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Please check that this examination paper consists of TWENTY TWO pages of
printed material before you begin the examination.

Sila pastikan bahawa kertas peperiksaan ini mengandungi DUA PULUH DUA muka
surat yang bercetak sebelum anda memulakan peperiksaan ini.

Students are allowed to answer all questions either in English OR in Bahasa
Malaysia only

Pelajar dibenarkan menjawab semua soalan dalam Bahasa Inggeris ATAU Bahasa
Malaysia sahaja.

Answer FIVE question only.

Jawab LIMA soalan sahaja.
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In reinforced concrete design, the slabs are designed either one way
slab or two way slab depending on the span/depth ratio. How do you
differentiate between one way slab and two way slab. You may give
sketches to illustrate the difference in terms of load distribution and
design criteria.

Dalam rekabentuk konkrit, papak lantai direka bentuk sama ada papak
satu arah atau papak dua arah dan bergantung pada nisbah
rentang/tebal. Bagaimanakah anda membezakan di antara 2 jenis
papak lantai ini. Anda boleh gunakan lakaran untuk menerangkan
perbezaan ini, khususnya agihan beban dan criteria reka bentuk.

(6 marks/markah)

A reinforced concrete floor slab measuring 3 m x 5 m is simply
supported at the four edges. The slab is assumed to be 175 mm thick
with a total dead load of 5.0 kN/m? and imposed load of 3.0 kN/m?.
Design the reinforced concrete slab using grade 25 concrete and steel
reinforcement using grade 250.

Sebuah lantai konkrit tetulang berukuran 3 m x 5 m disokong mudah
oleh empat penjuru. Papak lantai ini dianggarkan setebal 175 mm dan
memikul beban mati sebesar 5.0 kN/m? dan beban kenaan 3.0 kN/m’” .
Lakukan reka bentuk papak lantai ini dengan menggunakan konkrit
dari gred 25 dan tetulang keluli gred 250.

(14 marks/markah)
Define or illustrate the difference between following columns:-
(i) a short column and a slender column
(ii) a braced column and an unbraced column
Takrifkan atau terangkan perbezaan antara tiang-tang berikut:-
(i) Tiang pendek dan tiang langsing

(i1) Tiang rembat dan tiang tak rembat

(6 marks/markah)
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A short braced axially loaded reinforced concrete column of size
300 mm x 300 mm is designed to carry an ultimate axial load of
1500 kN. Find the total steel area required for the longitudinal
reinforcement and the suitable size of the bars to be used. The
column material is made from grade 30 concrete, the main steel
reinforcement is of grade 460 and the links is made of steel of grade
250.

Sebuah tiang konkrit tetulang yang dirembat berukuran 300 mm x 300
mm telah direkabentuk untuk memikul bebanan paksian muktamad
sebesar 1500 kN. Tentukan jumlah tetulang keluli utama dan saiz bar
yang sesuai digunakan. Bahan tiang ini dibuat daripada konkrit gred
30, tetulang utama daripada keluli gred 460 dan pengikat tetulang ialah
daripada keluli gred 250.

(14 marks/markah)

Explain the difference between design moment (My) and ultimate
moment resistance (M,).

Terangkan perbezaan di antara momen rekabentuk (My) dan momen
muktamad (M,).

(5 marks/markah)

Calculate the bending moment of the simply supported beam as shown
in the following Figure 1.0.

(i Load Factor method with a load factor = 1.8

(ii) Ultimate Limit State

Kira momen rekabentuk untuk rasuk mudah seperti ditunjukkan dalam
Rajah 1.0 berikut.

() Kaedah Faktor Beban dengan faktor beban = 1.8
(i) Keadaan Had muktamad

(15 marks/markah)
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[5 kN/m (dead load /beban mati )
& 2 kN/m (imposed load / beban
kenaan)]

8m

Rajah 1.0 (Figure 1.0)

What is the effect of bearing capacity of soil on the size of pad footing.
Apakah kesan keupayaan galas tanah terhadap saiz asas pad.
(5 marks/markah)

Design a square pad footing to resist a dead load of 800 kN and
imposed load of 550 kN. Assume the characteristic strength of
concrete and steel is 30 N/mm? and 460 N/mm?,_respectively. The
soil bearing capacity of the foundation is 160 kN/m?.
Rekabentuk asas segiempat asas pad untuk menanggung beban mati
800 kN dan beban kenaan 550 kN. Anggap kekuatan ciri konkrit dan
keluli adalah masing-masing 30 N/mm* dan 460 N/mm?. Keupayaan
galas tanah untuk asas adalah 160 kN/m?

(15 marks/markah)

Discuss and explain the characteristics of reinforced concrete.
Provide sketches to support your discussion.

Bincang dan huraikan ciri-ciri konkrit bertetulang. Sertakan lakaran
bagi menyokong perbincangan anda.

(10 marks/markah)

...5l-
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Describe Five (5) causes of failures in concrete structure.

Huraikan Lima (5) faktor yang mengakibatkan berlakunya kegagalan
dalam struktur konkrit.
(5 marks/markah)

Explain the factors influencing the durability of reinforced concrete.

Jelaskan faktor-faktor yang mempengaruhi ketahanlasakan konkrit
bertetulang.

(5 marks/markah)

Explain what is meant by limit state design.
Jelaskan apakah yang dimaksudkan dengan rekabentuk keadaan had.
(10 marks/markah)

A simply supported rectangular beam of 6 meter span carries a
characteristic uniformly distributed dead load (including self weight of
beam) of 8 kN/m and an imposed load of 6 kN/m. The breadth of the
beam is 225 mm and the effective depth is 425 mm. Find the
reinforcement area required. Use grade 30 concrete and high yield
steel reinforcement.

Calculate the shear reinforcement required for the beam if yield
strength of shear reinforcement is 250 N/mm?.

Sebuah rasuk disokong mudah dengan rentang 6 meter menanggung
beban mati teragih seragam (termasuk berat sendiri rasuk) sebanyak 8
kN/m dan beban hidup teragih seragam sebanyak 6 kN/m. Lebar
rasuk adalah 225 mm dan kedalaman berkesan adalah 425 mm.
Dapatkan keluasan tetulang yang diperlukan. Gunakan konkrit gred
30 dan keluli ketegangan tinggi.

Kira tetulang ricih yang diperlukan jika kekuatan alah tetulang ricih
adalah 250 N/mm?

