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Q1 (a) Define the term of Reinforced Concrete.
(2 marks)

(b) Elaborate on two (2) aims of design.
(4 marks)

(c) Figu.re Q1(c) shows the steelwork structure arrangement. Determine the design load and
reaction on Beam A (secondary beam). Design data as given:

Reinforced concrete (RC) slab thickness = 200 mm
Unit weight of reinforced concrete = 25 kN/m?
Screed weight = 3.0 kN/m?

Imposed load on slabs = 5.0 kN/m?

Self-weight of steel beam = 0.98 kN/m

v wall

< 200mm ‘
sl RC slab ‘

wall

Secondary Beam (Beam A)

- 200mm ‘
8 RCslab |

|

m—— wall

65m |
Figure Q1(c¢)
(9 marks)

(d) A reinforced concrete floor beam is used to support a concrete slab of 8 m width and
having a thickness of 120 mm. The slab also carries a 12 mm thick plaster ceiling for the
floor below. The beam also carries a brick wall of width 125 mm and 2 m in height.
Determine the load on the beam as kN per metre length of the beam. Given:

The density of concrete = 25 kN/m’
Density of brick = 22 kN/m?

Area load of 12 mm plaster = 0.2 kN/m?
(5 marks)

(e) A simply supported rectangular beam of 8 m span, 250 mm breadth, and 450 mm height
carries characteristic dead load (excluding self-weight of beam) and imposed load of 10
kN/m and 8 kN/m respectively.

i.  Calculate the design load on beam in kN/m.
-, (3 marks)
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ii.  Determine the maximum design bending moment at the centre of the span.

(2 marks)
Q2 (a) Listtwo (2) types of slabs.
(2 marks)
(b) Explain two (2) different types of slabs based on answer Q2(a).
(4 marks)

(c) A sirpply supported slab of size 5 m x 7 m supports a variable load of 8 kN/m?. Given the
slab is 250 mm thick, fi = 25 N/mm?, £+ = 500 N/mm?, and exposure conditions XC-1:

i.  Determine ultimate load of the slab.

(4 marks)
ii.  Design the requirement of main reinforcement for the solid slab.

(6 marks)
iii.  Design the requirement of distribution reinforcement for the solid slab.

(4 marks)
iv.  Determine the required minimum steel area.

(2 marks)
v.  Determine deflection for solid slab.

(3 marks)

Q3 (a) The slenderness and non-slenderness of column can be classified according to the
different failure mode and design considerations. List three (3) mechanism of column

failure.
(6 marks)

(b) A braced rectangular column 350 mm x 400 mm concrete carries an axial load of 1400
kN. The column is classified as non-slender with the bending moment of 60 kNm and 85
kNm about major and minor axes respectively. Using grade C25/30 concrete and fx = 500
N/mm?2. Assume that the nominal cover for major and minor axes is 80 mm and 70 mm

respectively.

i.  Verify biaxial bending moment.

(10 marks)
ii. By using the Design Chart, design the area of reinforcement of the column.
(6 marks)
i,  Determine the minimum and maximum area of reinforcement.
(3 marks)
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Q4 (a) Figure Q4(a) shows a main beam AC of size UB 406 x 178 x 74 kg/m which is simply
supported on angles between two columns and carries a secondary beam at B. The design
loading on the main beam AC is as shown.

UB 406 x 178 x 74 kg/m

4m

Figure Q4(a)

i.  Calculate the maximum shear force and bending moment and sketch the shear force
and bending moment diagram of the main beam.

(9 marks)
ii.  Classify the beam cross-section.

(2 marks)
iii.  Calculate the shear capacity of the beam at the support.

(3 marks)

(b) Timber can be classified into four types. List four (4) types of timber with an example.
(4 marks)

(c) A timber beam spanning 4.5 m and spaced at 3.0 m centres are simply supported on brick
walls and support a timber floor comprising of joints and boards with plaster ceilings.

