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PREF®AECE

The West African Building Code - Part I1I71:
deals with dead and imposed loads to be wused
puelzshod in 1960, for use throughout Nigeria,

_ecne and Gambia.

Building and Road Research Institute pu
Ghana Building Code in 1977. Part 3 of the Dra
Structural lLoads and Procedures which had a
Effects of Earthquakes.

The

feedback from practising engineers has
for Code dealing specifically with the
Reinforced Concrete Structures. The present

intended to satisfy this need.
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ST

SCOPE AND FIELD OF APPLICATION

3. B, 3 This Code csets down minimum design requirements to be met

W cealing with seismic =i tuations: i.e. situations :n whnich

Lie  warthquake action 18 considered as a critical action  in

conjuncricn with othner dead loads or live loads. It applizs to:

[ xeinforced and Frestressed concrete buildings for «ardinary
use:s, naving structural resisting systems belonging to one
or tnree types defined below:

ta) rame System: A system in which both vertacal loais and
lateral TIorces are resisted by space frames.

CiB) Wall System: A system in which both vertical lszcs and
Lateral forces are resisted by vertical structurel
wvalls either saingle or coupled.

ted Dual System: A  system in which support TGnf vertical
loads 1 essentially provided by a <cspace franme.
Resistance to lateral action is contyibitted &, 1.0
part, oy the frame system and alsc 1an part by
structural walls, isolated or coupled.

B e B EREF structural systems not included in I (. i gpe
ipverted pendulum  structures, flat slab systems etc.) can be
cesigned subject to documented proof that they satisfy al: the
requirements of this Code with, at least, the =zame amount af
reliabalaty.

i.1.%3 Buildings witn epecial characteristics e.g. elements  of
i1feline systems or buildings involving high inducec rask {
chemical or nuclear facilities) are outeide the scope of

Code.

1.%2 GENERAL REQUIREMENTS
i.Z. 1 For the planning, design,
sexsinic regilong; i1n addition to

the foliowing

requlreme

P12 Styuctural Safety: It is re
znd alil (o R ite elements,
system des:igned to resist t
as any secondary connected

eSlSTance of 1ts own, e
theyir FATEEmrIty and a res
actian haz ceased.

and construction of structurez an
the general rules for non Seiznic
nts apply:
quaired that the entare structure
including the main struciurzl
he total seismic action, as well
system not possessing a  sSelsmil
tain with adequate = I - G T
1dual capacity after the =se.znsic
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(S §€£X£gggbilitx: It is required that the building as a wvhole,
includir g structural and non-structural elements, be
protected. with adequate reliability against the occurrence
of dame ge and limitations of use as a consequence of the
seismic action.

TABLE 1.2.1.  SUMMARY OF REQUIREMENTS FOR SAFETY AND
o SERVICEABILITY

A. DESIGN CRITERIA: I

Limit-states verification

Sa ‘ety ' Serviceability

= Stability - Ultimate resistance of critical
regions

- Control of c(ollapse
mehanism = Ductility

- Ultimate resistance of
critiecal regions - Limit deformations

- Ductility

B. DESIGN CRITERIA: II

Other Measures

Glebal duciiddity Quality assurance

-~ Quality of miterials - Correspondence between structural
model adopted for analysis and the
actual etructure, considering all
the elements, either structural or
not, which could elter the intended
behaviour.

- Workmaneghip in the detailing espe-
cially in those areas indicated as
critical by the designer (extremi-
ties of columns and beams, base
zones of wallg, lintels, etc.)

20-9



1.3 DESIGN CRITERIA

1.3.1 Reliability Differentiation. Structures shall be classified
under the following reliability levels:

il A Class I: buildings that are required to remain functional
and to suffer reduced damages after a strong seismic attack
(e.qg. essential rescue facilities such as hospitals, fire
and police stations, electricity stations, etc., buildings
with likely large number of occupants such as schools
audience or spectacle halls, etc.)

(2) Class II: buildings not included in 1.3.1(1),

(3 The different reliability levels proper to each Class shall
be obtained by amplifying the design action with a factor I,
called ‘importance factor’.

1.3.2 Ductility Levels. Structural systems covered by the Code
may be designed to possess different "ductility" levels according
to the following classification:

() Ductility Level I (DLT) - is that proper to structures
proportioned in accordance to B.S. 8110 X985 with
additional requirements on detailing contained in 1.5.

Ductility level I is associated with relatively large design
lateral forces so that little inelastic response <chould
occur even for large earthquakes. This makes ductility level
I suitable for lowv rise_buildings.

(2) Ductility Level II (DLIT) = fiar this level geismic
provisions are to be adopted, enabling the structure “to
enter the inelastic range of response under repeated
reversed loading, while avoilding premature brittle-type
failures.

(3) Ductility Level III (DLIIT) - special procedures for the
evaluation of deeign actions, and for the proportioning and
detailing of the elements are to be adopted to ensure the
development of selected stable mechanisms associated with
large energy dissipation capacities. DLIII structures should
be preferred whenever_ large uncertainties exist (e.g. local
amplification effects of difficult evaluation etc.).

(4) The greater the ductility level conferred to a structure the
lower is the geismic action to be considered for the design
as quantified by the value of ’behaviour factor’ K (Secticn
i PSRT « S W = 1

20-10



1.4 METHODS OF ASSESSMENT

1.4.1 BASIC DATA

1.4.1.1 Material Characteristics

1.4.1.1 (1) Concrete

Normal concrete grades shall sati: fy the
requirements.

TABLE 1.4.1.1

following

Ductility Level Minimum Gr ades
DL I C20
DL, EI C20
DL. III € 25

1.4.1.1 (2) Steel

(a) DL:I and DLII-:-Structures

The reinforcing steel is defined by its characteristic

strength.

(b) DLIII Structures

The following additional requirements shi ll be satiefied

(&%) It must be proven the steel used posseeses adequate
ductility under repeated reversed de¢ formations.
(§: 1K ) Steel grades with characteristic strengths higher than

S400 (400 N/mm® ) shell not be uced, unless it is

demonstrated that the use of higher grades in

special

section arrangements does not affect unfavourahly the

ductility.

(add.) The actual yield stress shall not =2xceed its

values by more than 15%.

20-11
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(iv) The ratio of the mean value of the ultimate strength to
actual yield stress shall not be less than 1.25 for
S220 and 1.15 for S400.

(v) Only high bond steel s8hall be wused for flexural
reinforcement, unless adequate provisions are taken to
ensure bond and anchorage.

1.4.1.2 Material Safety Factor _¥m

Design values of strength for concrete and steel shall be:

ol tained from their respective characteristic values by using the
f:ctors:

Concrete ‘Xc = 1.9

Steel s = 1.15

1.4.1.3 Structure Behaviour Factors

1)

The values of the bahaviour factor K, defining the intensity
of the design action (Section 1.6.4.4) as a function of the
structural type and of the selected ductility level, are
given in Table 1.4.1.3.

TABLE 1.4.1.3, DESIGN -BEHAVIOUR FACTORS (K)

St cuctural Ductility Ductility Ductility
Sy stem level I level II level III
Fr ame 2 3.9 =
Wa .1l ‘and Dual 2 3 4

3

4

The values of K in Table 1.4.1.3 for wall and dual
structures apply if, at least, 50% of the lateral force in
both directions is reeisted by coupled walls.

If condition in 1.4.1.3(2) 1is not satisfied, the K wvalues
for wall and dual structures shall be reduced by a factor of

0.7.

Ductility 1level I is permitted only for Class I1 structures

20-12



in areas of moderate seismicity.

Class I structures to be built in high seismicity areas
shall be preferably designed for ductility .l:vel III. If
appropriate,’ K values relative to DL II couli be used in
this case.

1.4.1.4 Design Load Combination

The fundamental combination of load effects t>) be used for

all limit-states veritification (Sect. 1.4.4.6), is

4 S(G + P + E + 2:\%-QU<') ceees (1.4.1.4.1)

1"

wvhere G all the permanent loads at their iominal value

P = the long-term prestressing force
E = the design seismic action as defiied in Sect.
1.6.4.4.
Qik = fractile values of extreme distri wtions of

all live loads whose duration of .ipplication
is long enough for the probabilit ‘- of their
joint occurrence with earthquake (ction to be

conegidered.
N/, = factors required to change the fr:.ctile values
L Ok to the average values of Q@ i. their
instantaneous distribution (see T..ble 1.4.1.4),.
S = eite_coefficient.

TABLE 1.4.1.4. CONMBINATION FACTOR'V? FOR LIVE LOADS

Live loads from persons and equipment 0.3

Live loads from persons at places with likelihood o: large

number of occupante (halls) 0.8
Long term storage (warehouses, libraries) 0.9
Live loads on staircasee and corridors 1.0

20-13



1. .2 STRUCTURAL ANALYSIS

1...2.1 Building Configuration

fios

Allowable methods of structural analysis shall be different

buildings which according to the definition in 1.4.2.1(1) and

1...2.1(3), are classified as "regular" or "irregular".

(1.

iii

Regular buildings can be designed according to the
simplified wmethod of analysis (indicated as equivalent
static analysis) described in 1.4.2.4 provided their height
does not exceed 80m, and fundamental period is shorter than
2 secs.

If conditions din 1.4.2.1(1) are not satisfied or if the
building is of irregular type, the dynamic method in
1.4.2.5 shall be applied.

A building shall be classified as regular when the following
conditions are satisfied, regarding both plan and vertical
configuration.