(10 marks/markah)

...6/-
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Table 1. Design ultimate bending moments and shear forces

[REG 367)

At outer support | Near middle | At first interior | At middle of At interior
of end span | support interior spans | supports
Moment |0 0.09FI -0.11FI 0.07FL -0.08FI
Shear 0.45F - 0.6F - 0.55F
NOTE. 1 id the effective span;
F is the total design ultimate load (1.4Gy + 1.600).
No redistribution of the moments calculated from this table should be made
Table 2. Sectional areas of groups of bars (mm?)
Bar size Number of bars
(mm)
1 2 3 4 5 6 7 8 9 10
6 28.3 56.6 84.9 113 142 170 198 226 255 283
8 50.3 101 151 201 252 302 352 402 453 503
10 78.5 157 236 314 303 471 550 628 707 785
12 113 226 339 452 566 679 792 905 1020 1130
16 201 402 603 804 1010 1210 1410 1610 1810 2010
20 314 628 943 1260 1570 1890 2200 2510 2830 3140
25 491 982 1470 1960 2450 2950 3440 3930 4420 4910
32 804 1610 2410 3220 4020 4830 5630 6430 7240 8040
40 1260 2510 3770 5030 6280 7540 8800 10100 11300 12600
Table 3. Perimeters and weights of bars
Bar size (mh) 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 1256
Weight (kg/m) 0.222 0.395 0.616 0.888 1.579 2.466 3.854 6.313 90.864

Bar weights based on density of 7850 kg/m®
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Table 4. Sectional areas per metre width for various bar spacings (mm?

Spacing of bars
50 75 100 125 150 175 200 250 300

Bar size
(mm)

6 566 377 283 226 189 162 142 113 94
8 1010 671 503 402 3365 287 252 201 168
10 1570 1050 785 628 523 449 383 314 282

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 2080 1800 1570 1260 1050

25 9820 6550 4910 3830 &= 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

Shear reinforcement

. Table 5. A¢,/S, for varying stirrup diameter and spacing

Stirrup Stirrup spacing (mm)

diameter ~ g5 90 100 125 150 175 200 225 250 275 300
(mm)

8 1.183 1.118 1.006 0.805 0.671 0.575 0.503 0447 0.402 0.366 0.335
10 1.847 1.744 157 1256 1.047 0.897 0.785 0.698 0.628 0.571 0.523
12 2659 2511 226 1.808 1.507 1.291 1.13 1.004 0.904 0.822 0.753
16 4729 4467 402 3216 2.68 2297 2.01 1787 1.608 1462 1.34
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— 50 % lxpoﬁd One face exporwed

' A"Fullvcupaud ; R B
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Fire . ) Wnk;um it R Minimum | Column width (b} - -~ ok Mlm«mm mllthidtnue
: width ;| W) offioars | Fulty=.- | 60% Oni face p<ou 0.4%<pci%lp> 1%
-] D B () - - | sxposed sxpoesd - | oxposed :

Bl - ERRN I - ".,....'.

h w7 mm | mm mm | mm | mm ‘mm | mm mm !
05 200 125 | 15 150 125 100 150 100, 75

1 00, (125 | 95 |20 |60 "} jis0 (120 ° |78

1.5 20 - |126 | mo 250 | 200 140 75 | 140 100

2 200 2s {128 a0 .| w0l - |80 j100

3 - +]240... |10 |10 | 400

0. F 2‘gd las (o faso 20 |- - |20 |80

NOTE 1. Thos minimum d.mmuom rclm m«:nha"y to the covery gwen in tables 35 and 4 8.
NOTE 2.p is the nn ol stesl relative to that of com:m-
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Conditians o

Nominat cover

Tabie 3.4 Nominai cover to all reinforcement (including tinks) ta mcet durabifity

aXpOSUTe i , .
1see 3.3.4) ‘
- - L e = : R
Y ©omm men ©smm “mm o
Mitd . B 20 20° 20° 20
Moderate ; as (i 25 20
Severe | - - 40 30 25
Very severe - - 501 401 30
Extreme - - - 60t 50 ...
Maximum free water/ 0.65 . 0.60 0.55. 050 0.45
cement ratio < I
Minimum cement contemt - :-. | 275 300+ - - 325 - 360 X 400
(kg/m’) bty i , ': ' : . Ee T
b, " 4 N - .
Lowest grade of concrete =C30 S CAD C45 c50
. *These covers may be reduced to 15 mm provided that the nominal maximum size of aggregate does nol
. exceed 15 mm.
| TWhere concrete is subject to freezing whilsg wet, air-entrainment should be used (see 3.3.4.2}, G
. ‘ NOTE 1. This table relates to normal-weight aggregate of 20 mm nomingl Mmaximum size, -
L NOTE 2. For concrete used in loundatuons ta low rise consxructmn sce 6.2.4.1), PP .
Table 3.5 Nominal cover to all remfommmt {inctuding tinks) to meat spemficd mrmds o ’
of fireresistance (see notas T and 2} y
Fire Nominal cover '
" resistence - = g ——
TRy . Floors i e . | Ribs - : ' w7 Calumns®
N Stmply i 'éom‘in;m'u.-;,p . Sump!y : Ct'xﬁtivnm;w : Sévﬁpt; “;-' Caritinuaus ‘ .
wpportad ;.supponsd--. 1 Ledrode o | upported
Choeow mm: mm. & mm mm mim mm . -}
. ";,.": . 22 - A o A
0.5 20t | 20t 20t 20t 20t 20t . 20t
20t 201" 20 20 20 201 201 |
18" 0 ot 26 26 |35 207 g
2, . 40 3t .13 4% 45 35.: 25
3 60 140 | 45 35 56 |46 . 25
g’ |¥%0 - 50 55 45 {es 5’5’3- 25,

uhiamed (rom fables 4.2 and 430t B8S8110:Part2:

10 mm to cover-the’ range 8 mm 10 12 mm (see also 3.3.61.

(RT3

gy

*F¥ the purposedof assessing a nomina covot for beams and coiumns ‘hc cover to mam hars wmch would have been
1985 have been reduced by a nononal ailowarce for surruns ot

* These tovers may beeduced to 15 mm prov:ded that the norfunat maximum stze of aggregate does not exceed 18 mm

e 33,130

~ioL

5

Lo

e gt

Brr . .-'

NOTE 1, The nominal cavers given refate specnhcallv to the minimum member dimensions given i tigure 3.2 Gmdance
4n increased covers. necessary.if statler members are ysed is given in section four of 88 8110 rort 2 -

1985 .

