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1 Input Parameters

Main Module Moment Connection
Module Beam-Column End Plate
Connectivity Column Flange-Beam Web
End Plate Type Extended One Way - Irreversible Moment
Bending Moment (kNm) 210.0
Shear Force (kN) 40.0
Axial Force (kN) 15.0

Column Section - Mechanical Properties

Column Section HB 450
Material E 250 (Fe 410 W)A
T Y Ultimate Strength, Fu (MPa) 410
Yield Strength, Fy (MPa) 250
Mass, m (kg/m) 87.22 I, (cm*) 39200.0
Area, A (cm?) 111.0 Iy(cm*) 2980.0
D (mm) 450.0 r (cm) 18.7
B (mm) 250.0 ry (cm) 5.18
t (mm) 9.8 Z, (cm?) 1740.0
T (mm) 13.7 Zy (cm?) 238.0
Flange Slope 94 Zpz (cm3) 1950.0
Ry (mm) 15.0 Zpy (cm?) 394.0
R (mm) 7.5
Beam Section - Mechanical Properties
Beam Section WB 450
Material E 250 (Fe 410 W)A
Ultimate Strength, Fu (MPa) 410
Yield Strength, Fy (MPa) 250
Mass, m (kg/m) 79.52 I, (cm?) 35100.0
Area, A (cm?) 101.0 Iy (cm*) 1700.0
D (mm) 450.0 r (cm) 18.6
B (mm) 200.0 ry (cm) 4.1
t (mm) 9.2 Z, (cm3) 1560.0
T (mm) 15.4 Zy (cm?) 170.0
¥ Flange Slope 96 Zpz (cm?) 1760.0
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Ry (mm) 15.0 Zpy (cm?) 284.0
Ry (mm) 7.0
Plate Details - Input and Design Preference
Thickness (mm) (16, 18, 20, 22]
Material E 250 (Fe 410 W)A
Ultimate Strength, Fu (MPa) 410
Yield Strength, Fy (MPa) 250
Bolt Details - Input and Design Preference
Diameter (mm) [20, 24, 30]
Property Class (6.8, 8.8, 9.8]

Type

Bearing Bolt

Bolt Tension

Non pre-tensioned

Hole Type Standard
Slip Factor, (muy) 0.3
‘Weld Details - Input and Design Preference
Type of Weld Fabrication Shop Weld
Material Grade Overwrite, f, (MPa) 410.0

Beam Flange to End Plate

Groove Weld

Beam Web to End Plate

Fillet Weld

Stiffener

Fillet Weld

Continuity Plate

Fillet Weld

Detailing - Design Preference

Edge Preparation Method

Sheared or hand flame cut

Gap Between Members (mm)

0.0

Are the Members Exposed to Corrosive Influences?

False
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2 Design Checks

2.1 Beam to Column - Compatibility Check

Breq = By + 25

Bavailable = B
Beam Section Compatibility = 200.0 + 25 arartabie ¢ Compatible

= 250.0
=225.0

2.2 Member Capacity - Supported Section

Ok [remwd [eowes  [eemss

Viy =
Y VB Yme
B 0.6 X 419.2 x 9.2 x 250

Shear Capacity (kN) V3 x 1.1 x 1000 Restricted

= 303.63

to low
shear

[Ref.IS 800 :2007,C1.10.4.3]

BoZp=1Y
Mdz_z:bL

Ymo

_ 1.0 x 1760000.0 x 250

1.1 x 106
Plastic Moment Capacity (kNm) vV < 0.6

=400.0

[Ref. IS 800 : 2007, CIi. 8.2.1.2]

2.3 Member Capacity - Supporting Section
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Ymo
0.89 x 1950000.0 x 250

1.1 x 106
395.45

Plastic Moment Capacity (kNm) Semi-
Note : The capacity of the section is not based
compact

on the beam — colum or column design.

The actual capacity might vary.

