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Ql Figure Qt shows plan view and longitudinal section of two flights of a reinforced

concrete staircase that connected ground floor to the first floor of a building. Flight
1 comprises of 6 steps while Flight 2 comprises of l0 steps. The overall depth of
landing and waist is l50mm while the width of going and the height of riser ate260

mm and 160 mm respective$. Given the data as follows:

Variable action : 5.0 ktl/m2
Finishes and handrails : 0.75 ki'{/m2

Characteristic strength of concrete = 30 N/mm2

Characteristic strength of steel : 500 N/mm2
Nominal concrete cover:25 mm
Bar diameter: 10 mm
Mean value of anial tensile strength of concrete, f"tn: 2.9MPa

(a) Explain about the effective span consideration of a staircase.
(2 marks)

(b) Calculate average thickness of the staircase.

(c) Determine the bending moment for both flight-

(3 marks)

(6 marks)

(d) Design the flexural reinforcement of the staircase by considering the critical

case and check the staircase for cracking.
(14 marks)

A modem three-storey hotel will be constructed at Cameron Highlands area. The

building is considered ^ * unbraced frame. All beams are designed with the size

of 250 x 350 mm and columns are designed with the size of 400 x 400 mm- Figure

Q2 shows a plan and side view of the building. Given data as follows:

/, : importance factor = 1.0

Ctu= aerodynamic shape factor for external pressure : 1'0

Ccyo: dYnamic response factor: 1.0

(a) Define and sketch an unbraced frame for the building'
(2 marks)

(b) Calculate the design wind pressure by using the basic wind speed for this

location based ott trAStSS3: Section 2. Assume Md, Macal M*, Ml is equal

to l'o' 
(3 marks)
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(c) Calculate the design wind load for sub-frame zlA-D and determine the
horizontal load for each floor level.

(d)

(6 marks)

i) Detennine the centre of gravity of the building md column axial load-
(3 marks)

ii) Calculate the shear force in bearns and columns at roof level due to the

horizontal action.

Q3

(11 marks)

Figure Q3(a) shows front elevation while Figure O3ft) shows part of plan view of
first floor level of a ten-storey reinforced concrete building. The building will be

built with bracing member to carry wind load. All beams and columns are designed

with the size of 250 x 550 mm and 350 x 350 mm respectively.

(a)

(b)

Define the failure and slenderness ratio of short and slender column.
(2 ma*s)

Calculate the effective height about z-anis of column A/1 from grormd floor
to first floor by using simplified method in BS8l10. Assume the connection

between columnto foundation are not designed to carry moment.
(3 marks)

Deterrrine whether the column is short or slender about z-axis. Assume gr,nr,

at and rm artq not known. Given the data as follows:

Axial force:3260 *ilI
Desrgn moment M' : 44.5 kl'Im

f*:35 N/mm2

fr*:500N/mm2
Radius of gyr:ation about z-anis: 101.02 mm
Concrete cover:35 mm
Bar diameter:32nwt
Linkdiameter:6 mm 

(6 marks)

Hence, design all reinforcements of column A/l from glormd floor to first
floor considering the column as a short column bent about major ar<is.

(la marks)

(c)

(d)
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Two columns, A and B with cross-section of 350 x 350 mm is located in one line

with the distance of 3.0 m cente-to-cenhe. The ultimate load of column A and B

are 2000 kl.[ and 1600 l]I respectively while the soil bearing capacity is 200

ttl/m2. Initial calculation shows-that combined footing is suitable to carry the load

from both column. Given the data as follows:

Characteristic strength of concrete, f"k : 35 N/mm2

Characteristic strength of steel,f,t: 500 N/mm2

Concrete cover:40 mm
Bar diameter: lf, mm

use factor 1.45 to change from ultimate load to service load

Mean value of axial tensile shength of concrete, f"to: 3'21 MPa

(a)

(b)

(c)

Give TWO @ factors of selection of a pile type.

Catculate the total senrice load from both columns-

By using width of fogndatior, B as 2.5 m and

determine the length of the foundation' H.

(2 marks)

(3 marks)

height, h as 600mm,

(6 marks)

(d) Based on the bending moment diagram in Figure o4. design all necessary

main reinforcement of the footing. 
(la marks)

Q5(a)DescribebrieflyTwo(2)typesoffailureinretainingwall. (2 marks)

(b) Figure Q5 shows a cnoss section of a retaining wall' The surcharge of 2'0

nllmz is-imposed to the bacldll behind the wall. The soil has a density, 7 
:

1S nf;';;gil of internal friction, Q : 32" and cohesion' c : 0' The

material 
'nder 

the wall tt* u safe'b'earing pressure 80 li'{/m2, friction

coefficient is 0.5 and concrete density is 25 *t'l/m3'

(i) Explain the behaviour of the various elements of this retaining wall to

t"titt the designed moments and shear forces'
(3 marks)
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(ii) Determine&e total bodzontal ld ed momentoftheretaining wall.
(6 ma*s)

(iii) Check for stability oftbe wail sgainst overfirming ad sliding. Paftial
safety frctors are shown in Table 1. Give yor5 rcason aod comment if
the stabilrty is not a@uate.

