolt group, p ., = 350.0 mm

Hole diameter, d, = 22.0 mm
f . = 800.0 MPa

Inner bolt resistance

Bolt row spacing, p; = 70.0 mm

a, = L1025

3 . dO
— 700 25
3.220
= 0.810606
. fub
o, = min |a,—2 1
b d fu
= min (0.810606,W,1)
430.0
= 0.810606

Bolt column spacing, p, = 0.0 mm

8'@2

k, = min

- 1.7,2.5)

0

— min (M . 1_7,2_5>
22.0
=25

Ymis = 1.25

k]'ab‘fu'd't
Vm2,1-8

Bearing resistance of inner bolt, Fyp,; =

1000.0
2.5 - 0.810606 - 430.0 - 20.0 - 9.0)
_ 1.25
1000.0
= 125.5 kN
Y SDs2 Generated by SDS2 v2025.07 on Tue Mar 18 08:47:49 2025
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End bolt resistance

. fub
o, = min 1
b T
_ . [800.0
mn (430.0’1)
=1
Bolt column spacing, p, = 0.0 mm
k, = min 5o 1.7,2.5)
0
= min (M - 1.7,2.5)
22.0
=25
Ymas = 1.25
kl'ab'fu'd't
. . V2,18
Bearing resistance of end bolt, ', z,, = T000.0

2.5-1-430.0-20.0 - 9.0)
1.25

1000.0

154.8 kN

Controlling bearing resistance in vertical direction, F, ,,.p; = min (Fy ;o Fppy;
= min (154.8,125.5)
= 125.5 kN

Calculate bearing resistance in horizontal direction
Controlling row edge distance in the vertical direction, ¢, = 0.0 mm

Total length of bolt group, p 1,y = 350.0 mm
Bolt row spacing, p; = 70.0 mm

Hole diameter, d, = 22.0 mm

S w = 800.0 MPa

Inner bolt resistance
No inner bolts exist in this load direction.
End bolt resistance
)
a =
4 3.4,
_ 400
3.220
= 0.606061
a, = min ocd,f“b,l)
u
— min (0.606061,M,1)
430.0
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End bolt resistance (continued)
= 0.606061

Bolt row spacing, p, = 70.0 mm
Bolt row spacing, p; = 70.0 mm
Bolt row spacing, p; = 70.0 mm

k, = min

L4-p, 1725
i

_ o[ 14-700
min (722.0 1.7,2.5)
=25

Ymag = 1.25

Ym2,1-8
Bearing resistance of end bolt, F';p,, =

<k1~ocb-fu-a'-

1000.0
2.5 - 0.606061 - 430.0 - 20.0 - 9.0)
_ 1.25
1000.0
= 93.8 kN
Controlling bearing resistance in horizontal direction, F';, ;.4
= 93.8 kN
Total number of bolts, n = n; - n,
=6-1
=6
a=0
Bolt row spacing, p; = 70.0 mm
— 6z
P
_ 6 - 50.0
6.6+ 1700
= 0.102041
Shear capacity = n .
\/(lJroc n)2+ g-n\?
Fb,ver.Rd Fb,hor.Rd
_ 6
\/<<1 +0- 6))2 R (0.102041 : 6)2'
125.5 93.8
= 582.5 kN

Applied member shear, V;, = 450.0 kN

= Fyrae
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Web leg-bearing on web (20). Reference Table 3.4, Part 1-8 (continued)

Vea
Shear capacity
_ 450.0
582.5
0.772533

582.5 kN > 450.0 kN (OK)
0773 <1 (OK)

Unity =

Connection-block tearing of web leg(s) (6). Reference 3.10.2, Part 1-8
Plate thickness, #, = 10.0 mm

Yield stress, 'y = 275.0 MPa

Tensile strength, v = 430.0 MPa

Bolt column spacing, p, = 0.0 mm

Bolt row spacing, p, = 70 mm

Bolt rows, n; = 6

Column edge distance, e, = 40.0 mm

Row edge distance, e; = 40.0 mm

Bolt columns, n, = 1

Hole diameter, d, = 22.0 mm

Hole length, [, = 22.0 mm

Total length of bolt group, p1 ol = 350.0 mm

Gross shear area, Agy = 2 - tp * [Py 1 T €
=2-10.0 - (350.0 + 40.0)
= 7800.0 mm*
Net shear area, Aw = 2 (tp * [Py + € = tp - [my - 0.5) - dy
- (10.0 - (350.0 + 40.0) - 10.0 - (6 - 0.5 - 22.0)
= 5380.0 mm*
Gross tensile area, 4, = Py g - 1) + e
=2.10.0- (0.0 - (1 - 1) + 40.0)
= 800.0 mm?
Net tensile area, Ay = 2« (tp - (py - [my - 1) + € - tp - [y - 0.5) - 1))
=2-(10.0-(0.0-(1-1 + 40.0) - 10.0 - (1- 0.5 - 22.0)
= 580.0 mm?
Yaz1a = 11
Ymo = 1
u  Aner - A
. (0.5. (f}’Mz,1.1 + g —_—
Shear capacity = 1000.0
Y SDs2 Generated by SDS2 v2025.07 on Tue Mar 18 08:47:49 2025
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Connection-block tearing of web leg(s) (6). Reference 3.10.2, Part 1-8 (continued)

(0.5. (430.0' 580.0 | , 275.0 - 5380.0
1.1 J3 .1
1000.0

967.6 kN
Applied member shear, Vy, = 450.0 kN
VEd

Shear capacity
— 450.0

967.6
0.465069

967.6 kN > 450.0 kN (OK)
0465<1 (OK)

Unity =

Shear yielding of angle(s) (15). Reference 6.2.6, Part 1-1
Connection yield stress, /', = 275.0 MPa

Connection thickness, ¢ = 10.0 mm

Connection depth, 2 = 430.0 mm

Gross shear area, Agy =2 -t h

= 2-10.0 - 430.0
= 8600.0 mm’
Yo = 1
( [y Ag
V3 - Y mo
1.27
Shear capacity = 1000.0
( 275.0 - 8600.0)
N3
1.27
B 1000.0
= 1075.1 kN
Applied member shear, V;, = 450.0 kN
14
Unity= ——£
Shear capacity
Y SDs2 Generated by SDS2 v2025.07 on Tue Mar 18 08:47:49 2025
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Shear yielding of angle(s) (15). Reference 6.2.6, Part 1-1 (continued)

450.0
1075.1
= 0.418566

1075.1 kN > 450.0 kN (OK)
0419<1 (OK)

Shear rupture of angle(s) (21). Reference 6.2, Part 1-1
Plate tensile strength, f v, = 430.0 MPa
FS osl bolt rows, 1) g, = 6

NS osl bolt rows, 1y yg,q = 6
FS leg bolt rows, n; g, = 6
NS leg bolt rows, 7y yg ., = 6

FS connection thickness, 7, = 10.0 mm
NS connection thickness, tns = 10.0 mm
FS connection depth, 4, = 430.0 mm
NS connection depth, 4us = 430.0 mm

Capacity of web leg
Hole diameter, d, = 22.0 mm

NS Net shear area, Aumns = tns - (h,,s - MyNSieg do)
10.0 - (430.0 - 6 - 22.0
= 2980.0 mm*
FS Net shear area, 4, = #; - (hﬁ - My pS e do)
10.0 - (430.0 - 6 - 22.0
= 2980.0 mm*
Total net shear area, 4,,, .
= 2980.0 + 2980.0
= 5960.0 mm*
Yz = 11

= Anv,ns + A

nfs

fu,p : Anv,tota/
V3 Ym21-1

Web leg net shear capacity, R, ., = o000

(430.0 . 5960.0)
NEEEEN |
1000.0

1345.1 kN
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Capacity of outstanding leg
Hole diameter, d, = 22.0 mm

NS Net shear area, Anuns = tus * hns - 1y 5,0 * do|
10.0 - (430.0 - 6 - 22.0

= 2980.0 mm’
FS Net shear area, 4, = t5 + (g = 1y pgoq * do|
10.0 - (430.0 - 6 - 22.0

= 2980.0 mm?