NOTE 2. Cases that iie below the beld ling.cgquize atiention ta. the additional measures necetsary. to reduce the risk s sf_;_f el
alling (see sactron four ot BSB1IQ: Par1 2 - 1985) i
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Table 3.8 Form and arsa G cf shear reinforcemant in beams

© . Valueofv Farm of shesr reinforcamant to be Ares ot shear rumiurcumem ig be

{N/mmT) pravidad . provided
Less than 0.5 v, throughout See note 1
the beam ‘ o
0.5v, <v<< (i, +0.4) Minimum links for whole length of beam | A, > 0.4 b,5,/0.87 £,
‘ : (see note 2)
{v. +0. 4} <v<0. 8\,/ fw ' LinKs or links combined with bent-up | Where links anly provided:
or 5 N/mm?® * - bars. Not more than 50 % of the shear "4 4 54 ¢ (v~ v )/0. 87 £,

rasistance provided by the steel may be -
v the form of bent-up bars (see note 31 Where links and bent-up bars
provided:

see 345 .6

NOTE 1. While minimum links should be pravided in aft beams of structurat importance, it wiil be mns‘umry to.omit them
in members of mines structural importsnce such as lintels where the maximum design, shear stress is tess than half v,

NOTE. Minimum links provide a design | shéir resiytance of 0.4 N/mm?,
NOTE 3. Seu 3 4 5 5 for gmdance on spccmg ot lmk: snd bent-up bars.

!
|

Table 39 V:lq;iq of v, Jc.:ign’éod&cu-d‘\qlar stress R S o
" 1004, | Effective depth lin mim) . e
b,d

125|180 |75 200 |25 |20 - jaco |>a00

- N/mm? | N/mm?| N/mm? | N/mm? | N/mm?| N/mm?|-N/mm? | N/mm® CeL et
<0.15 | 045 °|043 041 - |040° {039 1038 1036 0.34 -
025 |053 .l061 |049 [047 046 |045 |043 040
050 | 067 [064 {062 |0.60 058 |056 |054° 1050
075" {077 /{073 Jo71 |068 |066 |065 (062 057
100 |oss |ost (o8 |o7s (073 (071 1068 |063
- 150 {097 .|092- {089 {086 |083 |0.81 1078 |07 .
200 }106 (102 |oss {oes |092 -(083 1088 080
>300 |122 116 (112 |1.08 |105 102 098 |09

NOTE 1. Allowmcg has been made in lhese figures for & 7,,, o( 1.25%.-.
N("TE 2 Thre valuas in the table ara dunved from the expmssnon
0.75(100 4,1, dn"%oe/d; R

where-
100A L
== should not be taken gs greater than 3:
v “ ’ >
T R TR

T "sﬁould not be 1akan as less than 1. © .

F:'or chauctemuc concrete strungths g'eatar than 2: Nlrnm‘ xhe v;lues in table, 3.9 may
: mulnplled by Ucuf25)”3 The valug of 7, shauld not be taken aygreater than 40,

84
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3.4.6.4 Long spans. For spans exceeding 10 m, tabie 3.10 - e o e e o
should be used only if it is not necessary to limit the Tabte 3'1_2 Modification factor for
increase in deflection after the canstruction of par titions ) mmpr.ss;mﬁ rsinforcement
and finishes, Where limitation is necessary, the values in -
1able 3.10 should be multiptied by 10/span except for W00 Ay pet F"*N Factar
cantilevers where tha design st ould be justifiod by 4d .
calculation. B
: 0.060 1.00
3.4.6.5 Modification of spenidepth. retics for tension VO R I 1 SR B 0 ¢
reinforcement. Deflaction is infiuenced by the amount of 026 | 108
tension reinforcement and its stress. The span/effective 0'35 . .1'10
depth ratio should therefore be modified accordingtothe | ggn. hs 414
avea of reinforcement provided and its. service stress st the B A
centre of thé span {or at the support in the case ofa |7 075 .1 1.20
‘cantilever). Values of spanfeffective depth fatio obtsined |77 40 -y 125
from table 3.10 should be mump(oed by the appropriate A L B S 1.33
factor obtained from table 3. ﬁ : , 2.0 140
3.4.6.6 Modification of span/depth ratios for cormpression } ,2;: . :-' ;g .
irginfarcement. Compression reinforeement also.influences - - - "l e |7 S0 .
deftection and the value of the spanfeffectivedepthratio -~ 1+ -
_obtained from table 3.10 modified by the factor obtained- . |- ~-g‘z:5,:sz:z::g': y ‘." ﬂh's..mbh m mmed fmm ‘hs .
:::;::2‘23;&3:: ;’: ;nultlphed by a further factor s 1 deditiction factor for cofrpressioh reinfotcoment’= -
ga JOAL prov (3 , 104, m\,) < 18
3.4.6.7 Deflaction due to creep and dtrmkoge Parmissible sd . bd .
span/effective depth ratios obtained from tables 3,11 to 3.16 L equation 9
take account of normal creafr and shrinkage deflection. NOTE 2. The area of compression rsinforcement Ag ooy
1# it is expected that creep or shrinkage of the concrete may used.in this.table may include: all barg jn-the. compresgion
be particularly high (e.g. if the free shrinkage strainis - - zone, evan thase not effectively tied with finks.

expected to be greater than 0.00075 or the creep coefficient

Tt e
B 1

P

Table 3,11 Modification factor for tension reinforosmant -+~ ~ ot <0 1o

Service stress M/sd?

050 |o7s lvoo. |1se | 200 | 300 | 40o |.500° | 600!

100 |200 !200 {200 {186 | 163 | 136 | 110 | 108 | 101
. 150 1200 | 200 {198 | 169 | 148 | 125 | 111 | 101 |04
(f,=250) 156 12,00 | 200 [196 | 166 | 147 | 124 | 1.10 | 100 | 084
: 200 |200 |195 {176 | 451 | 135 | ry4 | 102 | 084 088
950 1180 {170 |185 | 134 | 120|104 |094 087 .|082
=460) 288 (158 | 150 |138 | 121 | 109 | 095 | 087 | 082 }078 .
300 (160 | 144 }133 | 116 | 106 | 093 | 085 | .08 076

et

NOTE 1. The values in the table derive from the equation:

L 437 - £,)
Modification factor = 0.65 + _.._(_...._..‘.___. < 240 .
/ M equstion 7
. . 120 [0S ¢ ===
[ bd

_where

M is the desngn uitimate momaent at the gentre of the span or; for a cantiiever, a1 the suppersyi. .o e
NOTE 2, The design service stress in the teasion runforcement i & rigfiber may be estimated from the equation:
5fy A;, req X __1_
BA, prov fo

NOTE 1. For a continuous Beam, if the percentage of redistribution is not known but the design ultimate momant

31 mid-span is ohvicusty the same as or greatar then the elgstic ultimate moment, the stress, fq. in this tsble may be
taken as %/8 f

L. | 89

aguation 8

..14/-
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{b} The ratio of the characteristic imposed load 1o the
characteristic dead oad does not excead 1.25,

{c) The characteristic imposed load does not exceed
b kN/m? excluding partitions. .

Where analysis is carried out for the single lcad case of all
wans loaded, the resulting support moments except those
# the supports of cantilevers should be reduced by 20 %,
‘enth a consequential incresse in the span moments.,

The resulting bending moment envelope should satisfy the
erovision of 3.2,2.1. No further: redzsmbunon showld be
csrried out:

Where a span ol punat is adinennt fo a camtitaiver of Tangth
exceeding on- third 6t the spart of the stab, the possibility

should be cansideiod of tha case ul siab unloadad/cantilaver
ioaded .

