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e CLIZADE UNIVERSITY, ILARA-MOKIN
FACULTY OF ENGINEERING
DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING
FIRST SEMESTER 2019/2020 EXAMINATION
CVE 407: DESIGN OF STRUCTURES II
Instructions: A. This question paper consists of six (6) pages ) i
B. Answer Question 1 plus any other 2 Questions. Answer 3 Questions in all.

C. Write your name and matric number clearly on your answer sheets .
Time Allowed: 2!/, Hrs 2 units

Question 1 - (50 marks) o

a) A 406 x 140 x 46 Universal beam (UB) of grade S355 is to carry a uniformly dlS[I‘lbthe.d
load of 75kN/m design load. The load includes the self-weight of the beam and the load is
applied to the top flange of the beam. The top flange is fully restrained against lat‘eral
torsional buckling by casting of the slab alongside with the top flange. The span of the
beam is 6m and it is simply supported. Check the suitability of the section in carrying the
specified load. (20 marks)

b)  In question la above, assuming the load is applied to the top flange without any lateral
restrain throughout the entire span of the beam and the compression flange is laterally
restrained at the two supports against rotation on plan. Assume the initial bending strength
(Pb ) to be 60N/mm? and the beam depth (D) be 600mm. Select a suitable UB section using
the following questions as guide.

L. Calculate the reactions at the two supports (3 marks)
ii. Draw the shear force and bending moment diagrams (6 marks)
iii. Determine the design shear and moment (3 marks)
iv. Select a suitable UB section in grade S355 steel and write out the properties (6 marks)
V. Classify the section and check its suitability in term of moment capacity and buckling
resistant moment (12 marks)

Question 2 - (25 marks)
a) Explain the principles of (i) Working stress method of design (ii) Ultimate load design

and (ii1) Limit state design. 9 marks)
b) Explain how limit state design differs from working stress method of des;j gn. (3 marks)
¢) Explain how limit state design differs from ultimate load design. (3 marks)

d) Both flanges of a Universal Column Section have 24 mm diameter holes arranged as shown in
Figure Q2. If the gross area of the section is 262 X 102 mm?2 and the flange thickness is
31.4 mm.
i. Determine the net area An of the member which is effective in tension.
" A : ) (6 marks)
ii. Determine also the tension capacity of this tension member if the design strength
is Py = 440N/mm2 (4 marks)
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Figure Q2- Flange of a Universal Column Scction
Question 3 - (25 marks)

a) A 305 x 305 x 137 UC in grade S355 steel is 7.0m long and is fixed at its ends in both
planes. It has a positional restraint at its mid-height that prevents Jateral moment parallel
to the flanges while at the other axis there is also another positional restraint at 2m to the
top of the column. Determine its compression resistance. (15 marks)

b) Explain the following terms:

1) Partial safety factor for loads (2 marks)
ii) Partial safety factor for material (2 marks)
iii) Clearly state the difference between factor of safety and partial safety factor (3 marks)
iv) between characteristic loads and design loads. (3 marks)

Question 4 - (25 marks)
a) Every piece of strength-graded timber should be marked clearly and indelibly with the
some information,
I Write out these information with examples. (3 marks)
ii. Sketch a typical grading mark/stamp (2 marks)
b) One the main types of defects in timber is the defect that is due to natural forces, list and
briefly discuss all the various category of defects in timber that can be caused by natural
forces. (5 marks)
¢) The timber structurally arranged as shown in Figures Q4a and b consists of suspended
timber floor system ( tongue and groove floor boards) being supported by the timber joists
in which the joists at 700 mm centres are simply supported by timber beams on load-
bearing concrete walls.. Using the design data shown below and Appendix A;

i Determine a suitable section size for the tongue and groove floor boards with respect

to bending and deflection (12 marks)
il. Determine also the uniformly distributed load coming on each joist including its self
weight. (3 marks)
Design data:
Centre of timber joists 700 mm
Distance between the centre-lines of the timber column( i.e the beam span) 5.0 m
Span of the joist 4.0m

Strength class of timber for joists and tongue and groove

boarding and beams C24
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Figure Q4b: Cross section of the structural arrangement of the section

