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1. Analyze the frame shown in figure 1using the moment distribution method and hencesketch
the bending moment diagram. (20 marks)
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2. A continuous beamof constantmoment of inertia is simply supportedat A, Band C asshown
in figure 2. Analyse the beamusing the three moments theorem and hencesketch the shear
force and bending moment diagramsindicating the values at critical points. (20 marks)
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(c) the stressesat the comers with the additional load in the centre. (4 marks)

3. (a) For the beam shown in figure 3, sketch the influence line diagram for:

(i) the reaction at A;
(ii) the reaction at B;
(iii) the bending moment at E.

(15 marks)

(b) Determine the maximum bending moment at point E in (a) abovewhen a uniformly
distributed load of 50 kN/m and 6 m long crossesthe beamfrom C to D. (5 marks)

I-~Y:'"-"""------;\
E BC~~~~~~---4~----------------~--~D

14m
.lrn 10m 2m

Fig. 3

4. A masonry pier of 3 m by 4 m supportsa vertical load of 80 kN asshown in figure 4.
Determine:

(a) the stressesdeveloped at eachcorner of the pier; (12 marks)

(b) the additional load that should be placed at the centre of the pier, so that there is no
tension anywhere in the pier section; (4 marks)
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Fig. 4
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A simply supportedbeam shown in figure 5 supportsuniformly distributed characteristic dead
and imposed loads of 5 kN/m eachaswell asa characteristic imposedpoint load of 30 kN at
mid span. Assuming the beamis fully laterally restrained, selecta suitable UB section in
grade43 steel to satisfy bending, shearand deflection considerations,given that

E = 205 kN/mm2

Py = 275 N/mm2

(20 marks)

30kN Imposed load

5kNim Dead load

5kN/m Imposed load

R

10m

p
Fig. 5

0. Design the timber joists i~r'~d~~~stit'dwelling using timber of strength da~; SC2 given that:

I the joist are spacedat 400 mm centres
II the floor hasan effective spanof 3.8 m

III the flooring is tongue and groove boarding with a self weight of 0.1 kN/m2

IV the ceiling is of plasterboard with a self weight of 0.2 kN/m2.
(20 marks)

7. (a) Determine the critical stressusing the euler's fonnular for a pin ended steel strut 2 m
long, consisting of a tube having 75 mm outside diameter and a wall thickness of
2.5 mm. (10 marks)

(b) A short length of the tube in (a) fails at a load of 31.5 kN in a compression test and
when testedas a strut with fixed ends2 m long it fails at a load of 17.5kN in tension
respectively. Determine the value of a constant 'a' using the rankine's fonnular.

E = 210 kN/mm2. (10 marks)
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8. (a) Explain four types of stressesencounteredin bolted connections. (8 marks)

(b) Figure 6 showsa bracket-to-column bolted connection. Determine its suitability to
resist the design shearforce of 200 kN. Assume the bolts areall M16, grade8.8.
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Table 1: Modification factor K3 for duration of loading
--- --

Duration of loading Value of K3

Long term
(e.g. dead + permanent imposed) 1.00

Medium term
(e.g. dead +snow. dead + temporary imposed) 1.25

Short term

(e.g. dead + imposed + wind, dead + imposed + snow 1.50

wind)

Very short term

(e.g. dead + imposed + wind) 1.75

Table 2: Depth factor, K7

l. K7 = 1.17for solid beamshaving a depth< 72mm

2. K7 = (300 I htll for solid beams

with 72mm< h < 300mm

3. K7 == 0.81(h2 +92300 )/(h2 + 56800) for solid beams

with 72mm< h < 300mm

Table 3: Grade stresses,modulus of elasticity and density for strength classSC2 for
the dry exposurecondition

Strength Bending Tension Compressio Compression Shear Modulus of elasticity Approximo