33.2.4 Ona-wiy spanning slahs of approximately: equal

an. Whora the conditions ol 3,6.2.3 are moet, the momants

mnd shezrs in continuaus one-way spanning tlabs may be
ealculated using the coelficients given in table 3,13.
Allowance has been made in these coetficients for the

20 % redistribution. mentioned above, _ )
The curtailmenit of reinforéement designed in accordance
with table 3.14 may be camed out in accordanoe wn.h the
movidons nf 3 12. 10.

i

© 35,3 Solid slabs spanmng intwo dim.tlom at rlghl malw
‘ uniformly dmnbutod |oad: o 2

35.3.1 General, Subclautes 35.3.3 to 3 5 3 7 may be used
for the design of slabs spanning in two directions st nght
angles and suppomng umformty d:stnbuted loads.

35.3.2 Symbols. For the purposes of 35,3, the followmg
symbols apply.

i - {ength of shorter side
I, length of longer side
m,, maximum design ultimate moments either -

over supports or at mid- span on strips of -
unit width and span !

maximum design ultimaté moments either
over supports or at mid-span on stnps of
unit width and span {,,

My

"NOTE. Valuet for agy ond a,,, a1y mvcn in 1able 3.14,
_The values in table 3.14 are derived from the following

[REG 36?”.

~14-

n total design ultimate load per unit area
{1 4170‘ 1 ﬁqk)

Ny number of discontinuous odges o<y <4}

Vix design end shear on strips of unit width arvi
span [, and considered to act over the middle
thres- quarters of the edge

Vey design end shear on strips of unit width and
span [, and considered to act aver the middle
three-guarters of the edge

Bo sagging mornent in the span, per unit width,
in the diroction of the shorter span, /,,
divitdad by nl [}

#ty cagging mament In the span, par unit witith,

In tha tlhactton ol tha longar wpan, l,,
dividod by nl

hogging momnnu per unlt wldth over the
shoi et addges divided by al?

- hogging mamarnts, anit whdth, over the
longer adgas dividad h@ nl}

&,, and &,, moment cooffucnanu shown in table 3.14
f,. and §,, moment coefficients thown in table 3,15
B,y and fi,, shear force coefficients shown in table 3.16

fi, and 1,

s npd_(h .

3.5.3.3 Simply- -supported s/abs. When simply- supported:
stabs do not have adequste prowsnon to resist torsion at
tha comm cml 1o prevent. the corners from lifting,

the maximum momems per unit mdth are given by the
following equations:

2
My = a0l
gy nl,}

oqyatidn 10
My =

equations:
(/) g
T amseer——as tion 12
o GO T equatio
+1 . ]
Oy _ L equation 13

8 {1+(,/0)%)

3.5.3.4 Restrained sfabs. In slabs where the corners are
prevented from lifting, and provision for torsion is made, «

c8

Table 3.13 Ultimate bending moment and shesr forces in one- wey spanning slabs

Atouter | Near middle At first Middie of In"tpiior
support of end span intetior interior . supparts
T - - support spans .
1 Moment |0 C.086F/ - -0.086F1 | 0.063F |-0.063F!
Shear 04F |~ 06F | - 05F

NOTE. F'is the total design ultimate toad {1.4G, +1.60, 1
! is the effective span,

86
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at right-angles, simply-supported on four sides

Tsbla 3.14 Bending moment coefficients for stabs spanning in two directions

L, 110 . 1 bz s e s s 20
o, | 0062|0074 | 0.084 {0.093 | 0.095 |0.104 | 0.113 -ous-
o, | 0062 | 0.061 | 0.0587|0.085 | 0051 | 0.046 | 0037} 0:029

equatmns 14 and 15 s:-:‘ ;-:, pepreae, b
ﬁ,x nl? ’ e équatien 14
m,, ﬁ,v n." ‘ - equation 15+

TS

Where these equations are ured the condmons and rutes
of 3.5.3.5 should he.anplied. - . ..« -

NOTE. Valuss of B,, and fgy are given: In wtﬂe 3. 15

Equatlons 14 and’ »5 and the coefﬁctepts m tabie 3.15° may
be derived.from the fouuwmg equauom' .

By 42M2N.,+15N;)/1000 _
ta Jhm-—{vmy+ﬁl*vw,+sﬂ)l

N, Sermy

edgss or

Lt

NOTE. BL arld ﬁs ake velues of 4[35‘. for contmur.\' ¥
zera for discontinudis edges. T -

f3 and 84 take values of 4/38, for continuaus edgt.s ot 2éro for U

diséantinuous edges. o L

3. 5..: 5 Restramed slabs where the corners are prevented'
fram lifting and adequate pro wsron fs made for torsion:
conditions add rules far the use 6f équations 14 and 15. -
The conditions in which the equations may be haEd for
conunuow slabs only 2re as follows. °

(a) The charactenstsc dzad and tmposed loads on adxacent
panéls are approximately the same as on t‘1e pane! bemg
canstderady T

{b} The span of adjacent panels in the dnrf'ctmn )
perpendicular to the line of the common support is |
approx:rr-atelv the qamﬂ 2% the ap.em of the psr'el
considerad in that direction;

The rules to be observed when the equations are applied to
restrained slabs (continuous or discommuous} are as. foHows

{1} Slabs are consicered zg divided in each dlrection mm
middle strips and edge strips as shown in nguq 3.9,

the middle strip being three-quarters of the width and
cach edge stnp gne-eighth of the width.

{2} The maxmum design moments calculated as above
apply only to the middie strips and no rPdlst'lbUtlor‘
should be made.

{3} Reinforcernent in the muddle strips should be .
detailed in accordance with 3,12, 10 tamplified rules for
curtailment of bars)

;:“equa'tion'ﬁ 6 o

equatton 17 ' -l

. equatzon 18 "

LAY The span ‘horkent is taketifas’ paraboloc between .

