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Preface 
 
In 1978 the first Model Code for Concrete Structures was published. It was a product of 
cooperation between CEB and FIP, two large international bodies aiming at synthesizing 
research findings, defining new research directions and producing design recommendations.  
The first CEB/FIP Model Code had a considerable impact on the national codes in many 
countries.  
 
The CEB/FIP Model Code 1990, which was the next in the series, was a major step forward 
to international harmonization of codes. It served as a basis for the Eurocode for Concrete 
Structures, which is now introduced in most European countries. 
 
Twelve years after the appearance of MC90 it was decided to start again the preparation of a 
new Model Code. The first meeting, of the MC Preparation Group was held in May 2002 in 
Delft, The Netherlands.  The last, and 15th, meeting was in held in November 2009 in Oslo.  
 
fib Special Activity Group 5 has tried to write a document which is future oriented, taking due 
account of societal developments. This has led to a code that is basically oriented to life cycle 
thinking. The content reflects this, following the sequel conceptual design, dimensioning, 
construction, conservation, and even dismantlement. Reliability plays an important part: 
various methods are offered to cope with this aspect. The choice depends on the case 
considered. The materials concrete and steel are described according to the latest state of the 
art. The design of concrete structures is described for a large number of conditions. This 
includes static and various types of non-static loading, a large range of temperatures and 
several environmental conditions. Design criteria are given with relation to reliability, 
functionality, durability and sustainability, where the last category is in the state of 
development. Moreover particular techniques are treated, like analysis of structures by 
numerical analysis and design by testing. The chapter on conservation of structures gives an 
insight into the degradation of concrete as a function of various types of environmental 
conditions. The analysis can be carried out with various levels of sophistication. Attention is 
given to non-traditional types of reinforcement as well, like steel fibres and FRP, which have 
reached a status of recognition in the previous years.  
 
The Model Code 2010 does not intend to give only operational rules, although operationality 
has been an important target. The intention is as well to give backgrounds, show trends, and 
point out where further research is necessary.   
 
The draft, as it is presented here, is open to suggestions for improvement. The draft is offered 
to the fib commissions, who are asked to react with regard to the available text. Here it should 
be emphasized that the so-called Esquillan principle should be followed. This principle, 
known from former CEB times, says that criticism is OK, as long as it is accompanied by 
proposals for improvement. After having taken due notice of comments and suggestions, the 
final document will be submitted to the fib General Assembly for definite approval.   
 
The members of SAG5, the invited experts and the groups which gave essential input, like the 
JCSS (Joint Committee of Structural Safety) are gratefully acknowledged for their continuous 
engagement.  
 
 
Joost Walraven 
Convener, fib Special Activity Group 5, “New Model Code” 
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Notations 

Meaning of Roman capital letters 
A area 
B (void) 
C torsional moment of inertia 
D fatigue damage factor; diffusion coefficient 
E modulus of elasticity; earthquake action 
F action in general; local loading 
G permanent action; shear modulus 
H horizontal component of a force 
I second moment of a plane area 
J creep function 
K (permeability) coefficient 
L can be used for 'span; length of an element' in place of I 
M bending moment; coefficient of water absorption  
N axial force 
O (void) 
P force 
Q variable action 
R strength (resisting load effect); reaction at a support; resultant 
S load effect (M, N, I', T); static moment of a plane area 
T torsional moment; temperature  
U (void) 
V shear force, volume 
W modulus of inertia 
X reaction or force in general, parallel to x-axis 
Y reaction or force in general, parallel to y-axis 
Z reaction or force in general, parallel to z-axis 

NOTE: Roman capital letters can be used to denote types of material, e.g. C for concrete, LC for lightweight 
concrete, S for steel, Z for cement. 

Meaning of Roman lower case letters 
a deflection; distance; acceleration 
b width 
c concrete cover 
d effective height; diameter (see also h) 
e eccentricity  
f strength of a material 
g distributed permanent load; acceleration due to gravity 
h total height or diameter of a section; thickness  
i radius of gyration 
j number of days 
k all coefficients with dimension 
1 span; length of an element 
m bending moment per unit length or width; mass; average value of a sample 
n normal (longitudinal, axial) force per unit length or width 
o (void) 
p prestressing 
q distributed variable load r radius 
s spacing; standard deviation of a sample 
t time; torsional moment per unit length or width; thickness of thin elements 
u perimeter 
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v velocity; shear force per unit length or width  
w width of a crack 
x co-ordinate; height of compression zone 
Y co-ordinate; height of rectangular diagram co-ordinate; lever arm 

Use of Greek lower case letters 
alpha α angle; ratio; coefficient 
beta  β angle; ratio; coefficient 
gamma γ safety factor; density; shear strain (angular strain) 
delta δ coefficient of variation; coefficient  
epsilon ε strain 
zeta  ζ coefficient 
eta   η coefficient 
theta θ rotation  
iota  ι (void)  
kappa κ (to be avoided as far as possible) 
lambda λ slenderness ratio; coefficient 
mu µ relative bending moment; coefficient of friction; mean value of a whole 

population 
nu   ν relative axial force; Poisson's ratio 
xi   ξ coefficient; ratio  
omicron o (void) 
pi   π (mathematical use only) 
rho  ρ geometrical percentage of reinforcement; bulk density 
sigma σ axial stress; standard deviation of a whole population  
tau   τ shear stress 
upsilon  υ (void) 
phi  φ creep coefficient 
chi   χ (to be avoided as far as possible) 
psi   ψ coefficient; ratio 
omega ω mechanical percentage of reinforcement 

Mathematical symbols and special symbols 
S sum 
Δ difference; increment (enlargement) 
ø diameter of a reinforcing bar or of a cable 
’ (apostrophe) compression (only in a geometrical or locational sense) 
e base of Naperian logarithms  
exp power of the number e 
π ratio of the circumference of a circle to its diameter 
n number of ... 
w/c water/cement ratio 
≯ not greater than: indicates the upper bound in a formula * 
≮ not smaller than: indicates the lower bound in a formula * 
< smaller than 
> greater than 
 
*: These symbols placed at the end of an expression indicate that where the result to which it leads is higher 

(or lower) than the limit given, then the values given should be taken into account and not the result 
obtained from the formula. 
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General subscripts 
a support settlement; additional; accidental load  
b bond; bar; beam 
c concrete; compression; column 
d design value 
e elastic limit of a material 
f forces and other actions; beam flange; bending; friction  
g permanent load 
h horizontal; hook 
i initial 
j number of days 
k characteristic value  
1 longitudinal 
m mean value; material; bending moment  
n axial force 
o zero 
p prestressing steel 
q variable load  
r cracking  
s ordinary steel; snow; slab 
t tension;* torsion;* transverse 
u ultimate (limit state) 
v shear; vertical 
w wind; web; wire; wall 
x linear co-ordinate 
y linear co-ordinate  
z linear co-ordinate 
1, 2, 3 particular values of quantities  
cc conventional asymptotic value 

NOTE: * When confusion is possible between tension and torsion, the subscripts tn (tension) 
and tr (torsion) should be used. 

Subscripts for actions and action effects 
a(A) support settlement; accidental action 
cc creep of concrete 
cd delayed elasticity of concrete 
cf delayed plasticity of concrete 
cs shrinkage of concrete 
ep earth pressure eg(E) earthquake; seismic  
ex explosion; blast 
eq (E) forces and other actions 
g(G) permanent load  
im impact 
lp liquid pressure 
m(M) bending moment  
n(N) axial force 
p(P) prestress  
q(Q) variable load  
s(S) snow load 
t(T) torsion; temperature  
v(V) shear 
w(W) wind load 
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Subscripts obtained by abbreviation  
abs absolute 
act acting 
adm admissible, permissible 
cal calculated, design 
crit (or cr) critical 
ef effective 
el (or e) elastic  
est estimated  
exc exceptional 
est external  
fat fatigue  
inf inferior  
int internal  
lat lateral  
lim limit  
max maximum  
min minimum  
nec necessary  
net net  
nom nominal  
obs observed  
pl plastic 
prov (or pr) provisional (stage of construction), provided  
red reduced 
rel relative, relaxation rep representative req required 
res resisting, resistant 
ser serviceability, service sup superior 
tot total 
var variable 

Notation list 

Roman lower case letters 

1 / r  curvature of a section of an element 
1 /r(g) curvature due to g 
1 /r(g+q) curvature due to g and q 
1 /r0 (g+9) instantaneous (initial) curvature due to g and q  
1 /r1  curvature of an uncracked concrete section (state I)  
1 /r1 r curvature in state I under cracking moment  
1 /r2 curvature of a cracked concrete section (state II)  
1 /r2r  curvature in state II under cracking moment  
1 /rts  tension stiffening correction for curvature  
a deflection 
ac elastic deflection (calculated with rigidity Ec Ie) 
b breadth of compression zone or flange  
bred  reduced breadth of web 
bx smaller side dimension of a rectangular section 
by greater side dimension of a rectangular section 
bw  breadth of web 
c concrete cover, concentration of a substance in a volume element 
cl column dimension parallel to the eccentricity of the load 
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c2  column dimension perpendicular to the eccentricity of the load  
c m i n  minimum concrete cover 
c n o m  nominal value of concrete cover (= c m i n  + tolerance) 
d  effective depth to main tension reinforcement  
d ’  effective depth to compression reinforcement  
d m a x  maximum aggregate size 
e load eccentricity 
e0 first order eccentricity (= MSd / Nsd) 
e01 smaller value of the first order eccentricity at one end of the considered element 
e02 greater value of the first order eccentricity at one end of the considered element 
etot total eccentricity 
fbd design value of bond stress 
fc cylinder compressive strength of concrete 
fc

* cylinder compressive strength of concrete under triaxial loading (confined strength), 
reduced concrete strength due to transverse tension 

fcc cylinder compressive strength of concrete under uniaxial stress 
fcd

* design compressive strength of concrete under triaxial loading (confined strength), 
reduced design concrete strength due to transverse tension 

fcd design value of fc 
fcd1 average design strength value in an uncracked compression zone 
fcd2 average design strength value in a cracked compression zone  
fcd,fat design fatigue reference strength of concrete under compression  
fck characteristic value of fc 
fck,cf  value of fck of confined concrete 
fck.cube characteristic value of cube compressive strength of concrete 
fck,fat fatigue reference compressive strength 
fcm mean value of compressive strength fc at an age of 28 days 
fct axial tensile strength of concrete (determined according to R1LEM CPC 7) 

fctd design value of fct 
fctk characteristic value of fct 
fctm mean axial tensile strength 
fct,fl mean flexural tensile strength (at T = 20°C) 
fct,sp mean splitting tensile strength 
fd

 design value of strength 
fp0,1 0,1 % proof stress of prestressing reinforcement 
Fp0,2 0,2% proof stress of prestressing reinforcement 
fp0,1k characteristic 0,1% proof stress 
fp0,2k characteristic 0,2% proof stress 
fpt tensile strength of prestressing reinforcement 
fptd design tensile strength of prestressing reinforcement 
fptk characteristic tensile strength of prestressing reinforcement 

Copyright fib, all rights reserved. This PDF copy of fib Bulletin 55 is intended for use and/or distribution only within National Member Groups of fib.



xiv fib Bulletin 55: Model Code 2010, First complete draft – Volume 1 

fpy tension yield stress of prestressing reinforcement 
fpyd design value of tension yield stress of prestressing reinforcement 
fpyk characteristic value of tension yield stress of prestressing reinforcement 
fR relative (or projected) rib area 
ft tensile strength of non- prestressing reinforcement 
ftk characteristic value of tensile strength of non- prestressing reinforcement 
fy tension yield stress of non- prestressing reinforcement 
fyc strength of steel in compression 
fycd design strength of steel in compression 
fyd design value of tension yield stress of non- prestressing reinforcement 
fyk characteristic value of tension yield stress of non- prestressing reinforcement 
gd design value of distributed permanent load 
h overall depth of member, total height; notional size of a member (2 Ac/u; u: perimeter 

in contact with the atmosphere) 
hb depth of beam 
hf depth of flange 
Δhw height of water column 
i radius of gyration 
l design span, effective span, length of an element, thickness of a penetrated section 
Δl measured elongation between two measuring points 
10 design lap length, effective length (of columns); distance between measuring points 
lb basic anchorage length 
lbp basic anchorage length of pretensioned reinforcement 
lbpd design anchorage length of pretensioned reinforcement 
lbpt transmission length of pretensioned reinforcement 
lb,min minimum anchorage length 
lb,net design anchorage length 
lch characteristic length (fracture parameter) 
lp development length for prestressing reinforcement 
lpl plastic length (region in which tensile strain is larger than yield strain) 
Δlpl residual elongation after unloading 
lp,max length over which the slip between prestressing steel and concrete occurs 
ls,max length over which the slip between steel and concrete occurs 
lt transmission length 
m moment per unit width (out-of-plane loading); mass of substance flowing: degree 

of hydration 
n number of bars, number of load cycles; force per unit width (in-plane-loading) 
nRi number of cycles leading to failure at stress levels Si,min and Si,max, respectively 
nSi number of cycles applied at constant minimum and maximum stress levels Si,min 

and Si,max, respectively 
p local gas pressure 
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q distributed variable load 
qd design value of distributed variable load 
r radius 
s slip (relative displacement of steel and concrete cross-sections), shear slip (at 

interfaces); spacing of bars 
smax maximum bar spacing 
sr distance between cracks; radial spacing of layers of shear reinforcement 
sr,m mean spacing between cracks 
t time, age, duration; thickness of thin elements 
t0 age at loading 
ts concrete age at the beginning of shrinkage or swelling 
tT effective concrete age 
u length of a perimeter; component of displacement of a point 
u0 length of the periphery of the column or load 
ul length of the control perimeter for punching 
uef length of the perimeter of Aef 
un length of the control perimeter for punching outside a slab zone with shear 

reinforcement 
v shear force per unit width (out-of-plane loading), component of displacement of a 

point 
w crack width; component of displacement of a point  
wc crack width for σct = 0 
wk calculated characteristic crack width 
wlim nominal limit value of crack width 
x depth of compression zone, distance 
z internal lever arm 

Greek lower case letters 

α coefficient, reduction factor 
αe modular ratio (Es / Ec) 
αe ,p modular ratio (Ep /  Ec) 
αe ,sec secant modular ratio (Es,sec /  Ec,sec) 
αST coefficient of thermal expansion for steel 
αT coefficient of thermal expansion in general 
β coefficient characterizing the bond quality of reinforcing bars 
βc(t,t0) coefficient to describe the development of creep with time after loading 
γ safety factor 
γc partial safety factor for concrete material properties 
γc,fat partial safety factor for concrete material properties under fatigue loading 
γF partial safety factor for actions 
γG partial safety factor for permanent actions 
γQ partial safety factor for variable actions 
γs partial safety factor for the material properties of reinforcement and prestressing steel 
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γs,fat partial safety factor for the material properties of reinforcement and prestressing steel 
under fatigue loading 

δjj node displacement 
ε strain 
εc concrete compression strain 
εc

* concrete compression strain under triaxial stress 
εcm average concrete strain within ls,max 
εc0 concrete strain at peak stress m compression 
εcc(t) concrete creep strain at concrete age t > t0 
εci(t0) stress dependent initial strain at the time of stress application 
εcn(t) total stress independent strain at a concrete age t (= εcs(t) + εcT(t,T) ) 
εcs(t,ts) total shrinkage or swelling strain at concrete age t (t in days) 
εcσ(t) total stress dependent strain at a concrete age t (= εci(t0) + εcc(t) ) 
εct concrete tensile strain 
εcT(t,T) thermal strain at a concrete age t 
εcu ultimate strain of concrete in compression 
εd0 strain of prestressed reinforcement corresponding to Pd0 
εpu total elongation of prestressing reinforcement at maximum load 
εr strain at the onset of cracking 
εs steel strain 
εs1 steel strain in uncracked concrete 
εs2 steel strain in the crack 
εsm mean steel strain 
Δεsr increase of steel strain in cracking state 
εsr1 steel strain at the point of zero slip under cracking forces 
εsr2 steel strain in the crack under cracking forces (σct reaching fctm) 
εsT thermal strain of steel 
εsu strain of non-prestressing reinforcement at maximum load 
Δεts increase of strain by the effect of tension stiffening 
εu total elongation of reinforcing steel at maximum load 
εuk characteristic total elongation of reinforcing steel at maximum load 
εyd design yield strain of non - prestressing reinforcement (= fyd / Es) 
εν transverse contraction 
ζ ratio of bond strength of prestressing steel and high-bond reinforcing steel 
η viscosity of gas 
θ angle between web compression and the axis of a member; rotation 
θf angle between inclined compression in a flange and the axis of the member 
λ slenderness ratio (= l0 / i) 
µ coefficient of friction, relative bending moment 
ν relative axial force 
νc Poisson's ratio of concrete 
νs Poisson's ratio of steel 
νsd relative design axial force (= NSd / Ac fcd) 
ρ ratio of (longitudinal) tension reinforcement (= As/bd) 
ρs,ef effective reinforcement ratio (= As/Ac,ef) 
ρt relaxation after t hours 
ρw ratio of web reinforcement (= Asw/bws sinα) 
σ stress 
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σ1 ,  σ2 ,  σ3  principal stresses 
σc  concrete compression stress 
σcd design concrete compression stress 
σct concrete tensile stress 
σc,ef compression stress of confined concrete 
σc,max maximum compressive stress 
σc , m i n  minimum compressive stress 
σp0(x) initial stress in prestressing reinforcement at a distance x from anchorage device 
σp0,max

. maximum tensile force in prestressing reinforcement at tensioning 
σpcs tendon stress due to prestress after all losses (due to creep and shrinkage) 
σpd tendon stress under design load 
ΔσRsk(n) stress range relevant to n cycles obtained from a characteristic fatigue strength function 
σ s steel stress 
σ s 2  steel stress in the crack 
σ sE  steel stress at the point of zero slip 
σ s r 2  steel stress in the crack under crack loading (σct reaching f c t m) 
ΔσS s steel stress range under the acting loads 
τb  local bond stress 
τb m mean bond stress 
τ f u , d  ultimate design shear friction capacity 
τm a x maximum value of bond stress 
τR d  resistance to shear stress (design value) 
τS d  applied shear stress (design value) 
ψ(t,t0) relaxation coefficient 
ω  mechanical reinforcement ratio 
ω s w mechanical ratio of stirrup reinforcement 
ω v volumetric ratio of confining reinforcement 
ωw volumetric mechanical ratio of confining reinforcement 
ωwd design volumetric mechanical ratio of confining reinforcement 

Roman capital letters 

A total area of a section or part of a section (enclosed within the outer circumference) 
A1 section area in state I (taking into account the reinforcement) 
Ac area of concrete cross section or concrete compression chord 
Ac,ef effective area of concrete in tension 
Acore effectively confined area of cross-section in compression 
Aef area enclosed by the centre-lines of a shell resisting torsion 
Ap area of prestressing reinforcement 
As area of reinforcement 
As' area of compressed reinforcement 
Ash area of hoop reinforcement for torsion 
Asl area of longitudinal reinforcement 
Ast area of transverse reinforcement 
Asw area of shear reinforcement 
As,cal calculated area of reinforcement required by design 
As,ef area of reinforcement provided 
As,min minimum reinforcement area 
D fatigue damage, diffusion coefficient 
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Dlim limiting fatigue damage 
E modulus of elasticity 
Ec reduced modulus of elasticity for concrete 
Ec(t0) modulus of elasticity at the time of loading t0 
Eci tangent modulus of elasticity at a stress σi (at T = 20°C) 
Ec,sec secant modulus of elasticity at failure for uniaxial compression  

(Ec,sec= fcm / |εc0| ) 
EP modulus of elasticity of prestressing steel 
Es modulus of elasticity of steel 
Es,sec secant modulus of elasticity of steel 
F force, applied load or load effect 
Fb bond force transmitted along the transmission length 
Fc strut force (compression force) 
Fd design value of action 
Fpt tensile load of prestressed reinforcement 
Fp0,1 characteristic 0,1 % proof -load 
FSd,ef effective concentric load (punching load enhanced to allow for the effects of moments) 
Ft tie force (tension force) 
Fud ultimate dowel force 
G permanent action 
GF fracture energy of concrete 
GF0 base value of fracture energy (depending on maximum aggregate size) 
Ginf favourable part of permanent action 
Gsup unfavourable part of permanent action 
H horizontal force, horizontal component of a force 
I second moment of area 
I 1 second moment of area in state I (including the reinforcement) 
I2 second moment of area in state II (including the reinforcement) 
Ic second moment of area of the uncracked concrete cross-section (state I) 
J(t,t0) creep function or creep compliance representing the total stress dependent strain per 

unit stress 
Kg coefficient of gas permeability 
Kw coefficient of water permeability 
L span, length of an element 
M bending moment; maturity of concrete 
Mr cracking moment 
MRd design value of resistant moment 
MSd design value of applied moment 
Mu ultimate moment 
My yielding moment 
N axial force, number of cycles to failure (fatigue loading) 
Nr axial cracking force 
NRd design value of resistance to axial force 
NSd design value of applied axial force 
Pd0 design value of prestressing force (initial force) 
Pk,inf lower characteristic value of prestressing force 
Pk,sup upper characteristic value of prestressing force 
Pm mean value of prestressing force 
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Q variable single action; volume of a transported substance (gas or liquid) 
R resistance (strength); bending radius; universal gas constant 
Rd design resistance 
RH ambient relative humidity 
RH0 100% relative humidity 
S load effect (M, N, V, T); absorption coefficieni 
ΔScd stress range under fatigue loading 
Scd,max design value of maximum compressive stress level (fatigue loading) 
Scd,min design value of minimum compressive stress level (fatigue loading) 
Sc,max maximum compressive stress level (fatigue loading) 
Sc,min minimum compressive stress level (fatigue loading) 
Sd design load effect (M, N, V, T) 
T temperature, torsional moment 
ΔT temperature change 
TRd design value of resistance to torsional moment 
TSd design value of applied torsional moment 
TSd,eff effective design value of applied torsional moment 
V shear force; volume of gas or liquid 
VRd design value of resistance to shear force 
VSd design value of applied shear force 
Vu ultimate shear force 
W1 section modulus in state I (including the reinforcement) 
W2 section modulus in state II (including the reinforcement) 
Wc section modulus of the uncracked concrete cross-section (state I) 
Wc,cf volume of confined concrete 
We external work 
Wi internal work 
Ws,trans volume of closed stirrups or cross-ties 

Others 

ø nominal diameter of steel bar 
øn equivalent diameter of bundles containing n bars 
øp diameter of prestressing steel (for bundles equivalent diameter) 
φ (t,t0) creep coefficient 
φ 0 notional creep coefficient 
Θpl plastic rotation capacity 
ΣU total perimeter of rebars 

Statistical symbols 

Roman lower case letters 

fx(x) probability density function (of normal distribution) 
fr(r) probability density function (of log-normal distribution) 
fR(r) probability density function of resistance 
fS(s) probability density function of action 
k normalised variable or fractile factor 
mx mean (same meaning as x ) 
mR mean of resistance 

Copyright fib, all rights reserved. This PDF copy of fib Bulletin 55 is intended for use and/or distribution only within National Member Groups of fib.



xx fib Bulletin 55: Model Code 2010, First complete draft – Volume 1 

mS mean of action 
pf failure probability 
x
!  median 
x̂  modal value 
x  mean (same meaning as mx) 
xp p-%-fractile 

Greek lower case letters: 

α sensitivity factor 
β reliability index 
γ (partial) safety factor 
σx

2 scattering or variance 
σx standard deviation 
σR standard deviation of resistance 
σS standard deviation of action 

Roman capital letters: 

Fr(r) probability distribution function (of log-normal distribution) 
Fx(x) probability distribution function (of normal distribution) 
R resistance 
S action 
Vx coefficient of variation 
Z safety zone (difference of R and S) 

Others 

Φ(k) normalized function 
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R
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3.
1 

G
en

er
al

 
 

 
Th

e 
pe

rf
or

m
an

ce
 o

f 
a 

st
ru

ct
ur

e 
or

 a
 s

tru
ct

ur
al

 c
om

po
ne

nt
 r

ef
er

s 
to

 i
ts

 
be

ha
vi

ou
r 

as
 a

 c
on

se
qu

en
ce

 o
f 

ac
tio

ns
 t

o 
w

hi
ch

 i
t 

is
 s

ub
je

ct
ed

 o
r 

w
hi

ch
 i

t 
ge

ne
ra

te
s. 

 
 

St
ru

ct
ur

es
 a

nd
 s

tru
ct

ur
al

 m
em

be
rs

 s
ha

ll 
be

 d
es

ig
ne

d,
 c

on
st

ru
ct

ed
 a

nd
 

m
ai

nt
ai

ne
d 

in
 s

uc
h 

a 
w

ay
 t

ha
t 

th
ey

 a
de

qu
at

el
y 

an
d 

in
 a

n 
ec

on
om

ic
al

ly
 

re
as

on
ab

le
 w

ay
 p

er
fo

rm
 d

ur
in

g 
co

ns
tru

ct
io

n,
 se

rv
ic

e 
lif

e 
an

d 
di

sm
an

tle
m

en
t. 

 
 

In
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en
er

al
: 

– 
st

ru
ct

ur
es

 a
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 s
tru

ct
ur

al
 m

em
be

rs
 s

ha
ll 

re
m

ai
n 

fit
 fo

r t
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 u
se

 fo
r w

hi
ch

 
th

ey
 h

av
e 

be
en

 d
es

ig
ne

d,
 

– 
st

ru
ct

ur
es

 a
nd

 s
tru

ct
ur

al
 m

em
be

rs
 s

ha
ll 

w
ith

st
an

d 
ex

tre
m

e 
an

d/
or

 
fr

eq
ue

nt
ly

 r
ep

ea
te

d 
ac

tio
ns

 a
nd

 e
nv

iro
nm

en
ta

l 
in

flu
en

ce
s 

lia
bl

e 
to

 
oc

cu
r 

du
rin

g 
th

ei
r 

co
ns

tru
ct

io
n 

an
d 

an
tic

ip
at

ed
 u

se
 a

nd
 s

ha
ll 

no
t 

be
 

da
m

ag
ed

 
by

 
ac

ci
de

nt
al

 
an

d/
or

 
ex

ce
pt

io
na

l 
ev

en
ts

, 
to

 
an

 
ex

te
nt

 
di

sp
ro

po
rti

on
at

e 
to

 th
e 

tri
gg

er
in

g 
ev

en
t, 

– 
st

ru
ct

ur
es

 a
nd

 s
tru

ct
ur

al
 m

em
be

rs
 s

ha
ll 

be
 a

bl
e 

to
 c

on
tri

bu
te

 p
os

iti
ve

ly
 

to
 th

e 
ne

ed
s 

of
 h

um
an

ki
nd

 w
ith

 re
ga

rd
 to

 n
at

ur
e,

 s
oc

ie
ty

, e
co

no
m

y 
an

d 
w

el
l-b

ei
ng

. 

 
 

A
cc

or
di

ng
ly

, t
hr

ee
 c

at
eg

or
ie

s o
f p

er
fo

rm
an

ce
 h

av
e 

to
 b

e 
ad

dr
es

se
d:

 
– 

se
rv

ic
ea

bi
lit

y,
 i

.e
. 

ab
ili

ty
 o

f 
a 

st
ru

ct
ur

e 
or

 s
tru

ct
ur

al
 m

em
be

rs
 t

o 
 

pe
rf

or
m

, 
w

ith
 a

pp
ro

pr
ia

te
 l

ev
el

s 
of

 r
el

ia
bi

lit
y,

 a
de

qu
at

el
y 

fo
r 

no
rm

al
 

us
e 

un
de

r a
ll 

(c
om

bi
na

tio
ns

 o
f)

 a
ct

io
ns

 e
xp

ec
te

d 
du

rin
g 

se
rv

ic
e 

lif
e,

 

R
ob

us
tn

es
s 

is
 a

 s
pe

ci
fic

 a
sp

ec
t o

f s
tru

ct
ur

al
 s

af
et

y 
th

at
 re

fe
rs

 to
 th

e 
ab

ili
ty

 
of

 a
 s

ys
te

m
 s

ub
je

ct
 t

o 
ac

ci
de

nt
al

 o
r 

ex
ce

pt
io

na
l 

lo
ad

in
gs

 (
su

ch
 a

s 
fir

e,
 

ex
pl

os
io

ns
, i

m
pa

ct
 o

r c
on

se
qu

en
ce

s 
of

 h
um

an
 e

rr
or

s)
 to

 s
us

ta
in

 lo
ca

l d
am

ag
e 

to
 s

om
e 

st
ru

ct
ur

al
 c

om
po

ne
nt

s 
w

ith
ou

t 
ex

pe
rie

nc
in

g 
a 

di
sp

ro
po

rti
on

at
e 

de
gr

ee
 o

f o
ve

ra
ll 

di
st

re
ss

 o
r c

ol
la

ps
e.

