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Instructions to Candidates

You should have the following for this examination

-Answer Booklet, examination pass and student ID

- Pocket calculator

-Bs 5950: Structural use of steelwork in buildings, part 1.

- Steel tables

This paper consists of FIVE questions.

Attempt question ONE (Compulsory) and any other TWO questions.
Do not write on the question paper.

Mobile phones are not allowed in the examination room.

QUESTION ONE (20 Marks)

(a) What is Lateral-Torsional Buckling (2 Marks)
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(b) Check the suitability of 457x152x60 UB with the unfactored dead and live loads of
10KN/m and 6KN/m respectively as shown in fig.1 below to steel grade S275.
Check the beam with respect to:

(i) Shear
(i)  Bending
(iii) Deflection (18 Marks)

~_ Gk=10KN/m
/* Qk=6KN/m
B 10.0 M -
| o
Fig. 01
QUESTION TWO (20 Marks)
(@) Name three modes of failure of steel columns (3 Marks)

(b) Determine the ability of 254x254x73 UC in S275 steel to support an axial
compressive load of 1250 KN over an unsupported height of 3.6 M assuming that

both ends are held in position but are provided with no restraint in direction.
(17 Marks)

QUESTION THREE (20 Marks)
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(a) Define residual stresses (2 Marks)

(b) Name any three causes of residual stresses (3 Marks)
(c) List FOUR mechanical properties of structural steel (4 Marks)
(d) List six merits of structural steel as a construction material (6 Marks)

(e) Give FIVE advantages of welded connection compared to bolted connection.
6
Marks)

QUESTION THREE (20 Marks)

A timber beam with a clear span of 2850 mm supports a uniformly distributed load of
10 kN including self-weight of the beam. Determine a suitable section for the beam
using timber class C16 under service class 1. Assume that the bearing length is 150 mm
and that the ends of the beam are held in position and compression edge held in line.
Check for:

i) Bending

(

(ii) Deflection
(iii) Lateral buckling
(

iv) Shear (20 Marks)

QUESTION THREE (20 Marks)
(a) List FIVE factors that influence the strength of tension members. (5 Marks)

(b) A 150x150x15 mm angle section in grade S275 is to be used as a tie. Firstly the
connection will be made by a welded gusset plate and secondly by two M24 bolts in
a line across the width of the member. Determine the tension capacity in each case.
(15
Marks)
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Table 2.4 Geometrical properties of sawn softwoods (BS 5268 Part 2 1988 Table 98) (continued)

B

asic size*

Area

Section modulus

Second moment of area

Radius of gyration

About x—x  About y—y About x-x About y—y About x—x About y—y

{mm) (10* mm?) (10® mm?) (10° mm?) (10° mm*) (10® mm*) (mm) (mm)
75 % 100 7.50 125 93.8 6.25 3.52 289 21.7
75 % 125 938 195 117 12.2 4.39 36.1 21.7
75 x 150 11.3 281 141 21.1 5.27 43.3 21.7
75 =< 175 13.1 383 164 33.s 6.15 50.5 21.7
75 » 200 i5.0 500 188 50.0 7.03 57.7 21.7
75 x 225 16.9 633 211 71.2 7.91 65.0 21.7
75 % 250 18.8 781 234 977 879 72.2 21.7
75 = 300 22.5 1130 281 169 10.5 86.6 21.7
100 < 100 10.0 167 167 8.33 8.33 289 289
100 =< 150 15.0 375 250 281 12.5 433 289
100 < 200 20.0 667 333 66.7 16.7 57.7 289
100 =< 250 250 1040 417 130 20.8 72.2 289
100 < 300 30.0 1500 500 225 25.0 86.6 28.9
150 =< 150 22.5 563 563 42.2 42.2 43.3 43.3
150 = 200 30.0 1000 750 100 56.3 57.7 43.3
150 x 300 450 2250 1130 338 B4.4 B86.6 43.3
200 = 200 40.0 1330 1330 133 133 57.7 57.7
250 x 250 62.5 2600 2600 326 326 72.2 72.2
300 > 300 90.0 4500 4500 675 675 86.6 86.6

* Basic size measured at 20 per cent moisture content.

