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Appendix A:

Design Calculations for Extended End Plate Connection- EEP 3d



Reference

Calculation

Output

Connection Detail - EEP 3d

u\ Row 1 a = 75
e 4
- [ b 100
cux Row 2 c 50
| | d 40
““&T & | o e 60
i Row 3 f 90
h 60
i = 25
- 5 4
K =l
X!
Beam  533x210x92
Beam height = 533.1 mm
Flange width = 209.3 mm
Mass per Imlength= 92 kg/m
Flangethickness = 15.6 mm
Web thickness = 101 mm
Radius of gyration = 12.7 mm
Column 254x254x107
column height = 266.7 mm
Flange width = 258.8 mm
Mass per Imlength= 107 kg/m
Flangethickness = 205 mm
Web thickness = 128 mm
Radius of gyration = 12.7 mm
Yield strength fyp = 265 N/mm’
Ultimatetensilestrength  f,, = 410 N/mm’

mm
mm
mm
mm
mm
mm
mm
mm
mm




Reference Calculation Output
End plate
End plate thicknesst p = 25 mm
End plateheight hp = 670 mm
End platewidth wp, = 250 mm
Yield strength fyp = 265 N/mm’
Ultimatetensilestrength  fo, = 410 N/mm’
Bolts (class 8.8)
Bolt Diameter = 24 mm dw = 39.6 mm
Tensile stress area = 353 mm’
Total no of bolts = 8
no of boltsin tension = 6
no of boltsin shear = 8
T31 Yield strength fo = 640 N/mm’
Ultimate tensile strength ~ f = 800 N/mm’
fillet weld thickness
Beam flange to end plate weld thickness = 12 mm
Beam web to end plate weld thickness = 8 mm




Reference Calculation Output
Design Calculation according to EC3 for EEP3d
Partial factorsfor Resistance
Structural Steel
EN 1993-1-8 YMo = 1.0
N.A.2.15
TNA.1 ymi = 1.00 (Resistance of a member to buckling)
TNA.1 Yymz = 110 (platesin bearing in bolted connections)
For tring resistance verification ymy = 1.10
TNA.1 Bolts ym, = 1.25
TNA.1 Welds yw, = 125
EN 1993-1-8 |1. BoltsTension
:2005
C|361 (1) Ft,Rd = kz fubAs
T34 Y m2
For non countersunk Bolts, ko = 0.9 F1 =
Fira = KofupAs = 09x 800 x 353 = 203.328 kN 203.33 k
Y m2 1.25
Cl.6.2.6.5 2. End platein bending
Cl.6.2.6.5(1) |Boltrow 1 - Bolt row outside tension flange of beam
T6.6 Effective length for an end plate

for circular patterns,  Lestcp =
for extended part of end plate

Min ( 2tm, , M+ w,  Tum, + 2e)

e w e

w = 100 mm e -
my = 3040 mm .
e = 75  mm 1]
& = 5 mm e ¢“ 4}
€min = 75 mm — ——
bp = 250 mm _{P_ $
2mm, = 190.912 mm “I{
my + W = 195456 mm
nmy + 2e = 245456 mm
eeff,cp = 190.91 mm
for non circular patterns,
lestnc = Min(4m+125¢,, e+2m,+0.625¢,  0.5bp
0.5w + 2m, + 0.625 ¢, )
dm, + 1.25 e, = 1841 mm
e+2m,+0.625¢,, = 167.05 mm
0.5bp = 1250 mm
0.5w +2m, +0.625e, = 142.05 mm
[)/efmc = 125.00 mm

Model - Completefailure of the T-stub flange
b1 = Letrnc UL <

bt <
P/eff’]_ = 125.00 mm

lzeff,cp




Reference

Calculation

Output

T6.2

T64
T6.2

Cl.6.2.6,5 (1)
T 6.6

Figure 6.11

T6.2

T6.2

Frire = (8n-2e,)Mp 1 re/[2mMn-g,,(MHn)]
ey = 9.8875 mm

= min buu n < 125m ( 38 )
= 3800 mm
Mpira = 0.2520 & tpzfy = 0.25* 12500 * 25 °* 265
Ymo 1.0
Mpird = 51758 kNmm
FT,l,Rd = 900 kN
Mode?2 - Bolt failure with yielding of the T-stub flange
[)/effvz = Eeff’nc = 125.00 mm
Frorda = 2Mporat N2Firg
m+n
Mpira = 0.2520 & tpzfy = 0.25* 12500 * 25 °* 265
Ymo 1.0
Mpora = 51758 kNmm
N = €mn buu n < 125m ( 38 )
n = 3800 mm
FiRa = 09fpAs = 09x 800 x 353 = 203.328 kN
Y m2 1.25
FT,2,Rd = 377.26 kN
Mode 3
Frard = 2Fird = 2 * 20333 = 406.656 kN
Resistance only from Row 1 bolts = 377.26 kN
Bolt row 2 - First Bolt row below tension flange of beam
Effective length for an end plate,
for circular patterns, fei, = 27UM
m = 3855 mm
[)/eff,cp = 242.09 mm
for non circular patterns, fefnc = om
m, = 348 mm
)\1 = m = 034 , )\2 = 117) = 031
m+e m+e
a = 75
[)/eff,nc = 289.13 mm