PLAN CONFIGURATION

The budilding has an approximately symmetrical plan
configuration with respect to, at least, two orthogonal
directions along which the earthquake resisting elements are
oriented. When re-entrant cornere are present, they do not
exceed 25 per cent of the building external dimension.

At any storey the distance (measured in the direction
orthogonal to that of the seismic action) between the centre .
of mass ..and that of stiffness does not éxceed 15% of the
'resistance radius’, defined as the square root of the ratio
of the storey torsional and tranglational stiffnesses.

VERTICAL CONFIGURATION

The stiffness and mass properties are approximately uniform
along the building height.

In frame structures, the ratio between actual shear capacity
(sum of the shear forces contributed by all vertical
elements at their design strengths) and design shear does
not differ more than 20 per cent, for any two storeys of the
building).

In the case of a gradual setback along its Theight, the
setback at any floor is not greater than 10%Z of the plan
dimension in the direction of the setback. This clause need
not be complied with if the setback occurs within the lover
15% of the total height of the building.

20-14



b)

xt = distribution factor, depending on the
height of the floor, measured from the
building base

W = total gravity load at floor i.

Fundamental period: The fundamental period aof the building,
wvhich is required for +the evaluation of Cd shall be
calculated using the elastic properties of the structure by
means of ordinary methods of mechanics, taking into account
all the elements which can contribute to the building
stiffness. For frame structures, an approximate expression
of the fundamental period, based on analytical and
experimental result is given by

T = n/t2 ... (1.4.2.4.2)
where n 1is the number of storeys from the foundation
level.
In various cases, a sufficient accurate estimate of +the

period is obtained with reference to an ‘equivalent’ uniform
cantilever, wvwhose period is given by expression:

m. h 1742
Fo®E X8 | ] sssmesnss (1.4.2.4.3)
E. 1
wvhere m is the building mass per unit length
h is the height of the building from the

foundation level
E.. L is the flexural stiffness of the "equivalent™

cantilever.

0f more general applicability is an expression derived from
Rayleigh procedure:

1 2 1/2
T = 2T (- E:w1-&{/ZjFi£x> ..... (1.4.2.4.4)
. g

where Fi (41 = l,..;;N) is a set of forcee linearly
distributed along the height of the building

&i (i = 1,...,N) is the corresponding set of starey
displacements.

20-15



In cases where the period T is not :alculated from methods
of mechaniés Cd shall be taken as:

Cd = I.A.S . X

c) The distribution factor 751 is g ven by the following
expression

LW
Xl = hlzw(_h&

where hi is the height of floor i frcm the foundation level.

(3) Torsional Effects

a) At each floor of the building the lateral design force shall
be assumed to be displaced from its rominal location at the

distances el and e2 as illustrated ir figure 4.1, whichever .

is most unfavourable for every member to be checked.
b) The expression for el and e2 are
el = 0.5d + 0.05a

e2 0.05a

20-16
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(o)

d)

4)

The

below

Symmetrical cases

total

shear force and torsional moment at the generic
floor shall be di: tributed to the various resisting elements
that floor with due consideration of their relative
stiffness as well as of the stiffness of the diaphragm.

When complete symmetry of stiffness and

mass about one ax: 8 parallel to the direction of the seismic
exist: ; torsion effects can be accounted for by
means of the folliwing simplified procedure

excit

i)

ii)

ation

the lateral (esign force shall be applied at the floor

centre

( ravity, to be distributed to the wvarious

resisting el.ments as above;

the actions

in each of the elements shall be further

multiplied b a factor é defined as

where
centre

X

is the distance of the element from the floor

«ravity, measured perpendicularly +to the

direction of seismic action.

Second Order Effe: ts

Second-order

eff.cts on storey ghears and moments need not

to be considered when the following condition is satisfied

at every floor:

wvhere

@ =

®

Ael

h

W.ev el K 058 cuzseus CLn s Ay 4)

“.h

defc rmability index

sei¢ mic design shear force acting across the
sto: ey considered

ela: tic interstorey drift due to design
act. ons

behi viour factor
flocr height

toti 1 gravity load above the considered
sto ey.
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b)

The deformability index ® shall not in any case exceed the
value 0. 20

For o.10 £ ® £ 0.20 second order effects shall be
accounted for by means of one of the statical methods
indicated in BS 8110 (1985).

1.4.2.5 Modal Analysis Procedure

Ll

a)

b)

c)

(2)

B

el

C3H

a)

(4)

a)

Modelling

If the building can vibrate in two orthogonal directions
without significant coupling, it can be analysed by means of
twvo separate planar models, one for each orthogonal
direction.

The condition stated in 1.4.2.5(1)(a) shall be assumed to
occur when 1.4.2.1(3)(a)(ii) is satisfied.

When 1.4.2.1(3)(a)(ii) 1is not satisfied the wmodel <hall
account for the non-planar motion of the structure.

Modes

In the case of planar models, the analysis shall include for
each of the two orthogonal axes at least the lowest three
modes of vibration, or all modes of vibration with periods
greater than 0.4 secs, whichever is greater.

For non-planar models the analyeis shall include for each
direction of application of seismic action, at least four
modes, two of them predominantly translational and two
predominantly rotational, or all modes of vibration with
periods greater than 0.4 secs whichever is greater.

The mode considered shall be those with the greatest
participation coefficients for the direction under

consideration.

Combination of Modal Responses

The responee quantities (force, displacements, ete.)
separately obtained for each mode under the effect of the
design response spectrum given in Section 1.6.4.4 shall be
combined to obtain their corresponding design wvalues by
taking the square root of theAgpm of the squares of modal
values.

Torsional Effects

At each floor of the building the mass contributing to
inertia forces shall be assumed to be dieplaced from its
nominal location by the amount +0.O05a, whichever ie more

20-19



b)

(=)

unf avourable for the element to be checked, "a’ being the
dim=2nsion of the building in the direction orthogonal to
tha- of the considered seismic action.

Whe the building is analysed by means of planar models
(Cliauge 1.4.2.5(1)) torsional effects can be accounted for
by increasing the action effects due to the +translational
osc .1llations of the building by the .factor E defined as:

x

£ = 1+o0.67
whe ‘e X is the distance of the planar element considered
fro: the floor centre of gravity, measured perpendicularly

to he direction of the seismic action.

Sec' nd-order Effects

Clarse 1.4.2.4(4) applies.

1.4.3 DE¢ IGN ACTIONS

(29

€3

p R Y <

a)

b)

Str: etberal elements shall be dimensioned and verified (see
Seci ion 1.4.4) for the design actions as defined in this
Sect ion.

Des: gn actions shall be derived from the actions obtained
fror the structural analysis in Section 1.4.2, appropriately

modi fied as a function also of the selected design ductility
leve L.

DL I structures shall be diménsioned directly on the basis

of the results of structural sanalysis, with a poesible

redistribution of action effects in accordance with BS. 8110
CLOE ).

1 Daictility Level II: DL II

Elem:nte subject to bending (Nd £0.1 Ag.fcd)

Bending moments: The design bending moments shall be those
obta .ned from the linear analysis of the structure for the
load combinetion given by equation 1.4.1.4.1. Redistribution
acco 'ding to BS 8110 (1985) is permitted.

Shea - forces

(i) The design shear forces shall be determined from the
condition of static equilibrium of the element
subjected to the relevant transverse load, if any, and

to a rational combination of the end moments.

20-20



(oA

(G D)

(iv)

The end moments shall correspond to the design flexural
strengths of the end sections based on actual
reinforcement provided.

At each end section, two values of shear forze shall be
calculated i.e. the maximum and mininum value,
corresponding to positive and negative moment yielding
at hinges.

The algebraic ratio between-the maximum &3d winimum
values of shear shall be denoted by (; " Tk 2 value of
C,ahould not be taken less than minus one (7ig. 4.2).

(2) Elemente subject to bending and axial force (Nd ).1 Ag.fcd)

a) Axial forces and bending moments

1)

€id.)

e 5 )

(iv)

The axial forces and bending moments to be wused for
column design shall be determined by consilering all
the possible unfavourable combinations, a: obtained
from a linear analysis of the structure fo:- the 1load
combination g;ven by equation 1.4.1.4.1 eventually
redistributed according to BS 8110 (1985).

For regular structures, three storeys and .igher, to
wvhich equivalent static analysis has been aplied, the
column moment due to the lateral forces alon - shall be
multiplied by the dynamic magnification fa tor w as
given by the following expressions:

Planar frames:

w = 0.6T + 0.85 (1.3 £ w £ 1.8

Spatial frames:

w = 0.5T + 1.10 (1.5 & » £ 1.9
vhere T ie the fundamental period of the siructure.
The values of the dynamic factor w given in

1:.4:8: 202)444) are applicable to storeys vithin the
uppér two-thirds of the building height. tIelow this

level a linear variation of w should be astcumed: the
value at first floor level should be taken e¢s 1.3 and
1.5 for planar . and spatial frames re spectively
(Fdg.4.3)s ) ’

Column moments in addition shall satisfi the condition
on the relative strength between columns and beams
framing into a joint as specified in Clause 1.4.4.2€C3),

20-21



D *ad+semi- permanent load Dead+semi-permanent load
Gyessssvsws )L ivsnnsewnniil

g ) $ by {
Vad=Vad+ e :‘B f ‘ﬁgﬁw\ dfMLA :MB
FIG 4-2
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+ 1,45
Tf=1sec —1
(1)=0-6x1+0-85=145

(1) factor for bending
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b) Shear forces.

i)

In evaluating the design shear forces from the
condition of static equilibrium, the design end moments
shall be the most adverse ones (i.e. those producing
the maximum shear force), obtained from analyeis of the
structure under Code load combination (formula
1.4.1.4.1.) modified if appropriate by the dynamic
magnification factor.