Table 6.3 Grade stresses and moduli of elasticity for various strength classes: for service classes 1
and 2 (hased on Tables 8 and 9, BS 5268)

Swrength Bending  Tension  Compression Compression Shear Modulis Characteristic - Average
class paralled  parallel  parallel perpendicular parallel of elasticity denstty® density®

o grain [0 graim  io grain o gram’ fo grain

(g (Gt (G ) () - Epn P Prmean

Nimm®  Nimm®  Nimm? Nimm®  Nimm® Nimm®  Nmm® Nimm®  kgim® kgim®
C14 4.1 2.5 5.2 2.1 1.6 .60 6800 4600 200 350
Cla 53 32 6.8 22 1.7 0.67 & 800 5800 310 370
Cl8 5.8 3.5 7.1 2.2 1.7 0.67 9100 6000 320 380
C22 6.8 +.1 7.5 2.3 1.7 0.71 G700 6500 340 410
24 7.5 4.5 7.9 2.4 1.9 0.71 10 800 7200 350 420
TR26 10.0 6.0 B.2 25 2.0 1.10 11 000 7400 370 450
ca27 10,0 6.0 8.2 2.5 2.0 1.10 12300 8200 370 450
C3n 11.0 6.6 B.6 2.7 2.2 1.20 12 300 8200 380 460
C3s 12.0 T2 8.7 2.9 2.4 1.30 13 400 9000 400 480
C40 13.0 78 8.7 5.0 2.6 1.40 14500 10000 420 500
D30 9.0 5.4 B8.1 2.8 2.2 1.40 9500 6000 530 640
D35 11.0 6.6 B.6 3.4 2.6 1.70 10 000 6500 560 670
D40 12.5 7.5 12.6 3.9 3.0 2.00 10800 7500 500 T00
D50 16.0 9.6 15.2 4.5 3.5 2.20 15000 12600 650 T8O
D60 18.0 10.8 18.0 5.2 4.0 2.40 18500 15600 700 840
i 23.0 13.8 23.0 o.0 4.6 2.00 21000 18000 900 1 080
! When the specification specifically prohibits wane ar bearing areas, the higher values may be used.
* For the calculation of dead load, the averape density should be used.
©Technical University of Mombasa Page 4 of 10