[Ref. IS 800 : 2007, CI. 8.2.1.2]
Z,
Mdy—y _ BvZpy [y
Ymo

0.6 x 394000.0 x 250
1.1 x 106

54.09

Plastic Moment Capacity (kNm) Semi-
Note : The capacity of the section is not based
compact

on the beam — colum or column design.

The actual capacity might vary.

[Ref. IS 800 : 2007, Cl. 8.2.1.2]

2.4 Load Consideration

Vyin = min(0.15 x Vg, , 40.0)
= min(0.15 x 303.63, 40.0)
= min(45.54, 40.0)
= 40.0
Shear Force (kN) Vy = 40.0 OK
Vi = max(Vy, Vy,...)
= maz(40.0, 40.0)
=40.0

[Ref. IS 800 : 2007, CI. 10.7]
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Axial Force (kN) P x=150 OK
Mzpin =05% Mg, _,
= 0.5 x 400.0
= 200.0

M, = ma-’l‘(Mz, Mzmin)

Bending Moment (major > = 210.0 but, < Mg,_, of the column sectiop OK
axis) (kNm) = maz(210.0, 200.0)

< 395.45

= 210.0

[Ref. IS 800 : 2007, CI. 8.2.1.2]

D T E
Muye = My + Pr X <5—5> X 1071

Effective Bending Moment = 210.0 + OK
(major axis) (kNm) 450.0 15.4
15.0 x <— - —) x 1073
2
= 213.26

2.5 Bolt Optimization

Diameter (mm) Bolt Diameter Optimization d=20 Pass
Property Class Bolt Property Class Optimization 6.8 Pass
Hole Diameter (mm) do = 22.0 OK

No. of Bolt Columns Ne = 2 Pass
No. of Bolt Rows Ny = Pass
Total No. of Bolts n=n,Xnc=38 Pass
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2.6 Detailing

Dmin = 2.5 d
=2.5x20.0
Min. Pitch Distance (mm) =50.0 70 Pass

[Ref IS 800 :2007, CI. 10.2.2]
Pmaxz = min(32 t, 300 mm)

min(32 x 16.0, 300 mm)
min(512.0, 300 mm)

= 300
Max. Pitch Distance (mm) 70 Pass

Where, t = min(16.0,16.0)

[Ref. IS 800 : 2007, Cl. 10.2.3]
emin = 1.7 do
=1.7x22.0
Min. End Distance (mm) =374 40 Pass

[Ref. IS 800 : 2007, CI. 10.2.4.2]
250

emax = 12t €; € =

e1 =12 x 16.0 x 250 =192.0

Max. End Distance (mm) 25 40 Pass
e2 =12 x 16.0 x 250 =192.0

%)
cnt:"|
sla| aole

emaz = min(er, ez) = 192.0

[Ref. IS 800 :2007, Cl. 10.2.4.3]
€ min = 1.7 dg

=1.7x%x22.0
Min. Edge Distance (mm) =374 40 Pass

[Ref. IS 800 :2007, Cl. 10.2.4.2]
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2
€ mazr =12t e €= 250
fy
2
e1 =12 x 16.0 x ﬁ =192.0
250
Max. Edge Distance (mm) 250 40 Pass
e2 =12 x16.0 X 4/ — =192.0
250
€ maxz = min(e1,ez) = 192.0
[Ref. IS 800 : 2007, Cl. 10.2.4.3]
Cross-centre Gauge Dis- 106 Pass
tance (mm)

2.7 Critical Bolt Design

!ub Nn !Inb

Vasv =
° \/§ TYmb
_ 600.0 x 1 x 245
Shear  Capacity 1000 x v/3 x 1.25 oK
(kN) =67.9

[Ref. IS 800 : 2007, Cl. 10.3.3]

by = min | ==, - 025, L 1
3do 3dy fu

40 70 600.0
—min| ——, — 025, L, 1.0
3 x22.0 3x220 410
Kb . OK
= min(0.61,0.81,1.46,1.0)

