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Foreword

This third edition of Designed and detailed has been revised to BS 8110 : Part 1:
1997, and the amendment dated 15 September 1998. Although there have been
several amendments to the code since 1985, the latest and most significant change
has been the reduction in the partial safety factor for reinforcement ym from 1-15
to 1.05. With higher stresses, less steel is required. However, the total saving may
not be fully realised because there are other considerations such as choosing a
practical arrangement of bars, and the deflection in the case of shallower
members. '

The calculations have also been revised for the loading requirements of BS 6399 :
Part 1: 1996 and Part 2: [995.

Design charts in BS 8110 : Part 3: 1985 may still be used to provide a
conservative solution, and one of these charts has been included for the design of
columns. Lap lengths for these members have also been taken from BS 8110,
Table 3.27, but adjusted for the design stress of 0-87fy.

The tie reinforcement for robustness is designed at its characteristic strength. If the
characteristic bond stress is used for calculating laps and anchorage lengths, then
the values in Table 3.27 may be multiplied by 1-05/1-4. This publication takes a
conservative practical approach and uses directly the values given in Table 3.27.

Observant users of previous editions will appreciate the skill that is evident in the
setting out of the calculations and the drawings. This is the work of the late Jim
Higgins, whose care in the production of the original artwork was meticulous.
Sadly, he never saw the second edition in print. I hope that my amendments to
this third edition will not detract from his fine workmanship.

Special thanks are due to Tony Threlfall for his advice and suggestions for this
edition. ’

Railton Rogers



Introduction

The purpose of this publication is to apply the principles of limit state design given
in BS 8110 by means of a simple worked example for a reinforced concrete
building frame. The calculations and details are presented in a form suitable for
design office purposes and are generally in accordance with the following
publications.

BRITISH STANDARDS INSTITUTION. Structural use of concrete. Part 1. Code of
practice for design and construction. Milton Keynes, BSL. 1997. 120 pp. BS 8110 :
Part 1: 1997.

H M STATIONERY OFFICE. Building and buildings. The Building Regulations 1991
(Amended 1994). HMSO, London. 21 pp. Statutory Instruments No. 2768.

BRITISH STANDARDS INSTITUTION. Loading for buildings. Part 1. Code of practice
for dead and imposed loads. Milton Keynes, BSI. 1996. 10 pp. BS 6399 : Part 1:
1996.

BRITISH STANDARDS INSTITUTION. Loading for buildings. Part 2. Code of practice
Jor wind loads. Milton Keynes, BSI. 1995. 82 pp. BS 6399 : Part 2: 1995.

BRITISH STANDARDS INSTITUTION. Loading for buildings. Part 3. Code of practice
for imposed roof loads. Milton Keynes, BSI. 1988. 23 pp. BS 6399 : Part 3: 1988.

BRITISH STANDARDS INSTITUTION. Specification for scheduling, dimensioning,
bending and cutting steel reinforcement for concrete. Milton Keynes, BSL. 1989.
20 pp. BS 4466 : 1989.

THE CONCRETE SOCIETY. Model procedure for the presentation of calculations.
London (now Slough). 1981. Technical Report 5, second edition. 18 pp.

THE CONCRETE SOCIETY AND THE INSTITUTION OF STRUCTURAL ENGINEERS.
Standard method of detailing structural concrete. London, The Institution, 1989.
138 pp.



BS 8110 and limit state design

Obijective

Characteristic values

To serve its purpose, a structure must be safe against collapse and be
serviceable in use. Calculations alone do not produce safe, serviceable and
durable structures. Equally important are the suitability of the materials,
quality control and supervision of the workmanship.

Limit state design admits that a structure may become unsatisfactory
through a number of ways which all have to be considered independently
against defined limits of satisfactory behaviour. It admits that there is an
inherent variability in loads, materials and methods of design and
construction which makes it impossible to achieve complete safety against
any possible shortcoming. By providing sufficient margins of safety, the aim
of limit state design is to provide an acceptable probability that the structure
will perform satisfactorily during its intended life.

Limit states can be classified into two main groups:

(1) the ultimate limit state, which is concerned with the provision of
adequate safety;

(2) the serviceability limit states, which are essentially concerned with
durability.

Generally, in practice, there are three limit states which are normally
considered for reinforced concrete and these are given in the Table below.