Class Parallel Parallel n Parallel Perpendicular Parallel (Emean) (EminimvrnJ te

to groin to groin to grain to groin" to groin {Nmm-2} (Nmrrr2) Density

(Nmm-2) (Nmm-2) {Nmm-2} {Nmm-2 (Nmrrr2) (Nmrrr2) (l<gm-3)
-

SC1 2.8 2.2 3.5 2.1 1.2 0.46 6800 -4500 540
SC2 4.1 2.5 5.3 2.1 1.6 0.66 8000 5000 540
SC3 5.3 3.2 6.8 2.2 1.7 0.67 8800 5800 540
SC4 7.5 4.5 7.9 2.4 1.9 0.71 9900 6600 590
SC5 10.0 6.0 8.7 2.8 2.4 1.00 10700 7100 5901760

SC6 12.5 7.5 12.5 3.8 2.8 1.50 14100 11800 840
SC7 15.0 9.0 14.5 4.4 3.3 1.75 16200 13600 960
SC8 17.5 10.5 16.5 5.2 3.9 2.00 18700 15600 1080
SC9 20.5 12.3 19.5 6.1 4.6 2.25 21600 18000 1200

\
1

•. When the specification specifically prohibits wane at bearing areas. the higher values of

compression perpendicular to the grain stressmay be used; otherwise the lower values
apply.
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Timber and Plywood

Timber section sizes

Selectedtimber sectionsizesand sectionproperties
Timber ever the standard maximum length, of about 5.5 m, IS more expensiveand must
be pre-ordered.

Basicsize· kea Z"" Zyy lxi I,.,. Ta ryy

0 B 10'mm' ; !i'm,,,' 103mm' 10"mm4 10' rr.m4 mm mm
",m mm

t
33 11.0100 38 I 63.3 24.1 3.17 0.46 2a.9

100 SO i :'0 as.s 41.7 4.17 1.04 28.9 14.4
100 63 ! 63 105.0 66.2 5.2S 2.08 28.9 18.2
100 75 I 75 115.0 93,8 6.2S ~.52 28,9 21.7
roo 100 ' 100 166.7 165.7 E.33 9.33 28.9 28.S

I
150 38 ! 57 142.5 36.1 10.69 0.59 43.3 1LO
150 )01 75 187.S 62.5 14.06 1.55 43.3 14."
i50 (;3 ' 94 236.3 99.2 17.72 3.13 43.3 18.2
150 75 I 1\2 281.3 140.0 21.09 5.27 43.3 21.7
150

:~ j
150 375.0 250.0 28.13 i2.50 433 28.9

150 225 562.5 562.S 42.19 42.19 43.3 ~3.3

17S 3a 66 19·M <12.1 16.97 0;80 SO.s ) La
175 so 87 255.2 72.9 22.33 1.82 50.5 14.4
175 63 110 321.6 115.8 28.14 3.6S 50.S 18.2
175 75 131 382.8 \64.1 33.50 6.15 50.5 21.7

200 311 76 l~B 48.1 i5.3) 0.91 Sn 11.0
200 50 I 100 333.3 83.3 3333 2.08 57..7 '14.4
200 ill 126 420.0 !32.3 42.00 4.17 51.7 18.2
200 150 500.0 187.5 50.00 7.03 57.7 21.7
200 100 200 666.7 333.3 66.67 16.67 57.7 28.9
200 1'50 300 1000.0 750.0 100.00 56.25 57.7 43.~
200 200 400 1333.3 1333.3 133".33 133.33 57.7 57.7

.225 38 85 320.6 54.2 36.07 1.03 65.0 11.0
225 50 'H2 421.9 $3.8 47.46 2.34 65.0 14.4
225 63 141 531.6 148,8 S~.80 4.69 6$.0 18.2
225 75 168 1i32.S 210.9 71.19 7.91 65.0 21.7

250 50 125 520.S 104.2 ~.10 2.60 72.2 14.4
250 75 1.87 781.3 234.4 97.'56 8.79 72.2 21.7
250 100 250 '1041.7 416.7 130.21 20.83 72.2 28.9
250 250 625 2604.2 2604.2 325.52 3~S.S2 72.2 72.2

300 so ISO 7S0.0 125.0 112.50 3.i3 ,86.6 i4.4
300 75 225 1125.0 281.3 168.75 10.55 86.6 21.7
300 lOG , 300 1500.0 500.0 225.00 ,25.00 . l!6.6 28.9
300 150 450 2250.0 1125.0 337.50 84.38 86.6 43.3
300 300 9110' 4500.0 4500.0 675.00 675.00 .\16.6'" 86.6

• Undet dry eitpo;.;,t! rondltiot\S.