Total net shear area, 4, ,.;
= 2980.0 + 2980.0
= 5960.0 mm*

Ymz1a = L1

= Anv,ns + A

nfs

f“vl’ : Anv,total
V3. Vm2,1-1

OSL net shear capacity, R, ,; = ST

(430.0 . 5960.0)
V31
1000.0

1345.1 kN
Shear capacity = min (R,
— min (1345.1,1345.1)

= 1345.1 kN

Applied member shear, V;, = 450.0 kN
Vea

Shear capacity
450.0
1345.1
0.334548

1345.1 kN > 450.0 kN (OK)
0335<1 (OK)

R

v,osl)

Unity =

Web leg-bolt shear (3). Reference Table 3.4, Part 1-8
Number of shear planes, Ny = 2

Bolt row spacing, p, = 70 mm

Bolt columns, n, = 1

Bolt rows, n; = 6

Distance from weld to center of bolt group, z = 50.0 mm
Bolt row spacing, p; = 70.0 mm

g = 6z

ny -+ 1) - py
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Web leg-bolt shear (3). Reference Table 3.4, Part 1-8 (continued)

_ 6 - 50.0
6-6+1 - 700
= 0.102041

Tensile stress area of the bolt, A = 244.8 mm*
yMZ,l—S = 125
(tpa = 0.0 mm) < (% = &30 = 6.7 mm)

Not necessary to reduce shear capacity for packing.
(M) N,
Bolt shear resistance, F',p, = Yo 18

P vkd 1000.0

(480.0 . 244.8) .2
1.25

1000.0

188.0 kN

Shear capacity =

VI2 +(0.102041 - 6 - 12
962.0 kN

Applied member shear, Vy, = 450.0 kN

Vea
Shear capacity
_ 4500

962.0
0.467776

962.0 kN > 450.0 kN (OK)
0468 <1 (OK)

( 6-1 ,)-188.0

Unity =

Bolts-bearing on web cover plates (20). Reference 3.6, Part 1-8
NS column edge distance, e, 5 = 40.0 mm

NS bottom row edge distance, e yg;, = 40.0 mm
NS top row edge distance, e y5, = 40.0 mm

NS connection thickness, t,s = 10.0 mm
Connection tensile strength, /' = 430.0 MPa
Bolt row spacing, p, = 70 mm

Bolt columns, n, = 1

NS bolt rows, n; yg = 6

Eccentricity in z-direction, z = 50.0 mm

Bolt diameter, d = 20.0 mm
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Calculate bearing resistance in vertical direction
Total length of bolt group, p ,,y = 350.0 mm

Hole diameter, d, = 22.0 mm
f . = 800.0 MPa

Inner bolt resistance
Bolt row spacing, p; = 70.0 mm

a, = L1025
3‘d0

— 700 25
3.220
0.810606

fub,l)

a, = min |,
b &
f

u

min (0.810606,w 1)

430.0°
0.810606
Bolt column spacing, p, = 0.0 mm

2'8'62,1\/5 } 1725
75[ VR

0

k, = min

= min (M - 1.7,2.5)

22.0

=25

Yar1s = 1.25
kl'OCb'_fu'd'tnx
Bearing resi f inner bolt, F e
earing resistance ot inner bolt, £ p,; = 1000.0
2.5 - 0.810606 - 430.0 - 20.0 - 10.0)
_ 1.25
1000.0
= 139.4 kN
End bolt resistance
€1,NS 1
o, = LS
4 3.4,
_ 400
3.220

= 0.606061

a, = min ocd,f“b,l)
fu
= min (0.606061,M,1)
430.0

= 0.606061

Bolt column spacing, p, = 0.0 mm
Y SDs2 Generated by SDS2 v2025.07 on Tue Mar 18 08:47:49 2025
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End bolt resistance (continued)

28 -
ky = min | 22N 1.7,2.5)
0
= min (M - 1.7,2.5)
22.0
=25
Ym1s = 1.25

kl © oy fu - d - tns
. . V2,18
Bearing resistance of end bolt, F'yp,, =

1000.0

2.5 - 0.606061 - 430.0 - 20.0 - 10.0)
1.25

1000.0

104.2 kN

Controlling bearing resistance in vertical direction, F;, ,.pg = min (F, p; by pa
= min (104.2,139.4)
= 104.2 kN

Calculate bearing resistance in horizontal direction
Controlling row edge distance in the vertical direction, e; = min (e ys,€1 ys»
= min (40.0,40.0)
= 40.0 mm
Total length of bolt group, p ,,y = 350.0 mm

Bolt row spacing, p; = 70.0 mm
Hole diameter, d, = 22.0 mm
S = 800.0 MPa

Inner bolt resistance

No inner bolts exist in this load direction.

End bolt resistance

€ NS
%= 3y,
_ 400

3.220

0.606061

fub,l)

Q, = min |0, —
S

u

min (0.606061,M 1)

430.0°
0.606061
Bolt row spacing, p; = 70.0 mm

Bolt row spacing, p; = 70.0 mm
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End bolt resistance (continued)

k, = min 8- e - 1.7,
0
_ . [2.8-400
i ( 22.0
=25
J/MZ,I—S = 125

0

1.4 - P1

- 1.7,2.5)

22.0

2.5 - 0.606061 - 430.0 - 20.0 - 10.0

)

_ 1.25
1000.0
= 104.2 kN
Controlling bearing resistance in horizontal direction, F'y, ;.20 = Fprae
= 104.2 kN
Total number of bolts, n = ny g - n,
=6-1
=6
a=0
Bolt row spacing, p; = 70.0 mm
— 6z
mns - (mns 1 - py
_ 6+ 50.0
6.6+ 1 -700
= 0.102041

Bearing resistance of end bolt, F';p,, =

|

217 L4-700 1.7,2.5)

kl'ab'f‘u'd'l‘ns

Y218

1000.0

“¢” BYALLPLAN

Shear capacity = 2 - n :
\/(1+oc~n)2 g n |
Fb’ver,Rd Fb’hor,Rd
-9. 6
\/ 1+0-612 (0.102041 : 6)2'
104.2 104.2
= 1066.8 kN
Applied member shear, Vi, = 450.0 kN
V
Shear capacity
450.0
1066.8
Y SDs2 Generated by SDS2 v2025.07 on Tue Mar 18 08:47:49 2025
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Bolts-bearing on web cover plates (20). Reference 3.6, Part 1-8 (continued)
= 0.421823

1066.8 kN > 450.0 kN (OK)

0422 <1 (OK)

Outstanding leg-bolt shear (3). Reference 3.6, Part 1-8
Number of shear planes, Ny = 1

FS bolt columns, n, ; = 1

NS bolt columns, n,,, = 1

ES bolt rows, ny zg = 6

NS bolt rows, ny yg = 6

Tensile stress area of the bolt, 4 = 244.8 mm*

Yirs = 1.25

(tpa = 0.0 mm) < d _ 200

Not necessary to reduce shear capacity for packing.