Serviceability limit states

Ultimate

limit state Deflection Cracking

Cracking should
not be such as

to damage finishes
or otherwise
impair usage

Structure should
Provision of not deflect so as
adequate safety | to impair use

of structure

Objective

Design ultimate

Loading regime Design service load

loads
Deflection should] Crack width
Performance limit Structure should | not exceed should not
not fail specified exceed 0-3 mm

limits generally

For the testing of materials, a statistical approach can be applied to the
variations within materials which occur in practice. A normal or Gaussian
distribution curve is assumed to represent the results of the tests and a value
known as the characteristic value can be chosen below which not more than
5% of the test results may be expected to lie.

The characteristic strength is given by the equation:
Characteristic strength = Mean or Average strength — 1-64 X Standard deviation

Ideally, a characteristic load should be similarly defined, as a load with a 5%
probability of being exceeded during the lifetime of the structure. However, it
is not yet possible to-express loading in statistical terms, so the Code uses the
loads defined in BS 6399: Parts 1, 2 and 3.



Design loads

Design strengths

Robustness

The design load is given by the equation:
Design load = Characteristic load X yr

where yr is a partial safety factor for loading. This factor takes into account
the possibility that the loads acting on the structure may be greater than the
characteristic values. It also takes into account the assumptions made in the
method of analysis, and the seriousness of failure to meet the design criteria
for a particular limit state. The consequence of collapse is much more
serious than exceeding the serviceability limits and so this is reflected in the
higher values of the partial safety factors. Components of load have to be
considered in their most unfavourable combinations, so sets of values of yr
for minimum and maximum design loads are required. For example, the
worst situation for a structure being checked for overturning under the
action of wind load will be where the maximum wind load is combined with
the minimum vertical dead load. Lower values of yr are used for the
combination of wind, imposed and dead loads than for the combinations of
wind and dead, and dead and imposed loads, as the probability of three
independent design loads achieving their maximum value at the same time is
less. The table below gives the partial load factors for the ultimate limit
state.

Partial safety factor to be applied to
o dead load imposed load
Combination wind
of loads when effect of load is load
adverse | beneficial | adverse |beneficial

I Dead and imposed 1-4 1-0 16 0 -

2 Dead and wind 1-4 1-0 - - 1-4

3 Dead and wind 12 1-2 [-2 1-2 12

with imposed

The design strength is given by the equation:
Characteristic strength
Ym
where yn is a partial safety factor on the material strength. This factor takes
into account the variation in workmanship and quality control that may
normally be expected to occur in the manufacture of the materials. The

values of ym to be used for the two materials when designing for the ultimate
limit state are given below:

Designstrength =

Values of ym for the ultimate limit state

Reinforcement 1.05
Concrete

Flexure or axial load I-5
Shear strength without shear reinforcement 1-25
Bond strength 14
Others (e.g. bearing stress) =215

In addition to providing a structure that is capable of carrying the design
loads, the layout should be such that damage to small areas of a structure or
failure of single elements will not lead to a major collapse.

The Code requires that in all buildings the structural members should be
linked together in the following manner:

(a) by effectively continuous peripheral ties at each floor and roof level;



Durability and fire resistance

Application

(b) by internal ties in two directions approximately at right-angles,
effectively continuous throughout their length and anchored to the
peripheral ties at each end (unless continuing as horizontal ties to
columns or walls);

(c) by external column and wall ties anchored or tied horizontally into the
structure at each floor and roof level;

(d) by continuous vertical ties from foundation to the roof level in all
columns and walls carrying vertical loads.

In the design of the ties, the reinforcement may be assumed to be acting at
its characteristic strength with no other forces present but the tie forces.
Reinforcement provided for other purposes can often be used to form part
or the whole of these ties, so that in the design process, when the required
reinforcement for the usual dead, imposed and wind loading has been found,
a check can be made to see whether modifications or additions to the '
reinforcement are required to fulfil the tie requirements.

At the commencement of the design, the following should be considered:

- the climate and environmental conditions to which the concrete will be
exposed;

- the concrete quality;
- the cover to the reinforcement.

It should also be noted that the quality of the construction process and the
first hours after casting of the concrete have a major influence upon the
subsequent durability of the structure.

The cover for protection against corrosion may not be sufficient for fire
protection, so this should be considered at the onset of the design, and also
the dimensions of the members.

The Code gives maximum water/cement ratios, minimum cement contents
and minimum characteristic strengths for concretes suitable for use in
various environments with specified covers and using 20 mm nominal
maximum size aggregate. The minimum grades will generally ensure that the
limits on free water/cement ratio and cement content will be met without
further checking.