  

 

 
– 

St
ru

ct
ur

al
, s

af
et

y 
i.e

. a
bi

lit
y 

of
 a

 s
tru

ct
ur

e 
an

d 
its

 s
tru

ct
ur

al
 m

em
be

rs
 to

 
gu

ar
an

te
e 

th
e 

ov
er

al
l 

st
ab

ili
ty

, 
ad

eq
ua

te
 d

ef
or

m
ab

ili
ty

 a
nd

 u
lti

m
at

e 
be

ar
in

g 
re

si
st

an
ce

, c
or

re
sp

on
di

ng
 to

 th
e 

as
su

m
ed

 a
ct

io
ns

 (b
ot

h 
ex

tre
m

e 
an

d/
or

 f
re

qu
en

tly
 r

ep
ea

te
d 

ac
tio

ns
 a

nd
 a

cc
id

en
ta

l 
an

d/
or

 e
xc

ep
tio

na
l 

ev
en

ts
) w

ith
 a

pp
ro

pr
ia

te
 le

ve
ls

 o
f r

el
ia

bi
lit

y 
fo

r t
he

 s
pe

ci
fie

d 
re

fe
re

nc
e 

pe
rio

ds
. T

he
 s

tru
ct

ur
al

 s
af

et
y 

sh
al

l b
e 

an
al

yz
ed

 fo
r a

ll 
po

ss
ib

le
 d

am
ag

e 
st

at
es

 a
nd

 e
xp

os
ur

e 
ev

en
ts

 r
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ev
an

t 
fo

r 
th

e 
de

si
gn

 s
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de
r 
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 d
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 c
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e 
pr

es
en

t 
an

d 
fu

tu
re

 
ge

ne
ra

tio
ns

. 
 

 
– 

Su
st

ai
na

bi
lit

y,
 i.

e.
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lit

y 
of

 a
 m

at
er

ia
l, 

st
ru

ct
ur

e 
or

 s
tru

ct
ur

al
 m

em
be

rs
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 c

on
tri

bu
te

 p
os

iti
ve

ly
 t

o 
th

e 
fu

lfi
lm

en
t 

of
 t

he
 p

re
se

nt
 n

ee
ds

 o
f 
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m

an
ki

nd
 

w
ith
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sp
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t 
to

 
na

tu
re

, 
so

ci
et

y 
an

d 
hu

m
an

s,
 

w
ith

ou
t 

co
m

pr
om

is
in

g 
th

e 
ab

ili
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 o
f f

ut
ur

e 
ge

ne
ra
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ns

 to
 m

ee
t t

he
ir 

ne
ed

s 
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si
m

ila
r m

an
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Pe
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or
m
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as
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 d

es
ig

n 
an
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3.

2.
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G
en

er
al

 a
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h 
 

 
U

si
ng

 
a 

pe
rf

or
m

an
ce

-b
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ed
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pr

oa
ch

, 
a 

st
ru

ct
ur

e 
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a 

st
ru

ct
ur

al
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m

po
ne

nt
 i

s 
de

si
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ed
 t

o 
pe

rf
or

m
 i

n 
a 

re
qu

ire
d 

m
an

ne
r 

du
rin

g 
th
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r 

en
tir

e 
lif

e 
cy

cl
e.
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 c

as
e 

of
 e

xi
st

in
g 

st
ru

ct
ur

es
, b

y 
a 

pe
rf

or
m

an
ce

-b
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ed
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pp
ro

ac
h 

it 
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 a
ss

es
se

d 
w

he
th

er
 t

he
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ct
ua

l 
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rf
or

m
an

ce
 o

f 
an

 e
xi

st
in

g 
st

ru
ct

ur
e 

or
 a

 
st

ru
ct

ur
al

 m
em

be
rs
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 th
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r 
pe

rf
or

m
an

ce
 d

ur
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g 
th

e 
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si
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al
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 s

at
is
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 th

e 
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ds
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f t
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 st
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eh
ol

de
rs
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or
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s 

ev
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er

ify
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g 
th

e 
be

ha
vi

ou
r 
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 s
tru

ct
ur
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st
ru
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ur

al
 c
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ne
nt
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e 
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ifi
ed

 p
er
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an
ce

 re
qu
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m

en
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or
m

an
ce

 r
eq

ui
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en
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 s
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ll 

be
 s

at
is

fie
d 
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 w
el

l-b
al

an
ce

d 
m

an
ne

r 
th

ro
ug

ho
ut

 th
e 

lif
e 

cy
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e 
of

 th
e 

st
ru

ct
ur

e.
  

 

 
A

n 
ad

eq
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te
 p

er
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an

ce
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s 
re
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d 
w

he
n 

a 
st

ru
ct
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e 

or
 a

 s
tru

ct
ur

al
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m
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ne

nt
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 d

em
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st
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d 

sa
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r t
o 
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t t
he

 p
er

fo
rm

an
ce

 
re

qu
ire

m
en

ts
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In
 t

he
 o

pp
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ite
 c
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e,

 t
he

 p
er

fo
rm
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ce

 o
f 

a 
st

ru
ct

ur
e 

or
 a

 
st

ru
ct

ur
al

 c
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po
ne

nt
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 c
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si
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re
d 
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 b
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eq
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te

.  

In
 th

e 
co
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t o
f 

Li
m

it 
St

at
e 

D
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ig
n,

 th
e 

te
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fa

ilu
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” 
m

ea
ns

 f
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lin
g 

to
 

fu
lfi

l t
he

 c
rit

er
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 o
f t

he
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m
it 

st
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e 
un

de
r c

on
si

de
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tio
n.
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 t
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m
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th

e 
st
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e 

w
he

re
 t
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er
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ce
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f 
a 

st
ru

ct
ur

e 
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st
ru
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ur

al
 c

om
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ne
nt
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ad
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ua
te
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 re

fe
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ed
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s 

fa
ilu
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w
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ct
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e 
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st
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m
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n 
it 
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 s
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w
n 
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at
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he

 p
er

fo
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an
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re

qu
ire

m
en

ts
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 s

at
is

fie
d 

fo
r 

al
l 
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le

va
nt
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sp

ec
ts

 o
f 

pe
rf

or
m

an
ce

 r
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at
ed

 t
o 

se
rv

ic
ea

bi
lit

y,
 st

ru
ct

ur
al

 sa
fe

ty
 a

nd
 su

st
ai

na
bi

lit
y.
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an
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-b
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ed
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en
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f a

n 
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 s
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ct
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m
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re

qu
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m
en
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e 
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fie
d 
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no
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In
 

th
e 
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r 
ca

se
 

th
e 

pe
rf

or
m
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ce

 
of

 
a 
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ru

ct
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e 
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a 
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m
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2 
B

as
is

 fo
r 

ve
ri

fic
at

io
n 

A
s 

a 
ru

le
, t

he
 k

ey
 s

ta
ke

ho
ld

er
s 

w
ou

ld
 b

e 
th

e 
fo

un
de

rs
, t

he
 o

w
ne

rs
, 

th
e 

re
si

de
nt

s, 
th

e 
us

er
s, 

th
e 

ne
ig

hb
ou

rs
 (

if 
co

ns
tru

ct
io

n 
cr

ea
te

s 
a 

nu
is

an
ce

 f
or

 
th

em
), 

th
e 

co
nt

ra
ct

or
, 

th
e 

de
si

gn
 

an
d 

co
ns

tru
ct

io
n 

te
am

, 
th

e 
te

na
nc

y 
m

an
ag

em
en

t 
an

d 
m

ai
nt

en
an

ce
 

te
am

. 
O

th
er

 
st

ak
eh

ol
de

rs
 

m
ay

 
be

 
th

e 
go

ve
rn

m
en

t a
nd

 th
e 

so
ci

et
y.

 

 
Th

e 
st

ak
eh

ol
de

rs
 s

ha
ll 

gi
ve

 d
em

an
ds

 f
or

 p
er

fo
rm

an
ce

 o
f 

a 
st

ru
ct

ur
e 

or
 a

 
st

ru
ct

ur
al

 c
om

po
ne

nt
 a

nd
 it

s r
eq

ui
re

d 
se

rv
ic

e 
lif

e.
 

W
hi

le
 s

ta
ke

ho
ld

er
s 

us
ua

lly
 b

el
ie

ve
 t

he
y 

kn
ow

 w
ha

t 
pe

rf
or

m
an

ce
 t

he
y 

w
an

t 
fo

r 
a 

st
ru

ct
ur

e,
 i

t 
m

ay
 r

eq
ui

re
 s

ki
ll 

an
d 

ex
pe

rie
nc

e 
in

 s
tru

ct
ur

al
 

en
gi

ne
er

in
g 

to
 re

co
gn

iz
e 

in
co

m
pl

et
e,

 a
m

bi
gu

ou
s o

r c
on

tra
di

ct
or

y 
de

m
an

ds
. 

 
Th

os
e 

de
m

an
ds

 r
ef

le
ct

 th
e 

ro
le

(s
) 

th
at

 a
 s

tru
ct

ur
e 

or
 a

 s
tru

ct
ur

al
 e

le
m

en
t 

sh
ou

ld
 p

la
y 

un
de

r 
th

e 
in

te
nd

ed
 c

on
di

tio
ns

 o
f 

co
ns

tru
ct

io
n,

 s
er

vi
ce

 a
nd

 
di

sm
an

tle
m

en
t. 

Sp
ec

ify
in

g 
pe

rf
or

m
an

ce
 re

qu
ire

m
en

ts
 a

nd
 a

ss
oc

ia
te

d 
co

ns
tra

in
ts

 o
f s

er
vi

ce
 

lif
e 

an
d 

re
lia

bi
lit

y 
cr

ea
te

s 
an

 i
ni

tia
l 

br
id

ge
 b

et
w

ee
n 

th
e 

ne
ed

s 
of

 t
he

 
st

ak
eh

ol
de

rs
 a

nd
 th

e 
de

si
gn

 o
r t

he
 a

ss
es

sm
en

t. 
Se

ts
 o

f 
sp

ec
ifi

ed
 p

er
fo

rm
an

ce
 

re
qu

ire
m

en
ts

 
ar

e 
us

ed
 

as
 

in
pu

t 
in

to
 

th
e 

pe
rf

or
m

an
ce

-b
as

ed
 

de
si

gn
 

or
 

as
se

ss
m

en
t o

f s
tru

ct
ur

es
.  

 
Fo

r 
ea

ch
 a

sp
ec

t 
of

 p
er

fo
rm

an
ce

 t
ha

t 
is

 r
el

ev
an

t 
fo

r 
a 

st
ru

ct
ur

e 
or

 a
 

st
ru

ct
ur

al
 c

om
po

ne
nt

 u
nd

er
 c

on
si

de
ra

tio
n,

 t
he

 p
er

fo
rm

an
ce

 r
eq

ui
re

m
en

ts
 

m
us

t b
e 

sp
ec

ifi
ed

. D
em

an
ds

 o
f 

th
e 

st
ak

eh
ol

de
rs

 a
re

 t
he

 b
as

is
 f

or
 s

pe
ci

fy
in

g 
th

e 
pe

rf
or

m
an

ce
 r

eq
ui

re
m

en
ts

. 
A

cc
or

di
ng

ly
, 

th
e 

pe
rf

or
m

an
ce

 r
eq

ui
re

m
en

ts
 

re
fe

r t
o 

th
e 

fu
lfi
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en

t o
f t

he
 e

ss
en

tia
l d

em
an

ds
 o

f t
he

 st
ak

eh
ol

de
rs

. 

R
ef
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en
t o

f 
th

e 
sp

ec
ifi
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tio

n 
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 p
er

fo
rm

an
ce

 r
eq

ui
re

m
en

ts
 d

ep
en
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 o

n 
th

e 
co

m
pl

ex
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 o
f t
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 p

ro
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 u
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er

 c
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si
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is
 l

ar
ge

r 
th

an
 s

pe
ci

fie
d,

 i
f 

a 
co

m
bi

na
tio

n 
of

 th
e 

 c
rit

er
ia

 m
en

tio
ne

d 
pr

ev
io

us
ly

 o
cc

ur
s. 

Fr
eq

ue
nt

ly
 e

xc
ee

di
ng

 th
e 

se
rv

ic
ea

bi
lit

y 
lim

it 
st

at
es

 m
ay

 a
ff

ec
t t

he
 e

ff
ic

ie
nt

 
us

e 
of

 a
 s

tru
ct

ur
e,

 it
s 

co
m

po
ne

nt
s 

(ta
nk

s,
 p

ip
es

, c
an

al
s)

 o
r 

its
 a

pp
ea

ra
nc

e.
 In

 
m

an
y 

ca
se

s,
 th

e 
ris

k 
of

 d
am

ag
e 

is
 in

di
re

ct
ly

 e
xc

lu
de

d 
by

 u
lti

m
at

e 
lim

it 
st

at
e 

ve
rif

ic
at

io
ns

 o
r b

y 
de

ta
ili

ng
. 

 
Se

rv
ic

ea
bi

lit
y 

lim
it 

st
at

es
 c

or
re

sp
on

d 
to

 th
e 

st
at

es
 b

ey
on

d 
w

hi
ch

 s
pe

ci
fie

d 
de

m
an

ds
 fo

r a
 s

tru
ct

ur
e 

or
 a

 s
tru

ct
ur

al
 c

om
po

ne
nt

 re
la

te
d 

to
 it

s 
no

rm
al

 u
se

 o
r 

fu
nc

tio
n 

ar
e 

no
 lo

ng
er

 m
et

.  

 
 

Th
e 

se
rv

ic
ea

bi
lit

y 
lim

it 
st

at
es

 a
dd

re
ss

 fi
tn

es
s-

fo
r-

us
e 

of
 a

 st
ru

ct
ur

e.
 

 
 

A
cc

or
di

ng
ly

, t
he

 s
er

vi
ce

ab
ili

ty
 li

m
it 

st
at

es
 th

at
 s

ho
ul

d 
be

 c
on

si
de

re
d 

ca
n 

be
 d

es
cr

ib
ed

 a
s:

 

G
en

er
al

ly
, o

pe
ra

tio
na

l l
im

it 
st

at
e 

is
 re

ac
he

d 
w

he
n:

 
– 

th
e 

fa
ci

lit
y 

ha
s 

su
ff

er
ed

 p
ra

ct
ic

al
ly

 n
o 

st
ru

ct
ur

al
 o

r 
no

n-
st

ru
ct

ur
al

 
da

m
ag

e 
an

d 
ca

n 
co

nt
in

ue
 s

er
vi

ng
 i

ts
 o

rig
in

al
 i

nt
en

tio
n 

w
ith

 l
itt

le
 

di
sr

up
tio

n 
of

 u
se

 f
or

 r
ep

ai
rs

, s
up

po
rte

d 
ei

th
er

 b
y 

un
da

m
ag

ed
 li

fe
lin

es
 

or
 b

y 
ba

ck
-u

p 
sy

st
em

s 
an

d 
 

– 
an

y 
re

pa
ir 

th
at

 i
s 

ne
ce

ss
ar

y 
ca

n 
be

 d
ef

er
re

d 
to

 t
he

 f
ut

ur
e 

w
ith

ou
t 

di
sr

up
tio

n 
of

 n
or

m
al

 u
se

. 

 
– 

op
er

at
io

na
l l

im
it 

st
at

es
, 
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G
en

er
al

ly
, i

m
m

ed
ia

te
 u

se
 li

m
it 

st
at

e 
is

 re
ac

he
d 

w
he

n:
 

– 
th

e 
st

ru
ct

ur
e 

its
el

f 
is

 v
er

y 
lig

ht
ly

 d
am

ag
ed

 (
i.e

. 
lo

ca
lis

ed
 y

ie
ld

in
g 

of
 

re
in

fo
rc

em
en

t, 
cr

ac
ki

ng
 o

r 
lo

ca
l s

pa
lli

ng
 o

f 
co

nc
re

te
, w

ith
ou

t r
es

id
ua

l 
dr

ift
s o

r o
th

er
 p

er
m

an
en

t s
tru

ct
ur

al
 d

ef
or

m
at

io
ns

), 
 

– 
th

e 
no

rm
al

 u
se

 o
f 

th
e 

fa
ci

lit
y 

is
 te

m
po

ra
ril

y 
bu

t s
af

el
y 

in
te

rr
up

te
d 

(in
 

th
e 

ca
se

 o
f 

an
 i

nd
us

tri
al

 p
la

nt
, 

af
te

r 
a 

sa
fe

 s
hu

td
ow

n)
 a

nd
 c

an
 b

e 
re

st
or

ed
 a

s 
so

on
 a

s u
til

ity
 sy

st
em

s a
re

 b
ac

k 
in

 o
pe

ra
tio

n;
  

– 
ris

k 
to

 li
fe

 is
 n

eg
lig

ib
le

,  
– 

th
e 

st
ru

ct
ur

e 
re

ta
in

s 
fu

lly
 it

s 
ea

rli
er

 s
tre

ng
th

 a
nd

 s
tif

fn
es

s 
an

d 
its

 a
bi

lit
y 

to
 w

ith
st

an
d 

lo
ad

in
g,

  

– 
th

e 
(m

in
or

) 
da

m
ag

e 
of

 n
on

-s
tru

ct
ur

al
 c

om
po

ne
nt

s 
an

d 
sy

st
em

s 
ca

n 
be

 
ea

si
ly

 a
nd

 e
co

no
m

ic
al

ly
 re

pa
ire

d 
at

 a
 la

te
r s

ta
ge

. 

 
– 

im
m

ed
ia

te
 u

se
 li

m
it 

st
at

es
. 

 

Th
e 

se
rv

ic
ea

bi
lit

y 
lim

it 
st

at
e 

cr
ite

ria
 m

ay
 re

fe
r t

o,
 fo

r e
xa

m
pl

e:
 

 
Th

e 
co

rr
es

po
nd

in
g 

se
rv

ic
ea

bi
lit

y 
lim

it 
st

at
e 

cr
ite

ria
 a

re
 re

la
te

d 
to

:  
– 

un
ac

ce
pt

ab
le

 
de

fo
rm

at
io

ns
 

or
 

de
fle

ct
io

ns
 

w
hi

ch
 

im
pa

ir 
th

e 
fu

nc
tio

na
lit

y 
of

 t
he

 s
tru

ct
ur

es
 o

r 
th

ei
r 

in
-f

ill
s, 

ca
us

e 
da

m
ag

e 
to

 n
on

-
st

ru
ct

ur
al

 
co

m
po

ne
nt

s, 
ca

us
e 

di
sc

om
fo

rt 
to

 
pe

op
le

, 
af

fe
ct

 
th

e 
ap

pe
ar

an
ce

 
of

 
st

ru
ct

ur
al

 
or

 
no

n-
st

ru
ct

ur
al

 
co

m
po

ne
nt

s 
or

 
th

e 
fu

nc
tio

ni
ng

 o
f e

qu
ip

m
en

t (
th

e 
co

nd
iti

on
s 

to
 b

e 
fu

lfi
lle

d 
w

ith
 re

ga
rd

 to
 

lim
iti

ng
 th

e 
de

fo
rm

at
io

n 
ar

e 
as

so
ci

at
ed

 w
ith

 th
e 

ty
pe

 o
f b

ui
ld

in
g 

or
 th

e 
ci

vi
l e

ng
in

ee
rin

g 
st

ru
ct

ur
e 

an
d 

ar
e 

of
te

n,
 fo

r t
he

 s
ak

e 
of

 s
im

pl
ifi

ca
tio

n,
 

su
bs

tit
ut

ed
 b

y 
ro

ug
h 

ap
pr

ox
im

at
io

ns
); 

– 
ex

ce
ss

iv
e 

vi
br

at
io

ns
 

w
hi

ch
 

lim
it 

fu
nc

tio
na

l 
ef

fe
ct

iv
en

es
s 

of
 

th
e 

st
ru

ct
ur

es
, a

ff
ec

t n
on

-s
tru

ct
ur

al
 c

om
po

ne
nt

s,
 im

pa
ir 

th
e 

us
er

’s
 c

om
fo

rt 
or

 t
he

 f
un

ct
io

ni
ng

 o
f 

eq
ui

pm
en

t 
(a

lth
ou

gh
 s

uc
h 

lim
it 

st
at

es
 m

ay
 b

e 
ch

ar
ac

te
riz

ed
 b

y 
th

e 
m

ag
ni

tu
de

 o
f 

th
e 

vi
br

at
io

ns
, t

he
y 

ar
e 

co
m

m
on

ly
 

in
di

re
ct

ly
 c

ov
er

ed
 b

y 
lim

iti
ng

 th
e 

fu
nd

am
en

ta
l p

er
io

d 
of

 v
ib

ra
tio

ns
 o

f 
th

e 
st

ru
ct

ur
e 

or
 s

om
e 

of
 it

s 
st

ru
ct

ur
al

 c
om

po
ne

nt
s, 

in
 c

om
pa

ris
on

 to
 th

e 
ex

pe
ct

ed
 p

er
io

d 
of

 th
e 

vi
br

at
io

ns
); 

– 
lo

ca
l d

am
ag

e 
(e

.g
. c

ra
ck

in
g,

 s
lip

 in
 c

on
ne

ct
io

ns
) w

hi
ch

 d
oe

s 
no

t a
ff

ec
t 

st
ru

ct
ur

al
 s

af
et

y 
bu

t 
m

ay
 a

ff
ec

t 
th

e 
ef

fic
ie

nc
y 

or
 a

pp
ea

ra
nc

e 
of

 
st

ru
ct

ur
al

 o
r n

on
-s

tru
ct

ur
al

 c
om

po
ne

nt
s;

 
 

 
– 

fu
nc

tio
na

lit
y 

of
 th

e 
st

ru
ct

ur
e 

re
la

te
d 

to
 it

s n
or

m
al

 u
se

, 

– 
co

m
fo

rt 
of

 u
si

ng
 th

e 
st

ru
ct

ur
e.
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– 
lo

ca
l 

or
 

gl
ob

al
 

de
gr

ad
at

io
n 

du
e 

to
 

en
vi

ro
nm

en
ta

l 
ac

tio
ns

 
(e

.g
. 

de
pa

ss
iv

at
io

n 
of

 r
ei

nf
or

ce
m

en
t, 

w
ea

th
er

in
g)

 w
hi

ch
 m

ay
 a

ff
ec

t 
th

e 
ef

fic
ie

nc
y 

or
 a

pp
ea

ra
nc

e 
of

 st
ru

ct
ur

al
 o

r n
on

-s
tru

ct
ur

al
 c

om
po

ne
nt

s;
 

– 
la

ck
 o

f 
tig

ht
ne

ss
 o

r 
de

fe
ct

iv
e 

se
al

in
g 

th
at

 r
es

tri
ct

 t
he

 f
un

ct
io

na
lit

y 
or

 
im

pa
ir 

th
e 

us
er

 c
om

fo
rt.

 
 

 
Th

e 
lim

it 
va

lu
es

 t
ha

t 
de

fin
e 

th
e 

se
rv

ic
ea

bi
lit

y 
lim

it 
st

at
e 

cr
ite

ria
 d

iff
er

, 
de

pe
nd

in
g 

on
 w

he
th

er
 i

t 
co

nc
er

ns
 o

pe
ra

tio
na

l 
lim

it 
or

 i
m

m
ed

ia
te

 u
se

 l
im

it.
 

D
es

ig
n 

pr
in

ci
pl

es
 r

eg
ar

di
ng

 t
he

 f
or

m
ul

at
io

n 
of

 p
er

fo
rm

an
ce

 c
rit

er
ia

 f
or

 t
he

 
an

al
ys

is
 o

f t
he

 se
rv

ic
ea

bi
lit

y 
lim

it 
st

at
es

 a
re

 g
iv

en
 in

 c
ha

pt
er

 4
. 

 
 

Th
e 

pr
oc

ed
ur

es
 f

or
 t

he
 v

er
ifi

ca
tio

n 
of

 t
he

 s
er

vi
ce

ab
ili

ty
 l

im
it 

st
at

es
 a

re
 

gi
ve

n 
in

 c
la

us
e 

7.
6 

(f
or

 R
C

 a
nd

 P
C

 s
tru

ct
ur

es
) 

an
d 

in
 c

la
us

e 
7.

7 
(f

or
 F

R
C

 
st

ru
ct

ur
es

). 

 
 

3.
3.

1.
2 

U
lti

m
at

e 
lim

it 
st

at
es

 
Th

e 
ef

fe
ct

 
of

 
ex

ce
ed

in
g 

an
 

ul
tim

at
e 

lim
it 

st
at

e 
is

 
al

m
os

t 
al

w
ay

s 
irr

ev
er

si
bl

e 
an

d 
ca

us
es

 fa
ilu

re
 th

e 
fir

st
 ti

m
e 

it 
oc

cu
rs

. 
 

U
lti

m
at

e 
lim

it 
st

at
es

 a
re

 li
m

it 
st

at
es

 a
ss

oc
ia

te
d 

w
ith

 th
e 

va
rio

us
 m

od
es

 o
f 

st
ru

ct
ur

al
 c

ol
la

ps
e 

or
 s

ta
ge

s 
cl

os
e 

to
 s

tru
ct

ur
al

 c
ol

la
ps

e,
 w

hi
ch

 f
or

 p
ra

ct
ic

al
 

pu
rp

os
es

 a
re

 a
ls

o 
co

ns
id

er
ed

 a
s 

ul
tim

at
e 

lim
it 

st
at

es
.  

 
 

Th
e 

ul
tim

at
e 

lim
it 

st
at

es
 a

dd
re

ss
: 

– 
lif

e 
sa

fe
ty

, 
– 

pr
ot

ec
tio

n 
of

 th
e 

st
ru

ct
ur

e 
an

d 
en

vi
ro

nm
en

t, 
– 

pr
ot

ec
tio

n 
of

 o
pe

ra
tio

ns
. 

 
 

A
cc

or
di

ng
ly

, t
he

 s
er

vi
ce

ab
ili

ty
 li

m
it 

st
at

es
 th

at
 s

ho
ul

d 
be

 c
on

si
de

re
d 

ca
n 

be
 d

es
cr

ib
ed

 a
s:

 

G
en

er
al

ly
, l

ife
-s

af
et

y 
lim

it 
st

at
e 

is
 re

ac
he

d 
w

he
n:

 
– 

th
e 

st
ru

ct
ur

e 
do

es
 n

ot
 c

ol
la

ps
e,

 e
ve

n 
pa

rtl
y,

 r
et

ai
ni

ng
 it

s 
in

te
gr

ity
 a

nd
 

re
si

du
al

 lo
ad

 c
ap

ac
ity

 a
lth

ou
gh

 it
 is

 si
gn

ifi
ca

nt
ly

 d
am

ag
ed

, 
– 

th
e 

st
ru

ct
ur

e 
m

ay
 p

ro
vi

de
 s

uf
fic

ie
nt

 s
af

et
y 

fo
r 

te
m

po
ra

ry
 b

ut
 n

ot
 

no
rm

al
 u

se
; 

ho
w

ev
er

 i
t 

re
ta

in
s 

its
 f

ul
l 

lo
ad

 c
ap

ac
ity

 a
nd

 s
uf

fic
ie

nt
 

re
si

du
al

 st
re

ng
th

 a
nd

 st
iff

ne
ss

 to
 p

ro
te

ct
 li

fe
 fo

r t
he

 p
er

io
d 

un
til

 re
pa

ir,
 

– 
se

co
nd

ar
y 

or
 n

on
-s

tru
ct

ur
al

 c
om

po
ne

nt
s 

m
ay

 b
e 

se
rio

us
ly

 d
am

ag
ed

, 
bu

t d
o 

no
t o

bs
tru

ct
 e

m
er

ge
nc

y 
us

e 
or

 c
au

se
 li

fe
-th

re
at

en
in

g 
in

ju
rie

s 
by

 
fa

lli
ng

, 

 
– 

lif
e-

sa
fe

ty
 li

m
it 

st
at

es
, 
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– 
re

pa
ra

bi
lit

y 
is

 e
co

no
m

ic
al

ly
 q

ue
st

io
na

bl
e 

an
d 

de
m

ol
iti

on
 m

ay
 b

e 
pr

ef
er

ab
le

. 

