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1. Using three moment theorem, analyse the beam shown in figure 1 and hence draw shear force

ol

and bending moment diagrams and indicate values at critical points. (20 marks)
50 kN
12k N/m 18 kN/m 20kN
e o0y e
at ~ F i > 21 E
‘ 6-0 m ’ J0m L 2.0m } 20m J .S m
%, | ! o Tt

Fig.1

2. Figure 2 shows a simply supported beam of effective span 8.0 m. It supports the loads as
shown. Assuming that the beam is fully restrained laterally, select a suitable UB section in
S275 steel to satisfy bending, shear and deflection using the data given and attached tables.
' (20 marks)

20kN imposed (unfactored)
6 kN dead (unfoctored)
L kN imposed {unfactored

- e

£\ | |
xx,
L t0m 40 m _J
-

v

Fig.2

Data: Permissible deflection = *3*61"*0-01' span

E =210 kN/mm?.
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3. (a)

(b)

Distinguish between visual stress grading and machine grading in structural timber.

(4 marks)

A timber floor is supported on joists with effective spans 4.5 m. The joists support
imposed uniformly distributed loads of 4 kN/m and uniformly distributed dead loads of
1.5 kN/m. Design the joists using the data given and hence check shear, bending

and deflection.

Data
Grade stresses

1

In bending parallel to grain

In shear paraliel to grain

Emean

depth / breadth ratio
Allowable deflection

Ks=125; Kr=1.03;

Kg=

7.5 N/mm?
0.71 N/mm?
9900 N/mm?
3

ﬁ of span

1.1

(16 marks)

4. Using moment distribution method analyse the portal frame shown in figure 3 and hence draw

the shear force and bending moment diagrams indicating values at critical points.
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Fig- 3
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(20 marks)
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S (a)

(b)

A tier bar in a truss consists of an angle section 100 x 75 x 10 mm and is subjected to a
load of 250 kN as shown in figure 4.

Design the joint using 8 mm fillet weld if the permissible shear stress in the weld is
220 N/mm?. - (7 marks)

100 x75=10 mm
Arigie section

Gusset plate

Fig. &

Check the adequacy of a 254 x 254 x 167 kg/m U.C. in grade S275 steel when
subjected to the loads shown in figure 5 given that the actual height is 4.55 m and is
fixed at one end and pinned on the other. (13 marks)

y

| ZOkN

\\\ /’im kN axialload

250 kN 150 kN

\
s
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6. Using the moment distribution method, analyse the beam loaded as shown in figure 6 and
hence sketch the shear force and bending moment diagrams showing values at critical points.

(20 marks)
80 kN
25 kN 12 kN/m
/ : 3
7 21 1
/d
L0m J 2.0m L0 m z0m
———l—‘=-‘ =
Fig 6
7l (a) A rectangular column post of size 250 x 150 mm is subjected to an axial load of
185 kN and its actual height is 5.5 m. One end is fixed while the other is pinned. Check
the adequacy of the post using SC 6 timber. (12 marks)
Modification factors: Kz=1.25; Ks=1.1
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(b)  Figure 7 shows a bolted connection. Using the data given, determine the load capacity

in shear for the connection with respect to:

(1)

(ii)
(iii)
(iv)

Data

Shear strength of bolts (Ps)
Bearing strength (Poo)
Tension strength (Pt)

bolt shear;

bolt bearing;

plate bearing; and
plate tension capacity.

375 N/mm?
1035 N/mm?
560 N/mm?

20mmé boltsin
ZZ2mm4 holes

15015 mm
ension member

/‘r

s g i —

Fig. 7 (a)

P-—q—-;L--——

(8 marks)

R

g P
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8. A simply supported beam has a span of 16 m and is subjected to a U.D.L (dead load) of 5 kN/m
and a U.D.L (live load) of 8 kN/m (longer than the span) as shown in figure 8.

Draw the influence line diagram for the shear force and the bending moment at a section
4 m for the left end. Use the diagrams to determine the maximum shear force and maximum
bending moment at this section.