Source: BS5268: l'art 2: 1991.

Tolerances on timber crosssections
BS EN 336 sets OUtthe customary sizesof structural timber. dass 1 timbers are 'sawn'
and dilSS 2 timbers are 'planed'. The permitted deviations fot tolerance dass 1
are -1 mm to+3mm for dimensions up to l00mm and -2mm to+4mm for dirnen-
sions greater than 100 film. For daSs 2, the tolerance for dimensions up to 100 mm
is±1min and ±1.5 mm for dimensions CNer100 mm. Structural design to as '5268 allows
for these tolerances and therefore analysisshould ~ carried out for a 'target' section. It is
the dimensions of the tatget section which should be induded in spedfications and on
drawin'gs,
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Dimensions and properties

UNIVERSAL ,BEAMS

DIMENSIONS

II

P
I

SeclIoo
Designation

102.2
101.9
101.6

5.47 31.4

Dimensions for
Detailing

Mass DepIt1 W1dIh ThicluIess Root DepIh RatIoslor
per of of r----r---i Radius between Local BucJding

Metre SedIon Section Web Range Filets i---.---t-----r----i Per Per
End Notch Metre Tonne

CIaarancaI-~--;
C;

mm

457 x 152 l( S2 82.t 465.8 155.3

1-457;;:.;,~l(o.,'n52:;o.:;x~7;,;4;_t__{;7:;:4.2Tt_:462.0..154.4
~1.~~~x~I~~~~x~67~~,~87~.2~-~~~·0~,~I~sa8
457 x 152 x 60 59.8 454.8 152.9..
457 x 152 x 52 52.3 449.8 152.4

457xI91x98
457 x 191 x89

'457 X 191 x 82
457 x 191 x 74
457 ~ 191x 67

406 x 178 x 74 74.2
406 x 178x57 67.1
406 x 178,(60 60.1
406 x.178 x 54 54.1

kgIm

98.3
89.3
82.0
74.3'
67.1

o
mm

B
mm

t T,
mm mm

11.4
10.5
9.9

9.0
8.5

10.5
9.6
9.0
8.1
7.6

9.5
8.8
7.9
7.7

19.6
17.7
16.0
1•.5
12.7

18.9 10.2
17.0 10.2

'5.0~__7.'O~.2<_~
13.3 10.2
10.9 10.2

16.0
14.3
12.8
10.9

t
mm

10.2
10.2
10.2 '
10.2
10.2

407.6
.407.8
407.8
407.8
407·6

407.8'
407.8
407.8__
407.6
407.8

360.4
360.4-
360.4
;360.4-

Range Web

d
mm

dIt-

Surface Area

8
7
7
7
6

467'.2
463.4
460.0
457.0·
453.•

192.8
191.9
191.3
190.4
189.9

10.2
taz
10.2
10.2

4.92· 35.6
5.42 38.8
5.98 41.2
6.57 45.3
7.48 48.0

4.1t 38.8
4.54 42.S--
5.1a 45.3
5.75 -SO.3
8.99 53.6

. 5.81' 37.9
6.25 41.0
6.95 45.6
8.15 46.8

N 11

mm mm,

412.8
409.4
406.4
402.6

'179.5
178.8'
In.9
1n.7

'102 30 1.67
102 28 ,1.66
102 28 1.85
102 26 1.64
102 24 1.63

16.9
18.5
20.1
22.1
24.3

7-
.]-

7
6
6

. 84 30
~--28

84 26-BTrr.:
84 22

1.51 18.4-
1..50 20.3

. 1.50 22.3
-.:49- 24.9
1.48 28.2

7
8
6
6

96 28 1.51 20.3
96 26 I.SO 22.3
96 24 1.49 24.8
96 22 1.48, '0.4

,406 x 140 x 48 48.0 403.2 1422. 8.8 11.2
406 x 140 x 39 39.0 398.0' 141.8 6.4 8.6