Given the following data:

Timber type = Group A, dry, standard grade 1.
Weight of joists and boards = 0.23 kKN/m®
Weight of plaster ceiling = 0.22 kN/m?
Imposed load on floor = 1.5 kN/m*

Weight of beam (assumed) = 0.6 kN/m

i, Determine the total load on the timber beam.

(5 marks)
ii.  Calculate the maximum bending moment.
(2 marks)
-END OF QUESTIONS —
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APPENDIX 1
Table 1: Cross Sectional Area (mm?) according to Size and Numbers of Bar
B.ar Number of bar RISl
Size (mm)
(mm) 1 2 3 4 6 7 8
H6 283 56.6 849 113 141 170 198 226 18.9
H8 50.3 101 151 201 251 302 352 402 25.1
H10 78.6 1657 236 314 393 471 550 629 314
H12 113 226 339 453 566 679 792 905 37.7
H16 201 402 603 805 1006 1207 1408 1609 50.3
H20 314 629 943 1257 1571 1886 2200 2514 62.9
H25 491 982 1473 1964 2455 2946 3438 3929 78.6
H32 805 1609 2414 3218 4023 4827 5632 6437 100.6
H40 1257 2514 3771 5029 6286 7543 8800 10057 125.7

Table 2: Cross Sectional Area (mm?) for every meter width at distance between bar

Distance between Bar (mm)

Bar
Size
(mm) 50 79 100 125 150 175 200 250 300 350
Hé 566 377 283 226 189 162 141 113 94 81
H8 1006 670 503 402 335 287 251 201 168 144
H10 1571 1048 786 629 524 449 393 314 262 224
H12 2263 1509 1131 905 754 647 566 453 377 323
H16 4023 2682 2011 1609 1341 1149 1006 805 670 574
H20 6286 4190 3143 2514 2095 1796 1571 1257 1048 898
H25 9821 6548 4911 3929 3274 2806 2455 1964 1637 1402
H32 16091 10728 8046 6437 5364 4598 4023 3218 2682 2298
H40 25143 16762 12571 10057 8381 7184 6286 5029 4190 3590

Design Formula For Beam

K = M/bd*fex

= 9[1+vT-353K] < 0.95

If K>0.167
z= %[n J1-353K |

TERBUKA
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APPENDIX 2

Table 3: Nominal concrete cover to reinforcement for concrete made with OPC for a 50-year

design life
Exposure class Nominal cover to all reinforcement (mm)
25 30 35 40 45 50 |5 &0
XCl1 C20/25
0.7
240
xXC2 C25/30
0.65
260
XC3/4 Ca0/50 C32/40 C28/35 C25/30
0.45 0.55 0.6 0.65
340 300 280 260
D1 C40/50 C32/40 C28/35
0.45 0.55 0.60
360 320 300
XD2 C40/50 C32/40 C28735
0.40 0.50 0.55
380 340 320
xXD3 C45/55 C40/50 C35/45
035 0.40 0.45
380 380 360
X851 C50/60 C4050 C35/45
0.35 0.45 050
380 360 340
X832 C40/50 C32/40 C28/35
0.40 0.50 0.55
380 340 320
X553 C45/55 C40/50
0.35 0.40
380 380
Key Lo entries: C40/50 | «— Minimum concrete grade
0.40 «— Maximum walterfcement ratio
380 «— Minimum cement content in kg/m*

Table 4: Bending coefficients for slab spanning in two directions at right angle, simply
supported on all four sides

[ 1.0 1.1 | 12 13 14 15 | 173 2.0
Oex 0.062 0.074 |0.084 0.093 0.099 0.104 0.112 0.118
Oy 0.062 0.061 |0.059 0.055 0051 0.046 0.037 0.029

Table 5: Minimum percentage of tensile reinforcement in beams and slabs

Conc. strength fiz (N/mm®)
Minimum % of reinforcement

25
0.14

28
0.15

30
0.15

32
0.16

35
0.17

40 45 30
0.19 0.20 0.22

This table uses 0.016f,>" as recommended by the /StructE manual for the design of corcrele buifding strucleres lo
Eurocode 2 in place of 0.0156£4>" in EC2.
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APPENDIX 3

Table 6: Maximum bar size or maximum bar spacing for 0.3-mm crack width limit for load-
induced cracking in beams and in slabs more than 200 mm thick

Steel stress (N/mm?): see note 1 160 200 244 280 320 360 JHHE
Max. bar size H32 H25 Hi6 HIi12 HI0 HS H6
Max. bar spacing (mm) 300 250 200 150 100 50 -
Notes:

(1) These rules de not apply te sccondary or distibution reinforcement.

