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SECTION A

Q1

SECTION B

Q1

(a)

(b)

(c)

BFS 40903

What do you understand with concrete class C28/35
(2 marks)

Describe briefly with sketching the concrete stress block for ultimate and
serviceability limit state.
(5 marks)

What do you understand about reinforced concrete?
(3 marks)

Figure Q1 shows the cross section of cantilever wall with the detailing of the
reinforcement. Previously the wall was designed to retain the backfill with 2
meters height. In a new project the height of the backfill is same but with an
additional permanent surcharge of 15 kN/m’. As an engineer you are required to
check the suitability of the wall based on:

(@)

(b)

(c)

The stability of the retaining wall based on sliding, overturning and
settlement. Partial safety factor as in the figure.
(15 marks)

The suitability of the main reinforcement (wall and base) to resist the
current load
(10 marks)

Give you comment for the current changes.
(5 marks)
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Q2

Q3

BFS 40903

Figure Q2 shows a flat slab of an office where the imposed load is 5 kN/m®. The
slab is 250 mm thick and the columns are 300 mm square. Concrete cover is 30
mm, concrete is C30/37 and fy = 500 N/mm”.

(@)

(b)

(©

(d)

()

(b)

(©)

Determine the design moment for panel AB/2-3.

(5 marks)
From (a), design the main reinforcement for long span only.
(10 marks)
Check for a deflection.
(5 marks)
Check for punching shear 2d from the column face.
(10 marks)

One of the advantages of composite construction is economical. Describe
THREE (3) examples of economical.
(6 marks)

What do you understand about partial shear connection in composite

construction?
(3 marks)

Figure Q3 shows a floor composite section for a factory building. The
floor will be propg)ed during construction. The floor is to resist an imposed
load of 3.5 kN/m”, permanent ceiling load of 0.5 kN/m®, beam self weight
= (.67 kN/m and slab self weight = 2 kN/m”. Concrete grade C25/30.
Determine:

(1) Plastic moment of resistance of composite beam and check against
applied moment. (yg = 1.35, yo = 1.5).
(8 marks)
(il)  Check for the shear of the section. (ymo = 1.1)
(4 marks)

(iii)  Design the shear connectors. Use headed stud with 19 mm
diameter, 100 mm height. (Assume full shear connection, E¢, =31
kKN/mm?, f, = 450 N/mm?)

(9 marks)
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Q4

(a)

(b)

BFS 40903

Figure Q4 (a) shows the section of wall for water retaining structures.
Cover = 40 mm, f;; = 30 N/mm?, £, = 500 N/mm®, @, = 12 mm, E; = 200
kN/mmz, E.=33 kN/mmz, design crack width 0.2 mm. Ag = 1.2 Amin

(1) Calculate the crack width due to flexural.
(15 marks)

Figure Q4 (b) shows an arrangement of shear wall for a building.
Determine the distribution of 120 kN horizontal force F into the shear wall
A, B, C. D and E. The relative stiffness of each shear wall is shown in the
figure in term of multiple of £.

(15 marks)

- END OF QUESTION -
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Surcharge = 15 kN/m?

Ny 4{
10250
Density, y = 17.6 kN/m’
3 2 =30
o Safe bearing pressure = 100 kN/m?
§ Friction coefficient, p = 0.5
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M 200mm 3250 mm "l
Partial safety factor, y
Overturning Overturning moment = 1.1 Restraining moment = 0.9
Sliding Sliding force = 1.35 Resisting force = 1.0
FIGURE Q1
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Appendix
Ultimate Bending Moment and Shear Force Coefficient in One-Way Spanning
Slab
End support condition
Pinned Continuous
Outer Near End End span At first At middle of | At interior
support | middle of | support interior interior supports
end span support spans
Moment 0 0.086 FI - 0.075 Fl - 0.063 FI
om 0.04 Fl 0.086 FI 0.063 FI
Shear 04 F
© 046 F 06F 05F
[ = effective span
Area of each bay > 30 m’
F = total ultimate load = 1.35 G + 1.5 Qx

Span/effective depth ratios for slabs

Location

AJbd = 1.5%

AJbd = 0.5%

AJbd 0.15%

One-or two-way
spanning slab:

plied by 0.8.

1. Values may be interpolated.
2. For flanged sections where the ratio of the flange to the rib width exceeds 3, the values should be multi-

Simply supported 16 22 30

End span 20 28 38

Interior span 22 30 33
Flat slab 18 26 36
Cantilever 6 9 12
Notes to Table 5.8

3. For spans exceeding 7m, other than for flat slabs, supporting partitions liable to be damaged by excessive
deflections, the value should be multiplied by 7/span (in metres).