358 x 171 x 67 67.1
358 x 171 x 57 57.0
358 x 171 x 51 51.0

, 358 x 171 x 45 45.0

363.4
358.0
355.0
351.4

173.2 9.1
172.2 8.1
171.5 7.4
171.1 7.0

15.7
13.0
11.5
9.7

10.2
10.2

10.2
10.2
102
10.2

360.4 . 6.35 53.0
360.4 8.24. 56..3

311.6
311.8
311.8
311.6

5.52 34.2
6.62 38.5
1.48 42.,1
8.82 '''''.5

5
5

78 22 1.34 29.2
78 20 1.33 34.2

7
8
8
8

94 26 1.38 2O.S
94 24 1.31 24.1
94 22 1.38. _26.7
94 20 1.38 30.1

358 x 127 x39 39.1
358 x 127 x 33 33.1

5
5

10 22 1.18 30.2
10 . 20 1.17 35.4

3514
349.0

126.0 6.8 10.7
125.4 6.0 8.5

10.2
10.2

311.6'
311.6

5.89 41.2
1.38 51.9

305 )( 155 x 54. 54..0
305xl85x48 46.1
305 x 155 x 40 40.3

310.4-
306.8
303.4

. 166.9

165.7
185.0

7.9
6.7

6.0

13.7
11.8
10.2

8.9
8.9
8.9 .

265.2
265.2
265.2

6.09
7.02
8.09

33.4
39.8
"".2

6·
5
5

.•90 24-' 1.26
90 22 1.25
90 2Q- 1.24

23.3
27.1
30.8

10 24
10 22
10 '20

1.09 .22.7.
1.08' 25.8
1.07 29.0,

305)( 127 x 48 48.1
305 x 127 x 42 41.9
305 It·127 x 31 37.0

311.0
307.2
304.4

125.3
124.3
123.4

9.0
8.0
7.1

14.0
12.1
10.1

8.9
8.9
8.9

2652
265.2
265.2

4-.47 29.5
5.14' 33.1
srr 37.4

7
6.
6

5
5
5

58 20 1.01 30.8
sa- 18 1.00 35.••.
58 ,16 0.992 40.0

305 x 102 x 33 32.8
305 x 102 x 28 28.2
305 x 102 x ;!5 24.8

312.7
308.7
305.1

102.4 6.6
101.8 6.0
101.6 5.8

10.8
8.8
7.0

7.6
7.6
7.6

275.9
275.9
275.9

4.74 41.8
5.78 48.0
7.26 47.6

6.