Model - Completefailure of the T-stub flange

bst1 = Letine but  Lern < Larep
P/eff’]_ = 242.09 mm
Frare = (8n-2e,,)M 1 rof[2mMn-€,(M+n)]

ey = 9.8875 mm

= Enin but n < 125m ( 48.2)
48.19 mm




Reference Calculation Output
Mopira = 02530 t,2f, = 025% 24200 * 25 * 265
VYmo 1.0
M plRd = 10024.2 KNmm
FT,l,Rd = 1283 kN
Mode2 - Bolt failure with yielding of the T-stub flange
T64 Beff,z = eeff,nc = 289.13 mm
T6.2 Frord = 2Mporat N2Firg
m+n
Mpord = 02538 tpzfy = 0.25* 289.13 * 25 * 265
Ymo 1.0
Mopord = 11971.6 kKNmm
N = emn but n < 1.25m ( 482 )
n = 481875 mm
Fira = 203.33
Fr2ora = 50196 kN
Mode 3
Frard = 2Fird = 2 * 20333 = 406.656 kN
Resistance only from Row 2 bolts = 406.66 kN
Cl.6.2.6.5(1) |Boltrow 3 - Other end bolt row
T6.6 Effective length for an end plate,
for circular patterns, ferep = 27UM
m = 3855 mm
eeff,cp = 242.09 mm
for non circular patterns, fegfnc = ~ 4m+1.25e
= 24795 mm
[)/eff,nc = 24795 mm
T6.2 Model - Completefailure of the T-stub flange
bst1 = Lefine but  Lern < Larep
P/eff’]_ = 242.09 mm
T6.2 Frire = (8n-2e, )My, 1 rd/[2Mn-e,(M+n)]
ey = 9.8875 mm
N = €min but n < 125m ( 48.2)
n = 4819 mm
Mopira = 02530 t,2f, = 025% 24200 * 25 * 265
VYmo 1.0
M p,1,Rd = 10024.2 kNmm
Frira = 128291 kN
Mode2 - Bolt failure with yielding of the T-stub flange
T64 Beff,z = eeff,nc = 247.95 mm
T6.2 FT,2,Rd =2M p2Rd T nZFt,Rd

m+n




Reference

Calculation

Output

Cl.6.2.6.5 (1)

T6.6

Figure6.11

T6.2

T6.2

Mpors = 02530 t,2f, = 0.25% 24795 * 25 °* 265

Ymo 1.0
Mporda = 10266.7 KNmm

N = emn but n < 1.25m ( 482 )
n = 481875 mm

Ftrd 203.33
FT,2,Rd = 462.65 kN

Mode 3

Frard = 2Fird = 2 * 20333 = 406.656 kN
Resistance only from Row 3 bolts = 406.66 kN

Bolt row 2 & 3 - combined

resistance of row 3 may be limited by the resistance of rows2 & 3 asagroup

row?2 first bolt row below the tension flange of the beam
row3  other end bolt row

Effective length for an end plate,

row 2
for circular patterns, ey = TM+P
m = 3855 mm p = 9 mm

for non circular patterns, fefnc = 0.5p + am-(2m +.625e)

M=_m =03%, AN=_m = 03
m+ée m+e
a = 7.5
eeff,nc = 210.15 mm
row 3
for circular patterns, ey = TM+P
m = 3855 mm p = 90 mm
{)/eff,cp = 211.05 mm

for non circular patterns, fernc = 2m +.625e+0.5%p
= 169 mm

total effective length for this group of rows
2effecp = 211 + 211 = 422 mm
2geffnc = 210 + 169 = 379 mm

Model - Complete failure of the T-stub flange
besr1 = lettnc but  Lers < Letrop

zBeff’]_ = 379.13 mm

Frire = (8n-2e,)Mp 1 rd/[2mn-e,(M+n)]
ey = 9.8875 mm
= €min but n < 1.25m ( 482 )
4819 mm




Reference Calculation Output
Mopira = 02530 t,2f, = 025% 37913 * 25 * 265
Ymo 1.0
M p,1,Rd = 15698.1 kNmm
FT,l,Rd = 200907 kN
Mode2 - Bolt failure with yielding of the T-stub flange
T64 Beff,z = eeff,nc = 379.13 mm
T6.2 F T.2,Rd =2M p.2Rd + nZFt,Rd
m+n
Mpard = 0.2520 & tp2 fy = 0.25* 37913 * 25 * 265
Ymo 1.0
Mopord = 15698.1 KNmm
N = emn but n < 1.25m ( 482 )
n = 481875 mm
Fira = 203.33
Fr2ora = 81381 kN
Mode 3
Frara = 2Fird = 4 * 20333 = 813.312 kN
Resistanceonly from 2& 3bolts = 813.31 kN
F, =
Resistance for End platein bending = 377.26 kN 377.26 kN
Cl.6.26.4 3.Column flangein transver se bending
Cl.6.2.6.4 (1) |- eachindividual bolt-row required to resist tension
Cl.6.2.6.4(1) |Boltrow 1-end bolt row
T64 Effective length of an unstiffened column flange
for circular patterns, beifcp = sSmalerof 2tM and mm+2e;
for welded end plate narrower than column flange
re = 12.7 mm
m = 3344 mm
e = 794 mm
e islarge so it will not be critical
€min = 75 mm
2mm = 210.003 mm
eeff,cp = 210.00 mm
for non circular patterns,
lstnc = smdlerof 4m+125e and 2m+0.625e+ e
Idm+1.25e = 233.01 mm
eeff'nc = 23301 mm
Mode 1
besrr = letnc but L1 < Lerop
Beff’]_ = 210.00 mm
T6.2 Frire = (8n-2e, )My, 1 rd/[2Mn-€,(M+n)]

ey = 9.8875 mm
N = €mn buu n < 125m ( 418 )
n 41.80 mm
Mpira = 0.2520 & tfzfy = 0.25* 21000 * 205 2 265
Ymo 1.0




Reference Calculation Output
Mpirda = 5846.8 kNmm
Frira = 896.62 kN
Mode 2
T64 P/eff’Z = eeff'nc = 233.01 mm
T6.2 Frorda = 2Mporat N2Firg
m+n
Mpard = 0.2520 & t’ fy, = 0.25* 23301 * 205 -* 265
Ymo 1.0
M p2,Rd = 6487.4 kNmm
N = €min but n < 125m ( 418 )
n = 41.8 mm
Fira = 203.33
Frora = 39836 kN
Mode 3
Frara = 2Fira = 2 * 20333 = 406.656 kN
Resistance only from Row 1 bolts = 398.36 kN
Cl.6.2.6.4(1) |Boltrow 1and 2 combined
Boltrow 1 - end bolt row
Boltrow 2 - end bolt row
T64 Effective length of an unstiffened column flange
for circular patterns, fgrp = (MM +p)
for welded end plate narrower than column flange
re = 12.7 mm
m = 3344 mm
e = 794 mm
p = 100 mm
2(mm+p) = 410.003 mm
for non circular patterns,
ytne = 2%(2m+0.625e + 0.5p)
2(2m+0.625e+0.5p) = 333.01 mm
zeeff'nc = 33301 mm
Mode 1
besrr = letnc but L1 < Lerop
zBeff’]_ = 333.01 mm
T6.2 Frird = (8n-2e,)Mp 1 rd/[2mn-e,(M+n)]
ey = 9.8875 mm
Mpirs = 02550 t’f, = 025¢ 33301 * 205 °* 265
Ymo 1.0
M plRd = 9271.52 KNmm
Frira = 1421.81 kN