Durability and fire resistance requirements are considered at the onset of the
design process because this determines the grade of concrete, the cover, and
the size of the members. Usually, for most structures, Part 1 of the Code will
be used in which it is assumed that the ultimate limit state will be the most
critical limit state. Design will therefore be carried out at this limit state,
followed by checks to ensure that the serviceability limit states of deflection
and cracking are not reached. In special circumstances, other limit states,
such as vibration or the effects of fatigue, may require consideration. Should
it be necessary to calculate deflections and crack widths, methods are given
in Part 2 of the Code. The serviceability limit state of deflection may be the
limiting requirement for floor slabs with large span/effective-depth ratios.
This can be checked before the reinforcement is determined, although some
engineers may prefer to follow the procedure where the check is made after
the reinforcement has been.found.

Simplified detailing requirements for the curtailment of the reinforcement
may be used for beams and slabs which fulfil certain design conditions.
However, for other situations, the curtailments should be taken from a
bending moment envelope and be in accordance with the general
recommendations of the Code.



Design information
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1 houc gov afl elements
RDO{Z - wFosed - 1.5 kN/Mq' General loading conditions
" - wmohes = 4. ) L‘«N/Mq'
Floos - unposed (3:0) amdd partitions (1.0)= 4.0kN/m?
Stairs - LMFosed - 4.0 kN/wﬁ'
- [wiohes %o Floors amd Stairs - 045 ku/m?'
ExYecnal” Claddung = 5.0 kN/m.
Speed 21 m/sec. (basic) wind loading conditions
Factors

SQ=1»05 Sb: 1-71’ S4= 1.0) Ss=l.o’ sz 10
Co\:o‘84, Cpef +o'8<‘(’r0f\0 , C‘,e= 03 '“ea()/C/,FO'OZS

Severe (exfermal) amd MUd (nkeonal) (BS810 Table 3.2)

Exposure conditions

Sthf ol - no guiPWS

Allowable bearl,mq Fressure = 200 kN/m?‘

Subsoil conditions

RC foot‘mzjs to columns and walls

Foundation type

Grade 4O wikh 20k wmax, aqqreqate (Bsg110 Toble 3.3)

Material data

Chacacker Lstie sﬁrev\a‘ck - M 0axs | f = 460N /mwt
: oo ks 3 2250 N/
Seif we'\,qht 05’- concrele = 9240 kN/,,} Other relevant information

Al dimenslons shown on drawings ace un wu‘.u«i,mekres(mm)




Structural summary sheet
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Floor slab
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Commentary on bar arrangement

BS 8110 ref  Bar marks Notes
All bars are labelled in the form described in the Standard method of detailing structural concrete,
e.g. 45T12-1-300B1 means that in the bottom outer layer there are 45 Grade 460 Type 2 deformed
12 mm nominal size bars at 300 mm centres and the bar mark is -1-.
The bars are numbered in the likely sequence of fixing; the positions of the first and last bars in a string are
indicated in plan and section. Intermediate bars have been omitted for clarity.
Table 3.25 Minimum area of tension reinforcement = 0-0013 X 1000 X 175 = 228 mm?*/m.
3.12.11.2.7 Maximum clear spacing of tension bars = lesser of 750 mm or 34, i.e. 3d = 3 X 149 = 447 mm.
h << 200, therefore no further check on spacing
- 1 Main tension bars T12 @ 300, 4. = 377 mm? > minimum 228 mm?/m. - OK.
If curtailed, As = 377/2 = 189 mm? < minimum 228 mm?/m - not QK.
3.123.4 Bars lapped 300 mm at bottom support to provide continuous tie.
Table 3.25 23 Secondary bars — use T10 @ 300 (262 mm?2/m).
312811 4,5 Minimum lap = 300 mm > 15 X 10 = 150 mm. Lapping reduces bar lengths for easier handling on site.
- 7 Laps are shown staggered for effective crack control.
34.1.5 6 Minimum transverse reinforcement is placed across the full flange width of the edge beam (minimum
width = 650 mm, see page 16).
Table 3.25 Minimum area = 0-0015 X 1000 X 175 = 263 mm?/m - use T10 @ 300 (262 mm?*/m).
- 8 Main tension bars over support T12 @ 300 as bar mark 1. '
3.12.10.3 One curtailment shown at 0-3 effective span from face of support. Further curtailments prevented by

