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1. FIGURE Q1 shows a reinforced concrete slender column cross section with 

dimensions of300 rnm x 200 mm. The colurnn is subjectedto an ultimate axial 

load of 1250 kN and moment of 87 kN.m about minor axis (y-y). Design the 

longitudinal reinforcements and shear links for this column. The characteristic 

strength of concrete i.s 30 MPa, the charact~ristic strength ofsteel is 500 MPa and 

axis distance is 50 mrn. Assume the following information: 

Slenderness ratio, ly =39 

Effective length; Loy = 4.1 m 

FIGURE Q1 
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2. FIGURE Q2 shows the longitudinal section of a reinforced concrete stair 

connecting to the ground floor and the first floor of a shop house. The 1.5 m width 

stairs have 170 mm risers and 300 mm going along the flight. The stair is 

monolithically casted with supporting beams and connecting slabs at the first-floor 

level. However~ at the ground level it is only casted monolithically with a supporting 

beam. Other dimensions of the staircase are given in the figure, 

With a characteristic live load of 5.0 kN/m2 and a characteristic dead load of 1.4 

kN/m2 (excluding of self-weight), design the reinforcement required in the stair 

using Grade C40 concrete, Grade 500 steel r~inforcement, and a concrete cover 

of 25 mm. Assume a suitable value for the waist of the stair. All checking of 

deflection, shear and cracking should be done. 
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3. FIGURE Q3 shows a simply supported rectangular beam with span of 1 0 m 

carrying a uniformly distributed vertical load ()f 15 kN/m. Calculate the minimum 

prestressing force P required for this beam for two cases as the following: 

a) P applied along the line of centre of gravity. [15 marks] 

b) P applied at a distance (e)= 175 mm. [15 marks] 

w= 15kN/m 

h=610 

(a} 

p 

p 

FIGURE Q3: (a) Beam dimensions; (b) P applied along the line of centre of gravity; 

(c)P applied at a distance of e = 175 mm. 

-END OF PAPER-
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APPENDIX 

Stair design 
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Table 7 AM: Bas~ ratios of sa)anieffeelive dePth for reinforced concrete members without axial 
compression 

Structural System 

Simply supported beam, one~ or 
two-way spanning slf1lply 
supported slab 

End span of continuous beam or 
one-way continuous slab or two
way spanning slab continuous over 
one long side 

Interior span of beam or one. way 
or two-way spanning sr.,b 

Slab supported on cofumns without 
beams (flat slab) (based on longer 
span) 

K 

to 

1,3 

1,5 

1,2 

Concrete highly stressed 
"'1,5% 

14 

18 

20 

17 

6 

Concrete lrghtly stressed 
'"' 0,5% 

20 

26 



~ 
Spgdng of Ban 

~~I! 

.Min size 

9.2.1.1 (1 ): 
0.26 kJe.l~ ~ 0.0013 w 
0.04 bd 

9.3.1.1 (1): 
0.~ for single way slabs 

9.2.1 ~1 (3): 0.04 bd 

8.2 (2): d1 + 5 mm or • or 10mm 
9.3.1.1 o•= main3h~400mm 

3.5hs450mm 

plocesof maximum rn .... ...,.., .. n:!" 

main: Zh :s: Z50 mm 
secondary: Jh s 400 mm 

.9.5.2 :(1): 0*10Nc410.87f'Jk.~ O.OOlbh 

9.5.2 (3): 0.04 k/l(out of laps zones) 
0. 08 til (in laps zones) 

9.5.3 (1) O.Z!)t or 6 mm 

The least of the following: 
a. 10 x min diameter of bars 
b. Lesser dimension of the column (t?.~.h) 
c. 400 mm 
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Slenaerness raao 
The slendernes$ ratio of a column bent about an axis: 

20.A.B.C 
·· .. · .. .• ·£::·· •.• ·· -vn . .. . . 

A = 11 (1+D.2At) (lf f\1 is not~P:Jwn. A = 0.7 may be used) 

8 = (I eis not Smown. 8 = may be 
C =1,7- (lfr.isnotknown,C=0,7maybeused} 
"' -~ ~ ,.e~o;.~ 5Jl4; 
• = ~ .. ..Wbrcemen 
A. is 
n = 
fm = A4.1Afia.:; ~l ratio 
Ut1. 4~ are the first order end moments, 
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Determine Mu 
SHORT COLUMN SLENDER COLUMN 

(a)erated 
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Mu • m~{M0z,Moz + M2JM01 + O.SM2~Mmtnl 
£..,~:: 

I• •I 
M91+0.6M'2 

(b) Uftbrated 
Mu = lllfX{Mo,t + M,t. Mmi•} 

£-h 

Mor+Ml 
fl ·• 
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-~ .... 
(b) Mo• • 0.611(12 + 0.4Mo1 ~ 0.4Moz 

(c) Mz • Nee • ez Cl5~8,8,2{3) 
~~I 
.. -. "% -

For.~ 
·~ 
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(a). 

(b) 

if 

if 

Of 

fJ(Ii'll:l) 

fJ(IJ•Jh') 
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aBC~ IJ• are the effective depth u mdieated in Figure 10.9~ and the c.oeffieient pean be 
obtained trom the equation 
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+ si LO · a is 

1.0 I 2J) 
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1.2 
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VRd,rna."' = 0.5 Y1 f~d ud = 0.5 Y1 (~~:) trd 

Where: 

u is the perimeter of the column 

d is the effective depth of the footing 

y1 is the strength reduction factor ~ 0.6 .( 1.~ fcf(./250) 

k = 1 + J200/d < 2.0 

·· A .. · .. ·, St. 

Pl = bwd 0.02 
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v 
Punching shear stress. 1.1 - . 

811 
-

Bd p.trrimeter d 

And 

where 

; '(• ·. f20o) K ::= 1 +~(! < 2.0 with d in mnl 

p 
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If 

If 

mm : 

>SSOmm : !(8/r - 600) 3 p 

k•.f!!dla -. " n 

+ .. ..,_ ____ 1·----· "1:J 
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Shear enhancement 

av 12dx VEd 
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Table for determining final Structural Class- EC 02-1-1: Table 4.3N 

redt.~Ce redlJCEI redt.~Ce 
:onc:rete d<l$$ by 1 d<l$$ by 1 class by 1 

tal& UR:.V.,..ofmlnlmwn cover.,..,.,..,.-... requarcmttaM 
,..... __ _.ln~corCIII"'Cff 

Tale s.t:: Milimttm cover*"Uil~:l··req2u=:inml:..:· ·=en::._11_"""3::'""__:::_.. ____ ~......--__......;_..._ __ 7 i 
~tor~ 

~ed 

Equivalent diameter 

'" 9 ..Jf~ ~ mm 
Wbr.rre ~ is the nlmlber of~ in the bundle. which is limbed to 

fib 4 for vertical bit~ in compression 
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r =0 3~' 211 (lvlPa) 
.lt:tm. • .lck 

ECPI 
(Oo,t~) 
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where Us 
section. kt 
0.4 for Jong;;term 

it IS a~ rortrte db relm~ 
t~ sa ~ acc~gf« 1h~ n~e of 1he !!~rain d!llnbUI:m Which 

P p .«! is effective reinforcement ratio. As I 
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the cracked concrete 
food, 

ett = lesser of 2.5(h- d), (h- x)/3 or h/2 

Type of stress: 

Axial Stress= P/A 

Bending stress= M/z 
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