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Input Parameters

Module Tension Member Design - Bolted to End Gusset
Axial (kN)* 235.0
Length (mm) * 2560.0
Section Profile* Angles
Section Size* Ref List of Input Section
Section Material E 250 (Fe 410 W)A
Ultimate Strength, F,, (MPa) 410
Yield Strength, F, (MPa) 250
Bolt Details - Input and Design Preference
Diameter (mm) [16, 20]
Property Class [4.6, 4.8]
Type Bearing Bolt
Hole Type Standard

Detailing - Design Preference

Edge Preparation Method Rolled, machine-flame cut, sawn and planed

Are the Members Exposed to Corrosive Influences? False

Plate Details - Input and Design Preference

Thickness (mm) [10, 12, 14, 16]

Material E 250 (Fe 410 W)A
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1.1 List of Input Section

Section Size*

20x20x 3,720 x 20 x 47,25 x 25 x 3,25 x 25 x 4, '25 x 25 x 57, ’30 x 30 x 37, ’30 x 30 x 47, ’30 x 30 x 5’, '35 x
35x 3,35 x35 x4’ '35 x35x 5,35 x35x 6% 40 x 40 x 3’, 40 x 40 x 4’, ’40 x 40 x 5°, 40 x 40 x 6, ’45 x 45 x
37,745 x 45 x 47, ’45 x 45 x 57, 745 x 45 x 67, ’50 x 50 x 3’, ’50 x 50 x 4’, ’50 x 50 x 5’, ’50 x 50 x 6’, ’55 x 55 x 4’,
55 x 55 x 5, ’55 x 55 x 67, ’55 x 55 x 8, '60 x 60 x 4’, '60 x 60 x 5’, ’60 x 60 x 6’, ’60 x 60 x 8", ’65 x 65 x 4’, 65 x
65 x 5, ’65 x 65 x 67, 65 x 65 x 8,70 x 70 x 5’, 70 x 70 x 6’, ’70 x 70 x 8", ’70 x 70 x 10’, 75 x 75 x 5, '75 x 75
x 6,775 x 75 x 8,775 x 75 x 107, ’80 x 80 x 6’, 80 x 80 x 8’, 80 x 80 x 107, 80 x 80 x 12, 90 x 90 x 6’, 90 x 90
x 8,790 x 90 x 107, ’90 x 90 x 12’, ’100 x 100 x 6’, ’100 x 100 x &’, ’100 x 100 x 10’, 100 x 100 x 12’, ’110 x 110 x
8,110 x 110 x 10°, 110 x 110 x 12, ’110 x 110 x 167, ’130 x 130 x 8’, ’130 x130 x 10, ’130 x130 x 12’, '130 x130 x
167, ’150 x 150 x 10’, ’150 x 150 x 127, ’150 x 150 x 16’, '150 x 150 x 207, 200 x 200 x 12’, ’200 x 200 x 16’, '200 x
200 x 20°, ’200 x 200 x 25’, ’50 x 50 x 77, ’50 x 50 x 8, ’55 x 55 x 10’, ’60 x 60 x 10’, ’65 x 65 x 10’, ’70 x 70 x 7’,
’100 x 100 x 77, 7100 x 100 x 15, ’120 x 120 x &8’, ’120 x 120 x 10’, ’120 x 120 x 12’, ’120 x 120 x 15’, 130 x 130 x
9’,’150 x 150 x 15’, ’150 x 150 x 18’, ’180 x 180 x 15’, 180 x 180 x 18, ’180 x 180 x 207, "200 x 200 x 24’, ’30 x 20
x 3,730 x 20 x 4°,’30 x 20 x 57, 40 x 25 x 37, ’40 x 25 x 47, '40 x 25 x 57, 40 x 25 x 6, 45 x 30 x 3’, 45 x 30 x 4’,
45 x 30 x 57, 745 x 30 x 6’, ’50 x 30 x 3’, ’50 x 30 x 4’, ’50 x 30 x 57, ’50 x 30 x 6’, ’60 x 40 x 5’, ’60 x 40 x 6’, 60 x
40 x 87,765 x 45 x 57, 65 x 45 x 67, 65 x 45 x 8, '70 x 45 x 57, ’70 x 45 x 6’, 70 x 45 x 8, 70 x 45 x 10’, ’75 x 50 x
5,775 x 50 x 67, ’75 x 50 x 8, ’75 x 50 x 10’, ’80 x 50 x 5’, ’80 x 50 x 67, '80 x 50 x 8, ’80 x 50 x 10’, ’90 x 60 x 6’,
’90 x 60 x 8, ’90 x 60 x 10’, 90 x 60 x 12’, 100 x 65 x 6°, 100 x 65 x 8, ’100 x 65 x 10’, 100 x 75 x 6’, ’100 x 75
x 8,100 x 75 x 10’, '100 x 75 x 127, ’125 x 75 x 6’, ’125 x 75 x 8, ’125 x 75 x 10°, ’125 x 95 x 6’, '125 x 95 x &,
125 x 95 x 107, 7125 x 95 x 127, ’150 x 115 x 8, '150 x 115 x 107, 150 x 115 x 127, ’150 x 115 x 16’, ’200 x 100 x
10’, ’200 x 100 x 127, ’200 x 100 x 16, ’200 x 150 x 10’, '200 x 150 x 12’, ’200 x 150 x 167, 200 x 150 x 20’, ’40 x 20
x 3’, 740 x 20 x 4, ’40 x 20 x 5, ’60 x 30 x 5’, ’60 x 30 x 6’, 60 x 40 x 7’, ’65 x 50 x 5’, ’65 x 50 x 6’, ’65 x 50 x 7,
’65 x 50 x 87, ’70 x 50 x 5°, ’70 x 50 x 6, 70 x 50 x 77, ’70 x 50 x 8’, ’75 x 50 x 77, ’80 x 40 x 5’, ’80 x 40 x 6’, '80 x
40 x 77, ’80 x 40 x 8’, ’80 x 60 x 6’, ’80 x 60 x 77, ’80 x 60 x 8, 90 x 65 x 6°, 90 x 65 x 7°, 90 x 65 x &, ’90 x 65 x
107, ’100 x 50 x 67, ’100 x 50 x 77, ’100 x 50 x 8, ’100 x 50 x 10’, ’100 x 65 x 7’, ’120 x 80 x &’, ’120 x 80 x 10’, ’120
x 80 x 127,125 x 75 x 127, ’135 x 65 x 8, '135 x 65 x 10’, 135 x 65 x 127, ’150 x 75 x 97, ’150 x 75 x 157, '150 x 90
x 107, 7150 x 90 x 12, ’150 x 90 x 15’, ’200 x 100 x 15’, ’200 x 150 x 15’, 200 x 150 x 18’
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2 Design Checks

