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UNIVERSITI SAINS MALAYSIA

First Semester Examination
Academic Session 2018/2019
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EAS457 — Structural Steel Design
(Rekabentuk Struktur Keluli)

Duration : 2 hours
(Masa : 2 jam)

Please check that this examination paper consists of SEVENTEEN (17) pages of
printed material including appendix before you begin the examination.

[Sila pastikan bahawa kertas peperiksaan ini mengandungi TUJUH BELAS (17)
muka surat yang bercetak termasuk lampiran sebelum anda memulakan
peperiksaan ini.]

Instructions : This paper consists of FOUR (4) questions. Answer ALL
guestions.

[Arahan : Kertas ini mengandungi EMPAT (4) soalan. Jawab SEMUA soalan.]

In the event of any discrepancies, the English version shall be used.

[Sekiranya terdapat sebarang percanggahan pada soalan peperiksaan, versi
Bahasa Inggeris hendaklah digunapakai.]
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An unrestrained roof beam under uniform bending with fixed end carries a
design shear force, Ved = 63.21 kN and design bending moment, Med = 31.02
kNm. The length of the beam is 3500 mm. Assume the steel grade to be S
275. Check the suitability of the section 203x133x30 UKB Fe 430 (S275).
Design the steel beam including checking on,

Sebatang rasuk bumbung yang tidak dikekang di bawah lenturan seragam
dengan keadaan hujung diikat tegar, membawa daya ricih reka bentuk, Veq =
63.21 kKN dan momen lentur reka bentuk, Mgq = 31.02 kNm. Panjang rasuk
adalah 3500 mm. Anggapkan gred keluli menjadi S 275. Periksa kesesuaian
keratan 203x133x30 UKB Fe 430 (S275). Reka bentuk rasuk keluli termasuk

pemeriksaan ke atas,

(@). Shear force resistance

Rintangan daya ricih

(b).  Shear buckling resistance

Rintangan lenturan ricih

(c). Bending moment resistance

Rintangan momen lenturan

(d). Combined bending and shear resistance

Gabungan lenturan dan rintangan ricih

(e). Value moment critical, Mcr

Nilai momen kritikal, Mcr

Refer to Appendix 1,2, and 3.
Rujuk Lampiran 1,2 dan 3.

[25 marks/markah]
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A 610 x 229 x125 UKB tension member of S355 steel is connected through
both flanges by 20 mm bolts (in 22 mm diameter bolt holes) in four lines, two
in each flange as shown in Figure 1. Check the member for a design tension
force of Nt, ed = 4000 kN.

Anggota tegangan 610 x 229 x125 UKB keluli S355 disambungkan melalui
kedua-dua bebibir dengan bolt 20 mm (dalam lubang bolt berdiameter 22
mm) dalam empat baris, dua dalam setiap bebibir seperti yang ditunjukkan
dalam Rajah 1. Periksa anggota untuk daya tegangan reka bentuk Nt, eq =
4000 KN.

Refer to Appendix 4,5, and 6.
Rujuk Lampiran 4,5 dan 6.

Figure 1/Rajah 1
[25 marks/markah]

A 3.5 m length of steel column is subjected to unfactored axial permanent
load of 600 kN together with a major axis bending moment of 300 kNm
applied at the top of the column. The column is designed to have a pinned at
both ends. Design the suitability of the 305x305x137 kg/m UC section with
grade Fe 430 (S275) to EN 10025-2.
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Sebuah tiang keluli yang panjangnya 3.5 m menanggung beban paksi kekal
tidak terfaktor 600 kN bersama-sama dengan momen lentur di paksi major
300 kNm yang dikenakan di bahagian atas tiang. Tiang ini direkabentuk untuk
disematkan di kedua-dua hujung. Rekabentuk kesesuaian keratan
305%305x137 kg/m UC dengan menggunakan gred Fe 430 (S275) bagi EN
10025-2.

Refer to Appendix 7, and 8.
Rujuk Lampiran 7, and 8.
[25 marks/markah]

(@). Figure 2 is showing a welded joint using bracket in direct shear and
torsion on the two column flanges. Calculate the maximum load that
the bracket shown in Figure 2 is able to resist if the size of the weld is
8 mm. Use all the relevant values as stipulated in Clause 4, EN 1993-

1-8:2005, if the required values are not given in this question.

Rajah 2 menunjukkan satu sambungan kimpalan menggunakan
pendakap dalam arah ricih dan putaran terhadap dua bebibir tiang.
Kirakan beban maksima yang boleh dibawa pendakap seperti yang
ditunjukkan dalam Rajah 2 jika saiz kimpalan adalah 8 mm. Gunakan
semua nilai berkaitan yang ditetapkan dalam klausa 4, EN 1993-1-
8:2005, jika nilai-nilai yang diperlukan tidak diberi dalam soalan ini.

[13 marks/markah]

(b). Connections of structural steel components are of critical importance. It
is most important that the connections should be so designed to fulfil
the requirements of the method of design adopted for the structure as
a whole. Sketch and demonstrate different types of connection

normally encountered in
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Sambungan bagi komponen sruktur keluli adalah sangat penting. la
lebih penting kerana sambungan hendaklah direkabentuk bagi
memenuhi keperluan-keperluan dalam kaedah reka bentuk yang yang
digunapakai untuk keseluruhan struktur. Lakar dan tunjukkan jenis-

jenis sambungan yang biasanya digunakan dalam

(). Beam to beam (bolted and welded)

Rasuk ke rasuk (bolt dan kimpalan)

(i).  Beam to column (bolted and welded)
Rasuk ke tiang (bolt dan kimpalan)

(iif).  Column to column (bolted and welded)

Tiang ke tiang (bolt dan kimpalan)

Refer to Appendix 9,10, 11, and 12.
Rujuk Lampiran 9,10, 11, and 12.