(14 marks)

-Eh[r]or Qr]EsTroNS-

CONFIDENTIAL

t"l.l .I * l;F.lt.':.ili{r rr,'ti-,'rrf _.g I
f.f iir-i{ flt::i , i.::3{.rr:I '';t! r?f,l ri,l;,1;,,.- i,.f.. :*!i;lr.rlgrrf l,;.,;i #bt_

Ittirtl.ij itlf,lA f,i.li ,r1 1,./r ftfj,,rt:..,,,,."ri,.,,.! ;.:;,,,1r. .i
t ril i6iri l.:l i i I ri') i,. tf l, u i-.t l;uj' rii! rr_, 1,s r 1qJ



, rl
ta'

CONF'IDENTIAL BFC328O3

FINAL
SEMESTER/ SESSION: SEM A z0|5n0rc PROGRAMME CODE: BFT

COT'RSE NAT,IE: REIMORCED CONCREIE DESIGN tr COT'RSE CODE: BFC 32103

T
l5mI
T
1500I

+tt*

?'q F I F'o
F'2oo*f

ll
L-l

Allunitinmm

FTGIIREOT

6 CONF'II}ENTIAL



CONFIDENTIAL B,FC32803

FINALffiION
SEMESTER/ SESSION: SEM [Iz0lsnorc PROGRAI\{ME CODE: BFF

COURSE NAME: REINFORCED CONCRETE DESIGN n COURSE CODE: BFC 32E03

o
c
o

I,-
1""

z-z a)(rs

Planview t
I ) y-y aris

@
lr

@
,ol I

@
I

o
I

wk
1,*

T,*

I'-

Side view

TIGTJRE 02

Roof level

CONFIDENTIAL



CONFIDENTIAL 8FC32803

FINAL DXAMINATION
SEMESTER/ SESSION: SEM n2015/2016 PROGRAMME CODE: BFF
COIIRSE NAME: REINFORCED CONCRETE DESIGN tr COURSE CODE: BFC 32E03

Roof floor

9e floor

8tr floor

7tr floor

6tr floor

5tr floor

4tr floor

3d floor

}nd floor

1" floor

l0@4500mm

Ground
floor

FIGURE Q3(a)

Front elevation

CONFIDENTIAL



CONFIDENTIAL BFC328O3

FINAL EXAMINATION
SEMESTER/ SESSION: SEM tr 201512016 PROGRAMME CODE: BFF

COURSE NAME: REINFORCED CONCRETE DESIGN tr COURSE CODE: BFC 32E03

FIGTTREO3ft)

/\ /\

@

o

o

V V

E
E
Ooorn

E
E
oo(D
rn

g
E
oooin

-.-.-.-a-.-a- -.-.-.-a-

I

I

!

I

I

!

I

I

ii

G--!-.-a-a-o-

-.-a-L--.-

I

-. -. -.'- . -
I

I

-.-i-.-'-'-'-

.-.bo-r-'-

Plan view

9 CONFIDENTIAL



FINAL
SEMESTER/ SESSION: SEM II 201512016 PROGRAI\{ME CODE: BFF

COITRSE NAME: REINFORCED CONCRETE DESIGN tr CO{,RSE CODE: BFC 32803

FIGURE,Q4

surcharge :z.gl$I/mt

I
*"1

I

I
-4-

{

All units inmm

TIGTTRE 05

CONFIDENTIAL BFC328O3

l0 CONFII}ENTIAL



CONFIDENTIAL 8FC32803

FINAL EXAMINATION
SEMESTER/ SESSION: SEM tr 2015/2016 PROGRAMME CODE: BFF
COIIRSE NAME: REINFORCED CONCRETE DESIGN II COURSE CODE: BFC 32803

APPENDIXES

Table 1: Partial safety factor at the ultimate limit state

Sifuation Imposd Stabilizins
Overfirning 1.4 1.0

Slidins 1.4

Tabte 3: Values of B for unbraced columns (fable 3.20' 858110)

End condition at top
End condition tt, bottom

1 2 3

1 1.2 1.3 1.6

2 1.3 1.5 1.8

3 1.6 1.8

4 2.2

Column end conditions @SE110, C13.8.1.6.2 BS 8110):

a) Condition 1: The end of column is connected monolithically to beams on either
side which are at least as deep as the overall dimension of the column in the plane

considered. Where the column is connected to a foundation structure, this should be

of a form specifically designed to carry moment.

b) Candition 2: Ttre end of the column is connected monolithically to beams or slabs

on either side which are shallower than the overall dimension of the column in the
plane considered.

c) Condition J: The end of the column is connected to members which, while not

specifically designed to provide restaint to rotation of the column will,
neverttreless, provide some nominal restaint.

d) Condition 4:Thte end of the column is unrestrained against both lateral movement

and rotation (e.g. the free end a cantilever column in unbraced structure).