Design Status

2.1 Selected Member Data
Section Size* (’90 x 65 x 7’, "Angles’)
Material E 250 (Fe 410 W)A
Mass, m (kg/m) 8.24
Area, A (cm?) 1050.0
A (mm) 90.0 I,(cm?) 20.9
B (mm) 65.0 T (cm) 2.86
t (mm) 7.0 ry (cm) 1.9
Ry (mm) 8.0 Ty (cm) 3.13
Ry (mm) 0.0 ry (cm) 1.41
Cy (mm) 16.1 Z. (cm3) 13.9
C, (mm) 28.5 Zy (cm3) 7.7
I, (cm*) 85.7 Zpz (cm?) 25.2
Iy(cm*) 37.8 Zpy (cm?) 13.9
I, (ecm?) 102.0 Radius of gyra- | 14.1
tion, r (cm)
2.2 Spacing Check

Min. Diameter d=20
(mm)
Hole Diameter dog = 22
(mm)
Minimum Bolts =1
(nos)
P/gmin = 2.5d

= 2.5 x20.0
Min. Gauge Dis- =50.0 50 Pass
tance (mm)

[Ref. IS 800:2007, C1.10.2.2]
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emin = 1.5dg
=1.5x22.0
Min. Edge Dis- =33.0 35 Pass

tance (mm)

[Ref. IS 800:2007, C1.10.2.4.2]
depth=2e+(r;—1) g

Spacing Check =2x354+(1—-1)x50 75.0 Pass
=70

2.3 Member Check

Tye =
€ Ym0
~1050.0 x 250
Tension  Yielding T 1.1x103
Capacity (kN) = 238.64
[Ref. IS 800:2007, C1.6.2]
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Tension  Rupture
Capacity (kN)
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w
=1.4—0.076 x — x
p t © 09fy  Le