5
5

82 22 1.08 25.1
82 20 1.07 29.0
82 18 ~.08 34.2

254 x 146 x 43 43.0
254 x 146 x 37 37.0
254 x 148 x 31 31.1

259.6
256.0'
251.4

147.3 7.2
146.4 6.3
146.1 6.0

12.7
10.9
8.6

7.8
7.6
7.6

219.0
219.0
219.0

5.80 30.4
6.12 34.8
8.49 36.5

58
58
58

18 0.904
18 0.891
16 0.890

31.9
35.8
40.5

254 x 102 x 28 28.3
2S4 x 102 x 25 25.2

.2S4 x 102 x 22 22.0

.260.4
257.2
254.0

6.3
6.0
5.7

10.0
8.4

6.8

7.6
7.8
7.6

225.2
225.2
225.2

35.7
37.S
39.5

5
5
5

203 x 133 x 30 30.0
203 x 133 x 25 25.1

5
5

74-
74

..206.8

203.2
133.9
133.2

6.4
5.7

9.6'
7.8

7.8
7.8

t72.4
172.4

8.97
8.54

26.9
30.2

18 0.923
16 0.915

30.8
36.4

203 x 102 x 23 23.1 203.2 101,8 5.4 9.3 7.6 169.4 5 60 18 0.790 34.2

178 x 102 x 19 19.0 ... 60 16 0.738 38.8In.8 1012 4.8 7.9 7.8 146.8 8.4~ 30.6

I is,,,)( oil x .0 -r Id.u

i~27 x 76 x 13 1,3.0

1:>2.4 i 8Il.(

127.0 I 76.0

4.5 I 7.7

4.0 1 7.8 "

7.8

7.6 I
121.8

96.6

5.76 27.1 39.8 i
41.3 j

4 54 16 0.638

5.00 24.1 46· '16 0.5374
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Dimensions and properties

UNIVERSAL SEAMS

PROPERTIES
I
Y

Sec1icn Second Moment Radius Elastic Plastic Budding Torsional Warping TOISiona/ Area
Oesig:.won at Area of Gyration Modulus Modulus Parc..-neter Index Coostanl CGnsIanI of

Section

Axis Axis Axis AxIs Axis Axis Axis Axis
x·x y..y X·X y-y X·X lJ X·X y..y U x H J A
em' em< em em em' em',' em' (jn' an' W

457 x 191 X 98 45700 2350 19.1 4.33 1960 243 ' 223e 379. 0.382 25.7 1.18 121 125
457 x 191 x 89 41000 2090 19.0 '4.29 1770 218 2010 338 0.879 28.3 1.04 90.7 114
457 x 1~1 x 82 37100 1870 18.8 4.23 1610 196 11130 304 0.879 30.8 0.922 69.2 104
457 x 1.S'1x 74 33300 1670 18.8 4.20' 1460 176 1650 272 0.877 33.8 0.818 51..3 94.6
457 x 191 x 67 29400 1450 18.5 4.12 1300 ' 153 1470 n7 0.872 37.9 0.705 37.1 85.5

457 x 162 x 82 36600 1190 18.7 3.37 1570 153 1810 '240 0.871 27.4 ' 0:591 89..2 105.
457 x 162x74 32700 ioso lA.8 ::I.~"I 1410 1:v1 1m.. 4l} .o.m. _alJ.2. .Q..5.UL_ ,&5.L- cwt;

457 X 162)( 67 28900 913 18.4 3.27 1260 119 ' 1450 0.868 ~ D.MIL- 5l.l 85.8

i 457 X. 162 x 60 25500 795 18.3 3.23 1120 104 '1290' 163 I 0.868 37.5 0.387 33.8 76.2
457", l~x52 21400 645 17:9 3.11 950 84:6 1100 133 ·0.859 ' ~ 0.311 21.• 66.6, .

406 x 178)( 74 27300 1550 17.0 4.04 1320 ln 1500 267 0.882 27.6 0.608 62.8 94.5
4C6 x 178 x. 67 24300 1370 16.9 3.99 1190 153 1350 esr 0.880 30..5 0.5.33 -46.1 85.5
406 x 178x60 21600 1200 . 16.8 3.97 1060 135 1200 209 0.800 '33.8 0.466 33.3 76.5
4C6 X 178)( 54 18100 1020 16.5 3.85· 930 115 ' 1060 f78 0.871 38.3 0.392 2'3.1 ,69.0

406 x,14O X 46 15700 538 16.4 3.03 n8 75.7 888 118 0.872 39.0' Cl.2a1 19.1) 58.6
406 x 140)( 3.9 12500 410 15.9 2.87 629 57.8 n4 90.8 0.858 47.5 0.155 10.7 ' 49.7

358 x 171 x67 19500. 1360 15.1 3,.99 1070 157 1210 243 0.B86 24.4 0.412 55..7 85.5
358xl71x57 16000 1110 14.9 3.91 896 ·129 1010 199 Q.B82 28.8 0.330 314 72.6
356 x 171 x 51 14100 '968 14.8 3.86 796 113 896 174 0.881 32.1 0.2116 as 6f.9.