Reference Calculation Output
Mode 2
T64 Beff,z = eeff,nc = 333.01 mm
T6.2 F T,2Rd =2M p2Rd nZFt,Rd
m+n
Mpord = 0.2520 t fy = 0.25* 333.01 * 205 . 265
Ymo 1.0
Mporda = 9271.52 kKNmm
n = emn but n < 1.25m
n = 41.8 mm
Fire = 203.33
Frora = 698.29 kN
Mode 3
Frard = 2Fird = 4 * 20333 = 813.312 kN
Resistance from Bolt Row 1 & Row 2 combination = 698.29 kN
Cl.6.26.4(1) |Boltrow 1,2 and 3 combined
Boltrow 1,3 - end bolt row
Boltrow 2 - inner bolt row
T64 Effective length of an unstiffened column flange
for circular patterns, 2ty = 2p + (MM + pl)+(mm + p2)
for welded end plate narrower than column flange
re = 127 mm
m = 3344 mm
e = 79.4 mm
pl = 100 mm p = 95 mm
p2 = 90 mm
Lettep = 2p+ (MM + pL)+(mm + p2)
= 590.003 mm
for non circular patterns,
Wetne = P+ (2m+ 0.625e + 0.5p1) + (2m + 0.625¢e + 0.5p2)
Zeeﬁ,nc = 423.01 mm
Mode 1
best1 = Lertnc but  fern < Lefrep
zBeff’]_ = 423.01 mm
T6.2 Frire = (8n-2e, )My, 1 rd/[2MN-€,(M+n)]
ey = 9.8875 mm
Mpirda = 0.2520 & t fy = 0.25* 42301 * 205 . 265
Ywmo 1.0
Mpirda = 11777.3 kKNmm
FT,l,Rd = 1806.07 kN
Mode 2
T64 Beff,z = eeff,nc = 423.01 mm
T6.2 F T,2Rd =2M p.2Rd + nZFt,Rd

m+n




Reference Calculation Output
Mpzrd = 02550etif, = 025 42301 * 205 -* 265
Ymo 1.0
Mpord = 11777.3 KNmm
n = emn but n < 1.25m
n = 41.8 mm
Fira = 203.33
FT,Z,Rd = 990.82 kN
Mode 3
Frard = 2Fird = 6 * 20333 = 1219.97 kN
Resistance from Bolt Row 1,2 & 3 combination = 990.82 kN
Cl.6.2.6.4(1) |Boltrow 2 and 3 combined
Bolt row 2,3 - end bolt row
T6.4 Effective length of an unstiffened column flange
for circular patterns,  2lgr,p = 2*(MM + p)
for welded end plate narrower than column flange
re = 128 mm
m = 3344 mm
e = 794 mm
p = 90 mm
et cp = 390.003 mm
for non circular patterns,
Lot = 2%(2m+ 0.625e + 0.5p)
zeeff‘nc = 323.01 mm
Mode 1
bestg = lettnc but  Lers < Petrop
Z{)/eff’]_ = 323.01 mm
T6.2 Frire = (8n-2e, )My, 1 rd/[2MN-€,(M+n)]
ey = 9.8875 mm
Mpirs = 0.2538 o t fy = 0.25* 32301 * 205 2* 265
Ymo 1.0
Mpird = 8993.10 kNmm
FT,l,Rd = 137911 kN
Mode 2
T64 P/eff’Z = [)/efmc = 323.01 mm
T6.2 Frorda = 2Mporst N2FiRg
m+n
Mozra = 02530 tif, = 025¢ 32301 * 205 -* 265
Ymo 1.0
Mop2rda = 8993.10 kNmm
n = emn but n < 1.25m
n = 41.8 mm
Fira = 203.33
Frora = 690.89 kN




248.4 mm

beff,c,wc =

Elevatlon te
—=| |~ Phan
Sp = 2%t = 50.0 mm
Forarolled | or H sectioncolumn, s = r. =

15.6 mm

= 84 mm
= 20.5 mm
= 250 mm
= 128 mm

Reference Calculation Output
Mode 3
Frard = 2Ftra = 4 * 20333 = 813.312 kN
Resistance from Bolt Row 2 & 3 combination = 690.89 kN
Fs5 =
Resistance for Column flangein transverse bending = 398.36 kN 398.36 kN
Cl.6.2.6.8(1) |4. Beam web intension
Eq'(6.22) Fiwbrd = beftwb twb fywb
Y Mo
Beft twb = 242 mm
twb = 10.1 mm F, =
Fiwbrd = 672.42 kN 672.42 kN
EN 1993-1-8 |5. Column web in tension
2005 Ft,WC,Rd = W beff,t,wc twe fy,wc
Cl.6.2.6.3(1) Y Mo
Cl.6.2.6.3(3) For Bolted connection
l:.)eff,t,wc = 233.00 mm
twc = 12.8 mm
w = 1.00 Fs =
Fiwera = 790.34 kN 790.34 kN
Cl.6.2.6.1 6. Column web panel in shear
VWp,Rd = 09 fy,wc Avc
VS y Mo
Ac= 267 * 128 = 341376 mm’ Fo =
Vuwprd = 470.068 kN 470.068 kN
EN 1993-1-8 |7,8. Column web in compression
:2005 Fc,wc,Rd = w kwc beff,c,wc twc fy,wc < w kwc p beff,c,wc twc fy,wc
Cl.6.2.6.2 Y Mo Y m1
T54 Transformation factor, B = 1
T6.3 w = W = 1
[1 + 13 ( beff,c,wc twc/ Avc )2] V2
For bolted end plate connection
beff,c,wc = tfb +2V2 q) + 5(tfc+ S) + S)
Figure 6.6