Table 2z Ytlues of P for braced columns (Tabte 3.19, BS8f 10)

End condition at tsp
End Condition at bottom

1 7 3

I 0.75 0.80 0.90

2 0.80 0.85 0.95

3 0.90 0.95 1.00
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Table 4: Cross Sectionel Area (mm') according to Size and Numbers of Bar

Bar
Size

(mm)

Number of Bar Perimeter
(mm)

6

8

l0

t2
l6
20

25

32

40

28.3

50.3
'18.6

113

201

314

491

805

r257

56.6

t0l
r57

226
402

629

982
1609

2514

84.9

t5l
236

339

603

943

1473

2414
3771

113

20r
314

453

805

r257

1964

3218

5A29

r4l
25r
393

566

1006

r57l

2455

4023

6286

170

302
471

679

1207

1 886

2946
4827

7543

198

3s2
550

792

1408

2200

3438

5632

8800

226
4A2

629

905

1609

2514

3929

&37
10057

18.9

25.1

31.4

37.7

50.3

62.9

78.6

100.6

125.7

Table 5: Cross Sectional Area (-m) for every meterwidth et distance between Ber

Bar
Size
(mm)

Distance between Bar (**)

50 75 100 125

226
402

629

905

150 175 204 250 300

6

8

10

t2
t6
20

25

32

40

566

1006

t57r

2263

4023

6286

9821

16091

25143

377

674

1048

1 509

2682
4190

6548

10728

16762

283

503

786

I 131

20ll
3r43

491 1

8046

12571

189

33s

524

754

t34l
2A95

3274

5364

8381

r62
287

M9

&7
tl49
t796

2806

4598

7184

t4l
25r
393

566

1006

t57l

2455

4A23

6286

113

20r
314

94

168

262

1609

2514

3929

&37
10057

453 377

805 674

1257 1048

196/. 1637

3218 2682

5029 4190
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5.8.3 Simplified criteria fior second order etrec$

5.8.3.{ Slenderness criterion for isolated mcmbers

(1) As an atternative to 5.8-? {6}, second order eftcts may be ignoted if the slendemess ,t (as

defined in 5.8.3.2) is below a cerhin value ,trm-

]{de: The vakre of &" for rse in a Csrdry flEr,l be furr|d in its Natinal Annex- The recsrynerxted value
folbtrvs frorn:

lm=29-4-4ttJn (5-13N)

v*rere:
A = 1 t (+A,2**l (if n* b not lstor#n, A = 0,7 may be med)

A =,ll+2@ (if aisnotknorn,E=1,1 nraybeused)
C = 1,7 - tm (if r* is not knoum, C = 0,7 may be used)

ft( efiedive creep mtio; see 5-8-4;

o =&l (futa|; necianical reinlorcernentratb,
4 is lhe totd area d bngiihdhd njnforcenent
n = fik/ (AJs); re*ative norrml force
rm = i&r/ltu; msnentratio
lbi}-.w arethefrslorde*erd moments, la*rl > lmtl

tf the end moments [4, and l& give tension on the same side, r, sholdd be bken positive G.e- C < 1,il'
@nrise negnli/e (i-e- C> 1.7)-

tn tle folbflhg csses, ro sttq.dd be tdten as 1,0 {i-e- C = 0,7):

- for braced nrernbers in vutrictr the frst order npnrents adse ordy frorn or pr€dornansr*$ due to lneereOom
sbamvese loadfrlg

- for unbrad rnembers in general

{2} In cases wi*r biaxial b$ding, t}re slen&mess criterirxr may be ehecked s€parately fot g?"ft
iiieA*on. Depend[rq on the drtoonre of $is che*" second order efiects (a] may belpored in
bo*r dfeds, lUl Jlrould be taken into account in one direction, or (c) should be tdcen into

aooount in both dircc'tions-

5.8.3.2 Slen&mess and effective length of isolated membens

(1) The slerderress ratio b defined asiollouts:

A= rott (s.t+)

where:
ls is the efieclive bngth, see 5.8-3-2 {2) to (7}
i is the rdlus of gpation of tfie uncracked concreb sec{ion