G
en

er
al

ly
, n

ea
r-

co
lla

ps
e 

lim
it 

st
at

e 
is

 re
ac

he
d 

w
he

n:
 

– 
th

er
e 

is
 s

ub
st

an
tia

l l
ife

 s
af

et
y 

du
rin

g 
th

e 
lo

ad
in

g 
(b

ut
 n

ot
 fu

ll,
 a

s 
th

er
e 

m
ay

 b
e 

lif
e-

th
re

at
en

in
g 

in
ju

ry
 d

ue
 to

 fa
lli

ng
 h

az
ar

ds
), 

 
– 

th
e 

st
ru

ct
ur

e 
su

ff
er

s 
he

av
y 

da
m

ag
e 

an
d 

is
 a

t t
he

 v
er

ge
 o

f c
ol

la
ps

e,
 w

ith
 

lo
w

 r
es

id
ua

l 
st

re
ng

th
 a

nd
 s

tif
fn

es
s 

bu
t 

w
ith

 s
uf

fic
ie

nt
 e

le
m

en
ts

 s
til

l 
su

pp
or

tin
g 

th
e 

qu
as

i-p
er

m
an

en
t l

oa
ds

, 
– 

m
os

t 
no

n-
st

ru
ct

ur
al

 c
om

po
ne

nt
s 

(e
.g

. 
pa

rti
tio

n 
w

al
ls

 i
n 

bu
ild

in
gs

) 
co

lla
ps

e,
  

– 
th

e 
st

ru
ct

ur
e 

is
 u

ns
af

e 
ev

en
 fo

r e
m

er
ge

nc
y 

us
e 

an
d 

w
ou

ld
 p

ro
ba

bl
y 

no
t 

su
rv

iv
e 

lo
ad

in
g,

  
– 

it 
m

ay
 n

ot
 b

e 
te

ch
ni

ca
lly

 fe
as

ib
le

 o
r e

co
no

m
ic

al
ly

 s
en

si
bl

e 
to

 re
in

st
at

e 
th

e 
st

ru
ct

ur
e 

to
 it

s p
re

-e
ar

th
qu

ak
e 

co
nd

iti
on

. 

 
– 

ne
ar

-c
ol

la
ps

e 
lim

it 
st

at
es

. 

Th
e 

ul
tim

at
e 

lim
it 

st
at

es
 w

hi
ch

 m
ay

 re
qu

ire
 c

on
si

de
ra

tio
n 

in
cl

ud
e:

 
 

Th
e 

co
rr

es
po

nd
in

g 
ul

tim
at

e 
lim

it 
st

at
es

 c
rit

er
ia

 a
re

 re
la

te
d 

to
: 

– 
at

ta
in

m
en

t 
of

 
th

e 
m

ax
im

um
 

re
si

st
an

ce
 

of
 

st
ru

ct
ur

es
, 

st
ru

ct
ur

al
 

m
em

be
rs

 a
nd

 se
ct

io
ns

 (r
eg

io
ns

) e
.g

.: 
– 

at
ta

in
m

en
t o

f t
he

 m
ax

im
um

 re
si

st
an

ce
 b

y 
m

at
er

ia
l f

ai
lu

re
, e

xc
es

si
ve

 
de

fo
rm

at
io

ns
 o

r s
et

tle
m

en
t; 

– 
at

ta
in

m
en

t 
of

 t
he

 m
ax

im
um

 r
es

is
ta

nc
e 

re
su

lti
ng

 f
ro

m
 t

he
 l

os
s 

of
 

re
si

st
an

ce
 c

ap
ac

ity
 c

au
se

d 
by

 fi
re

; 
– 

at
ta

in
m

en
t o

f 
th

e 
m

ax
im

um
 r

es
is

ta
nc

e 
of

 r
es

ul
tin

g 
fr

om
 th

e 
lo

ss
 o

f 
re

si
st

an
ce

 c
au

se
d 

by
 d

eg
ra

da
tio

n 
du

e 
to

 e
nv

iro
nm

en
ta

l a
ct

io
ns

 (e
.g

. 
co

rr
os

io
n 

of
 

re
in

fo
rc

em
en

t, 
co

rr
os

io
n 

in
du

ce
d 

cr
ac

ki
ng

 
an

d 
sp

al
lin

g,
 A

SR
); 

– 
at

ta
in

m
en

t 
of

 
th

e 
m

ax
im

um
 

re
si

st
an

ce
 

ca
us

ed
 

by
 

im
pa

ct
 

or
 

ex
pl

os
io

n;
 

– 
re

du
ct

io
n 

of
 r

es
id

ua
l 

re
si

st
an

ce
 b

el
ow

 a
 c

er
ta

in
 l

im
it 

du
e 

to
 a

n 
ea

rth
qu

ak
e;

 
– 

pe
rm

an
en

t 
de

fo
rm

at
io

ns
 

ex
ce

ed
in

g 
a 

ce
rta

in
 

lim
it 

af
te

r 
an

 
ea

rth
qu

ak
e.

 

 
– 

re
si

st
an

ce
 o

f c
rit

ic
al

 re
gi

on
s, 

– 
fa

tig
ue

, 

–
st

ab
ili

ty
. 
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– 
ru

pt
ur

e 
of

 s
tru

ct
ur

al
 m

em
be

rs
 c

au
se

d 
by

 f
at

ig
ue

 u
nd

er
 e

ss
en

tia
lly

 
re

pe
tit

iv
e 

lo
ad

in
g 

or
 o

th
er

 ti
m

e-
de

pe
nd

en
t e

ff
ec

ts
; 

– 
lo

ss
 o

f s
ta

bi
lit

y 
of

 th
e 

st
ru

ct
ur

e 
or

 a
ny

 p
ar

t o
f i

t, 
in

cl
ud

in
g 

su
pp

or
ts

 a
nd

 
fo

un
da

tio
ns

, f
or

 e
xa

m
pl

e:
 

– 
su

dd
en

 c
ha

ng
e 

of
 t

he
 a

ss
um

ed
 s

tru
ct

ur
al

 s
ys

te
m

 t
o 

a 
ne

w
 s

ys
te

m
 

(e
.g

. t
ra

ns
fo

rm
at

io
n 

in
to

 a
 k

in
em

at
ic

 m
ec

ha
ni

sm
 o

r s
na

p 
th

ro
ug

h)
; 

– 
bu

ck
lin

g 
of

 s
le

nd
er

 s
tru

ct
ur

es
 o

r 
st

ru
ct

ur
al

 m
em

be
rs

, 
in

 w
hi

ch
 

se
co

nd
 o

rd
er

 e
ff

ec
ts

 a
re

 im
po

rta
nt

; 
– 

lo
ss

 o
f 

eq
ui

lib
riu

m
 o

f 
th

e 
st

ru
ct

ur
e 

or
 o

f 
a 

pa
rt 

of
 t

he
 s

tru
ct

ur
e,

 
co

ns
id

er
ed

 a
s 

a 
rig

id
 b

od
y 

(e
.g

. o
ve

rtu
rn

in
g)

; 

– 
lo

ss
 o

f e
qu

ili
br

iu
m

 c
au

se
d 

by
 im

pa
ct

 o
r e

xp
lo

si
on

; 
– 

sl
id

in
g 

be
yo

nd
 a

 c
er

ta
in

 li
m

it 
or

 o
ve

rtu
rn

in
g 

du
e 

to
 a

n 
ea

rth
qu

ak
e.

 

 
 

Th
e 

lim
it 

va
lu

es
 t

ha
t 

de
fin

e 
th

e 
se

rv
ic

ea
bi

lit
y 

lim
it 

st
at

e 
cr

ite
ria

 v
ar

y,
 

de
pe

nd
in

g 
on

 w
he

th
er

 it
 c

on
ce

rn
s l

ife
-s

af
et

y 
lim

it 
or

 n
ea

r-
co

lla
ps

e 
lim

it.
 

 
 

D
es

ig
n 

pr
in

ci
pl

es
 r

eg
ar

di
ng

 t
he

 f
or

m
ul

at
io

n 
of

 p
er

fo
rm

an
ce

 c
rit

er
ia

 f
or

 
ul

tim
at

e 
lim

it 
st

at
es

 a
na

ly
si

s a
re

 g
iv

en
 in

 c
ha

pt
er

 4
. 

 
 

Th
e 

pr
oc

ed
ur

es
 f

or
 v

er
ifi

ca
tio

n 
of

 t
he

 u
lti

m
at

e 
lim

it 
st

at
es

 a
re

 g
iv

en
 i

n 
cl

au
se

 7
.3

 (f
or

 p
re

do
m

in
an

tly
 s

ta
tic

 lo
ad

in
g 

of
 R

C
 a

nd
 P

C
 s

tru
ct

ur
es

), 
cl

au
se

 
7.

4 
(f

or
 n

on
-s

ta
tic

 lo
ad

in
g 

of
 R

C
 a

nd
 P

C
 s

tru
ct

ur
es

,) 
an

d 
in

 c
la

us
e 

7.
6 

(f
or

 
FR

C
 st

ru
ct

ur
es

). 

 
 

3.
3.

1.
3 

R
ob

us
tn

es
s 

Th
ro

ug
h 

its
 ro

bu
st

ne
ss

, t
he

 s
tru

ct
ur

al
 s

ys
te

m
 m

us
t c

on
tin

ue
 to

 p
ro

vi
de

 th
e 

fu
nc

tio
n 

fo
r 

w
hi

ch
 i

t 
w

as
 c

re
at

ed
, 

m
od

ifi
ed

 o
r 

pr
es

er
ve

d,
 w

ith
ou

t 
be

in
g 

da
m

ag
ed

 to
 a

n 
ex

te
nt

 d
is

pr
op

or
tio

na
te

 to
 th

e 
or

ig
in

al
 c

au
se

. 

 
R

ob
us

tn
es

s 
is

 r
el

at
ed

 t
o 

su
rv

iv
al

 o
f 

fu
nc

tio
n 

of
 t

he
 s

tru
ct

ur
al

 s
ys

te
m

 
du

rin
g 

ev
en

ts
 su

ch
 a

s 
ac

ci
de

nt
al

 lo
ad

in
g 

or
 c

on
se

qu
en

ce
s o

f h
um

an
 e

rr
or

s.
  

R
ob

us
tn

es
s o

f t
he

 st
ru

ct
ur

al
 sy

st
em

 a
dd

re
ss

es
: 

– 
lif

e 
sa

fe
ty

, 
– 

pr
op

er
ty

 a
nd

 e
nv

iro
nm

en
t p

ro
te

ct
io

n,
 

–
pr

ot
ec

tio
n 

of
 o

pe
ra

tio
ns

. 
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Th
e 

lim
it 

st
at

es
 w

hi
ch

 m
ay

 re
qu

ire
 c

on
si

de
ra

tio
n 

ar
e 

re
la

te
d 

to
: 

 
A

cc
or

di
ng

ly
, t

he
 ro

bu
st

ne
ss

 c
rit

er
ia

 a
re

 re
la

te
d 

to
: 

– 
di

sp
ro

po
rti

on
at

e 
fa

ilu
re

 o
f 

a 
la

rg
e 

pa
rt 

of
 t

he
 s

tru
ct

ur
e 

or
 t

he
 w

ho
le

 
st

ru
ct

ur
e 

ca
us

ed
 b

y 
an

 a
cc

id
en

ta
l 

lo
ad

 o
r 

fa
ilu

re
 o

f 
a 

st
ru

ct
ur

al
 

co
m

po
ne

nt
 (

e.
g.

 lo
ad

s,
 e

xp
lo

si
on

, l
oa

ds
 b

y 
ex

tre
m

el
y 

hi
gh

 s
oi

l w
at

er
, 

lo
ad

s 
du

e 
to

 e
xt

re
m

e 
lo

ad
in

g 
su

ch
 a

s 
fir

e,
 i

m
pa

ct
, 

ex
pl

os
io

n 
or

 
ea

rth
qu

ak
e)

, s
uc

h 
as

: 

 
– 

re
si

st
an

ce
 o

f t
he

 st
ru

ct
ur

al
 sy

st
em

, 
– 

sp
ec

ia
l 

fu
nc

tio
ns

 (
e.

g.
 s

he
lte

r 
fr

om
 c

lim
at

ic
 p

he
no

m
en

a,
 c

on
ta

in
m

en
t 

of
 su

bs
ta

nc
es

, p
ro

vi
di

ng
 fo

rti
fic

at
io

n,
 se

cu
rit

y,
 sh

ad
e,

 e
tc

.).
 

– 
sy

st
em

 c
ol

la
ps

e,
 

– 
lif

e-
th

re
at

en
in

g 
co

m
po

ne
nt

 c
ol

la
ps

e.
 

 
 

So
m

e 
sp

ec
ifi

c 
as

pe
ct

s 
of

 v
er

ifi
ca

tio
n 

of
 r

ob
us

tn
es

s 
in

 c
as

e 
of

 e
xt

re
m

e 
lo

ad
in

g 
ar

e 
ad

dr
es

se
d 

in
 c

la
us

e 
7.

4.
 

 
Th

e 
ge

ne
ra

l 
pr

in
ci

pl
es

 
an

d 
th

e 
pr

oc
ed

ur
es

 
fo

r 
th

e 
ve

rif
ic

at
io

n 
of

 
ro

bu
st

ne
ss

 a
re

 g
iv

en
 in

 c
la

us
e 

7.
9.

 

 
 

3.
3.

2 
Se

rv
ic

e 
lif

e 
 

 
 

3.
3.

2.
1 

Sp
ec

ifi
ed

 se
rv

ic
e 

lif
e 

an
d 

re
sid

ua
l s

er
vi

ce
 li

fe
 

Fo
r t

he
 m

ai
n 

di
m

en
si

on
in

g 
an

d 
fo

r r
el

ia
bi

lit
y 

ve
rif

ic
at

io
ns

, t
he

 s
er

vi
ce

 li
fe

 
is

 f
or

 p
ra

ct
ic

al
 p

ur
po

se
s 

ex
pr

es
se

d 
in

 t
er

m
s 

of
 a

 r
ef

er
en

ce
 p

er
io

d 
t R

. 
Th

e 
sp

ec
ifi

ed
 (

de
si

gn
) 

se
rv

ic
e 

lif
e 

is
 h

ow
ev

er
 n

ot
 s

yn
on

ym
ou

s 
to

 t
he

 r
ef

er
en

ce
 

pe
rio

d.
 

M
is

in
te

rp
re

ta
tio

ns
 

m
ay

 
le

ad
 

to
 

er
ro

rs
, 

se
e 

th
e 

ex
pl

an
at

io
ns

 
in

 
su

bc
la

us
e 

3.
3.

3.
1 

(T
ab

le
 3

.3
-3

 to
 3

.3
-6

). 
 

 
Fo

r s
tru

ct
ur

es
 to

 b
e 

de
si

gn
ed

 th
e 

sp
ec

ifi
ed

 (d
es

ig
n)

 s
er

vi
ce

 li
fe

 d
ef

in
es

 th
e 

pe
rio

d 
in

 w
hi

ch
 th

e 
de

si
gn

 h
as

 to
 s

ho
w

 th
at

 th
e 

pe
rf

or
m

an
ce

 o
f 

th
e 

st
ru

ct
ur

e 
is

 m
ai

nt
ai

ne
d 

at
 a

 l
ev

el
 c

om
pa

tib
le

 w
ith

 t
he

 f
ul

fil
m

en
t 

of
 t

he
 p

er
fo

rm
an

ce
 

re
qu

ire
m

en
ts

.  

Th
e 

re
si

du
al

 s
er

vi
ce

 li
fe

 o
f 

an
 e

xi
st

in
g 

st
ru

ct
ur

e 
m

ay
 b

e 
sh

or
te

r 
th

an
 th

e 
sp

ec
ifi

ed
 (

de
si

gn
) 

se
rv

ic
e 

lif
e 

in
te

nd
ed

 f
or

 a
 s

tru
ct

ur
e 

in
 a

 s
tru

ct
ur

al
 d

es
ig

n.
 

In
 su

ch
 a

 c
as

e 
it 

m
ay

 b
e 

ne
ce

ss
ar

y 
to

 u
pg

ra
de

 th
e 

st
ru

ct
ur

e.
 

 
In

 t
he

 a
ss

es
sm

en
t 

of
 e

xi
st

in
g 

st
ru

ct
ur

es
, 

th
e 

de
m

an
d 

fo
r 

th
e 

re
m

ai
ni

ng
 

pe
rio

d 
in

 w
hi

ch
 th

e 
re

qu
ire

d 
pe

rf
or

m
an

ce
 s

ha
ll 

be
 a

ch
ie

ve
d 

is
 r

ef
er

re
d 

to
 a

s 
th

e 
re

si
du

al
 se

rv
ic

e 
lif

e.
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So
m

e 
ex

am
pl

es
 o

f t
he

 s
pe

ci
fie

d 
(d

es
ig

n)
 s

er
vi

ce
 li

fe
 fo

r d
iff

er
en

t t
yp

es
 o

f 
st

ru
ct

ur
es

 a
re

 g
iv

en
 in

 th
e 

ta
bl

e 
be

lo
w

. 
  

Ta
bl

e 
3.

3-
1:

 
Ex

am
pl

e 
of

 sp
ec

ifi
ed

 (d
es

ig
n)

 se
rv

ic
e 

lif
e 

fo
r t

he
 

de
si

gn
 o

f a
 n

ew
 st

ru
ct

ur
e,

 a
cc

or
di

ng
 to

 IS
O

 2
39

4 

Ty
pe

 o
f s

tr
uc

tu
re

 
Sp

ec
ifi

ed
 (d

es
ig

n)
 se

rv
ic

e 
lif

e 
Te

m
po

ra
ry

 s
tru

ct
ur

e 
1 

to
 5

 y
ea

rs
 

R
ep

la
ce

ab
le

 c
om

po
ne

nt
s 

of
 s

tru
ct

ur
es

 
e.

g.
 g

an
try

 g
ird

er
s,

 b
ea

rin
gs

 
25

 y
ea

rs
 

B
ui

ld
in

gs
 a

nd
 o

th
er

 c
om

m
on

 s
tru

ct
ur

es
 

of
 a

ve
ra

ge
 im

po
rta

nc
e 

50
 y

ea
rs

 

St
ru

ct
ur

es
 o

f g
re

at
er

 im
po

rta
nc

e 
e.

g.
 

m
on

um
en

ta
l b

ui
ld

in
gs

, l
ar

ge
 b

rid
ge

s,
 

ot
he

r s
pe

ci
al

 o
r i

m
po

rta
nt

 st
ru

ct
ur

es
 

10
0 

ye
ar

s o
r m

or
e 

 A
 d

iff
er

en
tia

tio
n 

be
tw

ee
n 

re
pl

ac
ea

bl
e 

an
d 

no
n-

re
pl

ac
ea

bl
e 

co
m

po
ne

nt
s 

of
 

th
e 

st
ru

ct
ur

e 
m

ay
 b

e 
co

ns
id

er
ed

 w
he

n 
ch

oo
si

ng
 th

e 
sp

ec
ifi

ed
 (d

es
ig

n)
 s

er
vi

ce
 

lif
e 

fo
r t

he
 st

ru
ct

ur
e 

an
d 

its
 c

om
po

ne
nt

s. 
 

 
Th

e 
sp

ec
ifi

ed
 (d

es
ig

n)
 s

er
vi

ce
 li

fe
 a

nd
 th

e 
re

si
du

al
 s

er
vi

ce
 li

fe
 a

re
 re

la
te

d 
to

 t
he

 r
eq

ui
re

d 
se

rv
ic

e 
lif

e 
as

 g
iv

en
 b

y 
th

e 
st

ak
eh

ol
de

rs
 a

nd
 t

o 
ot

he
r 

im
pl

ic
at

io
ns

 o
f 

se
rv

ic
e 

cr
ite

ria
 a

gr
ee

m
en

t 
e.

g.
 w

ith
 r

eg
ar

d 
to

 s
tru

ct
ur

al
 

an
al

ys
is

, 
m

ai
nt

en
an

ce
 a

nd
 q

ua
lit

y 
m

an
ag

em
en

t. 
Th

e 
re

qu
ire

d 
se

rv
ic

e 
lif

e 
sh

ou
ld

 b
e 

gi
ve

n 
by

 t
he

 o
w

ne
r 

in
 c

on
si

de
ra

tio
n 

of
 t

he
 i

nt
er

es
ts

 o
f 

ot
he

r 
st

ak
eh

ol
de

rs
 (i

.e
. u

se
rs

, c
on

tra
ct

or
s,

 so
ci

et
y)

.  
 

 
 

If
 th

e 
pe

rf
or

m
an

ce
 re

qu
ire

m
en

ts
 a

re
 s

at
is

fie
d 

du
rin

g 
th

e 
sp

ec
ifi

ed
 (d

es
ig

n)
 

se
rv

ic
e 

lif
e 

(in
 c

as
e 

of
 s

tru
ct

ur
es

 t
o 

be
 d

es
ig

ne
d)

 o
r 

du
rin

g 
th

e 
re

si
du

al
 

se
rv

ic
e 

lif
e 

(in
 c

as
e 

of
 e

xi
st

in
g 

st
ru

ct
ur

es
), 

a 
st

ru
ct

ur
e 

is
 c

on
si

de
re

d 
to

 b
e 

su
ff

ic
ie

nt
ly

 d
ur

ab
le

.  

 
 

Th
e 

no
m

in
al

/fo
rm

al
 

en
d 

of
 

th
e 

se
rv

ic
e 

lif
e 

is
 

re
ac

he
d 

w
he

n 
th

e 
pe

rf
or

m
an

ce
 c

rit
er

ia
 a

re
 n

ot
 a

ny
m

or
e 

m
et

 a
t t

he
 re

qu
ire

d 
re

lia
bi

lit
y 

le
ve

l. 

 
 

3.
3.

2.
2 

V
er

ifi
ca

tio
n 

of
 se

rv
ic

e 
lif

e 
 

 
Th

e 
pe

rf
or

m
an

ce
 v

er
ifi

ca
tio

n 
sh

al
l b

e 
co

nd
uc

te
d 

w
ith

 p
ro

pe
r c

on
si

de
ra

tio
n 

of
 t

he
 c

ha
ng

e 
of

 p
er

fo
rm

an
ce

 o
ve

r 
tim

e 
(e

.g
. 

du
e 

to
 d

eg
ra

da
tio

n 
or

 t
im

e 
ef

fe
ct

s)
. C

ur
re

nt
ly

, t
hi

s 
pr

op
er

 c
on

si
de

ra
tio

n 
of

 th
e 

ch
ro

no
lo

gi
ca

l c
ha

ng
e 

of
 

pe
rf

or
m

an
ce

 is
 n

ot
 fu

lly
 p

os
si

bl
e.

  

Li
m

it 
st

at
es

 a
ss

oc
ia

te
d 

to
 th

e 
tim

e-
de

pe
nd

en
t m

at
er

ia
l d

eg
ra

da
tio

n 
ar

e 
fo

r 
ex

am
pl

e 
in

iti
at

io
n 

of
 r

ei
nf

or
ce

m
en

t 
co

rr
os

io
n,

 c
ov

er
 c

on
cr

et
e 

cr
ac

ki
ng

 a
nd

 
sp

al
lin

g 
du

e 
to

 c
or

ro
si

on
, e

tc
.  

 
Th

er
ef

or
e,

 w
ith

 re
ga

rd
 to

 th
e 

ve
rif

ic
at

io
n 

of
 p

er
fo

rm
an

ce
 re

qu
ire

m
en

ts
 fo

r 
sa

fe
ty

 a
nd

 s
er

vi
ce

ab
ili

ty
 a

 s
ta

gg
er

ed
 a

pp
ro

ac
h 

is
 ta

ke
n.

 V
er

ifi
ca

tio
n 

of
 li

m
it 

st
at

es
 

as
so

ci
at

ed
 

w
ith

 
sa

fe
ty

 
an

d 
se

rv
ic

ea
bi

lit
y 

is
 

pe
rf

or
m

ed
 

w
ith

ou
t 

Copyright fib, all rights reserved. This PDF copy of fib Bulletin 55 is intended for use and/or distribution only within National Member Groups of fib.



3 
 B

as
ic

 p
ri

nc
ip

le
s 

38
 

D
ue

 c
on

si
de

ra
tio

n 
is

 n
ee

de
d 

to
 d

ec
id

e 
if 

lim
it 

st
at

es
 re

la
te

d 
to

 a
 c

ha
ng

e 
of

 
pe

rf
or

m
an

ce
 d

ue
 t

o 
m

at
er

ia
l 

de
gr

ad
at

io
n 

sh
al

l 
be

 r
eg

ar
de

d 
as

 s
er

vi
ce

ab
ili

ty
 

lim
it 

st
at

es
 (

w
hi

ch
 m

ay
 b

e 
a 

fa
ilu

re
 t

o 
ac

hi
ev

e 
so

m
e 

pe
rf

or
m

an
ce

, s
uc

h 
as

 
go

od
 a

pp
ea

ra
nc

e 
of

 th
e 

st
ru

ct
ur

e)
 o

r 
as

 s
af

et
y 

lim
it 

st
at

es
 (

w
hi

ch
 m

ay
 b

e 
a 

fa
ilu

re
 s

uc
h 

as
 fa

lli
ng

 o
f s

pa
lli

ng
 c

on
cr

et
e,

 w
hi

ch
 m

ay
 d

im
in

is
h 

th
e 

re
si

st
an

ce
 

or
 m

ay
 b

e 
ha

rm
fu

l t
o 

pe
op

le
 a

ro
un

d 
th

e 
st

ru
ct

ur
e)

. 

co
ns

id
er

in
g 

a 
ch

an
ge

 o
f 

pe
rf

or
m

an
ce

 o
ve

r 
tim

e 
du

e 
to

 d
eg

ra
da

tio
n.

 I
n 

pa
ra

lle
l, 

ve
rif

ic
at

io
n 

of
 li

m
it 

st
at

es
 a

ss
oc

ia
te

d 
to

 th
e 

tim
e-

de
pe

nd
en

t m
at

er
ia

l 
de

gr
ad

at
io

n 
is

 p
er

fo
rm

ed
 b

y 
m

ea
ns

 o
f s

er
vi

ce
 li

fe
 v

er
ifi

ca
tio

n.
  

 
 

A
cc

or
di

ng
ly

, t
he

 s
er

vi
ce

 li
fe

 v
er

ifi
ca

tio
n 

is
 p

er
fo

rm
ed

 a
s 

a 
ju

st
ifi

ca
tio

n 
of

 
th

e 
as

su
m

pt
io

n 
of

 ti
m

e-
in

de
pe

nd
en

ce
 o

f t
he

 s
tru

ct
ur

al
 p

er
fo

rm
an

ce
, w

hi
ch

 is
 

m
ad

e 
w

he
n 

ve
rif

yi
ng

 s
af

et
y 

an
d 

se
rv

ic
ea

bi
lit

y 
ac

co
rd

in
g 

to
 t

he
 p

ro
ce

du
re

s 
de

sc
rib

ed
 

in
 

th
e 

cl
au

se
s 

7.
3 

(v
er

ifi
ca

tio
n 

of
 

st
ru

ct
ur

al
 

sa
fe

ty
 

fo
r 

pr
ed

om
in

an
tly

 s
ta

tic
 l

oa
di

ng
 o

f 
R

C
 a

nd
 P

C
 s

tru
ct

ur
es

), 
7.