ForendBolts %4 = g = 50 = 0.64

Reference Calculation Output
Av = 3414 mm’
w = w; = 0.69
Cl.6.2.6.2(2) Assume longitudinal compressive stress, 0 comed < 0.7 fyuc
kee = 1.0
twe = 12.8 mm
W Kye et e we twe fywe = 842573 N
Y Mo
Column web Bearing resistance = 842.573 kN F =
84257 kN
Eq'(6.13c) | Ap = 0.932 | berrowe ducfyme | 12
E tuc’
beff,c,wc = 248.4 mm
forrolled | or H sectioncolumn: ~ dwe = he -2 (tee+1¢)
he = 267 mm
trc = 205 mm
re = 127 mm
dwe = 200.30 mm
E = 2100 kN/mm’
Ap = 058
Ap < 0.72
P = Buckling reduction factor = 1
W Ky P Befr,c,we twe Fywe = 842573 N
Y M1 F8 =
Column web Buckling resistance= 842.573 kN 842.57 kN
EN 1993-1-8 |9. Bolt Shear
:2005 Resistance of asingle bolt in shear (F, rq) iSgiven by:
T34 Fira = o, fipA
Ym2
Where a,= 0.6 for class 8.8 bolts
A=A, = 353 mm
Fore = 06 x 80 x 353 x10°= 135552 kn
1.25
VrRa = NFy rd
No: of Boltsin Shear = 8
Shear Resistance of the connection = 1084.42 kN Fo =
1084.42 kN
EN 1993-1-8 |10. Bolt Bearing
:2005 The bearing Resistance of asingle bolt (Fy rg ) IS given by:
= (o]
T34 Fb' Rd k1 VT\Af:bdtp ,iiZ,F ,F&F
Where q,is the least value of a, fo andl @ & | &
Fye a| |=——
- + | &
For the Direction of load transfer !




Reference

Calculation

Output

Cl.6.2.6.7

Eq" (6.21)

3,  3x 26
pp- 1 = 10 -
3y 4 X 26

1.95

1.03

For inner Bolts %4 1=
4
fuw = 800
fup 410
O(b = 064
For the perpendicular to the Direction of load transfer
For edge boltskl, isthesmallerof 28 e - 17 or 25
do
2.8 & - 17 = 28x 75 - 17 = 7.85
do 26
Therefore for edge bolts, k; = 2.50
For inner boltskl, isthesmallerof 14 p,- 17 or 25
do
14 p- 17 = 14x 100 - 17 = 3.68
do 26
Therefore for inner bolts, k; = 250

Therefore the minimum bearing resistance for abolt is:
Foora = 250 x 064 x 410 x 24 x 25

1.10

= 358.392 kN
bearing resistance of the connection 8 * 358392

2867.13 kN

11. Beam flange and web in compression

Fetord = Mg/ (-t )
Mcra = Design resistance of the beam
assume that the design shear force in the beam doesn’t reduce Mcggq

therefore, from P363
Mcra = 649 kNm

Feford = 649 = 1254.11 kN
533 - 156

Fo =
2867.13 kN

Fii =
1254.11 kN




Reference

Calculation

Output

Summary of tension resistance

(@)
o C 8 S S o 3
EollEcs %g s 3 = > g
25828 =8| 52| £ | 83
S2Z|832&8| G| 8¢ = T B8
Row 1,
alone 30836 | 790 | 377.26 | N/A | 377.26 | 377.26
Row
2 alone 30836 | 790 | 406.66 | 672.42 | 398.36
Row 2, with
row 1 698.29 NA | NA | 69829
Row 2 321,03 | 321.03
Row 3,
alone 30836 | 790 | 406.66 | 672.42 | 398.36
Row 3, with
rowl&2 | g9 gp NA | NA | 990.82
Row3 292,53
Row 3, with
row 2 690.89 813.31 690.89
Row 3
ow 369.86 | 292.53
Column web in Transverse compression = 84257 kN

Beam flange and web in compression is not critical

M oment resistance

Effectiveresistance of bolt rows

The effective resistance of each of the three bolt rows in tension zone

Fi1rd = 377.26 kN
FRrd = 321.03 kN
F3Rrd = 29253 kN

Effective resistance should be reduced if the resistance of one of the
higher rows exceeds
19xFtRd = 386.323 kN

Resistance of bolt row 1 & 2 are less than this value.
Hence no reduction is required




Reference

Calculation

Output

EN1993-1-8
:2005
CL5.2.3

Total effective tension resistance

2 Ft,Rd = 37726 + 321.03 + 29253
= 990.82 kN
Compressionresistance = 84257 kN

Here, total tension resistance exceeds the compression resistance
reduction required = 148.25 kN

Fiera = 144.28 kN

Moment resistance of the beam to column joint
= 5653 x 37726 + 4653 x 32103 +
3753 x 144.28

= 417 kNm
M, = Design plastic moment resistance of beam

Mp= (py Z)/YmO

275 X 2072 x 1000

10
= 569.8 kNm
Mcon/M p, beam = 0.73147

Hence semi rigid connection




Reference

Calculation

Output

Table 6.10
Table6.11
BS EN1993-1-8
:2005

Deter mination of rotational stiffness
for EEP 3d
Stiffness coefficient

1.Column web panel in shear

k1=(0.38 A,,,BZ

Z = Leverarm
R = Transformation parameter
A.. = Shegar area of the column

k1=(0.38 X (266.7x12.8))/(1X (670 —50—(40+60)/2—25—15.6/2))

= 24

2.Column web in compression

k2=(0.7 b g5 X Lisisydl

bercwe = effective width
twe column web thickness
d, = clear depth of column

k2=(0.7 X248.4 X12.8)/200.3

k2 = 11.11

3. Column web in tension
ks,=(0.7 Xb e')"f,tlwc'X t wc);dc

ky,=(0.7 X 166.5 X 12.8)/200.3

k3'1 = 7.45

k,,=(0.7 X 95 X 12.8)/200.3

k.’-g,z = 425
s ;=(0.7 X 161.5 X 12.8)/200.3

k3'3 = 722

Contribution from bolt row 4 is neglected.