Design in timber to BS 5268 EQUAL ANGLES

Advance UKA - Equal Angles

= . Fz
Table 6.9 Bending and shear deflections
assuming & = E/16 Al 900
+ ) 3 i rz
Load distribution Deflection at T
A
and supports Cenere C or end E Dimensions and properties
Section Mass | Radius Area |Dimension| Second Moment Radius Elastic | Torsiona|
Bml'ng Shear Designation per of of Area of Gyration Madulus] Constan|
Sz= | Thickness| Mere [ Root] Toe | Section Axis | Axis | s | Ais | Auis | A | Aes
X, YY) u-u V- | K YEY| ou-u WV XYY
W c . AxhA t n & 3 J
5 wl! 12 9 mm mm_ | kgm | mm | mm | em® em em' [em'|em'] em |em|em | om® [ cm
1 ! 1 384 El T X'J 200200 | 24 | 711|180 e00| 06 | 584 | 3330 |5280( 1380 606 |764(380| 238 | B2
- . 20 | seo|1e0|eoo| 762 | see | 2es0 |4s30|1170| &1 |770|2e2| 1ee | w07
18 | 543 |180|c00| 6ot | seo | 200 [4150|1050| 813 [775|300| 181 [ 7eo
16 | 485 [180|o00| 618 | ss | 2340 [3720| ee0 | 818 [778)304| 182 [ sa1
w 150150 | 18+ | 401 |160| 00| 612 | 428 | 1000 |1880| 440 | 255 |573|263| o8 | ses
w1} 2 15 | 2as|160|s00| 430 | 425 | sos [1a30| 370 | 457 [578|203| s3s | s
i 12 |23 |te0|eo0| 348 | 412 | 737 [1170| 203 | 480 [s80|205| 677 [ 182
Liz [ L2 ARET 5 | 10 | 20|e0)s00| 203 | 403 | 624 [oo0|2sa| a6 [582|207| 560 [ 108
e 12020 | 15+ | 266 | 130|850 340 | 352 | 448 | 710 188 | 382 |457|234| 628 | 270
12 | 216 |130|es0| 275 | 240 | 368 [ses|1s2| 3es [4s0|238| 427 [ w42
i |82 |130)es0| 232 | a3t | 313 [4e7| 120 | 367 [463|236| 360 | et
W W 8+ | 147 |130|ss0) 188 | 324 | o260 | 411|107 | 371 |467[238| 205 | 4ss
I, C ¢ wal 12 og | [ 1wmaoo | 18+ |28 [120]e00| 280 | 202 | 260 |395| s | 2ee |a76|ie4| e | 23
T W i) [l KV 12 | e |iz0)e00| 227 | 280 | 207 [323|e57| 302 |30 104] 201 [ 113
. L i Ellg & 5 ] 10 | 150 |120|e00| 102 | 282 | 177 [200|730| 204 [283|108| 248 [ so7
. - 8 122 |120|800] 165 | 274 | 145 | 230|500 308 |3es|106| 100 | 3ea
00@0 | 12+ | 158 |110|550| 203 | 288 | 140 | 235 |620| 271 |240(175] 235 | 105
10 | 124 |n0|ss0| 71| 28 | 127 [201|s28| 272 [242|178| 108 | e
s w C ¥, 5 8 w00 |110[580] 130 | 280 | 104 | 188|431 | 274 |345|176| 161 | 323
ﬁ-..-....-.-.-..... (r wl 12 g 7 61 |110]550| 122 | 245 | s [147)383| 275 |aa6)177] 141 [ 20
A [ [ —_— - \K_J 30 | 10 | 110 |100|500| 151 | 234 | &5 | 130 |364| 241 |303[ 1565 154 | 545
= / 384 El 3 B 263 100 s00| 123 | 226 | 722 [115)|280| 243 |308]158| 128 [ 20a