minimum area and spacing requirements similar to mark 1.
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i8] BAT T Booxats - 073 Ve= 057 3 = 0- eeN/mm
) ey o Ao, . bxDi4 _ 300x0-4 _
Tabld? Mm.twks = 0 3 035)@3\/ * 095250 O 51
34.5.5] Max.sy = 075x 450 =2 336,3&, %Om Try RI’ZG‘.BOO as min,
" A . 226 Il 075x0-4
Table37f < % Tes G075 - - “’c)';‘—o 2222 0-59N ok
Tabe27 | Sﬁge,ft Agy 5\/ 500 115 :159 125
) prka 220wt 5‘//5\/ 095 ﬂ,‘ 29 1:50 | 1:81
gtblscig Lbca!cion. <M@ QHd 'P(‘“omm Su{:‘port fo.ce '\r \/X,dN/mMZ V_V'z; WAS\'/'SV r LLV\I(.S
8w, L.H.ond 216 iroo | 0:94 {-12 Q11’2 @ 175
v RMHL 259 492 | L5 RI2C 125
6m LA AR 1056 1020414 ) R12@ 175
0 RAH. , 139 o3 [0374051] AR12 @ 300
Mimbeawin |\ = 16875 KN 1125 Jes9]075 | R12 @ 200
3.46.1| DEFLECTION bausuc % catio= 120- &W (b <o. 3) |
3.4.6.5 bd? L420><45o2 Ts * 5% 1960 x 328 e
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N T T i A«Cwoiue/d, = i;%o =118 AW/ R
. CRACK,NC-,\ Lok orack wwbt(ws By umvtwq bax'%pacw\q
312,412 oA 1.
M 9, ..o | 15
Tension \"au\.t. vediste *—-—,}o B B A R
‘ T O/o’ [&KTal Jolfowed [actaal |okiowed
Table 3] Bm. @(TU“V\AI Support - '202 loo < | 25 IR |
s3] md-span(fs 2298 +18 | 4o < 203 | 35 <iors|| :
392.0-24]  Internal s»-ppcwt T -3 | f‘?.O: < 110 - = g omck widths ok
¥2N25) Cw.mid-span(f=25¢) B O | 180 < 184 | 35 < 92 | |
o external suﬂno‘-t T o | ioo < 155 - -
3,493 qu' PROVISION ,W_F/;‘,i = seku/muw..d& (‘See ije 7)
a. Intecnal (N29) tie )IO\' Bw. span
9240 + ¢ il*ﬁ_Q 5 = e
142.3:4:2 = F () br 39( .0 - gg 5<N/m wm Tes
', Mim, acea. wmmﬁ renfz 66 8x5 %,o = ~2@Mm (982 mmt)
5“2‘5'[35 Cover'tofa.pfed bars - 3D<C’Zx25) MM} use]aac Toe \:4 B R :
Spacing belween adjacent lapsz 100< (6x25)mwm ] | ; Use bostom dars
Table 3:27 Oy La,Pz 43 x?Sx;gg = gOoMm MVWL\ F"?V?O‘w
B . ‘,,DuC MMQ,
3123-61) 6. Extesnal Cokw(rd»s@)tte?o@.»fw | tonfmons uSing
e - 3325 , looo{aps
b . . R . bk svan it SNSRI
W Jgh = 522036 = 479(1R = J2iN aui *“? |
Qi) 3% o F tolal dlesign ulﬁmate load camed D‘i columw use U-wvar
0.03 x1240 = 40.2 < 47:9kN : ‘Mraz‘sas al

,‘Q.Xterna( Cogu MAS,
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fou = 40

