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FIGURE Q1 shows a reinforced concrete slender column cross section with
drmensrons of 300 mm X 200 mm. The column is subjected to an ul’umate axral:v

load of 1250 kN and moment of 87 kN m about minor axis (y y) Desrgn the

longitudinal reinforcements and shear links for this column. The characteristic
strength of concrete is 30 MPa, the characterrstrc strength of steel is 500 MPa and
axis distance is 50 mm. Assume the followmg information: '

Slenderness ratio, ly =39

Effective length; Loy =4.1m_ e
e e  [35 marks]

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 siabs at the first-floor
level. However at the ground level itis only casted monohthlcally witha supportmg

beam. Other dimensions of the staircase are glven in the flgure

With a characteristic live load of 5.0 kN/m2 and a characteristic dead load of 1.4
kN/m2 (excludlng of self—werght) demgn the relnforcement required in the stair
using Grade C40 concrete Grade 500 steel relnforcement and a concrete cover

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

deflection, shear and cracking should be done.
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3.  FIGURE Q3 shows a simply supported rectangular beam with span of 10 m
carrying a uniformly fdistrib'uted vertical ’[_oa:‘db‘f 15 kN/m. Calculate the minimum

prestfeésing force P réqﬁiréd for thiébéamb for two.cases as the followingjif :

a) P applied along the ]ine of cejntreg of gravity._} o [15 marks]

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

we= 15 kN/m

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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Table ? 4N Basic ramvs of s_pani&fiectwe de;as‘h for neinforcaed concrete members wnhout ax:al }j

Lot compression
; Congcrete highly stressed Concrete lightly stressed

Structural System K o=1,5% - p=0,5%
Simply suppmeﬁ beam, one-or - 1 o , :
wo-way spanning sampy E 1 41, 14 [ 20
‘supported slab 't AR
End span of cortinuous beéfn or
one-way continuous slabortwo- | 13 18 26
way spanning slab continuous over
one long sid&

Interior span sf bea ” m one. :'way
or two-way spannmg sl ab

beams {(fiat slab) (based on longer
span)

Slab supported on co!umns wﬁhcm )

Qwer hav 2
show that thinner members are pussable e
Note 2: For 2-way spanning slabs, the check should be carried out on the bas;s of the shor:er span. For
flat siabs the longer span should be laken.
Note 3: The fimits given for flat slabs correspﬂnd 10 a less severe limitation than a mid-span deffect;on of
A8 n/izs0 re%aﬁve to the columns. Exp ; o

1.2 17 24

nence has shewn th;s w be sausfactogr
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: ars in Tension
éﬁmﬁgﬁ 9.2.1.1 {1):

0.26 fym/ fubd, = 0.0013 bd,
A 0.04 bd
Secondary Transverse Enrs
S gzﬁ:;mf ii;sg{e way slabs
Aswx 0 921403 0.04 bd
Spacing of Bars = ., hE
Smin 8.2 (2): d;+ 5 mmor ¢ or 20mm
‘ 9.3.1.1 {3): main 3h = 400 mm
Smax o -+ secondary: 3.5h < 450 mm ,
: . Piﬂces of maximum memgs_&
main:  2h <250 mm

secondary: 3h < 400 mm

!’s m £@m mss:pﬁ

mn

Amn 9520 o 1ONga/0. E?fyk,_f‘: 0.0026h
Ag max 9.5.2 {3): 0.04 bh (out of laps zones)

0.08 bh (in laps zones)
Minsize  9.5.3{1) 0.256 or 6 mm

a. 2(? x min diameter of i)ar:a"
b. Lesser dimension of the column (b,h)
c. 400 mm

Sd,fznas{
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Slenderness ratio

The sfeﬂdemess :aﬁa ofa caiumﬁ bent abaui an ax;s

Sienderness check Effective length, /,
{a) General definition |
], Ci5832€C2 *,

Next slide By qu;gﬁan ECZ wiaer Biasw @vm 495-;;;: Mbsr HiGerl gAY
Braced

i

}+ ki ) 1+ 3{:
J\0EsER 045+k,)