7575 | B 500 |2.00|450| 114 | 214 | 5.1 |03.8|245| 227 |286| 148] 110 | 285
8 885 |eon|450| 873 | 205 | 458 [727)189| 220 |280]147] 84t [ 147
4 w v a0 | 7 738 |200|450| 940 | 187 | 423 |67.1]175| 212 |267|138] 841 | t1es
§ / Wi | 8 638 (00 450f 813 | 183 | 0 [ses|1e3| 213 |2s8)137] 727 [ 1u0
Y I s i —xd [mwmes |7 863 |800]450| 873 | 205 | 334 |530]138] 186 |247]128] 718 | 158
o I L 1 A 192ET 5 | [ea |8 700 |500]400| 803 | 177 | 22 [46.1]122| 180 |228] 11| 689 | 208
i * ' 5 542 [so0|400| 601 | 180 | 228 [361|0ee| 182 |220|147| 520 [ 02
5 457 |so0400f 582 | 184 | 104 [207)503| 18 [230]117] 445 [ 0sm0
56E0 | 6 447 |700|250| 589 | 145 | 128 |203|52¢| 120 | 180 |0eeg| 281 | 078s
4 w I 48 5 277 [700|350| 480 | 140 | 110 [174|455| 151 |10 |oe7y 305 | o4
A E w P 4 208 [700)350f 380 | 136 | eov [142]373| 152 |101|oeve 248 [ 0240
p i 8EI 5 55| 5 306 |700]350| 300 | 125 | 7.4 | 114 26¢] 135 | 1710870 220 | 034
4 a0 | 5 247 |600|300| 378 | 116 | 543 |680|228| 120 | 1510773 181 | 0222
4 242 |eo0)300f 308 | 142 | 447 [700]108] 121 1520777 155 [ oee
W B | 4 200 |500]250| 267 | 100 | 2 [488|123] 105 | 1320678 118 | 0158
d * Wi T Nl E 176 |500|250| 227 | 0878 | 180 |2.85|0754| 0.882 | 112|0577| 0BED | 0437
e Sy 3 1.3 |500|260] 174 | 0835 | 140 | 222 |0ses| n.2ee | 1.3 |ose1| 0ede | 0012
] L 3E] Y REERE 145250 175] 185 | 0782 | 102 | 1.61|0430| 0.741 |0831|0482| 0585 | 0.1070
,:_.—__IE 3 112|250 175] 142 | 0723 | 0803 | 197 [03m| 0751 |oess|oses| 0452 | noar2
: 0| 3 0.32|350] 175] 1.12 | 0588 | 03¢2 [0.618|0.165] 0.500 0742|0283 0270 | nozaz
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Table 6.10 Maximum depth to breadth ratios (Table 19, BS 5268)

Degree of lateral support

Maximmm depth
to breadth rario

Mo lateral support

Ends held in position

Ends held in position and member held in ne, as by purhns or
tie-rods at centres not more than 30 tumes the breadth of the member

Ends held in position and compression edge held in line,
as by direct connection of sheathing, deck or joists

Ends held in position and compression edge held in line, as by direct
connection of sheathing, deck or joists, together with adequate bridging
or blocking spaced at intervals not exceeding six times the depth

Ends held in position and both edges held firmly in line

[ FU o)

=]