250 mm

300/{mm

<4+“——>

200 mm

Figure 2 Welded Connection
[12 marks/markah]
...6/-
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APPENDIX 1/ LAMPIRAN 1
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APPENDIX 2/ LAMPIRAN 2

P363 Steel Building Design: Design Data, In accordance with Eurocodes and the UK National Annexes

BS EN 19983-1-1:2005 UNIVERSAL BEAMS
BS 4-1:2005
< B 5y Advance UKB
r
tw
h d
o I
Dimensions
Section Mass | Depth | Width Thickness Root Depth Ratios for Dimensions for Surface Area
Designation per of of Radius | bstwesn | Local Buckling Detailing
Metre | Section | Section| Web | Flange Fillets |Flange| Web End Notch Per | Per
Clearance Metre | Tonne
h b ty t r d cilty | oWl tw ] N n

kg/m mm mm mm | mm mm mm mm mm | mm| m? m’
305x127x48 48.1 311.0 | 1253 9.0 14.0 8.9 265.2 3.52 | 295 7 T0 24 1.09 | 22.7
305x127x42 419 | 307.2 | 1243 | 8.0 | 121 8.9 285.2 | 4.07 | 332 6 70 | 22 | 108 | 258
305x127x37 37.0 3044 | 1234 7.1 10.7 8.9 265.2 460 | 374 ] 70 20 1.07 | 289
305x102x33 328 312.7 | 1024 6.8 10.8 7.6 275.9 373 | 418 5 58 20 101 | 308
305x102x28 28.2 308.7 | 101.8 6.0 8.8 7.6 275.9 458 | 46.0 5 58 18 | 1.00 | 35.5
305x10225 248 | 3051 | 1016 | 5.8 7.0 7.6 275.9 576 | 476 5 58 | 16 | 0.992] 40.0
254x146x43 430 | 2596 | 1473 | 7.2 | 127 76 219.0 | 492 | 304 6 82 | 22 | 1.08 | 251
254x146x37 37.0 256.0 | 146.4 6.3 10.9 7.6 219.0 573 | 3438 5 82 20 107 | 289
254%146x31 311 2514 | 1461 6.0 8.6 7.6 219.0 7.28 | 3865 5 82 18 | 1.06 | 34.0
254x102x28 28.3 2604 | 102.2 6.3 10.0 7.6 225.2 4.04 | 357 5 58 18 | 0.904] 319
254x10225 252 | 257.2 | 1019 | 6.0 8.4 7.6 2252 | 480 | 375 5 58 | 16 | 0.887| 35.7
254x102x22 220 | 2540 | 1016 | 57 6.8 7.6 225.2 593 | 395 5 58 | 16 | 0.890| 40.5
203x133x30 30.0 206.8 | 1339 6.4 96 7.6 1724 585 | 269 5 T4 18 | 0.923| 30.8
203x133x25 25.1 203.2 | 133.2 57 7.8 7.6 172.4 7.20 | 30.2 5 74 18 | 0.815| 36.5
203x102x23 23.1 203.2 | 101.8 5.4 9.3 7.6 169.4 437 | 314 5 60 18 | 0.790] 34.2
178x102x19 19.0 | 177.8 | 101.2 | 4.8 7.9 7.6 146.8 5.14 | 306 4 60 | 16 | 0.738| 38.7
152xB9x16 16.0 152.4 88.7 4.5 7.7 7.6 121.8 448 | 271 4 54 16 | 0.838] 40.0
127x76x13 13.0 127.0 76.0 4.0 7.6 7.6 96.6 3.74 | 242 4 46 16 | 0.537 | 414

Advance and UKB are frademarks of Corus. A fuller description of the relationship between Universal Beams {UB) and the Advance range of
sections manufactured by Corus is given in section 12.

FOR EXPLANATICN OF TABLES SEE NOTE 2

iis material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agresment

eated on 31 January 2012

SULIT
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APPENDIX 3/ LAMPIRAN 3

P363 Steal Building Design: Design Data, In accordance with Eurocodes and the UK National Annexes

BS EN 1993-1-1:2005 UNIVERSAL BEAMS
BS 4-1:2005
Advance UKB z
y-— a =y
Properties z‘
Section Second Moment Radius Elastic Plastic Buckling | Torsional| Warping | Torsional | Area
Designaticn of Area of Gyration Modulus Modulus Parameter| Index | Constant| Constant of
Axis Axis Axis | Axis | Axis | Axis | Axis | Axis Section
y-y zz Y-y zz ¥y zz y-y zz
u X L I A

cm* cm* | om em | em® | em® | em® | om?® dm® em® em?
305x127x48 8670 4861 126 | 274 | 816 | 736 | 711 116 0.873 23.3 0.102 31.8 61.2
305x127x42 8200 389 124 | 270 | 534 | 628 | 614 | 984 0.872 26.5 0.0846 211 53.4
305x127x37 7170 336 12.3 | 2.67 | 471 945 | 539 | 854 0.872 29.7 0.0725 14.8 47.2
305x102x33 6500 194 125 | 215 | 416 | 37.9 | 481 60.0 0.867 31.6 0.0442 12.2 418
305x102x28 5370 155 12.2 | 2.08 | 348 | 30.5 | 403 | 484 0.859 37.3 0.0349 7.40 35.9
305x102x25 4460 123 119 | 1.97 | 292 | 242 | 342 | 388 0.846 43.4 0.027 4.77 31.6
254x146x43 6540 677 109 | 352 | 504 | 92.0 | 5686 141 0.891 211 0.103 23.9 54.8
254x146x37 5540 571 108 | 3.48 | 433 | 78.0 | 483 119 0.890 243 0.0857 15.3 47.2
254%146%x31 4410 448 105 | 3.36 | 351 613 | 393 | 941 0.879 29.6 0.0660 8.55 39.7
254x102x28 4000 179 105 | 222 | 308 | 349 | 353 | 548 0.873 27.5 0.0280 9.57 38.1
25410225 3410 148 103 | 215 | 266 | 29.2 | 306 | 46.0 0.866 31.4 0.0230 6.42 32.0
254x102x22 2840 119 101 | 2.08 | 224 | 235 | 258 | 373 0.856 36.3 0.0182 4.15 28.0
203x133x30 2900 385 871 | 317 | 280 | 575 | 314 | 88.2 0.882 21.5 0.0374 10.3 38.2
203x133x25 2340 308 856 | 310 | 230 | 46.2 | 258 | 70.9 0.8768 25.6 0.0294 5.96 32.0
203x102x23 2100 164 8.46 | 236 | 207 | 32.2 | 234 | 4897 0.888 22.4 0.0154 7.02 29.4
178x102x19 1360 137 7.48 | 2.37 153 | 270 | 171 | 416 0.886 22.6 0.0099 4.41 24.3
152x89x16 834 §9.8 | 641 | 210 | 109 | 202 | 123 | 31.2 0.890 19.5 | 0.00470 3.56 20.3
127x76x13 473 557 535 | 184 | 746 | 147 | 842 | 226 0.894 16.3 0.00200 2.85 16.5

Advance and UKB are trademarks of Corus. A fuller description of the relationship between Universal Beams {UB) and the Advance range of
sections manufactured by Corus is given in section 12.