( 480.0 - 4 ) .
. Va1
Bolt shear resistance, F 5, = le(l)z 0.0
480.0 - 244.8) 1
_ 1.25
1000.0
= 94.0 kN

Allowable shear load, P = F p; - (”uvs C My TNy pg Mg
=940-6-1+6-1
= 1128.0 kN
Shear capacity = 0.8 - P
= 0.8 - 1128.0
= 902.4 kN
Applied member shear, Vy, = 450.0 kN

Vea
Shear capacity
_ 450.0

902.4
0.498671

902.4 kN > 450.0 kN (OK)
0499 <1 (OK)

Unity =

Outstanding leg-bearing on angles (110). Reference 3.6, Part 1-8
Tensile strength, /', = 430.0 MPa

Connection thickness, t = 10.0 mm

Column edge distance, e, = 41.0 mm
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Outstanding leg-bearing on angles (110). Reference 3.6, Part 1-8 (continued)

Bolt row spacing, p, = 70 mm
Row edge distance, e; = 40.0 mm
Bolt diameter, d = 20.0 mm
Number of sides, N = 2
Bolt columns, n, = 1
Bolt rows, n; = 6
Total length of bolt group, p .,y = 350.0 mm
Length of joint, [; = p{

= 350.0 mm
Hole diameter, d, = 22.0 mm
S w = 800.0 MPa

Inner bolt resistance
Bolt row spacing, p; = 70.0 mm

a, = L1025

3 . dO
_ 700 (s
3.220 ’
~ 0.810606
o, = min ocd,f“b,l)
= min (0.810606,W,1)
430.0
— 0.810606
k, = min | 222 1.7,2.5)
0
_ 28410
min ( 3.0 1.7,2.5)
=25
Ymis = 1.25

Bearing resistance of inner bolt, Fyp,; =

2.5 - 0.810606 - 430.0 - 20.0 - 10.0)

k1~ocb-fu-d-t

Ym2,1-8

1000.0

_ 1.25
1000.0

= 139.4 kN

End bolt resistance

€
a =
4 3.4,
_ 400
3.220
Y SDs2 Generated by SDS2 v2025.07 on Tue Mar 18 08:47:49 2025
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End bolt resistance (continued)
= 0.606061

fub 1)

o, = min |y,
f

u

min (0.606061,w 1)

430.0°
= 0.606061
k, = min 8-e - 1.7,2.5)
0
= min (M - 1.7,2.5)
22.0
=25
Ymis = 1.25

(kl'oﬂb'fu'd't

Bearing resistance of end bolt, ', z,, =

1.25
1000.0

2.5 - 0.606061 - 430.0 - 20.0 - 10.0)

104.2 kN

Bolt shear resistance
Bolt shear resistance, F,p; = 94.0 kN

Reduction factor, 3, = 0.9875

0.8 Fypg - Brr = 0.8+ 94.0 - 0.9875 = T43kN| < (F,py, = 1042 kN
0.8 Fypy - Brr = 0.8+ 94.0 - 0.9875 = T43kN| < [F, py; = 139.4 kN)|

Fastener resistance limited by bolt shear resistance

Bearing resistance, Fj, gy = min (Fp, g, F},2050-8 + Fopg + Brrl

= min (104.2,139.4,0.8 - 94.0 - 0.9875)
= 743 kN

Shear capacity = Fyp; - ny - ny - N
=743-6-1-2
= 891.1 kN

Applied member shear, V;, = 450.0 kN

VEa
Shear capacity
_ 450.0
891.1
0.504994

891.1 kN > 450.0 kN (OK)
0.505<1 (OK)

Unity =

X SDS2
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Outstanding leg-bearing on support (110). Reference 3.6, Part 1-8
Tensile strength, /', = 430.0 MPa
Connection thickness, ¢ = 15.7 mm
Column edge distance, e, = 51.0 mm
Bolt row spacing, p, = 70 mm
Bolt diameter, d = 20.0 mm
Number of sides, N = 2
Bolt columns, n, = 1
Bolt rows, n; = 6
Total length of bolt group, p ,,y = 350.0 mm
Length of joint, /; = py
= 350.0 mm
Hole diameter, d, = 22.0 mm
S = 800.0 MPa

Inner bolt resistance
Bolt row spacing, p; = 70.0 mm

a, = L1025
3 . dO
— 700 o5
3.220
= 0.810606
o, = min ocd,f“b,l)
= min (0.810606,W,1)
430.0
= 0.810606
k, = min | 222 1.7,2.5)
0
_ . [2.8-51.0 _
min ( 3.0 1.7,2.5)
=25
J/lel_g = 125

k1~ocb-fu-d-t
Ym2,1-8

Bearing resistance of inner bolt, Fyp,; =

1000.0
2.5 - 0.810606 - 430.0 - 20.0 - 15.7)
_ 1.25
1000.0
= 218.9 kN
lga\. SDS2 Generated by SDS2 v2025.07 on Tue Mar 18 08:47:49 2025
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End bolt resistance

a, = min f“b,l)
_ . (8000
mn (430.0’ )
=1
. 8 . ez
k, = min -1.725
0
= min (M - 1.7,2.5)
22.0
=25
Ymoas = 1.25
k]'ab‘fu'd't
. . V2,18
Bearing resistance of end bolt, F';p,, = 1000.0

25-1-430.0-20.0 - 15.7)
1.25

1000.0

270.0 kN

Bolt shear resistance
Bolt shear resistance, F',p; = 94.0 kN

Reduction factor, 3, = 0.9875

(0.8 “ Fopg  Brr = 0.8-94.0 - 0.9875 = 74.3 kN) < (Fb,Rd,e = 270.0 kN)
(0.8 “ Fopg  Brr = 0.8-94.0 - 0.9875 = 74.3 kN) < (F,,,Rd,,- = 218.9 kN)
Fastener resistance limited by bolt shear resistance

Bearing resistance, Fj, p; = min (Fp, g, Fp,2050.8 + Fopg + Brrl
= min (270.0,218.9,0.8 - 94.0 - 0.9875)
= 74.3 kN
Shear capacity = Fyp, - ny - ny - N
=743-6-1-2
= 891.1 kN
Applied member shear, V;, = 450.0 kN

VEa
Shear capacity
_ 450.0
891.1
0.504994

891.1 kN > 450.0 kN  (OK)
0.505<1 (OK)