Question 5 - (25 marks)

a) Determine the tension capacity of the angle section and the plate shown in Figures Q5(a)
and (b), considering the strength of the sections only (i.e. ignoring block shear and bolt
strength). The angle is2/ 100 % 75 % 10 double angle sections with the long legs connected
to each side of a gusset plate by 16 mm diameter bolts or welded. Take the grade of the
angle sections to be 275 and that of the plate to be S355. (15 marks)

b) If the angle s to be 100 % 75 = 10 single angle section connected to a gusset plate by
16mm diameter bolts or welded and a designed load of 525kN is to come on it; will the
single angle section have sufficient capacity for the designed load? Take the grade of the

angle sections to be §275. (10 marks)
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Appendix A

Table § — Grade stresses and moduli of elasticity for various strength classes: for service classes 1and 2

St:l‘:ith p?\;:gieﬁo Z:Eit;x: Compression Compression Shear Modulus of elasticit_vJ ChUE'Ct@fiEtiC 3::1:3_9
i P3 g-mén 0 pa;\lalf; to | perpendicular to grain * W;:ie;to ean Siimum | S AT ) O
Nimm® Nmm® Nimm? Niom? Nimm? Nimm> \ Nz \ rzm? ez/md

Cl4 41 25 5.2 21 16 0.60 6 800 4600 330
C16 5.3 3.2 6.8 2.2 17 0.67 3800 5800 310
C18 58 35 71 2.2 17 0.67 9100 6000 380
Cc22 6.8 4.1 [ 23 1.7 0.711 9700 6500 110
C24 7.5 4.5 79 2.4 19 0.71 10 800 7200 420
c27 Pes@l | 60 8.2 25 2.0 1.10 [+ 11500 ¢+ | 8200 130
C30 11.0 6.6 86 27 22 1.20 12 300 5200 460
C35 12.0 13 8.7 29 2.4 130 13 400 9 000 180
C40 13.0 7.8 87 3.0 2.6 1.40 14 300 10 000 500

D30 9.0 54 &1 2.8 22 1.40 9500 6 000 540

D35 110 6.6 86 3.4 26 10 |10000 6500 670

D40 125 75 12,6 3.9 30 2.00 10 800 7500 100

D0 [160 96 |152 45 35 22 [15000  [12600 780

D60 18.0 108 18.0 52 10 2.40 18500 15 600 240

D70 23.0 138 23.0 6.0 46 260|100 |18000 1080

NOTE Gumengh classes C14 o Ca0 are for sofewoods and D30 to D70 are for bardweods. l
+ When the specfication specifically prokibits waze at heanng aTeAz. the hizhsr valuez of compression perpndicular to grain stress may be vsd, atherwize the lower valuss \

annly

i s . . 4
v The valuss of charscteristic density piven above are for uss when deeigning jotats. For the caleulation of dzad load, the averags denaity should be uzd.
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Table 18 — Modification f3 K :
should be multi plie d";?};-b‘%g-i by which stresses and moduli for service clas

0 strese C ! 5651 and 2
stresses and moduli applicable to zervice clasz 3

: Praperty YValue af f2
Bending parallel to grain 0.2
R .’- -
Tension parallel to zrain 0o
) _ s 0.2
Compression parallzl to rrain 0.6
A - s
Compression perpendicular to zrain 0.6
ohear parallel to zrain 0.9
Mean and minimum modulus of alastisiny 0.2

2.7 Additional properties

%ﬂ the sheence of specific test dats, values which ars ore-third of thees for shear parallel 1o the Zral
(s2e Tsblz &, Table 9, Table 10, Table 11, Table 19, Table 13. Table 14 and Table 15) should be
t2n=i0n perpendicular to the grain, torzional shear znd rolling shear.

For medulus of elastivity perpendicular to the grain, a value of ome-twendath (i
modulus of elastivity (e Tahle 8 Table 0, Table 10, Table 11, Table 12. Tadl
should be uzed.

For chear meduluz, a valus of ons-sistesnth (.2, 0,062 3) of the permiz i 3
{ee Tabla 8§, Tablz 9, Tabls 10, Table 11, Table 12, Table 13, Tadle 14 and Tablz 15} zhould he uzed.
Whzre the direction of the load is inclined to the zrain atar sngle o, the permaizsible coraprezzion st
the inclinad surfacs should be ealeulated from the squastion:

'Ju-:'.:u,ﬂ = ’3,:,;5_51,3" {J:',gz] —Ua,m'._] ging
whare

£inle modulys of elazdciry

arz tha grads compression streszes, paralle] and perperdicular to the grain.
razpectively. modifizd a5 appropriate for moizTurs CONIELT and/cr durasior of

loading (ze2 2.6.2 and 2.8).