(2) The steel stress can be taken as 435(Cy + 0.83W(1.35G, + 1.500) Nfmm?, or conservatively as 320N/mm>.

(3) Cracks may be controlled by meeting either the max, bar spacing requirement ¢r the max. bar size requirement. It is not
necessary to meet both requirements. For example, if the steel stress is 280 N/mm? then either bars of size HI2 or smaller
can be used at any spacing or bars of any size can be used at a spacing of 150mm or less.

Desien Formula For Slab

Msx = (Is,-(rllx2
Msy = (ISYlllxz

where: n — total design ultimate load per unit
area (1.35Gx + 1.5 Q)
l¢- length of shorter side

Asx = Msx/0.87fykz
Asy = Msy/0.87fykz

Design Formula For Column

Limiting lo /b ratio = 6.19 \/ (b h fex / NEa)

&S 502 and 2% s
h b b h
M. M,
a)if —=2——,
@) h b

then the increased single axis design moment is

M’z=M;+ ﬁ% x My

M. M,
b) if —=<—=,
() h' b'
then the increased single axis design moment
is

b
M.F=MY+BF XMz
1
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Table 7: Resistance to fire: minimum sizes and minimum axis distances for columns and for
simply supported slabs
Element R340 Rl R90 R120 R1%0 R240
Column exposed o | Minimum cross-section 206 250 350 350 150
lire on all sides dimension (mm)
Minimum axis 32 46 53 57 70 -
distance tmm)
Sumply supported Minimum 6i) R0 10 120 150 175
slab wath plamn soffit | thickness (mm)
Minimum axis {1} 20 30 40 55 65
distance (mm)

Table 8: Factors determining minimum cover to reinforcing bars

Placing of concrete Not fess than the diameter of the bar o + [Omm

Bond between steel and concrete | Not less that the diameter of the bar o + [0mm

If the bars are bundled. the minimum cover should be:
¢ [.do + 10mm lor a 2-bar bundle
¢ |75+ 10mm for a 3-bar bundle
¢ 20+ 10mm for a 4-bar bundle
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Span-effective depth ratio far different concrete classes

32

2B

24

16

12

CHART NO 1: Span-Effective Depth Ratio

APPENDIX 5
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Table 9: Ends fixity of reinforced concrete column

End condition at bottom End condition at top

i 2 3
l 0.75 0.80 0.90
2 0.80 0.85 0.95
3 0.90 0.95 1.00

End fixity conditions, see Figure 3.26.

Condition 1: Column is connected monolithically to beams on each side that are at least as deep as the overall depth of the
column in the plane considered. Where column is connected 10 2 foundation this should be designed 1o carry moment.
Condition 2: Column connected monolithically 1o beams or slabs on each side that are shallower than the overall depth of the
calumn in the plane considered but generally not less than half the column depth.

Condition 3: Column conaected to members that do not provide more than sominal restraint to rolation.

Values taken from IStructf Manual for the Desion of Reinforced Concrete Building Structures to Evrocode 2.