FOR EXPLANATION OF TABLES SEE NOTE 3

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agresment

reated on 31 January 2012

SULIT
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APPENDIX 4/ LAMPIRAN 4

P363 Steel Building Design: Design Data, In accordance with Eurocodes and the UK National Annexes

BS EN 1993-1-1:2005 UNIVERSAL BEAMS
BS 4-1:2005
e B o Advance UKB n
——]
r N Ky
tw i
h d =
St =
[ ==
Dimensions
Section Mass | Depth | Width Thickness Root Depth Ratios for Dimensions for Surface Area
Designation per of of Radius | between | Local Buckling Detailing
Metre | Section | Seclion| Web | Flange Fillets |Flange| Web End Notch Per | Per
Clearance Metre | Tonne
h b t, t r d ol by | colty c N n
kg/m mm mm mm [ mm mm mm mm mm | mm | m? m’
1016x305x487 + | 486.7 | 1036.3 | 308.5 | 30.0 | 54.1 30.0 868.1 2.02 28.9 17 160 | 86 | 3.20 | 6.58
1016x305x437 + | 437.0 | 1026.1| 3054 | 26.9 | 48.0 30.0 868.1 223 | 323 15 150 | 80 | 3.17 | 7.256
1016x305x393 + | 392.7 | 10159 | 303.0 | 244 | 439 30.0 868.1 249 | 356 14 160 | 74 | 3.14 | 8.00
1016x305x349 + | 348.4 | 1008.1| 302.0 | 21.1 | 40.0 30.0 868.1 276 | 411 13 152 | 70 | 3.13 | 8.96
1016x305x314 + | 314.3 | 999.9 | 300.0 | 19.1 | 3589 30.0 868.1 3.08 | 455 12 152 | 68 | 3.11 | 9.88
1016x305x272 + | 2723 | 990.1 | 300.0 | 165 | 31.0 30.0 868.1 360 | 526 10 182 | 62 | 310 | 114
1016x305x249 + | 248.7 | 980.1 | 200.0 | 165 | 26.0 30.0 868.1 430 | 526 10 152 | 56 | 3.08 | 124
1016x305x222 + | 222.0 | 970.3 | 300.0 | 16.0 [ 21.1 30.0 868.1 5.31 54.3 10 162 | 52 | 3.06 | 13.8
914x419x388 388.0 | 921.0 | 4205 | 214 | 366 | 241 7996 | 479 | 374 13 210 | 62 | 3.44 | 887
914x419x343 3433 | 911.8 | 4185 | 194 | 320 24.1 799.6 5.48 41.2 12 210 | 58 | 3.42 | 9.96
914x305x289 289.1 | 926.6 | 307.7 | 19.5 | 320 19.1 824.4 3.91 | 423 12 156 | 52 | 3.01 | 104
= 914x305x253 2534 | 9184 | 3055 | 173 | 279 19.1 8244 | 448 | 477 ikl 156 | 48 | 299 | 11.8
£ 914x305x224 2242 | 9104 | 3041 | 158 | 239 19.1 824.4 523 | 518 10 156 | 44 | 297 | 13.2
g 914x305x201 200.9 | 903.0 | 303.3 | 15.1 | 20.2 19.1 824.4 6.19 | 54.6 10 156 | 40 | 2.96 | 14.7
§ B3Bx292x226 226.5 | 850.9 | 293.8 | 16.1 | 26.8 17.8 761.7 4.52 47.3 10 160 | 46 | 2.81 12.4
§ 838x292x194 183.8 | 840.7 | 2824 | 147 | 21.7 17.8 761.7 558 | 51.8 9 150 | 40 | 279 | 144
i 838x292x176 1759 | 8349 | 291.7 | 140 | 188 17.8 761.7 644 | 544 9 150 | 38 | 278 | 15.8
o 762x267x197 186.8 | 7698.8 | 2680 | 156 | 254 16.5 686.0 | 4.32 | 44.0 10 138 | 42 | 255 | 13.0
% 762x267x173 173.0 | 762.2 | 266.7 | 143 | 216 18.5 686.0 5.08 | 480 9 138 | 40 | 253 | 146
H] T62x267x147 146.9 | 754.0 | 2652 | 128 | 175 16.5 686.0 627 | 536 8 138 | 34 | 251 | 171
E T62x267x134 133.9 [ 750.0 | 2644 | 120 | 155 18.5 686.0 7.08 | 57.2 8 138 | 32 | 251 | 187
é 686x254x170 170.2 | 692.9 | 255.8 | 145 | 23.7 15.2 615.1 445 | 424 9 132 | 40 | 2.35 | 138
2 686x254x152 1524 | 687.5 | 2545 | 13.2 | 210 15.2 615.1 5.02 | 468 9 132 | 38 | 2.34 | 154
E 686x254x140 1401 | 683.5 | 253.7 | 124 | 19.0 15.2 6815.1 555 | 496 8 132 | 38 | 2.33 | 166
5 686x254x125 1252 | 677.8 | 253.0 | 11.7 | 16.2 15.2 615.1 6.51 | 52.6 8 132 | 32 | 2.32 | 185
E 610x305x238 2381 | 6358 | 3114 | 184 | 314 18.5 5400 | 4.14 | 29.3 ikl 158 | 48 | 245 | 10.3
f 610x305x179 176.0 | 620.2 | 307.1 | 141 | 236 16.5 540.0 551 | 383 9 188 | 42 | 241 | 135
i 610x305x149 148.2 | 6124 | 3048 | 118 | 19.7 18.5 540.0 6.60 | 45.8 8 158 | 38 | 2.38 | 16.0
‘g 610x220x140 1399 | 617.2 | 230.2 | 13.1 | 221 12.7 547.6 4.34 41.8 9 120 | 36 | 2.11 15.1
'fg 810x229x125 1261 | 6122 | 2200 | 118 | 196 12.7 5476 | 4.89 | 46.0 8 120 | 34 | 209 | 16.7
£ 610x220x113 113.0 | 607.6 | 228.2 | 11.1 17.3 12.7 547.8 5.54 49.3 8 120 | 30 | 208 | 184
E 610x220x101 101.2 | 6026 | 2276 | 105 | 148 12.7 547.6 648 | 52.2 7 120 | 28 | 2.07 | 205
§ 810x178x100 + 1003 | 6074 | 1792 | 11.3 | 17.2 12.7 5476 | 4.14 | 485 8 94 | 30 | 189 | 188
o 610x178x82 + 922 | 603.0 | 178.8 | 108 | 15.0 12.7 5476 | 475 | 50.2 7 94 | 28 | 1.88 | 204
§ 610x178x82 + 81.8 | 5988 | 177.9 | 10.0 | 12.8 12.7 547.6 5.57 | 548 7 94 | 28 | 1.87 | 229
2 S5AIxIN22ATI + 2733 | 5771 3202 | 211 | 376 12.7 476.5 3.64 226 13 160 | 52 | 2.37 | 8.67
3 533x312x219 + | 218.8 | 560.3 | 3174 | 18.3 | 28.2 12.7 4765 | 4.69 | 26.0 1 160 | 42 | 2.33 | 10.7
2 533x312x182 + 181.5 | 580.7 | 3145 | 156.2 | 244 12.7 478.5 5.61 31.3 10 160 | 38 | 2.31 12.7
g 533x312x151 + 150.6 | 542.5 | 312.0 | 12.7 | 20.3 12.7 476.5 6.75 | 37.5 8 160 | 34 | 2.29 | 15.2
£
£ Advance and UKB are frademarks of Corus. A fuller description of the relationship between Universal Eeams (UB) and the Advance range of
g 7 sections manufactured by Corus is given in section 12.
E.% + These sections are in addition to the range of BS 4 sections.
E gt‘ FOR EXPLANATION OF TABLES SEE NOTE 2
—t
ts
32
L