4 
(v

er
ifi

ca
tio

n 
of

 
st

ru
ct

ur
al

 s
af

et
y 

fo
r 

no
n-

st
at

ic
 l

oa
di

ng
 o

f 
R

C
 a

nd
 P

C
 s

tru
ct

ur
es

), 
7.

6 
(v

er
ifi

ca
tio

n 
of

 th
e 

se
rv

ic
ea

bi
lit

y 
fo

r R
C

 a
nd

 P
C

 s
tru

ct
ur

es
) a

nd
 in

 c
la

us
e 

7.
7 

(v
er

ifi
ca

tio
n 

of
 sa

fe
ty

 a
nd

 se
rv

ic
ea

bi
lit

y 
fo

r F
R

C
 st

ru
ct

ur
es

). 

 
 

Se
rv

ic
e 

lif
e 

ve
rif

ic
at

io
n 

de
m

on
st

ra
te

s 
th

at
 d

ur
in

g 
th

e 
sp

ec
ifi

ed
 (

de
si

gn
) 

se
rv

ic
e 

lif
e 

(n
ew

 s
tru

ct
ur

es
) 

or
 t

he
 r

es
id

ua
l 

se
rv

ic
e 

lif
e 

(e
xi

st
in

g 
st

ru
ct

ur
es

) 
th

e 
pe

rf
or

m
an

ce
 w

ill
 n

ot
 b

e 
de

te
rio

ra
te

d 
du

e 
to

 d
eg

ra
da

tio
n.

 

 
 

D
es

ig
n 

pr
in

ci
pl

es
 a

nd
 t

he
 p

ro
ce

du
re

s 
fo

r 
se

rv
ic

e 
lif

e 
de

si
gn

 a
re

 g
iv

en
 

re
sp

ec
tiv

el
y 

in
 c

ha
pt

er
 4

 a
nd

 c
la

us
e 

7.
8.

 

 
 

3.
3.

3 
R

el
ia

bi
lit

y 
 

 
 

3.
3.

3.
1 

Ta
rg

et
 r

el
ia

bi
lit

y 
le

ve
l 

Fu
rth

er
 c

on
si

de
ra

tio
ns

 fo
r t

he
 c

ho
ic

e 
of

 th
e 

le
ve

l o
f r

el
ia

bi
lit

y 
ar

e 
fo

un
d 

in
 

ch
ap

te
r 7

 o
f t

he
 JC

C
S 

Pr
ob

ab
ili

st
ic

 M
od

el
 C

od
e.

 
 

Th
e 

ch
oi

ce
 o

f 
th

e 
ta

rg
et

 l
ev

el
 o

f 
re

lia
bi

lit
y 

sh
ou

ld
 t

ak
e 

in
to

 a
cc

ou
nt

 t
he

 
po

ss
ib

le
 c

on
se

qu
en

ce
s 

of
 fa

ilu
re

 in
 te

rm
s 

of
 ri

sk
 to

 li
fe

 o
r i

nj
ur

y,
 th

e 
po

te
nt

ia
l 

ec
on

om
ic

 lo
ss

es
 a

nd
 th

e 
de

gr
ee

 o
f 

so
ci

et
al

 in
co

nv
en

ie
nc

e.
 T

he
 c

ho
ic

e 
of

 th
e 

ta
rg

et
 le

ve
l o

f 
re

lia
bi

lit
y 

al
so

 ta
ke

s 
in

to
 a

cc
ou

nt
 th

e 
am

ou
nt

 o
f 

ex
pe

ns
e 

an
d 

ef
fo

rt 
re

qu
ire

d 
to

 re
du

ce
 th

e 
ris

k 
of

 fa
ilu

re
. 

Th
e 

co
st

s 
in

vo
lv

ed
 w

he
n 

up
gr

ad
in

g 
th

e 
pe

rf
or

m
an

ce
 o

f e
xi

st
in

g 
st

ru
ct

ur
es

 
(e

.g
. 

in
cr

ea
si

ng
 t

he
ir 

sa
fe

ty
) 

ar
e 

us
ua

lly
 h

ig
h 

co
m

pa
re

d 
to

 t
he

 c
os

ts
 o

f 
im

pr
ov

in
g 

th
e 

sa
m

e 
pe

rf
or

m
an

ce
 b

y 
a 

st
ru

ct
ur

al
 d

es
ig

n 
in

 c
as

e 
of

 a
 n

ew
 

st
ru

ct
ur

e.
 U

pg
ra

di
ng

 e
xi

st
in

g 
st

ru
ct

ur
es

 m
ay

 g
o 

al
on

g 
w

ith
 r

el
oc

at
io

n 
of

 
oc

cu
pa

nt
s 

an
d 

di
sr

up
tio

n 
of

 a
ct

iv
iti

es
 o

r 
in

flu
en

ce
 h

er
ita

ge
 v

al
ue

s,
 w

hi
ch

 
do

es
 n

ot
 p

la
y 

a 
ro

le
 i

n 
ca

se
 o

f 
th

e 
de

si
gn

 o
f 

ne
w

 s
tru

ct
ur

es
. 

Fi
na

lly
, 

 
B

ec
au

se
 o

f 
la

rg
e 

di
ff

er
en

ce
s 

in
 t

he
 o

ut
co

m
e 

of
 s

uc
h 

co
ns

id
er

at
io

ns
, d

ue
 

at
te

nt
io

n 
sh

ou
ld

 b
e 

gi
ve

n 
to

 d
iff

er
en

tia
tin

g 
th

e 
re

lia
bi

lit
y 

le
ve

l o
f s

tru
ct

ur
es

 to
 

be
 d

es
ig

ne
d 

an
d 

of
 e

xi
st

in
g 

st
ru

ct
ur

es
. 

 

Copyright fib, all rights reserved. This PDF copy of fib Bulletin 55 is intended for use and/or distribution only within National Member Groups of fib.



fib
 B

ul
le

tin
 5

5:
 M

od
el

 C
od

e 
20

10
, F

irs
t c

om
pl

et
e 

dr
af

t –
 V

ol
um

e 
1 

39
 

su
st

ai
na

bi
lit

y 
re

qu
ire

m
en

ts
 (e

.g
. r

ec
yc

lin
g 

an
d 

re
-u

se
, r

ed
uc

tio
n 

of
 w

as
te

) c
an

 
be

 u
su

al
ly

 b
et

te
r s

at
is

fie
d 

in
 th

e 
ca

se
 o

f t
he

 d
es

ig
n 

of
 n

ew
 st

ru
ct

ur
es

. 

Th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

P f
 a

nd
 β

-v
al

ue
s i

s g
iv

en
 in

 T
ab

le
 3

.3
-2

. 

Ta
bl

e 
3.

3-
2:

 
β-

va
lu

es
 re

la
te

d 
to

 th
e 

fa
ilu

re
 p

ro
ba

bi
lit

y 
P f

, a
cc

or
di

ng
 

to
 E

N
 1

99
0:

20
02

. 
 

P f
 

 
10

-1
 

10
-2

 
10

-3
 

10
-4

 
10

-6
 

 
 

 
 

 
 

 
 

 
β 

 
1.

28
 

2.
32

 
3.

09
 

3.
72

 
4.

75
 

 
R

el
ia

bi
lit

y 
re

qu
ire

m
en

ts
 f

or
 s

tru
ct

ur
es

 t
o 

be
 d

es
ig

ne
d 

an
d 

fo
r 

ex
is

tin
g 

st
ru

ct
ur

es
 m

ay
 a

de
qu

at
el

y 
be

 e
xp

re
ss

ed
 in

 te
rm

s o
f t

he
 re

lia
bi

lit
y 

in
de

x 
β:

 
β 

= 
-Ф

-1
(P

f) 
(3

.3
-1

) 

 
 

w
he

re
  

Ф
( )

 is
 th

e 
st

an
da

rd
 n

or
m

al
 p

ro
ba

bi
lit

y 
di

st
rib

ut
io

n 
fu

nc
tio

n 
 

 
P f

 is
 th

e 
fa

ilu
re

 p
ro

ba
bi

lit
y 

co
rr

es
po

nd
in

g 
to

 a
 sp

ec
ifi

ed
 re

fe
re

nc
e 

pe
rio

d.
 

R
el

ia
bi

lit
y 

m
an

ag
em

en
t 

sh
al

l 
be

 s
up

po
rte

d 
by

 s
ui

ta
bl

e 
da

ta
ba

se
s 

of
 

di
ff

er
en

t t
yp

es
 o

f s
tru

ct
ur

es
, t

he
ir 

pe
rf

or
m

an
ce

 o
ve

r t
im

e 
ta

ki
ng

 in
to

 a
cc

ou
nt

 
va

rio
us

 d
eg

ra
da

tio
n 

pr
oc

es
se

s.
 T

he
re

fo
re

, d
at

a 
ha

ve
 t

o 
be

 c
ol

le
ct

ed
 in

 o
rd

er
 

to
 q

ua
nt

ify
 ri

sk
 a

nd
, h

en
ce

, d
ec

id
e 

on
 th

e 
ta

rg
et

 re
lia

bi
lit

y 
va

lu
es

.  

 
In

 o
rd

er
 t

o 
m

ak
e 

th
e 

rig
ht

 c
ho

ic
e 

fo
r 

th
e 

ta
rg

et
 β

 v
al

ue
s, 

th
e 

re
fe

re
nc

e 
pe

rio
d,

 th
e 

co
ns

eq
ue

nc
es

 o
f 

fa
ilu

re
 a

nd
 th

e 
co

st
 o

f 
sa

fe
ty

 m
ea

su
re

s 
sh

al
l b

e 
an

al
ys

ed
 fo

r t
he

 sp
ec

ifi
c 

ca
se

 c
on

si
de

re
d.

 

 
 

Th
e 

m
ax

im
um

 a
cc

ep
ta

bl
e 

fa
ilu

re
 p

ro
ba

bi
lit

y 
de

pe
nd

s 
on

 t
he

 t
yp

e 
of

 t
he

 
lim

it 
st

at
e 

an
d 

co
ns

id
er

ed
 c

on
se

qu
en

ce
s 

of
 f

ai
lu

re
 f

or
 r

el
ev

an
t 

co
ns

tru
ct

io
n 

w
or

k.
  

Th
e 

pr
in

ci
pl

es
 

of
 

pr
ob

ab
ili

st
ic

 
st

ru
ct

ur
al

 
lim

it 
st

at
e 

de
si

gn
 

w
ith

 
a 

po
ss

ib
ili

ty
 f

or
 d

iff
er

en
tia

tin
g 

th
e 

re
lia

bi
lit

y 
le

ve
l 

ar
e 

de
sc

rib
ed

 i
n 

th
e 

JC
SS

 
Pr

ob
ab

ili
st

ic
 M

od
el

 C
od

e.
 

 
A

 d
iff

er
en

tia
tio

n 
of

 t
he

 r
el

ia
bi

lit
y 

le
ve

l 
fo

r 
di

ff
er

en
t 

co
ns

eq
ue

nc
es

 o
f 

fa
ilu

re
 a

nd
 t

he
 c

os
t 

of
 s

af
et

y 
m

ea
su

re
s 

m
ay

 b
e 

do
ne

 o
n 

th
e 

ba
si

s 
of

 w
el

l-
fo

un
de

d 
an

al
ys

is
. 

If
 s

uc
h 

an
al

ys
is

 i
s 

om
itt

ed
, 

in
 t

hi
s 

M
od

el
 C

od
e 

it 
is

 
re

co
m

m
en

de
d 

to
 a

pp
ly

 ta
rg

et
 re

lia
bi

lit
y 

in
di

ce
s 

fo
r s

tru
ct

ur
es

 to
 b

e 
de

si
gn

ed
, 

as
 g

iv
en

 in
 T

ab
le

 3
.3

-5
. 

It 
is

 n
ot

ed
 th

at
 (d

es
ig

n)
 s

er
vi

ce
 li

fe
 a

nd
 ta

rg
et

 β
 v

al
ue

 a
re

 tw
o 

in
de

pe
nd

en
t 

re
qu

ire
m

en
ts

 o
n 

st
ru

ct
ur

al
 p

er
fo

rm
an

ce
. F

or
 e

xa
m

pl
e,

 th
e 

sa
m

e 
β 

va
lu

e 
m

ay
 

be
 re

qu
ire

d 
fo

r 
st

ru
ct

ur
es

 w
ith

 d
iff

er
en

t (
de

si
gn

) s
er

vi
ce

 li
ve

s 
an

d 
vi

ce
 v

er
sa

 
(s

ee
 IS

O
 2

39
4)

. 
H

ow
ev

er
, t

he
 ta

rg
et

 re
lia

bi
lit

y 
so

m
et

im
es

 is
 p

re
se

nt
ed

 n
ot

 fo
r t

he
 (d

es
ig

n)
 

se
rv

ic
e 

lif
e 

bu
t a

s 
an

 e
qu

iv
al

en
t v

al
ue

 f
or

 d
iff

er
en

t (
e.

g.
 o

ne
 y

ea
r)

 r
ef

er
en

ce
 

pe
rio

d 
t R

. 
In

 T
ab

le
 3

.3
.3

 t
he

 E
N

 1
99

0 
va

lu
es

 a
re

 g
iv

en
 f

or
 a

 5
0 

ye
ar

s 
re

fe
re

nc
e 

pe
rio

d,
 w

hi
ch

 is
 s

up
po

se
d 

to
 b

e 
th

e 
st

an
da

rd
 (

de
si

gn
) 

se
rv

ic
e 

lif
e.

 

 
N

or
m

al
ly

, t
he

 s
pe

ci
fie

d 
(d

es
ig

n)
 s

er
vi

ce
 li

fe
 is

 c
on

si
de

re
d 

as
 th

e 
re

fe
re

nc
e 

pe
rio

d 
fo

r 
a 

st
ru

ct
ur

e 
to

 b
e 

de
si

gn
ed

 f
or

 s
er

vi
ce

ab
ili

ty
 a

nd
 f

at
ig

ue
, w

hi
le

 th
e 

re
si

du
al

 s
er

vi
ce

 li
fe

 d
et

er
m

in
ed

 a
t t

he
 a

ss
es

sm
en

t i
s 

of
te

n 
co

ns
id

er
ed

 a
s 

th
e 

re
fe

re
nc

e 
pe

rio
d 

fo
r a

n 
ex

is
tin

g 
st

ru
ct

ur
e.

 

Copyright fib, all rights reserved. This PDF copy of fib Bulletin 55 is intended for use and/or distribution only within National Member Groups of fib.



3 
 B

as
ic

 p
ri

nc
ip

le
s 

40
 

Th
es

e 
ta

rg
et

 β
-v

al
ue

s 
ar

e 
eq

ui
va

le
nt

 to
 th

e 
va

lu
es

 in
 T

ab
le

 3
.3

-4
, w

hi
ch

 a
re

 
gi

ve
n 

fo
r 

a 
re

fe
re

nc
e 

pe
rio

d 
t R

 o
f 

1 
ye

ar
. N

ot
e 

th
at

 in
 b

ot
h 

Ta
bl

e 
3.

3.
-3

 a
nd

 
3.

3.
-4

 th
e 

(d
es

ig
n)

 s
er

vi
ce

 li
fe

 is
 e

qu
al

 to
 5

0 
ye

ar
s.

 S
im

ila
r 

ar
gu

m
en

ts
 h

ol
d 

fo
r T

ab
le

s 
3.

3-
5 

an
d 

3.
3-

6.
 

Ta
bl

e 
3.

3-
3:

 
Ta

rg
et

 β
-v

al
ue

s r
el

at
ed

 to
 a

 re
fe

re
nc

e 
pe

ri
od

 o
f 5

0 
ye

ar
s (

ex
am

pl
es

), 
ac

co
rd

in
g 

to
 E

N
 1

99
0.

 
R

el
at

iv
e 

co
st

s o
f  

 
C

on
se

qu
en

ce
s o

f f
ai

lu
re

 
sa

fe
ty

 m
ea

su
re

s 
 

sm
al

l 
so

m
e 

m
od

er
at

e 
gr

ea
t 

 
 

 
 

 
 

 
 

 
H

ig
h 

 
 

0 
1.

5 
2.

3 
3.

1 
M

od
er

at
e 

 
1.

3 
2.

3 
3.

1 
3.

8 
Lo

w
 

 
 

2.
3 

3.
1 

3.
8 

4.
3 

 Ta
bl

e 
3.

3-
4:

 
Ta

rg
et

 β
-v

al
ue

s r
el

at
ed

 to
 a

 re
fe

re
nc

e 
pe

ri
od

 o
f 1

 y
ea

r 
(e

xa
m

pl
es

), 
ac

co
rd

in
g 

to
 E

N
 1

99
0.

 
R

el
at

iv
e 

co
st

s o
f  

 
C

on
se

qu
en

ce
s o

f f
ai

lu
re

 
sa

fe
ty

 m
ea

su
re

s 
 

sm
al

l 
so

m
e 

m
od

er
at

e 
gr

ea
t 

 
 

 
 

 
 

 
 

 
H

ig
h 

 
 

2.
3 

3.
0 

3.
5 

4.
1 

M
od

er
at

e 
 

2.
9 

3.
5 

4.
1 

4.
7 

Lo
w

 
 

 
3.

5 
4.

1 
4.

7 
5.

1 
 

 
Ta

bl
e 

3.
3-

5:
 

Re
co

m
m

en
de

d 
ta

rg
et

 re
lia

bi
lit

y 
in

di
ce

s β
 fo

r s
tr

uc
tu

re
s t

o 
be

 d
es

ig
ne

d,
 re

la
te

d 
to

 th
e 

sp
ec

ifi
ed

 re
fe

re
nc

e 
pe

ri
od

s.
 

 Li
m

it 
st

at
es

 
 

Ta
rg

et
 r

el
ia

bi
lit

y 
in

de
x 
β 

R
ef

er
en

ce
 p

er
io

d 
 

 
 

 
 

 
 

 
 

Se
rv

ic
ea

bi
lit

y 
 

re
ve

rs
ib

le
  

 
0.

0 
Se

rv
ic

e 
Li

fe
 

 
irr

ev
er

si
bl

e 
 

1.
5 

50
 y

ea
rs

 
 

irr
ev

er
si

bl
e 

 
3.

0 
1 

ye
ar

 
  U

lti
m

at
e 

 
lo

w
 c

on
se

qu
en

ce
 o

f f
ai

lu
re

 
3.

1 
50

 y
ea

rs
 

 
 

 
 

4.
1 

1 
ye

ar
 

 
m

ed
iu

m
 c

on
se

qu
en

ce
 o

f f
ai

lu
re

 
3.

8 
50

 y
ea

rs
 

 
 

 
 

4.
7 

1 
ye

ar
 

 
hi

gh
 c

on
se

qu
en

ce
 o

f f
ai

lu
re

 
4.

3 
50

 y
ea

rs
 

 
 

 
 

5.
1 

1 
ye

ar
 

 

Th
e 

ta
rg

et
 r

el
ia

bi
lit

y 
in

di
ce

s 
gi

ve
n 

in
 T

ab
le

 3
.3

-5
 f

or
 s

er
vi

ce
ab

ili
ty

 li
m

it 
st

at
es

 v
er

ifi
ca

tio
n 

co
rr

es
po

nd
 a

pp
ro

xi
m

at
el

y 
to

 t
he

 v
al

ue
s 

re
co

m
m

en
de

d 
in

 
IS

O
 2

39
4 

fo
r 

sm
al

l c
on

se
qu

en
ce

s 
of

 fa
ilu

re
 a

nd
 m

od
er

at
e 

re
la

tiv
e 

co
st

s 
of

 
sa

fe
ty

 m
ea

su
re

s.
 T

he
 t

ar
ge

t 
re

lia
bi

lit
y 

in
di

ce
s 

gi
ve

n 
in

 T
ab

le
 3

.3
-5

 f
or

 
ul

tim
at

e 
lim

it 
st

at
es

 
ve

rif
ic

at
io

n 
co

rr
es

po
nd

 
to

 
th

os
e 

re
co

m
m

en
de

d 
in

 
IS

O
 2

39
4 

fo
r, 

re
sp

ec
tiv

el
y,

 s
om

e,
 m

od
er

at
e 

an
d 

gr
ea

t c
on

se
qu

en
ce

s o
f f

ai
lu

re
 

an
d 

lo
w

 re
la

tiv
e 

co
st

s o
f s

af
et

y 
m

ea
su

re
s. 

 
 

Copyright fib, all rights reserved. This PDF copy of fib Bulletin 55 is intended for use and/or distribution only within National Member Groups of fib.



fib
 B

ul
le

tin
 5

5:
 M

od
el

 C
od

e 
20

10
, F

irs
t c

om
pl

et
e 

dr
af

t –
 V

ol
um

e 
1 

41
 

Th
e 

ta
rg

et
 re

lia
bi

lit
y 

le
ve

l f
or

 th
e 

ex
is

tin
g 

st
ru

ct
ur

es
 m

ay
 b

e 
ch

os
en

 lo
w

er
 

th
an

 fo
r n

ew
 s

tru
ct

ur
es

, b
ec

au
se

 fo
r e

xi
st

in
g 

st
ru

ct
ur

es
 th

e 
co

st
s 

of
 a

ch
ie

vi
ng

 
a 

hi
gh

er
 re

lia
bi

lit
y 

le
ve

l a
re

 u
su

al
ly

 h
ig

h 
co

m
pa

re
d 

to
 s

tru
ct

ur
es

 u
nd

er
 d

es
ig

n.
  

 
Th

e 
β 

va
lu

es
 g

iv
en

 i
n 

Ta
bl

e 
3.

3-
5 

m
ay

 a
ls

o 
be

 u
se

d 
fo

r 
as

se
ss

m
en

t 
of

 
ex

is
tin

g 
st

ru
ct

ur
es

, h
ow

ev
er

 d
iff

er
en

tia
tio

n 
of

 t
he

 t
ar

ge
t 

re
lia

bi
lit

y 
le

ve
l 

fo
r 

th
e 

ne
w

 st
ru

ct
ur

es
 a

nd
 fo

r t
he

 e
xi

st
in

g 
st

ru
ct

ur
es

 m
ay

 n
ee

d 
to

 b
e 

co
ns

id
er

ed
.  

 
Fo

r 
m

or
e 

de
ta

ils
 r

ef
er

en
ce

 i
s 

m
ad

e 
to

 I
SO

 1
38

22
 “

B
as

es
 f

or
 d

es
ig

n 
of

 
st

ru
ct

ur
es

 –
 A

ss
es

sm
en

t 
of

 e
xi

st
in

g 
st

ru
ct

ur
es

” 
an

d 
IS

O
 2

39
4 

“G
en

er
al

 
pr

in
ci

pl
es

 o
n 

re
lia

bi
lit

y 
fo

r s
tru

ct
ur

es
” 

 
D

ec
is

io
n 

fo
r 

ch
oo

si
ng

 
di

ff
er

en
t 

ta
rg

et
 

re
lia

bi
lit

y 
le

ve
l 

fo
r 

ex
is

tin
g 

st
ru

ct
ur

es
 m

ay
 b

e 
ta

ke
n 

on
ly

 o
n 

th
e 

ba
si

s 
of

 w
el

l 
fo

un
de

d 
an

al
ys

is
 o

f 
co

ns
eq

ue
nc

es
 o

f 
fa

ilu
re

 a
nd

 t
he

 c
os

t 
of

 s
af

et
y 

m
ea

su
re

s 
fo

r 
sp

ec
ifi

c 
ca

se
. 

So
m

e 
su

gg
es

tio
ns

 fo
r t

he
 re

lia
bi

lit
y 

in
de

x 
fo

r e
xi

st
in

g 
st

ru
ct

ur
es

 a
re

 g
iv

en
 in

 
Ta

bl
e 

3.
3-

6 
fo

r t
he

 sp
ec

ifi
ed

 re
fe

re
nc

e 
pe

rio
ds

. 

 
 

Ta
bl

e 
3.

3-
6:

 
Su

gg
es

te
d 

ra
ng

e 
of

 ta
rg

et
 re

lia
bi

lit
y 

in
di

ce
s β

 fo
r 

ex
is

tin
g 

st
ru

ct
ur

es
, r

el
at

ed
 to

 th
e 

sp
ec

ifi
ed

 r
ef

er
en

ce
 

pe
ri

od
s. 

 
Li

m
it 

st
at

es
 

 
Ta

rg
et

 r
el

ia
bi

lit
y 

in
de

x 
β 

R
ef

er
en

ce
 p

er
io

d 
 

 
 

 
 

 
 

 
 

Se
rv

ic
ea

bi
lit

y 
 

1.
5 

 
 

R
es

id
ua

l S
er

vi
ce

 L
ife

 
 U

lti
m

at
e 

 
in

 th
e 

ra
ng

e 
of

 3
.1

 - 
3.

8*
 

50
 y

ea
rs

 
 

 
 

in
 th

e 
ra

ng
e 

of
 3

.4
 - 

4.
1*

 
15

 y
ea

rs
 

 
 

 
in

 th
e 

ra
ng

e 
of

 4
.1

 - 
4.

7*
 

1 
ye

ar
 

 * 
de

pe
nd

in
g 

on
 c

os
ts

 o
f s

af
et

y 
m

ea
su

re
s f

or
 u

pg
ra

di
ng

 th
e 

ex
is

tin
g 

st
ru

ct
ur

e 
 

Fo
r m

or
e 

de
ta

ils
, r

ef
er

en
ce

 is
 m

ad
e 

to
 th

e 
JC

SS
 P

ro
ba

bi
lis

tic
 M

od
el

 C
od

e.
 

 
Th

e 
re

qu
ire

m
en

ts
 fo

r t
he

 re
lia

bi
lit

y 
of

 th
e 

co
m

po
ne

nt
s 

of
 th

e 
sy

st
em

 s
ha

ll 
de

pe
nd

 u
po

n 
th

e 
sy

st
em

 c
ha

ra
ct

er
is

tic
s. 

Th
e 

ta
rg

et
 re

lia
bi

lit
y 

in
di

ce
s 

gi
ve

n 
in

 
Ta

bl
e 

3.
3-

5 
an

d 
Ta

bl
e 

3.
3-

6 
re

la
te

 
to

 
th

e 
st

ru
ct

ur
al

 
sy

st
em

 
or

 
in

 
ap

pr
ox

im
at

io
n 

to
 

th
e 

do
m

in
an

t 
fa

ilu
re

 
m

od
e 

or
 

st
ru

ct
ur

al
 

co
m

po
ne

nt
 

do
m

in
at

in
g 

sy
st

em
 

fa
ilu

re
. 

Th
er

ef
or

e,
 

st
ru

ct
ur

es
 

w
ith

 
m

ul
tip

le
, 

eq
ua

lly
 

im
po

rta
nt

 f
ai

lu
re

 m
od

es
 s

ho
ul

d 
be

 d
es

ig
ne

d 
fo

r 
a 

hi
gh

er
 l

ev
el

 o
f 

re
lia

bi
lit

y 
pe

r c
om

po
ne

nt
 th

an
 re

co
m

m
en

de
d 

in
 th

is
 M

od
el

 C
od

e.
 

 
 

Th
e 

ta
rg

et
 re

lia
bi

lit
y 

in
di

ce
s g

iv
en

 in
 T

ab
le

 3
.3

-5
 a

nd
 T

ab
le

 3
.3

-6
 a

re
 v

al
id

 
fo

r 
du

ct
ile

 s
tru

ct
ur

al
 c

om
po

ne
nt

s 
fo

r 
w

hi
ch

 a
 c

ol
la

ps
e 

is
 p

re
ce

de
d 

by
 s

om
e 

ki
nd

 o
f 

w
ar

ni
ng

, 
w

hi
ch

 a
llo

w
s 

m
ea

su
re

s 
to

 b
e 

ta
ke

n 
to

 a
vo

id
 s

ev
er

e 
co

ns
eq

ue
nc

es
. T

he
re

fo
re

 b
y 

ex
pl

ic
it 

re
qu

ire
m

en
ts

 o
r b

y 
ap

pr
op

ria
te

 d
et

ai
lin

g 
it 

sh
al

l b
e 

as
su

re
d 

th
at

 b
rit

tle
 fa

ilu
re

 d
oe

s 
no

t o
cc

ur
. A

 s
tru

ct
ur

al
 c

om
po

ne
nt

 

Copyright fib, all rights reserved. This PDF copy of fib Bulletin 55 is intended for use and/or distribution only within National Member Groups of fib.