=0.61

[Ref. IS 800 :2007, CI. 10.3.4]
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b t fu
Vipy =
P TYmb
_ 2.5 x0.61 x20.0 x 16.0 x 410
N 1000 x 1.25
Bearing Capacity % OK
(kN) = 160.06
[Ref. IS 800 : 2007, Cl. 10.3.4]
Vap = min (Vasp, Vaps)
= min (67.9,160.06)
Bolt Capacity (kN) =679
[Ref. IS 800 : 2007, Cl. 10.3.2]
lg = Z (tp + tmember)
=" (160+13.7)
=29.7 mm
5d = 5 x 20.0 = 100.0
Large Grip Length 8d = 8 x 20.0 = 160.0 Pass
Reduction Factor ' ’
Since, lg < 5d
Big = 1.0
[Ref. IS 800 : 2007, CI. 10.3.3.2]
Vio = VaBig
=679 x 1.0
Bolt Capacity =679 OK
(post reduction
factor) (kN
) (k) [Ref. IS 800 : 2007, Cl. 10.3.3.2]
Vu
Vsp = —
n
Shear Demand _ 400 Vdb = 67.9 Pass
(kN) 8
=5.0
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T

Note :

Lever Arm (mm)

Note :

= [434.6,434.6, 47.7, 364.6)]

r1 s the first row outside tension/top flange

ro is the first row inside tension/top flange

r3 is the first row inside compression/bottom flange
r4 18 the second row inside tension/top flange

row(s) rs and beyond are rows inside the flange.

The lever arm is computed by considering
the NA at the centre of the bottom flange.
Rows with identical lever arm values
mean they are considered acting as bolt

group near the tension or compression flange.

Pass

Tension Due to
Moment (kN)

Note :

T =

Mue

nr o
I

2><nc><<7"1+ E T—’)
4 1

213.26 x 103

4 2
2% 2 x (434.6+Z4§ZG>

=3

=715

Ty is the tension in the critical bolt

The critical bolt is the bolt nearest to the tension

flange

OK
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= T
Q 2%l | € 27 x le X 12
R
Iy =€ — ?1
15.
=40 — ﬁz32.5mm
2
fo =0.7x fub
= 0.7 x 600.0
=420.0 N/mm?

le

min(e,l.l 2 / Bf_j/%>

2 x 420.
min <40, 1.1 x16 x X—OO)

250

Prying Force (kN) = min(40,32.26) = 32.26 mm OK

B =2 (non pre — tensioned bolt)

=15
B
be = —
Ne
200.0
= —— =100.0 mm
2
32.5
= — X
Q 2 x 32.26

2 x 1.5 x 420.0 x 100.0 x 16
Th x 1.5 x 420.0 x 100.0 x 16  10-3
27 x 32.26 x 32.52

Q=31.49

[Ref. IS 800 : 2007, Cl. 10.4.7]
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Tap = 0.90 fup An / Y
< fyb Asv (Ymb / Ymo)

= min <0.90 X 600.0 x 245 / 1.25,

ity, (LR)

[Ref. IS 800 : 2007, Cl. 10.3.6]

T,=T1+Q
Tension Demand = T71.5+ 31.49 480.0 x 314.0 x (1'25/1'1)> Pass
(kN) =102.99 = min(105.84, 171.27)
= 105.84
[Ref. IS 800 : 2007, CI. 10.3.5]
7 T N2
(V) () =0
Vab Tap
5.0\2  [102.99)2
Combined Capac- | <1 67.9 + 105.84 =0.95 Pass

2.8 Compression Flange Check

T = [71.5,71.5,15.69, 119.96]

Tension in Bolt Rows (kIN) OK
My
Rc = Ne¢ Z an FE — Agfy /'YmO
nrzl _BXTXfy,
Reaction at Compression =2 X Z T, 200’67")? 15.4 x 250 Pass
Flange () = R RIST
=2 x 278.65 — 700.0
= 557.3
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2.9