...10/-

SULIT



SULIT EAS457
-10-

APPENDIX 5/LAMPIRAN 5

P363 Steel Building Design: Design Data, In accordance with Eurocodes and the UK National Annexes

Advance and UKB are frademarks of Corus. A fuller description of the relationship between Universal Bearns {UB) and the Advance range of
sections manufactured by Corus Is glven In section 12.

+ Thesa sections are in addition to the range of BS 4 sections.
FOR EXPLANATION OF TABLES SEE NOTE 3

reated on 31 January 2012

BS EN 1993-1-1:2005 UNIVERSAL BEAMS
BS 4-1:2005
z
Advance UKB
Y—1r—¥Y
|
Properties z
Section Second Moment Radius Elastic Plastic Buckling | Tarsional| Warping | Torsional | Area
Designation of Area of Gyration Modulus Modulus |Parameter| Index | Constant| Constant of
Axis Axis | Axis | Axis | Axis | Axis | Axis | Axis Section
¥y zz ¥y zz Yy zz yy zz
u X Ly I A
cm* cm* | em | em | om® | em® | om® | om® dm® om* om?
1016x305x487 + | 1022000| 26700 | 40.6 | 6.57 | 18700| 1730 | 23200| 2800 | 0.867 2141 €44 4300 620
1016x305x437 + | 910000 | 23400 | 40.4 | 6.49 | 17700| 1540 | 20800| 2470 | 0.868 23.1 56.0 3190 557
1016x305x393 + | 808000 | 20500 | 40.2 | 6.40 | 15900| 1350 | 18500] 2170 | 0.868 265 484 2330 500
1016x305x349 + | 723000 | 18500 | 40.3 | 6.44 | 14300| 1220 | 16600| 1940 | 0.872 279 433 1720 445
1018x305x314 + | 644000 | 16200 | 40.1 | 6.37 |12900| 1080 | 14800| 1710 | 0.872 30.7 317 1260 400
1016x305x272 + | 554000 | 14000 | 40.0 | 6.35 | 11200| 934 |12800| 1470 | 0.872 36.0 322 835 M7
1016x305x249 + | 481000 | 11800 | 39.0 | 6.09 | 9820 | 784 |11300| 1240 | 0.861 399 26.8 £82 7
1016x305x222 + | 408000 | ©550 | 38.0 | 5.81 | 8410 | 636 | 9810 | 1020 | 0.850 45.7 21.5 390 283
914x416x388 720000 | 45400 | 38.2 | 9.59 |15600| 2160 | 17700| 3340 | 0.885 267 8.9 1730 494
914x418x343 626000 | 39200 | 37.8 | 9.46 | 13700| 1870 | 15500| 2890 | 0.883 30.1 75.8 1190 437
914x305x289 504000 | 15600 | 37.0 | 6.51 |10900| 1010 | 12600| 1600 | 0.867 319 3.2 926 368
= 914x305x253 438000 | 13300 | 36.8 | 6.42 | 9500 | 871 |10900] 1370 | 0.885 6.2 264 626 323
2 914x305x224 376000 | 11200 | 36.3 | 6.27 | 8270 | 739 | 9530 | 1160 | 0.860 1.3 221 422 286
2 914x305x201 325000 | 8420 | 35.7 | 6.07 | 7200 | 621 | 8350 | 982 0.853 46.9 18.4 291 256
§ B38x292x226 340000 | 11400 | 343 | 6.27 | 7980 | 773 | 9160 | 1210 0.869 35.0 18.3 514 289
3 838x292x194 270000 | 9070 | 33.6 | 6.06 | 6640 | 620 | 7640 | 974 0.862 1.6 15.2 306 247
i 838x282x176 246000 | 7800 | 33.1 | 5.90 | 5890 | 535 | 6810 | 842 0.856 46.5 13.0 221 224
a 762x267x197 240000 | 8170 | 309 | 571 | 6230 | &10 | 7170 | 958 0.869 3341 11.3 404 251
% 762x267x173 205000 | €850 | 30.5 | 5.58 | 5390 | 514 | 6200 807 0.8685 38.0 9.39 267 220
2 T62x267x147 169000 | 5460 | 30.0 | 540 | 4470 | 411 | 5160 | 647 0.858 452 7.40 159 187
E T62x2687x134 151000 | 4790 [ 29.7 | 530 | 4020 | 362 | 4640 ) 570 0.853 49.8 6.46 119 171
é 686x254x170 170000 | 6630 | 28.0 | 5.53 | 4920 | 518 | 5630 | 811 0.872 318 7.42 308 217