J:,lﬂ:.] and . zdm s

3.8 Duration of loading

Ths streszes given in Tadle & Table 9. Table 10, Table 11, Takle 12, Table 12. Tanle 14 znd Taklz 13 apply
to lonz-term loadins, Tablz 17 gives the modification factor £, by which these should De multiplizd frr
various durations of loading, Whan a medificador factor, £, greater than urity iz uzed i zecordance with
¢hiz elause, tha dezizn zhould be checked to ensure that the perraissible streszes are not euczedad for any
othar condition of loading that mizht be relevant.

MOTE 1 The moifeatzn factor Ky i applicatls taall sima=gih propestec. wat iz oot apglicatle v moduliaf slazhcity o7 bz chaas
=zdudi.

MOTE 2 Fer demaztic fozzs, ths comcantnated loadizg cezdition fivem i= HE 5001 (e, L4 2271 may b suparimypozed oz the dead
tpad 221 Totk zoxy by axted a2 of madinzzAsrss dazabine

Tahble 17 — Modification factor, Z., for duration of loading

Duration of losding Value of K,
Leng-term 2.2, dead + pennanznt irapozed %) 1.00
Medium-term (g, dead + soow. dead + terporary impozed) 1.75
Short-term (2.2 dzad +irapozed + wind ¥, dead + impozed + zoow + wind ¥ 1.0
Very chort-term {2.2 dead + impozed + wind 9 175
¥ Feruxiforzely dizdrbubed imypazed ooz Jondcs K3 = 100 wacapt faz i7pe C8 sosupazey foee 53 005520974 Talkle 1) whers Sz foet
trafiz on coczidons, kallways, lazdicgs axd staizz, hs, zeey b takez 2z 1.3,
b [i‘j) For wind waace the lasgect diagocal dmaczizz of the londed azva ik ns deSzad iz B9 0550.7, snzesds 20 s
¢ Frewizd wheze ton largect diageza) dimezcion of tlos loaded aren 4, 2z defired iz K3 62557 dzaz 2oz anzeed 20 = (0]
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2.9 Load-sharing systems

e Emzd-sharmg S{?tem which consists of four or more members such as rafters, juists, (HUsL88 9F wall
studs, spaced a maximum of 610 mm centre to centre, and which has adequate provision for the laterd
distribution of loads by means of purlins, binders, boarding, battens, etc., the following perinie sile s1resses
and moduli of elasticity appropriate to the strength class or species and grade snould apply.

a) The appropriate grade stresses should be multiplied by the load sharing modification factor, Ky, wWhich
has a value of 1.1 ' '

b) The mean modulus of elasticity should be used to calculate deflections and displaceinents un der both
dead and imposed load unless the imposed load is for an area intended for mechanical plant snd case
equipment, or for storage, or for floors subject to vibrations, e.g. gymnasia and ballroois. e
the minimum moedulus of elasticity should be used.

Special provisions for built-up beams, trimmer joistz and lintels, and laminated bzams, are given
in 2.10.10, 2.10.11 and section 3, respectively.

.. R . o > /v,v",';n % % Tf '/,',5 ::3'
The provisions of this clause do not extend to the caleulation of modification factor, g, (Z1VER LG 28
and Annex B) for load-sharing columns.

2.10.5 Form factor
Grade bending stresses apply to solid timber members of rectangular crozs-gection. For other '?h-?%l;’j‘«? o
cross-section the grade bending streszes should be multiplied by the modification {actor. Kg, whers
Kg= 1.18 for solid circular sections; and
K5 = 1.41 for solid square sections loaded on a diagonal.
2.10.6 Total depth of beam

it i ance wita tae Morth
[5) The grade bending stresses given in Table 13 apply 10 colid timber graded 1n accordance with the Iorth
American MSR rules having the particular depth quoted.

The grade bending stresses given in Table 8, Table 5, Table 10, Table 11, Table 1 ) nd T
apply to solid timber having a depth, A, of 300 mm. For other depths of beamns, 102 gradz bending =
chould be multiplied by the depth modification factor, K7, where: *]

K;=1.17for colid timber beams having f = 72 rom;
Kq= (300/h)%11 for solid and glued laminated beams having 72 mm < h = 300 mm;

- 2 . - .
K;= 081 u‘ﬂ for zolid and glued laminated beamez having i ~ 200 1.
(h> + 56 800)