4. The above assumes f,, = 460N/mm-. If other values of fy are used then multiply the above by 460/f,,.

5. AJbd is calculated at the location of maximum span moment.

6. For flat slabs where the greater span exceeds 8.5m, the value should be multiplied by 8.5/span.
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Ultimate shear shress 1, MPa

a The tabulated values apply for £ = 30MPa. Approximate values for other
concrete strengths may be used:
For fy = 25MPa the tabulated values should be multiplied by 0.95
Forf, = 35MPa the tabulated values should be multiplied by 1.05
For f3 = 40MPa the tabulated values should be multiplied by 1.1
For f3 = 45MPa the tabulated values should be multiplied by 1.15.

b The Table does not allow for any contribution from axial loads. For an axial
compression where stress of 6, = (N/4) MPa, the Table values should be
increased by 0.1d,,. where Nis the design axial load and 4, is the area of
concrete section.

100 A. 7 Effective depth (mm)
bed | 150 | 175 | 200 | 225 | 250 | 275 | 300 | 400 | 500 | 750 | 1000 | 2000
<0.25 0541054054 {052{050/048[047 043040036034 {0.31
0.5 059059059 {057{0561055/0540511048045/0.430.39
0.75 0681068068 [066[064]063]06210581055]051]049045
1.00 07510751075 0.721071] 069|068 0.64 | 061057054049
1.25 080080080078/ 07610.74,0.73]0.69 066061058053
1.5 085{085{085{083/081[{079/078/0.73]/0.70{065]0.62|0.56
=2.00 0941094094091/ 089]087/085]/0800.77 071068062
Noftes

z/d for singly reinforced rectangular sections

<005 09502 5 - 0B68

006
007
0.08
009
010
011
012
Key

0.944
0934
0.924
0913
0.902

0891

0.880

014
015
0.16
017
018
019
0.20

0.856
0.843
0830
0816
0.802
- B7sr
077

a limitingz mmsdkmammdmzhnkmﬁbegmdpm
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Table 5.5 Distribution of design momentis of flat slabs