Reference
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Output

4. Column flange in bending
k4.1=(0'9 X Ef"ff X t}r[_.'% )/?ﬂn‘5
k,,=(0.9 X 166.5 X20.53 )/33.443

kgt = 3452
k,,=(0.9 X 95 X20.53 )/33.443

](4‘2 = 10.70
k,4=(0.9 X 161.5 X20.53 )/33.443
k4‘3 = 3349

5. End plate bending

k5,1=(0'9 Xl eff Xt p3 )}!n"l:i

ks ,=(0.9 X 125 X 253)/30.43

ey = 6257

k:,=(0.9 X 210.15 X 253)/38.553
ks, = 51.58
ks ,=(0.9 X 169 X 253)/38.553

k5‘ 3 = 41.48

6. Bolts in tension

0=(1.6 A ]/Lb
Lp - Bolt elongation length
Lb = 485

kio = 1165




Reference Calculation |

Output

The effective stiffness coefficient of each bolt row is obtained as follows.
BS EN1993-1-8

:2005 kepra=(1,(1/ ks )+(1/ky ) +(1/ks ) +(1/ky4))
CL 6.3.31

kospa=(1y,(1/7.45)+(1/34.52)+(1/62.57)+(1/11.65))

= 3772
kosr2=(1,,(1/4.25)+(1/19.7)+(1/51.58)+(1/11.65))

= 2555

kor2=(1,,(1/7.22)+(1/33.49)+(1/41.48)+(1/11.65))

= 359
h,=670—-25-15.6/2—-C

hy = 5872 mm
h,=670—25-15.6/2—c—(d+e)
h, = 4872 mm

h,=670—25—-15.6/2—c—(d+e)—90
hs; = 397.2 mm

Equivalent lever arm Zeq is
BS EN1993-1-8

:2005 Zeg = 506.24 mm
CL6.331

kg = 965

BS EN1993-1-8/ Theinitial joint stiffness
:2005

CL 631 S m=(E Z9/ 3 (1/ki))

u = |

S i =(210x103x506.242) /((1/9.65)+(1/2.41)+(1/11.11) )

= 8.86E+07 kNmm / rad




Reference

Calculation

Output

BS EN1993-1-8
:2005
CL5.2.25

figure 5.4

El, L,=210x10%x55227x10*/6000x10°

= 1.93E+07 kNmm / rad

b - second moment of area
Ly, - sgpanof beam

C.5E * 1Ly, < S§in < 8*E*lp/Ly
Sinif Elp/Lp= 4.58

Hence semi rigid connection

L EIb/Lb  |Syn/Ely/Lp Classification
4000 | 28994175 |  3.05 semi rigid
6000 | 19329450 | 458 semi rigid
8000 [14497087.5| 6.1 semi rigid
10000 | 11597670 | 7.64 semi rigid
12000 | 9664725 9.16 rigid




Appendix B:

Design Calculations for Flush End Plate Connection- FEP 3d



Reference Calculation Output
Connection Detail - FEP 3d
N
i\l
WL S -_.22'_
| Joint
a b a
" HF—A——A—F
o a= 75 mm
Q,)s N Row 1 b 100 mm
w | + | 4+ c = 25 mm
x| 4 | 4 Row 2
e = 60 mm
- f 90 mm
g 345 mm
h 60 mm
_C“ |+ i = 25 mm
__‘( I:/\'Zl
>
Beam 533x210x92
Beam height = 533.1 mm
Flange width = 209.3 mm
Mass per Imlength= 92 kg/m
Flangethickness = 15.6 mm
Web thickness = 101 mm
Radius of gyration = 12.7 mm
Column 254x254x107
column height = 266.7 mm
Flange width = 258.8 mm
Mass per Imlength= 107 kg/m
Flangethickness = 205 mm
Web thickness = 128 mm
Radius of gyration = 12.7 mm
Yield strength fyo = 265 Nimm’
Ultimate tensilestrength  f,, = 410 N/mm’




Reference Calculation Output
End plate
End plate thicknesst p = 25 mm
End plateheight hp = 605 mm
End platewidth wp, = 250 mm
Yield strength fyp = 265 N/mm’
Ultimatetensilestrength  fo, = 410 N/mm’
Bolts (class 8.8)
Bolt Diameter = 24 mm dw= 40 mm
Tensile stress area = 353 mm’
Total no of bolts = 6
no of boltsin tension = 4
no of boltsin shear = 6
T31 Yield strength fo = 640 N/mm’
Ultimate tensile strength ~ f = 800 N/mm’
fillet weld thickness
Beam flange to end plate weld thickness = 12 mm
Beam web to end plate weld thickness = 8 mm




Reference Calculation Output
Design Calculation according to EC3 for FEP
Partial factorsfor Resistance
Structural Steel
EN 1993-1-8 Yymo = 10
N.A.2.15
TNA.1 ymi = 1.00 (Resistance of amember to buckling)
TNA.1 ymz = 110 (platesin bearing in bolted connections)
For tring resistance verification yvy = 1.10
TNA.1 Bolts ym, = 125
TNA.1 Welds yw, = 125
EN 1993-1-8 |1. Bolts Tension
:2005
Cl.3.6.1(1) Fira = KofupAs
T34 Y m2
For non countersunk Bolts, k, = 0.9 Fr. =
Fira = KofupAs = 09x 800 x 353 = 203.328 kN 203.33 kN
Y m2 1.25
Cl.6.2.6.5 2. End platein bending
for flush end plate
w = 100 mm |
e = 75 mm n |
€min = 75 mm %-_.2 _¢+ _{F_
Cl.6.2.6.5(1) |Boltrow 1 - First Bolt row below tension flange of beam e )
T6.6 Effective length for an end plate, H—AHH
for circular patterns, feip = 27UM
m = 3855 mm
{)/eff,cp = 242.09 mm
for non circular patterns, fefnc = om
m = 34.8 mm
Figure 6.11 A= m = 034, A, = m = 031
m+e m+e
a = 75
{)/eff,nc = 289.13 mm
T6.2 Model - Complete failure of the T-stub flange
bst1 = Lefine but  Lern < Larep
P/eff’]_ = 242.09 mm
T6.2 Frire = (8n-2e,)Mp, 1 rd/[2Mn-€,(M+n)]
ew = 10 mm
N = €min but n < 125m ( 48.2)
n = 4819 mm
Mopira = 02530 t,2f, = 025% 24200 * 25 * 265