BT LR ;

(4} Reinforcernent.ir an- kdge strip, paraliel té the.edge
need not exceed the minimum given in 3128 (minimu = =
areas.of tansion reinforcement), together with the... - -
recommendations far torsion given in (8}, {6) and (7). = -
{(5) Torsion reinforcerient sfiould bie provided st any
corner where the siab is simply supported on both edge”
meeting.at-that.corner. It should consistoftopand. .7 -
bottam-reinforcement, each with layars of bars placed ..
paraliel to the sides of the sluq and extendirg from the‘ e
edges a minimdri distance of ona-fifth of the shorter < ¢
span. Thé area of mnforcemem ih'dach of these four '+
layers should be three-quarters of the area requived far * - -
the maximurm mid-span design mement inthe slab

(6} Torsmn remfareemeh* equal to half that descand

in the preceding paragraph should be provided ata . . ..
corner contained by edges over only one of which the
slab is contmuous

{7f Torsion remforcemant héed not be prowded at any
corner contained bv edges over both of’ whlch the iab'
lmontmuous

- L ‘. - L
e '.a ' T owe fa '.-.A Tiens ..n ,'ﬂ b Ve .':,

1536 Restramao" S}ab w:th u-vequaf condftlons ar ad;ace )

panels. In soie casés th support momgnts calculatéd fra' R
. . table 3,15, for adjacent panels, may differ sngmflcamiy
... To adjust them the following procedures may be used.

{a} Calculate the sum of the moments at mtdspan and
supports (neglecting signs).

(b} Treat the values from table 3. i!i as f|xed end
moments {FEMs).. .

(¢} Distribute the FEMs across the supports accarding
to the-relative stiffness of adjacent spans, giving new
support moments. -

P . ey

{d} Adjust mdspar momem “this should be such that
when it is added to the suppert moments from {c}
(neglecting signs). the total. should equat that from {al.

i dor'a gm.n panel the resuhnng support rioments are

. now sngnmcamly greater than the value from table 3.15.

the tenmon steel pver the suppocts Wk” need to be extend
beyond tha pravisions of 3. 12.10.3. The procedure shou®
be as tollows,

supports; nts max:mum value 1s as found from (d)

{f) The po.rts a4 c;ntrauiexure of the new suppart
) mome-\tr gfrom (m) \Mth th» span mnmem (from jet
are detérmined’ :

;..16/-
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' Irabia 3.15 Bending moment cosfficiznts for rectanguiar panels supported on four sides with provision for torsion
a1 caryers '

ey

Type of pansi snd moments  © Short span soeflicients, i, :;3':?‘::“
i AR gt e B it et 9 b1 - e [ - hvm et t s rmes m PR RS e e SR RIS A E L e ke oy ¥ .

onsidered $ ‘ - costticie

. { Valuesatl il : Bsy, forull

. T e B — - vaiues of

16 1.1 1.2 1.3 1.4 |18 1.78 20 Il

. }n rerior panels

Negative moment at N - 2 j .
contingous edge 0.031 | 0,037 10,042  0.046 :0.050 $.053 10.0589 | 0083 0032

tasitive mament at ‘

mid- span : 0.024 {0.028 | 0.037 10035 |0.037 | G040 j0.044 | 0.048 0{)24

One short edge
discontinuous

Negative moment at : _
continuous edge - | 0.639 | 0,044 | 0.048 | 0,052 | 0.065 | 0.088 0.063  0.0687 |0.037

Positive moment at e BT )
mid- span 0.022 | 0.033 | 0.036 | 0.039 | 0.041 | 0.043 |0.047 | 0.050 |0.028

Qne long edge
discontinuous”
. Negative moment at : v
! continuous edge 0.03% | 0.049 | 0.056 | 0.062 | 0.068 {0,073 |0.082 | 0.089 |0.037
" Pasitive moment at N _ : . e o
‘mid-span - 710,030 |0.036 | 0,0427(0.047 [0.051 | 0.055 |0.062 | 0.067 |0.028
Two adjacent edges o ' |
discontinuous ,
Negative moment st . ' e - . -
'/ continuous edge | 0.047 0.056 |0.063 | 0.06% |0.074 | 0.078 |0.087 0,083 [0.045
Positive momentat . o , , :
mid-span " » 10036 {0042 {0,047 {0.051 |0.055 | 0.059 |0.065 O.G?O_ 0.034 -

Two short edges
discontinuous
; Negative moment at o ] ) R O .
continuous edge 0.046 PO,OSO 0.054 | 0.057 |0.0680 |0.062 Q067 | 0.070
Positive moment at : : . ' ' P
tid-span 0.034 [ 0.038 |0.040 | 0.043 |0.045 | 0.047 10.050 | 0.053 {0.034

" Two long edges

discontinuous,

Negative moment at - . P
continuous edge - - - - - - - - 0.045

Pasitive moment at , i _ o I
mid-span 0.034 |0.046 |0.056 |C.065 |0.072 |0.078 |0.081 | 0.100" 0.034

Three edges discontinuous . . E : : ; K
fone long edge A ‘
continuous)

‘?,

|+ MNegative moment at . )

continuous edge 0.057 | G065 |0.071 |0.076 [0.081 {0.084 |DCG2 | G096 |~
Positive moment at e . '

mid-span- - . 10042 | 0048 | 0.053 | 0.057 |0.060 |0.063 |0.069 | 0.074 [0.044

] -
Theee edges discontinuous
- forie short edge
continuous) .
Negative moment at
continuous edge - - - - - - - - 0.058
Positive.moment at.
mid-span - . ‘0.042 |10.054 10063 | 0071 (0078 | 0084 {0098 | 0.105 [0.044

Four edges discontinuous . , L 88
Positive moment at . . : % ' |
mig-span - 0055 [0.065 0074 |0.081 |0.087 |0.092 |0.193 [0.111 |0056 .. 17/

W e s
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355 Shesr rosintance of solid slaby

3551 Symbols. For the purposas of 3.8.5 the follcwing

b

~ symbals apply.
A
A

area of shear links in a zans
area of hent-ugs bars in a zone
hreadth of slas under consideration
. sffective depth or sverage effective depth of a slab

fyy characteristic strength of the shear reinforcement

Ve

Sy
SV

which shouldriot ba taken as greater than 480 N/mm?
neminal desigre shear stress
" design ultimate shear stress obtained from table 310

shear force due to design ultimeta loads or the dasign
uftimate value of a concentrated load

- angle betwean the shear reinforcement and the
. plane of the stab g

. spacing of berit-up barg (see figure 3.4}
spacing of links

3.5.5.2 Sheer strassed. The design shear stress, v, at aiy
cross sectian should be calculated from equation 21:

in no case should v exceed 0.8/, or 5 N/mm?, whichevér

v

Y, e

o squation 21

is the lesser, whatever shear reinforcement is provided.

" will be the best means of controlling flexural cracking in

3.6.5.3 Shear reinfa:

rcement, Recommendations for shear -
reinforcement in solid slabs are given in table 3.17

3.5.6 Sheur in salid slabs under concentrated losds :
The provisions of 3.7.7 may be applied,

35,7 Daflection

Cetisctions may be caleutated and ccmpared w:th the
sarviceability requirements given in section three of

BS 8110 Part 2 ¢ 1685 but, in 2ll normal cases, it will be
sufficient to restrict the span/effactive depth riatio.