Unity =
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Connection-block tearing of OSL(s) (252). Reference 3.10.2, Part 1-8
Row edge distance top, e, ,,, = 40.0 mm
Column edge distance, e, = 41.0 mm
Bolt rows, n; = 6
Bolt row spacing, p, = 70 mm
Bolt columns, n, = 1
Column bolt spacing, p, = 70.0 mm
Connection thickness, t = 10.0 mm
Tensile strength, f'v = 430.0 MPa
Yield stress, f', = 275.0 MPa
Bolt row spacing, p; = 70.0 mm
Bolt row spacing, p; = 70.0 mm
Calculate block shear capacity of each side
Hole diameter, d, = 22.0 mm
Hole length, /, = 22.0 mm
Total length of bolt group, p .,y = 350.0 mm

Gross shear area, gy = £+ (D1 1910 + €1,10p)
= 10.0 - (350.0 + 40.0/
= 3900.0 mm’

Net shear area, Aw =t (D + €110p) = £+ 1y - 0.5 - dy
= 10.0 - (350.0 + 40.0) - 10.0 - (6 - 0.5 - 22.0

= 2690.0 mm’
Gross tensile area, Ay, = 1 - [py - (ny - 1] + &)
=10.0- (70.0- (1 - 1) + 41. 0)
= 410.0 mm*
Net tensile area, Ao, = ¢ [py - [y - 1) + &) -1+ (ny - 0.5 - ],
=10.0-(70.0- (1 - 1 + 41.0) - 10.0 - (1 - 0.5 - 22.0
= 300.0 mm’
Ymoaa = 11
Ymo = 1
SuAper | Sy Aw
. . . Vi1 V3 v
Block shear capacity of one side of connection, Vy,;, = 1000.0
430.0 - 300.0 , 275.0 - 2690.0
_ 1.1 J3 o1
1000.0
= 544.4 kN
Shear capacity = 2 - V),
Y SDs2 Generated by SDS2 v2025.07 on Tue Mar 18 08:47:49 2025
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Connection-block tearing of OSL(s) (252). Reference 3.10.2, Part 1-8 (continued)
=2 . 5444
= 1088.7 kN
Applied member shear, Vy;, = 450.0 kN
VEd
Shear capacity
_ 450.0

1088.7
0.413337

1088.7 kN > 450.0 kN (OK)
0413<1 (OK)

Unity =

Tying resistance-angles and bolts (373). Reference MSBO0S5, 4.3.1.1
Connection tensile strength, /' = 430.0 MPa
Web thickness, tw = 9.0 mm

Connection radius, » = 11.0 mm

Connection thickness, t = 10.0 mm

Row edge distance, e; = 40.0 mm

Minimum column edge distance, e,,;, = 41.0 mm
Bolt row spacing, p, = 70 mm

Bolt gage, p; = 108.0 mm

Bolt rows, n; = 6

= (p3-tw-2-2t-2-0.8-r)

_ (108.0-90-2-10.0-2-0.38- 11.0
2

30.7 mm

n=min (€,1.25 - m)

min (41.0,1.25 - 30.7)
38.4 mm

Hole diameter, d, = 22.0 mm

e =min €05 [p3-ty-2-7 + ‘i())
= min [40.0,0.5 - (108.0-9.0-2 - 11.0) + Lz())
= 40.0 mm

Pidmax = P3 - tw -2 1r+d
= 108.0-9.0-2-11.0+ 22.0
= 99.0 mm

Total length of bolt group, py ,,y = 350.0 mm

Effective length of the bolt group, ly, ;- = min (P sl = 1 * P max
= min (350.0/6 - 1 - 99.0]
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Tying resistance-angles and bolts (373). Reference MSBO05, 4.3.1.1 (continued)
= 350.0 mm
Effective length of a plastic hinge, Xl = 2 - e, 4 + [, .
=2-40.0 + 350.0
= 430.0 mm
Width across points of the bolt head or nut, dy = 33.0 mm
'
4
3

_ 33.0

4
= 8.2 mm

Bolt tension area, 4, = 244.8 mm*

ky = 0.9

Bolt ultimate tensile strength, /*,, = 800.0 MPa

Y = L1

k2 . f>ub ' Ab,t
Vmu

1000.0

Design tension resistance of a bolt, F, z;, =

0.9 - 800.0 - 244.8
1.1

1000.0

= 160.2 kN
Y = 1.1

Y mu

(0.25 Sl P ~fu)

plLLRdu ~ 1000000.0

(0.25- 430.0 - 10.0% - 430.0)
1.1

1000000.0

42 kN - m

M pl2o.Rdu M plLRdu
=42kN - m

8- n-2- e My

- 1000.0

FRd,u,l =

2-m-n-ey-m+ n)

_ (8-384-2-82 -42 . 1000.0
(2-30.7-384-82-(30.7 + 38.4)

683.4 kN
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Tying resistance-angles and bolts (373). Reference MSBO05, 4.3.1.1 (continued)

n-2'}’l1'F,Rd.u
(2 "My Rau T T()t
Frns = — - 1000.0
(2 40+ 384-2.6- 160‘2)
_ : 1000.0 - 1000.0
(30.7 + 38.4) '
= 1189.9 kN
FRd,u,3 =2. ny - Ft,Rd,u
=2.6-1602
= 1922.7 kN

Bying capacity = min (Fpg, 1.F g0 F raus)
= min (683.4,1189.9,1922.7)
= 683.4 kN

Applied web tying load, 7', ¢, 7y = 370.0 AN
T,,s1E4

Tying capacity

— 370.0

" 683.4
0.541411

683.4 kN > 370.0 kN (OK)
0541 <1 (OK)

Unity =

Tying resistance-angle gross/net tension (196). Reference 6.2.3, Part 1-1

Bolt rows, n; = 6

Tensile strength, /', = 430.0 MPa

Yield stress, 'y = 275.0 MPa

Connection thickness, t = 10.0 mm

Connection depth, 2 = 430.0 mm

Hole diameter, d, = 22.0 mm

Gross tensile area, Ag; = 2 - h - ¢
=2-430.0- 10.0
= 8600.0 mm’

Net tensile area, A, = 2 - ¢+ (h - ny - d
=2-10.0 - (430.0 - 6 - 22.0)

= 5960.0 mm?
Y = 1.1
Ymo = 1
lga\. SDS2 Generated by SDS2 v2025.07 on Tue Mar 18 08:47:49 2025
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Tying resistance-angle gross/net tension (196). Reference 6.2.3, Part 1-1 (continued)
f}’ : Agt 0.9 'fu - Aper

Ymo ’ Ymu

1000.0

min

Tying capacity =

min ( 275.0 - 8600.0 i 0.9 - 430.0 - 5960.0)

1 1.1
1000.0

2096.8 kN

Applied web tying load, 7', ¢, 7y = 370.0 AN
T,,s1E4

Tying capacity

— 370.0

©2096.8
0.17646

2096.8 kN > 370.0 kN (OK)
0.176 <1 (OK)

Unity =

Tying resistance-block shear of angles (412). Reference MSBO05, 4.3.1.4
Yield stress, 'y = 275.0 MPa