Design moment Column stip % Middle strip %
Negative 75 Zh
Positive 55 45

Note

For the case where the width of column strip is taken as equal to that of the

drop and the middle strip is thereby increased in width, the design moments to
be resisted by the middie strip should be increased in proportion to its increased
width. The design moments to be resisted by the column strip may be decreased
by an amount such that the total positive and the total negative design moments
resisted by the column strip and middle strip together are unchanged.
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BS EN 1993-1-1:2005 UNIVERSAL BEAMS
BS 4-1:2005
By Advance UKB -
r
tw
L
w
Dimensions
Section Mass | Depth | Width | Thickness | Root | Depth | Ratios for Dimensions for rface Area
Designation per of of Radius | between | Local Buckling Detailing
Metre | Section | Section| Web | Flange Fillets |Flange| Web | End Noich | Per | Per
Clearance: Metre | Tonne
B h b - & r o d gl o tt, [+ N n
kgm | mwm | mm {om | om | mm mm “mm {mm{mom] o |
533x210x138 + | 138.3 | 5491 | 2139 [ 147 | 236 | 127 | 4765 | 388 | 324 9 110} 38 [ 190 | 137
533x210x122 1220 | 5445 | 2119 {127 | 213 | 127 | 4765 | 408 | 375 8 110} 34 | 189 | 155
533x210x109 1000 | 5395 | 2108 | 116 | 188 | 127 | 4765 | 462 | 411 8 110 32 | 188 | 17.2
5302102101 1010 | 5367 | 2100 | 108 | 174 | 127 | 4765 | 4.99 | 441 7 110} 32 | 1.87 | 185
-} s33x210x92 921 | 5331 | 2003 | 101 | 156 | 127 | 4765 | 557 | 472 7 110 30 | 186 | 202
533x210x82 822 | 5283 | 2088 | 96 | 132 | 127 | 4765 | 658 | 496 7 110} 26 | 185 | 225
533x165x85 + B4B | 53490 | 1665 | 103 | 165 | 127 | 4765 | 3.96 | 463 7 90 | 30 | 169 | 199
533x165x75 + 747 § 5201 | 1858 | o7 | 136 | 127 | 4765 | 481 | 491 7 s0 | 28 | 168 | 225
533x165x66 + 657 | 5247 | 1651 | 89 | 114 | 127 | 4765 | 574 | 535 [ g0 | 26 | 167 ] 254
457x191x161 + | 1614 | 4920 | 1994 | 180 | 320 | 102 | 4076 | 252 | 226 11 102] 44 | 173 | 107
457x191x133 + | 1333 | 4806 | 1967 { 153 | 263 | 102 | 4076 | 3.06 | 265 10 102z 38 | 170 | 128
457x191x106 + | 1058 | 4692 | 1940 | 126 | 206 | 102 | 4076 | 391 | 323 8 102] 32 | 167 | 158
457x191x98 983 4672 1928 | 114 | 1986 102 4076 411 358 8 1024 30 187 | 170
457x191x89 893 | 4634 | 1913 | 105 ] 177 | 102 | 4076 | 455 | 388 7 102} 28 | 166 | 186
A57x191x82 820 | 4600 | 1913 | 99 | 160 | 102 | 4076 | 503 | 412 7 102 28 | 185 | 201
457x191x74 743 | 4570 | 1904 | 50 | 145 | 102 | 4076 | 555 | 453 7 102 26 | 164 | 221
A5TX191x67 671 | 4534 | 1805 | 85 | 127 | 102 | 4076 | 634 | 480 [ 102] 24 | 163 | 243
457x152x82 821 | 4658 | 1553 | 105 | 189 | 102 | 4076 | 329 | 388 7 84 | 30 | 151 | 184
45{3(15@(74‘ 742 462.0 154 4 986 17.0 102 4076 366 425 7 84 28 150 § 202
A57X152x67 672 | 4580 | 1538 | 50 | 150 | 102 | 4076 | 415 | 453 7 84 | 26 | 150 | 223
457x152x60 508 | 4546 | 1529 | 81 | 133 | 102 | 4076 | 488 | 503 6 84 | 24 | 149 | 249
A57x152x52 523 | aa08 | 1524 | 76 | 109 | 102 | 4076 | 571 | 5386 6 84 | 22 | 148 | 283
406x178xB5 + 853 | 4172 | 1818 | 108 | 182 | 102 | 3604 | 414 | 331 7 96 | 30 | 1.52 | 17.8
406x178x74 '*, 742 | 4128 | 1795 | 95 | 160°| 102 | 3804 | 468 | 378 7 o6 | 28 | 151 | 204
406x178x67 671 | 4094 | 1788 | 88°} 143 | 102 | 3604 | 523 | 410 6 96 | 26 | 150 | 223
__A0BX178x60 601 | 4064 | 1779 | 79 | 128 | 102 | 3604 | 584 | 456 | & | 96 | 24 | 1.49 | 24.8
406x1 7858 541 | 4026 | 1777 | 77 | 108 | 102 | 3604 | 686 | 468 6 |96 |22} 148})273
406X140x53 + 533 | 4066 | 1433 | 79 | 129 | 102 | 3604 | 4.46 | 456 [ 78 | 24 | 135 ] 253
406x140x46 460 | 4032 | 1422 | 68 | 11.2 | 102 | 3604 | 513 | 530 5 78 | 22 | 134 | 291
406x140x39 390 | 3980 { 1418 | 64 | 86 | 102 | 3604 | 659 | 563 5 78 | 20 | 1.33 | 341
356x171x67 671 | 3634 | 1732 | 91 | 157 | 102 | 3116 | 458 | 342 7 94 | 26 | 138 | 2086
356x171x57 570 | 3580 | 1722 | 81 | 130 ] 102 | 3116 | 553 | 385 3 o4 | 24 | 137 { 241
~356x171x51 510 | 3550 | 715 | 74 | 115 | 102 | 3116 | 625 | 421 [ 94 | 22 | 136 | 267
356x171x45 450 {3514 fimia f 70 | 97 | 102 | 3116 | 741 | 445 8 94 | 20 | 136 | 302
356X127x39 391 | 3534 | 1260 | 66 | 10.7 | 102 | 3116 | 463 | 472 5 70 | 22 | 1.18 | 30.2
356x127x33 331 | 3490 | 1254 | 60 | 85 | 102 | 3116 | 582 | 519 5 70 | 20 | 147 | 354
305x165x54 540 | 3104 | 1669 | 79 | 137 | 89 | 2652 | 515 | 338 6 90 | 24 | 1.26 | 233
305x165x46 461 | 3066 | 1657 | 67 | 11.8 | 89 | 2652 | 598 | 3986 5 90 | 22 | 125 | 271
305x165%40 403 | 3034 | 1850 | 60 | 102 | 89 | 2652 | 692 | 442 5 00 | 20 | 1.24 | 308
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B EM 1903-1-1:2005 UNIVERSAL BEAMS
BS 4-1:2005
Advance UKB z
y—F—v
i -
gy e Properties <
\N’,_.A Wl
Second Moment | Radlus Elnstic Plastic | Buckling | Torsional| Warping | Torsional | Area
of Area of Gyration Modules Modulus Index | Constant | Constant| of
Axis | Axis | Awis | Axis | As | Axis | Axis | Aws Seclion
¥ =z y¥ ZZ ¥y 2z vy =z