(g Beam-Column Joints

a) No

explicit evaluation of the internal forces in the joint

is required for DL II structures.

(4) Structural Walls

a) The

design actions shall be those obtained from a linear

analysis of the building under the Code 1load combination
(formula 1.4.1.4.1) modified as appropriate in accordance
with Clauses 1.4.3.1(b) to 1.4.3.1(4)(e).

b) Redistribution

i)

(G s i

The distribution of the total force to +the various

wvalls, as obtained from the elastic analysis, may be
eubsequently modified, provided the global equilibrium
is meintained and the maximum value of the action in
any wall is not reduced by more than 30Y%.

In a coupled wall, the elastic shear forces in the
coupling beams can also be modified with a maximum
reduction of 20%, provided that corresponding increases
in the shear capacities of beams at other floore are
made.

c) Bending Moment Design Envelope

(i)

The design moments along the height of the wall shall
be those given by a linear envelope of the calculated
moment diagram, verticaelly displaced by a distance
equal to the horizontal length of the wall (Fig.4.4).

d) Earthgquake Induced Axial Load in Coupled Walls

(i)

The design axial load in the walle due to the lateral
action shall be computed using the shear strengthe of
the coupling beems above the section coneidered,
calculated by using characteristic valuee of concrete
and steel etrength.
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(ii) The shéar stréngth of the beams calculated in
1.4.3.2¢4)(d) shall be further amplified by a factor of
. 25.

e) Dynamic Magnification Factors

(i) Where +the egquivalent static -analysis is adopted, the
cshear forces in the walls shall be magnified by +the
dynamic amplification factor w as given by the

expression below for buildings up to S storeys high:
w = 0.1 N + 0.9

where N is the number of storeys.

(ii) For walls taller than five storeys, v, shall be
linearly increased up to the value of w = 1.8 for N =
15.

1.4.3.2 Ductility Level III: DL TITI

(1) Elements Subject to Bending (Nd £ 0.1.Aq.fcd)

a) Bending moments: The design bending moments shall be those
obtained from the linear analysis of the structure for the
load combination given by formula 1.4.1.4.1. Redistribution
according to BS 8110 (19835) is permitted.

b) Shear forces:

(i) The design shear -forces shall be determined from " the
conditions of equilibrium of the element subjected to
the relevant transverse loads, 1. any, and to a
rational adverse combination of the end moments, as

epecified in 1.4.3.3(1)(44).

(ii) The end moments shall correspond to the design flexural
strengths of the end sections based on actual
‘reinforcement provided, multiplied by the factor.

¥ = 1.25
(iid) At each end section, two values of shear force shall be
calculated 4i.e. -~ the maximum and the minimum value,

corresponding to poeitive and negative moment yielding
at hingee.

(iv) The algebraic ratio between the maximum and minimum
values of shear force at a section shall be denoted by
Q . For the purposes to follow, the value of Q should

not be taken smaller than minus one (Fig. 4.5).
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E2H Elements Subiject to Bending and Axial Force
(Nd > 0.1 Ag fcd)

a) Axial forces and bending moments

i)

(ii)

CALALE D

(iv)

The axial forces and bending moments to be wused for
column design shall be determined by considering all

the possible unfavourable combinations, as obtained
from a linear analysis of the structure for +the 1load
combination given by formula 1.4.1.4.1, eventually

redistributed according to BS 8110 (1985).
For regular structures, three storeys and higher, teo
wvhich the equivalent static analysis has been applied,
the column moment due to the lateral forces alone,
shall be multiplied by the dynamic magnification
factor, w, as given by the following expressions:
Planar frames:
w = 0.6T1 + 0.85 (1.3 £ v £ 1.8)
Spatial frames:
w = O0.5T1 + 1.10 (1.5 £ v £ 1.9
where Tl is the fundamental period of the structures.
The values of the dynamic factor, w, as given in

1.4.3.3(2)(a)(ii) are applicable to storeys within the
upper two-thirds of the building height. Below ‘this

level a linear variation of, w, should be assumed; the
value at first floor level should be taken as 1.3 and
1.5 for planar and <spatial frames respectively
(Fig.4.6).

Column moments shall eatisfy the condition on the
relative strength between columns and beams framing
into a joint (see 1.4.4.1(3)). )

b) Shear forces

(i)

C 3. )

In evaluating the design shear forces from the
conditions of static equilibrium the design end moments
ehall be the most adverse ones (i.e. those " producing
the maximum shear forces) as obtained from the analysis
of the structure under Code load combination (formula
1.4.1.4.1).

The end moments as calculated above shall be further
amplified, if appropriate, by the dynamic magnification

factors, and by the gq factor:

¥n = 1.10
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(@i Beam-Column Joints

a) The design actions shall be those induced in the joint when
the design ultimate moments of the beam or beam: multiplied
by a factor;Z% equal to 1.25 are developed, exc 'pt in cases
wvhen hinges are permitted to form in the columns (see Clause
1.4.4.1(3)). The axial force in the column sh:ll be the
minimum corresponding to the design seismic acti(ns.

b) Action effects, namely, bending moment and shea: of columns
as well as horizontal, Vjh, and vertical, Vijv, ¢ hear forces
through the joint core shall be evaluated from a rational

analysie taking into account the effect of all fcrces acting
on the equilibrium.

(i) The horizontal shear force Vjh across 3 typical
interior joint with conventionally reinforc:d concrete
members without prestressing may be calculat:d from

Vih = ¥n (Asl + As2) fyd - Vcol
vhere ¥n = 1.25

Similar expression may be obtained for exter .al Joints.
A conservative value is given by

Vih = Bn (Asl + As2) fyd (1 - -2hb_
L+
< c
when hc 7> 0.08 and 1, >» 0.7
L L
(ii) The value of the column shear with bear ultimate

moments M1, M2 may be estimated using

Vs 2 M b M) LD

col Lin hn
with 1., 1, = centre to centre span of adjes:ent beans
lin » lzn = clear gpans of adjacent beams
|
1., 1. = centre to centre upper and loier column
heights (Fig. 4 7).
(iii) The vertical shear force may be approx.mated as
follows:
b
b
Vijv = Vjh o
hC
c) When two non conplanar frames have common Jjoints,

veriticatdion of these joints may be considered Sim each
direction separately.
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4) Structural Walls

a) The

design @actions shall be those obtained from a linear

analysis of the building under the Code load combination
(formula 1.4.1.4.1) modified as appropriate in accordance
with Clauses 1.4.3.3(4)(b)-(£f).

b) Redistribution

€1i?d

¢a4 )

The distribution of +the total force to the various
wvalls, ae obtained from the elastic analysis, may be
subsequently modified, provided the global equilibrium
is maintained and the maximum value of the action in
any wall is not reduced by more than 30%.

In a coupled wall, the elastic shear forces in +the
coupling beams can also be modified, with a maximum
reduction of 207 provided that corresponding increases
in the shear capacities of beams at other floors are
made.

c) Bending Moment Design Envelope

The
those

design moments along the height of the wall shall be
given by a linear envelope of the calculated moment

diagram, vertically displaced by a distance equal to the
horizontal length of the wall (Fig.4.8).

d) Earthquake induced Axial Load in Coupled Walls

(4. )

The design axial load in the walls due to the lateral
action ehall be computed using the shear strengths of
the coupling beams above the section considered which
should be calculated from the characteristic values of
concrete and steel strength. The shear strength of the
beams thus calculated shall be further amplified by a
factor ef IX.25.

e) Dynamic Magnification Factor

Where the equivalent static analysis has been adopted, the

shear

forces in the walls shall be increased by the dynamic

amplification factors w as given by the expression below for
buildings up to S storeys high:

For

w = 01N = 0.9

where N ie the number of storeys.

walls taller then 5 =storeys, v shall be linearly

increased up to the value of w = 1.8 for N = 15S.
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f) Shear Forces

(1)

(id)

(G 8 1)

The design shear forces in walls shall be compatible
with the actual flexural strength that can possibly be
developed at the base of the walls.

The design shear forces shall be obtained by
multiplying the shear forces due to the Code loading by
the following factor,

M+
u,d
?5 g
n M
d

where Md is the design moment obtained from the

analysis, and N ie the flexural strength of the
section on the basis of actual reinforcement provided,
calculated by using the characteristic values of

concrete and steel strengths.

In evaluating the flexural strength of the base section
the appropriate axial load shall also be considered.

The factor 56 need not be taken greater than 4.
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b)

(

a)

the

axfal force) shall not be less than the sum of th-

absolute values of the design ultimate moments of the beamn:
framing into that joint (Fig. 4.9).

DL III Structure
(i)  For columns of DL III structures, the design bendin
moments shall account for the possible increase i:’
strength of the beams framing into the joint.
(T ) Unless otherwise justified, the global etrengtt
increase can be assumed as:
¥n = 1.15
and ie applicable to all storeys, including the columr
bases in the first storey.
iii) Development of plastic hinges in columns and of columns

hinge mechanism (i.e. exemption from the prescription
on beam-column ratio) is permitted in the following
cases:-

for frames having four or more columns, hinging is
permitted to occur in one column for every three
others remaining elastic.

column hinge mechanisms are permitted in single
and tvwo-storey buildings and in -the top storey of
multi-storey building.