Tensile strength, /', = 430.0 MPa

Thickness, t = 10.0 mm

Row edge distance, e; = 40.0 mm

Column edge distance, e, = 40.0 mm

Bolt column spacing, p, = 0.0 mm

Bolt row spacing, p, = 70 mm

Bolt columns, n, = 1

Bolt rows, n; = 6

C-shaped failure pattern
Total length of bolt group, p 1,y = 350.0 mm

Total length of bolt group, p; ., = 0.0 mm
Connection length, iy = py 0
= 0.0 mm
Hole diameter, d, = 22.0 mm
Gross tensile area, Ag; = 1+ Py - t
= 1-350.0- 10.0
= 3500.0 mn?
Net tensile area, Apey = Age - 1- (0 - 1] - dy - ¢
= 3500.0-1-1(6-1 -22.0- 10.0
= 2400.0 mm’
Gross shear area, Agy = 1+ 2 - [hy + e « ¢
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C-shaped failure pattern (continued)
=1-2-1000+ 40.0 - 10.0
= 800.0 mm*
Net shear area, Ay = Agy - 1+ 2+ (ny - 0.5 - dy - ¢
=800.0-1-2-(1-0.5-220-10.0
= 580.0 mm?
yMu = L1
Ymo =1
f”'Anet + f)’ - Aw
YMM \/g‘ . )/MO
Block shear strength (C-shaped pattern), Fp;, - = 1000.0
430.0 - 2400.0 , 275.0 - 580.0
_ 1.1 3 1
1000.0
= 1030.3 kN
L-shaped failure pattern
Total length of bolt group, p ., = 350.0 mm
Total length of bolt group, p; ., = 0.0 mm
Connection length, iy = py 0
= 0.0 mm
Hole diameter, d, = 22.0 mm
Gross tensile area, Agy = 1+ [Py T € - ¢
=1-1(350.0 + 40.0 - 10.0
= 3900.0 mm?
Net tensile area, Apey = Ag - 1 - (n; - 0.5 - dy - ¢
=3900.0-1-(6-0.5 -220-10.0
= 2690.0 mm*
Gross shear area, Agy = 1 [y + ¢, - ¢
=1-100.0+ 40.0 - 10.0
= 400.0 mm*
Net shear area, Am = Agy - 1+ (ny - 0.5 - djy - ¢
=400.0-1-1(1-0.5 -220- 100
= 290.0 mm?
yMu = L1
Ymo = 1
Y SDs2 Generated by SDS2 v2025.07 on Tue Mar 18 08:47:49 2025
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L-shaped failure pattern (continued)

0.5. [fuAne) o Sr Aw
Y Mu \/g‘ * Ymo
Block shear strength (L-shaped pattern), F'r;;,; = 1000.0

(0.5 ) (430.0~ 2690.0) 4 275.0 - 290.0)
1.1 J3 o1

1000.0

571.8 kN
Bying capacity = 2 - min (F gy 1,F rap |
= 2 - min (571.8,1030.3)
= 1143.6 kN
Applied member shear, Vy, = 450.0 kN
VEa

Tying capacity
_ 450.0
1143.6
0.393495

1143.6 kN > 370.0 kN (OK)
0393<1 (OK)

Unity =

Tying resistance-web leg bolt shear (1). Reference MSBO05, 4.3.1.2
Number of shear planes, Ny = 2

Bolt columns, n, = 1

Bolt rows, n; = 6

Tensile stress area of the bolt, A = 244.8 mm*

Yiw = 1.1

(tpa = 0.0 mm) < (% = 200 =67 mm

Not necessary to reduce shear capacity for packing.
480.0 - 4

( Y ) NS

1000.0

Bolt shear resistance, F WRd =

1.1
1000.0

480.0 - 244.8) )

213.6 kN

Tying capacity = F gy - 1y - 1y
=2136-6-1
= 1281.8 kN

Applied web tying load, 7', ;zy = 370.0 AN
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Tying resistance-web leg bolt shear (1). Reference MSBO05, 4.3.1.2 (continued)

T\s154
Tying capacity
_ 370.0

12818
0.288657

1281.8 kN > 370.0 kN (OK)
0289 <1 (OK)

Unity =

Tying resistance-bolt bearing on angles (110). Reference MSBO05, 4.3.1.3

Tensile strength, /', = 430.0 MPa
Connection thickness, t = 10.0 mm
Column edge distance, e, = 40.0 mm
Bolt row spacing, p, = 70 mm
Row edge distance, e; = 40.0 mm
Bolt diameter, d = 20.0 mm
Number of sides, N = 2
Bolt columns, n, = 1
Bolt rows, n; = 6
Total length of bolt group, p ,,,; = 350.0 mm
Length of joint, [; = p |

= 350.0 mm
Bolt row spacing, p; = 70.0 mm
Hole diameter, d, = 22.0 mm
S w = 800.0 MPa

Inner bolt resistance
No inner bolts exist in this load direction.
End bolt resistance
a, = 2
4 3.4,
_ 400
3.220
= 0.606061
. S ub
o, = min o, 1
b d I
— min (0.606061,M,1)
430.0
= 0.606061
k= min | 230 g Apn 1.7,2.5)
dy dy
_ . [2.8-40.0 - 14-700
min ( 2.0 1.7, 2.0 1.7,2.5)
=25
lga\. SDS2
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End bolt resistance (continued)

Y = 1.1
kl c oy fu -d -t
. . Vi
Bearing resistance of end bolt, F', z,, = 1600.0

2.5 - 0.606061 - 430.0 - 20.0 - 10.0)
1.1

1000.0

118.5 kN
Bolt shear resistance
Bolt shear resistance, F,p; = 213.6 kN
Reduction factor, 3, = 1
\Fora * Brr = 213.6 - 1= 213.6 kN| > (F} ;. = 118.5 kN|
Bolt shear resistance greater than each individual bearing resistance

Bearing resistance, F', p; = Fppye
= 118.5 kN

Tying capacity = Fypy - 1y - ny - N
=1185-1-6-2
= 1421.5 kN

Applied web tying load, T, g, 7y = 370.0 AN
TsiEa

Tying capacity

— 370.0.

14215
0.260289

1421.5 kN > 370.0 kN (OK)
0260 <1 (OK)

Unity =

Tying resistance-beam web tension rupture (124). Reference MSB05, 4.3.2.2
Yield stress, 'y = 275.0 MPa
Tensile strength, /', = 430.0 MPa
Web thickness = 9.0 mm
Web depth = 430.0 mm
Bolt rows, n; = 6
Hole diameter, d, = 22.0 mm
Gross plate area, A; = Web depth - Web thickness
= 430.0 - 9.0
= 3870.0 mm?
Net plate area, An = Web thickness - (Web depth - n, - d,|
= 9.0 - (430.0 - 6 - 22.0)
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Tying resistance-beam web tension rupture (124). Reference MSB05, 4.3.2.2 (continued)

= 2682.0 mm*
Y = 1.1
Yo = 1
min

Ymo Y mu

Sy - Ag 0-9'fu-An>

Tying capacity = 1000.0

min

275.0 - 3870.0 0.9 - 430.0 - 2682.0)
1 ’ 1.1

1000.0

943.6 kN

Applied member tying load, T, = 370.0 kN
Tk

Tying capacity

370.0

943.6
0.392116

943.6 kN > 370.0 kN  (OK)
0392 <1 (OK)

Unity =

Tying resistance-beam web block shear (412). Reference MSBO05, 4.3.2.3
Yield stress, 'y = 275.0 MPa