= 688x254x152 180000 | 5780 | 27.8 | 546 | 4370 | 455 | 5000 710 0.871 354 842 220 184
g 686x254x140 136000 | 5180 | 27.6 | 5.39 | 3990 | 409 | 4560 | 638 0.870 38.6 6.72 169 178
] 686x254x125 118000 | 4380 [ 27.2 | 524 | 3480 | 346 | 3090 | 542 0.863 43.8 4.80 116 159
E 610x305x238 209000 | 15800 | 26.3 | 7.23 | 6590 | 1020 | 7490 | 1570 | 0.886 213 14.5 785 303
; 610x305x179 153000 | 11400 | 25.9 | 7.07 | 4930 | 743 | 5550 | 1140 | 0.885 277 10.2 340 228
e 610x305x149 126000 | 9310 [ 25.7 | 7.00 | 4110 | 611 | 4590 937 0.886 32.7 8.17 200 190
B 610x229x140 112000 | 4510 | 25.0 | 5.03 | 3620 | 391 | 4140 | 611 0.875 30.6 3.99 216 178
'g' 810x228x125 98600 | 3930 | 24.9 | 497 | 3220 | 343 | 3680 | 535 0.875 340 345 154 159
2 610x228x113 87300 | 3430 | 246 | 488 | 2870 | 301 | 3280 | 469 0.870 28.0 299 111 144
E 610x229x%101 75800 | 2910 [ 24.2 | 4.75 | 2520 | 256 | 2880 | 400 0.863 43.0 252 77.0 129
§ 610x178x100 + 72500 | 1660 | 23.8 | 3.60 | 2390 | 185 | 2790 | 286 0.854 87 1.44 95,0 128
o e10x178x92 + 64600 | 1440 | 234 | 3.50 | 2140 | 161 | 2510 | 258 0.850 427 1.24 71.0 117
§ 610x178x82 + 55000 | 1210 | 23.2 | 3.40 | 1870 | 136 | 2190 ] 218 0.843 48.5 1.04 48.8 104
3 533xI12x273 + | 199000 | 20600 | 23.9 | 7.69 | 6890 | 1290 | 7870 | 1990 | 0.891 15.8 15.0 1200 348
3 533x312219 + | 151000 | 15600 | 23.3 | 7.48 | 5400 | 982 | 6120 | 1510 | 0.884 19.8 11.0 842 279
2 533x312x182 + | 123000 | 12700 | 23.1 | 7.40 | 4480 | 806 | 5040 | 1240 | 0.888 234 B.77 373 231
g 533x312x151 + | 101000 | 10300 | 229 | 7.32 | 3710 | 659 | 4150 | 1010 | 0.885 278 7.01 216 192
£
2
o
:
5
8
a2
£
8

.
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3.10.3 Angles connected by one leg and other unsymmetrically connected members in tension

®

@

The eccentricity in joints, see 2.7(1), and the effects of the spacing and edge distances of the bolts,
should be taken into account in determining the design resistance of:

- unsymmetrical members;
-  symmetrical members that are connected unsymmetrically, such as angles connected by one leg.
A gingle angle in tension connected by a single row of bolts in one leg, see Figure 3.9, may be treated

as concentrically loaded over an effective net section for which the design ultimate resistance should
be determined as follows:

_ 2,0{(e, —0,5d, }¢ £,

with 1 bolt: Nora (31D
Yz
with 2 bolts: Nopa = B A S .. (3.12)
¥ m2
with 3 or mare bolis: Nepg = Dot fu - (3.13)
Va2
where:

B> and £ are reduction factors dependent on the pitch p; as given in Table 3.8. For intermediate values
of p; the value of § may be determined by linear interpolation;

Any is the net area of the angle. For an unequal-leg angle connected by its smaller leg, An: should
be taken as equal to the net section area of an equivalent equal-leg angle of leg size equal to that

of the smaller leg.
Table 3.8: Reduction factors g and §;
Pitch o] €254, 2504,
2 bolts B 0,4 0,7
3 bolts or more B 0,5 0,7
e a) 1 bolt
- b) 2 bolts
- 2 3 <) 3 bolis
(a)
) Dy | a4 Py { Py
4 9 <+ & & & T
(b) (c)