Unbraced

k. k k.
L e U Bl
1s winiax{‘!(l + Iﬁki @km} (i +1 “”kz) (i fH‘kz)}
. &l : e
j N 3 e i : H Y

emsow;mm (cmssﬁmmsﬁs 320 .

rotational restraint of the joint i ,

+  the siifiness beam = 2E14 10 allow Radius of gyration,/ = < * Kyzendd,
for cracking effects in the beam

%\,31*3@ (i &i5 not known, B = 1,1 may be used)
e T (’#fmﬁmmﬁ ﬁ?zmybeusaﬁ}
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Determine Mg,
SHORT Qaﬁfﬁﬁ SLENDER ﬂ%ﬂ&!ﬁ
{a) Braced
Mgg = max{ﬁfaz* Mmm} Mgy = mﬁx{%@% Mi?f + My, Mgy + 0.5Mp, My}
Mgz
bty

{b} WW
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.

@) Mo =M+ Nea ¢, eoctvertengn Moy = Mpgr + Neg - ¢
Equivaient Grst order

end moment, M

(0) Mog = 0.6Moz + 0.4Mo; > 0.4Mo2 mﬁesz{s;

€} Mz = Neg+ 63615332;23} L " ' ’
nominal second | By o &&&2{4} e
| Factor A

: {:3 T mm gl A
gmi} r "\

zw:&ﬁs e
correction factor %f = Proos0) ° ,,,__mg%z Cfﬁ,&d

(axial fcad) e
| C158833) K =

~~~~ b f _
5”"*”*’2% 15

fz
“5%‘3233
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EC 2 does not directly give a method for designing biaxially bent columns other than working from
first principle. Qiazm 389 of EC 2 stated that separate design in each principal direction,
disregarding biaxial bending. may be made as a first step. No further check is necessary if,

{8} Air, 22 and J/dy 5 2, and
®) fehVeb) <02 o fe/bVleyh)< 02

b, & are the width and depth of a section

ief ix are the sler - rmess ratio with respect to y- and z- axis respectively
2, = Mg,/ %ﬁ;&ﬁmﬁy aimgp@as :
€ = Mgy, | Ny ; eccentricity along z-axis

ﬁfg@ is i&m dm@ moment about y«wﬁxzﬁ Imiudmg W mﬁef mmi

......

{(a). Ef %’g&f ?z’ &m! &’ , then ME& ” Mg& + ﬁ{k’fé }ﬁm

> i Mg&m < %; Iz" then M% - My + fff(é’??f‘} Mo
i and b are the effective depth as indicated in Figure 10.9, and the coefficient Scan be
@mm :&mn the e@aﬁm , i
-1 N 03<p<Ly Ay,

11




VEB4022

& ‘ . ; : i ; 4
M. o Mo i .
ik~ il ocyp .
{g,f } * (%g ] sla- 4 »asﬂwexmm&,

My, B thﬁ zxmﬁ mﬁm n yma

May isﬁwﬂmwm rmsm n mxm

- with linear interpolation for intermediate values -
Nug = Aoy + Afoq design axial resistance of section

fig w&ammaf&awm

L : &mmafﬁengmdmi wmfmm |

o 005 .. o010 015 020 025 030 - 035
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Vadmar = 0571 fequd =05y Izk) ud

@here:
u is the perimeter of the column
d is ihe eff&sstwe depth of the foatmg |

f y1 s the streagth redﬂcﬁen factor = O 6 ( 1 f;;‘. /250)

Vgae = Cga, k(100 o f g&)mw@ = Pyin = 0.035 k%2 &Y fﬁk

fﬁﬁfﬁﬁ = ?3.13{% =012

k=14+./200/d <20

15
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= i ...,_...‘..__....“
Punching shear stress v,y = ——&
o B N o Wrematwwd_

Vg, = 0.12 K (1000, f) s = = 0035 K% fo 2

i?;; demin

where

g ¢ = D6 @ 5 D76

N o Y BM pL AN

(&) () <)
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= 2y + 100
i x5 .J .‘:‘: i :
h = (8h, - 600)

If ,< 550 mm