— ] ¢ = i 1 pominal restraint
between beams and

§ columns, e.g. beams

»=depthol aralik designed and

beam depth of beams depth of beams

column < depth of calumn detailed as simply
L I * — = 1 supported
beam {ead fixity condition A .
base designed to 2 is not applicable base not designed 1o resist
eesist moments 1o bases) moments
- - -
End fixily condition | End fixity condition 2 End fixily condition 3

Table 10: Limits on longitudinal reinforcement in columns

Area of longitudinal reinforcement. Not less than 012N,
or 0.0026h
Not more than (.04bh generally
or (.0BBA at laps
Size of longitudinal reinforcement Not less than 1 2mm
Number of longitudinal bars Not fewer than 4 in a square column & i0 a
circular column

TERBUKA

H CONFIDENTIAL



CONFIDENTIAL

DAC 21603

FINAL EXAMINATION

SEMESTER / SESSION : SEM 1/2022/2023
COURSES NAME : STRUCTURAL DESIGN

PROGRAMME CODE : DAA
COURSES CODE : DAC 21603
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Table 11: Limits on ties in reinforced concrete columns

Size of ties

or

Not less than

main bar size/d
fimm

Spacing of ties generally
or
or

Not less than

20 x main bar diameter
the least column dimension
400mm

Spacing of ties over a height equal to the
lareer dimension of the column above or or
below a beam or slab or

Not more than

12 > main bar diameter

240mm

(1.6 % the least column dimension

Spacing of ties where longitudinal bars
exceeding 12mm in size are lapped or

ar

Not more than

12 » main bar diameter

240mm

(.6 < the least column dimension

Table 12: Coefficient of f§

Nep 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 >0.75
bhf,
§ 1.00 0.91 0.81 0.72 0.63 0.53 0.44 0.35 0.3
CHART NO 2
Column design chart for rectangular columns d, /4 = 0.10
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CHART NO 3
Column design chart for rectangular columns d, /h =0.15
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Design Formula For Steel

If the web depth-to-thickness ratio d/t < 62¢ it should be assumed not to be susceptible to shear
buckling.

If the web depth-to-thickness ratio d/f > 70¢ for a rolled section, or 62¢ for a welded section, it
should be assumed to be susceptible to shear buckling. The moment capacity of the cross-section
should be determined taking account of the interaction of shear and moment.

The shear force Fy should not be greater than the shear capacity Py given by:
Pv =0.6pyAv

4.2.5.2 Low shear
Provided that the chear force F,. does not exceed 60 % of the shear capacity P,
— for class 1 plastic or clazs 2 compact Cross-sections:
AM.=p,S
— for class 3 semi-compact sections:
M. =p;Z oralternatvely M. =p;S.x
— for ¢lass 4 clender cross-zecnions:
M. =pyZeg
where

S 15 the plastic modulus.

S.g 1 the effective plastic modulus, see 3.5.6:

A 15 the secnon modulus;

Z.s 1 the effective zection modulus, zee 3.6.2.

TERBUKA

43 CONFIDENTIAL



CONFIDENTIAL

DAC 21603

SEMESTER / SESSION : SEM 1/2022/2023
COURSES NAME : STRUCTURAL DESIGN

FINAL EXAMINATION

PROGRAMME CODE : DAA
COURSES CODE : DAC 21603

Desien Formula For Steel

APPENDIX 10

4.2.5.3 High shear
Where F, = 0.6P:

— for class 1 plastic or class 2 compact cross-sections:

M.=p8-pSp

— for class 3 semi-cOMPACT CroSs-SRCTiONS:
M, =p AZ-pSJ135) oralternatvely M, = pyiS.g-pScl
— for class 4 clender crozs-zecuons:
M. = pyiZesi— PSe1.3)
ir which S, is obtained from the following:
— for secrions with unegual flanges:
85, =8-5¢
m which Sy 1s the plastic modulus of the effective section excluding the chear area 4, defined in 4.2.3:
— otherwise:
5, 1= the plastic modulus of the shear area A, defined mn 4.2.3.
and g 15 given by
p=[2EF Py - 1

Table 13: Design strength py

Steel grade Thickness® less than or equal to Design strength py
mm Nmm?
5295 16 275
40 265
63 265
50 245
100 235
150 225
S 355 16 355
40 345
63 335
80 325
100 315
150 295
S 460 16 480
40 440
63 430
30 410
100 400
3 For rolled sections, use the specified thickness of the thickest element of the cross-section.
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APPENDIX 11