Recsistance to Shear

Contribution of Concrete

The magnitude of the term Vecd, expressing design resistance
contributed by concrete shall be taken as followe:

€3

(ii)

When ‘Nd < 0.1 Ag. fcd, Vcd shall be assumed to be zero
in all regions where stirrup-ties - are  required in
accordance with Clause 1.5.1.3 (with the- exception of
case C).

When Nd > 0.1.Ag.fcd, Vcd shall be computed by the
expression

Ved = 2 . Trd. bw.d By » oovrunnn. 1.4.4.1¢4)

wvhere the values of 'tkd are given in BS110 (1985) as
functions of concrete grades and A, is given by
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b)

P

vhere Mo and Md are decompression mc
moment respectively. Mo shall be
expression

Mo = N.h/2

Transverse Reinforcement

(i)

Nd £ 0.1.Ag. fcd. Two cases shal

S
depending on the value of the ratio

(I C: 2’ 0. The resistance to she:
reinforcement: Vwd shall be assessec
the truss model. Hence

0.9. h. Aew. fyk
5 o %s

wvhere h is the effective depth, Asv
cross-sectional area of a mat
reinforcement and s the spacing ¢
transverse reinforcement measured pa:
of the beam.

Vwd

"

¢IL) Q £ 0. For Vsd not exceeding
v , where
Rd1

v = 3.2+ LY. [ .bw.d

Rd1 Rd
same requirement as in (I) above appli

For Vsd exceeding the limit value V

RdZ
v = 6(2 +0).Lled. bv.d
Rd?2
the entire shear <chall be resiest
reinforcement across the web, that

inclined in two directions shall equil
compression and tension components the
oppasite sign Vsd and ¢.Vsd occurring

For V £ v < A
Rd1 sd Rd2

one half of the maximum shear force

by doubly diagonal bars, the other L

reinforcement.
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=3
(ii) Nd > 0.1.Ag.fcd. The resistance to shear shall be
checked as for case (1) (I).

1.4:4.2 Beam-Column Joints (DL III ONLY)

(1) Horizontal Joint_ Shear

a) Nominal Horizontal Shear Stress

(i) The nominal horizontal shear stress in the joint, as
shown by the following expression

Tjh = Vjh S S Be . BULS
bjhc
shall not exceed the value: 20'tmd

b) The effective joint width bj shall be taken as

(i) when bc > bw

either bj = be
or bj = bw + 0.5.hc whichever is smaller
(Fig. 4.10)
(ii) when bc £ bw
either bj = bw
er bj = bec + O0.5.hc whichever is smaller

c) Mechanisms of Joint Core Shear Recsistance

Two mechanisms for transmission of horizontal shear force
Vjh through the joint core are in general possible:

(i) A diagonal concrete estrut acroes the compresesed joint
corners carrying a shear force Vch;

) A truss mechanism consisting of horizontal stirrups and
diagnonal concrete struts carrying a shear force Veh
vhere

Vsh + Veh = Vjh RIS (. S OO X -0 .|
(Fig. 4.11)

d) Shear Force carried by Concrete

The wvalue of shear force carried by the concrete strut Vch
shall be assumed zero except for the following:
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(&) When minimum average compression stress G cm on the
gross concrete area of the column above the joint
including prestress vhere applicable, exceeds O.1.fck

veh = (2T . \/c’ - 0.1.f ).bj.hc ... (1.4.4.2.3.1)
Rd cm ck

(ii) When beams are presgtressed- through the joint:
Vch = 0.7 Pcs s 00858 o103 o o1 2003 Cl.4.4.2.3.2)

wvhere Pce 1is the permanent force in the prestressing
steel that is located within the central third of the
beam depth.

CEHEAD When the design precludes the formation of any beam
plastic hinge at the joint, or when all beams at the
joint are detailed so that the critical section of the
plastic hinge is located at a distance from the column
face not less than hb, or for external joints where the
flexural steel is anchored outside the folumn core in a
beam stub

1
Vch = As . Vjh (1 ~ Nd Y ssw (leded, 2:3.3)
As 2 0.4.Ag. fck

vhere the ratio Asl /As of the compression to the
tension longitudinal beam reinforcement shall not be
taken larger than 1.0. When the axial column load
results in tensile stresses over the gross concrete
area exceeding O.2fck the entire joint shear ghall be
resisted by reinforcement.

Far axial tension smaller than this limit, the value
of Vch may be linearly interpolated between =zero and
the wvalues given by equation (1.4.4.2.3.3) with Nd
taken as zero.

(4v) When parts Aal and Aa2 of the tensile reinforcement Acsl
and As2 of the adjacent beams are bent vertically and
achored in the tensile face of the column

Vch = Aa.fzk ...... (1.4.4.2.3.4)
S

vhere Aa is the smaller of Aal and AaZ2.

The values of Veh obtained from equations
(1.4.4.3.1/2/4) may be added where applicable.
’ (Fig. 4.12)
Horizontal Shear Reinforcement

(=) The horizontal shear reinforcement shall be capable of
carrying the design joint shear force:
Veh = Vjh - Vch
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(2)

a)

b)

c)

across. a corner-to-corner potential failure plane. The
effective total area of the horizontal reinforcement
that - crosses the critical diagonal plane and is
situated within the effective joint width bj shall not
be less than:

Ajh = Vsh 58 SIS (1.4.4.2.4.1)
fyk/¥s )
(ii) Horizontal sets of stirrup ties shall be distributed as

uniformly as practicable between layers of the top and
bottom beam reinforcement.

Vertical Joint Shear

Vertical Joint Reinforcement

The vertical shear reinforcement shall be able to resist a
vertical shear force

Vev = Vjv - Vecv

where the value Vcv shall be determined from:

Vcv = Asc’ . Vjv (0.6 =+ NA - deseas (1.4.4.2.2.1)
Asc Ag. fck

where Asc’ and Asc are the areas of longitudinal compression
and tension_reinforcement in columns respectively,” with the
following exceptions:

(i) Where axial load results in tensile stresses over the
’ column section, the wvalue of Vcv shall be linearly
interpolated between the wvalue given by equation
(1.4.4.2.2.1) with Nd +taken as zero wvhen the axial
tension over the gross concrete area is 0.2 fck;

(ii) Where plastic-hinges are expected to form in the column

above or below a joint, as part of the primary seismic
energy diseipating mechanism, Vecv shall be assumed to
be zero for any value of the axial load on the column.

The requiréd area of vertical Jjoint shear reinforcement
within the effective Joint width bj shall be determined
from:

Ajv = Vsv
fyk/ 8s
The vertical joint shear reinforcement shall consiet of
intermediate column bars, placed in the plane of bending
between corner bars, or of vertical stirrup ties or special
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d)

¢3)

vertical bars, placed in the column and zdequately anchored
to transmit the required tensile forces within the joint.
The spacing of vertical joint reinforcemert in each plane of
any beam framing into a joint shdll not e>ceed 200mm, and ip
no case, shall there be less than one irtermediate bar in
each side of the column in that plane.

Eccentric Beam-Column Joints

All design provisibns of this section apply, except that in
case of an eccentricity of a beam relat:ve to the column
into which it frames, as measured by the distance between
the geometric centre lines of the two memters, the effective
joint width bj shall not be taken larger fhan:

0.5 (bw + be = 0.5 hc) - e

1.4.4.3 Structural Walls

¢1)

General
The design strengths of walls and coupliig beams <chall be
evaluated as for linear elements (Section 1.4.4.1) except as

modified by provisions in Section 1.4.4.3

Resistance to Shear

Maximum Allowable Shear Stress

The maximum nominal design shear stress n a wall section,

evaluated by means of the expression

Td

1

Vd/Ag

wvhere Vd is the design force computed i accordance with
Clauses 1.4.3.1(4) or 1.4.3.2(4) shal. not exceed the
following limit:

Td 4 10. URrd

Contribution of Concrete to Shear Strengt

1=

(1) In the potential plastic zone, as defined in Clause
1.5.5.3(1), the contribution of c:oncrete to shear
resistance ie assumed to be =zero, inlese the minimum

design axial loed produces an aserage compression
stress over the gross concrete area of the wall equal

at least to 0.1.fcd. In which case the shear
contributed by concrete shall be corsuted hy:
Ted - 2 . Urd. B,
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)

with the values of ﬁth given in BS8110(1985) and é&
given in Clause 1.4.4.1.4(1).

(ii) Outside the potential hinge zone, and when the average

compressive stress is less than 0.1. fcd, the shear
stress contributed by concrete shall be taken as

Ted = 2.0. Lrd

while in case the average stress 1is greater than
O.1. fcd.

Ted = 2.5. Trd. Ba

Web Reinforcement

Horizontal  Dbars, fully anchored at the extremities of +the
wvall section, shall be provided in the amount

Ov = Ah = Td - Tecd
b.Sv fyd

while the vertical reinforcement ratio shall be:

v = _Av = Td = ftcd - Nd/Ag
b.Sh fyd

The vertical ehear reinforcement can be assumed +to fully
contribute to the required flexural strength.

Coupling Beams

I
Symmetrical flexural reinforcement « O =0 ) shall be
adopted in case of usual arrangement.

Design for flexure and sghear sghall be carried out as for

‘ordinary beams unless the iolld&ihg limites are exceeded

Td > 6. Urd

o ="1.1. Vick (fck, fyk in MPa)
4 h - fyk
« QO = longitudinal reinforcement ratio, top or bottom) in

which case all flexural and shear actions shall be resisted
by diagnonal reinforcement in both directions.