End Plate Checks

H,=D+125+ (2 x¢)
Height (mm) =450.0 + 12.5 4 (2 x 40) Pass
= 542.5
B, =B+25
Width (mm) = 200.0 + 25 Pass
=225.0
Mer =T lv_Qle
= (71.5 x 32.5 — 31.49 x 32.26) x 1073
=1.31
Moment at Critical Section OK
(kNm)
Note : The critical section is at the toe of the weld or
the edge of the flange from bolt center — line
AMer
by =4 ————
be(fy/vmo)
Plate Thickness (mm) 4% 1.31 x 106 16 Pass
V100 x (250/1.1)
=15.17
7
o () L
4 YmoO
Moment Capacity (kNm) 1.31 100 x 162 " 250  10-6 Pass
N 4 .
=1.45

2.10 Stiffener Design

Height (mm)

Hg = Hy — D —12.5
= 542.5 — 450.0 — 12.5
=80.0

80.0

Length (mm)

Hst
Lst =
o tan(30)
80.0
tan(30)

= 140

Pass

Thickness (mm)

tst = 10

Pass
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Weld Size (mm) 5 tw =6 Pass

2.11 Weld Design - Beam Web to End Plate Connection

Juw = mi”(fw, fu)

= min(410.0, 410)
Weld Strength (N/mm2) fuw = 410.0 Pass

[Ref. IS 800 :2007, Cl. 10.5.7.1.1]

Ly=2x[D—(2xT)~(2x Rl) - 20]
=2 x [450.0 — (2 x 15.4) — (2 x 15.0) — 20
Total Weld Length (mm) =729.2 OK

Note : Weld is provided on both sides of the web

— Vu
fuw kL

40.0 x 103
= 10 00 00X7 0729 g X VBx125
Weld Size (mm) AR ' 6 Pass
=041

tw X \/g Ymw

[Ref. IS 800 : 2007, Cl. 10.5.7]
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1) twmin— based on thickness of the

thicker part

tihicker = max(16.0, 9.2)
=16.0
twmin = O
tw = maz(tw, twmin)
Min. Weld Size (mm) 2) twmin— based on thickness of the = maxz(0.41, 5) Pass

thinner part =6

tthinner = mm(160, 92)
=92
twmin < min(5, 9.2)

[Ref IS 800 : 2007, Table 21 , C110.5.213]

twmas based on thickness of the

thinner part

tininmer = min(16.0, 9.2 tw <t
Max. Weld Size (mm) thinmer ( ) Y= Tmar Pass
—9.2 6<9.2
twmas = 9.2

[Ref. IS 800 : 2007, CI. 10.5.3.1]

H
0.7 X ty X Loy
15.0 x 103
0.7 x 6 x 729.2

=49

fa:

Normal Stress (N/mm?2)

[Ref. IS 800 : 2007, CL. 10.5.9]
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Shear Stress (N/mm?2)

q:O.7><tw><Lw

_ 40.0x10°
T 0.7 % 6 X 729.2

13.06

[Ref. IS 800 : 2007, Cl. 10.5.9]

[Ref. IS 800 : 2007, CI.10.5.10.1.1]

L
fe= \/f3+3q2 fw_\/g'me
= \/4.92 + (3 x 13.062) _ 4100
Equivalent Stress —=922.73 VB x1.25 Pass

[Ref. IS 800 : 2007, Cl. 10.5.7.1.1]

2.12 Continuity Plate Check - Compression Flange

Local Web Yielding Capac-
ity (kN)

fwc !5k+Tb!

Pcw1 =
Ym0
k= Te + Rlc
=13.7415.0

=28.7

fwc = fyc X te
=250.0 x 9.8
= 2450.0

2450.0 x ((5 x 28.7) + 15.4)
oo 1.1 x 1000

= 353.91

Note : subscript ¢ denotes column section, and,

subscript b denotes beam section

OK
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Jye.