(20 marks)

8 kN/m (live load)

5 kN/m (dead load)

A ¢ B
L0 m i 120m J
= el i
Fig.8
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UNIVERSAL BEAMS
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PROPERTIES
Section Second Moment Radius Elastic Plastic Buckling | Tovsional | Warping | Torsions! [ Araa
Designallon of Atea of Gyration Modulus Modilns Parameter | iIndex | Constart | Corstont of:
Ads | Axis | Axis | adis | Ads | Ads | Ads | Axie ; i
HX ¥y XX Va4 XX ¥y} oxx ) ¥y u X H
ent | om* | em | om | o’ | o’ | enr dm® ant | L e?
457% 191 %98 | 45700 | 7350 | 107 | 433 | vo60 | 243 | 2280 | 578 aame 257 118 21 125
457 %191 >89 | 41000 | 2000 | 19.0 [ 429 | 1770 | 218 { 2010 | 338 | 0.57% 28.3 1,04 07 | 114
45719182 | 37100 | 1870 | 188 [ 4.23 | 1610 | 196 | 1830 | 304 | 0.879 20.8 0.322 9.2 104
457 % 191 74| 33300 | 16704 16.8 | 4.20°( 1 176 | 1650 | zi2 | 0877 234 0.318 515 | 948
457 %191 x 67 | 29400 | 1450 | 185 | 412 | 1300 [153 | 1470 | 297 | 0872 a5 0.705 7t | 85
1457 «152x82 | 36600 [ 1190 | 187 { 337 | 1570 | 153 [ 1m0 | 240 ] o087 274 050t | e 105
457 % 152 % 74 %gg_ 1050 | 186 | 333 | 1410 | 136 {1630 ] 213 | 0673 . | 559 | 945 |
457 152 % 67 | 28500 | 913 | 184 | 8.7 | 1260 ¢ 119-1 1450 | 187 | 0068 36 0448 | 477 | gnm
457 x 152X 60 | 25500 | 795 | 183 | 6,23 | 1120 [ 104 | 1280 | 163 | 0.868 375 x387 | 3 | 782
457 x162x52 | 21400 | 645 | 179 | 311 | 950 | Bas | 1100 | 133 0.859 4338 0311 914 866
408 x 178 x 74 | 27300 | 1550 ‘fm 404 | 1320 | 172 | 1500 | 267 0.862 278 0.608 28 945
406 x 178 x 67 | 24500 1‘%'31 169 | 3.99 | 4190 | 153 | 1350 | 27 | o.me0 205 053 | 481 | 885
406 % 178 % €0 | 21500 | 1200.1 168 | 397 | 1060 | 135 {1200 | 209 | o0.880 33.8 0.466 ®3 | 785
406 % 178% 54| 16700 | 1020 | 165 | .85 | 930 | 115 | 1050 | 178 | 0.871 8.3 032 | 21 69.0
| 405 x140%46 | 35700 | 533 | 164 [o.00 | w2 | 757 | esa | 18| o2 | 290 | o207 | w0 | sas -
406 140x 3¢ | 12500 | 410 | 155 | 287 | 629 | 57.9 | 72¢ [ 908| 08% 475 0.155 107 | 497
456 % 171 x 67 | 19500. ] 1560.| 5.4 | 3.99 | 1070 | 157 | 1210 | 243 .89 24.4 0412 | %57 | 855
356171 x57 | 16000 | 1110 | 14.9 | 391 | mos | 120 | 1010 | 159 | < nsae 288 | 0m¢ | 34 | 26