3 
 B

as
ic

 p
ri

nc
ip

le
s 

42
 

w
hi

ch
 w

ou
ld

 b
e 

lik
el

y 
to

 c
ol

la
ps

e 
su

dd
en

ly
 w

ith
ou

t 
w

ar
ni

ng
 s

ho
ul

d 
be

 
de

si
gn

ed
 f

or
 a

 h
ig

he
r 

le
ve

l 
of

 r
el

ia
bi

lit
y 

th
an

 r
ec

om
m

en
de

d 
in

 t
hi

s 
M

od
el

 
C

od
e 

fo
r d

uc
til

e 
st

ru
ct

ur
al

 c
om

po
ne

nt
s. 

 
 

To
 s

at
is

fy
 p

er
fo

rm
an

ce
 r

eq
ui

re
m

en
ts

 a
t 

th
e 

ta
rg

et
 r

el
ia

bi
lit

y 
le

ve
ls

 a
s 

re
co

m
m

en
de

d 
in

 T
ab

le
 3

.3
-5

 a
nd

 T
ab

le
 3

.3
-6

, o
ne

 n
or

m
al

ly
 p

ro
ce

ed
s 

fr
om

 
th

e 
sa

fe
ty

 c
on

ce
pt

s,
 e

xp
la

in
ed

 in
 c

ha
pt

er
 4

. 
 

 
In

 th
is

 M
od

el
 C

od
e 

th
e 

pa
rti

al
 f

ac
to

r 
m

et
ho

d 
is

 c
al

ib
ra

te
d 

in
 s

uc
h 

a 
w

ay
 

th
at

 w
he

n 
ap

pl
yi

ng
 t

he
 v

al
ue

s 
of

 p
ar

tia
l 

fa
ct

or
s 

gi
ve

n 
in

 c
la

us
e 

4.
5 

th
e 

fo
llo

w
in

g 
re

lia
bi

lit
y 

re
qu

ire
m

en
ts

 a
re

 s
at

is
fie

d 
w

ith
 a

 s
uf

fic
ie

nt
 m

ar
gi

n 
du

rin
g 

a 
de

fin
ed

 p
er

io
d 

of
 5

0 
ye

ar
s:

  

Th
e 

ta
rg

et
 re

lia
bi

lit
y 

in
de

x 
β 

= 
1.

5 
co

rr
es

po
nd

s 
to

 th
e 

va
lu

e 
gi

ve
n 

in
 T

ab
le

 
3.

3-
5 

fo
r 

ul
tim

at
e 

lim
it 

st
at

e 
ve

rif
ic

at
io

n 
in

 c
as

e 
of

 i
rr

ev
er

si
bl

e 
fa

ilu
re

 a
nd

 
re

fe
re

nc
e 

pe
rio

d 
of

 5
0 

ye
ar

s. 

 
β 

= 
1.

5 
in

 c
as

e 
of

 se
rv

ic
ea

bi
lit

y 
lim

it 
st

at
es

 v
er

ifi
ca

tio
n,

 

Th
e 

ta
rg

et
 re

lia
bi

lit
y 

in
de

x 
β 

= 
3.

1 
co

rr
es

po
nd

s 
to

 th
e 

va
lu

e 
gi

ve
n 

in
 T

ab
le

 
3.

3-
5 

fo
r 

ul
tim

at
e 

lim
it 

st
at

e 
ve

rif
ic

at
io

n 
in

 c
as

e 
of

 l
ow

 c
on

se
qu

en
ce

 o
f 

fa
ilu

re
 

an
d 

re
fe

re
nc

e 
pe

rio
d 

of
 

50
 

ye
ar

s. 
D

ep
en

di
ng

 
on

 
pa

rti
cu

la
r 

co
ns

eq
ue

nc
es

 o
f 

fa
tig

ue
 f

ai
lu

re
 a

nd
 p

os
si

bi
lit

y 
fo

r 
in

sp
ec

tio
n 

an
d 

re
pa

ir 
in

 
ca

se
 c

on
si

de
re

d,
 h

ig
he

r 
or

 lo
w

er
 v

al
ue

s 
fo

r 
β 

in
 c

as
e 

of
 f

at
ig

ue
 v

er
ifi

ca
tio

n 
m

ay
 b

e 
ap

pr
op

ria
te

. 

 
β 

= 
3.

1 
in

 c
as

e 
of

 fa
tig

ue
 v

er
ifi

ca
tio

n,
 

Th
e 

ta
rg

et
 re

lia
bi

lit
y 

in
de

x 
β 

= 
3.

8 
co

rr
es

po
nd

s 
to

 th
e 

va
lu

e 
gi

ve
n 

in
 T

ab
le

 
3.

3-
5 

fo
r 

ul
tim

at
e 

lim
it 

st
at

e 
ve

rif
ic

at
io

n 
in

 c
as

e 
of

 m
ed

iu
m

 c
on

se
qu

en
ce

 o
f 

fa
ilu

re
 a

nd
 re

fe
re

nc
e 

pe
rio

d 
of

 5
0 

ye
ar

s. 

It 
is

 n
ot

ed
 th

at
 E

ur
oc

od
e 

EN
 1

99
0,

 A
nn

ex
 B

 g
iv

es
 a

ls
o 

pa
rti

al
 f

ac
to

rs
 to

 
lo

ad
s c

or
re

sp
on

di
ng

 to
 β

-v
al

ue
s f

or
 o

th
er

 c
on

se
qu

en
ce

s c
la

ss
es

.  

 
β 

= 
3.

8 
in

 c
as

e 
of

 u
lti

m
at

e 
lim

it 
st

at
es

 v
er

ifi
ca

tio
n,

 

Th
e 

fu
lly

 p
ro

ba
bi

lis
tic

 d
es

ig
n 

m
et

ho
d 

as
 d

es
cr

ib
ed

 in
 c

la
us

e 
4.

4 
m

ay
 b

e 
us

ed
 fo

r a
ny

 β
 v

al
ue

. 
 

Fo
r 

ot
he

r 
β 

va
lu

es
 (

e.
g.

 a
pp

lie
d 

in
 a

ss
es

sm
en

t o
f 

ex
is

tin
g 

st
ru

ct
ur

es
), 

th
e 

pa
rti

al
 f

ac
to

r 
fo

rm
at

, e
xp

la
in

ed
 in

 c
la

us
e 

4.
5 

ca
n 

al
so

 b
e 

ap
pl

ie
d.

 H
ow

ev
er

, 
re

co
ns

id
er

at
io

n 
of

 
th

e 
pa

rti
al

 
fa

ct
or

s 
an

d 
ch

ar
ac

te
ris

tic
 

va
lu

es
 

of
 

th
e 

fu
nd

am
en

ta
l 

ba
si

c 
va

ria
bl

es
 a

s 
gi

ve
n 

in
 s

ub
cl

au
se

s 
4.

5.
2 

an
d 

4.
5.

3 
m

ay
 b

e 
re

qu
ire

d,
 f

ol
lo

w
in

g 
fr

om
 t

he
 c

on
si

de
ra

tio
n 

of
 a

ct
ua

l 
un

ce
rta

in
tie

s 
re

ga
rd

in
g 

ac
tio

ns
, r

es
is

ta
nc

es
, g

eo
m

et
ry

, s
tru

ct
ur

al
 m

od
el

lin
g 

an
d 

th
e 

de
te

rm
in

at
io

n 
of

 
ac

tio
n 

ef
fe

ct
s. 

Th
is

 is
 fu

rth
er

 d
is

cu
ss

ed
 in

 su
bc

la
us

es
 4

.5
.2

.3
 a

nd
 4

.5
.3

.2
. 

Copyright fib, all rights reserved. This PDF copy of fib Bulletin 55 is intended for use and/or distribution only within National Member Groups of fib.



fib
 B

ul
le

tin
 5

5:
 M

od
el

 C
od

e 
20

10
, F

irs
t c

om
pl

et
e 

dr
af

t –
 V

ol
um

e 
1 

43
 

 
 

3.
3.

3.
2 

C
om

po
ne

nt
 r

el
ia

bi
lit

y 
an

d 
sy

st
em

 r
el

ia
bi

lit
y 

C
om

po
ne

nt
 re

lia
bi

lit
y 

is
 th

e 
re

lia
bi

lit
y 

of
 o

ne
 s

in
gl

e 
st

ru
ct

ur
al

 c
om

po
ne

nt
 

w
hi

ch
 h

as
 o

ne
 d

om
in

at
in

g 
fa

ilu
re

 m
od

e.
  

 
St

ru
ct

ur
al

 
an

al
ys

is
 

m
et

ho
ds

, 
as

 
de

sc
rib

ed
 

in
 

th
is

 
M

od
el

 
C

od
e,

 
ar

e 
pr

im
ar

ily
 c

on
ce

rn
ed

 w
ith

 c
om

po
ne

nt
 b

eh
av

io
ur

 w
ith

 re
sp

ec
t t

o 
on

e 
do

m
in

an
t 

fa
ilu

re
 m

od
e.

 E
ac

h 
lim

it 
st

at
e 

eq
ua

tio
n 

is
, i

n 
m

os
t c

as
es

, r
el

at
ed

 to
 a

 s
in

gl
e 

m
od

e 
of

 fa
ilu

re
 o

f a
 si

ng
le

 c
om

po
ne

nt
.  

 
 

H
ow

ev
er

, i
nd

iv
id

ua
l c

om
po

ne
nt

s 
m

ay
 a

ls
o 

be
 s

us
ce

pt
ib

le
 to

 a
 n

um
be

r 
of

 
po

ss
ib

le
 

fa
ilu

re
 

m
od

es
. 

Th
er

ef
or

e,
 

in
 

de
si

gn
 

th
e 

su
sc

ep
tib

ili
ty

 
of

 
th

e 
in

di
vi

du
al

 c
om

po
ne

nt
s 

to
 a

 n
um

be
r 

of
 p

os
si

bl
e 

fa
ilu

re
 m

od
es

 s
ha

ll 
be

 
ch

ec
ke

d 
w

he
re

 re
le

va
nt

, b
y 

ch
ec

ki
ng

 o
f a

 n
um

be
r o

f l
im

it 
st

at
e 

eq
ua

tio
ns

. 

Sy
st

em
 r

el
ia

bi
lit

y 
is

 t
he

 r
el

ia
bi

lit
y 

of
 a

 s
tru

ct
ur

al
 s

ys
te

m
 c

om
po

se
d 

of
 a

 
nu

m
be

r 
of

 c
om

po
ne

nt
s 

or
 t

he
 r

el
ia

bi
lit

y 
of

 a
 s

in
gl

e 
co

m
po

ne
nt

 w
hi

ch
 h

as
 

se
ve

ra
l f

ai
lu

re
 m

od
es

 o
f n

ea
rly

 e
qu

al
 im

po
rta

nc
e.

  

 
B

es
id

es
, 

m
os

t 
st

ru
ct

ur
es

 
ar

e 
an

 a
ss

em
bl

y 
of

 s
tru

ct
ur

al
 c

om
po

ne
nt

s.
 

Sy
st

em
 b

eh
av

io
ur

 i
s 

us
ua

lly
 t

he
 m

os
t 

se
rio

us
 c

on
se

qu
en

ce
 o

f 
co

m
po

ne
nt

 
fa

ilu
re

. T
he

re
fo

re
, l

ik
el

ih
oo

d 
of

 sy
st

em
 fa

ilu
re

 fo
llo

w
in

g 
an

 in
iti

al
 c

om
po

ne
nt

 
fa

ilu
re

 s
ho

ul
d 

be
 a

ss
es

se
d 

in
 re

la
tio

n 
to

 ro
bu

st
ne

ss
 w

ith
 re

sp
ec

t t
o 

ac
ci

de
nt

al
 

ev
en

ts
, r

ed
un

da
nc

y 
(a

lte
rn

at
iv

e 
lo

ad
 p

at
hs

), 
an

d 
co

m
pl

ex
ity

 o
f 

th
e 

st
ru

ct
ur

e 
(m

ul
tip

le
 fa

ilu
re

 m
od

es
). 

A
cc

or
di

ng
ly

, s
ys

te
m

 a
na

ly
si

s 
sh

al
l b

e 
ca

rr
ie

d 
ou

t a
s 

a 
pa

rt 
of

 th
e 

de
si

gn
. 

 
 

In
 p

ar
tic

ul
ar

, 
it 

is
 n

ec
es

sa
ry

 t
o 

de
te

rm
in

e 
th

e 
sy

st
em

 c
ha

ra
ct

er
is

tic
s 

in
 

re
la

tio
n 

to
 r

ob
us

tn
es

s 
w

ith
 r

es
pe

ct
 t

o 
ac

ci
de

nt
al

 a
nd

/o
r 

ex
ce

pt
io

na
l 

ev
en

ts
 

(s
ee

 su
bc

la
us

e 
7.

4.
12

). 

A
 p

ro
ba

bi
lis

tic
 a

pp
ro

ac
h 

pr
ov

id
es

 a
 b

et
te

r 
pl

at
fo

rm
 f

ro
m

 w
hi

ch
 s

ys
te

m
 

be
ha

vi
ou

r c
an

 b
e 

ex
pl

or
ed

 a
nd

 u
til

is
ed

. F
or

 m
or

e 
de

ta
ils

 re
fe

re
nc

e 
is

 m
ad

e 
to

 
th

e 
JC

SS
 P

ro
ba

bi
lis

tic
 M

od
el

 C
od

e.
 

 
Th

e 
sy

st
em

 a
na

ly
si

s 
re

qu
ire

s 
co

ns
id

er
ab

le
 in

no
va

tio
n 

an
d 

in
iti

at
iv

e 
fr

om
 

th
e 

en
gi

ne
er

. I
n 

ge
ne

ra
l, 

th
e 

sy
st

em
 b

eh
av

io
ur

 o
f s

tru
ct

ur
es

 c
an

 b
e 

qu
an

tif
ie

d 
in

 t
er

m
s 

of
 l

im
it 

st
at

e 
de

si
gn

 b
y 

de
te

rm
in

is
tic

 a
pp

ro
ac

h 
(e

.g
. 

pr
og

re
ss

iv
e 

co
lla

ps
e 

an
al

ys
is

) o
r b

y 
a 

pr
ob

ab
ili

st
ic

 a
pp

ro
ac

h.
 

 
 

3.
4 

Pe
rf

or
m

an
ce

 r
eq

ui
re

m
en

ts
 fo

r 
su

st
ai

na
bi

lit
y 

 
 

3.
4.

1 
G

en
er

al
 

Th
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 m
ay

 b
e 

us
ef

ul
 f

or
 i

m
pl

em
en

ta
tio

n 
of

 a
 P

ro
je

ct
 Q

ua
lit

y 
Pl

an
. 

Ex
am

pl
es

 a
re

 g
iv

en
 in

 C
EB

 B
ul

le
tin

 1
94

. 

–
ke

y 
pe

rs
on

ne
l i

nv
ol

ve
d,

 

–
ha

nd
lin

g 
of

 n
on

-c
on

fo
rm

iti
es

. 

Fo
r 

st
an

da
rd

 s
ch

em
es

 a
nd

 h
an

dl
ed

 b
y 

a 
si

ng
le

 s
ou

rc
e 

co
m

pa
ny

 w
ith

 a
 

ce
rti

fie
d 

C
om

pa
ny

 Q
ua

lit
y 

Pl
an

, a
 s

im
pl

e 
re

fe
re

nc
e 

ca
n 

be
 m

ad
e 

to
 s

uc
h 

a 
Pl

an
 fo

r m
os

t o
f t

he
 it

em
s 

to
 b

e 
ad

dr
es

se
d 

in
 th

e 
PQ

P.
 F

or
 m

or
e 

co
m

pl
ic

at
ed

 
sc

he
m

es
 a

nd
/o

r s
ch

em
es

 h
an

dl
ed

 b
y 

a 
co

m
bi

na
tio

n 
of

 p
ar

tn
er

s, 
th

e 
PQ

P 
w

ill
 

ge
ne

ra
lly

 b
e 

pr
oj

ec
t-s

pe
ci

fic
. I

n 
su

ch
 c

as
es

 th
e 

IS
O

 9
00

0 
se

rie
s 

of
 c

od
es

 m
ay

 
be

 a
 u

se
fu

l s
up

po
rt.

 

 
Th

e 
ex

te
nt

 o
f 

a 
PQ

P 
m

ay
 d

iff
er

: d
ep

en
di

ng
 o

n 
th

e 
na

tu
re

 a
nd

 s
iz

e 
of

 th
e 

pr
oj

ec
t, 

ty
pe

 o
f c

on
tra

ct
 a

nd
 p

ar
tie

s 
in

vo
lv

ed
, e

ac
h 

de
ve

lo
pm

en
t p

ha
se

 s
ho

ul
d 

ha
ve

 a
 p

la
n 

or
 t

he
 p

la
n 

m
ay

 c
ov

er
 a

 n
um

be
r 

of
 p

ha
se

s.
 C

oh
er

en
ce

 a
nd

 
tra

ns
fe

r 
of

 i
nf

or
m

at
io

n 
an

d 
/ 

or
 i

ns
tru

ct
io

ns
 b

et
w

ee
n 

ph
as

es
 i

s 
cr

iti
ca

l. 
Fo

r 
no

n 
st

an
da

rd
 a

nd
/o

r 
co

m
pl

ic
at

ed
 p

ro
je

ct
s,

 a
 p

ro
je

ct
 s

pe
ci

fic
 r

is
k 

an
al

ys
is

 
sh

ou
ld

 b
e 

co
nd

uc
te

d 
to

 d
ef

in
e 

th
e 

is
su

es
 to

 b
e 

ad
dr

es
se

d 
sp

ec
ifi

ca
lly

 in
 th

e 
PQ

P.
 

Th
er

e 
is

 a
 c

ru
ci

al
 i

nt
er

ac
tio

n 
w

ith
 t

he
 s

ki
lls

 o
f 

th
e 

in
di

vi
du

al
s 

in
vo

lv
ed

. 
A

lth
ou

gh
 s

ub
je

ct
iv

e,
 r

eq
ui

re
m

en
ts

 f
or

 s
ki

lls
 a

nd
 q

ua
lif

ic
at

io
ns

 n
ee

d 
to

 b
e 

as
se

ss
ed

. W
he

re
 th

es
e 

ar
e 

de
fic

ie
nt

, t
ra

in
in

g 
an

d 
ed

uc
at

io
n 

m
ea

su
re

s 
sh

ou
ld

 
be

 
in

st
ig

at
ed

 
or

 
m

or
e 

ap
pr

op
ria

te
 

st
af

f 
as

si
gn

ed
 

to
 

th
e 

pr
oj

ec
t, 

or
 

a 
co

m
bi

na
tio

n 
of

 th
es

e 
m

ea
su

re
s 

im
pl

em
en

te
d.

 

W
hi

ls
t 

th
e 

IS
O

 9
00

0 
se

rie
s 

of
 s

ta
nd

ar
ds

 i
s 

ac
ce

pt
ed

 w
or

ld
-w

id
e 

as
 t

he
 

m
od

el
 a

pp
ro

ac
h 

fo
r 

qu
al

ity
 m

an
ag

em
en

t, 
w

ith
 t

he
 f

oc
us

 i
n 

co
nt

em
po

ra
ry

 
st

an
da

rd
s 

up
on

 
th

e 
co

nc
ep

t 
of

 
th

e 
“c

on
tin

ua
l 

im
pr

ov
em

en
t”

 
of

 
an

 
or

ga
ni

sa
tio

n'
s 

m
an

ag
em

en
t 

sy
st

em
 i

n 
or

de
r 

to
 i

m
pr

ov
e 

ov
er

al
l 

pe
rf

or
m

an
ce

 
an

d 
cu

st
om

er
 s

at
is

fa
ct

io
n,

 s
ol

e 
re

lia
nc

e 
on

 t
hi

s 
co

nc
ep

t 
ca

n 
pr

es
en

t 
va

rio
us

 
di

ff
ic

ul
tie

s i
n 

re
sp

ec
t o

f t
he

 c
on

st
ru

ct
io

n 
of

 c
on

cr
et

e 
st

ru
ct

ur
es

 o
n 

si
te

.  
In

 th
is

 
co

nt
ex

t 
th

er
e 

is
 a

 n
ee

d 
to

 p
re

ve
nt

 t
he

 o
cc

ur
re

nc
e 

of
 n

on
co

nf
or

m
iti

es
 i

n 
th

e 
“o

ne
-o

ff
” 

ci
rc

um
st

an
ce

s 
as

so
ci

at
ed

 w
ith

 th
e 

si
te

 p
la

ce
m

en
t 

of
 c

on
cr

et
e 

in
 a

 
pa

rti
cu

la
r 

st
ru

ct
ur

e 
or

 c
om

po
ne

nt
, e

sp
ec

ia
lly

 w
he

re
 t

he
se

 m
ay

 i
m

pa
ct

 u
po

n 
th

e 
st

ru
ct

ur
al

 c
ap

ac
ity

, p
er

fo
rm

an
ce

 o
r d

ur
ab

ili
ty

 o
f t

he
 fi

ni
sh

ed
 e

nt
ity

.  
Th

us
 

 
Q

ua
lit

y 
ca

nn
ot

 b
e 

as
su

re
d 

by
 p

ro
ce

du
re

s 
an

d 
an

 o
rg

an
is

at
io

na
l 

st
ru

ct
ur

e 
on

ly
. 

Th
er

ef
or

e,
 t

he
 m

et
ho

ds
 o

f 
im

pr
ov

in
g 

qu
al

ity
 p

ra
ct

ic
es

 n
ee

d 
to

 b
e 

in
tro

du
ce

d 
in

to
 th

e 
pr

oc
es

s 
fo

r p
ot

en
tia

l b
en

ef
its

 to
 b

e 
re

al
iz

ed
. 
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th
er

e 
ne

ed
s 

to
 b

e 
a 

fo
cu

s 
in

 th
e 

pr
ac

tic
es

 a
nd

 p
ro

ce
du

re
s 

fo
r a

ss
ur

in
g 

qu
al

ity
 

up
on

 
pr

ev
en

tiv
e 

m
ea

su
re

s 
th

at
 

m
in

im
is

e 
th

e 
ris

k 
of

 
no

nc
on

fo
rm

iti
es

 
oc

cu
rr

in
g.

 
Th

is
 

is
 

co
m

pa
tib

le
 

w
ith

 
a 

ris
k-

ba
se

d 
ap

pr
oa

ch
 

an
d 

re
la

te
d 

m
et

ho
do

lo
gy

 to
 q

ua
lit

y 
m

an
ag

em
en

t. 
Fo

r 
m

or
e 

in
fo

rm
at

io
n 

up
on

 p
re

-c
on

st
ru

ct
io

n 
pl

an
ni

ng
, 

th
e 

ro
le

 o
f 

th
e 

pr
oj

ec
t s

pe
ci

fic
at

io
n 

an
d 

of
 q

ua
lit

y 
m

an
ag

em
en

t d
ur

in
g 

ex
ec

ut
io

n 
of

 c
on

cr
et

e 
st

ru
ct

ur
es

, r
ef

er
en

ce
 m

ay
 b

e 
m

ad
e 

to
 A

nn
ex

es
 F

 a
nd

 G
 o

f 
fib

 B
ul

le
tin

 4
4:

 
“C

on
cr

et
e 

st
ru

ct
ur

e 
m

an
ag

em
en

t 
- 

G
ui

de
 t

o 
ow

ne
rs

hi
p 

an
d 

go
od

 p
ra

ct
ic

e”
, 

fib
 2

00
8.

 
 

 
3.

5.
2.

3 
Li

fe
 C

yc
le

 F
ile

 
 

 
To

 a
llo

w
 e

ff
ec

tiv
e 

an
d 

ef
fic

ie
nt

 Q
M

, t
he

 p
ro

je
ct

 q
ua

lit
y 

st
at

us
 / 

pr
og

re
ss

 
sh

ou
ld

 b
e 

do
cu

m
en

te
d.

 T
he

re
fo

re
, d

ev
el

op
m

en
t o

f t
he

 L
ife

 C
yc

le
 F

ile
 s

ho
ul

d 
be

 in
te

gr
at

ed
 w

ith
 Q

M
 a

ct
iv

iti
es

.  

Th
e 

Li
fe

 C
yc

le
 F

ile
 s

ho
ul

d 
be

 i
ni

tia
te

d 
du

rin
g 

th
e 

de
si

gn
 p

ha
se

 a
nd

 
po

pu
la

te
d 

w
ith

 t
he

 f
irs

t 
se

t 
of

 t
he

 r
el

ev
an

t 
in

fo
rm

at
io

n 
/ 

do
cu

m
en

ts
. 

La
te

r 
ph

as
es

 f
ur

th
er

 c
om

pl
et

e 
th

e 
Li

fe
 C

yc
le

 F
ile

. T
he

 L
ife

 C
yc

le
 F

ile
 a

ls
o 

se
rv

es
 

as
 a

n 
in

te
rf

ac
e 

do
cu

m
en

t m
an

ag
in

g 
th

e 
co

lle
ct

io
n 

an
d 

tra
ns

fe
r o

f i
nf

or
m

at
io

n 
fr

om
 o

ne
 p

ha
se

 o
f t

he
 p

ro
je

ct
 in

to
 th

e 
ne

xt
. 

 
Th

e 
Li

fe
 C

yc
le

 F
ile

 is
 a

 li
vi

ng
 d

oc
um

en
t, 

w
hi

ch
 c

on
tin

ue
s t

o 
be

 d
ev

el
op

ed
 

th
ro

ug
ho

ut
 t

he
 e

nt
ire

 L
ife

 C
yc

le
 o

f 
th

e 
pr

oj
ec

t. 
Th

us
 d

at
a 

on
 t

he
 q

ua
lit

y 
m

et
ric

s 
fo

r t
he

 L
ife

 C
yc

le
 F

ile
 a

re
 c

ol
le

ct
ed

 th
ro

ug
ho

ut
 th

e 
lif

ec
yc

le
, t

hr
ou

gh
 

co
m

pr
eh

en
si

ve
 

ve
rif

ic
at

io
n 

an
d 

va
lid

at
io

n 
pr

oc
es

se
s, 

in
cl

ud
in

g 
pr

oc
es

s 
au

di
ts

, p
ee

r r
ev

ie
w

s,
 a

na
ly

si
s a

nd
 te

st
in

g,
 a

s 
ap

pr
op

ria
te

. 

 
 

In
 t

he
 L

ife
 C

yc
le

 F
ile

 i
nf

or
m

at
io

n 
to

 m
an

ag
e 

th
e 

pr
oj

ec
t 

th
ro

ug
ho

ut
 t

he
 

se
rv

ic
e 

lif
e 

sh
ou

ld
 b

e 
av

ai
la

bl
e.

 T
he

re
fo

re
, t

he
 L

ife
 C

yc
le

 F
ile

 s
ho

ul
d 

co
nt

ai
n 

al
l 

re
le

va
nt

 d
at

a,
 s

uc
h 

as
 r

el
ev

an
t 

en
gi

ne
er

in
g 

do
cu

m
en

ts
, 

en
gi

ne
er

in
g 

in
st

ru
ct

io
ns

, 
sp

ec
ifi

ca
tio

ns
, 

te
st

 
re

su
lts

 
an

d 
ce

rti
fic

at
es

, 
e.

g.
 

bu
ilt

 
do

cu
m

en
ta

tio
n,

 
m

ai
nt

en
an

ce
 s

tra
te

gy
, 

fa
ct

ua
l 

m
ai

nt
en

an
ce

 d
at

a 
an

d 
th

e 
de

co
m

m
is

si
on

in
g 

st
ra

te
gy

 o
f t

he
 s

ch
em

e.
 