Table 14: Limiting width-to-thickness ratios for sections other than CHS and RHS

Compression element Ratio2 Limiting valust
Class 1 Class 2 Clazz 3
plastic compact |semi-compact
Outstand element of Rolled zection uT 9¢ 10 15
compression flange Welded secion |0/T TS e RS
Internal element of Comprezsion due |B/T 28 32
comprezzion flange 1o bending 40¢
Axial compression [BIT Not apphcable
Webof an I., |Neurral axiz at mid-depth dit 80¢ 100s 120
H. or box Generaliv? - ;
; nerally If ry 12 Begatv dit
sections R 100¢
1+ Ty
Ifry 1z posinve:  |dd 80¢ 100 120¢
1+71y 1+15rg |1+2F,
but - 40¢ but - 40¢ |but - 40¢
Axial compresziond dit Not applicable
Web of a channel dit 40¢ +0e 40¢
Angle compreesion due to bending bit 9 10 i5¢
(Both criteria should be satisfied: dit 9 {13 15¢
Single angle, or double angles with the bit 15¢
components separated, amal compresnon it Not applicable 15¢
{All three criteria should be sausfied) b+ diit o4
Qutztand leg of an angle In contact hit Se 10 15¢
back-to-back in a double angle member
Quicztand leg of an angle with 1ts back 1
continuous contact with another component
Stem of a T-cection. rolled or cur from a rolled Dit 8 9 18¢
I. or H-zection
+ Dimepcion: b, D, d. T and ¢ are defined in Figure 5 Fer s boxzecuon b and T axe flange drmensions and d and § ars web
dimensions. whers the distinction barwaen webe and flange: depends upen whether the box section 12 bent about its majer axs
or ite muinor axiz, see 3.5.1
® The parasaeter £ =175, °*
¢ Far the web of = hybnd secnon £ should be based on the demgn strength p; of the fanges
& The stress ratios r, and r, ars deficedin 3.5.5

TERBUKA
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Table 15: Dimensions and Properties

Section Mass | Depih | Width Thickness Root Depth Ratios for Dimensicns for Surface Area
Dasignation per of af Radius | between | Local Buckling Detailing
Metre | Section | Section| Web | Flange Fillets | Flange| Web End Notch Per | Per
Clearance Metre | Tonne
h b t 1 i d gl | etk C N n