Al

The appiopriate ratic may be obtained fram table 3,10 and

madified by table 3,11, Only the reinforcement at the |

ceritre of the span in the width of slab under cons‘deratlon
should be concidered to influence deflection,

The ratio for 8 two-way spanning slab should be based on §
the shorter span and its amount of reinforcement in that ¢
direction. - :

RO

35.8 Crack conirol R
In general the reinforcément spacing rules gwen in 3,12, 11

slabs, but, in certain cases, advantage may be gainéd by
caleulating crack widths (see section three of BS 8110
Part 21 1985). :

PR SRS I A T

Tﬁ_bh 3.17 Form snd srea of shesr reinforcemant in solid slabs ' . .

Value of v Form of shear reiafarcament ‘Area of shear rainforcament 10 he pro}ldéd .
1 to be pravided - s : \
N/mm® R . G
v< vy, None required - None . :
vc.< v< {v, + 0.4} Minimum links in areas A, »04bs,/087f,,
: . where v 2> v, :
(ve + 0.8 <v <QBVF,, Links and/or bent-up bars | Where links only provided: :
or 5 N/mm? in any combination (but | 4 > bs, (v - v /0871, ... o
) the spacing between links ) : & i
or bent-up bars need nOt | Whgre beat-up bars cnly provided:
be less than d) Agy 2 b8y (v = v }[{0.87F,, (sosa +sina cotf)}
i {sen 34.5.7)
" .

NOTE 1. Itis difticult to benu and {ix sheer reinforcament so ther its effestiveness can be assured in slabs less than 200 men deep.
It ig theretors nat advisable to use shear reinforcement in such sishs,

NOTE 2. The en'\ar-cemen: in design shear strength close 1o supports described in 3.4.5.2 ~-d 348

wiid slabs,

A8 may a!so ba applied 10

89
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CGeetion thiea -18-
r - 5 widthof a columin {dimension of cross section
perpandicutsr to h)
' h depth of the cross sacticn measuied in ﬂ*e plane

e =T

7/

154

™ Perimeter b

b

Figure 2,19 Shear perimeters-with losds cloise 10

1% Perimiter a- |:

under contlderation

398 Defloction of panels

ter stabs with droeg of gmss wi
ment squal to one vird of the respectwo spans ‘the pro'

wons of 3.4.6 _can,be aPphed “diractly. Otharwise tha s
Mm de"th tigs, abtam d'from'3.4.6 stould ba
mesttiplied by 0.9, o' che k"i ould b carried olit fc the
age crfucal dgectvon. N

118 Crs&n contml m pano!s ’ :

A o Ryt
I'.

o qmsrai the remforcement spac“mg rules glvan in 3 12.11
4% by the best means of controlling flexural crackmg in
gonals but, fntertaln cases, advantage mhay e gained: by
adcuiating crick widths (see section three-of:BS 81107
et A4 1985) and compmng them with tha requrmd ¢
Mi-" e : '

32,10 Design of cammm in flat slab ccmtructwn

i’;»a&nnns shou!d be désigned in accordance with' tha
mspm_ of 3.8.

H

38 Columns

%8.1 Geners!

ABYTE . The provisions of this clause relsts to columng whmo areater.
szt ¢rosy-sectional dimension does not BKEead (our timss its
owptige dimeasion. While the proviyions relfate primarily 1o réctan-
Ry ¢ross sections, the prmcsp!es involved may be app!scd to olher
m whire nppropriete

17 R R] Symbafs For the purposes of 3.8 the followmg
egteols apply. ¢

&, - natcross- sectional area of concrete ina column -

By . “srea of vertical reinforcement

' deflection at ULS for each column »alcu!ated from
equation 32 .

€., tverage deﬂac\tan gt ULS apphcd to all co!umns

a1 8 given level

[p—

L N et 1 8

i, eftective height of & celumn in the plane of benc.mg
considared

l,,  effective haight in respect of the major axis

I effective height in respect of the minor axis

Iy clear height between end restraints

I height of & cctdmn measured belwuan centres of
restraints

My smaller initial end moment due to dassgn ultimate
loads

My - largst initial end moment due to dqu utumate
loads

M, mma! design ultimate mogent in & column before

aHowance for addnmnal d slgn momcnts ansmg
out of s(anderness : e

effectwe umaxm_. iq
the y axis

addt.nonal design ultimate momgm mduced by .

deflecuon 9f éclumn '
_deszgn ulnm;m axjal foad on’a.cn!umn '

" design axial !uad Capscity of 4. balsncod scct.mn.
. for symmemcally remforced raqt&ngu!ar secteon
) o0 8% 0. 25fwbd

N'u, _ 'deszgn x.;humate capacity of 8 section when
sub;ected to axnl load only
n number of columns resisting sidesways at 8 given

ievel or storey

- 3.8.1.2 Size of columns, Thesizeof a column anid thé

. position of the rainforcemant in it may be affected by the

requirements for dursbility and fire resistance, and thess

.. should be considered before the design is ccrmmenc.ed

3.8.1.3 Short and sfender columns. K cc‘um"‘x may be

- considered as short when both the ratios J,, /i and leylt
sre less than 15 {braced) and 10 {unbraced}). It shculd

- otherwise t:n. considered as stander.

3.8.14 Plam cancrate columns. \f a columa has a large
. anough section to resist the ultimate loads without the

' AH addition of reinforcement, then it may be designed similacly

ta a plain concrate wall {see 1.2.4),

3818 Beaced and unbraced columns. A cc!umn may bea

) conssdmed ‘Braced in & given plane if lateral stability to the
- structure as 8 whole is provided by watlls or beacing of

_ buttressing designed to resist alt latsral forces in that p.ane.
1t should otherwise be considered as unbraced

90

! . B
T e ‘M wlha hem deﬂotes mam reinforcernent in gotumnng, it daes notnecessarily impty that the reinforcement wilt beinc

OMOeESetEn, - - -19/



s dy
2@t

-19-

i
1

3.8.1.6 Effective height of a column

3.8.1.8.1 General. The effective height, /,, of & cofumn in v

3 given plane may be obtained &

fo =81, equat ion 36
Values of § are given in tables 3.21 and 3.22 for braced and
unbraced columns respectively as a function of the end
conditions of the column; Formulaa that may be used to
obtain 8 more rigarous assessment of the effective length,
it desired, are given in 2.5 of 8BS 8110 : Part 2 ; 1385,

It should be noted that the effective height of a column in
the two plan dirsctions may be different.

In tables 3.21 and 3,22 the end conditions ars defined in
terms of a scale from 1 16 4. Increase in this scale carres-
ponds to a decrease in end fixity. An appropriate value
can be assessed from 3.6.1.6.2.

om the following equation:

3.8.1.6.2 &End conditions. The four end condétiéﬁs are as
follows.