Ymo

3
Pew, = 10710 (h—°>

C

he =D — (2 X k)
=450.0 — (2 x 28.7)
= 392.6

OK

Web Crippling Capacity
(kN)

3
Pew, = 10710 x 98 B0 s
392.6 1.1
= 387.07
300t2 1.5
Pew; = ( ) 1 +3(Tb/DC) (tC/TC) \/ fue (Tc/tc)
TYm1
2 1.5
— <%> X [1+3 X (15.4/450.0) X (98/13.7 J(X
o

\/250.0 X (13.7/9.8) x 1073

= 457.67

Pew = min(Pcwu Pcwz, Pcwg)

Compression Strength = min(353.91, 387.07, 457.67) OK
(kN) — 353.91

Continuity ~ Plate Re- | R. = 557.3 P.w = 353.91 Yes
quired?

2.13 Continuity Plate Design - Compression Flange

Notch Size (mm)

Acp = Fym
Area Required (mm2) (5573 - 353.91) x 10% OK
250 x 1.1
= 739.6
n=24 OK
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lep1 = Outer length

lept = De —2 x T
=450.0 — (2 x 13.7)
= 422.6

Length (mm) OK

lep2 = Inner length

lcp2 =D, — 2(Tc + n)
=450.0 — [2 x (13.7 + 24)]

= 374.6
B, —T:—2n
2

Width (mm) 250.0 — 9.8 — 2 x 24 OK
2

Wep =

=96.0

Page 17



£ (5§ Osdag”

Created with

teplt = Minimum area criteria

Acp/2
Wep
_739.6/2
T 96.0

=3.85

tcpl =

tepe = Limiting b/t ratio criteria

lcpl

tepy = —2L
P27 993 cop

€cp =

Thickness (mm) 250 16 Pass

Il
Iy
o

4226
T 290.3x1.0

14.42

teps = Minimum thickness criteria
tcp3 = Tb
=154

tep = maz(tcpl» tcp27 tcpS)
= max(3.85,14.42,15.4)
=154
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2.14 Continuity Plate Check - Tension Flange

BTy
Ym0

Continuity ~ Plate  Re- 200.0 X 15.4 T.=13.7 Yes
quired? =04 1.1

=04

=21.17

2.15 Continuity Plate Design - Tension Flange

Notch Size (mm) n =24 OK

lep1 = Outer length

lept = De — 2 x Te
=450.0 — (2 x 13.7)
= 422.6

Length (mm) OK

lep2 = Inner length

lep2 = De — 2(Te + 1)
=450.0 — [2 x (13.7 + 24)]

= 374.6
B —T:—2n
2

Width (mm) _250.0-9.8 -2 x24 OK
2

=96.0
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tst1 = Minimum area criteria
Acp/2
Wep
739.6/2
T 96.0
=3.85

tst1 =

Thickness (mm) tsto = Minimum thickness criteria 16 Pass
tst2 = Tb
=154

tst = mam(tstlv tst2)
= maxz(3.85, 15.4)
=154

2.16 Weld Design - Continuity Plate

fuw = min(fuw, fucp)

= min(410.0, 410)
Weld Strength (N/mm2) fuw = 410.0 Pass

[Ref. IS 800 :2007, Cl. 10.5.7.1.1]

Luycp = 364.8
Total  (effective)  Weld OK
Note : Provide weld on one side
Length (mm)
of the continuity plate
Vep/2
twep = —2— x /3
wep fuw A Lwcp Ymw
RC - PC’LU
=" W V3
2% fuw k Lucy
_ 3
Weld Size (mm) _ (557.3 — 353.91) x 10 % V3 x 1.25 5 Pass
2 x 410.0 x 0.7 x 364.8
=21

[Ref. IS 800 : 2007, Cl. 10.5.7]
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1) twmin— based on thickness of the

thicker part

Lihicker = maz(16, 9.8)
=16
twmin = O
tw = maz(tw, twmin)
Min. Weld Size (mm) 2) twmin— based on thickness of the = maz(2.1, 5) Pass

thinner part =5

tthinner = min(16, 98)
=938
twmin < min(5, 9.8)