356 x 171 x 51 | 14100 | 968 | 148 | 386 | 795 | 13 | 496 | 174 0.857 a2 .28 238 849
X171 % *i'mm 811 1145 | 376 { 687 [ 948 | 7/5 | 147| 0874 *| 368 | d2w 158 " | 573
adt 12 x 20 | dtoo0 | w8 | 145 | 2oz | e | sea | o g1| osn | a2 | oxs | 11 | 408
35g% 127 x33 | 8250 | 280 | 140 | 256 | 473 | 447 | 545 | 70.3| 0.983 422 0.081 879 | 421
05165 x54 | 11700 | 1060 [ 120 |-a93 | 784 | 127 | 6 | 195| ocsse | 236 | o2 | .8 | sam
5 x165%46 | 9900 | 896 | 130 | 350 | 646 | 108 | 720 | 186 | 0891 2r.% 0195 |. 22 | 587
S05 % 16540 | 8500 | 764 | 120.| 386 | 560 | 525 | 623 | 42| 0889 31.0 | O ur | 513
305127 x48 | 9560 | 461 |25 | 274 | o186 | 736 | 711 | i8] osra | 233 | o3z | @ | sz
W5 x127x42 | 8206 | 389 3] 124 | 270 | 534 | &6 | 614 | oR4| o872 266 | 00848 | 211 | 534 .
308 x 127 % 37 | 710} 208 |23 | asv | Am | 545 | 539 | ese| osn 297 | 0075 | B | 472
1305 % 1m!x 59| 8500 | 19¢ {125 | 215 | 416 |79 | 461 |coo| oeer Ms | oosz | 122 | é1s
305.x102'x 28 | sarc | 155 [ 122 | 208 | 348 | 305 | 408 | 485 O.as0 a74 | opmg | 7de | o
WS x12x25 | 4480 | 123 | 1.8 | 197 | 292 [ 242 | 242 | 32| o084 34 | oozrs | 471 | 318
254 x146%43 | 8540 | 677 | 109 | 352 [ 's0s | 920 | 566 | 141 | o400 212 | o | 29 | 548
254 %x146x37 | 3540 | 571 | 108 | 348 | 433 {780 | 483 | ne | ooes 244 | opasz | B3 | 42
254 x 146 %31 | 4410 | 448 | 105 | 336 | 351 | 613 | 03 [o41| o879 296 | coses | As5 | 37
254x102%23 | 4010 | 179 | 105 [ 222 | 308 | 349 | 363 | 548 os8v4 Z75 | ooze0 | 957 | aat
2545 102%25 | 2400 { 149 [ 108 | 295 | 266 202 | 208 | 50 o667 34| a0z | 642 [ D
254x102x22 | 2840 | 119 | 103 | 206 | 224 | 235 | 250 | 37.3( 0.856 363 | ooez | 415 | 280
203413330 | 2900 | 385 [ 871 | 317 | 280 | 57.5 | 314 | sg2| oset 215 0.0374 03 | 82
203%139%25 | 2340 | 308 | 856 | 310 | 230 | 452 | 258 | 709! o877 256 | 0024 | 59 | 0
203x102x23 | 2110 | 164 | 846 | 236 | 207 |2 |24 [498| omes | 25 | oome | 72 | 24
178x102x19 | 1380. | 137 | 748 | 237 | 153 | 270 | 171 | 216]. oasee 225 | 000ss7 | 4d1- [ 243
152x89x16 | B34 | 89.8 {841 | 210 | 100 | 202 | 123 | 312| o«s8s 196 | Good70 | 356 | 203
127%x76x18 | 473 | 557 [ 535 | 184 | 745 | 147 | 342 | 28] o208 163 | 000199 | 285 | 185
10