20-46



1.4.4.4 Diaphragms and Stair-Slabs

1)

20

(.3)

(4)

(S

Floor systems connecting vertical seismic resistant elements

(frames, walls, cores) shall be checked for the
transmitted to the resisting elements to enable
to develop their maximum capacity.

When it is shown that the forces to be transm:
introduce yielding in a diaphragm provisions -
BS8110 (1985) apply.

6 yielding in a diaphragm cannot be avoided P2
ductile structural vwalls and in particular Claus
for confining reinforcement in boundary Zone¢

applied.

Openings in diaphragms shall be 50 ars
unintentional failures across weak lines do no:
strength of the diaphragm. Boundary elements ar
shall be provided whenever needed with a ration
of their required strength.

Stair e=labs (inclined) shall be appropriately
that relative inter-storey displacements are co
axial and flexural rigidity of stair slabs.

&

1.4.4.5 Prestressed Concrete Members

a)

b)

1)

a)

b)

This Section covers the design of prestressed
prestressed concrete members of frame structure

All the provisions relative to non-prestressed
given in the relevant chapters _of the docu
except as otherwise indicated in this Section.

General

Unless special proof of adequacy is given, ten
members ehall be grouted, exceptions being al
following caees:

(i) prestressed concrete floor or roof
contributing to the bending strength of th

(ii) partially prestressed beams where it
reinforcement provides at least 80% of
strength, and tendons passing through the
are located in the middle third of the be
the face of the column.

Anchorages of post-tensioned tendons shall no

forces to be
the?e latter

tted do not
ndicated in

ovisions for
e 1:5:9:3C1)
s shall be

anged that
reduce the
und openings
1l assessment

designed sc
patible witr

ig. 4.13)

-r partially

lements, as
ient, apply

lone in fram
oved in th

:ystems no
» frame;
e ordinar

-he require
joint core
im depth, =

- be place

within bheam column joint, coreg, and shall bz as far ¢

practicable from potential hinge regions.
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2)

a)

b)

39

Flexural Members

The total prestressed and non-p: estressed steel
reinforcement in potential hinge reg:ons (see Clause
1.5.1.3) shall be such as to satisfy the 2olloving condition

x é- 0. 2h’

vhere x 1s the depth of equivalent rectangular concrete
compressive stress block at the flexural strength of +the
member and h is the overall depth of the m:mber.

(i) The limit can be raised to: bYe é; 0.3h if special
transverse confinement is provided i: accordance with
Clause 1:9: 2 8(8) (critiecal re: ions of DLIII
structures).

The flexural estrength of a section sltall exceeed ite
cracking strength by at least 1.25 +times. The cracking
moment shall be evaluvated allowing for a possible reduction
of prestressing force.

Columns
Prestressed columns shall be provided with special

transverse confinement in critical region in accordance
with Clause 1.5.2.3(3).

Beam-Column Joints

A convenient fraction of the tendone passiry through joint
cores shall be placed near both top and bot-om of the beam
framing into the joint, except in the ctaee of Clause
1.4.4.501)Ca)(iiy.

1.4.4.6 Verificatione

(17 Collapse Verification

a)

For the purpose of the present Code, a etricture shall be
deemed to satiefy the safety requirement aga:nst collapoe if
the folloving conditions are met:

(1) the strength and stability veritifications are
eatlisfied;

(3818 the elements are dimensioned and detailei in accordance

with the rules given in Sections 1.4 and 1.5, relative

to the appropriate structural type and intended

ductility level.
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Strength Vgrifjcation

The follcwing condition must be satisfied for every elenent:
s¢ £ Rd (1.4.4.6.2.1)

wvhere

Sd is the design load effect on the element concsidered
evaluated according to Section 1. 4. 2.

Rcd i the design strength of the same element,
evaluated according to Sectian 1. 4. 4.

Stability Verification

The stability verification shall be considered catisfied if:

3, the deformability index @ (formula fot. 2

i B B 1Y iz

less than 0.1 &

19 ) L e Q. 1 S:@ Sé Qs 2 the second order effects are
calculated by means of cne of the statical =ethads of

BS &83i10 (198%) and added to the design forces.
2 ) the stability verificaticn cannot be satisfied if

®>0.20

Servieceability Verification

The elastic drift, el resulting from the application of
the haorizontal forces specified in 1.4.2.4 or from  the
cynamic procedure as in 1.4.2.5, shall at any storey satisfy
the condition?

Ael £ 0.010 . n

LD

where h iz the clear height of the flcor

— 1

T

: | brrd Yid i mgs;; the indicalsd lamats wmay e
increas=d a0 1f it can be demonstrated that the
acopted are  not bhrittle-tyope and can accomnmodate withcout

gigmificant dagegye to thdse : limits.
Witer, Lthe limit:z: =z (a) and (o) are ececeodsd,
the non-structural elements

i
zdequate for permitliing an Intersterey drift egual

tooos
Iy = @25 Dey . o8

1 s reguaired,

+ -

take plaace without restraint
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d) In 1o case shall interstorey drift el exceed the limit:

Amax = 0.025 . h
K

(&) Max: mum Expected Displacements

The maximum expected displacements cf the building shall be
obti:ined by multiplying the di acements produced by the

sysiem of horizontal forces specified in 1.4.2.4

obte ined from dynamic analysis as in 1.4.2.5

appiopriate values of the behaviour factor K.

1.5 DET#ILING, EXECUTION, USE

or those

by the

Wher no explicit distinction is made, the provisions in this
Section apply to both DL II and DL III structures. Provisions
applicabl=2 to DL I structures are always explicitly stated.

1.5.1 Elements Subject to Bending (Nd £ 0.1.Ag. fcd)

1.5.1.1 C=20ometrical Constraints

DL TI and DL III Structures

Unless special proofs for exemption are given, the following

dimeisional limitatins shall be satisfied:

(i) The width shall not be less than 200mm or more

.. -width of the eupporting column, plus -lengths,
side of thie member not exceeding one fourth
depth of the column crose section.

(ii) The ratio b/h shall not bhe less than 0. 25.
Cdided ) The ratioco 1/h shall not be 1less +than
requirement does not apply to coupling beans
structures, Clause. 1.4.4.3(3). (Fig. 5.1).
(iv) The eccentricity of any beam relative to the

inte which 1t <frames as measured by the
between geometrical centre lines of the two
shall not exceed 1/4.bc (Fig. S.2).

1.5.1.2 L:-ngitudinal Reinforcement

1) DL I and DL III Structurees

than the
on é&ach
of the

4 (This
in wvall

columns
distance
members,

a) At ary section of the member the tensile reinforcement ratio
for ‘{op or the bottom reinforcement shall not be lese than:

wn = 1.4 (fyk in MPa) ..... (1.5.1.2. 1)

fyk
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b)

c)

e)

nor greater than:

LPmax = 7 RPURPNPIIE (- (.. R 97

fyk

with QO min and ﬁJmax referred to the gross concrete area Ag.

At least two 12mm bars shall be provided both top and bottom
throughout the length of the memlr~r=.

Within any potential plastic hinge region, the compression
reinforcement ratio ' shall not be less than one half of
the tension reinforcement ratio at the same section.

At least one guarter of the larger of the top reinforcement
required at either end of the member shall be continued
throughout its length.

In T and L beams built integrally with slabs, the effective
reinforcement to be considered near column faces in addition
to all longitudinal bars placed within the web width “of
beam, shall be as follows:

(i) At interior columns when a transverse beam of similar
dimensions frames into the column, all reinforcement
within that part of the slab which extends a distance 4
times the slab thickness from each side of the column
(Fig. 5. 3a).

(ii) At dinterior columns where no transverse beam existe,
all reinforcement within that part of the <slab which
extends a distance of 2.5 timee the thickness of the
clab from-each side of the column (Fig.5.3b).

(iii) At exterior columns where a transverse beam of similar

dimencsionge framee into the column and where the beam
reinforcement is to be anchored all reinforcement
within that part of the =slab which extends a distance
O twice the clab thickness from each cide of the
column (Fig. 5. 3c).

(iv) At exterior columne where no transverse heam existe,
all reinforcment within the width of the column (Fig.

5. .3d) .
(9] ITn all casées, at least 75% of the reinforcement in each
face providing "the required flexural capacity, must

pase through or be anchored in the column core.

DL 1 Structures

Claucse 1.5.1.2(1)(a) only needs to be satisfied.
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1.5.1.3 Minimum Transverse Reinforcement

(€13}

(2)

Transverse reinforcement as specified in this section shall
be provided unless larger amount is required to resist shear
(Section 1.4.4.1(4). Portions of the beams to be considered
as ’critical’ regions are:

(a) Twice the member depth, measured from the face of +the
supporting column, or beam. towards midspan at both

ends of the beam.

(b) Twice the member depth on both sides of a section where
yielding may occur.

(c) Wherever compression reinforcement is required.

DL II Structures

In the critical regions as defined in 1.8 0.,3€1Y,; stirrup-
ties of not less than 6mm diameter shall be provided, with
maximum spacings not exceeding the smaller of:

(a) h/4

(b) eight times the minimum diameter of the longitudinal
bars.

(c) 24 timee the diameter of the hoop bars

d) 200m

The first hoop shall be located not more distant than SOmm
from the face of the supporting member.