 
 

Th
e 

Li
fe

 C
yc

le
 F

ile
 s

ha
ll 

be
 p

op
ul

at
ed

 w
ith

 i
nf

or
m

at
io

n 
ex

tra
ct

ed
 f

ro
m

 
th

e 
fo

llo
w

in
g 

do
cu

m
en

ts
: 

D
ur

in
g 

th
e 

de
si

gn
 s

ta
ge

, 
th

e 
Li

fe
 C

yc
le

 F
ile

 w
ill

 b
e 

po
pu

la
te

d 
w

ith
 

fu
nc

tio
na

l 
re

qu
ire

m
en

ts
, 

ba
si

c 
da

ta
 

an
d 

bo
un

da
ry

 
co

nd
iti

on
s, 

se
le

ct
ed

 
en

gi
ne

er
in

g 
ap

pr
oa

ch
 a

nd
 a

pp
lie

d 
m

od
el

s, 
en

gi
ne

er
in

g 
re

su
lts

 a
nd

 a
pp

lic
ab

le
 

cr
ite

ria
, s

pe
ci

fic
 in

st
ru

ct
io

ns
 fo

r c
on

st
ru

ct
io

n 
(s

pe
ci

fic
at

io
ns

 fo
r w

or
km

an
sh

ip
 

an
d 

m
at

er
ia

ls
, a

ss
um

ed
 o

r m
an

da
to

ry
 c

on
st

ru
ct

io
n 

se
qu

en
ce

), 
ris

k 
fil

e,
 re

su
lts

 
of

 te
st

s, 
ce

rti
fic

at
es

, e
tc

.  

 
–

D
es

ig
n 

Fi
le

, s
ee

 su
bc

la
us

e 
3.

5.
3.

2,
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A
t 

th
e 

be
gi

nn
in

g 
of

 c
on

st
ru

ct
io

n,
 t

he
 L

ife
 C

yc
le

 F
ile

 w
ill

 b
e 

po
pu

la
te

d 
w

ith
 re

qu
ire

m
en

ts
 fo

r e
xe

cu
tio

n 
of

 th
e 

w
or

ks
 a

nd
 th

e 
co

nd
iti

on
 c

on
tro

l d
ur

in
g 

th
e 

se
rv

ic
e 

lif
e 

of
 th

e 
st

ru
ct

ur
e.

 
A

t t
he

 e
nd

 o
f 

co
ns

tru
ct

io
n,

 th
e 

Li
fe

 C
yc

le
 F

ile
 w

ill
 b

e 
po

pu
la

te
d 

w
ith

 a
s-

bu
ilt

 i
nf

or
m

at
io

n 
fr

om
 c

on
st

ru
ct

io
n 

an
d 

as
so

ci
at

ed
 t

es
ts

. 
A

s 
su

ch
, 

th
e 

do
cu

m
en

t 
w

ill
 a

llo
w

 o
w

ne
rs

 t
o 

de
ve

lo
p 

an
 o

pt
im

is
ed

 m
ai

nt
en

an
ce

 s
tra

te
gy

 
an

d 
w

ill
 

pr
ov

id
e 

th
e 

fa
ct

ua
l 

in
fo

rm
at

io
n 

ne
ed

ed
 

to
 

de
ve

lo
p 

fu
tu

re
 

m
od

ifi
ca

tio
ns

 o
f t

hi
s. 

Th
e 

B
irt

h 
C

er
tif

ic
at

e 
D

oc
um

en
t (

B
C

D
) i

s 
a 

co
m

po
ne

nt
 o

f t
he

 o
ve

ra
ll 

Li
fe

 
C

yc
le

 F
ile

 d
oc

um
en

ta
tio

n.
 I

t c
on

ta
in

s 
de

ta
ils

 a
bo

ut
 th

e 
as

-b
ui

lt 
co

nd
iti

on
 o

f 
th

e 
st

ru
ct

ur
e 

(s
ee

 3
.6

.2
.4

). 
Th

e 
B

C
D

 s
ho

ul
d 

co
rr

es
po

nd
 t

o 
th

e 
in

fo
rm

at
io

n 
in

cl
ud

ed
 in

 th
e 

D
es

ig
n 

Fi
le

. 

 
–

“A
s-

B
ui

lt 
D

oc
um

en
ta

tio
n”

: B
irt

h 
C

er
tif

ic
at

e 
D

oc
um

en
t, 

se
e 

su
bc

la
us

e 
3.

5.
4.

2,
 

D
ur

in
g 

th
e 

se
rv

ic
e 

lif
e,

 a
ct

ua
l 

m
ai

nt
en

an
ce

 a
nd

 f
in

di
ng

s 
m

us
t 

al
so

 b
e 

in
cl

ud
ed

 in
 th

e 
Li

fe
 C

yc
le

 F
ile

. 
 

–
Se

rv
ic

e-
Li

fe
 F

ile
, s

ee
 su

bc
la

us
e 

3.
5.

5.
2.

 

A
fte

r 
di

sm
an

tle
m

en
t 

of
 t

he
 s

tru
ct

ur
e,

 e
ss

en
tia

l 
in

fo
rm

at
io

n 
fr

om
 t

he
 

D
is

m
an

tle
m

en
t D

oc
um

en
t s

ha
ll 

be
 in

cl
ud

ed
 in

 th
e 

Li
fe

 C
yc

le
 F

ile
. 

 
– 

D
is

m
an

tle
m

en
t D

oc
um

en
t, 

se
e 

3.
5.

6.
2.

 

 
 

3.
5.

3 
Q

ua
lit

y 
M

an
ag

em
en

t i
n 

D
es

ig
n 

 
 

3.
5.

3.
1 

O
bj

ec
tiv

es
 

Th
e 

de
si

gn
 p

ro
ce

ss
 p

ro
vi

de
s 

a 
w

ay
 w

he
re

by
 th

e 
in

iti
al

 d
es

ire
 o

f a
n 

ow
ne

r 
to

 g
et

 a
 s

pe
ci

fic
 p

er
fo

rm
an

ce
 r

ea
lis

ed
 is

 in
te

rp
re

te
d 

an
d 

th
en

 d
ev

el
op

ed
 in

to
 

th
e 

de
ta

ile
d 

in
fo

rm
at

io
n 

re
qu

ire
d 

by
 t

he
 c

on
tra

ct
or

 t
o 

ac
tu

al
ly

 b
ui

ld
 t

he
 

pr
oj

ec
t. 

A
n 

ite
ra

tiv
e 

pr
oc

es
s 

is
 e

m
pl

oy
ed

 to
 ta

ke
 th

e 
in

iti
al

 s
ta

rti
ng

 p
oi

nt
s 

/ 
ou

tli
ne

 o
f 

th
e 

ow
ne

r 
re

qu
ire

m
en

ts
 t

hr
ou

gh
 t

o 
de

ta
ile

d 
sp

ec
ifi

ca
tio

ns
 a

nd
 

dr
aw

in
gs

. 
Th

ro
ug

h 
a 

se
rie

s 
of

 c
yc

le
s 

th
e 

pl
an

 t
ak

es
 s

ha
pe

, 
its

 c
on

te
nt

s 
be

co
m

e 
de

fin
ed

 a
nd

 t
he

n 
re

fin
ed

. 
Th

e 
cy

cl
es

 f
or

m
 d

iff
er

en
t 

st
ag

es
 w

hi
ch

 
cr

ea
te

 s
pe

ci
fic

 o
ut

pu
ts

 t
ha

t 
su

pp
or

t 
th

e 
ow

ne
r’

s 
de

ci
si

on
 m

ak
in

g 
pr

oc
es

s.
 

W
ith

ou
t a

n 
ite

ra
tiv

e 
de

si
gn

 p
ro

ce
ss

 th
at

 e
ng

ag
es

 e
ff

ec
tiv

el
y 

w
ith

 th
e 

ow
ne

r’
s 

de
ci

si
on

 m
ak

in
g 

pr
oc

es
s,

 th
er

e 
m

ay
 b

e 
a 

ris
k 

th
at

 s
ub

st
an

tia
l r

e-
w

or
ki

ng
 o

f 
th

e 
de

si
gn

 m
ay

 b
e 

re
qu

ire
d 

at
 a

 la
te

r s
ta

ge
. 

 
To

 e
nh

an
ce

 t
he

 e
ff

ec
tiv

en
es

s 
an

d 
ef

fic
ie

nc
y 

of
 t

he
 d

es
ig

n 
pr

oc
es

s 
it 

is
 

ge
ne

ra
lly

 s
pl

it 
in

to
 a

 n
um

be
r 

of
 p

ha
se

s.
 T

he
se

 m
us

t b
e 

fo
rm

ul
at

ed
 in

 a
 w

ay
 

th
at

 is
 c

om
pa

tib
le

 w
ith

 th
e 

de
ci

si
on

 p
ro

ce
ss

 e
m

pl
oy

ed
 b

y 
th

e 
ow

ne
r. 
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A
lth

ou
gh

 t
he

re
 a

re
 v

ar
io

us
 w

ay
s 

in
 w

hi
ch

 p
ro

gr
es

s 
th

ro
ug

h 
th

e 
de

si
gn

 
st

ag
es

 c
an

 b
e 

or
ga

ni
se

d,
 c

lie
nt

s 
de

ci
si

on
 m

od
el

s 
ar

e 
ge

ne
ra

lly
 b

as
ed

 o
n 

go
 / 

no
-g

o 
m

ile
st

on
es

, 
w

ith
 a

 r
eq

ui
re

m
en

t 
fo

r 
an

 a
ss

oc
ia

te
d 

in
cr

ea
se

 i
n 

th
e 

ac
cu

ra
cy

 o
f 

th
e 

pr
ed

ic
tio

n 
of

 t
he

 p
ro

je
ct

 b
ud

ge
t 

re
qu

ire
d.

 G
en

er
al

ly
, 

th
e 

en
gi

ne
er

in
g 

in
pu

t i
s 

gr
ad

ua
lly

 s
im

ila
rly

 in
cr

ea
se

d 
th

ro
ug

h 
th

e 
va

rio
us

 s
ta

ge
s 

of
 d

es
ig

n 
de

ve
lo

pm
en

t. 
Th

e 
gr

ea
te

r 
th

e 
co

nf
id

en
ce

 t
ha

t 
th

e 
pr

oj
ec

t 
is

 
co

rr
ec

tly
 f

or
m

ul
at

ed
 a

nd
 is

 li
ke

ly
 to

 p
ro

ce
ed

; 
th

e 
gr

ea
te

r 
is

 th
e 

ju
st

ifi
ca

tio
n 

fo
r 

m
or

e 
de

ta
ile

d 
de

si
gn

 e
ff

or
t. 

It 
gi

ve
s 

an
 e

ff
ec

tiv
e 

m
od

el
 o

f 
ho

w
 to

 p
ha

se
 

th
e 

de
si

gn
 p

ro
ce

ss
. D

es
ire

d 
ac

cu
ra

cy
 le

ve
ls

 (p
lu

s 
an

d 
m

in
us

) w
ill

 ty
pi

ca
lly

 b
e 

ab
ou

t 
30

%
 i

n 
th

e 
sc

ou
tin

g 
ph

as
e,

 a
bo

ut
 2

0%
 a

t 
th

e 
ba

si
s 

of
 d

es
ig

n 
st

ag
e,

 
ab

ou
t 

10
%

 a
t 

pr
oj

ec
t 

sp
ec

ifi
ca

tio
n 

st
ag

e,
 a

bo
ut

 5
%

 a
t 

th
e 

fin
al

 d
es

ig
n 

/ 
de

ta
ile

d 
de

si
gn

 s
ta

ge
. 

W
hi

ls
t 

th
es

e 
va

lu
es

 h
av

e 
ty

pi
ca

lly
 r

el
at

ed
 t

o 
pr

oj
ec

t 
co

st
in

g,
 t

he
y 

co
ul

d 
be

 e
qu

al
ly

 a
pp

lic
ab

le
 t

o 
fa

ct
or

s 
su

ch
 a

s 
en

vi
ro

nm
en

ta
l 

im
pa

ct
 a

nd
 th

e 
ev

al
ua

tio
n 

su
st

ai
na

bi
lit

y 
pa

ra
m

et
er

s. 
  

 
G

en
er

al
ly

, f
ol

lo
w

in
g 

de
si

gn
 st

ag
es

 c
an

 d
e 

di
st

in
gu

is
he

d:
 

–
B

rie
fin

g 
ph

as
e,

 s
ee

 3
.5

.3
.3

, 
–

Sc
ou

tin
g 

ph
as

e,
 se

e 
3.

5.
3.

4,
 

–
B

as
is

 o
f D

es
ig

n 
ph

as
e,

 se
e 

3.
5.

3.
5,

 

–
Pr

oj
ec

t S
pe

ci
fic

at
io

n 
ph

as
e,

 se
e 

3.
5.

3.
6,

 
–

Fi
na

l D
es

ig
n 

ph
as

e,
 se

e 
3.

5.
3.

7,
 

–
D

et
ai

le
d 

D
es

ig
n 

ph
as

e,
 se

e 
3.

5.
3.

8.
 

 
 

3.
5.

3.
2 

D
es

ig
n 

Fi
le

 
 

 
Th

e 
D

es
ig

n 
Fi

le
 o

f 
th

e 
pr

oj
ec

t 
sh

al
l 

be
 i

ni
tia

te
d 

at
 t

he
 B

rie
fin

g 
ph

as
e.

 
U

po
n 

co
m

pl
et

io
n 

of
 th

e 
D

et
ai

le
d 

D
es

ig
n 

ph
as

e,
 a

ll 
re

le
va

nt
 d

oc
um

en
ts

 f
ro

m
 

th
e 

de
si

gn
 s

ha
ll 

be
 in

cl
ud

ed
 in

 th
e 

D
es

ig
n 

Fi
le

. T
he

 D
es

ig
n 

Fi
le

 s
ha

ll 
co

nt
ai

n 
th

e 
fo

llo
w

in
g 

do
cu

m
en

ts
: 

 
 

–
C

lie
nt

 o
r O

w
ne

r’
s 

B
rie

f, 
se

e 
3.

5.
3.

3,
 

–
Sc

ou
tin

g 
R

ep
or

t, 
se

e 
3.

5.
3.

4,
 

–
Se

rv
ic

e 
C

rit
er

ia
 A

gr
ee

m
en

t, 
se

e 
3.

5.
3.

5,
 

–
Pr

oj
ec

t S
pe

ci
fic

at
io

n 
D

oc
um

en
t, 

se
e 

3.
5.

3.
6,

 
–

Fi
na

l d
es

ig
n 

re
po

rt,
 se

e 
3.

5.
3.

7,
 

–
C

al
cu

la
tio

ns
 re

po
rt,

 te
ch

ni
ca

l r
ep

or
t a

nd
 d

es
ig

n 
dr

aw
in

gs
, s

ee
 3

.5
.3

.8
. 

 
 

U
po

n 
co

m
pl

et
io

n 
of

 th
e 

de
si

gn
, t

he
 D

es
ig

n 
Fi

le
s 

sh
al

l b
e 

in
cl

ud
ed

 in
 th

e 
Li

fe
 C

yc
le

 F
ile

 a
nd

 h
an

de
d 

ov
er

 to
 o

w
ne

r f
or

 fu
rth

er
 d

ev
el

op
m

en
t i

n 
th

e 
ne

xt
 

st
ag

e 
of

 th
e 

pr
oj

ec
t. 
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3.
5.

3.
3 

Br
ie

fin
g 

Ph
as

e 
 

 
O

bj
ec

tiv
es

 
M

or
e 

sp
ec

ifi
c 

pe
rf

or
m

an
ce

 g
oa

ls
 a

re
 m

or
e 

cl
os

el
y 

an
d 

be
tte

r 
de

fin
ed

, 
w

hi
ch

 in
cr

ea
se

s 
th

ei
r 

ef
fe

ct
iv

en
es

s.
 G

oa
ls

 th
at

 a
re

 n
ot

 c
le

ar
 a

nd
 m

ea
su

ra
bl

e 
m

ay
 b

e 
op

en
 t

o 
di

ff
er

en
t 

in
te

rp
re

ta
tio

ns
, 

w
hi

ch
 i

s 
lik

el
y 

to
 l

im
it 

th
ei

r 
ef

fe
ct

iv
en

es
s. 

 

Se
tti

ng
 r

ea
lis

tic
 p

er
fo

rm
an

ce
 g

oa
ls

 i
nv

ol
ve

s 
en

gi
ne

er
in

g 
an

d 
ec

on
om

ic
 

an
al

ys
is

 to
 d

et
er

m
in

e 
w

ha
t i

s p
os

si
bl

e 
an

d 
ho

w
 m

uc
h 

it 
w

ill
 c

os
t. 

 
W

he
n 

ap
pl

yi
ng

 a
 p

er
fo

rm
an

ce
-b

as
ed

 a
pp

ro
ac

h,
 g

en
er

al
 p

er
fo

rm
an

ce
 g

oa
ls

 
sh

al
l b

e 
de

ve
lo

pe
d 

du
rin

g 
th

e 
in

iti
al

 s
ta

ge
 o

f 
de

si
gn

 o
r 

as
se

ss
m

en
t. 

G
en

er
al

 
ob

je
ct

iv
e 

st
at

em
en

ts
 

sh
al

l 
be

 
us

ed
 

to
 

de
fin

e 
th

e 
gl

ob
al

 
pe

rf
or

m
an

ce
 

re
qu

ire
m

en
ts

 fo
r a

ll 
pe

rf
or

m
an

ce
 c

at
eg

or
ie

s. 

It 
is

 d
es

ira
bl

e 
fo

r 
th

e 
pe

rf
or

m
an

ce
 r

eq
ui

re
m

en
ts

 o
f 

th
e 

st
ru

ct
ur

e 
to

 b
e 

es
ta

bl
is

he
d 

by
 t

he
 o

w
ne

r 
in

 c
on

su
lta

tio
n 

w
ith

 t
he

 s
ta

ke
ho

ld
er

s 
an

d 
in

 
co

nj
un

ct
io

n 
w

ith
 th

e 
pr

oj
ec

t t
ea

m
 / 

(o
w

ne
r’

s)
 p

ro
fe

ss
io

na
l t

ea
m

. 

Th
e 

pr
oj

ec
t t

ea
m

 / 
(o

w
ne

r’
s)

 p
ro

fe
ss

io
na

l t
ea

m
.is

 a
 g

ro
up

 o
f p

er
so

ns
 w

ho
 

ar
e 

sk
ill

ed
 i

n 
th

e 
va

rio
us

 t
ec

hn
ic

al
 a

sp
ec

ts
 a

nd
 p

ro
ce

ss
es

 r
eq

ui
re

d 
fo

r 
th

e 
de

si
gn

, c
on

st
ru

ct
io

n 
an

d 
m

ai
nt

en
an

ce
 o

f 
st

ru
ct

ur
es

.  
Th

is
 g

ro
up

 w
ill

 in
cl

ud
e 

th
e 

de
si

gn
er

, w
ho

 is
 m

or
e 

ge
ne

ra
lly

 re
fe

rr
ed

 to
 e

ls
ew

he
re

 in
 th

is
 M

od
el

 C
od

e.
 

 
Th

e 
st

ak
eh

ol
de

rs
 s

ha
ll 

de
fin

e 
th

e 
de

si
re

d 
pe

rf
or

m
an

ce
 o

f 
th

e 
st

ru
ct

ur
e.

 
M

in
im

um
 p

er
fo

rm
an

ce
 r

eq
ui

re
m

en
ts

, 
su

ch
 a

s 
th

os
e 

sp
ec

ifi
ed

 i
n 

ap
pl

ic
ab

le
 

na
tio

na
l s

ta
nd

ar
ds

, s
ho

ul
d 

no
t b

e 
vi

ol
at

ed
. 

Th
e 

st
ak

eh
ol

de
rs

 s
ha

ll 
no

t w
ith

dr
aw

 fr
om

 th
e 

in
te

ra
ct

io
n 

/ c
om

m
un

ic
at

io
n 

pr
oc

es
s 

on
ce

 h
is

 b
as

ic
 n

ee
ds

 h
av

e 
be

en
 e

st
ab

lis
he

d.
 It

 is
 im

po
rta

nt
 to

 m
on

ito
r 

pr
og

re
ss

 a
nd

 c
om

m
un

ic
at

e 
w

ith
 t

he
 o

w
ne

r 
du

rin
g 

al
l 

st
ag

es
 o

f 
pr

oj
ec

t. 
C

om
m

un
ic

at
io

n 
ne

ed
s 

to
 t

ak
e 

pl
ac

e 
th

ro
ug

ho
ut

 t
he

 w
ho

le
 p

ro
je

ct
 p

ro
ce

ss
, 

fr
om

 p
ro

je
ct

 in
ce

pt
io

n 
to

 it
s l

ife
-e

nd
. 

 
 

 
 

C
lie

nt
 o

r 
O

w
ne

r’
s 

Br
ie

f 
In

 m
an

y 
in

st
an

ce
s t

he
 b

rie
f i

s 
an

 e
vo

lv
in

g 
do

cu
m

en
t. 

In
 th

e 
B

rie
fin

g 
Ph

as
e 

th
e 

br
ie

f 
do

es
 n

ot
 p

ro
vi

de
 a

ll 
th

e 
an

sw
er

s,
 b

ut
 it

 s
ho

ul
d 

po
se

 q
ue

st
io

ns
 a

nd
 

ch
al

le
ng

es
 f

or
 t

he
 d

es
ig

ne
rs

. 
Th

e 
di

sc
us

si
on

 a
nd

 c
la

rif
ic

at
io

n 
of

 t
he

 f
in

al
 

cl
ie

nt
’s

 / 
ow

ne
r’

s 
re

qu
ire

m
en

ts
 c

om
es

 d
ur

in
g 

th
e 

Sc
ou

tin
g 

Ph
as

e,
 se

e 
3.

5.
3.

4.
  

 
Th

e 
cl

ie
nt

’s
 o

r 
ow

ne
r’

s 
re

qu
ire

m
en

ts
 s

ha
ll 

be
 w

rit
te

n 
do

w
n 

in
 a

 f
or

m
al

 
do

cu
m

en
t c

al
le

d 
th

e 
(in

iti
al

) c
lie

nt
 / 

ow
ne

r’
s b

rie
f. 

K
ey

 is
su

es
 to

 c
on

si
de

r w
he

n 
de

ve
lo

pi
ng

 a
n 

in
iti

al
 b

rie
f i

nc
lu

de
: 

– 
ty

pe
 o

f 
st

ru
ct

ur
e 

an
d 

its
 l

oc
at

io
n 

(d
ec

id
ed

 a
fte

r 
ex

am
in

at
io

n 
of

 o
th

er
 

m
ea

ns
 o

f 
ac

hi
ev

in
g 

th
e 

ge
ne

ra
l 

ob
je

ct
iv

es
 –

 a
 p

ro
ce

ss
 w

hi
ch

 i
s 

un
de

rta
ke

n 
be

fo
re

 d
ec

id
in

g 
to

 b
ui

ld
), 

– 
pl

an
ne

d 
fu

nc
tio

n(
s)

 o
f t

he
 st

ru
ct

ur
e 

an
d 

its
 c

om
po

ne
nt

s,
 

– 
 Th

e 
cl

ie
nt

 /
 o

w
ne

r’
s 

br
ie

f 
ad

dr
es

se
s 

th
e 

re
le

va
nt

 n
ee

ds
 a

nd
 a

im
s 

of
 t

he
 

pr
oj

ec
t, 

re
so

ur
ce

s 
to

 b
e 

pr
ov

id
ed

 b
y 

th
e 

cl
ie

nt
 /

 o
w

ne
r, 

th
e 

de
ta

ils
 o

f 
th

e 
pr

oj
ec

t a
nd

 a
ny

 a
pp

ro
pr

ia
te

 d
es

ig
n 

re
qu

ire
m

en
ts

.  
It 

se
ts

 a
 fr

am
ew

or
k 

w
ith

in
 

w
hi

ch
 a

ll 
su

bs
eq

ue
nt

 b
rie

fin
g 

(w
he

n 
ne

ed
ed

) a
nd

 d
es

ig
n 

ca
n 

ta
ke

 p
la

ce
. 
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– 
re

qu
ire

m
en

ts
 fo

r a
pp

ea
ra

nc
e 

/a
es

th
et

ic
 (i

ni
tia

lly
 a

nd
 th

ro
ug

ho
ut

 th
e 

lif
e 

of
 th

e 
st

ru
ct

ur
e)

, 

– 
re

qu
ire

m
en

ts
 fo

r u
sa

bl
e 

sp
ac

e,
 d

im
en

si
on

s, 
se

rv
ic

es
 a

nd
 fi

tti
ng

s, 
– 

th
e 

pe
rio

d 
of

 s
er

vi
ce

, 
w

ha
t 

co
ns

tit
ut

es
 e

nd
 o

f 
se

rv
ic

e 
lif

e 
an

d 
th

e 
re

qu
ire

m
en

ts
 fo

r t
he

 st
ru

ct
ur

e 
at

 th
e 

en
d 

of
 th

is
 p

er
io

d,
 

– 
ne

ed
 o

f f
ut

ur
e 

ch
an

ge
s 

of
 u

se
 (e

.g
. t

o 
in

cr
ea

se
 fl

ex
ib

ili
ty

 a
nd

 m
in

im
is

e 
th

e 
ris

k 
of

 o
bs

ol
es

ce
nc

e)
, 

– 
tim

e,
 b

ud
ge

t a
nd

/o
r q

ua
lit

y 
lim

ita
tio

ns
. 

 
 

G
oa

ls
 i

n 
th

e 
in

iti
al

 b
rie

f 
ne

ed
 t

o 
be

 p
rio

rit
is

ed
 i

nt
o 

‘m
us

t 
ha

ve
s’

 a
nd

 
‘d

es
ira

bl
es

’ 
in

 
or

de
r 

to
 

gu
id

e 
th

e 
pr

oj
ec

t 
te

am
 

an
d 

he
lp

 
th

em
 

m
ak

e 
co

m
pr

om
is

es
 w

he
n 

th
e 

ne
ed

 a
ris

es
 (e

.g
. p

rio
rit

is
in

g 
of

 ti
m

e,
 c

os
t a

nd
 q

ua
lit

y)
. 

 
 

3.
5.

3.
4 

Sc
ou

tin
g 

Ph
as

e 
 

 
O

bj
ec

tiv
es

 
It 

is
 c

om
m

on
 p

ra
ct

ic
e 

to
 l

im
it 

th
e 

de
si

gn
 e

ff
or

t 
ex

pe
nd

ed
 b

ec
au

se
 t

he
 

fe
as

ib
ili

ty
 o

f t
he

 p
ro

je
ct

 w
ill

 u
su

al
ly

 b
e 

un
ce

rta
in

 a
t t

hi
s 

st
ag

e.
 T

he
 o

bj
ec

tiv
e 

of
 m

ak
in

g 
an

 i
ni

tia
l 

es
tim

at
e 

of
 t

he
 o

ve
ra

ll 
pr

oj
ec

t 
co

st
 w

ith
 l

im
ite

d 
st

af
f 

in
pu

t 
(a

nd
 h

en
ce

 i
nc

ur
re

d 
co

st
) 

w
ill

 n
or

m
al

ly
 r

eq
ui

re
 s

ui
ta

bl
y 

ex
pe

rie
nc

ed
 

pe
rs

on
ne

l 
to

 d
ev

el
op

 a
n 

ou
tli

ne
 p

ro
je

ct
 c

on
ce

pt
 a

nd
 t

o 
m

ak
e 

ju
dg

em
en

ts
 

ab
ou

t 
po

te
nt

ia
l 

co
st

, 
su

st
ai

na
bi

lit
y 

im
pa

ct
s 

et
c.

 A
t 

th
is

 s
ta

ge
 t

he
 t

ar
ge

t 
ac

cu
ra

cy
 f

or
 t

he
 e

st
im

at
e 

of
 o

ve
ra

ll 
pr

oj
ec

t 
co

st
 m

ig
ht

 t
yp

ic
al

 b
e 

+/
- 

30
%

. 
H

ow
ev

er
, 

th
is

 r
eq

ui
re

m
en

t 
co

ul
d 

al
so

 b
e 

ap
pl

ie
d 

to
 o

th
er

 f
ac

to
rs

 s
uc

h 
as

 
en

vi
ro

nm
en

ta
l i

m
pa

ct
 a

nd
 th

e 
ev

al
ua

tio
n 

su
st

ai
na

bi
lit

y 
pa

ra
m

et
er

s.
  