Ymo 1.0




Reference Calculation Output

10024.2 kNmm

M p,1,Rd

1287 kN

F T,1,Rd

Mode 2 - Bolt failure with yielding of the T-stub flange

T64 Beff,z = eeff,nc = 289.13 mm
T6.2 Frorda = 2Mpord+ N2Figrd
m+n
Mpard = 0.2520 & tp2 fy = 0.25* 289.13 * 25 2 265
Ymo 10

Mporda = 11971.6 KNmm
N = emn but n < 1.25m ( 482 )
n = 481875 mm

Ftrd 203.33
FT,2,Rd = 501.96 kN

Mode 3

Frard = 2Fird = 2 * 20333 = 406.656 kN
Resistance only from Row 1 bolts = 406.66 kN

Cl.6.2.6.5(1) |Boltrow 2 - Other end bolt row

T6.6 Effective length for an end plate,
for circular patterns, ferep = 27UM
m = 3855 mm
eeff,cp = 242.09 mm
for non circular patterns, fgfnc =  4m+1.25e
= 24795 mm
{)/eff,nc = 247.95 mm
T6.2 Model - Completefailure of the T-stub flange
bst1 = Letine but  Lern < Larep
P/eff’]_ = 242.09 mm
T6.2 Frire = (8n-2e, )My, 1 rd/[2MN-€,(M+n)]
ew = 10 mm
N = €min but n < 125m ( 48.2)
n = 4819 mm
Mopira = 02530 t,2f, = 025% 24200 * 25 * 265
Ywmo 10
M p,1,Rd = 10024.2 kNmm
Frirag = 128652 kN

Mode 2 - Bolt failure with yielding of the T-stub flange

T64 Beff,z = eeff,nc = 24795 mm
T6.2 Frord = 2Mpora+t N2Firg
m+n
Mopora = 02550et,2f, = 025% 24795 * 25 °* 265
Ymo 10

10266.7 kKNmm

M p2Rd




Reference

Calculation

Output

Cl.6.2.6,5 (1)

T6.6

Figure 6.11

T6.2

T6.2

N = enn but n < 125m ( 482)

n = 481875 mm
Fira = 203.33
FT,2,Rd = 462.65 kN

Mode 3

Frard = 2Ftra = 2 * 20333 = 406.656 kN

Resistance only from Row 2 bolts = 406.66 kN
Bolt row 1 & 2 - combined

rowl first bolt row below the tension flange of the beam
row?2  other end bolt row

Effective length for an end plate,

row 1
for circular patterns, ferp = TM+P

m = 3855 mm p = 90 mm

eeff,cp = 211.05 mm
for non circular patterns, fernc = 0.5p + am-(2m +.625e)

A= m = 034, A = m =
m+e m+e
a = 75
[)/eff,nc = 210.15 mm

row 2
for circular patterns, iy = TM+P

m = 3855 mm p = 90 mm

eeff,cp = 211.05 mm

for non circular patterns, fegfnc = 2m +.625e+0.5%p
= 169 mm

total effective length for this group of rows
2geffcp = 211 + 211 = 422 mm
2geffnc = 210 + 169 = 379 mm

Model - Completefailure of the T-stub flange
bst1 = Lefine but  Lern < Larep

Z{)/eff’]_ = 379.13 mm

Frap = (8n-2e4)Mp 1 ro/[2mN-€,(M+N)]
ew = 10 mm
= min buu n < 125m ( 482)
= 4819 mm

Moirds = 02530t f, = 025*% 37913 * 25

2

265

Ywmo 10
M p,1,Rd = 15698.1 kNmm




Reference Calculation Output

Frira = 2014.72 kN

Mode?2 - Bolt failure with yielding of the T-stub flange

T64 Eeff,2 = {)/eff,nc = 379.13 mm
T6.2 Frorda = 2Mporat N2Firg
m+n
Mop2ra = 02530at,2f, = 025% 37913 * 25 °* 265
VMO 1.0

Mpord = 15698.1 kNmm
N = enn but n < 125m ( 482)
n = 481875 mm

FtRrd 203.33
FT,2,Rd = 813.81 kN

Mode 3

Frarda = 2Fird = 4 * 20333 = 813.312 kN
Resistanceonly from 1& 2bolts = 813.31 kN

F, =
Resistance for End platein bending = 406.66 kN 406.66 KN
Cl.6.26.4 3.Column flangein transver se bending

Cl.6.2.6.4(1) |- eachindividual bolt-row required to resist tension
Cl.6.2.6.4(1) |Boltrow 1 - end bolt row

T6.4 Effective length of an unstiffened column flange
for circular patterns, bitcp = sSmalerof 2tmM and mm+2e;
for welded end plate narrower than column flange
re = 127 mm
m = 3344 mm
e = 794 mm
e islarge soit will not be critical
€min = 75 mm
2mtm = 210.003 mm

{)/eff,cp = 210.00 mm

for non circular patterns,
lstnc = smalerof 4m+125e and 2m+0.625e+ e
im+ 1.25e = 233.01 mm
eeff'nc = 233.01 mm