{a} Condition 1. The end of the column is connected
monalithically to beams on either.side which are at
faast as deep as the overall dimension of the column in
the plane considered. Where the calumn is connected to
a foundation structure, thxs should be of a fcrm

specif :callv designed to carry moment,

{b) Candition 2, The end of the column is connectad
monohthncally 10 beams or slsbs on either side which
are shallower than the overali dimension of the calumn
in the plane Considered. .

(c} Condmon 3. The end of the cnlumn is connected to-
mernbers which, while not specgfucally designed to

provide restraint to rotation of the column will, never-
theless, provide some nominal restrainte,

(d) Candition 4. “The end of the co!umn is unrestrained
against both lateral movement and rotation {e.g. the
free end of a gantilever. column in an unbraced dtructure).

Table 3.2%: Valuas of § for braced coluinns

End ctmdmc-\ 1 End condition st bottam
" top v

t - 2 A 3
1 075 1080 |090
2 . 080 o8BS | 055
3. . 0,90 0.95 1.00

Tsbile 3.2:2'Vs§gas of § for m:*.braeed columns

. End c'e'ndit!vu',’”‘ - End condliion £t bottam
at tap : : - :
i 1 2 3
1 12 113 T
2 D 13 1.5 . 1.8
37w e |-
4 32 |- ~

3.8.1.7 Slenderness imits for columns, Generally, the ciy
distance, /., between end resteaints should. not exceed sixg
times the minimum thickness of a column,

3818 "s‘lm'aern%s of unbraced colimns, If, in any gives
plans, one and of an unbraced column is unrestraingd
{e.g. & cantilever column), its clear height, {,, should not
exceed:

008"

I, = - < 80p’ equation 3

where

#" and b’ are respectively the larger and smaller
dimansions of the column,

"he cansiderations of deflection {see 3.8.5) may intradud
further limitations.

3.8.2 Momants ard foreas in columns

3.8.2.1 Columans in manolithic frames designed to resist -

- latersl forces. In such cases the mnmeﬂts shear forcas a"dx

axial forces shoutd be determined in accordance with 3.2.1
{see also 3.8.2.2). ‘

3.8.2.2 Additional moments induced by def/e;:r'ia'fw'ar Uli
In stender columns addltlonal moiments induced by deflée

: tion at ULS should slso be consndered An altowance for
- them is made in the design requirements for slender ;

columns (see 3. 8§.3}. The basés or othér members cannec'.i
to the ends of such columns should also be desngned to

. resist these additional moments at ULS if the average

value of /,/i for ali columns at a particular level is greate}
than 20. Subclause 3.8.3.9 gives guldance in the deslgn )
for these momen ”

h,‘p,\ o

3.8.2.3- Columns in col.;rmt -and-beam ct;nstruc'fan, ori .
monelithic braced structural frames. The axial-force in.a
colurnn may be calculated on the assumption that beams
and slabs transmitting force into it are simply supponed
When a column is axially loaded or the axial force
dominates, ac in the case of columns. supporting symmetsh i
cal arrangements of beams, oniy the design uitimate awal
force need be considered in design apart from a nommal
allowance for eccentricity, equal to that recommended

in 3.8.2.4,

3.8.2.4 Minimum eccentricity. At no section jo & cotumn
should the design moment be taken as Jess than that
produced by considering the design ultimate axial load as -
acting 8t 3 minimum eceentricity, £, equal to Q. 03 tim
the overall dirension of the calumn in the plang of benhdi
considered but niot more than 20 mm, Where biaxial
bending is corisidared, it is'only nedessary 1o ensure that
the gccentricity exce"ds the minimum about ane axis ct

a ume .

3.8.3 Deflection inducad moments In solid slander colus

3.8.3.1 Design. in general, a'crosy section may be designg
by thermethods given for a short column {see 3,8.4) bt if
HmrMﬂmvnurmnlhmtu;w'whvnﬂthumhhtnm!

9 1 moment induced in the tolumn by its deflection,

...20/-
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Erd conditions [nitial momenis Additional momenty Dasign mements
of cotumn {irom analysis) C
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ide =
L )
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' ! Masa .

) 7 ﬁShf\‘er end;, ‘ e
: “ joint :
i
‘ i ’ ;

V// Lt-.sst stiff _ L

ar oin .;-':'_g:,_g:'nf . e P e T
K L Hm ey be - - B T N
. i reduted inpropockion to  f L e
__the ratie of the shiffness L
of tha less stiff to bhe = 7 " *

Figure 3.21 Unbraced slender columns

stiffer joint o ST

. *ll

184 Dusign of column section fcr ULS

3041 Analysis of sections, in the analysis of a column®
eross section to determine its design ultimats resistance to
swment and axiaf force, the same assumgtions should be
made as when analysing a beam {seg 3.4.4.1).

3B.4.2 Design charts for symmetrically-reinforced columns,
Oesign charts for §ymme rically-reinforced calurns are
gven in 8BS 81 10 Part 3. They are based on figures 2.1

and 2.2 of this code and the assumptions of 3.4, 4.1,

3.8.4.3 Naminal eccentricity of short columns restfmg
moments and sxial forces. Short columns usually need only
to be designed for the maxrmum design moment about the
oae critical axis, :

whwre, due to the nature pf the structure, @ column cannot
be tubjected to significant moments, it may be designedg 2

‘. .50 that the desian ummam axzat laad dcea not exceed t\he
: value of I givén by:

N=0.4f. A, v07DA,. 7, e\qua:icn 38

. JNOTE, This insiudes sn aflowance (o7 1o

3. 8 4.4 Short breced columns suppomng an approx:-

mataly symmetrical arrangement of beams. Yhe design

uitimats axis! oad for 8 short colump of thjs type may be

calculated using the following equation: .
N = 03581, A, + 0674, 1,

where

equation 39

{a) the beams are designed for uriformiy distributed
imposed foads, and

{1} the beam spans do not differ by mere than 15 %
ef tha lenger.

NOTE, This includes an alicwance for yu.

- AT
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3.8.45 Biaxial bendirig, Whan it is necessary to consider
biaxial bending and in the absence of more rigorous calcuta-
tinns in accbrdance with 3.4,4,1, symmetrically-reinforced
ragtangular sections may De designed to withstand an
increased inomant about one axis given by the fci!cwihg
egisations: .

la} for M, k" 2 M Ib M, = 8, + —:{- M,

% equation 40

(o) for A, 10 <M 0", M, T M,

=M, + E
. equation 41
where
4" is the overall section dimension in a direction perpen-
dicular 10 the » gxis;
b" is the overal! section dimension perpendicular to the
¥ axis;
fi is a cosfficient ghtained from tzbie 3.24 below.
NOTE, See figure 3.22 tar further clorification of &' and ',

3.8.4.6 Shear in columns. The design shear strength-of =7
columns may be checked in accordance with 3.4.5.13. For
rectangutar sections, no cheek is required where M/N is less
than 0.754 provided that the shear stress does not excesd
0.8 V¥, or 5 N/mm?, whichever, is the lesser,

31.8.5 Dsflection of columm
No check is necessary under the follawmg conditions,

{a) Braced columns. Within the recommended timits
of slenderness no specific check is necessary.

b} Unbraced columns. No check is normally necessary .
if in the direction and a2 the level cogsidered the
average value of / !h for all coluimns is not more than 30.