Figure 3.9: Angles connectad by one leg
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P363 Steel Building Design: Design Data, In accordance with Eurocodes and the UK National Annexes
BS EN 1993-1-1:2005 UNIVERSAL COLUMNS
BS 4-1:2005
P Advance UKC
‘F,
—> (LW
h d
Dimensions
Section Mass | Depth | Width Thickness Root Depth Ratios for Dimensions for Surface Area
Designation per of of Radius | between | Local Buckling Detailing
Metre | Section | Section| Web | Flange Fillets |Flange| Web End Notch Per Per
Clearance Metre | Tonne
h b e t r d o/t | oyl ty C N n
kg/m mm mm mm mm mm mm mm mm | mm | m’
356x406x634 633.0 | 474.6 | 424.0 | 476 | 770 15.2 290.2 225 | 610 26 200 | 24 | 252 | 3.98
356x406x551 551.0 | 455.6 | 4185 | 421 | 675 15.2 290.2 2.56 | 6.89 23 200 | 84 | 247 | 4.48
356x406x467 467.0 | 436.6 | 412.2 | 358 | 580 15.2 290.2 298 | 811 20 200 | 74 | 242 | 5.18
356x406x393 393.0 | 418.0 | 407.0 | 306 | 492 15.2 290.2 3.52 | 948 17 200 | 66 | 2.38 | 6.06
356x406x340 330.0 | 4064 | 403.0 | 266 | 429 15.2 290.2 4.03 | 108 15 200 | 60 | 2.35 | 6.91
356x406x287 2871 | 393.6 | 399.0 | 226 | 365 15.2 290.2 474 | 128 13 200 52 | 231 8.05
356x406x235 2351 | 381.0 | 394.8 | 184 | 302 15.2 290.2 573 | 158 11 200 | 46 | 2.28 | 9.70
356x368x202 201.9 | 3746 | 3747 | 165 270 15.2 290.2 607 | 176 10 190 | 44 | 219 | 108
356x368x177 177.0 | 368.2 | 3726 | 144 | 238 15.2 290.2 6.89 | 202 9 190 | 40 | 217 | 123
E 356x368x153 152.9 | 362.0 | 3705 | 123 | 207 15.2 290.2 792 | 236 8 190 | 36 | 216 | 141
2 356x368x129 128.0 | 355.6 | 368.6 | 164 | 175 15.2 290.2 9.4 278 7 190 | 34 | 214 | 166
? 305x305x283 282.9 | 365.3 | 3222 | 268 | 441 15.2 246.7 3.00 | 9.21 15 158 | 60 | 124 | 6.86
§ 305x305x240 240.0 | 3525 | 3184 | 230 | 377 15.2 246.7 3.51 10.7 14 158 | 54 | 1821 | 7.98
% 305x305x198 19811 3309 | 3145 | 181 | 314 15.2 246.7 422 | 128 12 158 | 48 | 187 | 9.44
o 305x305x158 15811 3271 | 311.2 | 158 | 250 15.2 246.7 530 | 156 10 158 | 42 | 184 | 118
E 305x305x137 136.9 | 3205 | 300.2 | 138 | 217 15.2 246.7 6.11 | 17.90 9 158 | 38 | 182 | 133
K 305x305x118 117.9 | 3145 | 3074 | 120 | 187 15.2 246.7 7.09 | 206 8 158 34 | 181 | 154
g 305x305x97 96.9 | 307.9 | 3053 | 9.9 | 154 15.2 246.7 8.60 | 249 7 158 | 32 | 179 | 185
@ 254x254x167 167.1 1 2891 | 2652 | 18.2 | 317 12.7 200.3 348 | 104 12 134 ] 46 | 158 | 9.46
% 254x254x132 132.0 | 276.3 | 261.3 | 153 | 253 12.7 200.3 436 | 131 10 134 ] 38 | 155 | 117
§ 254x254x107 107.1 | 266.7 | 258.8 | 12.8 | 205 12.7 200.3 5.38 | 156 8 1341 34 | 152 | 142
g 254x254x89 889 | 260.3 | 2563 | 163 | 17.3 12.7 200.3 6.38 | 194 7 1341 30 | 150 | 16.9
e 254x254x73 731 | 2541 ] 2546 | 8.6 | 14.2 12.7 200.3 7.77 | 233 6 134 ] 28 | 149 | 204
z 203x203x127 + | 1275 | 2414 | 2139 | 181 | 301 10.2 160.8 291 | 888 1 108 | 42 | 128 | 100
2 203x203x113+ | 113.5 | 235.0 | 2121 | 163 | 269 10.2 160.8 3.26 | 9.87 10 108 38 | 127 | 11.2
g 203x203x100 + 996 | 2286 | 2103 | 145 | 237 10.2 160.8 3.70 | 1141 9 108 34 | 125 | 128
2 203%x203x86 86.1 | 222.2 | 2081 | 127 | 205 10.2 160.8 429 | 127 8 110 32 | 124 | 144
i 203%203x71 710 | 2158 | 2064 | 160 | 17.3 10.2 160.8 500 | 161 7 10| 28 | 122 | 17.2
:E) 203%x203x60 60.0 | 202.6 | 2058 | 94 | 142 10.2 160.8 6.20 | 171 7 110 26 | 121 | 202
E 203x203x52 520 | 206.2 | 2043 | 79 | 125 10.2 160.8 7.04 | 204 6 10| 24 | 120 | 231
§ 203x203x46 461 | 203.2 | 2036 | 72 | 11.0 10.2 160.8 8.00 | 223 6 110 22 | 119 | 258
-‘é 152x152x51 + 512 | 176.2 | 1574 | 110 | 157 7.8 123.8 418 | 112 8 84 | 24 ]0.835] 18.3
B 152x152x44 + 440 | 166.0 | 1558 | 95 | 136 76 123.6 482 | 130 7 84 | 22 J0824] 210
g 152x152x37 370 | 161.8 | 1544 | 80 | 115 7.8 123.8 570 | 155 6 84 | 20 | 0.912] 24.7
g 152x152x30 300 | 157.6 | 1529 | 65 9.4 76 123.6 6.98 | 190 5 84 | 18 | 0.801] 30.0
E 152x152x23 23.0 | 1524 | 1522 | 5.8 6.8 7.8 123.6 9.65 | 213 5 84 | 16 ] 0.889] 38.7
@
5
.En
N £ Advance and UKC are trademarks of Corus. A fuller description of the relationship between Universal Columns (UC) and the Advance range
b= 7 of sections manufactured by Corus is given in section 12.
Qa
E’;Z + These sections are in addition 1o the range of BS 4 sections.
=
E % FOR EXPLANATION OF TABLES SEE NOTE 2
5%
55
T
2E
T
22
OF
B-8

..13/-

SULIT



SULIT EAS457
-13-

APPENDIX 8/LAMPIRAN 8

P363 Steel Building Design: Design Data, In accordance with Eurocodes and the UK National Annexes