UNIVERSAL BEAMS
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T DIMENSIONS
[Secncn ] Mass‘ Depfir | Widlh | Thickness | Root | Depth Aatios for Dimensions for SurfaceAn:a-]
Designation per of of Aadius | betwsen | Local Buckiing | Detailing
Metra | Section | Section | web [F,a,,g, Fifets : Bir | ed
3 Flange | Web End Notch | Metre | Tonne
: Clearance
o B t T r d bT h c N n
kgim mm mm | mmo | mm mm mm mm mm | om | @ m?
457 s 1 xg_é 983 | 4672 | 1928 |114 | 194 '10.2 4078 152 35.8 1 102{ 30 | 1.67 | 189
47 x 191 %08 | 623 | 4634 | 1919 [t0s]| A7 102 | 4076 | 542 /| 388 7 102 [ 28 { 166 | 185
457 % 191 %82 | €2.0- | 460.0 | 1913 | 09 460 | 102 | 2076 | 598 | 412 7 102} 28 | 165 | 201
4572181 %74 | 743" | 4570 | 1904 L5p | Gas 162 | 4076 | 857 [453 7 W21 25 | 164 | 294
457191 x 67 | 671 | 4534 | 189.9 | 85 | 127 | 102 4078 | 748 | 480 6 102 | 24 | 163 | 243
1B x 152 %82 | Bar | 4p5a 1883 (105 ) 188 { 102 | 407.6-] 411 |28 7 | esfs0]is 18.4
vaﬁzx;; 742 | 4620, | 1644 | 95 | 170 | 1oz 407:2 454 :‘5?’?:' = P—-ga-! 22 | 150 g_g,a
L ASTX BT %67 | 872 | 4580 | 1538 9.0 | 150 | 102 | so7s . 233 (453 7 |eajoelisp | 303
457 X JER X 50 | 598 | 4548 | gé.s.. 81| HET 182 78 | 575 504 [ 8424 [ 1, 2438
497 x152%52 | 523 | 4498 | §524 | 7.5 | 105 | 100 4076 | 699 | 538 6 |8 {2148 22
A8 k7% | 730 7 4128' f 1795 | 95 | 160 102 | 3604 | 58 [37.9 7 || 151 | 203
406X 178x67 | 571 | 4094 | 1788 | 88 | 143 | 102 | 3604 825 1410 .6 "898 [-26 1 150 | 223
408 x 176 x 60 | 601 | 4064 | 1775 | 79 | jos | 102 39604 | 635 |456 6 96 | 24 [ 149 | piE
408 X178 x 54 | 52.14| 202:6 17727 | 77 1 169 | 102 | 3603 | a15 |as2 5 9% | 2 | 148 | 274
A0S x 140 x 46 | 460 | 4032 | 1422 (88 | 112 | 102 304 | B35 [530] s 78 | 22 | 188 | 202
406x140x 39 [ 39.0 | 3%a0 Wia [ 84| 88 | 102 | 3604 | 82w |sen 5 78 |20 |13 | 342
as6x 178 x67 f 67.1 | 3634 | 1732 S|z w2 one [ss2 lmal 7 o4l | 138 | 0
BSEx 17147 | 570 ) 380 | 1723 - 811130 | 102 | 316 | 662 {2a5) & . 94 | 24 [ 137 | 243
258 171 %51 | 510 | 38507 1745 | 74 | 115 | 105 ST6 | 746 14211 6  [9aon|13%. 26.7
| FBXT7Tx 45 | 450 | as1g A [7o] 57} te2 | anls | am (#6518 l.3a 201328 Soa
36 X127%99 | 391 | 3834 | 1260 | 68 | 107 102 | ans- | spe {472] 3 70 |22 | 118 | 300
WA 127K | 381 [ 3490 254 (80 | 85 | 102 | 3116 .} Ta 519 5 70 | 20 | 417 | 354 -
a05x 16554 | 540 | 2ioa | 1669 | 7 | 137 | mg 2652 | 600 |298| 5 |00 | 26 | 128 233 J.
B0Sx165:c48| 461 | 3068 | 1657 | 67 | 118 8.9 2852 | 702 | 308 5 % | 22 | 1.25 | 279
5%185x40 | 403 | d03.4 | 1650 B0 | 102 | 89| 26852 | 80g [442| .5 90 |20 | 124 | 308
05x 12 %48 | 483, 340 | 1253 | 90 t40 | B39 2652 | 447 295 7 70 |, 24 o8 27
| Eax iy xd2 | 41,9 ] 3072 1243 | 8.0 | 121 89 2652 | 514 |33 [ 0 {22 108 | 258
(H5%12T %37 | 57.0 | 3044 | 1234 [ 71 | 1o 89 2652 | 577 |34 8 70 ] 20 | 107 | 200
NSx102x33 | 28 | 2127 | 1024 | 66 | 108 76 | 259 | 47 |48l s I'ss 2o |101 | 208
05x102%28 | 282 | 2087 | 1013 | s0 8.8 78 2759 | &ava | 460 5 58 1 18 | 1.00 | 354
HS5x102%25 1 248 | 3051 | 016 {58 | 70 7.8 2758 | 726 |478| 5 58 | 16 10.902 [ 40.0
254 % 146x43 | 430 | 2505 | 1473 | 7.2 27 | 76 | 2190 | 580 |304] & | 22 | 108 | 254
254 x 14637 [ 370 | 2560 | 1484 | 63 08 | 756 | 2190 | 672 |348 5 82 | 20 | 107 | 290
2% 146x 31 | 311 | 2514 1461 1 60 | 86 7.5 2190 | 549 |385 5 g2 {18 /105 | 342
254 x102%28 | 283 | 2604 | 022 83 | 100 | 76 | 2252 | s41 |asy 5 58 | 18 |04 | 310
%::gxm 252 | 2572 | 1019 (80| 84 | 76 | 2252 | sor |are 5 53 | 16 |0s97 [ 3556
_ ”22. 220 ) 2540 | 1016 |57 | &a ?..a. .2_252 ‘{.4? 39.5 5 58 | 16 j0.890 | 405
ggg: :gxau 2006 ].2068 | 1339 |64 | 96 { 78 1724 | 697 | 269 5 74 | 18 | 0923 | 0.8
%25 | 251 2032 | 1332 | 57 7..3 | 76 724 | ase |30z | 5 74 | 16 |0915 | .4
203%102x23 | 231 | 2082 1918 | 54 | a3 7.5 1694 | 547 | 314 5 60 | 18 |0790 | 24z
173_*102_3.19 190 | 1778 | 1012 48 | 79. [ 78 | 1468 | 641 |o2os 4 80 | 16 |o7aa | ams
12x83%18 | 160 | 1524 87 |45 | 717 7.8 1218 | 578 |271 4 54 | 16 |oso8 | 20
‘-_‘-—-“*___‘_: & -
ZTx78x13 {130 | 1270 | 780 | 40 78 | 75 | 65 | 500 laaq 4 4 5 {0537 | @13
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