©Technical University of Mombasa

Page 6 of 10



BS 3950-1: 2000

UNIVERSAL BEAMS

BS 4-1: 2005
L Advance UKB
r x
T
]
T
¥ ¥
e Dimensions
Secton Mass | Depth | Widih Thickness Rzt Diepth Ratios for Dimensions for Surface Area
Designabon per o of Radius | between | Local Buckling Dretailing
Metre | Section | Section | Web | Flangs| Fillets | Flange| Web End Moich Per Per
Clearance Metre | Tonne
D B t T r d BT dt C M n

kgpim mm rmm mm rmm mm mm rmim mm | mm | mF m*
533x210138 + 1383 2401 2138 14.7 238 127 476.5 453 324 a9 110 ] 180 137
533210122 1220 5445 21182 12.7 21.3 127 476.5 487 ara a 110 4 1.88 155
533x210c109 1020 5305 2108 11.68 18.3 127 476.5 .81 41.1 a 110 3z 1.88 172
533210101 101.0 8367 2100 10.8 174 127 476.5 6.03 441 7 110 3z 1.87 1856
3321032 921 8331 2093 10.1 15.8 127 476.5 6.71 472 7 110 30 1.86 | 202
53321032 az2.2 52B8.3 2038 2.6 13.2 127 476.5 7.91 4048 7 110 26 1.85 | 225
532x185485 + a4.3 5349 1885 | 10.3 16.5 127 476.5 5.05 46.3 7 <] 30 1.62 | 128
533x185:7T5 + 747 5201 1858 a7 13.8 127 476.5 6.10 401 7 a0 2B 1.68 | 225
533x185:88 + 85.7 524.7 185.1 3.8 11.4 127 A76.5 T.24 53.5 i) a0 26 1.67 | 254
457191181 + 1814 | 402.0 1994 | 180 | 320 102 407.5 312 22.8 11 1m0z 44 1.73 | 10.7
457191133 + 1333 | 4808 1967 | 153 | 263 102 407.5 3.74 26.8 10 02| 38 1.70 | 128
457191108 + 1058 4502 1940 12.8 20.8 102 407.5 471 32.3 a 102 3z 1.687 15.8
45Tx191:83 98.3 457.2 1928 114 10.8 102 407.5 492 358 a 102 30 1.687 i7.0
45Tx191:39 a8.3 4634 1912 10.5 17.7 102 407.5 5.42 388 7 102 28 1.66 186
457x191:82 az.0 450.0 1913 a8 16.0 102 407.5 593 41.2 7 102 28 1.65 | 201
457x191x74 T4.3 457.0 1904 a0 145 102 407.5 6.57 45.3 7 102 26 1.64 | 221
45719137 g7.1 4534 1392 3.5 12.7 10.2 407.5 748 48.0 8 102 24 163 | 243
45T x152:c32 2.1 455.3 1553 10.5 18.9 102 407.5 411 388 7 B4 30 1.51 ig4
45Tx152x74 T42 452.0 1544 2] 17.0 102 407.5 454 425 7 B4 28 1.50 | 202
45T x 15237 7.2 458.0 153.8 2l ] 15.0 102 407.5 513 45.3 7 B4 26 1.50 | 223
45T x152:30 508 454 .8 1528 a1 13.3 102 407.5 575 50.3 8 B4 24 142 | 248
45T x152:52 52.3 4403 152 4 76 10.9 102 407.5 .99 83.48 a8 B4 22 148 | 2B.3
406178035 + a5.3 4172 ia1a 10.9 182 102 504 5.00 331 7 & 30 1.52 i7.e
406x1 7874 T42 4128 795 a5 16.0 102 3504 5.81 arg 7 BE 28 1.51 0.4
4061 7837 a7.1 4084 ira8 as 14.3 102 3504 6.25 41.0 a8 BE 26 1.50 | 223
4061 7830 30.1 406 4 irra Ta 12.8 102 3304 6.95 458 a8 g 24 142 | 248
40617254 541 402 8 77T 7T 10.9 102 3504 B.15 4538 a8 {1z 22 148 | 7.3
40614053 + 533 406 .8 1433 Ta 129 102 3504 5.55 4548 a8 7B 24 1.35 | 253
40614025 4560 4032 422 a8 11.2 102 3504 6.35 830 5 7B 22 1.34 | 281
406x 14039 38.0 3Bs0 418 8.4 86 10.2 350.4 B.24 56.3 5 7B 20 1.33 | 341
35617 137 ar.1 3634 1732 a1 15.7 102 EREN:] 5.52 .2 7 o4 26 1.38 | 206
356217 157 57.0 358.0 1722 a1 13.0 102 3G 6.a2 38.5 a o4 24 1.37 | 241
356x17 1251 51.0 355.0 1715 74 115 102 3G T.48 421 a o4 22 1.38 | 267
356217 1245 45.0 351.4 171.1 7.0 a7 102 31.6 B.a2 445 g o4 20 1.38 | 302
35612739 381 a53 .4 126.0 8.6 10.7 102 311.6 .39 472 5 70 22 1.18 | 302
356x127x33 331 p0 1254 g0 85 10.2 311.6 7.38 51.9 5 70 20 1.17 | 354
30513554 4.0 3104 1gg.a Ta 13.7 as 285.2 6.09 334 8 B0 24 1226 | 23.3
305x185::48 45.1 306.8 1857 a7 1.8 ase 2852 T.02 308 5 a0 22 125 | 271
305218540 40.3 303.4 185.0 8.0 10.2 3.2 285.2 B.09 44 2 5 a0 20 1.24 | 308
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BS 5950-1: 2000 UNIVERSAL BEAMS