BS EN 1993-1-1:2005 UNIVERSAL COLUMNS
BS 4-1:2005

Advance UKC

Properties
Section Second Moment Radius Elastic Plastic Buckling | Torsional] Warping | Torsional | Area
Designation of Area of Gyration Modulus Modulus Parameter| Index | Constant| Constant of
Axis Axis | Axis | Axis | Axis | Axis | Axis | Axis Section
¥y 2z y-¥ 2z ¥y z-z ¥ 2z
U X Ly I A
em? em* [ em [ em | om® | em® | em® | em® dm® em? om®
356x406x634 275006 | 98100 | 184 | 11.0 | 11600 | 4630 | 14260 7110 0.843 5.46 38.8 13700 808
356x406x551 227006 | 82700 | 18.0 | 109 | 9960 | 3950 | 12160 | 6060 0.841 6.05 311 9240 702

356x406x467 183000 | 67800 [ 17.5 [ 107 | 8380 | 3280 | 10000 | 5030 0.839 6.85 243 5810 585
356x406x393 147000 | 58400 [ 17.1 [ 105 | 7000 | 2720 | 8220 | 4150 0.837 7.86 18.2 3550 501
356x406x340 123000 | 46900 [ 16.8 | 104 | 6030 | 2330 | 7000 | 3540 0.836 8.84 155 2340 433
356x406x287 92900 | 38700 | 16.5 [ 10.3 | 5070 | 1940 | 5810 | 2950 0.835 10.17 123 1440 366

356x406x235 79100 | 31000 [ 16.3 [ 10.2 | 4150 | 1570 | 4690 | 2380 0.834 12.04 9.54 812 299
356x368x202 66300 | 23700 [ 16.1 | 9.80 | 3540 | 1260 | 3970 | 1920 0.844 13.35 718 558 257
356x368x177 57100 | 26500 [ 158 [ 9.54 | 3100 | 1100 | 3460 | 1670 0.844 15.00 6.09 381 226
356x368x153 48600 | 17600 | 15.8 | 9.49 | 2680 | 948 | 2860 | 1430 0.844 17.01 511 251 185
356x368x129 40200 | 14600 | 156 | 9.43 | 2260 | 793 | 2480 | 1200 0.844 19.81 4.18 153 164
305x305x283 78900 | 24600 [ 14.8 | 8.27 | 4320 | 1530 | 5110 | 2340 0.855 7.64 6.35 2030 360
305x305x240 64200 | 20300 [ 14.5 | 8.15 | 3640 | 1280 | 4250 | 1950 0.854 8.73 503 1270 306
305x305x198 50000 | 16300 [ 14.2 [ 8.04 | 3000 | 1040 | 3440 | 1580 0.854 10.23 3.88 734 252
305x305x158 38700 | 12600 [ 13.9 [ 7.90 | 2370 | 808 | 2680 | 1230 0.851 12.46 287 378 201
305x305x137 32800 | 106700 [ 13.7 [ 7.83 | 2050 | 692 | 2300 | 1050 0.851 14.13 238 249 174
305x305x118 27700 | 9060 | 13.6 [ 7.77 | 1760 | 589 | 1960 | 895 0.850 16.14 1.98 161 150
305x305x87 22200 | 7310 | 134 | 789 | 1450 | 478 | 1590 | 728 0.850 18.19 1.58 91.2 123
254x254x167 30000 | 9870 [ 119 | 6.81 | 2080 | 744 | 2420 | 1140 0.851 8.48 183 626 213
254x254x132 22500 | 7530 | 116 | 6.89 | 1630 | 576 | 1870 | 878 0.850 10.32 118 319 168
254x254x107 17500 | 5930 | 11.3 | 6.59 | 1310 | 458 | 1480 | 697 0.848 12.38 0.898 172 136
254x254x88 14300 | 4860 | 11.2 | 655 | 1100 | 379 | 1220 | 575 0.850 14.46 0.717 102 113
254x%254x7 3 11400 | 3910 | 11.1 | 648 | 888 307 992 465 0.548 17.24 0.562 57.6 93.1
203x203x127 + 15400 | 4920 | 8.75 | 550 | 1280 | 460 | 1520 | 704 0.854 7.38 0.548 427 162
203x203x113 + 13300 | 4290 | 959 | 545 | 1130 | 404 | 1330 | 618 0.853 8.11 0.464 305 145
203x203x100 + 11300 | 3680 | 9.44 | 539 | 988 350 | 1150 | 534 0.852 9.02 0.386 210 127
203x203x86 9450 3130 | 928 | 534 | 850 299 Q77 456 0.850 10.20 0.318 137 110
203x203x71 7620 2540 | 918 | 530 | 706 246 798 374 0.853 11.20 0.250 80.2 20.4
203x203x60 6120 2060 | 886 | 520 | 584 201 656 305 0.846 14.10 0.197 47.2 76.4
203x203x52 5260 1780 | 891 | 518 | 510 174 567 284 0.848 15.80 0.167 318 66.3
203x203x46 4570 1550 | 8.82 | 513 | 450 152 497 231 0.847 17.70 0.143 22.2 58.7

152x152x51 + 3230 1020 | 7.04 | 3.96 | 379 130 438 198 0.848 10.10 0.061 48.8 65.2
152x152x44 + 2700 860 684 | 382 | 326 110 372 168 0.848 11.50 0.050 31.7 56.1

152x1562x37 2210 706 685 | 387 | 273 | 915 | 308 140 0.848 13.30 0.040 19.2 471
152x152x30 1750 560 676 | 3.83 | 222 | 733 | 248 112 0.849 16.00 0.031 10.5 38.3
152x152x23 1250 400 6.54 | 3.70 164 | 52.6 182 80.1 0.840 20.70 0.021 4.63 29.2

Advance and UKC are trademarks of Corus. A fuller description of the relationship between Universal Columns (UC) and the Advance range
of sections manufactured by Corus is given in section 12.

+ These sections are in addition 1o the range of BS 4 sections.
FOR EXPLANATION OF TABLES SEE NOTE 3

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Steelbiz Licence Agreement

Created on 31 January 2012
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2 Basis of design

21

Assumptions

(1) The design methods given in this part of EN 1993 assume that the standard of construction is as

2.2

(1P

@

(€))
23
(LP

24
)
@

18

specified in the execution standards given in 1.2 and that the construction materials and products used
are those specified in EN 1993 or in the relevant material and product specifications.

