UNIVERSITY OF RUHUNA

Facuity of Engineering

End-Semester 6 Examination in Engineering: December 2015

Module Number: CE 6302 Module Name: Design of Concrete Structures 11

[Three Hours]
[Answer all guestions, each Question carries 30 marks]

Code of Practice BS 8110 Part 1; 1997 and BS 8007: 1987 are provided

Q1. Reinforced concrete underground water sump is to be designed in one of the luxury
hotel project in Galle. Water is pumped through the pump house nearby to the
overhead tank in the building, Sump is covered by a 200 num thick concrete slab (on
top). A neoprene pad is provided at the joint of top slab and tank walls. The
proposed internal dimensions of the water sump are shown in the Figures Ql-a) and
Q1-b). The water sump is constructed on level ground. The water table is 1 m below
the existing ground level. Borehole data indicates that there is sandy soil up to 4 m
below the ground level. Density of moist soil is 20 kN/m? and active soil pressure
coefficient (ka) is 0.217. Take Design bearing capacity of the soil as 230kN/m2
Consider the minimum factor of safety as 1.5.

State clearly all assumptions you may make (if any) to solve the problem.

a) Check the stability of the underground water sump under all possible
unfavorable load combinations.

[2.0 Marks]

b} Determine the effective length, effective width and effective height of the water
sump walls.
[2.0 Marks]

¢) Calculate amount of reinforcement required for the wall-A to resist bending
moments and axial forces at ULS in the vertical direction.
[12.0 Marks]

d) Check the stability of the water sump under serviceability limit state and check

whether the design satisfies the required factor of safety
[6.0 Marks]

e) Suppose water sump is unstable, recommend possible modifications to the
structure to make it stable. Describe how your proposed methodologis improve
the stability of the structure.

[4.0 Marks]

f) Explain the structural benefit of having neoprene pad on sump walls.
[2.0 Marks]
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Q2.

8)

h)

a)

b)

Propose methodologies to reduce the effect of ground water table on the water
sump.
[1.0 Mark]

Explain the effect of uneven topography of ground condition in the construction
of the water sump.
[1.0 Mark]

Derive the expressions for Prestressing forces (P and P;) applied eccentrically in
a concrete member based on the most critical stresses at service and transfer
states. Clearly indicate all necessary stress and strain diagrams required in the
derivation.

[2.0 Marks]

A newly constructed prestressed concrete bridge has a post-tensioned solid
concrete slab for the deck. This solid slab is designed to carry service load of 8
kN/m2 The effective span of the slab is 16.0 m and is simply supported at the
two edge beams. Take immediate losses and long term losses to be 10% and
20%, respectively. The concrete strength at 7 days (at transfer) and at 28 days of
casting are 40 N/mm? and 60 N/mm?, respectively. The unit weight of concrete
is 25 kN /m3. The slab is expected to design as a class Il member.

i)  Determine the required minimum depth of the bridge deck slab.
[6.0 Marks]
il) Suppose the bridge deck with a depth of 525 mm, if the maximum
eccentricity of the tendons at mid-span is 75 mm above the soffit,
determine the required minimum value of the prestressed force to resist
above loading. Use inequality expressions to solve above calculations.
[6.0 Marks]
iii) Construct a Magnel diagram for the bridge slab and find the required
minimum prestressing force for a tendon eccentricity of 188 mm. Explain
briefly, what would be the effect on the minimum prestressing force for
reducing the eccentricity to 125 mm and increasing it to 250 mm?
[6.0 Marks]
iv) Suppose the bridge deck slab is subjected to prestressing force of 5195
KN/m. Determine the cable zone for the full length of the bridge deck and
provide a suitable cable profile.

[6.0 Marks]

v) Discuss why it is important to know cable profile in designing the end-
blocks?