I 356 x 111 x 45, 12100 811 14.5 3:76 6lJ7 94.8 ns 147 Q.874 36.8 0.237 15.8 . 57.3

356 x 127 x 39 10200 358 14.3 2.68 576 56.8 659 89.1 0.811 35.2 0.105 15.1 49.8
358 x 127 ,,33 8250 280 14.0 2.58 473 44.7 S43 70.3 0.1!63 42.2 0.081 &.19 42.1

;

305 x 165 x 54 11700 1060 13.0 3.93 754 127 846 196 0.B89 23.6 Q.2.34 ,34..8, 68.8
305" 165" 46 9900 896 13.0 3.00 646 108 720 166 o..B91 27.1 0.195 2Z2 58.r.
305 x 165 x 40 8500 764 ,12.9· 3.86 560 92.5 623 '142 0.B89 31.0 0.164 14.7 '51.3

305 x 127 X 48 958,0 461 12.5 2.74 ' 616 73.6 ' 111 116 0.874 23.3 O.1a.! 31..3 61.2:
305 X 127')( 42 8200 389 12.4 2.70 534 62.6 614 98.4- ,0.872 ' 26.6 0.0846 21.1 ' , 53,4'
305 x 127 x 37 7170 338 12.3, 2.67 471 54.5 5S9 . '85." . Q.871 29.7 0.0725 14.. C.2

305 x 102 x33 8500 194 12.5 2.15 416 37.9 461 60.0 Q.867 31.6 0.0442 12.2 41.8
305.x 102 x 28 5370 ' 1.55 12.2 2.08 348 30.5 403 48.5 0.859 37.4 0.0349 7.40 ,35.9
305)( l02,x 25 4460 123 11.9 1.97 292 24.2 342 38.8 0.846 43.4 0.0273 4.n 31.6·

254 X 146'x- 43 6540 srr ' 10.9 ' 3.52, 504 92.0 566 141'
_.

0.89cf
..

21.2 0.103 23.9 S4.B
254)( 146 x 37 5540 571 10.8 3.48 433 78.0 483 119 0.889 24.4 0.0857 15.3 47.2
254 x 146x31 4410 448 10.5 3.36 351 61.3 393 94.1 0.879 , 29.6 0.0660 ass 39.7

254xlO2x28 4010 179 10.5 2.22 308 34.9 3S3 54.8 0.874 V.S 0.0280 9.57 38.1
254 x 102 x25 3420 149 10.3 2.15 266 29.2 306 ·46.0 Q.867 31.4 0.0230 6.42 32;0'
254 x 102 x22 2840 119 10.1 2.06 224 23.5 259 37.3 Cl.856 36.3 0.0182 4.15 28:0

203 x 133x3O 2900 385 6.71 3.17 280 57.5 314 88.2 0.881 21.5 0.0374 10.3 38.2
'203xf33x25 2340 308 8.56 3.10 230 , 46.2 2S8 70.9 o.an 25.6 0.0294 5.96 32.0

203 x 102 x 23 2110 164 8.46 2.36 2(]7 32.2 234 49.8 Q.888 22.5 0.0154 7.02 29.4

178 x 102 x 19 1360, '137 7.48 2.37 153 27.0 171 41.6 Q.886 22.6 0.00987 4.41 24.3

~..

iZ3 I 3·i.2
"

152 x 39>< 16 834 00.8 6.':i 2.10 lCS . @.Z u.Qtl;} '/!'.6 u.iN4iO ~ ;M3

127 x 76 x 13 473 55.7 5.35 1.84 74.6 14.7 84.2 I 22.6 0.896 16.3 0.00199 2.85 16.5

Tms IS THE LAST PRINTED PAGE.
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