Tensile strength, /', = 430.0 MPa

Thickness, t = 9.0 mm

Column edge distance, e, = 40.0 mm

Bolt column spacing, p, = 0.0 mm

Bolt row spacing, p, = 70 mm

Bolt columns, n, = 1

Bolt rows, n; = 6

C-shaped failure pattern
Total length of bolt group, p ,,; = 350.0 mm

Total length of bolt group, p; ., = 0.0 mm
Connection length, iy = py 0
= 0.0 mm
Hole diameter, d, = 22.0 mm
Gross tensile area, Ag; = 1+ Py - t
=1-350.0-9.0
= 3150.0 mm’
Net tensile area, Apey = Age - 1- (0 - 1] - dy - ¢
=3150.0-1-1(6-1-22.0-9.0
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C-shaped failure pattern (continued)
= 2160.0 mm’
Gross shear area, Agy = 1 -2 - (hp + &) - ¢
=1-2-000+ 40.0 - 9.0
= 720.0 mm?
Net shear area, Am = Agy - 1 -2+ (n, - 0.5 - d - ¢
=720.0-1-2-(1-0.5-220-9.0

= 522.0 mm’
Vo = 1.1
Ymo = 1
f“'Anel + fy < Aw
Vmu \/g‘ * Ymo
Block shear strength (C-shaped pattern), Fp,, - = 1000.0

430.0 - 2160.0 , 275.0 - 522.0
1.1 J3 o1
1000.0

= 927.2 kN

Tying capacity = Fp,y o
= 927.2 kN

Applied web tying load, 7', ¢; 7y = 370.0 AN
T, s1Ea

Tying capacity

— 370.0

927.2
0.399051

927.2 kN > 370.0 kN (OK)
0399 <1 (OK)

Unity =

Tying resistance-bolt bearing on beam web (110). Reference MSB05, 4.3.2.1
Tensile strength, /', = 430.0 MPa
Plate thickness, #, = 9.0 mm
Column edge distance, e, = 40.0 mm
Bolt row spacing, p, = 70 mm
Bolt diameter, d = 20.0 mm
Bolt columns, n, = 1
Bolt rows, n; = 6
Total length of bolt group, py ,,y = 350.0 mm
Length of joint, [; = py
= 350.0 mm
Bolt row spacing, p; = 70.0 mm
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Tying resistance-bolt bearing on beam web (110). Reference MSB05, 4.3.2.1 (continued)
Hole diameter, d, = 22.0 mm
f .5 = 800.0 MPa

Inner bolt resistance
No inner bolts exist in this load direction.

End bolt resistance

%= 3,
_ 400
3.220
= 0.606061
a, = min ocd,f“b,l)
= min (0.606061,7800'0,1)
430.0
= 0.606061
k, = min | 2P0 1.7,2.5)
do
_ . [14-700
min (722.0 1.7,2.5)
=25
Vi = 1.1
kl'OCb'fu'd'lp
. . Ymu
Bearing resistance of end bolt, F'j, z,, = 1000.0

2.5 - 0.606061 - 430.0 - 20.0 - 9.0)
1.1

1000.0

106.6 kN
Bolt shear resistance
Bolt shear resistance, F,p; = 213.6 kN

Reduction factor, 3, = 1
(FV’Rd - Brp = 213.6 - 1= 213.6 kN) > (Fbde,e = 106.6 kN)
Bolt shear resistance greater than each individual bearing resistance

Bearing resistance, £, z; = Fypye

= 106.6 kN

Tying capacity = Fpy + 1y + 1y
=1066-1-6
= 639.7 kN

Applied web tying load, 7', ¢; 7y = 370.0 kN
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Tying resistance-bolt bearing on beam web (110). Reference MSB05, 4.3.2.1 (continued)
Tw,S[,Ed

Tying capacity
_ 370.0

639.7
0.578397

639.7 kN > 370.0 kN (OK)
0578 <1 (OK)

Unity =

Bending \& prying of angle(s) (43). Reference SJtE3, Pg 26 \& 79
Distance from bolt ¢/l to face of tee or ¢/l of angle leg, b = 44.5 mm
Vertical eccentricity, e, = 0.0 mm

Web cut, y = 0.0°

Connection gage, gconn = 108.0 mm

Yield stress, 'y = 275.0 MPa

Clip angle thickness, fag = 10.0 mm

FS connection length, L, = 430.0 mm

NS connection length, Lss = 430.0 mm

Bolt diameter, d = 20.0 mm

Bolt row spacing, p, = 70 mm

FS bolt rows, ny zg = 6

NS bolt rows, n; yg = 6

Applied web tying load, 7', ¢, 7y = 370.0 AN

Bolt row spacing, p; = 70.0 mm

Max tributary length per bolt, Pmax = p,

= 70.0 mm
. . max (Lns,Ly)

Tributary length per pair of bolts parallel to stem or leg, P = min T max

i | M (432.0,430‘0))70‘0

= 70.0 mm
Width of bolt hole parallel to tee stem or angle leg, d' = 22.0 mm
b'=b-05-d

=44.5-0.5-20.0

= 34.5 mm
Ratio of net area (at bolt line) to gross area (at leg of angle), § = 1 - %

_ . 220

70.0

= 0.685714
Ymo = 1
Y SDs2 Generated by SDS2 v2025.07 on Tue Mar 18 08:47:49 2025
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Bending \& prying of angle(s) (43). Reference SJtE3, Pg 26 \& 79 (continued)

P - tang * tung 'f.y

Y mo
4
Tributary moment per bolt, m =
1000000.0
70.0 - 10.0 - 10.0 - 275.0
1
4
B 1000000.0
= 0.5kN - m
Allowable bolt tension, T, = ((”bu) - 1000.0

_ [ 1+ 0.685714) - 0.5) - 1000.0
34.5

= 235 kN

Moment of inertia for the bolt group
Bolt row spacing, p; = 70.0 mm

1 my s ‘P% : (n%,NS - 1)
12

NS Bolt group moment of inertia about the major axis, /yns =

1-6-70.0%- (62 -1
12

85750.0 mm’
Bolt row spacing, p; = 70.0 mm

. L. ny g ‘P% : (”%,Fs - 1)
> s T 12

FS Bolt group moment of inertia about the major axis

1-6-70.0%- (62 -1
12

85750.0 mm’
NS Bolt group moment of inertia about the minor axis, /-5 = 0.0 mm?

FS Bolt group moment of inertia about the minor axis, 7,5 = 0.0 mm?
Centroid of NS bolt group along major axis, 3,, = 0.0 mm

Centroid of FS bolt group along major axis =00+ (1-1"-0.0+ geomn
=00+ (1-1-00+ 108.0

= 108.0 mm

Bolt row spacing, p, = 70.0 mm

»ufs
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Moment of inertia for the bolt group (continued)
Centroid of NS bolt group along minor axis, zxs = 175.0 mm

Bolt row spacing, p, = 70.0 mm
Centroid of FS bolt group along minor axis, Eﬁ = 175.0 mm

— 1 . nl,NS * Une + 1 . nl,Fs C Dfe
Location of N.A. along major axis, y = ( i " — ] y‘ﬁ)
* NS * MFs

_(1-6-00+1-6-108.0)
(1-6+1-6
= 54.0 mm

(1 NS Zns + 1+ nyps - Eﬁ)

(1 s + 1+ 1y gy

Location of N.A. along minor axis,)_/ =

_ (1-6-1750+1-6-175.0
(1-6+1-6
= 175.0 mm
5x, ns — ‘;ns - y‘
= 10.0 - 54.0
= 54.0 mm

O = b =Y
= [108.0 - 54.0|
= 54.0 mm

5y, ns — ‘;ns - )_/‘
= [175.0 - 175.0|
= 0.0 mm

S, 5 = [Fr -
= [175.0 - 175.0
= 0.0 mm

= 857500+ 1-6- 0.0° + 857500+ 1- 6 - 0.0
= 171500.0 mm?