[4.0 Marks]
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Necessary Equations

P iZlfmm +M,+M

imax j

M, + M, (1~22)

&

L 2
amaxt wfam‘m

{%’.wg}
] A
—

P Q[ZZfanﬂni - Mdj

€

M, . +M,(-a)

z
famax ma:famim

v

All notations have the standard meanings.
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Fig. (J1-a: Plan view of the Pool
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Fig. Q1-b: Internal Dimensions of the Pool
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Annex_1_Steel Properties

Type of o Specified Maximum
BS tendon Nominal charactersitic relaxation (%)
diameter  Nowminal load (kN) after 1000 h
and steel tensile
areq strength 0.1% proof at
Fu Breaking load or load a1 70% 80% of
load (A) at 1% of A A
elongation )
g,
Wire wm mm? Niwmm? 0.1% proof
load
5806 Cold-drawn 7 385 1670 64.3 53.4 Class 1 12
Sfe(e;rzm 7 1570 60.4 50.1 8
straightered) 6 283 1770 50.1 416 45
6 1670 47.3 393 Class 2
5 19.6 1770 34.7 28.8 2.5
5 1670 32.7 272
45 159 1620 25.8 214
4 12.6 1770 22.3 18.5
4 1670 21 175
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Annex_2

Tw&t&ay slabs: triangularly distributed loads: elastic anziyses
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Two-way slabs:

common coeflicients

tangular panels: loads on beams:

Annex 3

R oo ik — Hywi? (max.)

Panels supported alovg fouwr edges Panels upsupported slong one edge
. U Uns i
7 k> b Ry Ry o= il peupported Unsupeat®d g
Ry = Ry =k~ Hwil Ry =Ry =tk ~Hwil
| - o= =112k R, =$wi?
f Bom b Ry = By = gy = By o ul? B=1/2k
4 k€43 R, =4wi(min) o= 1/2k (min) e k32 Ry= Ry bkl — Howi
e | Ry By = Mg — Sl ;S Ry=0
Ry = fhwil (max) £ = 3/6k {max) . % R, =4k wil
2 1§ Y=k
) k<4/% R, =3B, nppron.(min) o= 38 {min} Ry=0 B =5/8k
Yo 2 B=5/8(max) R, = 3R {min.) ¥ =58
Ry = Ry = Fyktwit =& =38 Ry = i
4’ Ry = 3k(1 — $)wl approx, foaux.} B, =k —fE)wl (max)
i Ry = Ry fwl? - '
Ry =3R, {min.) ?Ei k#8/5 Ry =4R;(min) R,=0
I A Ry = gk — $ywl (max) § Ry = $k(1 ~ fgh)wi (max.)
o= = 38k ¥ = fmax) 12 Ry s gl wiZ & = 3/8k (min)}
i3 ¥ = 5k/8 (max)
R, == fwl (min) & = 3/8kimin)}
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Ry=4wl
R, = [k — 4 wi? (max.)

k4S54 By =Ry= 5wl
Ry =2R, (min)
Ry =k — §wii{max)

o B = 58K
# = 5/8 (max)

G35k B ifk

k€54 Ry Rymib(l - Howl? a=F=1/2

i ) Ry = Ak wil {min.)
R, = $ewl max) ¥ =k/2
£ = 3L/10
) R, = fywit {min) & == 3/40k (rain)
I Ry = Ry =4k — Fywi}

Ry = 3wl (man.) B = 1/2k{max)

R, = Ry = Fywi? (min)
Ry = Ry =4k — F5)wl (max.)
@ = §=3/10k{min}

)

k45/% R, = Ry = rywil {min.)
Ry = Ry =k~ Hwh {max)
o == f o= 5/6k {min)

- }ang@r span

L T3, shorter span
Shorter
£0an w = intensity of uniformly distributed
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Annex_ 4