O
ne

 a
pp

ro
ac

h 
w

hi
ch

 i
s 

co
m

m
on

ly
 a

do
pt

ed
 i

s 
to

 r
ev

ie
w

 r
el

ev
an

t 
fo

rm
er

 
sc

he
m

es
, a

da
pt

in
g 

th
em

 to
 th

e 
sp

ec
ifi

c 
ci

rc
um

st
an

ce
s 

an
d 

re
qu

ire
m

en
ts

 o
f t

he
 

ne
w

 p
ro

je
ct

. T
o 

do
 s

o 
ef

fe
ct

iv
el

y 
w

ith
 li

m
ite

d 
st

af
f e

ff
or

t, 
th

e 
de

si
gn

er
 n

ee
ds

 
to

 b
e 

w
el

l e
xp

er
ie

nc
ed

 a
nd

 to
 u

nd
er

st
an

d 
th

e 
ge

ne
ra

l c
os

t d
riv

er
s 

as
so

ci
at

ed
 

w
ith

 th
e 

ne
w

 a
nd

 p
re

vi
ou

s 
pr

oj
ec

t c
on

ce
pt

s. 
 T

he
 g

oa
l i

s 
to

 id
en

tif
y 

pr
oj

ec
t 

sp
ec

ifi
c,

 d
ec

is
iv

e 
po

in
ts

 o
f a

tte
nt

io
n 

/ c
os

t d
riv

er
s 

th
at

 n
ee

d 
to

 b
e 

co
ns

id
er

ed
 

in
 d

et
ai

l d
ur

in
g 

th
e 

ne
xt

 p
ha

se
 o

f t
he

 d
ev

el
op

m
en

t o
f t

he
 d

es
ig

n.
   

 
Th

e 
Sc

ou
tin

g 
Ph

as
e 

is
 a

n 
in

iti
al

 (
ba

si
c 

/ s
im

pl
ifi

ed
) 

fe
as

ib
ili

ty
 e

va
lu

at
io

n 
of

 t
he

 p
ro

je
ct

 /
 s

ch
em

e.
 G

en
er

al
ly

 i
t 

w
ill

 b
e 

ba
se

d 
on

 a
n 

ou
tli

ne
 p

ro
je

ct
 

co
nc

ep
t e

st
ab

lis
he

d 
fr

om
 th

e 
gl

ob
al

 p
er

fo
rm

an
ce

 r
eq

ui
re

m
en

ts
 d

ef
in

ed
 in

 th
e 

B
rie

fin
g 

Ph
as

e.
 

To
 s

up
po

rt 
th

e 
ow

ne
r’

s 
de

ci
si

on
 m

ak
in

g 
pr

oc
es

s,
 i

t 
w

ill
 b

e 
us

ua
lly

 b
e 

ne
ce

ss
ar

y 
to

 p
re

pa
re

 a
n 

in
di

ca
tiv

e 
bu

dg
et

.  
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D
oc

um
en

t 
 

 
Th

e 
ou

tp
ut

 w
ill

 b
e 

in
 t

he
 f

or
m

 o
f 

a 
Sc

ou
tin

g 
Ph

as
e 

Ev
al

ua
tio

n 
R

ep
or

t 
up

on
 

th
e 

fe
as

ib
ili

ty
 

of
 

th
e 

pr
oj

ec
t 

/ 
sc

he
m

e,
 

w
ith

 
gl

ob
al

 
fu

nc
tio

na
l 

re
qu

ire
m

en
ts

, o
ut

lin
e 

co
nc

ep
t a

nd
 b

ud
ge

t e
st

im
at

e.
 

 
 

3.
5.

3.
5 

Ba
sis

 o
f D

es
ig

n 
Ph

as
e 

 
 

O
bj

ec
tiv

es
 

A
t 

th
is

 s
ta

ge
 t

he
 t

ar
ge

t 
ac

cu
ra

cy
 f

or
 t

he
 e

st
im

at
e 

of
 o

ve
ra

ll 
pr

oj
ec

t 
co

st
 

m
ig

ht
 ty

pi
ca

l b
e 

+/
- 2

0%
. H

ow
ev

er
, t

hi
s 

re
qu

ire
m

en
t c

ou
ld

 a
ls

o 
be

 a
pp

lie
d 

to
 

ot
he

r 
fa

ct
or

s 
su

ch
 a

s 
en

vi
ro

nm
en

ta
l i

m
pa

ct
 a

nd
 th

e 
ev

al
ua

tio
n 

su
st

ai
na

bi
lit

y 
pa

ra
m

et
er

s. 

 
D

ur
in

g 
th

is
 p

ha
se

 t
he

 f
un

ct
io

na
l 

re
qu

ire
m

en
ts

, 
ba

si
c 

da
ta

 a
nd

 d
es

ig
n 

cr
ite

ria
 w

ill
 b

e 
de

ve
lo

pe
d 

an
d 

th
e 

se
rv

ic
e 

cr
ite

ria
 a

gr
ee

d.
 A

 c
on

ce
pt

ua
l d

es
ig

n 
w

ill
 a

ls
o 

be
 d

ev
el

op
ed

 t
o 

su
pp

or
t 

a 
m

or
e 

ac
cu

ra
te

 b
ud

ge
t 

es
tim

at
e.

 Q
ui

te
 

so
m

e 
ef

fo
rt 

is
 re

qu
ire

d 
at

 th
is

 s
ta

ge
 a

s 
th

e 
B

as
is

 o
f 

D
es

ig
n 

sh
ou

ld
 b

e 
ag

re
ed

, 
fix

ed
 a

nd
 fr

oz
en

 u
po

n 
co

m
pl

et
io

n 
of

 th
is

 st
ag

e.
 A

n 
es

se
nt

ia
l p

ar
t o

f t
hi

s p
ha

se
 

is
 th

e 
Se

rv
ic

e 
C

rit
er

ia
 A

gr
ee

m
en

t. 
 

 
Se

rv
ic

e 
C

ri
te

ri
a 

Ag
re

em
en

t 
 

 
Th

e 
se

rv
ic

e 
cr

ite
ria

 s
ha

ll 
be

 c
le

ar
ly

 s
pe

ci
fie

d 
in

 t
he

 S
er

vi
ce

 C
rit

er
ia

 
A

gr
ee

m
en

t, 
w

hi
ch

 sh
al

l c
om

pr
is

e:
 

 
 

Th
e 

Se
rv

ic
e 

C
rit

er
ia

 A
gr

ee
m

en
t s

ha
ll 

co
m

pr
is

e:
 

 
 

–
ge

ne
ra

l a
im

s 
fo

r t
he

 u
se

 o
f t

he
 c

on
st

ru
ct

io
n 

w
or

ks
, 

Ex
am

pl
es

 o
f b

as
ic

 d
at

a 
in

cl
ud

e:
 

–
ge

ot
ec

hn
ic

al
 d

at
a,

 
–

m
et

oc
ea

n 
da

ta
, 

–
to

po
gr

ap
hi

ca
l a

nd
 b

at
hy

m
et

ric
al

 d
at

a,
 

–
cl

im
at

ol
og

ic
al

 d
at

a,
 

–
en

vi
ro

nm
en

ta
l 

da
ta

 (
ea

rth
qu

ak
e,

 h
ur

ric
an

es
, 

th
e 

ag
gr

es
si

ty
 o

f 
th

e 
se

rv
ic

e 
en

vi
ro

nm
en

t),
 

–
m

at
er

ia
l p

ro
pe

rti
es

. 

 
–

ba
si

c 
re

le
va

nt
 d

at
a,

 in
cl

ud
in

g 
th

ird
 p

ar
ty

 in
te

ra
ct

io
ns

, 

O
pe

ra
tio

na
l/ 

m
ai

nt
en

an
ce

 re
qu

ire
m

en
ts

 m
ay

 c
om

pr
is

e,
 

–
th

e 
us

e 
of

 d
e-

ic
in

g 
sa

lts
, 

 
–

op
er

at
io

na
l a

nd
 m

ai
nt

en
an

ce
 re

qu
ire

m
en

ts
, 
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–
re

pl
ac

em
en

t s
tra

te
gy

 o
f c

om
po

ne
nt

s s
ub

je
ct

ed
 to

 w
ea

r, 

–
fle

xi
bi

lit
y 

in
 t

er
m

s 
of

 s
pa

ce
 r

eq
ui

re
m

en
ts

, 
fu

tu
re

 e
xt

en
si

on
 o

r 
lo

ad
   

 
be

ar
in

g 
ca

pa
ci

ty
. 

 
 

–
sp

ec
ia

l r
eq

ui
re

m
en

ts
 o

f t
he

 st
ak

eh
ol

de
rs

, 

Th
e 

ob
je

ct
iv

es
 a

nd
 t

he
 d

eg
re

e 
of

 p
ro

te
ct

io
n 

sh
al

l 
be

 d
et

er
m

in
ed

 o
n 

th
e 

ba
si

s o
f a

 ri
sk

 e
va

lu
at

io
n.

 
 

–
ob

je
ct

iv
es

 fo
r c

on
si

de
ra

tio
n 

of
, p

ro
te

ct
io

n 
ag

ai
ns

t a
nd

 th
e 

tre
at

m
en

t o
f 

sp
ec

ia
l r

is
ks

, 

 
 

–
lo

ad
in

gs
 a

nd
 lo

ad
in

g 
co

m
bi

na
tio

ns
, 

–
co

de
s a

nd
 re

gu
la

to
ry

 re
qu

ire
m

en
ts

. 
 

 
In

 p
ar

tic
ul

ar
, t

he
 sp

ec
ifi

ca
tio

n 
in

 th
e 

se
rv

ic
e 

cr
ite

ria
 sh

al
l a

dd
re

ss
: 

Fi
xi

ng
 t

he
 p

er
fo

rm
an

ce
 c

rit
er

ia
 f

or
 s

er
vi

ce
ab

ili
ty

 a
nd

 s
af

et
y 

sh
al

l 
fo

llo
w

 
co

ns
id

er
at

io
n 

of
: 

–
th

e 
ha

za
rd

s,
 t

og
et

he
r 

w
ith

 m
ea

ns
 b

y 
w

hi
ch

 t
he

 h
az

ar
ds

 m
ig

ht
 b

e 
av

oi
de

d,
 re

du
ce

d,
 m

iti
ga

te
d,

 c
on

tro
lle

d,
 m

an
ag

ed
 o

r r
es

is
te

d,
 

–
th

e 
ty

pe
 a

nd
 c

on
se

qu
en

ce
s o

f d
et

er
io

ra
tio

n 
an

d 
fa

ilu
re

, 
–

th
e 

re
si

st
an

ce
 a

nd
 m

iti
ga

tio
n 

m
ec

ha
ni

sm
s. 

 
–

pe
rf

or
m

an
ce

 c
rit

er
ia

 fo
r s

er
vi

ce
ab

ili
ty

 a
nd

 sa
fe

ty
, s

ee
 s

ub
cl

au
se

 3
.3

.1
, 

Fi
xi

ng
 th

e 
sp

ec
ifi

ed
 (d

es
ig

n)
 s

er
vi

ce
 li

fe
 fo

r w
hi

ch
 th

e 
st

ru
ct

ur
es

 a
re

 to
 b

e 
de

si
gn

ed
 a

nd
 t

he
 r

es
id

ua
l 

se
rv

ic
e 

lif
e 

fo
r 

ex
is

tin
g 

st
ru

ct
ur

es
 s

ha
ll 

fo
llo

w
 

co
ns

id
er

at
io

n 
of

 fa
ct

or
s s

uc
h 

as
: 

–
th

e 
re

qu
ire

d 
se

rv
ic

e 
lif

e 
of

 a
 s

tru
ct

ur
e,

 a
s 

gi
ve

n 
by

 th
e 

ow
ne

r 
an

d 
/ o

r 
st

ak
eh

ol
de

rs
, 

–
w

ha
t 

co
ns

tit
ut

es
 t

he
 e

nd
 o

f 
se

rv
ic

e 
lif

e 
in

 i
nd

iv
id

ua
l 

pa
rts

 o
f 

th
e 

st
ru

ct
ur

e 
–

a 
ne

ed
 f

or
 d

iff
er

en
tia

tio
n 

of
 s

er
vi

ce
 l

ife
 f

or
 i

nd
iv

id
ua

l 
pa

rts
 o

f 
th

e 
st

ru
ct

ur
e 

(e
.g

. d
ep

en
di

ng
 o

n 
fa

ct
or

s s
uc

h 
as

 th
ei

r r
ep

la
ce

ab
ili

ty
), 

–
th

e 
im

pl
ic

at
io

ns
 o

f 
ot

he
r 

se
rv

ic
e 

cr
ite

ria
 e

.g
. w

ith
 r

eg
ar

d 
to

 s
tru

ct
ur

al
 

an
al

ys
is

, m
ai

nt
en

an
ce

 a
nd

 q
ua

lit
y 

m
an

ag
em

en
t. 

 
–

se
rv

ic
e 

lif
e 

co
ns

tra
in

ts
, s

ee
 su

bc
la

us
e 

3.
3.

2,
 

Fi
xi

ng
 th

e 
ta

rg
et

 re
lia

bi
lit

y 
le

ve
l s

ha
ll 

fo
llo

w
 c

on
si

de
ra

tio
n 

of
 fa

ct
or

s 
su

ch
 

as
: –

th
e 

ty
pe

 a
nd

 c
on

se
qu

en
ce

s o
f f

ai
lu

re
; 

 
–

re
lia

bi
lit

y 
co

ns
tra

in
ts

, s
ee

 su
bc

la
us

e 
3.

3.
3.
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–
th

e 
am

ou
nt

 o
f a

cc
ep

ta
bl

e 
da

m
ag

e;
 

–
th

e 
im

po
rta

nc
e 

of
 th

e 
st

ru
ct

ur
e 

in
 d

ea
lin

g 
w

ith
 a

 c
at

as
tro

ph
e 

fo
llo

w
in

g 
an

 a
cc

id
en

ta
l e

ve
nt

; 
–

th
e 

ex
pe

nd
itu

re
 to

 re
du

ce
 th

e 
ris

k;
 

–
th

e 
po

ss
ib

ili
tie

s 
of

 m
on

ito
rin

g,
 m

ai
nt

en
an

ce
 a

nd
 r

ep
ai

r 
as

 w
el

l a
s 

th
e 

co
rr

es
po

nd
in

g 
ex

pe
nd

itu
re

, 
–

a 
ne

ed
 f

or
 d

iff
er

en
tia

tio
n 

of
 t

ar
ge

t 
re

lia
bi

lit
y 

le
ve

l 
de

pe
nd

in
g 

on
 t

he
 

lim
it 

st
at

e 
an

d 
re

fe
re

nc
e 

pe
rio

d,
 e

ith
er

 f
or

 t
he

 w
ho

le
 s

tru
ct

ur
e 

or
 i

ts
 

st
ru

ct
ur

al
 c

om
po

ne
nt

s. 
–

po
ss

ib
le

 h
az

ar
d 

sc
en

ar
io

s 
sh

al
l 

be
 c

on
si

de
re

d 
an

d 
ev

al
ua

te
d,

 a
nd

 
su

ita
bl

e 
m

ea
su

re
s 

sh
al

l b
e 

sp
ec

ifi
ed

 in
 o

rd
er

 to
 k

ee
p 

th
e 

ha
za

rd
s 

un
de

r 
co

nt
ro

l o
r t

o 
lim

it 
th

em
 to

 a
n 

ac
ce

pt
ab

le
 e

xt
en

t 

Th
e 

fo
llo

w
in

g 
pr

in
ci

pl
es

 m
ay

 b
e 

ap
pl

ie
d 

to
 m

iti
ga

te
 th

e 
ha

za
rd

s:
 

–
el

im
in

at
io

n,
 p

re
ve

nt
io

n 
or

 h
az

ar
d 

re
du

ct
io

n,
 

–
co

nt
ro

ls
 o

r a
la

rm
 sy

st
em

s, 
–

ch
oi

ce
 o

f 
st

ru
ct

ur
al

 s
ys

te
m

s 
w

hi
ch

 a
re

 le
ss

 s
us

ce
pt

ib
le

 to
 th

e 
ha

za
rd

s 
un

de
r c

on
si

de
ra

tio
n,

 
–

ch
oi

ce
 o

f s
tru

ct
ur

al
 s

ys
te

m
s 

w
hi

ch
 c

an
 to

le
ra

te
 lo

ca
l d

am
ag

e 
as

 w
el

l a
s 

th
e 

lo
ss

 o
f a

 s
tru

ct
ur

al
 m

em
be

r o
r a

 w
ho

le
 p

ar
t o

f t
he

 s
tru

ct
ur

e 
w

ith
ou

t 
fa

ili
ng

 to
ta

lly
, 

–
ch

oi
ce

 o
f s

tru
ct

ur
al

 sy
st

em
s 

w
hi

ch
 d

o 
no

t f
ai

l w
ith

ou
t p

rio
r w

ar
ni

ng
, 

–
lim

iti
ng

 th
e 

sp
re

ad
 o

f f
ire

 b
y 

th
e 

pr
ov

is
io

n 
of

 fi
re

 c
om

pa
rtm

en
ts

, 
–

ch
oi

ce
 o

f s
ui

ta
bl

e 
st

ru
ct

ur
al

 m
at

er
ia

ls
 th

at
, i

f w
el

l m
ai

nt
ai

ne
d,

 w
ill

 n
ot

 
su

bs
ta

nt
ia

lly
 d

eg
en

er
at

e 
du

rin
g 

th
e 

re
qu

ire
d 

se
rv

ic
e 

lif
e,

 
–

ac
ce

pt
in

g 
a 

sh
or

te
r 

se
rv

ic
e 

lif
e 

fo
r 

st
ru

ct
ur

al
 c

om
po

ne
nt

s, 
w

hi
ch

 m
ay

 
be

 re
pl

ac
ed

 o
ne

 o
r m

or
e 

tim
es

 d
ur

in
g 

th
e 

sp
ec

ifi
ed

 s
er

vi
ce

 li
fe

, 
–

ap
pr

op
ria

te
 st

ru
ct

ur
al

 a
na

ly
si

s a
nd

 d
im

en
si

on
in

g,
 

–
ca

re
fu

l d
et

ai
lin

g 
 

–
di

m
en

si
on

in
g 

th
e 

st
ru

ct
ur

e 
in

 a
 m

an
ne

r 
th

at
 a

llo
w

s 
fo

r 
/ c

om
pe

ns
at

es
 

fo
r d

et
er

io
ra

tio
n 

du
rin

g 
th

e 
sp

ec
ifi

ed
 se

rv
ic

e 
lif

e,
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–
ch

oi
ce

 o
f a

n 
ap

pr
op

ria
te

 e
xe

cu
tio

n 
m

et
ho

d,
 

–
ex

ec
ut

io
n 

ca
rr

ie
d 

ou
t a

s p
la

nn
ed

 a
nd

 w
ith

 th
e 

ne
ce

ss
ar

y 
ca

re
, 

–
pl

an
ni

ng
 a

nd
 a

pp
ly

in
g 

su
ita

bl
e 

pr
ot

ec
tiv

e 
an

d 
m

iti
ga

tin
g 

sy
st

em
s, 

–
ap

pr
op

ria
te

 m
on

ito
rin

g 
an

d 
co

ns
er

va
tio

n,
 in

cl
ud

in
g 

in
sp

ec
tio

ns
 a

t f
ix

ed
 

or
 

co
nd

iti
on

-d
ep

en
de

nt
 

in
te

rv
al

s,
 

an
d 

ne
ce

ss
ar

y 
pr

ev
en

ta
tiv

e 
in

te
rv

en
tio

n 
or

 re
m

ed
ia

l a
ct

iv
iti

es
. 

Fi
xi

ng
 

th
e 

pe
rf

or
m

an
ce

 
cr

ite
ria

 
fo

r 
su

st
ai

na
bi

lit
y 

sh
al

l 
fo

llo
w

 
co

ns
id

er
at

io
n 

of
 fa

ct
or

s s
uc

h 
as

: 

–
th

e 
im

po
rta

nc
e 

of
 t

he
 s

tru
ct

ur
e 

to
 t

he
 g

lo
ba

l, 
re

gi
on

al
 a

nd
 l

oc
al

 
en

vi
ro

nm
en

ts
, 

–
th

e 
re

qu
ire

d 
ac

hi
ev

em
en

ts
 w

ith
 r

es
pe

ct
 t

o 
su

st
ai

na
bi

lit
y,

 a
s 

gi
ve

n 
by

 
th

e 
ow

ne
r a

nd
 / 

or
 st

ak
eh

ol
de

rs
, 

–
th

e 
ty

pe
 a

nd
 c

on
se

qu
en

ce
s 

of
 n

ot
 m

ee
tin

g 
th

e 
re

qu
ire

d 
ac

hi
ev

em
en

ts
 

w
ith

 re
sp

ec
t t

o 
su

st
ai

na
bi

lit
y,

 
–

th
e 

fle
xi

bi
lit

y 
to

 a
llo

w
 f

ut
ur

e 
ex

te
ns

io
ns

 a
nd

/ 
or

 m
od

ifi
ca

tio
ns

 o
f 

th
e 

fu
nc

tio
na

l r
eq

ui
re

m
en

ts
, 

–
th

e 
ex

pe
nd

itu
re

 
to

 
re

du
ce

 
th

e 
ris

k 
of

 
no

t 
m

ee
tin

g 
th

e 
re

qu
ire

d 
ac

hi
ev

em
en

ts
 w

ith
 re

sp
ec

t t
o 

su
st

ai
na

bi
lit

y,
 

–
a 

ne
ed

 t
o 

di
ff

er
en

tia
te

 t
he

 r
eq

ui
re

d 
ac

hi
ev

em
en

ts
 w

ith
 r

es
pe

ct
 t

o 
su

st
ai

na
bi

lit
y 

fo
r 

in
di

vi
du

al
 p

ar
ts

 o
f 

th
e 

st
ru

ct
ur

e 
(e

.g
. d

ep
en

di
ng

 o
n 

fa
ct

or
s s

uc
h 

as
 th

ei
r r

ep
la

ce
ab

ili
ty

) 

 
–

pe
rf

or
m

an
ce

 re
qu

ire
m

en
ts

 fo
r s

us
ta

in
ab

ili
ty

, s
ee

 c
la

us
e 

3.
4.

 

W
el

l-d
ef

in
ed

 
pe

rf
or

m
an

ce
 

re
qu

ire
m

en
ts

 
al

lo
w

 
ev

al
ua

tio
n 

of
 

th
e 

ac
hi

ev
em

en
t 

of
 

pe
rf

or
m

an
ce

 
go

al
s 

th
ro

ug
ho

ut
 

th
e 

de
si

gn
, 

ex
ec

ut
io

n,
 

op
er

at
io

n 
an

d 
di

sm
an

tle
m

en
t /

 d
em

ol
iti

on
 o

f t
he

 st
ru

ct
ur

e 

 
Pr

og
re

ss
 to

w
ar

d 
th

e 
pe

rf
or

m
an

ce
 re

qu
ire

m
en

ts
 sh

ou
ld

 b
e 

tra
ce

ab
le

. 

 
 

3.
5.

3.
6 

Pr
oj

ec
t S

pe
ci

fic
at

io
n 

Ph
as

e 
 

 
O

bj
ec

tiv
es

 
A

t 
th

is
 s

ta
ge

 t
he

 t
ar

ge
t 

ac
cu

ra
cy

 f
or

 t
he

 e
st

im
at

e 
of

 o
ve

ra
ll 

pr
oj

ec
t 

co
st

 
m

ig
ht

 ty
pi

ca
l b

e 
+/

- 1
0%

. H
ow

ev
er

, t
hi

s 
re

qu
ire

m
en

t c
ou

ld
 a

ls
o 

be
 a

pp
lie

d 
to

 
ot

he
r 

fa
ct

or
s 

su
ch

 a
s 

en
vi

ro
nm

en
ta

l i
m

pa
ct

 a
nd

 th
e 

ev
al

ua
tio

n 
su

st
ai

na
bi

lit
y 

pa
ra

m
et

er
s.

  

 
W

ith
 th

e 
ba

si
s 

of
 d

es
ig

n 
as

 th
e 

st
ar

tin
g 

po
in

t, 
th

e 
de

si
gn

 w
ill

 b
e 

de
ve

lo
pe

d 
fir

st
 in

to
 a

 p
re

lim
in

ar
y 

de
si

gn
. S

pe
ci

fic
at

io
ns

 fo
r w

or
km

an
sh

ip
, m

at
er

ia
ls

 a
nd

 
de

ta
ile

d 
de

si
gn

 w
ill

 th
en

 b
e 

de
ve

lo
pe

d.
 S

ig
ni

fic
an

t e
ff

or
t i

s g
en

er
al

ly
 re

qu
ire

d 
at

 th
is

 st
ag

e.
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Th
e 

ou
tp

ut
 o

f t
hi

s 
st

ag
e 

ca
n 

se
rv

e 
as

 th
e 

te
ch

ni
ca

l p
ar

t o
f t

he
 in

vi
ta

tio
n 

to
 

bi
d 

fo
r a

 D
es

ig
n/

C
on

st
ru

ct
 c

on
tra

ct
. 

– 
 A

t 
th

is
 s

ta
ge

 a
lte

rn
at

iv
e 

st
ru

ct
ur

al
 c

on
ce

pt
s 

w
ill

 g
en

er
al

ly
 b

e 
de

ve
lo

pe
d 

an
d 

ev
al

ua
te

d 
ag

ai
ns

t 
ea

ch
 o

th
er

. 
N

um
er

ou
s 

as
pe

ct
s 

sh
ou

ld
 b

e 
in

cl
ud

ed
 i

n 
th

is
 ju

dg
em

en
t, 

po
te

nt
ia

lly
 in

cl
ud

in
g 

th
e 

fo
llo

w
in

g:
 

 
 

– 
ro

bu
st

ne
ss

 o
f t

he
 c

on
ce

pt
 

– 
co

ns
tru

ct
ab

ili
ty

 o
f t

he
 c

on
ce

pt
, 

– 
th

e 
pl

an
ni

ng
 sc

he
du

le
 fo

r t
he

 c
on

ce
pt

   

– 
ec

on
om

y 
of

 th
e 

pr
oj

ec
t /

 o
ve

ra
ll 

Li
fe

 C
yc

le
 C

os
t a

nd
 it

s 
ac

hi
ev

em
en

ts
 

w
ith

 re
sp

ec
t t

o 
su

st
ai

na
bi

lit
y 

pa
ra

m
et

er
s,

 
– 

fe
as

ib
ili

ty
 o

f f
ut

ur
e 

ex
te

ns
io

ns
, 

– 
re

lia
bi

lit
y 

of
 th

e 
co

nc
ep

t a
s 

a 
w

ho
le

 a
nd

 c
rit

ic
al

 c
om

po
ne

nt
s e

sp
ec

ia
lly

, 
– 

m
ai

nt
en

an
ce

 a
nd

 re
pa

ir 
co

ns
id

er
at

io
ns

, 

–
di

sm
an

tli
ng

 o
f t

he
 st

ru
ct

ur
e 

/ d
em

ol
iti

on
 a

sp
ec

ts
. 