Mode 1
bst1 = Letine but  Lern < Larep
P/eff’]_ = 210.00 mm
T6.2 Frird = (8n-2e,)Mp 1 rd/[2mn-e,(M+n)]
ey = 10 mm
N = €min but n < 125m ( 41.8)
n = 4180 mm
Mpira = 02550gtf, = 025% 21000 * 205 -* 265
Ywmo 1.0
Mpirda = 5846.8 kNmm
Frira = 899.69 kN




m+n

Reference Calculation Output
Mode 2
T64 P/eff’Z = eeff'nc = 233.01 mm
T6.2 Frorda = 2Mporat N2Firg
m+n
Mpord = 02538 t fy, = 0.25* 23301 * 205 * 265
Ymo 1.0
M p2,Rd = 6487.4 kNmm
N = €min but n < 125m ( 41.8)
n = 41.8 mm
Fira = 203.33
Frora = 39836 kN
Mode 3
Frard = 2Fird = 2 * 20333 = 406.656 kN
Resistance only from Row 1 bolts = 398.36 kN
Cl.6.2.6.4(1) |[Boltrow 1 and 2 combined
Bolt row 1,2 - end bolt row
T64 Effective length of an unstiffened column flange
for circular patterns,  2lgrp = 2*(MM + p)
for welded end plate narrower than column flange
re = 128 mm
m = 3344 mm
e = 794 mm
p = 90 mm
et cp = 390.003 mm
for non circular patterns,
litnc = 2%(2m + 0.625e + 0.5p)
zeeff'nc = 32301 mm
Mode 1
besrr = lertnc but L1 < Lerop
zBeff’]_ = 323.01 mm
T6.2 Frird = (8n-2e,)Mp 1 rd/[2mn-e,(M+n)]
ev = 10 mm
Moirda = 02530 tif, = 025¢ 32301 * 205 -* 265
Ymo 1.0
Mpird = 8993.10 kNmm
Frira = 1383.84 kN
Mode 2
T64 P/eff’Z = eeff'nc = 323.01 mm
T6.2 Frorda = 2Mporat N2FiRg




Reference Calculation Output
Mozra = 02530 tf, = 025¢ 32301 * 205 -* 265
Ymo 10
Mop2ords = 8993.10 kNmm
n = €emn but n < 1.25m
n = 41.8 mm
Fira = 203.33
Frora = 690.89 kN
Mode 3
Frard = 2Ftra = 4 * 20333 = 813.312 kN
Resistance from Bolt Row 1 & 2 combination = 690.89 kN
F; =
Resistance for Column flangein transverse bending = 398.36 kN 398.36 kN
Cl.6.2.6.8(1) |4. Beam web intension
Eq'(6.22) Fiwbrd = bettwb twb fywn
Y Mo
Beft twb 242 mm
twb = 10.1 mm F, =
Fiwbrd = 672.42 kN 672.42 kN
EN 1993-1-8 |5. Column web in tension
2005 Ft,WC,Rd = W beff,t,wc twe fy,wc
Cl.6.2.6.3(1) Y Mo
Cl.6.2.6.3(3) For Bolted connection
l:.)eff,t,wc = 210.00 mm
twc = 12.8 mm
w = 100 Fs =
Fiwera = 712.33 kN 712.33 kN
Cl.6.2.6.1 6. Column web panel in shear
VWp,Rd = 09 fy,wc Avc
VS y Mo
A= 267 * 128 = 341376 mm’ Fo =
Vwprd = 470.068 kN 470.068 kN
EN 1993-1-8 |7,8. Column web in compression
2005 Fc,wc,Rd = w kwc beff,c,wc twc fy,wc < w kwc p beff,c,wc twc fy,wc
Cl.6.2.6.2 Y Mo Y M1
T54 Transformation factor, B = 1

[1+ 1.3 ( bestome tue/ Ave )T

For bolted end plate connection
beff,c,wc = tfb +2V2 aj + 5(tfc+ S) + S)




Reference Calculation Output
t
N — |
Figure 6.6 !
Pl P 15.6 mm
= = 84 mm
,\ao‘vs«\m = 205mm
Ekvatlon t = 250 mm
"E.._I b— Plan tye = 12.8 mm
Sp = 2%t = 50.0 mm
For arolled | or H sectioncolumn, s = 1. = 127 mm
beff,c,wc = 2484 mm
Ay = 3414 mm’
w = w = 069
Cl.6.2.6.2(2) Assume longitudinal compressive stress, O comed < 0.7 fyue
ke = 1.0
twe = 12.8 mm
w kwc beff,c,wc twc fy,wc = 842573 N
Y Mo
Column web Bearing resistance = 842.573 kN F =
842.57 kN
Eqn (6130) Rp = 0.932 beff,c,wc dwcfy,wc 1/2
E tye
beff,c,wc = 2484 mm
forrolled | or H sectioncolumn:  dywe = he -2 (te+r1c)
he = 267 mm
tic = 205 mm
re = 127 mm
dwc = 200.30 mm
E = 2100 KkN/mm’
Ap = 058
A < 0.72
P = Bucklingreductionfactor = 1
w kwcpbeff,c,wc 1:wc fy,wc = 842573 N
Y m1 F8 =
Column web Buckling resistance= 842.573 kN 84257 kN
EN 1993-1-8 |9. Bolt Shear
:2005 Resistance of asingle bolt in shear (F, rq) iSgiven by:
T34 Fv,Rd = avfubA
Ym2
Where;, a,= 0.6 for class 8.8 bolts
A=A, = 353 mm
Fora = 0.6 x 800 x 353 x 10° = 135.552 kN
1.25
VrRa = NFy Ry
No: of Boltsin Shear = 6
Shear Resistance of the connection = 813.312 kN Fy =