BS 4-1: 2003
Advance UKB
K — f— x
1
Properties ¥
Sechon Second Moment Radius Elastic Plastic Buckling | Torsional| Warping | Torsicnal Area
Dresignation of Area of Gyrabon Modulus Modulus Paameier| ndex | Constant| Constant of
Axis Axis. Axis | Axis | Axis | Axis | Awxis | Acds Section
b ¥y b ¥y x-x ¥¥ b ¥-¥
u x H J A

em®* cm® cm om cm® | em® | em® | om® dm® cam* om®
533210138 + BE10D 3380 21 468 | 3140 | 361 3610 | 588 0.8732 250 2.67 250 178
§33e2 122 TEOD 3380 221 467 | 2790 | 320 | 3200 | 500 0877 il ] 2.3 178 165
53321 G109 G600 2940 218 | 460 | 2430 | ZrFe | 2830 | 435 0.875 a0e 1.2 128 i2@
5332 G101 61500 2890 2168 | 457 | 2290 | 256 | 2610 | 382 0874 a3z 1.81 101 128
5332 1 he@2 55200 2390 217 | 451 | 2070 | 28 | 2360 | 355 0.872 g5 1.60 T5.7 117
533k 1 a3 2 4TE00 2010 21.3 | 438 | 1800 182 | 2060 | 300 0,554 418 133 51.5 105
53318535 + 48500 1270 212 | 344 | 1820 153 | 2100 | 243 0.882 355 D.357 738 108
533x 18575 + 41100 1040 208 | 330 | 1550 126 | 1810 | 20D 0853 411 D881 479 9532
53318588 + 35000 BE@ 205 | 320 | 1340 104 | 1560 | 1865 0.847 470 D.586 32.0 837
457191181 + TR0 4250 197 | 455 | 3240 | 426 | 3760 | &72 0882 16.4 225 515 a1
4572191133 + 63800 3350 194 | 444 | 2680 | 341 3070 | 535 0.880 19.6 172 292 170
457191108 + 4200 2510 19.0 | 432 | 2080 | 258 | 2380 | 405 0877 244 127 143 135
45719108 45700 2350 191 433 | 1980 | 243 | 2230 | a7e 0881 257 1.18 121 125
45719139 41000 2080 9.0 | 428 | 1F70| 218 | 2010 | 338 0880 283 1.04 ao.7 114
45Tx191:32 37100 1870 138 | 422 | 1810 186 | 1830 | 204 0877 aone D.oz2z G60.2 104
45719174 33300 1670 138 | 420 | 1480 176 | 1650 | Z72 0.877 338 D.a18 51.8 4.8
45719187 28400 1450 18.5 | 412 | 1300 153 | 1470 | 237 0.872 are 0.705 7.1 85.5
45715232 36500 1180 187 | 3.37 | 1570 153 | 1810 | 240 0873 274 0.581 8B2 105
45715274 32700 1050 186 | 3.32 | 1210 136 | 1630 | 2132 0.872 a0 D518 G65.9 4.5
45715287 28200 g13 i34 | 327 | 1280 118 | 1450 | 187 0.558 336 D448 47.7 a5.8
457 k15280 265500 TES 18.3 | 323 | 1120 104 | 1280 | 183 0858 ars 0.387 334 TaZ
45715252 21400 645 178 | 311 B50 8448 | 1100 | 133 0858 438 0.311 1.4 alali]
40617335 + 31700 1830 7.1 411 1520 | 201 1730 | 212 0.881 244 D.v28 g3.0 102
40617 3xr4 27300 1550 i7.0 | 404 | 1320 172 | 1500 | 257 0.882 276 D.Goe 62.3 4.5
406x 17387 24300 1380 6.8 | 3808 | 1190 153 | 1350 | Z37 0880 ans 0533 481 a5.5
406:x17 300 21600 1200 iG.e | 3.87 | 1080 135 | 1200 | 202 0.880 33se D.466 333 T8.5
406x17 854 1E70D 1020 1.5 | 3.B5 830 115 | 1050 | 178 0871 3832 0.392 23.1 89.0
406x14053 + 15300 G35 164 | 3.06 =] B84 | 1030 | 132 0.870 341 D.246 8.0 a7ra
406x14Medd 15700 538 164 | 303 ] 767 | 833 118 0871 3ag 0207 18.0 588
406x 14039 12500 410 158 | 247 G622 57.8 | 724 | pOB 0.858 475 D.155 10.7 297
35617 137 18500 1380 15.1 3.00 | 1070 157 | 1210 | 243 0.884 244 D412 55.7 855
35617 157 16000 1110 148 | 381 1] 128 | 1010 | 182 0882 298 D.330 334 T28
35617 1x51 14100 B&R 148 | 386 TES 113 808 174 0881 azi D.236 238 849
35617 125 12100 B11 145 | 3.76 GET 48 | 775 147 0.874 3g.8 0.237 15.8 573
356x127x39 1000 358 14.3 | 288 5758 568 | 859 | 820 0871 a5z D105 15.1 498
356k 12733 8250 280 140 | 258 473 | 447 | 543 | TOZ 0.853 422 D.0a1 8.79 42 1
305x165c54 11700 1060 130 | 383 TE4 127 848 185 0.53g9 236 D234 343 ga.8
305x18548 9900 BES 130 | 380 645 108 T20 165 [E=h ] 271 D.185 22 587
305k 16540 2500 TE4 128 | 3486 560 g2a | 823 142 0588 1.0 0. 154 14.7 513
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BS 3930-1: 2000