DL III Structures

In the critical regions as defined in 1.5.1.3(1) sStivrug-
ties of not less than 6mm diameter shall be provided, with
maximum spacings not exceeding the smaller of:

(a) h/4
(b) cix times the diameter of the longitudinal bars
Y=l 150mm

The minimum area of one leg of the transverse reinforcement
shall be:

As,min = 2ZAb.fyk . S  ....... (1419, 1.8 1)
16fykt 100

Z Ab = Sum of the areas of longitudinal bars at the
cection considered to be restrained by the
transverse leg

fyk = yield strength of longitudinal bars
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fykt = yield strei:gth of stirrups

S spacing of stirrups in mm

r

The first hoop shall be lccated not more than SOmm from

face of the supporting meirber (Fig.S.4).

1.5.2 Elements Subject to Bend: ng and Axial Force
(Nd 77 0. 1. Ag. fcd)

the

Observations of damages jroduced by earthquakes frequently
chow that corner columns are more vulnerable than interior

ones, due to unanticijated torsional effects. It is

therefore recommended tlat corner columns be subjected to

particular care on deteiling (e.g. by adopting DL III

requirements) or even e wmade somevhat stronger than

required by analysis.
1.5.2.1 Geometrical Constrainte
(1) DL II Structures

ta) The minimum cross-section dimension shall not be 1less
than 250mm.

(b) The ratio 1/b shall r >t exceed 25.

(2) DL, III Structures

(a) The minimum cross-se=tion dimension shall not be less
than 300mm.

(b The ratio 1/b shall not exceed the value of 16 for
columnse having momeats of opposite sign at the two
extremeties; 10 for cantilever columns.

S D, e 2 Loncifudinal Reinforcen znt
a) The reinforcement ratic shall not be less than 0.01 nor
larger than 0.06 including the region of lap splices.
b) For 5400 csteel, the reinfixrcement ratio outside the splices

shall not be greater than DJ.045.

c) The bars shall not be spa:ed further apart hbetween centres

than 2O0Omm.

DL I Structurecs: The provisione above must be satisfied
by DL I structures.

20-56

aleo



___/\/__.

=7,
P RVPL

W

sh=< h/4 .

Sh< 8¢ ducliftylevel 1
Shs  6¢rductitivrievel m
Sh= 24 ductidity level v
Sh =5 200mm dyctility | evel il
Sh=s 150mm duckliy | evel it

F10 5-4 REGIONS AND SPACING OF TRANSVERSE REINFORCEMENT

20-57



1.5.2.3 Transverse Reinforcement

a) A basic amount of reinforcement shall be provided all over
the height of the column, while special reinforcement shall
be placed in the column critical regions defined 15 the

following Clause 1.5.2.3(1).

b) The amount of reinforcement required by 1.5.2.3 shall be
provided unless a larger amount is required to resist shear

according to Clause 1.4.4.1(4).

1.5.2.3(1) Column Critical Regions

a) For usual cases, critical regions are considered to be the
regions at each end of a column above and below connections
over a length from the faces of the connection of not less

than the larger of:

(i) the 1longer column cross-section dimension in the case
of a rectangular cross-section, or the diameter of the

eection in case of a circular column

(ii) one-sixth of the clear height of the column

Cididi) 450mm

b) When a maeonry infill wall is in contact with one or both
of the two opposite sides of a column, over the whole height
or part of i, the entire column height shall be considered

as a critical region (Fig.- 5.5a).

In case of columns with part of their height

]

cshall be considered as a critical region (Fig.

1.5.2.3¢(2) DL IT Structures

Critical regions

regstraines due

to @ connection with a wall, the free part of

the column

w )i

a) Special transverege reinforcement having a minimum diameter
of 8mm in the form of epiral or hoop reinforcement =shall be

provided.

b) Cross ties to restrain longitudinal bars not directly held
by hoops shall be used in accordance with BS 8110 (1398%3)

c) The maximum spacing between spirals or hoops

exceed the smaller of:

(i) eight times the minimum diameter of the
bares
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€130 one half the least cross-sectional dimension B the
section
(iii) 200mm.

d) The transverse reinforcement in the amount specified above
shall be continued throughout the length of the beam-column
joint.

Non-critical regions
The minimum transverse reinforcement in nén—critical regions
shall be in accordance with BS 8110 (1985). (see Table 5.1)
(Fig. 5. 6).
TABLE 5. 1. TRANSVERSE REINFORCEMENT DUCTILITY LEVEL II
Critical Region 1lc = max (h, 1/6, 450mm)
Critical Region Sh = min (8L, 1/2b, 200mm)
Spacing
Elsewhere sn = min (lZgéL, b, 300mm)
1.5.2.3(3) DL IITI Structures

Critical regions

TABLE S. 2

TRANSVERSE REINFORCEMENT

DUCTILITY LEVEL III

Critical Region lc

max (h,

1765

450mm)

Critical Region sh =

min (6L,

174b, 150mm)

Spacing

Elsewvhere sn

min (8¢L, 1/2b, 200mm)

a) The

volumetric ratio of transverse reinforcement

CEig. S.7).

(spiral or

noope) shall not be less than the greater of

IS

DNe- = feclk . o ko
fyk
or Os = >\2 (Ag = 1) feck
Ac fyk

¢ 197
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FIG 5-7 SPECIAL TRANSVERSE REINFORCEMENT:
CRITICAL REGION AND SPACING
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wvhere Ag
Ac
and the

functi:en

\Y

gross sectional area

confined area of concrete
alues of )l and N2 are given in Table 5.3 as

of the reduced axial force ratio Nd/Ac. fck

TABLE 5. 3. VALUES OF A1 AND A2
Nd/Ac. fck 0.10 0.20 0.30 0. 40 0.50
a1 0.05 0.06 0.07 0.08 0.09
N2 0.18 0:22 0. 26 0. 30 0.34

b)

d)

e)

The volume
hoop reinfc
out of bars

The volumet

as

vhere Ash

cross ties

cection,
between

c

cer

The minimur

The maximl
exceed the

(i) saw s
(ii) one :
sectic

G ddd.) 150mm

£

Each long:
be latera:

included

cross tie,
this requi:

Gl )

0o
D e
~ QT

I8

(]

<

W
.aterally supported bars or bundles of bars d

tric ratio is the ratio of volume of spiral or
rcement to total volume of concrete core (out-to-
) within spacing sh.

ric ratio ©Os for rectangular sections is defined

Os = Ash/sh.n’
is the total area of hoop bars and supplementary
in each of the principal directions of the cross
n is the spacing and the h’ ie the distance
tres of outer bars._

diameter of spiral or hoops shall be 8mm

m spacing between spirals or hoops shall not
smaller of:

mes the minimum diameter of longitudinal bars;

ourth of the smallest lateral dimencsion of tﬁe
n

tudinal reinforcement bar or bundle of bars shall
ly supported by the corner of a hoop having an

ingle of not more than 135 or by a supplementary

except that the following bars are exempted from

ement :

oS

Gra® bundles of bars which lie between twvo b
ted by the same hoop wvhere the distance Dbet

n D!

=
(= =
@]

0]
(

‘ceed 200mm between centres
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Tk inner layers of reinforcing bars within the concrete,
core centred mwore than 75mm from the inner face of

hoops.

g) The yield force of the hoop bar or supplementary tie shall
be at least one-sixteenth of the yield force of the bar or
bars it is to restrain including the contribution from the
bar or bars exempted under 1.5.2.3.(3)(f)(i).

h) Each end of a supplementary tie shall engage either a
longitudinal bar or thev peripheral hoop besides a
longitudinal bar with a bent of at least 135° and an
extension beyond the bent of at least 10 tie bar diameters.
Supplementary ties and legs of hoops shall not be spaced
transversely more than either 200mm or one-quarter of the
column section dimension perpendicular to the direction ()]
the transverse steel (Fig.5.8).

Non-critical regions
The requirements relative to the critical regions of DLl-II
columns apply.

1.5.3 Beam - Column Joints

1.5.3.1 Confinement

(.

b))

DL I and DL II Structures

The horizontal transverse confinement reinforcement in béam-
column joints shall not be less than that required for the
columns.

Dl I11 Structures

The horizontal transverse confinement reinforcement in beam-
column joints shall not be less than that required for the
columns with the exception of ‘joints connetting beams at
all four column faces that are designed -according to Clause

1s4. 4. 203 ) Cd)Cd4.) or (iii) in which case the +transverce
joint reinforcement may be reduced to one half of that
required for the columns, but in no case shall the stirrup

tie spacing in the joint core exceed ten times the diameter
of the column bar, or 200mm, whichever is less. .

When the width of the column is larger than the effective

joint width specified in Clause 1.4.4.2(1)(a) and (b), 21l
flexural reinforcement in the column that is required to
interact with the narrow beam, shall be placed within the
effective joint area, bj. hc. Additional longitudinal column

reinforcement shall be placed outside this effective area.
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1. Sl

ds O

1)

a)

b)

4 Structural Walls
4.1 Geometrical Constraints
(i) Wall thickness shall not be less than 150mm.
ti4.) Openings in the walls hot regularly arranged ta Horm
coupled walls shall be preferably avoided, unless their
influence on the behaviour, of the wall under seismic
action 1is either insignificant or accounted for by
rational analyesis.
DL III Structures
In addition to the requirements in 1.5.4.1(i) and (ii), DL
IIT shall also safisfy the following:
the height (hw) to width (lw) ratio shall not be less
than 2¢
the local thickness of a wall shall not be less than
hn/10 (hn is storey height) wvherever the maximum
compressive strain exceeds the value €cu/3), unless:
(i) the distance of the critical fibre (i.e. where €c =
€Ecu/3) from the wall edge is smaller than 2b or 0.2 lw,
(ii) the distance of the critical fibre from a transverce
wall, or from a flange the width of which is at least
hn/S, is smaller than 3b (Figes. 5.9 - 5.11).
. 4.2 Longitudinal Reinforcement

The vertical reinforcement ratio in any part of the section
chall not be less than 0.25%, not greater than 47%.