: u X [ | A

cm‘ m# em em | em® { em® ] em® | am? dm? o om®

533x210x138 + | BG6100 | 3860 | 221 | 468 | 3140 | 361 | 3610 | 568 | 0E74 249 267 250 176
5332105122 76000 | 3390 | 221 | 467 [ Zve0 | a20 | 3200 | 500 | o878 276 232 178 155
533x210¢108 G6BO0 | 2940 | 219 | 460 [ 2480 | 274 | 2830 | 436 | 0875 309 1499 126 139
533x210x101 61500 | 2690 | 219 | 457 | 2290 | 256 | 2690 | 399 | 0874 331 1.81 101 129
L3 3x310x92 55200 390 § 297 | 451 {2000 22B | 2360 | 355 0873 364 1.60 57 117
53%2tons2 . | 47500 | 2010 | 293 | 438 [ 1800 | 192 2060 § a0 | 0863 416 | 133 515 105
53%x 165285 + 48500 f 1270 | 212 | 344 {18207 153 [ 2100 | 2s3 0.BEY 385 0.857 738 108
53ax16575 + 41100 | 1040 | 208 | 330 {1550 | 125 [ 1810 | 200 | 0853 411 0.691 478 | 952
533x165486 + 35000 | 859 | 205 | 320 {1340) 104 [ 1560} 166 | o847 | 470 0.566 320 83.7
A57x191x161 + | 79800 | 4250 | 197 | 4.55 | 3240 | 426 | 3780 | 672 | 0.881 185 225 515 206
ASTXIBIXI33 + | G800 | 3350 | 194 | 444 | 2660 | 349 | 3070 ) 535 | 08re 196 173 792 170
AETAx106 + | 48000 | 2510 | 190 } 432 | 2080 250 [ 2300 | 405 | 0a87E 244 127 146 135
4572191298 45700 2350 | 191 | 433 | 1960 § 243 | 2230} 379 08831 258 1,18 121 125
ART10188 41000 | 2000 | 190 | 429 {1770 § 298 | 2010 | 338 0878 283 1.04 907 114
A5Tx 19182 37100 §870 | 188 |} 423 | 1610 | 196 | 1830 | 304 0.87% 3ol 0.922 692 104
LET1912T4 33300 1670 188 | 420 | 960 § 176 | 1650 | 272 0877 I3B O.B18 518 4.8
A5Tx 191wG7 28400 1450 | 185 | 412 | 1300 § 153 | 1470 | 297 0.873 378 0.705 37.1 855
45Tx152582 36600 | 118D | 187 | 337 | 1570 [ 153 | 1870 | 24D | 0872 274 | 0591 892 105
45715274 37700 | 1050 | 186 | 333 [0 | 136 {1630 ( M3 | oanz 301 | 0518 659 | 945
A TR1522BT 28900 | 93 | 184 | 327 | 1260 | 119 | 1450 | 187 | 0868 336 | 0448 77 856
AGTABIED 26500 | 795 | 183} aza{stz0] 104 [ 1200 183 | nass ar5 | nasy 338 52
A5Tx152¢52 21400 | 545 | 179 | 3.91 | 050 | 846 § 1100 | 133 | 0.858 438 | 0311 214 668
ADEX178v85 + 31700 | 1830 | 17.1 | 411 | 4520 | 20t | 1730 313 | 0.880 244 | 0728 930 109
ADBx1TRTS ZT300 1550 170 | 408 1%‘23 " 172 | 1500 | 267 0.882 275 . B0B 628 945
0ER1TERGT 24300 | 1360 | 169 | 399 | 1190 | 153 [ 1350 | 237 | oasao 304 0.533 48.1 855
cosxi7avel | zieoo;| 1200 0/168 | 357 | 1060 | 935 {1200 | 208 | ossc | 337 | 0466 | 333 | 765
A05x178x54 | 6700 |-toee | 165 | 285 | 930 | ViS5 [ 080 978 | osri | maa | 03Z | 230 | es0
ADEx140x53 + 12300 835 164 | 308 | 8o | 888 | 1030 | 139 0870 a1 0248 280 879
A0 40x46 15700 538 164 | 303 s 757 | 888 18 oarn 390 o207 180 586
ADSXIATHI0 12500 | 410 | 159 | 287 | e20 [ 578 | v2e oos | 0858 | 474 | 0158 10.7 497
3S6EX17 1267 19500 | 1360 | 15.1 | 359 [ 1070 ] 157 | 1250 ] 243 | 0.886 244 | 0412 557 855
ARG T 15T 16000 1130 | 145 | 381 EBB 120 |} 1090 | 199 0382 288 0.330 334 726
556x17 1251 14100 | 068 | 148 | 386 | 796 | 113 | 896 | 174 | 0.881 321 0.286 238 64.9
56171246 12900 | 811 | 145 | 376 | 687 | s | 775 | 197 | ons7s 388 | p237 158 57.3
456%127%30 10200 | 358 | 143 | 288 | 576 | 568 | 659 | 880 | 0871 | 352 | 0.105 15.1 495
27533 g280 | 280 | 140 | 258 | 473 {447 | 543 | 702 | onasss | 421 | oom 879 | 421
A05x165x54 11700 | 1060 | 130 | 393 | 754 | 127 | B46 | 106 | 0.889 2356 | 0234 348 | 688
051 BEAE 9900 | B9G | 430 | 390 | ©46 | 108 | 720 | 166 | 0850 271 | 085 222 587
05w A as00 | 784 | 129 | 386 | 560 | o2s | 623 | 142 | osss 310 | o464 14.7 513
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Bar areas and perimeters