813.312 kN




Reference Calculation Output
EN 1993-1-8 |10. Bolt Bearing
:2005 The bearing Resistance of asingle bolt (Fy rg ) 1S given by:
T34 Fora = Ky abfubdtp e, e,
T Ve . F—H | A
Where a,is the least value of a, fo andl @ & | @
Fye a| |=——
- + |
For the Direction of load transfer !
ForendBolts %= e = 25 = 032
3do 3x 26
ForinnerBolts %3 = p - 1 = 60 - 1= 052
3dy 4 3x 26 4
fuw = 800 = 1.95
fup 410
&, = 0.32
For the perpendicular to the Direction of load transfer
For edge boltskl, isthesmallerof 28 e - 17 or 25
do
2.8 & - 1.7 = 28x 75 - 1.7 = 7.85
do 26
Therefore for edge bolts, k; = 2.50
For inner boltskl, isthesmallerof 14 p,- 17 or 25
do
14 p,- 17 = 14x 100 - 17 = 3.68
do 26
Therefore for inner bolts, ky = 2.50
Therefore the minimum bearing resistance for abolt is:
Foora = 250 x 032 x 410 x 24 x 25
1.10
= 179.196 kN
bearing resistance of the connection = 6 * 179.196
= 1075.17 kN Fo =
1075.17 kN
Cl.6.2.6.7 11. Beam flange and web in compression
Eq"(6.21) Fetord = Mcra / (h-tg )
Mcra = Design resistance of the beam
assume that the design shear force in the beam doesn’t reduce Mcggq
therefore, from P363
Mcra = 649 kNm
Feford = 649 = 1254.11 kN Fu =
533 - 156 1254.11 kN
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Summary of tension resistance

oy )

c olg _ 2 8= -§ 5 £ g %
EQLIEES| 5% 2 € =
SEEl382| =28 | §B| = | 2§
O= 0|0 = § w .S o £ e Ko @

Row 1,

alone 398.36 712 406.66 N/A 398.36 | 398.36

Row

2,aone 398.36 712 406.66 | 672.42 | 398.36

Row 2,

withrow 1 | 690.89 813.31 N/A 690.89

Row 2 29253 | 29253

Column web in Transverse compression = 84257 kN

Beam flange and web in compression is not critical

M oment resistance

Effectiveresistance of bolt rows

The effective resistance of each of the three bolt rows in tension zone

398.36 kN

Ft1,rd

292,53 kN

Ford

Effective resistance should be reduced if the resistance of one of the
higher rows exceeds
1.9x FtRd = 386.323 kN

Fura = 386.32 kN

Total effective tension resistance

2 FtRd = 386.32 + 29253
= 678.85 kN
Compressionresistance = 84257 kN

Moment resistance of the beam to column joint
= 4872 x 38632 + 397.2 x 29253
= 304 kNm




Reference

Calculation

Output

EN1993-1-8
:2005
CL5.2.3

M, = Design plastic moment resistance of beam

M p— (py Z)/YmO

275 X 2072 x 1000

1.0
= 569.8 kNm
Mcon/M p, beam = 053424

Hence semi rigid connection
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Table 6.10
Table6.11
BS EN1993-1-8
:2005

Deter mination of rotational stiffness
for EEP 3d
Stiffness coefficient

1.Column web panel in shear

k1=(0.38 A,,,BZ

Z = Leverarm
R = Transformation parameter
A.. = Shegar area of the column

k1=(0.38 X (266.7x12.8))/(1X (605 —25—60—25—15.6/2))

= 266
2.Column web in compression

k2=(0.7 b g5 X Lisisydl

b eff,c,wc = effeCtive WI dth
twe = column web thickness
d, = clear depth of column

k2=(0.7 X248.4 X12)/200.3
ke= 1111

3. Column web in tension
k3.1:(0-7 Xb eff,flw.:-X t wc);dc

ky,=(0.7 X 161.5 X 12.8)/200.3

ks = 7.22

ky,=(0.7 X 161.5 X 12.8)/200.3
k3'2 = 722
4. Column flange in bending
k4.]=(0'9 X Ef‘ff X t}r[_.'% )/mg

k,,=(0.9 X 161.5 X20.5%)/33.443

k4’ 1 = 33.49
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Output

:2005
CL6.331

BS EN1993-1-8

k,,=(0.9 X 161.5 X20.53 )/33.443

k4‘ 2 = 33.49

5. End plate bending

k5‘l=(0.9 Xl eff X tpﬂ )/m3

ks ,=(0.9 X 210.15 X 253)/38.553

ks = 51.58

ks ,=(0.9 X 169 X 25%)/38.553

k5‘ 2 = 41.48

6. Bolts in tension

kjo=(1.6 Ag, L,
Lp - Bolt elongation length
L, = 485
ko = 1165

kf-‘ffllz(l /((1/k3.1)+(1/k4.'1)+(1/k5.1)+(1/km))

koppa=(1),(1/7.45)+(1/34.52)+(1/62.57)+(1/11.65))

= 3.656
kopp=(1y,(1/4.25)+(1/19.7)+(1/51.58)+(1/11.65))
= 3594
h,=605—25—15.6/2—25-60

hy = 4872 mm

h,=605—25—-15.6/2—c—(d+e)

The effective stiffness coefficient of each bolt row is obtained as follows.
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BS EN1993-1-8
:2005
CL6.331

BS EN1993-1-8
:2005
CL 6.31

BS EN1993-1-8
:2005
CL5.2.25

figure 5.4

h, = 3972 mm

Equivalent lever arm Zeqis

Zeq = 447.16 mm

kg = 7.8

Theinitial joint stiffness

Sj,i'niz(E ZZJ/(H Z(l/kl))

!,L = |

= 6.94E+07 kNmm / rad

El, L,=210x10%x55227x10*/6000x10°

= 1.93E+07 kNmm / rad

b - second moment of area

Hence semi rigid connection

Ly, - sgpanof beam
CSE*Iyfly < S < 8 E*lLy
‘s;'.tm'/Elb.r’Lb: 359

S, =(210x10%x506.242 ) /((1/9.65)+(1/2.41)+(1/11.11) )

L EIb/LD  |Sn/Ely/Lp Classification
4000 | 28994175 | 2.39 semi rigid
6000 | 19329450 |  3.59 semi rigid
8000 |14497087.5| 479 semi rigid
10000 | 11597670 |  5.99 semi rigid
12000 | 9664725 7.18 semi rigid