&

{c) Single-starey cansrfuctton Where nio fmnshes
susceptible to damage as'a result of deflection are
present, an unbraced column within the recommended
limits of stenderness {see 3.8.1.8) may be considered
to be acceptabla,

If checks are needed, guidarice on appropeiats limits is
given in section three of BS 8110 : Part 2 ¢ 1985,

38.6 Crack controf In cotumng

Cracks dus to bending in a column designed for design
ultimate axial load greater than 0L27, A, are unlikély to
accur and therefars no check is reguired, A more Hightly-

M
b (3™
D S - - \J —
hl
i
\ ¥ s
N b N
)
T2
M, .
Y i
Figure 2.22 Biaxislly bant column :
3.9 Walls

NOTE. 5ee 1.2.4 for dsfinitions specitic 10 walls.

3.8.1 Symbols
Far the purposes of 3.Q. the following symbols apply.
A, gross area of concrete at a cross section !

Ao area of compression rem‘oecement per unit leagth
of watit .

Ioaded column subject to bending shouid be considered ¢, additional eccentricity due to detlections
as a beam for the purpose of crgck control, ‘ i
Table 3.24 Valugs of the cosfficient §
N . R .
g 8.1 0.2 83 0.4 0.5 =08
bhf cu BEEIN
8 io0’ og8 077 066 053 042 030 93

“Thir "¢ 1 the twoltin danotes total verties? reinforcamant pnet is justityee 08 on wxtension of ity vie in 3.8

soe22/-



3.0.4.24.2 Shear walls. The deflection of plain concrete
shear walls should bie within acceptable timits if the total
height dogs 1 at exceed ten times the length of the weii,

330 S't'airq:'ases
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MNOTE. For rthe purposss ef this clause, a staircase rav be (akun to
include a section of tanding spanning in the same d!recllut‘ &nd
contlnuous with thﬁ’ sta!r !ught

31619 Loem'mg S!atrc‘.sev. should be deslgned to suwpcrt
the design uitimaje loads according to the load. combing-y.
tions in 3.2.1.2.2. T vt L

3.10.1.2 Distribution of loading. in general, the design

ultimate’ Toad ﬁhou!d be sssumed to be unifory

butad over tf’,e plan arsa,of 4 stairease, When _ho\&ewr T

[l

staircasét su'roundmg cpen wells mclude two, $gans that

intersect at ngm angles tHe ioad an the ar'nas commen ta 'i -
both spans__may 'be assumad’ to be dmded ec..ually between

the two spa

When staircases or iandmgs ;hat span an the dl(ecuan, ef
the flight are built at laast 110 mm'into walls along pert
or &l of their Eerg'h a 15Q mm smp adjacent 10 the watl
may be deductegi e icaded arem . .

3.10.1.3 Effactive spsmof mondlithic staircases without -
stringer beams, When the: staircase is built monalithically -
at its ends into, structufal. members. spanning at right angles
to its span, the effective span should be as given in
equation 47:

effective span =1, + 0. 5(.., 1 Hha)
~ where

equation 47

I, ic the clear horizontal distance between the
supporting members

Iy 1 s the breadth of the supporting memtser at one
end or 1.8 m, whichever is the smaller;

l,.1 is the breadth of the supporting member at the
other end or 1.8 m, whichever is the smaller.

3.10.1.4 Effective span of s:'mpiy—:uppor:ed staircases
without stringer beams.- The effactive span of simply-
supported staircases without stringer baams should be taken
as the horizonta! distance between the centre-fines of the
supgorts or the clear distance betwean the faces of supports
plus the effective dupth, whichever ig the fesser,

3.10.1.5 Depth of secticn. The.depth of the section should
be taken as the minimurm thickness perpendicular to the.
soffit of the staircase,

3.10.2 Design of',s".airca:ns

3.10.2.1 Strength, deflection and crack control, The recom-
mendations for beams and sfabs given in 3.4 and 3.5 apply
except for the span/depth ratio of a staircase without
stringer beams where 3,12.2.2 applias,

o~
<

3.10.2.2 Perinissible ;:pzm/iefrec:ws dapth ratio for stair-
cases without stringer beams, Brovided the stabr flight
occunies at least 60 % of the span, the revio caloutated in
ascardance with 3.4,8.3 may ke increased by 15 %

311 Boses

3.11.1 Symbels

For the purpeses of 3.11 the following symbols apply.
Ag totalcross s-sectional area of réinforcemen’t paraliel to
the sha! tar sicde of a stab

a, distance from the face of 2 column to the critical
shaar section .

£ cok.mw width

¢,  horizonul dimension ofa wlumn paral%el te d,

Ly hcnzontat dimension of a column, paraliel tol,

eftechve depthof a pad foomg aor pile cap

Nii thickness of pad footing or 'pt fe cap
“ 1. half the spacing between column centres {if. more

than ore) prihe distance to the edge of the pad,
whxchever is, the greater)

lewgth of the Ionger sxde of a base

ay

X
Ee!-gth of the shorter sxde ef a base, ]
v design shear stress at a seqt:on ) !

v,  design concrete shear stress (see table 3 9)

¢ diameter of 3, cnrcular p|'e orofa cnrclg_mscnbed in
the plan form of a pile of other shape

3.11.2 Assumptlous in the desrgn of pad footmgx- and
pile caps

3.11.2;1 General. Excent where the redctions to the
appliéd‘loads and moments are derived by more accurate.
methads, €.g., an elastic analysis of-a pile group or the
apphca’ion of established prmcxp‘es of soil mechanics,
the following assumptions ‘rhould be made.

(a} When 2 base or & pile cap is axially loaded,

the reactions to design ultimate loads may be assurned
to be uniformly distributed (i.e. load per unitareaor ™~
per pile}.

(o) When a baee or a pilecap is ﬂcrentrlcahy loaded;:
tha reactions may he assumaed to vary hnc@r'y acrass
the hasa or acrass the pile system,

2.11.2.2 Crivicaf section in desigo of an isulated pad
focting. The ceritical section in design of an isolated pad
fosting may be taken s that at the face of the column

or wall supported,

3.11.2.3 Pockets for precast members. Account should be’
taken of pockets fof precast members in calculating section
resistances, unless grouted up with a cement mortar not
weqker than jdj:e concrete in the base,

L
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