T

t 1350

Edge beam

interior-span flanged beam

fy = 460

5000 300
Bsrgf”‘) CALCULATIONS OUTPUT
33 | DURABILITY and FiRE RESISTANCE NN I ;
Tables | Nowinal cover for severe conditions o exposure = domm. ] MQ"\M}AMM Cover
33,34 w v 1 300wide beam {*" 1‘“' P’-md = 20wmm.| tolmks =4omm
L - A D e ) —
Dead load from sﬁab(wsOstn p10) = 23 Sx‘. 95 = 29-4
Sel wc\ght(o 35-04175) x - 3><'24x5 = 6.3
Clacding @ 5/ (fogeC) s Tase
C)M\-row ristic dead toad ‘ = _©0-7kN. G;k GO'HdJ
R imposed n f—f‘omshb(p 10)5 QOx\'ZS = 25 OkN\_n_ Qk-" 25-0kN |
4.3 besi@n load ;=‘§ ;"4‘-1\44" eQy = 5:5-»4,9,@; 125 okN. F =;zs OkN,
_____ ULTIMATE B.M's B : | |
Table>'S _Irdaenor suwo-ts: t\‘{\”-go anﬂeﬂ“ o oaxt'zsxs—f 50+ 0kNw
M~ ok span: M 20 07F¢ = O °7>‘125X5- 43-8khm L
P —— ; v CCZBmm)
_QEAMFORCE. ENT M Sox 1% 3 _0055 650 27120
444 §Iwkr'wrg supporls | fwbdz = 4ox 300x7280 . °F e el T
% = (5054 (020~ 0053 Soxic®  _ | S la
'%g (0:-5+{Co25~ 09 ) 0931, Ag= 95 4<soxo 937x280 436 - 1%0 — |29
2415 | MUd-lnk span: eff. flange width = 300+ %ZX‘SOOO =650mm | T—et+co
_&= 43-3%106 _,0.02 _%_:0_95 Ae 2 4%.8x 10® - 364MM P - 1
feubd? 40x650x290% ¥ 095,460 0:35x290 2716
Table 3.5 | Sfmrforce 0. SSFx 125-68 75kN. E,ff M\on re forska:u' uS’ZTQO @02 mm?)
345001 Design sLearfm'ce = 16875~ (01510 23) 25 = B&kk\ .
. \odAg - [oOx628 _ - Vo 58xi0° = o690 4
Table 3-8 o 3005760 " 015 Ve o73M/W) }3300)‘,160 0-630),3
Table® 7 y((«r*o 4) wse wwz'mbs AV ngx%o = 0-51 L 1 Rio@ 200
' 1w _ _ 210mm 157 [
MM 3\/ = 0 753“250 652200 wm) —Si" = ,2 O 79 pa 0 _ vdvrou.gkout ‘Z»Pafw. ]
341601 ‘ \ Yowsw r/ol 2’2 Ow«, C /b 0 46>0 3) e T
Table3 9] M _ 43.8x 0° _ al o2 x4eo,<%4 -
34,65 | baz” 650‘x’”29d’*';"”o“8"é s = Sx402 =278Nnn{
Table3-10), Modifcatlary factor = 153 BN I
..AHOw‘ble, spn&/eff.dcp.bis m,b‘.o‘ = 22x153 = %7 | o
“ A“%( v E'! " ‘ n' ; i = éoo——o H - 17.2: "' /4"“&:0 ok-

SO S B . 60T {00
| cracking | 6onom bars o= 278N/ww (sac(qtechm) -—I—q% ‘ P< -}
2.42.11.24] _,Auwzue clear sPacms = 47000. z\b97lbg slcle m\)er5c><(é’e ok ! L
Teble 30|  Top bars —fs ==2>4eox4=g, ’?,lanl e covdf‘>50 checka:cnef I@ '—Qi 50

| 3% 628 = 47000 . ‘sz \oo(z_za c 188 Hio
32.1.2.4] :ﬁllowg{)_\o dear Spacu\q == 2'20 comerd sfance ok ‘ _
\RArLY T — —— ToF or BoTTom
3-;9_.;.5 TE PROVIS OoN Panpkerd tie Ft} %kN __ A}s=:‘%xlgr ?78‘"\‘?'\ 2TV2 i,
312801 Use 2712, Min lap = 35« 12 x78%6, = 145 £ 200mm] (226 mm?)
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ol
12580 ’L;o 2720-4
_Q'.lt_g:é T mp uva@}
’ I" ?;g,ide n 78

CoveR to ks - 40

leT16-1

‘] 2712-72 }

3ude cover 715

| A<’
ELEVATION

Scale, 1 :50

Commentary on bar arrangement

BS 8110 ref  Bar marks Notes

3.12.8.11 Horizontal bars in this member provide the peripheral tie. Minimum lap = 300 mm.
- 1 The two tension bars are stopped 50 mm from the column face to avoid clashing with the column

bars shown in section A-A.

3.12.10.2 2 Separate splice bars are fixed inside vertical column bars.

Figure 3.24 Minimum area = 30% As mid-span = 0-3 X 364 = 109 mm2. Use 2T12 = 226 mn’,

Table 3.27 Lap = 35 x 12 x 109/226 = 203 mm > 15 x 12 = 180 mm < 300 mm. Use 300 mm lap.

3.12.10.2 3 Link hanger bars also provide support for slab top reinforcement.

Figure 3.24 Minimum area = 20% As support = 0-2 X 436 = 87 mmZ. Use 2T12 = 226 mm’.

3.12.10.2 4 Tension reinforcement over support is fixed inside vertical column bars.