[Ref IS 800 : 2007, Table 21 , C110.5.2.3]

twmas based on thickness of the

thinner part

tininmer = min(16, 9.8 tw <t
Max. Weld Size (mm) thinmer ( ) vz Tmar Pass
=938 5<10
twmaz = 10

[Ref. IS 800 : 2007, CI. 10.5.3.1]

2.17 Column Web Shear Check

ue

t —_ _rwruwe
we Dc Db fyc
Web Stiffener Plate Re- _ 1.9 x 213.26 te = 9.8 No
quired ? 450.0 x 450.0 x 250.0
=38.0
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o Backgouge

N

End Plate

N

Beam

Backgouge

Figure 1: Typical Weld Details - Beam to End Plate Connection

3 2D Drawings (Typical)
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Figure 2: Typical Detailing
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Figure 3: Typical Stiffener Details
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4 3D Views

(a) 3D View (b) Top View
-
L. L.
(c) Side View (d) Front View

5 Design Log

2020-12-18 00:13:14 - Osdag - INFO - [Bolt Design] Bolt diameter and grade combination ready to perform bolt design

2020-12-18 00:13:14 - Osdag - INFO - The solver has selected 9.0 combinations of bolt diameter and grade to perform optimum bolt
design in an iterative manner

2020-12-18 00:13:14 - Osdag - INFO - Checking the design with the following bolt diameter-grade combination [(20.0, 6.8), (20.0, 8.8),
(20.0, 9.8), (24.0, 6.8), (24.0, 8.8), (24.0, 9.8), (30.0, 6.8), (30.0, 8.8), (30.0, 9.8)]

2020-12-18 00:13:14 - Osdag - WARNING - [Column Web] The web of the column is not susceptible to shear bucking due to the reaction
transferred by the beam to the column

2020-12-18 00:13:14 - Osdag - INFO - The minimum required thickness of the web i.e. 8.0 mm is satisfied

2020-12-18 00:13:14 - Osdag - INFO - Additional stiffening of the column web is not required

2020-12-18 00:13:14 - Osdag - INFO - [Optimisation| Performing the design by optimising the plate thickness, using the thin plate and
large (suitable) bolt diameter approach

2020-12-18 00:13:14 - Osdag - INFO - If you wish to optimise the bolt diameter-grade combination, pass a higher value of plate thickness
using the Input Dock

2020-12-18 00:13:14 - Osdag - INFO - The provided beam can accommodate a single column of bolt on either side of the web [Ref.

based on detailing requirement]
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2020-12-18 00:13:14 - Osdag - INFO - Performing the design with a single column of bolt on each side

2020-12-18 00:13:14 - Osdag - INFO - [Flange Strength] The reaction at the compression flange of the beam 538.1 kN is less than the
flange capacity 700.0 kN. The flange strength requirement is satisfied.

2020-12-18 00:13:14 - Osdag - ERROR - [End Plate] The selected trial end plate of 16.0 mm is insufficient and fails in the moment
capacity check

2020-12-18 00:13:14 - Osdag - INFO - The minimum required thickness of end plate is 19.3 mm

2020-12-18 00:13:14 - Osdag - INFO - Re-designing the connection with a plate of available higher thickness

2020-12-18 00:13:14 - Osdag - ERROR - [Bolt Design| The bolt of 20.0 mm diameter and 6.8 grade fails the tension check

2020-12-18 00:13:14 - Osdag - ERROR - Total tension demand on bolt (due to direct tension + prying action) is 177.75580968488762
kN and exceeds the bolt tension capacity (105.84 kN)

2020-12-18 00:13:14 - Osdag - INFO - Re-designing the connection with a bolt of higher grade and/or diameter

2020-12-18 00:13:14 - Osdag - ERROR - [Bolt Design] The bolt of 20.0 mm diameter and 6.8 grade fails the combined shear + tension
check

2020-12-18 00:13:14 - Osdag - ERROR - The Interaction Ratio (IR) of the critical bolt is 2.83

2020-12-18 00:13:14 - Osdag - INFO - Re-designing the connection with a bolt of higher grade and/or diameter
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