0.9 fuymo

<
fy¥m1

> 0.7

: 110.
—14-0076x 20, 0 1105
70~ 09x410 " 250

< 0.9 x410 x 1.1 > 07
250 x 1.25

=1.19

Tu — 1% (O.QAanu N ﬁAgofy>

Ym1 Ymo

1o [09x427.0x 410 | 1.19 x 455.0 x 250
- 1.25 1.1

=249.11

[Ref. IS 800:2007, C1.6.3.3]

!y x !5

Block Shear Ca-
pacity (kN)

A 0.9A4
Tdbll _ vgfy + tnf'u,
V3vmo Ym1

0~9Avnfu Atgfy
Tap2 = ——— + ——
2 \/§’Ym1 Ymo

Tdb = min(Tdbl, Tdb2) = 255.32

[Ref. IS 800:2007, C1.6.4]

Tension Capacity
(kN)

235.0

Tyq = min(Tag, Tan, Tab)
= min(238.64, 249.11, 255.32)
= 238.64

[Ref.IS 800:2007, C1.6.1]

Pass
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Slenderness % < 400 = 181.56 —_—
[Ref. IS 800:2007, C1.7.1.2]
Utilization Ratio = o _ 250
Utilization Ratio <1 Ty 238.64
=0.98
Acmin = 0.3A,
= 0.3 x 238.64
="71.59
Axial Load Consid- Ay = 235.0 Pass

ered (kN)

Acmax = 238.64

[Ref. IS 800:2007, C1.10.7|

2.4 Bolt Design

Diameter (mm) Bolt Quantity Optimization d=20
Hole Diameter do =22
(mm)

Property Class Bolt Grade Optimization 4.8

Bolt Ultimate fup, = 420.0
Strength (N/mm?2)

Bolt Yield fy, = 340.0

Strength (N/mm2)

Nominal Stress

Area (mm2)

An, = 245 ([Ref. IS 1367 — 3 (2002)])

Min. Pitch Dis-

tance (mm)

Pmin = 2.5d
=2.5x20.0
= 50.0

[Ref. IS 800:2007, C1.10.2.2]

50

Pass
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P/ gmax = min(32¢, 300)
= min(32 x 7.0, 300)
= min(224.0, 300)

224.0
Max.  Pitch Dis- 50 Pass

tance (mm)

Where, t = min(12.0,7.0)

[Ref. IS 800:2007, C1.10.2.3]
Pmin = 2.5d

=2.5x20.0
Min. Gauge Dis- =50.0 0
tance (mm)
[Ref. TS 800:2007, C1.10.2.2]
p/gmax = min(32¢, 300)
= min(32 x 7.0, 300)
min(224.0, 300)

= 224.0
Max. Gauge Dis- 0

tance (mm)

Where, t = min(12.0,7.0)

[Ref. IS 800:2007, C1.10.2.3]
emin = 1.5dg

=1.5x22.0
Min. End Distance =33.0 35 Pass

(mm)

[Ref. IS 800:2007, C1.10.2.4.2]
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tance (mm)

250
e2 =12 x12.0 X 4/ — = 144.0
250

emax = min(er, ez) = 84.0

[Ref. IS 800:2007, C1.10.2.4.3]

250
emax = 12te; € = e
Ty
2
e1 =12 x 7.0 x ﬁ=84.O
250
Max. End Dis- 250 35 Pass
eg =12 x 12.0 X — =144.0
tance (mm) 250
emax = min(ey, ez) = 84.0
[Ref. IS 800:2007, C1.10.2.4.3]
emin = 1.5dg
=1.5x22.0
Min. Edge Dis- =33.0 37.5 Pass
tance (mm)
[Ref. IS 800:2007, C1.10.2.4.2]
250
emax = 12te; € = 4 [ —
Ty
e1 =12 x 7.0 X @284.0
250
Max. Edge Dis- 37.5 Pass

Kb

ky, = min (i P95 fub 1.0>

3do’ 3do fu
min [ 22 50 45 4200,
3x22.0° 3x220 410

= min(0.53,0.51,1.02,1.0)
=0.51

[Ref. IS 800:2007, C1.10.3.4]
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Shear Capacity
(kN)