Figure 3.24 Bars are curtailed at 0-25 span from face of support = 0-25 x 5000 = 1250 mm > 45 x 20 = 900 mm
- 5 Closed links are shape code 61.
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BS 8110
ref.

CALCULATIONS

OUTPUT

521,21
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elo,

Do
Tobles
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FIRE RESISTANC

iNc

wmild condibions of ex

n 3‘)0 K3

gvere

?oé;\re =
1‘\ v =3

Mumimmn, cover

wmwm |

e

-

{INRX

©000

OAD CASE 1

! s

;www;‘:'

TnTeRNAL Cotumn ( Fouyndfaftiovﬁ - Roof ) F
AXIAL LOADING | omd MOMENTS £rom ANALYS\S
BEAMLoADS| CoLuMn Desiand LOADS |CoL.MoMENTS
N KN KN
ToT & IMPOSED DE-AD— FOP—1BOTTOM
LoaR |1 2 N R R S R U )
B LEVEL i N M‘ng'
Roof | 249|244 |54 53 195 191 | |24 |54 1 | seoco
. |2ofi33lae | llea | 133 |8
W 2 9 ]k
loo| | 53| 3es] 333 || |
34F(. [ 298290 (140 | i3e 158 | lic4 32138
249 | 117 |17 k2 v 37 |58 e
W %19 x
) i, | 357 83| Q@T 613
2nd.F1. 1298 | 290 [140 % 158 154 = 132158
249 | 117|117 2 it 135 |5
. sw.| | 919
9

326) | %6

! 3000 | ;90?0

LoapCase?

251

300

37

34

873

3816

o
M

Table 319

Eqn30 | Eff

. ‘FtLoor‘\
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W

L:.vud Cond.\,ttovx ‘
A P

botlowm 3)
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b4
o5
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i
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BS 8110
ref.

CALCULATIONS

OUTPUT

Bs 6334
Part 1.

5.8.3.2
32
EQV\. 34
35
38024

3.8.3.2
M.S'Qo.

5811
5831

E‘v‘» . 53

356399
Part 1

Egn 36

3.12.3.7
2.4.312

INTERNAL CoLumn ((‘ouwd«at\.ow-a. st Ft) conlinued
Load Case 1 !

Twposed = 100+ 08 8><:773‘=; \7'“"38" L
Mi= 0:4M+0.6M; = 040.6x19 = .H-,,4> w, L
Mg s () =B, o fim,
M. ccomteicity = €, = 0:05x300= 15 mm
May, d&%vq(v» M.ome,mi v\/\u ‘qe qrem\-gsk

@) Moy = 19KNw, f 4

©) Mi+Myq = 114 + 54:4 = 658 KkNm,

N . ‘—. 15 ,' i : . i :.

@ e xN = _1000 x 1994 = 299 kliw»,

N _j99Ixt0 " M 65:8x10°_ , 4

&h - 3001 = 2% J-, ‘bh?' : 30Q3 [ 244'
Ascume d = 500—40;—13 = 247ww~

d _ 047 _ . \OO%A S AU R S
Ny = o-stwEAz 0-25x 40X 300X U7X 10> o TALKN,
Simce N> Nba frg 47125 (\360»\»«2)
N, 045 x 40(300%- 196.0) 4+ 0-87x 460x 1960 )x 072 = 2369 [1

¥

‘ 2369-1991 _ o o, o

K = 23s- 741 093 o |
Design Moment = 114 +023x 544 = 239 < 29°9 kiim,
10[)(:;[\“: 10;::260, = Q'ib) kik— = 22 1; ("‘6 52??’\'@3 |
Fom chact, 2732 16 M = 432> 299kiim.

Check , Consider LM} :

Imposed = loo+o8(s4+37) o 621
Dead = (%ee +1289) 1255
, 1876I<.N
M=z O, M, = 24 klm.
Miz 0+0.6x34 = 720-4kNm. |
_ l876x544 _ _ 1369-1%7
M = N Eryes 513 kNm, k 75%5-7a1- 02
Des'xqv» Moment = 20440.3 x 51'3 = 358 » M,
fooAy o M, '
bk =208 | bh = .18, biE 2-0
TIE PROVISION load = 105(214.-»‘6‘/3) 281 k.N
Ay - 281*!0/460 * 1O wwid (96O mm

load case { above iSt loor, and
load case 2 and moment ak 13& ?(oor.‘

Max. dequw Mt,

658 kim.

e Sh=08
chr_t ?acl¢.28>

BSAUO
Pact 3. \98%

ok.