(a) At least two orthogonal grids of reinforcement shall be
used, one hear each side of the wall.

(b) The diameter of the bars used in any part of a wall
shall not exceed: b/10.

{c) The maximum spacing between bars shall be 300mm except
vhere the section is required to be confined, in wlhiich
case the spacing shall not exceed 200mm.

(d? Cuxtai) Sags: Vertical flexural reinforcement shall be
curtailed in accordance with the bending moment
envelope, allowing for the development lengths of the

curtailed bars.

(@) Splicing: Splicing of the vertical reinforcement in
potential areas of yielding (see 1.9.4.3(1) shall De
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avoided whenever possible. In no case shall more than
one-third of such reinforcement be spliced Ao those
areas. Special care shall be taken for splicing of the
main (flexural) vertical bars. The splices should be
staggered in the longitudinal direction at least twice
the spliced length.

(£f) Construction joints: The ratio of vertical
reinforcement crossing a construction joint shall be
such as to provide for the transfer of the entire shear
capacity of concrete and is given by the expression:

LOv = (1.3 fctm - 0.7 Nd)/fyk > 0.0025 ... (1.5.4.2.1)
Ag
where: Ov = Ast/b.1lw with Ast = total vertical wall
reinforcement, including that dn boundary

elements provided to resist flexure.

Ag is the gross area of the effective wall
section including boundary elements.

Nd is the minimum compression force in the
wall. Tension shall be taken as negative.

1.5.4.3 Transverse Reinforcement

1)

%]

b)

The requirements for minimum reinforcement ratio, maximum
diameter and maximum spacing, shall be as for longitudinal
reinforcement (Clause 1.5.4.2).

Zones with special transverse reinforcement

The =zones of walls requiring special reinforcement as
specified in (b) below are defined as follows:

€i)d in the vertical direction, they shall extend from the
base over the probable plastic hinge length, which for
the purpose is assumed to be the greater of; the length
(lw), or 1/6 of the height (hw) of the wall,

3.4 9 in the plan section, wvhenever the computed concrete
strain exceeds the value: Ecu/3. The strain profile
over the section shall correspond to development of its
flexural strength, under the maximum design axial
compression force occurring for.a load combination

" including the seismic action.

The amount of special transverse reinforcement to be
provided is a function of the computed depth of the neutral
axi=: % in the base section of the wall, and of the selected
ductility level as follows:
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DL II Structures

The

critical

adverse,

when:

(i)

IN

neutral axis d:pth, computed for the most

design bending momen: Md, is given by:

X |

Transverse re

minimum requi
1.5.:4. 3. Cros
bars shall be

(1985).

X

Transverse re

requirements
level II colum

DL III Structures

The

critical

neutral axis d

adverse bending moment Md, is

when:

(&)

(ii)

X

= 0.10 (Mu,d) . 1w
Md
é‘ ; Transverse re

requirements
columns in norn

%

Transverse re

shall not be 1

Ds =

or Qe =

kl fek

fyk

A2 (Ag
Ac

where the values c
following Table 5.

depth ratio.

tnforcement shall satisfy +the
rements set forth 1n Clause
5 ties to restrain longitudinal
1sed in accordance with BS 8110

tnforcement shall satisfy the
>f Clause 1.5.2.3(2) (ductility
'S in critical regions).

>pth, computed for the most
given by:

inforcement shall satisfy the
2f Clause 1.5.2.3(3) (DL . XXX
-critical regions).

inforcement volumetric ratio
*ss than the greater of:

...... €1 .5k, 30 1)
- 1) fck ..., €1:5:4:8.1:29)
fyk

& kl and XE are given in the
1 as functions of neutral axis
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TABLE S.4. VALUES OF %l AND >Q-IN EQUATIONS 1.5.4.3.1.1 AND
125.4,3, 1.2

%/lwv  0.10 0. 20 0. 30 0. 40 0.50 0.6 0 0.70
Al 0.07 0.08 0.09 0.105 0.115 0.125  0.135
Y 0.18 0. 205 0.23 T0.26 0. 285 0.31 0.34

The volumetric ratio is defined as:

Qs = Ash
sh « h”*

with h’ = dimension of wall concrete core measured
perpendicular to the direction of hoop bars
to outside of peripheral hoops.

Ash = total steel area of - hoop bars and
supplementary cross ties in direction under
consideration, within spacing Sh.

(Figs. 5.12 and 5.13).

1.5.4.4 Coupling Beams

a) The diagonal reinforcement in each direction shall be
enclosed by ‘rectangular stirrups, hoops or spirals in
accordance with Cladse 1.5.2,3(3)y however;: their spaging -or
piteh ghall'ndt‘exce?q 100mm. ‘

b) Minimum thickness for diagonally reinforced beame shall be
©200mm. The anchorage length of diagonal reinforcement in the
adjacent walls <shall be increased by 50%Z of the lengths
prescribed in BS 8110 (1985) (Fig. 5.14).

LS D Anchoraqe_and Splicing of Reinforcement
1.5.5.1 General

In addition to the rules of BS 8110 (198%5), the following
requirements <shall be satisfied in order to ensure reliable
behaviour during cyclic loading reversals caused . by seismic
action:

a) All reinforcement bars should be considered to be in non-
good bond conditions except when anchorage is made in
regions confined by means of special trangverse
reinforcement, where good bond condition can be assumed.
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b)

All bars should be able to develop their maximum strength
( ). fyk +hen a plastic hinge is formed.

.5.5.2 Flexural Members: Anchorage of Longitudinal Reinforcement

a)

b)

Flexural nembers framing into opposite sides of a column
shall have top and bottom reinforcement provided at ends it
members ccitinuous through the column where possible.

When top or bottom reinforcement cannot be continuous
through th2 column due to the variations in flexural members
cross section, and in exterior columneg, the reinforcement
shall be anchored within the beam column connection S 52

accordance with the following:

i) Reinf orcement shall be extended to the far face of the
confiied region and anchored to develop its yielc
strer yth.

(i ) Every bar shall terminate with a standard 90-deg Thook
or ecaivalent anchorage device, as near as practically
possible to the far face of the column core. Top barc
should be bent down and bottom bars bent up.

(iii) Devel) opment length of beam reinforcement shall be

e

1.5k

8]

compt ted beginning at a distance of 10¢ from the near
face of column.

For DL II: Structures, wvhen beame frame into oppocsite sides
of a colura, -.the maximum diameter of the longitudinal bean
bars whicn are continuous through the column should not
wceed the following fractions of the column depth (paralle:
o the ba:) in Table 5.5.

e
L

TABLE 5:9
Steel Grade Fraction of hc
S22t emooth 1/385
S22t deformed 1/20
5S40 deformed 1/30
5.3 Column. : Anchorage of Longitudinal Reinforcement

The maxi .um diameter of longitudinal column bars which ar
continuou . through a joint shall not exceed the follovwin
fractions of maximum depth of the beams framing inta th

e wmi:
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b)

&

When

TABLE 5.5

Steel Grade

Fraction of hb

5220 smooth

5220 deformed

S400 deformed

1725

1718

1725

When hinges are permitted t
indicated in Clause 1.5.5.2 sh

The anchorage
shall be made by
egquivalent device,
practically possible.
the standard
project.

a horizon
as near
The dire

columne terminate at joi
joints between columns and
anchorage of
region shall be assumed to beg

half of the depth of the beam
from the face at which the
(Fig. 5.15).

1.5.5.4 Splices of Longitudinal Redi.

a)

o

c)

of a column ba-

hook must alway :

the longitudina .

> form in columns
111 be applied.

the wvalves

into an intersection beam
:al 90-deg standard hook or
-he far face of the beam. as
:tion of the horizontal leg of

be towards the core of the

.te at the top of frames or at
foundation members, the
column bars into the joint
.n at a distance equal to one

or 100, whichever is less,
:olumn bar enters the beam

forcement

Splices are not permitted w
vithin potential plastic hinge

If it can be shown that pla:
csplices are permitted in tl
provided that transverse reinf
further than & bar diameters, :

Stirrup-ties shall be provide«
csplices of reinforcement in be
epacing of the stirrup-ties sl
diameter of the bar being splic
For DL TIII structures the ma:
evceed 150mm.

Welded splices or approved mecl
with BS 8110 (1985) may be usec
alternate bare in each layer ¢
are spliced at a section, anc
of adjacent bare is 600mm c
longitudinal axis of the frame
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1.5.5.5 Anchorage and Splicing of Transve: se Reinforcement

a) Transyverse hoop reinforcement shall l.e anchored by at least
a 135° bent around a longitudina. bar with a minimum
exticREs.on at the free end of 10 bar diameters.
Alternatively, the ends of the hoops can be spliced by welds
capable of developing the full stren: th of the bar.

b) Transverse reinforcement shall not ]l e lap-spliced in cover
concrete within beam-column joint: or within potential
plastic hinge regions. Deformed ba:s shall be used for lap
splices.

c) When the anchorage for a spiral teriinates with a 135 bend
around a longitudinal bar, the extinsion beyond +the bend
shall be at least 10 spiral bar diami ters.

1.6 SEISMIC ACTION

1.6.1 Regional Seismicity

The seismicity activity of a regi@gn can be conveniently
described by meane of seismic risk maps.

The seismic risk maps give the spatyal distribution of the
values of one or more parameters defi:ing intensity of the
seismic event, for given average return p:.riods or, equivalently,
for given annual probabilities of exceeda: ce.