If > 550 mm

17
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check shear along this section
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Shear enhancement
a,12dxVy,
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womwﬁw examﬂas whgre ax;amum ciasses i
may msg ~

Pw W&t& wﬁm reindorcement or
erabedded msial, all exposures except where
there Is reezefthaw, atwasion or chemical

altack
For concrete wih reindorcerment or emmbedded
matal very dry .

High water saluralion, wihoul de-icing agents

ﬂwimﬁw mcmiésmtaws est&ﬁ m ra%a amﬁ

Vsos water

mm;mmmw%wmgmm

freezing
gmmwgemewmdemm

1 B, Chemical atfack

XAl

@ chemical ervitonment

XA2

Katurai soile and ground water

Shahtily aggressiv
Wﬁhgiﬁﬁﬁ 208*? Table 2

*ﬁﬁmy me chamical éﬂ dronment
according o EN 206-1. Table 2

T T
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Table for determining final Str.

VEB4022

ctural Class — EC 02-1-1: Table 4.3N

Structural Class

Cilterion X0 XC1 | XC2/XC3 | XA XO1 [ XD2/ X581 KD31 X521 %53

Design Working Lite o | increase | increase | increase | increa@se | increase | increase | increass class

100 years class by 2 | class by 2 1 classby 2 | classby 2 | class by 2 i class by 2 by 2

Strength Class 72 2 C30/37 | 2 C30/57 | = C35/45 | = CAD/50 | = C40/50 | > CAOIS0 | = Cd5/55

Member with s &iﬁb mduca ciass by

W&mm

ol affected by constnrction

Lprocess)

Special Quaiity reduce reduce raduce reduce reduce reduce | reduce class by

| Control of the concrete | class by 1 | dass by 1| classby 1 |classby 1 [ classby L iclass by 1] e .-

i ,ggduam mweﬁwwj i . .

| mt;té 4.4N: ;‘fgmwmmm mw, aﬁmﬁ fﬁqiﬁf;mmtﬁ%wnh Nﬁm& to };}:;‘: ity * b

wmm steel In wwrme with EN 10080,

Table 5.1: Mmmmm COVEL, Cinin mqumnﬁms with regaré 1 i:;emi

Awmgem: af‘m Mmmmm COVET Criind
Separated Diameter of bar
Bundle Equivalent diameter

b, . p¥m < 35mm

Where #, is the number of bars in tiw bﬂﬁéi&, which is itm;:gsi tx:,i

m = 4 for vertical bars in compression

= 3 for all other cases

*IF the nominal maximum aggregate size is > 32 MM, Cuins should be increased by 5. mm
5 - : ' Y O

otz
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where T ; is the stress in the tension steel calculated using the cracked concrete

section. k. is a factor that accounts for ﬁxe {iﬁ@m z:;f ieafﬁﬁg {0. ﬁ §{33“ sﬁeﬁ-ﬁem load,
0.4 for long-term load).

Sram = 34C+ 3425&%@} @y@' .

% is 3 cosfficient accounting for the bond properties of the reinforcement (0. 8 for high bond, 1.6 for piain bar)
’tzisamiammgia%mmafe&mm;immm&:ﬁfaﬁmgmmmmmbe%ake;;asﬁ.&

P p.eff iheeffective reinforcement ratio, As / ‘éc.@‘ s wheref{s isthearea of

reinforcement mﬁ an @ffeﬁiwe tenszm area of os;zf:fete A cell .

AT RERT AR RE A g A
o Ll N A Bl B N

Type of st‘res:::s:x ;,

Axial Stress = P/A

; Bending stress = M/z
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