UNIVERSAL COLUMNS

B5 4-1: 2005
Advance UKC
Ln
———
|
] 1' .
) d =
C
-
Dimensions
Section Mass | Depth | Width Thickness Root Depth Ratios for Dimensions fior Surface Area
Diesignation Eer of of Radius | betwsen | Local Buckling Dretaiding
Metre | Section | Secton| Web | Flange Fillets | Flange| Web End Motch Per Per
Clearance Metre | Tonne
D B t T r d T ot G M n

lgfm mm mm mm | mm mm mm mm mm | mm | m* m*

356403034 G338 | 4748 | 4240 | 478 | 77.0 152 0.2 2.75 6.10 26 200 | B4 | 252 | 3.98
356403551 551.0 | 4558 | 4185 | 421 | &7.5 152 0.2 3.10 6.59 23 200 | B4 | 247 | 448
356408487 4670 | 4388 | 4122 | 358 | 58.0 152 0.2 3.55 B.11 20 20| T4 | 242 | 518
356403393 3830 | 419.0 | 4070 | 308 | 402 152 0.2 4. 14 B.43 17 X0 | 66 | 238 | 6.08
356403340 3300 | 40684 | 4030 | 268 | 422 152 0.2 4.70 10.9 15 200 | &0 | 235 | 6.9
I56e4 00287 2B7.1 393.8 220 | 224 3.5 152 2002 5.47 12.8 13 200 | 52 231 | B.0O5
A5ed 00235 2351 331.0 3848 18.4 0.2 152 290.2 6.54 15.8 11 D | 46 228 | 2.70
56308202 2018 | aF48 aT47 16.5 7o 152 2802 6.5 1i7.8 10 180 | 44 218 | 108
56308177 1770 | 3gaz2 arr6 14 4 238 152 0.2 T.B3 202 @ 120 | 40 217 | 123
356x3608x153 1628 | 3820 | 3705 | 123 | 207 152 0.2 B.BS 2348 ] 180 | 35 | 216 | 141
356388129 1200 | 3558 | 2886 | 104 | 175 152 290.2 10.5 27.9 7 120 | 34 | 214 | 1848
305x305:233 26208 | 3853 | 3222 | 268 | 441 152 248.7 3.85 B.21 15 1688 | 60 | 184 | .88
305305240 2400 | 3525 314 | 230 T 152 248.7 4.2 10.7 14 158 | B4 181 | 7.08
305305193 188.1 3399 2145 181 314 152 248.7 5.0 12.9 12 158 | 48 1.87F | Q.44
305305158 158.1 3271 3112 15.8 25.0 152 24a8.7 6.22 15.8 10 158 | 42 iB4 | 11.8
305305137 1368 | 3205 30@2 138 nT 152 2487 T.12 1760 @ 158 | 38 ig2 | 133
305x305x118 1178 | 3145 | 2074 | 120 | 187 152 2487 B.22 20.8 ] 168 | 34 | 181 | 154
30530527 94.9 3078 | 3053 | 88 15.4 152 248.7 B.81 249 7 188 | 32 | 1.78 | 185
254254187 167.1 | 2891 | 2852 | 182 | .7 127 2003 4.18 10.4 12 134 | 46 | 1.568 | 2.48
254054132 1320 | 2783 261.3 15.3 253 127 0.2 5.18 131 10 124 | 38 165 | 1.7
2542524107 1071 288.7 2588 12.8 20.5 127 0.2 6.21 15.8 3 124 | 34 162 | 14.2
25425480 839 2803 | 2563 10.3 172 127 200.2 7.4 0.2 T 124 | 30 15650 | 16.9
25425473 731 2541 254 6 3.6 14 2 127 200.3 8.4 233 [i] 134 | 28 1408 | 204
20%203127 + 1275 | 2414 2138 181 301 102 160.8 355 B.83 11 108 | 42 128 | 100
203203113 + 1125 | 2350 | 2121 | 163 | 268 102 160.8 3.p4 B.ET 10 108 | 38 | 127 | 11.2
203x203:100 + 298 2238 | 2103 | 145 | 237 102 160.8 444 11.1 @ 108 | 234 | 125 | 128
203x20335 ag.1 2222 | 2021 | 127 | 205 102 160.8 5.10 12.7 ] 10| 32 | 124 | 144
20220271 71.0 2158 | 2064 10.0 172 102 160.8 5.97 16.1 T 110 | 2B 122 | 17.2
20320280 80.0 20906 | 2058 a4 142 102 160.8 T.25 17.1 T 110 | 26 121 | 202
20320352 520 2082 | 2043 TAa 125 1022 160.8 B.AT 20.4 Lid 110 | 24 120 | 231
20% 20328 481 203.2 | 2036 72 11.0 102 160.8 B.25 223 Li] 110 | 22 118 | 258
152x152x51 + 512 170.2 | 1574 | 110 | 167 T.d 123.6 5.01 112 ] B4 24 |DB35| 183
1520152644 + 440 188.0 | 1558 | 9.5 136 T.d 123.8 5.73 13.0 7 B4 22 |DB24| 210
1522152437 3rao 181.8 | 1544 | 8.0 115 T.d 123.8 6.71 15.5 [+ B4 20 | D912 247
152152230 30.0 157.6 1520 g5 o4 7.8 123.86 B.13 10.0 & B4 18 | D.901 | 20.0
15215223 23.0 152.4 1522 58 6.8 7.8 123.6 1120 | 21.3 5 B4 16 | D.889| 287
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8BS 3030-1: 2000

UNIVERSAL COLUMNS

B85 4-1: 2005
Advance UKC y
x x
. L
Properties
Section Second Morment Radines Elastic Plastic Buckling | Torsional| Warping | Torsional | Area
Diesignation of Area of Gyration Moduhes Modulus Paameter| ndex | Constant| Constant of
Axis Axis Ais | Aus Axrs Axis Azis | Asis Section
XK ¥y KX ¥y x-K ¥y M ¥y
u ® H J A