Created with

4200 x 1 x 245
1000 x V3 x 1.25
= 47.53

[Ref. IS 800:2007, C1.10.3.3]
25kl

(5 Osdag’

Bearing Capacity
(kN)

Vapb
P TYmb

_2.5x0.51 x20.0 X 7.0 x 410

1000 x 1.25
= 58.55

[Ref. IS 800:2007, Cl.10.3.4]
Vab = min (Vysb, Vapb)

Capacity (kN)

= min (47.53, 58.55)
= 47.53

[Ref. IS 800:2007, C1.10.3.2]

Ry =\/V2+A2

Ntrial = Ru/Vbolt

No. of Bolts n==6
=5
No. of Bolt ne =26
Columns
No. of Bolt Rows ne =1
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Long Joint Reduc-
tion Factor

B
v

if I; > 15d then Viq = B1; Van

if I; < 15d then Vg = Vgy,

where,

lj = ((ncornr)—1) x (porg)

Bi; = 1.075 — 1/(200d)
but 0.75 < B; < 1.0

[Ref. IS 800:2007, C1.10.3.3.1]

Created withE ‘ O S d O g )

lj = ((nc orny) —1) x (p or g)
= (6—1) x 50 = 250
=(1-1)x0=0

1 =250
15 x d =15 x 20.0 = 300.0

since, I; < 15 x d then §;; = 1.0

[Ref. IS 800:2007, C1.10.3.3.1]

Large Grip Length
Reduction Factor

if Iy > 5d, then Viq = ﬂlngb
if Iy < 5d then Vi.q = Vap

lg <8d

where,

lg = Z:(tep + tmember)

Big = 8d/(3d + lg)
but By < By

[Ref. IS 800:2007, C1.10.3.3.2]

lg =3 (tp + tmember)

=19.0
5d = 100.0
8d = 160.0

since, lg < 5d; Big = 1.0
[Ref. IS 800:2007, C1.10.3.3.2]

Capacity (kN)

39.17

Via = B BigVan
=1.0x 1.0 x 47.53
=47.53

Pass
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2.5 Gusset Plate Check
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Min.Height (mm)

H =1 x Depth + Clearance
= (1 x 90.0) + 30.0
=120

Min.Plate Length

L= (nc—1)p+2e
= (6—1) x 50 + (2 x 35)

Tension  Yielding
Capacity (kN)

(mm) =320
Min.Member 640 2560.0 Pass
Length (mm)
Thickness (mm) T =120
A
Tug = 9fy
Ym0

Ag =1t =90.0 x 12.0
~1080.0 x 250
T 1.1 x 103

= 245.45

[Ref. IS 800:2007, C1.6.2]

Block Shear Ca-
pacity (kN)

9A
Ty = o0t
Ym1
_ 1x 0.9x(90.0—1x22.0) x 12.0 x 410
Tension  Rupture 1.25
Capacity (kN) = 240.88
[Ref. IS 800:2007, C1.6.3.1]
A 9A
Tab11 = valy + 0-9%tnJu

\/g'YmO TYm1

0.9A A
Tap12 = 994unSu + Argly
V3%Ym1 Ymo

Tap = min(Tapr, Tapa) = 437.69

[Ref. IS 800:2007, C1.6.4]
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Tension
(kN)

Capacity

B
5

A =235.0
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Tq = min(Tyg, Tan, Tab)
= min(245.45, 240.88, 437.69)
= 240.88

[Ref.IS 800:2007, C1.6.1]

Pass
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3 3D Views

Ainnig LIIinc

(a) 3D View (b) Top View

jh" 0600G0 00G00G

(c) Side View (d) Front View

4 Design Log

2021-02-04 15:29:30 - Osdag - INFO - :In the case of reverse loading, the slenderness value shall be less than 180 [Ref. Table 3, IS
800:2007].

2021-02-04 15:29:30 - Osdag - INFO - :To reduce the quantity of bolts, define a list of diameter, plate thickness and/or member size
higher than the one currently defined.

2021-02-04 15:29:30 - Osdag - INFO - :Overall bolted tension member design is safe.
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