kg/m mm mm mm | mm mm mm mm mm | mm | m° m
533x210x138 + 138.3 | 5491 | 2139 | 14.7 | 236 12.7 476.5 368 | 324 9 110| 38 | 1.90 | 13.7
533x210x122 1220 | 5445 | 2118 | 127 | 213 127 478.5 408 | 375 8 110 | 34 | 189 | 155
533x210x109 103.0 | 5395 | 2108 | 11.6 | 188 127 476.5 462 | 411 8 110 ] 32 | 1.88 | 17.2
533x210x101 101.0 | 536.7 | 2100 | 108 | 174 127 4765 499 | 441 7 110] 32 | 187 | 185
533x210x92 921 533.1 | 209.3 | 10.1 | 156 127 476.5 557 | 472 T 110 | 30 | 1.86 | 20.2
533x210x82 822 | 5283 | 2088 | 96 13.2 12.7 476.5 6.58 | 496 T 110 | 26 | 1.85 | 225
533x165x85 + B48 | 5349 | 1665 | 103 | 165 127 476 5 386 | 46.3 7 90 | 30 | 168 | 1898
533x165x75 + TA7 | 5291 | 1658 | 9.7 136 127 476.5 4.81 49.1 7 90 | 28 | 168 | 225
533x1B5x66 + 657 | 524.7 | 1651 | 89 114 12.7 476.5 574 | 53.5 B 80 | 26 | 167 | 254
457x191x161 + 1614 | 4920 | 1994 | 180 | 320 10.2 407.6 252 | 226 11 102 | 44 | 173 | 107
457x191x133 + 133.3 | 4806 | 196.7 | 183 | 263 10.2 407 6 306 | 266 10 102 | 38 | 170 | 128
457x191x106 + 1058 | 469.2 | 1940 | 126 | 206 10.2 407 .6 391 323 8 102] 32 | 167 | 158
457x191x98 983 | 4672 | 1928 | 114 | 188 102 407.6 4.11 58 8 102 | 30 | 167 } 17.0
457x191x89 89.3 | 4634 | 1819 | 105 | 17.7 10.2 407.8 455 | 388 7 102 | 28 | 1686 | 186
4572191282 82.0 | 4600 | 181.3 | 898 16.0 102 407.8 503 | 412 7 102 | 28 | 1.85 | 20.1
457319174 743 | 457.0 | 1904 | 90 14.5 102 407 6 555 | 45.3 7 102 26 | 164 } 22.1
457x191xB7 67.1 4534 | 1899 | 85 12.7 10.2 407 6 6.34 | 48.0 & 102 ] 24 | 163 | 243
457x152x82 B21 4658 | 1553 | 105 | 189 10.2 407 6 328 | 38.B 7 B4 | 30 | 151 | 184
457x152x74 742 | 4620 | 1544 | 96 17.0 10.2 4076 3.66 | 425 7 B4 | 28 | 150 | 202
457x152x67 672 | 4580 | 1538 | 90 15.0 10.2 4076 415 | 453 7 B4 | 26 | 150 | 223
457x152x60 508 | 4546 | 1529 | 8.1 13.3 10.2 407.6 468 | 503 6 B4 | 24 | 149 | 249
457x152x52 523 | 4498 | 1524 | 7.6 10.9 10.2 407 .6 571 | 536 <] B4 | 22 | 148 ] 282
406x178x85 + 853 | 417.2 | 181.9 | 10.8 | 182 102 360.4 414 | 331 7 86 | 30 | 1.52 | 178
406x178x74 74.2 4128 179.5 95 16.0 102 360.4 4 68 379 T a5 28 1.51 | 204
406x178x67 67.1 4094 | 1788 | 88 14.3 10.2 360.4 523 | 410 6 96 | 26 | 1.50 | 223
406x178x60 60.1 4064 | 1778 | 79 12.8 102 360.4 584 | 456 6 95 | 24 | 148 1 248
406x178x54 54.1 4026 | 1777 | 1.7 10.9 10.2 360.4 686 | 468 3] 95 | 22 | 148 | 273
406x140x53 + 533 | 4066 | 1433 | 78 12.9 10.2 360.4 446 | 456 6 78 | 24 | 1.35 ] 253
406x140x486 46.0 | 4032 | 1422 | 68 11.2 10.2 3604 5.13 | 53.0 5 78 | 22 | 134 ] 281
406x140x39 390 | 3980 | 1418 | 64 8.6 10.2 360.4 6.69 | 56.3 5 78 | 20 | 1.33 ]| 34.1
356x171x67 671 3634 | 1732 | 91 157 102 3116 458 | 342 7 94 | 26 | 138 | 206
356x171x57 57.0 | 358.0 | 1722 | 81 130 10.2 3i16 553 | 385 6 a4 | 24 | 137 | 241
356x171x51 510 | 3550 | 17115 | 74 11.5 10.2 3118 625 | 4219 6 o4 | 22 | 1.36 | 26.7
356x171x45 450 | 3514 | 1711 | 7.0 9.7 10.2 3116 741 | 445 6 g4 | 20 | 1.36 | 30.2
356x127x%39 391 3534 | 126.0 | 6.6 10.7 102 s 463 | 472 5 70 | 22 | 1.18 ] 30.2
356x127x33 33.1 3490 | 1254 | 60 B.5 10.2 311.6 582 | h18 5 70 | 20 | 117 | 354
3052165154 540 | 3104 | 16608 | 7.9 13.7 89 2652 515 | 3386 6 90 | 2 126 | 23.3
305x165x46 461 3066 | 165.7 | 67 11.8 89 2652 598 | 396 5 90 | 22 | 1.25 | 271
305x165x40 403 | 3034 | 1650 | 60 102 8.9 265.2 692 | 44.2 5 90 | 20 | 124 | 3038
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