General requirements

All joints shall have a design resistance such that the structure is capable of satis‘fying all the basic
design requirements given in this Standard and in EN 1993-1-1.

The partial safety factors yy for joints are given in Table 2.1.

Table 2.1: Partial safety factors for joints

Resistance of members and cross-sections Mo » w1 and yy see EN 1993-1-1

Resistance of bolts

Resistance of rivets

Resistance of pins ™2

Resistance of welds

Resistance of plates in bearing

Slip resistance

- at ultimate limit state (Category C) ™3

- at serviceability limit state (Category B) Y e

Bearing resistance of an injection bolt YMa

Resistance of joints in hollow section lattice girder PMs

Resistance of pins at serviceability limit state VM6, ser

Preload of high strength bolts ™7

Resistance of concrete 7. see EN 1992

NOTE: Numerical values for 7y may be defined in the National Annex. Recommended values are as
follows: yv2 = 1,25 5 e = 1,25 and pumsser= 1,15 yma = 1,05 w5 = 1,0 5 mt6ser = 1,05 i = L1

Joints subject to fatigue shall also satisfy the principles given in EN 1993-1-9.
Applied forces and moments

The forces and moments applied to joints at the ultimate limit state shall be determined according to
the principles in EN 1993-1-1. ¥

Resistance of joints
The resistance of a joint should be determined on the basis of the resistances of its basic components.

Linear-elastic or elastic-plastic analysis may be used in the design of joints.

...15/-
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(3) Where two parts connected by welding are separated by packing having a thickness equal to, or
greater than, the leg length of weld necessary to transmit the force, each of the parts should be
connected to the packing by a weld capable of transmitting the design force.

4.5 Design resistance of a fillet weld
4.5.1 Length of welds

(1) The effective length of a fillet weld / should be taken as the length over which the fillet is full-size.
This maybe taken as the overall length of the weld reduced by twice the cffective throat thickness a.
Provided that the weld is full size throughout its length including starts and terminations, no reduction
in effective length need be made for either the start or the termination of the weld. +

(2) A fillet weld with an cffective length less than 30 mm or less than 6 times its throat thickness,
whichever is larger, should not be designed to carry load.

4,52 Effective throat thickness

(1)  The effective throat thickness, a, of a fillet weld should be taken as the height of the largest triangle
(with equal or unequal legs) that can be inscribed within the fusion faces and the weld surface,
measured perpendicular to the outer side of this triangle, see Figure 4.3.

(2)  The effective throat thickness of a fillet weld should not be less than 3 mm.
(3) In determining the design resistance of a deep penetration fillet weld, account may be taken of its

additional throat thickness, see Figure 4.4, provided that preliminary tests show that the required
penetration can consistently be achieved.

\‘\\\

N

~

R 9 7}
{\a L

a'y/

Figure 4.3: Throat thickness of a fillet weld

A

R

Figure 4.4: Throat thickness of a deep penetration fillet weld

4.5.3 Design Resistance of fillet welds
4.53.1 General

(1) The design resistance of a fillet weld should be determined using either the Directional method given
in 4.5.3.2 or the Simplified method given in 4.5.3.3.

42
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4.53.2 Directional method

M

@
3
“

)

(6)

@

In this method, the forces transmitted by a unit length of weld are resolved into components parallel
and transverse to the longitudinal axis of the weld and normal and transverse to the plane of its throat.

The design throat area 4,, should be taken as 4,, = Y.a O .
The location of the design throat area should be assumed to be concentrated in the root.

A uniform distribution of stress is assumed on the throat section of the weld, leadmg to the normal
stresses and shear stresses shown in Figure 4.5, as follows:

- oL is the normal stress perpendicular to the throat :

- o] s the normal stress parallel to the axis of the weld

-t s the shear stress (in the plane of the throat) perpendicular to the axis of the weld

- 1| s the shear stress (in the plane of the throat) parallel to the axis of the weld.

Figure 4.5: Stresses on the throat sectjon of afillet weld

The normal stress ¢ parallel to the axis is not considered when verifying the design resistance of the
weld.

The design resistance of the fillet weld will be sufficient if the following are both satisfied:
[ +3 (@’ + )] < £i/ Buywz) and 01 < 0.9/ / pn . (4.1)
where:

/o is  the nominal ultimate tensile strength of the weaker part joined;
pw is  the appropriate correlation factor taken from Table 4.1.

Welds between parts with different material strength grades should be designed using the properties of
the material with the lower strength grade.

43
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Table 4.1: Correlation factor g, for fillet welds

Standard and steel grade

Correlation factor g,

EN 10025 EN 10210 EN 10219
S 235
by S 235 H S235H 08
5275 S275 0
$ 275 NNL . 27552:1;/[?%1{ $ 275 NH/NLH 0,85
$ 275 M/ML $ 275 MH/MLH :
S 355 3
$355 H ;
$ 355 N/NL 355 H
$ 355 MIML S 355 NH/NLH 55335555,\;’://;3; %9
S 355 W
S 420 N/NL
Frl $ 420 MH/MLH 10
S 460 N/NL
S 460 M/ML $ 460 NH/NLH Ssjggafmﬁ 1,0
S 460 Q/QL/QLI

4.53.3  Simplified method for design resistance of fillet weld

M

(@)

3

4.6
Q)]

Alternatively to 4.5.3.2 the design resistance of a fillet weld may be assumed to be adequate if, at
every point along its length, the resultant of all the forces per unit length transmitted by the weld
satisfy the following criterion:

Fuga < Fuga .. (4.2)
where:

Fua is the design value of the weld force per unit length;

Fyra is the design weld resistance per unit length.

Independent of the orientation of the weld throat plane to the applied force, the design resistance per
unit length F,, gq should be determined from:

Fyrd=fwaa .. (43)
where:
Jfawa s the design shear strength of the weld.

The design shear strength f,,, 4 of the weld should be determined from:

f,143

Sowa=——— . (44)
! BV w2

where:
J.and B, are defined in 4.5.3.2(6).
Design resistance of fillet welds all round

The design resistance of a fillet weld all round should be determined using one of the methods given in
4.5.
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