4725
(i@éOm")

oK.,
ok.
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155

1o

s
29
2

154 |
29

3115

4

4%

0 131

125

258

22|

135 | 9BjoS |
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to5.
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ms 125{
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[0
125
By

73| 500
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U

BoO|

0B
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402

{054
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Eqw.w
Table 319
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INTERNAL CorLumnN  FE?2 ExTErRNAL CorLumN F1
Links | Vertual bars Section Lindes  |VerTual bars Seclion
o ®
0 | | &
(4 ,
gst. 0 « | 4!4
~ s, | | U
I SN PR oy
1- 4_ = ._____.I______ U e e _P‘_T_,, [
:gi T § 4
w A
g | ¥ 3
1
o | @ l
0 ™
S o N 4| 4
‘ - ® Al J
o~ 5
o @ : ol
o} g i 1 5 E
3 X 4 4
goven’rounks=2>0 Fdn. | Ao ) COVER folwks =40
~ S ”
T 9
el | 7 :
" Staclers, See page 25. scaLes:  4:s50) 1120 (sections)|
g —

Commentary on bar arrangement

BS 8110 ref  Bar marks Notes
The presentation shown above is schematic. This tabular method adapts readily to element repetition.
The sections are shown in their relative positions adjacent to the vertical reinforcement.
3.125.3 1 Main bars, area > minimum 0:4% bh.
Slope of crank at lower end = 1:10 maximum. Crank offset = 50 + 10% = 55 mm.
Minimum crank length = 350 mm (14@).
Length of short projection beyond crank = compression lap +, say, 75 mm for tolerance.
3.12.6.2 Reinforcement area at laps < 10% bh.
3.12.8.15 Bars project above first-floor slab level to provide a compression lap above the kicker.
Table 3.27 Bar projection = 35 x 0-87/0:95 x 25 mm + 75 mm for kicker = 875 mm, i.e. compression lap = 800 mm.
3.12.7.2 2 A single link is provided, since each vertical bar is restrained by a corner.
3.12.7.1 Minimum size = 25/4, use 8 mm. Maximum spacing = 12 x 25 = 300 mm. (R8 @ 300.)
3.12.8.12 Cover to vertical bar = 40 mm > 1-5 X 25 = 37-5 mm. Links extend to underside of floor slab.

- 3 Normally, starter bars are detailed with the footing, as column F2. It can be economic to detail starters
with the column above as shown. In this case it is advisable to schedule the starter bars so that they can be
processed together with the footing. Note with this detail that the section at mid-height also applies to the
starter bar arrangement. The starter bars would be shown dotted on the footing detail together with a
suitable cross-reference. Bars project above the top of the base to provide a compression lap above the kicker

Table 3.27 =35 % 0-87/0-95 x 25 + 75 = 875 mm, i.e. lap = 800 mm.
- 4 As bar mark 1, but bars provide a tension lap above 1st floor kicker. Cover = 50 mm.
3.12.8.13b Clear distance between adjacent laps = 100 mm < 6 X 25 mm; i.e. use factor 1.4
Table 3.27 Projection = 1-4 x 35 x 0-87/0-95 x 25 + 75 = 1195 mm, say 1200 mm, i.e. tension lap = 1125 mm.
-3.12.8.14 Sum of bar sizes at tension lap = 4 X 25 = 100 mm. 100/300 x 100 = 33% < 40% — OK.
This detail provides the maximum lever arm and is the preferred detail for column/beam intersections.
- 5 Similar to mark 2 links, but extending to underside of main beam. Cover to vertical bars = 50 mm.
- 6 These U-bars are provided to restrain the vertical bars in the external face of the column.
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Commentary on bar arrangement

BS 8110 ref  Bar marks

Notes

3.12.8.1 1
Table 3.27
3.3.14

- 2
Table 3.27

- 3

Straight bars extend full width of base, less end covers.

Bars should project a minimum tension bond length beyond the column face = 35 x 20 = 700 mm

< 1150 mm - OK.

The underside of base is concrete blinded, cover = 40 mm.

Column starter bars are wired to bottom mat. Minimum projection above the top of base is a.
compression lap + kicker = 35 x 0-87/0:95 x 25 + 75 = 875 mm, i.e. lap = 800 mm (see p. 21).