=00+1-6-540"+00+1-6-540°
= 34992.0 mm>

. . . . 1
NS elastic section modulus about the major axis, Syus = 7y
_ 171500.0

175.0
= 980.0 mm

FS elastic section modulus about the major axis, S, 5 =

_ 171500.0
175.0
980.0 mm

Bolt group moment of inertia about the major axis, Iy = Iyns + 1+ 1y yg - 85 ns + Lo+ 1 npg- & %

Y

Bolt group moment of inertia about the minor axis, /: = Izns + 1+ 1y g = 6% ns + 1 R N 5 f
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Bending \& prying of angle(s) (43). Reference SJtE3, Pg 26 \& 79 (continued)

NS elastic section modulus about the minor axis, Sz s = L
_34992.0
54.0
= 648.0 mm
FS elastic section modulus about the minor axis, S, 5 = ﬁ
_34992.0
(108.0 - 54.0)
= 648.0 mm
Maximum tension on a NS bolt due to tension, Tns = T\, ¢/ 54 1 + e G
o (7 s + 1y ps) Syns Sz.ns
_ 1 0.0/ 0.0
= 370.0 - + +
( (6 + 6 980.0 648.0)
= 30.8 kN
: : : _ 1 lev] €h
Maximum tension on a FS bolt due to tension, 7, = T e+ —
f w,SLEd (mns + 11p) S S.4

1 0.0 0.0
. + -
3700 (( 6+ 6l 980.0) 648.0)

30.8 kN
Maximum bolt tension caused by load, Tmax = max (Tus Ty
= max (30.8,30.8)
= 30.8 kN
Tmax - cos (y)
T

allow

_ 30.8 - cos [10.0)
235
1.31125

Unity =

Calculate maximum capacity
Tried T,,; = 0.4--- 282.0 - kN.
Tension force, T,,;; = 282.2 kN
Horizontal eccentricity, e, = 0.0 mm

Moment of inertia for the bolt group

Bolt row spacing, p; = 70.0 mm

1 my yg ‘P% : (n%,NS - 1)

NS Bolt group moment of inertia about the major axis, /yns =

12
1-6-70.0° - (6> - 1
12
= 85750.0 mm*
Bolt row spacing, p; = 70.0 mm
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Moment of inertia for the bolt group (continued)

1 ny g ‘P% : (”%,Fs - 1)
12

FS Bolt group moment of inertia about the major axis, 7, ; =

_ 1-6-70.0"- (6> - 1
12
85750.0 mm’
NS Bolt group moment of inertia about the minor axis, /-5 = 0.0 mm?

FS Bolt group moment of inertia about the minor axis, 7, , = 0.0 mm?
Centroid of NS bolt group along major axis, 3,, = 0.0 mm
Centroid of FS bolt group along major axis =00+ (1-1"-0.0+ geomn
=00+ (1-1-00+ 108.0
= 108.0 mm

Bolt row spacing, p; = 70.0 mm

> yfs

Centroid of NS bolt group along minor axis, zus = 175.0 mm
Bolt row spacing, p; = 70.0 mm
Centroid of FS bolt group along minor axis, z; = 175.0 mm

. i - (1 “mns e T 1 i Es Sk
Location of N.A. along major axis, y = i g )
© NS © M Fs,

_ (1-6-00+1-6-108.0
(1-6+1-6
= 54.0 mm

(] © NyNs Zns +1- nyfps - Z_/‘I\')

Location of N.A. along minor axis, y = ¥ — |
* NS BROWaY

_ (1-6-1750+1-6-175.0
1-6+1-6
= 175.0 mm
5% ns = ‘;ns - y‘
= 10.0 - 54.0
= 54.0 mm

5,«&,:

X, |

s T J/‘
= [108.0 - 54.0|
= 54.0 mm

5y, ns = ‘Zns - y‘
= [175.0 - 175.0|
= 0.0 mm

O = 5 - V|
= [175.0 - 175.0|
= 0.0 mm

Bolt group moment of inertia about the major axis, Iy = Iyns + 1+ nyyg - 82 ns + Lo+ 1 np- 5; %
= 857500+ 1 - 6 - 0.0> + 85750.0+ 1- 6 - 0.0°
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Moment of inertia for the bolt group (continued)
= 171500.0 mm*
Bolt group moment of inertia about the minor axis, /: = Izns + 1+ 1y g+ 6% ns + 1 S I O s %
=00+ 1-6-540°+ 0.0+ 1-6- 540
= 34992.0 mm?

. . . . 1
NS elastic section modulus about the major axis, Syns = —
_ 171500.0

175.0
= 980.0 mm

. . . . 1y
FS elastic section modulus about the major axis, S, 5 = 7}

_ 171500.0
175.0
= 980.0 mm
NS elastic section modulus about the minor axis, Sz s = %
_34992.0

54.0

= 648.0 mm
FS elastic section modulus about the minor axis, S, 5= B ER
* (gconn - y)

34992.0
(108.0 - 54.0)
648.0 mm

1 + lev + €

(nl,NS + nl,FS) Sy,ns Sz,ns

Maximum tension on a NS bolt due to tension, Tus = T,

(6 + 6 980.0 648.0
= 23.5 kN

€

S Zf$

1 + lev

Maximum tension on a FS bolt due to tension, Ty = Typip * || 77—
: (7 N5+ 1y ps) S, f

' 6+ 6 980.0 648.0

= 23.5 kN
Maximum bolt tension caused by load, Timax = max (T ns, Tﬁ)
= max (23.5,23.5)
= 23.5 kN
Tmax + cos (|y))
T

allow

Interaction check, UR =

_ 23.5 - cos (l0.0l)
23.5
= 1.00023

(UR= 1.00023) ~ 1
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Calculate maximum capacity (continued)
Tying capacity = T,
= 282.2 kN
282.2 kN <370.0 kN (NO GOOD)
1.311>1 (NO GOOD)

Shear yielding of outstanding leg (15). Reference 6.2.6, Part 1-1
Connection yield stress, f', = 275.0 MPa

Connection thickness, ¢ = 10.0 mm

Connection depth, 2 = 430.0 mm

Gross shear area, Agy =2 - t- h

=2-10.0 - 430.0
= 8600.0 mm’
Ymo =1
( Sy - A
V3 7o
1.27
Tying capacity = 1000.0
( 275.0 - 8600.0)
N3
1.27
B 1000.0
= 1075.1 kN
Applied member tying load, Ts;z; = 370.0 AN
Unity = .&m.
Tying capacity
_ 370.0
1075.1
= 0.344154