Table A.1 Sectional areas of groups of bars (mm?)

Bar size Number of bars

(mm) 1 2 3 4 5 6 7 8 9 0
6 283 566 849 113 142 170 198 226 255 2
8 02 101 151 201 283 2 357 402 453 5
10 735 157 236 314 393 471 550 628 707 7
12 113 226 339 455 S65 619 799 95 1020 71
16 201 402 603 B804 1010 1210 1410 1610 1810 20
20 314 628 943 1260 1570 1890 2200 2510 280 34
25 491 982 1470 1960 2450 2950 3440 3930 A4 48
32 S04 16100 2410 3730 4020 4830 5630 6430 7240 £

40 1260 2510 3770 5030 6280 7540 8800 10100 11300 126

Table A.2 Perimeters and weights of bars

Bar size () 6 8 10 12 16 20 25 32 40
Perimeter (mm) 18.85 251 314 37.7 50.2 62.8 78.5 100.5 125.6
Weight (kg/m) 0.222  0.395 0.616  0.888 1.579 2466  3.854 6.313 9.864

Bar weights based on density of 7850 kg/m

Table A3 Sectional areas per metre width for various bar spacings (mm?)

Bor <o Spacing of bars
(mm) 50 75 100 125 150 175 200 250 300
6 566 377 283 276 189 162 142 113 94

8 1010 671 503 402 335 287 252 201 168
10 1570 1050 785 628 523 449 393 314 262

12 2260 1510 1130 905 754 646 566 452 377
16 4020 2680 2010 1610 1340 1150 1010 804 670
20 6280 4190 3140 2510 2090 1800 1570 1260 1050

25 9820 6550 4910 3930 3270 2810 2450 1960 1640
32 16100 10700 8040 6430 5360 4600 4020 3220 2680
40 25100 16800 12600 10100 8380 7180 6280 5030 4190
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3acrgm
Wmax
8—€ o
Equation I+ 2( - )
Water Retaining Structure En =& 7 &
My: 0.157 £, bd? . gh—x;x /.
d-x) E
M s
1- |1-0.7—
x = ( \J Mu) d
0.9
5 For a limiting design surface crack width of 0.2 mm:
X1 =aep| |1+ —1/d b(h—x)(a'—x)
a@p 82 =
3E,A,(d~x)
E= 1\/‘145 For a limiting design surface crack width of 0.1 mm:
z
) 155 " 1.5b(h—x)(@' —x)
. &=
= 3EA(d—-
AS fyz :As( x)
Reinforced Concrete Slab
M
k = b_d"z_}.——
ck - Lok ) [ Lek
" Viamax = 0.5ud |0.6 (1 — L£)| Lk
Ag=——
S 0.87fyz VRde= Vrp.cu1d

Retaining wall

_ 1-sinf
& 1+sind
P, =Kapgh
YW  YXM
Pnax = =745

ASmin = 0.15b,d/100
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