Reinforcement: metric bar data

Bar size in millimetres

6 8 16 i2 16 0 25 32 40 50
8 7 376 570 iy 1507 2680 4188 6544 — — —
ERE:- 353 528 98} 1413 2513 39006 6135 — — —
e w0 314 538 872 1256 2234 3490 5434 - — -
o £ 100 282 562 785 1139 2010 3141 4908 8042 — —
&
5 =1
§ g 1w 257 456 713 1028 1877 2855 4462 7311 — —
a & 120 235 418 654 942 1673 2617 4090 702 1047] —
g £z 226 @2 - 628 904 1608 2513 1926 6433 10053 —_
g g 130 217 386 504 869 1546 2416 3775 6186 9666 —
= 3
£ % 140 201 359 560 807 1436 2243 3506 5744 8975 —
2 g 150 188 335 523 753 1340 2094 3272 5361 8377 13090
3 & 160 176 314 400 706 j2356 1963 3067 5026 7853 12272
g § 175 161 iy 448 £46 1148 1785 2804 4585 7180 1220
o Ry
El 8 180 is7 279 436 528 1817 1745 2727 4458 698} 10908
2 2 200 141 251 352 565 1603 1578 2454 402 6283 9817
g B 220 28 228 358 514 913 1427 2231 3655 5741 8925
3 T 25 125 223 349 502 893 1396 2181 3574 5585 8727
2 5
W @ 240 117 209 327 471 537 1308 2043 3351 5235 8181
B 250 113 201 314 452 504 1356 1963 1216 5026 7854
& 275 102 * 182 IBS 411 731 1142 1784 2924 4569 7140
300 94 167 261 378 670 1047 1636 2680 4188 6545
=
1 28.3 50.3 78.5 113.1 2001 3142 4909 8042 12357 1963
2 6.5 100.5 ¥57.1 2262 41 6283 9817 1608 2513 3927
3 84.8 1508 2355 338.3 603.2 9425 1473 2413 3770 5890
4 3L 2003 3142 452.4 2042 1257 1963 3217 5027 7854
5 1414 2513 7 5655 1005 1571 2454 4921 6283 5817

6 165.6 301.6 471.2 6788 1206 1885 29435 4825 7540 1178}
7 197.9 3519 5498 7917 1497 2199 3436 5630 8796 13744
g 226.2 2.1 6383 904.8 1608 2513 3927 6434 16053 15708
9 254.5 452.4 766.9 1018 1810 2827 4418 7238 11310 17671
& 282.7 5027 785.4 1131 2011 3142 4909 4042 12566 19635

3110 5529 8639 1244 2212 3456 5400 2847 14823 . 21398
12 3393 603.2 2425 1357 2413 3770 5850 9651 . 15080 23562

Mumber of bars

13 367.6 6335 1021 1470 2614 4084 6381 10455 16336 25528
14 395.8 7037 1160 1583 2815 4398 6872 11259 17593 27489
i5 474.1 7546 1178 1696 3816 4712 7363 12064 18850 29452
16 4524 8042 1357 1810 3217 5927 7854 12868 20106 31416
17 480.7 §54.5 1333 1923 3418 5341 2345 13672 21363 33379
8 508.9 904.8 1414 2036 3619 5655 8836 14476 22619 35343
9 537.2 95506 1492 2149 3820 5969 9327 15281 23876 37306
0 565.5 1905 1571 2262 4021 6283 9817 16085 25133 39270
£
2
s i i8.8 25.1 314 37.6 50.2 62.8 78.5 100.5 125.6 157.1
4 2 318 50.2 62.8 75.3 100.5 1256 157.0 2010 2513 3142
-g o 3 56.5 75.3 94,2 130 150.7 188.4 2358 301.5 3769 471.2
El & 4 75.3 100.3 125.6 150.7 201.0 2513 3144 402.1 502.6 628.3
é w03 94.2 1256 1570 1884 251.3 314.1 3926 502.6 628.3 785.4
G b
§. é 6 113.0 150.7 188.4 2261 3615 3769 471.2 603.1 753.9 942.5
%5 § 7 1319 1759 2199 263.8 351.8 4398 549.7 703.7 8756 1100
4 8 150.7 201.0 2513 3015 402.1 502.6 628.3 804.2 1665 1257
& 9 169.6 2326.1 282.7 3382 452.3 565.4 706.8 904.7 1130 1414
E 10 188 4 251.3 314.1 3769 5026 6283 785.3 1005 1256 1571
o

Ateas ave given in square millimestres: perimieters in millismeatres.
For additionsl notes see Table 89.
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Annex 5

Deslgn data for singly-reinforced sections:

SE umits

f. (M
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