1075.1 kN > 370.0 kN (OK)
0344 <1 (OK)

lga\. SDS2 Generated by SDS2 v2025.07 on Tue Mar 18 08:47:49 2025
®& BYALLPLAN © SDS2 All rights reserved



Project: 0954 _Validation_Eurocode_3UK
Fabricator: Validation_Eurocode_3UK
Report: Connection Cube Report for Angle web cleats

Page 45

Shear rupture of outstanding leg (21). Reference 6.2, Part 1-1

Connection tensile strength, /' = 410.0 MPa
Bolt rows, n; = 6
Connection thickness, t = 10.0 mm
Connection depth, # = 430.0 mm
Hole diameter, d, = 22.0 mm
Net shear area, Amy = 2 - - (h - ny - d
=2-10.0 - (430.0 - 6 - 22.0)
= 5960.0 mm*
Ympan = L1
Su - Aw
V3 Ym21-1
10000

Tying capacity, Ty =

(410.0- 5960.0)
V31
1000.0

1282.6 kN

Tying capacity = Tg py
= 1282.6 kN

Applied member tying load, Tg; z; = 370.0 kN
Tsi.ka

Tying capacity

_ 370.0

12826
0.288477

1282.6 kN > 370.0 kN (OK)
0288<1 (OK)

Unity =

Tying resistance-bending of supporting flange (177). Reference Pg 26 \& 79

Web cut angle, y = 0.0 °

Bolt row spacing, p, = 70 mm

ES bolt rows, ny zg = 6

NS bolt rows, ny yg = 6

Supporting member yield stress, /°,, = 275.0 MPa
Column flange gage, g/, = 108.0 mm

Supporting member flange thickness, 7, = 15.7 mm
Supporting member web thickness, #,,, = 9.0 mm
Bolt diameter, d = 20.0 mm

Distance from bolt ¢/l to face of tee or ¢/l of angle leg, b= 0.5 - (g/.; - 42
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Tying resistance-bending of supporting flange (177). Reference Pg 26 \& 79 (continued)

= 0.5 - (108.0 - 9.0/
= 49.5 mm
Bolt row spacing, p; = 70.0 mm

Tributary length per pair of bolts parallel to stem or leg, P = min (P 18 col

= min (70.0,108.0]
70.0 mm
Bolt row spacing, p; = 70.0 mm

Max tributary length per bolt, Pmax = p,

= 70.0 mm
Width of bolt hole parallel to tee stem or angle leg, d' = 22.0 mm
b'=b-05-d

= 49.5-0.5- 200

= 39.5 mm
Ratio of net area (at bolt line) to gross area (at leg of angle), d = 1 - F’

_ . 220

70.0

= 0.685714

Ymo =1
P t./fl' . t/,y ‘fy,z
Ymo
4
Tributary moment per bolt, m = 10000000
70.0 - 15.7 - 15.7 - 275.0
1
4

- 1000000.0

= 12kN - m
Force per bolt, ¢ = W) - 1000.0

39.5 ’
= 50.6 kN
. . L (mys T Myps

Tying capacity = W
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Tying resistance-bending of supporting flange (177). Reference Pg 26 \& 79 (continued)
_ 506 -6+ 6
cos 0.0l)
= 607.5 kN
Applied web tying load, 7', ¢; 7y = 370.0 AN

Tw,SI,Ed
Tying capacity
370.0

607.5
0.609054

607.5 kN > 370.0 kN (OK)
0.609 <1 (OK)

Unity =
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Results summary
Clip Angle on left end of Beam B_15 [19]

Design calculation summary for member [19], left end

“¢” BYALLPLAN

Desc. Ref.: Calc. Num. Unity Ratio Resistance Design Force EUROCODE ref.

1: (3) 0.468 962.0 kN 450.0 kN Table 3.4, Part 1-8
2: (20) 0.422 1066.8 kN 450.0 kN 3.6, Part 1-8

3: (20) 0.773 582.5 kN 450.0 kN Table 3.4, Part 1-8
4: (3) 0.499 902.4 kN 450.0 kN 3.6, Part 1-8

5: (110) 0.505 891.1 kN 450.0 kN 3.6, Part 1-8

6: (110) 0.505 891.1 kN 450.0 kN 3.6, Part 1-8

7: (15) 0.419 1075.1 kN 450.0 kN 6.2.6, Part 1-1

8: (21) 0.335 1345.1 kN 450.0 kN 6.2, Part 1-1

o: (6) 0.465 967.6 kN 450.0 kN 3.10.2, Part 1-8
10: (2) 0.470 957.3 kN 450.0 kN 6.2.6, Part 1-1

11: (4) 0.412 1092.7 kN 450.0 kN 6.2.6, Part 1-1

12: (373) 0.541 683.4 kN 370.0 kN MSBO05, 4.3.1.1
13: (196) 0.176 2096.8 kN 370.0 kN 6.2.3, Part 1-1

14: (1) 0.289 1281.8 kN 370.0 kN MSBO05, 4.3.1.2
15: (110) 0.260 1421.5 kN 370.0 kN MSBO05, 4.3.1.3
16: (412) 0.393 1143.6 kN 370.0 kN MSBO05, 4.3.1.4
17: (110) 0.578 639.7 kN 370.0 kN MSBO05, 4.3.2.1
18: (124) 0.392 943.6 kN 370.0 kN MSBO05, 4.3.2.2
19: (412) 0.399 927.2 kN 370.0 kN MSBO05, 4.3.2.3
20: (43) 1.311 282.2 kN 370.0 kN SJtE3, Pg 26 & 79
21: (15) 0.344 1075.1 kN 370.0 kN 6.2.6, Part 1-1

22: (21) 0.288 1282.6 kN 370.0 kN 6.2, Part 1-1

23: (177) 0.609 607.5 kN 370.0 kN Pg 26 & 79
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Check number reference

W9 NauesWwWN=2

- - -
wiN =2e

14:
15:

16:

17:

18:

19:

20:
21:
22:
23:

Web leg-bolt shear

Bolts-bearing on web cover plates

Web leg-bearing on web

Outstanding leg-bolt shear
Outstanding leg-bearing on angles
Outstanding leg-bearing on support
Shear yielding of angle(s)

Shear rupture of angle(s)
Connection-block tearing of web leg(s)
Shear yielding of beam web

Supported beam-net web shear

Tying resistance-angles and bolts (SI)
Tying resistance-angle gross/net tension
(Sh

Tying resistance-web leg bolt shear (SI)
Tying resistance-bolt bearing on angles
(Sh

Tying resistance-block shear of angles
(Sh

Tying resistance-bolt bearing on beam
web (SI)

Tying resistance-beam web tension
rupture (SI)

Tying resistance-beam web block shear
(Sh

Bending & prying of angle(s) (SI)

Shear yielding of OSL (SI)

Shear rupture of OSL (SI)

Tying resistance-bending of supporting
flange (SI)

o d
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Warnings

® FORCED CONNECTION
® Engineering review required to evaluate strength and the application of SDS2 design
calculations to the specific material and geometry.

Notes and conclusions

® Web leg bolt design includes the effect of eccentricity.
® CONNECTION DESIGN FAILURE
® Allowable clip OSL bending strength exceeded

Additional notes

Section 4.4 Worked Example: Angle Web Cleats
MSBO5_Joint_Design.pdf
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