om* cm® cm em cm® | em® | em® | em? dm® o’ cm’®
3560c200k034 275000 | 92100 | 184 | 11.0 | 11800 | 4630 | 14200 7110 0.843 546 388 12700 [-17:]
3564208551 Z2F000 | 82700 | 180 | 109 | @280 | 3850 | 12100 | G060 0.841 805 o | B240 T2
3560200287 183000 | 67600 | 17.5 | 10.¥ | B380 | 3200 | 10000 | 5030 0.530 G.86 243 5810 ]
356:400x393 147000 | 55400 171 10.5 | 700D | 2720 | 8220 | 4150 0.537 755 182 3550 01
356x400x340 123000 | <0000 | 16.6 | 104 | G030 | 2330 | 7ODD | 3540 0.533 8.85 155 2340 433
3564200237 ooB0D | 38700 185 | 103 | 500D | 184D | 5810 | 2950 0.835 102 1223 1440 i
3564200235 7E100 | 31000 | 163 | 102 | 4150 | 1570 | <600 | 2330 0.824 12.1 954 812 et
356308202 G6300 | 23700 | 181 | B.80 | 3540 | 1260 | 3870 | 1920 0.844 134 A L] 558 257
356308177 57100 | 20500 ) 158 | B.54 | 310D | 1100 | 3460 | 1870 0.844 15.0 g0 3 ]
356x308x153 48600 | 176D0D | 158 | D49 | 2680 | 848 | 2060 | 1430 0.844 170 511 251 185
356x308x129 40200 | 14600 ) 156 | D43 | 2280 | 793 | 2480 | 1200 0.844 192 4.18 153 164
305:x305x233 TEDDD | 24600 | 14.8 | B.2T | 4220 | 1630 | 5110 | 2340 0.855 785 825 2030 250
305305240 G4200 | 202300 | 14.5 | BAS | 3640 | 128D | 4250 | 1950 0.854 874 503 1270 206
305305109 50000 | 18200 ) 142 | B.O4 | 300D | 104D | 344D | 1530 0.854 102 388 7 252
305:x305x158 3ETOD | 126D0 ) 12.0 | 7.00 | 2370 | B08 | 26BD | 1230 0.B51 125 287 3ve 201
305305137 32800 | 107DO | 127 | 7.83 | 2050 | S92 | 2300 | 1050 0851 142 2332 240 174
305x305x118 Z7F0D | @G0 | 126 | 7.7 | 1780 | 5389 1060 | EBS 0850 182 108 181 150
30530507 22200 | 7310 | 124 | 7.80 | 1450 | 470 1500 | T26 0850 193 156 91.2 123
254254187 30000 | @BF0 | 11.0 | 6.81 | 2080 | 744 | 2420 | 1140 0.851 849 183 826 213
254x254x132 22500 | 7530 | 116 | 6.89 | 1620 | 578 1870 | ETE 0850 103 112 31| 168
254254107 17500 | S0a0 | 11.3 | 6.59 | 1310 | 453 1480 | &BT 0.843 124 D.298 172 136
25425430 14300 | 4830 | 11.2 | 655 | 1100 | 379 1220 | &75 0850 145 0.717 10z 113
254x254x73 11400 | 2910 | 11.1 | 6.43 393 307 202 4G5 0.840 17.3 D.582 57.8 931
203x203x127 + 15400 | 4020 | 975 | 5.50 | 1280 | 480 1520 | TO4 0854 738 0.540 427 162
203x203x113 + 13300 | 4290 | 850 | 545 | 1130 | <404 1330 | 618 0.853 a1 0454 305 145
203x203x100 + 11300 | 36380 | 844 | 539 248 350 1150 | 534 0852 2.0z 0.386 210 127
203x203x34 2450 3130 | 228 | 5.34 850 449 arT 456 0.850 102 0.318 137 110
203x203x7 1 Taz20 2540 | 18 | 5.30 708 2448 To9 T4 0.853 112 0.250 802 204
203x203x30 6120 2060 | BB6 | 5.20 584 201 858 305 0.843 141 0.197 472 T4
203x203x52 5280 1730 | 81 | 5.18 510 174 a7 264 0.843 15.8 D.187 31.8 883
203x203x20 4570 15350 | EB2 | 5.13 450 152 487 231 0.847 17.7 0.143 222 58.7
152x15251 + 3230 1020 | 704 | 3.84 378 130 433 188 0.843 101 0.081 48.8 852
15201 52edd = 2700 BGD B4 | 382 328 110 a2 168 0.843 115 0.050 ny 58.1
16215237 210 706G 685 | 3.87 273 1.5 | 209 140 0.843 133 0.0<40 18.2 471
1522152430 1750 560 676 | 3.83 222 733 | 2448 112 0.240 18.0 0.031 10.5 383
1522152423 1250 400 654 | 3.70 164 52.6 182 801 0.840 207 0.021 4.83 202
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	(a) Define residual stresses (2 Marks)
	(b) Name any three causes of residual stresses (3 Marks)
	(c) List FOUR mechanical properties of structural steel (4 Marks)
	(d) List six merits of structural steel as a construction material (6 Marks)
	(e) Give FIVE advantages of welded connection compared to bolted connection. (5 Marks)
	A timber beam with a clear span of 2850 mm supports a uniformly distributed load of 10 kN including self-weight of the beam. Determine a suitable section for the beam using timber class C16 under service class 1. Assume that the bearing length is 150 mm and that the ends of the beam are held in position and compression edge held in line. Check for:
	(a) List FIVE factors that influence the strength of tension members. (5 Marks)
	(b) A 150x150x15 mm angle section in grade S275 is to be used as a tie. Firstly the connection will be made by a welded gusset plate and secondly by two M24 bolts in a line across the width of the member. Determine the tension capacity in each case. (15 Marks)