These maps are constructed on the- basie of historical
records - where available, and/or geolog(cal and seismotectoric
data.

The intensity of a sesmic event can be expressed either by
means of a phenomenological scale, such : s the MM or MSK scales
or by a (eet of) parameter(s) represe: tative of the ground
motion.

For the purpose of structurel desi;n, the most suitable
parameter (notwithstanding certain limi{&tions) is the maximum
ground acceleration: Amax, complemented in general hy Vmax and
Smas, meximum ground velocity and displacdment respectively.

1.6.2 Seismic Zones

For the application of this Code, cseiemic risk wmap (Fig.
6. 1) has been used to diecretize the area of Ghana into a number
of zones. Within each zone the normalize.. ground acceleration is
assigned a constant value as shown in Tab e 6.1.
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TABLE 6. 1. DEFINITION OF- SEISMIC ZONE

Seismic Assigned Horizontal Design Ground
Zonge Acceleration: A
g (unit of gravity)

@) O
1 0.15
2 0. 25
3 0: 33

1.6.3. Characteristics of Seismic Actions

€ 2ismic actions result from the vibrations of the soil
transnitted to the structures during the earthquakes.

€13 For the purpose of this Code, the ground motion chall be
¢ dequately described by meane of:

(3) the peak ground acceleration Amax, treated as a random
variable of known distribution;

(2) one or more response spectra for horizontal wmotion,
having &a form appropriate for the area and firm soil
conditions, normalized to Amax = p and

probabilistically characterized;

t 2) one or more response spectra for vertical motion,
scaled to 2/3 of the corresponding horizontal motion
response spectra.

¢2) fr particular zones, for instance wvhere geolaogical evidence
indicates the possibility of ‘near field’ type of shocks
(for which the response spectrum concept is inadequate), or
wiere there is extensive and deep soil layering (for vhich
s2lective amplification can coccur) the expected
characteristice of ground motion shall be determined by
€secial studies.

.30 More simple geotechnical and morphological site conditians
skall be accounted for by suitable modification of the basac
Epectrum (spectre) relative to the area.

1. 6.4 Design Sejismic Action

Tre design <ceismic action is, by definition, the action
that, vhen used in conjunction with other permanent and variable
loads to design structures in accordance with the provisions of
this code and with those of BS 8110 (1985) wvarrants the
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satisfaction of the general requirements set forth in Section 1.2
with the established level of reliability.

1.6.4.1 Normalized Elastic Response Spectrum

For the purpose of this Cade, the shape of the ‘standard’
(rocky or firm so0il condition) elastic response spectrum
normalized to a unit peak ground acceleration shall be idealized
as shown in Fig. 6.2.

The spectrum is intended for a damping ratio of 5 per cent.

Average values of Tl and T2 (Fig. 6.2) obtained from several
accelerograms (recorded at distances of less than 80 km from the
epicentres of moderate to large earthquakee) are:

T = 0.12 secs T2 = 0.4 secs

For values of Amax in excess of say 0.25g an amplification
factor O\ = 2.5 can be assumed to give a probability of non-
e»xceedance lying between 70% and 80%.

For an approximately constant spectral density (band-limited
white-noicse) as expected for a non-distant, moderate-to-large
intensity motion travelling on rock, the value of A consistent
with X = 2.5 would be comprised between 1.0 and O.9.

1.6.4.2 Site Effects

When more detailed knowvledge on the effects of local soil
zonditions and on the characteristics of ground motions arriving
zt the ite from possibly different sources ics not available, the
osrocedure in Clauses 1.6.4.2(1) and (2), 1.6.4.3 shall be
applied.

(1) Soil profile types

The effects of site_conditipns.oﬁ bcilding response shall be
established based " on the soil profile types defined as
followe: - :

(i) SOIL PROFILE S1: rock of any characteristic,_ either

shale-like = or crystallin (such material may be
characterized by a shear wave velocity greater than
800m/sec) ; or stiff soil conditions where the <coil
depth is less than 60m and the =oil types overlying
rock are stable deposits of =ands, gravel or cstiffer
clays.

(ii) SOIL PROFILE S2: deep cohesionless or stiff clay <soil
conrditions, including sites where the =o0il depth
exceeds  6EOm and the =soil types overlying rock are
etable deposits of sands, gravels, o1 stifdf clay.
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(iii) SsQIL FROFILE S3: soft-to-medium stiff clays and sands,

characterized by 10Om or more of soft-to-medium

clay with or without intervening layers of sand

other cohesionless soils.

In locaticns where soil properties are not known

staftt
and

in

sufficient detail to determine the soil profile type or

wvhere the jrofile does not fit any of the three types,
profile S2 shall be used.

2) Site Coeff. cient

soil

The site coefficient S is used to modify +the standard
elastic re:.ponse spectrum to account for the site condition.

Its values are given in Table 6. 2.

TABLE 6. 2. SITE COEFFICIENT

Soil Profile Type

Site
Coefficien .
S1 S2 S3

1.6.4.3 Site-Dejendent Normalized Elastié Response Spectra

The  "site- fependent normalized elastic spectra for the three
soil profiles are shown in Fig. 6. 3; their ordinates being
de“1ned as the :@mallest from the following expressions:

- Ras = ] « (X- 1). T/T1
. = ot for soil types S1, S2, S3,
&, Ras
= - 0.8 for soil S3'if A, - as defined in Clause
1.6.4.4 is greater than 0.3g
- Ras = 5. o L (T2/T)P
in case ¢f lack of especific site-related information, TI,

tra for vertical motions may be determined
t

onta motionse by a factor of 2/3.
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1.6.4.4 Design Response Spectrum

Th: ordinates of design response spectrum are given by the
smallecs: of the following expressions:

= Ra.T) = I.A.x.1 for soil type S1, S2, and S3 or
K
- Ra:T) = 0.8.I.A.c.1 fofsoil type S3 if A 2> 0.3g
A

- Ra!T) = I.A.S. X.(T2/TY . 1

K
vhere:
- I is the importance factor defined in section 1.3.2 (see

Table 6. 3)

& A is the peak ground acceleration to be adopted for the

seismic zone of interest (Table 6.1)
= S is the site coefficient as given in Table 6.2
= K is the behaviour factor as given in Table 1.4.1.02.
Ir the case of lack of specific site-related information,o(,B
anc T2 are assigned the following values:

> = 2.5 B = 2/3 T2 = 0.4 sec.

TABLE 6. 3. IMPORTANCE FACTOR

Class Factor I
I 1.4
11 1: ©
Represi ntative design spectra for the three soil types, A
0.35g3, 1 = 1 and K = are shown in Fig. 6. 4.
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DEFINITIONS AND NOTATIONS

Cross-tie: A continuous bar with a minimum diameter of 6&mm,
having a 135° hook with a ten-diameter extension at one end, and
a 90° hook with a six diameter extension at the other end. The

hooks shall engage hoop bars and be secured to longitudinal bars.

Hoop: A closed tie or continuously wound tie with a minimum
diameter of 6mm the ends of which have 135° hooks with +ten-

diameter extensions that encloses the longitudinal reinforcement.

Boundary elements: Portions along the edges of walls and
diaphragms strengthened by longitudinal and transverse
reinforcement. Boundary elements do not necessarily require an

increase of thickness of the wall or diaphragms may also have to
be provided with boundary elements.

A = peak ground acceleration

Ac = confined area measured to outside peripheral transvercse
reinforcement.

Ag = gross sectional area of concrete

Cd = design seismic coefficient (1.4.2.4(1)).

Cg = centre of mass (1.4.2.1. (1))

Cl: = centre of stiffness (1.4.2.1(1))

E~ = design seismic action (symbolic) (1.4.1.4(1))

I = importance factor (1.3.2)

Mig,d = ultimate moment of atconcrete sectdon, evaluated with

factored values of concrete and steel strengths

Hu,d = ultimate moment of a concrete section, evaluated with
characteristic values of concrete and stecel strengthes.
© Nd = design axial force under the most unfavourable load
combination including the seismic action
EN = behaviour factor (1.4.1.3)
Sl = site coefficient (1.6.4.2(2))
S = soil type dindex (1.6.4.2(1))
Ved = ehear force carried by concrete in beam or column
sections.
a = plan dimension o©of the Dbuilding in the direction

orthogenal to that of seismic action (1.4.2.4(2)).
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Sh

I
veb width of a concrete section

height and width of beans, major ind minor sides in
columns

distance between reinforcement bars located at the ends
of sides h and b, respectively, mea:ured to outside the

peripheral bars.

distance from centre of stiffness ard centre of gravity
of the generic floor (1.4.2.4(2))

spacing of transverse reinforcemen- in beams, columns
and walls.

design concrete strength

height of a floor

horizontal wall length

total height of a wall

vertical distance between floors in walls

spectral amplification factor (1.6.-.1)

parameter of the elastic response siectrum (1.6.4.1)
distribution factor (1.4.2.4. (1))

over-capacity factor

elastic interstorey drift under t e seismic actions
(1.4.2.4(3)

ratio between maximum and minimum si:ear force at a beamn
end (1.4.3.1(1), (1.4.3.2(1).

deformability index (1.4.2.4(3))
amplification factor for torsional -ffects (1.4.2.4(2).

dynamic magnification factor (1.4.3 1(2), CE. 4.3..262),
(1.4.3.2(d) tiv)

shear design stress of concrete
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(2)

T(3)

(4)

&sW)

(6)

(7)

8)
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