Links are provided to stabilize and locate the starter bars during construction. These are the same size
as the column links above.
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Commentary on bar arrangement

BS 8110 ref  Bar marks Notes
- 1 Wall starters match vertical reinforcement. Minimum projection of horizontal legs beyond the
Table 3.27 wall face is a design tension bond length = 35 x 182/377 x 12 = 203 mm < 287 mm. This provides
the footing reinforcement. Minimum projection above top of base is a compression lap + kicker
=35 %12 +75 = 495 mm, say 525 mm, i.e. lap = 450 mm.
33.14 Underside of footing is concrete blinded, cover = 40 mm.
Table 3.25 2 Minimum longitudal reinforcement provided.
3.9.4.19 3 Minimum vertical reinforcement. Area = 0-25% x 1000 x 175 = 438 mm¥m. (T12 @ 300 EF
=754 mm¥m.)
T12 bars provide reasonable rigidity for handling and help stabilize the cage during erection.
Minimum projection above top of first-floor level is a compression lap + kicker = say 525 mm.
Lap =450 mm.
- 4,5,6 Minimum horizontal reinforcement. Area = 438 mm¥m. (T10 @ 200 EF = 786 mm¥m.)
Table 3.27 Provide at least a tension lap = 35 x 10 = 350 mm, say 450 mm to satisfy shrinkage and thermal
requirements.
Bars are placed outside vertical reinforcement to provide maximum control against shrinkage and
thermal cracking. Those bars in the wall 0-5 m below first-floor slab act also as internal ties.
Tension lap for tie = 35 x 10 = 350 mm, say 450 mm.
3.12.34 7,8 Peripheral tie at first floor. L-bars at either end provide continuity with edge beams.
Laps, say 450 mm.
- 9 Wall spacers maintain location of each face of reinforcement.
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Commentary on bar arrangement

BS 8110 ref  Bar marks Notes

Table 3.27 1,5,6 Main tension reinforcement. Lap lengths and anchorage bond lengths = 35 x 12 = 420 mm, say 450 mm.
Laps are located to facilitate likely construction sequences. Similar for bar marks 12, 13 and 15.

Table 3.25 2,89 Secondary reinforcement. Minimum area = 0-0013 x 1000 x 175 = 228 mm¥m.
Use T10 @ 300 = 262 mm¥m.

Fig 3.25 34 Main tension reinforcement over support. 50% curtailed at 0-3 span, remainder at 0-15 span,
both measured from face of support. Similar for bar mark 14.

3121032 7 U-bars provide 50% mid-span reinforcement in both top and bottom at end support = 0-5 x 571
= 286 mm¥m.
Use T10 @ 150 = 524 mm?*m to match spacing of span bars. Laps, say 450 mm.

Table 3.25 10,11 Optional reinforcement. Minimum area = 228 mm?. Similar for bar mark 16.
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Column design chart
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Information from the Reinforced Concrete Council

Spreadsheets

Many of the design principles used in this publication will be covered by spreadsheets for reinforced concrete
design now being developed by the Reinforced Concrete Council. Versions for both BS 8110 and EC2 are in
preparation. For details write to the RCC at Century House, Telford Avenue, Crowthorne, Berks RG45 6YS.

Buildability and whole building economics

It should be stressed that the structural solution presented in this publication has been chosen for the purposes of
illustrating analysis, design and reinforcement detailing principles. A typical building frame accounts for only

10% of the whole construction cost, but affects foundations, cladding and service provision. The choice and details
of a building's structure should reflect both buildability and overall building economics. Analysis of these factors
using a structural optimisation program* or charts from a publication** suggests that a flat slab alternative may save
around 2% of overall building costs and ten days’ construction time.

Similarly, rationalisation and simplification of reinforcement will normally speed construction and hence reduce
overall construction costs and programme time. Excessive curtailment and tailoring of reinforcement to save material
at the expense of rationalisation will prove counter-productive. These aspects are currently being investigated at the
European Concrete Building Project at Cardington, and will result in the publication of best practice guidance.

With increasing emphasis on the cost in use of buildings, there is a trend towards the use of exposed soffits for
passive cooling. This move to whole life costs will modify the optimum solution, and deep ribbed or coffered slabs
are a favoured option to meet daylighting, thermal mass, ventilation and acoustic requirements.

*Concept - a computer program that allows the rapid semi-automated choice of concrete frame while considering
whole building costs. Produced by the Reinforced Concrete Council. Available from the RCC on 01344 725733.

** Economic concrete frame elements - a pre-scheme design handbook, based on BS 8110, that helps designers
choose the most viable concrete options. Produced by the Reinforced Concrete Council. Available from the BCA on
01344 725704.
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