{2} For a generaldefinfion of the efiective length, see 5.8.1. F-l<amdes of efiective length tor
isotateO members wi$r constant cross seclion are given in Fbure 5-7-

t4 CONFIDENTIAL
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a)to=t blh=a clt=o,rt dflh=ttz e){0=l t'n<6<' slh>a @l

Figure 5.7: Exemples of difierent budrlirg mo&s and coreeponding efiective
lengfts tor isolated rnembers

(3) For conrpressbn rnernbers in regUkarframes, the slenderness eriFrion {see 5.8-3.1} should

6e *rec*eO with an efieetive lengx'r & det€nnined ln g'E following way:

@

Braced members {see Figure 5.7 ff}}:

lo : 0.5J'

Unbraed members {see Figure 5-7 tg}}:

t*:t**{

(5.15)

t5.16)

where:
ftr, kz ae the relat've fiexibilitbs of robtbnal restaints at ends 1 and 2 respecilively:

ft = {A/ t4.(EI/ It
0 is tfie rutatbn of reshaining members for bendlng monrent i,f;

see also Figure 5.7 (f) ard (g)

H is the bnding stifrtess of wrpression mewser, see also 5.8-3-2 (4) and (5)

I is he dear treight of compresslon member betnveen end restsain$

Irloile: f = o is tte tteryelical limit fu rigid rctattffld resbaint, and f = {E relesen[s the limit fs no restraFrt at

a11- Since fully ri*l reshaint is rare in praclise, a mininrum va&re of 0,1 b recofirrrerded for trrt ard *z-

']rl blr
?

\

cll
+ I

I
i
t

t
T

I\
\t

1

Jtr
L#

el

rlt!.J
E

I.t

{*
L.\L

I

15 CONFIDENTIAL



CONFIDENTIAL BFC32803

tri:INALNTAMINATION
SEMESTER/ SESSION: SEMtr20l5l20l6 PROGRAMME CODE: BFF

COITRSE NAME: REINFORCED CONCRETE DESIGN tr COT RSE CODE: BFC 32803

7.3.3 Control of cracking without direct calcuhion

{1} For reinforced or presfuessed slabs in buiklirEs suqpcfied to bending wi$nut significant
axial tensinn, specific measures b conUd craddng are not necessary where the overall deptrt
does not exceed 2[Xl mm and the prcvisions of 9-3 have been applied.

(2) The rules given in 7.3-4 may be presented in a tabularbrm by rcsfricting the bar diameter
or spacing as a simplification.

ilob: Wrere lhe rninimum rcinforwnent giv€n by 7-3.2 is provkled, cradc wll{irs are urd*€{y to be exceseitc
n
- 6r crackiq ca6ed dornirartly by rcstralnt tre bar sizes given in Tabb 7.211 are mt exceeded vhere the

steel st,ss is ttre value obbi|td imnredkrtdy afrer cradirE fi.e. o. in Expr*sion (7.1)).

- fior cracks caqsed rainly by bding, e*her tr€ provis&xts of T$b 72f.1 or the provititltts of Table 7.3t'l se
corrrplbd wih- Ttre *€d slress strould be cabiabd on lhe bris d a c]edcd sedirn mdet fie rdevant
cotttblstlmddiong

9.3,1 Flexural reinforcement

9.3.1.1 General

(1) Forthe minimum and the maximum steelpercentages in sre main diredion 9.2.1-1 (1) antl

{3} apply-

llote: InddilbntoNofre2ofg.2-1-1 (1),forsbbswhere$edskofbri$efailurebsmCl,Aqtritmaybeta|(en
as 1,2 t*nee the are rcquled ln ULS verificalim.

{2) Secordary bansverse re,inforcenent of not hss than 2096 of the trtncipd reinforcement
iturtO Ue proirim in oneway stabs. In areas nearsupporFbanswrse reinforementto
pnrrcipaltop bars is not necessary rAfiefe there is no fransverse bending montent.

{3} The spacirq sf bats shoukl not exceed $,n4sb*-

Note; T6 vahre of qosao fur use in a Conrty may be fuund h its Natixral Anner The ecommended vake
b:
- ior &e pindp4 ;3infrrement, 3h < 4{X} mm, vdrere lr is tre ffial depth of the Slab;

- fiorfie s€condary rcinbraernent 3,5tt < 450 mrn -

ln arcas witfr grcerfaed bds or arss of maxim*n moment those Pmvisims be@rne r€spedi\rbly:

- brthe pnrrcip€d re*rfiorenem, 2fi < 250 mm
- br fte secqdary rcinforemen( 3h < 4{X) mm.
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