 
 

In
 o

rd
er

 t
o 

de
ve

lo
p 

th
e 

st
ru

ct
ur

al
 c

on
ce

pt
 i

ss
ue

s 
su

ch
 a

s 
th

e 
fo

llo
w

in
g 

ne
ed

 to
 b

e 
ta

ke
n 

in
to

 a
cc

ou
nt

: 

 
 

–
th

e 
se

rv
ic

e 
cr

ite
ria

 a
gr

ee
m

en
t, 

Fa
ct

or
s 

in
flu

en
ci

ng
 t

he
 c

on
st

ru
ct

ab
ili

ty
 /

 e
co

no
m

ic
 f

ea
si

bi
lit

y 
of

 t
he

 
pr

oj
ec

t m
ay

 in
cl

ud
e:

 
–

ac
ce

ss
ib

ili
ty

 o
f t

he
 si

te
, 

–
be

ar
in

g 
ca

pa
ci

ty
 

of
 

th
e 

su
bs

oi
l 

at
 

si
te

 
in

 
re

sp
ec

t 
to

 
an

tic
ip

at
ed

 
co

ns
tru

ct
io

n 
eq

ui
pm

en
t l

oa
di

ng
s, 

–
lif

tin
g 

ca
pa

ci
ty

 a
t t

he
 si

te
, 

–
m

in
im

um
/m

ax
im

um
 si

ze
 o

f s
tru

ct
ur

al
 c

om
po

ne
nt

s, 
–

cl
ea

ra
nc

es
 to

 b
at

te
ry

 li
m

its
, 

–
qu

al
ity

, a
va

ila
bi

lit
y 

an
d 

re
us

ab
ili

ty
 o

f c
on

st
ru

ct
io

n 
m

at
er

ia
ls

, 
–

re
st

ric
tio

ns
 re

ga
rd

in
g 

th
e 

de
si

gn
 a

nd
 c

on
st

ru
ct

io
n 

tim
es

, a
nd

 th
e 

bu
dg

et
 

lim
ita

tio
ns

, 

–
le

ga
l a

sp
ec

ts
 (l

aw
s, 

or
di

na
nc

es
, d

ire
ct

iv
es

), 

– 
 –

co
ns

tru
ct

ab
ili

ty
/e

co
no

m
ic

 fe
as

ib
ili

ty
 o

f t
he

 sc
he

m
e,
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–
co

ns
tru

ct
io

n 
m

et
ho

ds
, t

ra
ns

po
rt 

an
d 

as
se

m
bl

y 
te

ch
ni

qu
es

, 

–
eq

ui
pm

en
t a

nd
 fa

ci
lit

ie
s f

or
 m

on
ito

rin
g 

an
d 

m
ai

nt
en

an
ce

 m
ea

su
re

s,
 

–
m

ai
nt

ai
ni

ng
 th

e 
us

e 
of

 tr
af

fic
 st

ru
ct

ur
es

 a
nd

 li
fe

lin
es

 (p
ip

el
in

es
, e

tc
.),

 

–
de

m
ol

iti
on

 a
pp

ro
ac

h 
at

 th
e 

en
d 

of
 u

se
fu

l l
ife

, 

–
Li

fe
 C

yc
le

 C
os

t c
on

si
de

ra
tio

ns
. 

Th
e 

fo
llo

w
in

g 
de

vi
at

io
ns

 sh
ou

ld
 b

e 
co

ns
id

er
ed

: 

–
de

vi
at

io
n 

fr
om

 th
e 

as
su

m
ed

 v
al

ue
s o

f t
he

 a
ct

io
ns

, 
–

de
vi

at
io

ns
 f

ro
m

 t
he

 p
la

nn
ed

 v
al

ue
s 

of
 t

he
 u

lti
m

at
e 

re
si

st
an

ce
s 

of
 t

he
 

st
ru

ct
ur

e 
or

 th
e 

so
il,

 
–

ec
ce

nt
ric

iti
es

 d
ue

 t
o 

co
ns

tru
ct

io
n 

to
le

ra
nc

es
, 

im
pe

rf
ec

tio
ns

 i
n 

th
e 

di
m

en
si

on
s o

f s
tru

ct
ur

al
 m

em
be

rs
, 

 
–

th
e 

cr
iti

ca
l a

ct
io

ns
 a

nd
 a

ct
io

n 
ef

fe
ct

s, 
as

 w
el

l a
s 

th
e 

se
ns

iti
vi

ty
 o

f 
th

e 
co

nc
ep

t t
o 

de
vi

at
io

ns
 fr

om
 th

e 
an

tic
ip

at
ed

 v
al

ue
s, 

 
 

–
th

e 
fo

re
se

ea
bl

e 
se

rv
ic

e 
si

tu
at

io
ns

 s
ha

ll 
be

 c
on

si
de

re
d 

an
d 

ev
al

ua
te

d,
 

an
d 

ap
pr

op
ria

te
 m

ea
su

re
s 

ta
ke

n 
to

 e
ns

ur
e 

se
rv

ic
ea

bi
lit

y,
 

A
 s

tru
ct

ur
e 

ca
n 

be
 d

es
ig

ne
d 

fo
r 

fle
xi

bi
lit

y,
 a

nt
ic

ip
at

in
g 

on
 p

os
si

bl
e 

fu
tu

re
 

ch
an

ge
s o

f i
ts

 fu
nc

tio
n.

 
– 

 –
as

pe
ct

s 
of

 s
us

ta
in

ab
ili

ty
 i

n 
ag

re
em

en
t 

w
ith

 t
he

 r
eq

ui
re

m
en

ts
 o

f 
th

e 
ow

ne
r, 

st
ak

eh
ol

de
rs

 o
r g

ov
er

ni
ng

 a
ut

ho
rit

ie
s. 

 
 

Pr
oj

ec
t S

pe
ci

fic
at

io
n 

D
oc

um
en

t 
A

 c
le

ar
 s

ta
te

m
en

t 
sh

al
l 

be
 g

iv
en

 i
nd

ic
at

in
g 

w
hi

ch
 d

at
a 

ar
e 

fix
ed

 a
nd

 
fr

oz
en

, w
hi

ch
 d

at
a 

ne
ed

s 
fu

rth
er

 d
ev

el
op

m
en

t, 
w

hi
ch

 d
at

a 
ha

ve
 b

ee
n 

as
su

m
ed

 
an

d 
w

ha
t a

ss
um

pt
io

ns
 h

av
e 

be
en

 m
ad

e.
 

 
Th

e 
Pr

oj
ec

t S
pe

ci
fic

at
io

n 
D

oc
um

en
t n

ee
ds

 to
 in

cl
ud

e 
in

fo
rm

at
io

n 
su

ch
 a

s 
th

e 
fo

llo
w

in
g:

 

 
 

–
th

e 
ch

os
en

 st
ru

ct
ur

al
 sy

st
em

, 

–
th

e 
sp

ec
ifi

ed
 (d

es
ig

n)
 se

rv
ic

e 
lif

e,
 

–
th

e 
se

rv
ic

e 
co

nd
iti

on
s c

on
si

de
re

d,
 

–
th

e 
ha

za
rd

 sc
en

ar
io

s c
on

si
de

re
d,

 

–
th

e 
re

qu
ire

m
en

ts
 f

or
 s

tru
ct

ur
al

 s
af

et
y,

 s
er

vi
ce

ab
ili

ty
, 

ro
bu

st
ne

ss
 a

nd
 

su
st

ai
na

bi
lit

y,
 t

og
et

he
r 

w
ith

 t
he

 m
ea

su
re

s 
ne

ed
ed

 t
o 

ac
hi

ev
e 

th
em

, 
in

cl
ud

in
g 

at
tri

bu
tio

n 
of

 
re

sp
on

si
bi

lit
ie

s, 
pr

oc
es

se
s,

 
co

nt
ro

ls
 

an
d 

co
rr

ec
tiv

e 
m

ec
ha

ni
sm

s,
 

–
a 

re
lia

bi
lit

y 
qu

al
ifi

ca
tio

n 
st

at
em

en
t f

or
 th

e 
da

ta
 u

se
d 

fo
r d

es
ig

n,
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–
th

e 
m

os
t 

im
po

rta
nt

 d
im

en
si

on
s, 

co
ns

tru
ct

io
n 

m
at

er
ia

l 
pr

op
er

tie
s 

an
d 

co
ns

tru
ct

io
n 

de
ta

ils
, 

–
th

e 
as

su
m

ed
 so

il 
co

nd
iti

on
s, 

In
 t

he
 c

on
te

xt
 o

f 
pa

rti
al

 s
af

et
y 

fa
ct

or
 v

er
ifi

ca
tio

n,
 e

ns
ur

in
g 

th
e 

re
qu

ire
d 

re
lia

bi
lit

y 
le

ve
l 

is
 

ac
hi

ev
ed

 
re

qu
ire

s 
ad

eq
ua

te
 

co
ns

id
er

at
io

n 
of

 
th

e 
un

ce
rta

in
tie

s 
re

ga
rd

in
g 

ac
tio

ns
, s

tru
ct

ur
al

 m
od

el
lin

g 
an

d 
th

e 
de

te
rm

in
at

io
n 

of
 

ac
tio

n 
ef

fe
ct

s. 
Th

e 
di

ff
er

en
tia

tio
n 

of
 t

he
 p

ar
tia

l 
sa

fe
ty

 f
ac

to
rs

 d
ep

en
di

ng
 o

n 
th

e 
un

ce
rta

in
tie

s 
in

 a
ct

io
ns

, 
m

at
er

ia
l 

pr
op

er
tie

s 
an

d 
ap

pl
ie

d 
m

od
el

s 
is

 
ad

dr
es

se
d 

in
 c

ha
pt

er
 4

. 

– 
 –

th
e 

im
po

rta
nt

 a
ss

um
pt

io
ns

 in
 th

e 
st

ru
ct

ur
al

 a
nd

 a
na

ly
tic

al
 m

od
el

s, 

–
th

e 
ac

ce
pt

ed
 ri

sk
s, 

–
ad

vi
se

d/
re

qu
ire

d 
ad

di
tio

na
l i

nv
es

tig
at

io
ns

, 

–
ot

he
r c

on
di

tio
ns

 re
le

va
nt

 to
 th

e 
de

si
gn

, 
–

co
m

m
en

ts
 o

n 
th

e 
en

vi
sa

ge
d 

m
et

ho
ds

 o
f c

on
st

ru
ct

io
n,

 

–
sp

ec
ifi

ca
tio

ns
 fo

r d
et

ai
le

d 
de

si
gn

, m
at

er
ia

ls
 a

nd
 w

or
km

an
sh

ip
. 

 
 

Th
e 

ex
te

nt
 a

nd
 c

on
te

nt
 o

f 
th

e 
Pr

oj
ec

t 
Sp

ec
ifi

ca
tio

n 
D

oc
um

en
t 

sh
al

l 
be

 
ad

ap
te

d 
to

 t
he

 i
m

po
rta

nc
e 

of
 t

he
 s

tru
ct

ur
e 

an
d 

th
e 

as
so

ci
at

ed
 h

az
ar

ds
 a

nd
 

en
vi

ro
nm

en
ta

l r
is

ks
. 

 
 

3.
5.

3.
7 

Fi
na

l d
es

ig
n 

ph
as

e 
 

 
O

bj
ec

tiv
es

 
A

t 
th

is
 s

ta
ge

 t
he

 t
ar

ge
t 

ac
cu

ra
cy

 f
or

 t
he

 e
st

im
at

e 
of

 o
ve

ra
ll 

pr
oj

ec
t 

co
st

 
m

ig
ht

 ty
pi

ca
l b

e 
+/

- 
5%

. H
ow

ev
er

, t
hi

s 
re

qu
ire

m
en

t c
ou

ld
 a

ls
o 

be
 a

pp
lie

d 
to

 
ot

he
r 

fa
ct

or
s 

su
ch

 a
s 

en
vi

ro
nm

en
ta

l i
m

pa
ct

 a
nd

 th
e 

ev
al

ua
tio

n 
su

st
ai

na
bi

lit
y 

pa
ra

m
et

er
s. 

 
A

t t
hi

s 
st

ag
e 

al
l p

rim
ar

y 
st

ru
ct

ur
al

 m
em

be
rs

 w
ill

 b
e 

sp
ec

ifi
ed

 a
nd

 ty
pi

ca
l 

de
ta

ils
 w

ill
 b

e 
de

si
gn

ed
. 

 
 

St
ru

ct
ur

al
 a

na
ly

si
s a

nd
 st

at
ic

 c
al

cu
la

tio
ns
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po

rt
 

 
 

Th
e 

st
ru

ct
ur

al
 a

na
ly

si
s 

sh
ou

ld
 c

on
si

de
r 

th
e 

be
ha

vi
ou

r 
of

 t
he

 s
tru

ct
ur

e 
in

 
re

la
tio

n 
to

 t
he

 e
nv

is
ag

ed
 d

im
en

si
on

in
g 

si
tu

at
io

ns
, 

ta
ki

ng
 i

nt
o 

ac
co

un
t 

th
e 

re
le

va
nt

 f
ac

to
rs

 th
at

 s
ig

ni
fic

an
tly

 in
flu

en
ce

 th
e 

po
te

nt
ia

l p
er

fo
rm

an
ce

 o
f 

th
e 

st
ru

ct
ur

e 
/ t

he
 st

ru
ct

ur
al

 c
om

po
ne

nt
s c

on
ce

rn
ed

. 

 
 

Th
e 

m
et

ho
ds
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f 

st
ru

ct
ur

al
 a

na
ly

si
s 

sh
al

l b
e 

ba
se

d 
on

 e
st

ab
lis

he
d 

th
eo

rie
s,

 
ex

pe
rim

en
ta

lly
 c

on
fir

m
ed

 if
 n

ec
es

sa
ry

, a
nd

 e
ng

in
ee

rin
g 

pr
ac

tic
e.

 

 
 

Th
e 

re
su

lts
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f 
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e 
st

ru
ct

ur
al

 a
na

ly
si

s 
sh

al
l b

e 
ch

ec
ke

d 
fo

r 
cr

ed
ib

ili
ty

 e
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. 
sh

ou
ld

 b
e 

su
bj

ec
t t

o 
a 

re
vi

ew
 u

til
is

in
g 

ge
ne

ra
l e

ng
in

ee
rin

g 
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dg
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en
t. 
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Fi
na

l d
es

ig
n 

re
po

rt
 

 
 

Th
e 

fin
al

 d
es

ig
n 

re
po

rt 
sh

al
l 

co
nt

ai
n 

al
l 

da
ta

 u
se

d 
fo

r 
de

si
gn

, a
ll 

ph
as

es
 

co
ns

id
er

ed
, i

nc
lu

di
ng

 c
on

st
ru

ct
io

n 
ph

as
es

,  
ap

pl
ie

d 
st

at
ic

 s
ch

em
es

, s
tru

ct
ur

al
 

an
al

ys
is

, 
ap

pl
ie

d 
cr

ite
ria

 
an

d 
m

at
er

ia
l 

pr
op

er
tie

s,
 

co
ns

tru
ct

io
n 

m
et

ho
d 

co
ns

id
er

ed
 a

nd
 a

 t
ra

ce
ab

le
 d

em
on

st
ra

tio
n 

of
 c

om
pl

ia
nc

e 
w

ith
 t

he
 P

ro
je

ct
 

Sp
ec

ifi
ca

tio
n.

  
 

 
Th

e 
re

po
rt 

sh
al

l 
al

so
 c

on
ta

in
 a

 r
is

k 
fil

e.
 T

he
 r

is
k 

fil
e 

m
us

t 
pr

es
en

t 
th

e 
id

en
tif

ie
d 

ris
ks

, h
ow

 th
ey

 h
av

e 
be

en
 m

an
ag

ed
 a

nd
, i

f a
ny

, i
ns

tru
ct

io
ns

 fo
r t

he
 

ne
xt

 p
ha

se
s o

f d
es

ig
n 

an
d 

co
ns

tru
ct

io
n.

  
 

 
D

ra
w

in
gs

 s
ha

ll 
pr

es
en

t 
th

e 
ov

er
al

l 
la

yo
ut

 o
f 

th
e 

pr
oj

ec
t, 

as
 w

el
l 

as
 t

he
 

ge
om

et
ry

, s
ha

pe
 a

nd
 d

im
en

si
on

s 
of

 p
rim

ar
y 

st
ru

ct
ur

al
 m

em
be

rs
 a

nd
 ty

pi
ca

l 
de

ta
ils

. 

 
 

3.
5.

3.
8 

D
et

ai
le

d 
de

sig
n 
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e 
 

 
O
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ec

tiv
es

 
 

 
Th

e 
ou

tp
ut

 o
f 

th
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 s
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ge
 s
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ll 

al
lo

w
 c

on
st

ru
ct

io
n 

of
 t

he
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ro
je

ct
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A
ll 

ca
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ul
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io
ns

 n
ee

de
d 

to
 d

em
on

st
ra

te
 c

om
pl

ia
nc

e 
w

ith
 c

od
es

 a
nd

 re
qu

ire
m

en
ts

/ 
sp

ec
ifi

ca
tio

ns
 o

f 
th

e 
pr

oj
ec

t 
w

ill
 b

e 
pr

ep
ar

ed
 d

ur
in

g 
th

is
 s

ta
ge

. T
he

 le
ve

l o
f 

de
ta

il 
of

 
dr

aw
in

gs
 

an
d 

sp
ec

ifi
ca

tio
ns

 
/ 

si
te

 
in

st
ru

ct
io

ns
 

sh
al

l 
al

lo
w

 
un

am
bi

gu
ou

s 
un

de
rs

ta
nd

in
g 

by
 t

he
 c

on
tra

ct
or

 o
f 

w
ha

t 
is

 r
eq

ui
re

d 
an

d 
ho

w
 

th
e 

sc
he

m
e 

m
us

t 
be

 c
on

st
ru

ct
ed

, 
as

 w
el

l 
as

 h
ow

 c
om

pl
ia

nc
e 

w
ith

 t
he

 
do

cu
m

en
ts

 m
us

t 
be

 d
em

on
st

ra
te

d.
 A

 r
is

k 
fil

e 
m

us
t 

be
 p

re
pa

re
d 

to
 i

nf
or

m
 

co
nt

ra
ct

or
 o

f 
th

e 
ris

ks
 i

nv
ol

ve
d,

 h
ow

 t
he

se
 r

is
ks

 h
av

e 
be

en
 h

an
dl

ed
 i

n 
th

e 
pr

ev
io

us
 s

ta
ge

s 
of

 d
es

ig
n 

an
d 

ho
w

 t
he

 r
em

ai
ni

ng
 r

is
ks

 m
us

t 
be

 h
an

dl
ed

. 
Is

su
es

 w
hi

ch
 re

qu
ire

 s
pe

ci
al

 a
tte

nt
io

n 
in

 th
is

 re
sp

ec
t m

us
t b

e 
cl

ea
rly

 n
ot

ed
 o

n 
th

e 
co

ns
tru

ct
io

n 
dr

aw
in

gs
. 

 
 

D
im

en
si

on
in

g 
D

et
ai

lin
g,

 l
im

it 
m

ea
su

re
s 

an
d 

sp
ec

ia
l 

pr
ov

is
io

ns
 s

up
pl

em
en

t 
th

e 
us

e 
of

 
m

od
el

s f
or

 v
ar

io
us

 p
ur

po
se

s,
 su

ch
 a

s:
 

–
to

 a
vo

id
 su

pe
rf

lu
ou

s c
al

cu
la

tio
ns

, 
–

to
 s

at
is

fy
 t

he
 

m
in

im
um

 p
er

fo
rm

an
ce

 
re

qu
ire

m
en

t 
/ 

co
m

pl
y 

w
ith

 
de

em
ed

-to
-s

at
is

fy
 p

ro
vi

si
on

s 
w

ith
 r

eg
ar

d 
to

 u
ni

de
nt

ifi
ed

 o
r 

po
or

ly
 

 
D

im
en

si
on

in
g 

co
nc

er
ns

 th
e 

de
te

rm
in

at
io

n 
of

 th
e 

di
m

en
si

on
s, 

th
e 

st
ru

ct
ur

al
 

m
at

er
ia

ls
 a

nd
 t

he
 d

et
ai

lin
g 

of
 a

 s
tru

ct
ur

e 
on

 t
he

 b
as

is
 o

f 
st

ru
ct

ur
al

 a
nd

 
ex

ec
ut

io
n-

re
la

te
d 

co
ns

id
er

at
io

ns
 o

r n
um

er
ic

al
 v

er
ifi

ca
tio

ns
. 
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qu
an
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ie

d 
ha

za
rd

s.
 T

he
se

 m
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su
re

s 
in

cl
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e 
pr

ov
is

io
n 

of
 a
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in

im
um

 
re

si
st

an
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o 
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l 

fo
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es
, 

m
ul
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le

 l
oa

d 
pa

th
s 

an
d 

tie
s 

be
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ee
n 

st
ru

ct
ur

al
 c

om
po

ne
nt

s 
(s

ee
 s

ec
tio

ns
 2

.1
 a

nd
 3

.2
.3

 o
f 

C
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 B
ul

le
tin

 
19

1)
, 

–
to

 e
ns

ur
e 

th
e 

va
lid

ity
 o

f c
al

cu
la

tio
n 

m
od

el
s,

 e
.g

. b
y 

m
in

im
um

 ra
tio

s 
of

 
re

in
fo

rc
em

en
t, 

–
to

 e
ns

ur
e 

a 
go

od
 s

ta
nd

ar
d 

of
 e

xe
cu

tio
n 

an
d/

or
 d

ur
ab

ili
ty

 e
.g

. b
y 

ru
le

s 
fo

r b
ar

 sp
ac

in
g 

an
d 

co
nc

re
te

 c
ov

er
 d

ep
th
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Th
e 

di
m

en
si

on
in

g 
m

ay
 b

e 
as

si
st

ed
 b

y 
te

st
in

g,
 fo

r e
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m
pl

e 
if:

 
–
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ns
, 

st
ru

ct
ur

al
 m

at
er

ia
ls

 o
r 

so
il 

pr
op

er
tie

s 
ar

e 
no

t 
ad

eq
ua

te
ly

 
kn

ow
n,

 
–

no
 a

pp
ro

pr
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te
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na
ly

tic
al

 m
od

el
s a

re
 a

va
ila

bl
e,

 

–
th

e 
st

ru
ct

ur
e 

co
nt

ai
ns

 c
om

po
ne

nt
s f

or
 w
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ch

 th
er

e 
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 li
m

ite
d 

ex
pe

rie
nc

e 
an

d 
w

hi
ch

 h
av

e 
a 

cr
iti

ca
l i

nf
lu

en
ce

 o
n 

th
e 

re
lia

bi
lit

y 
of

 th
e 

st
ru

ct
ur

e.
 

 
 

C
al

cu
la

tio
ns

 re
po

rt
 

 
 

Th
e 

ba
si

s a
nd

 th
e 

re
su

lts
 o

f t
he

 d
et

ai
l d

es
ig

n 
ph

as
e 

sh
al

l b
e 

do
cu

m
en

te
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Te
ch

ni
ca

l r
ep
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t a

nd
 d

es
ig

n 
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aw
in

gs
 

 
 

Th
e 

di
m

en
si

on
s, 
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e 

st
ru

ct
ur

al
 m

at
er

ia
ls

 a
nd

 th
e 

de
ta

ili
ng

 o
f a

 s
tru

ct
ur

e 
as

 
de

te
rm

in
ed

 d
ur

in
g 

di
m

en
si

on
in

g 
sh

al
l b

e 
do

cu
m

en
te

d 
in

 th
e 

te
ch

ni
ca

l r
ep

or
t 

an
d 

de
si

gn
 d

ra
w

in
gs
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y 

M
an
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em

en
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n 
C
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st
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O
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EN
V

 1
36

70
-1
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Ex

ec
ut

io
n 

of
 c

on
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et
e 

st
ru

ct
ur

es
 –

 P
ar

t 1
: C

om
m

on
 ru

le
s”

 
de

fin
es

 a
 se

t o
f m

in
im

um
 re

qu
ire

m
en

ts
 fo

r t
he

 e
xe

cu
tio

n.
 

 
To

 
m

ee
t 

th
e 

m
in

im
um

 
re

qu
ire

m
en

ts
 

fo
r 

qu
al

ity
 

m
an

ag
em

en
t 

in
 

co
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tru
ct

io
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 a
s 
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ec
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ed
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n 
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e 

ex
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ut
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n 
st

an
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rd
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nd
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s 
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su
m

ed
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n 
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e 
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3.
5.

4.
2 

“A
s-

Bu
ilt

 D
oc

um
en

ta
tio

n”
: B

ir
th

 C
er

tif
ic

at
e 

D
oc

um
en

t 
 

 
Th

e 
“A

s-
B

ui
lt-

D
oc

um
en

ta
tio

n”
 s

ha
ll 

be
 a

 r
el

ia
bl

e 
re

pr
es

en
ta

tio
n 

of
 t

he
 

pr
oj

ec
t 

as
 a

ct
ua

lly
 c

on
st

ru
ct

ed
. 

It 
sh

al
l 

in
cl

ud
e 

th
e 

re
su

lts
 o

f 
th

e 
in

iti
al

 
in

sp
ec

tio
n 

of
 th

e 
co

m
pl

et
ed

 w
or

k 
/ p

ro
je

ct
. T
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 e

xt
en

t o
f t

he
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sp
ec

tio
n 

of
 th

e 
co

m
pl

et
ed

 w
or

k 
an

d 
th

e 
co

nt
en

t o
f t

he
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A
s-

bu
ilt

-d
oc

um
en

ta
tio

n”
 w

ill
 d

ep
en

d 
on

 th
e 

na
tu

re
 a

nd
 s

iz
e 

of
 th

e 
pr

oj
ec

t, 
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 th
e 

de
si
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 a

ss
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pt
io
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 a

nd
 o

n 
th

e 
ve

rif
ic

at
io

n 
m

et
ho

ds
, a

s 
w

el
l a

s 
on

 th
e 

qu
al

ity
 m

an
ag

em
en

t 
an

d 
th

e 
co

nt
ro

l 
m

ea
su

re
s f

or
 th

e 
pr

oj
ec

t. 
Th

e 
ex

pe
ct

ed
 o

ut
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m
e 

w
ou

ld
 b

e 
th

at
 e

ith
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e 

co
nf
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m

ity
 e

va
lu

at
io

n 
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ed
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de
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 b
ee

n 
m
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 g
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s 
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r 
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rr

ec
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e 
m
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re
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vi
de

 a
 re

co
rd

 o
f a

t l
ea

st
 th
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lia
bi

lit
y 

re
qu

ire
m

en
ts

 in
 te

rm
s 

of
 th

e 
re

lia
bi

lit
y 

in
de

x 
β 

an
d 

th
e 

re
fe

re
nc

e 
pe

rio
d.

 T
hi

s 
m

ay
 b

e 
us

ed
 fo

r s
tru

ct
ur

es
 to

 b
e 

de
si

gn
ed

 a
nd

 fo
r e

xi
sti

ng
 s

tru
ct

ur
es

 in
 c

as
es

 
w

he
re

 s
uc

h 
an

 i
nc

re
as

ed
 e

ff
or

t 
is

 e
co

no
m

ic
al

ly
 j

us
tif

ie
d,

 H
ow

ev
er

, 
it 

w
ill

 
se

ld
om

 b
e 

us
ed

 fo
r t

he
 d

es
ig

n 
of

 n
ew

 s
tru

ct
ur

es
 d

ue
 to

 la
ck

 o
f s

ta
tis

tic
al

 d
at

a.
 

Th
e 

pr
ob

ab
ili

st
ic

 f
or

m
at

 i
s 

m
or

e 
su

ite
d 

fo
r 

th
e 

as
se

ss
m

en
t 

of
 e

xi
st

in
g 

st
ru

ct
ur

es
, i

n 
pa

rti
cu

la
r f

or
 th

e 
ca

lc
ul

at
io

n 
of

 re
si

du
al

 s
er

vi
ce

 li
fe

.  

 
– 

pr
ob

ab
ili

st
ic

 sa
fe

ty
 fo

rm
at

, s
ee

 c
la

us
e 

4.
4,

 

Th
e 

pa
rti

al
 s

af
et

y 
fa

ct
or

 f
or

m
at

 i
s 

th
e 

us
ua

l 
w

ay
 o

f 
ve

rif
yi

ng
 s

tru
ct

ur
al

 
de

si
gn

. 
It 

is
 a

 s
im

pl
ifi

ed
 v

er
ifi

ca
tio

n 
co

nc
ep

t, 
w

hi
ch

 i
s 

ba
se

d 
on

 p
as

t 
ex

pe
rie

nc
e 

an
d 

ca
lib

ra
te

d 
in

 
su

ch
 

a 
w

ay
 

th
at

 
th

e 
ge

ne
ra

l 
re

lia
bi

lit
y 

re
qu

ire
m

en
ts

 a
re

 s
at

is
fie

d 
w

ith
 a

 s
uf

fic
ie

nt
 m

ar
gi

n 
du

rin
g 

a 
de

fin
ed

 p
er

io
d 

of
 

tim
e.

 I
n 

th
e 

fu
tu

re
 t

hi
s 

sa
fe

ty
 f

or
m

at
 m

ig
ht

 a
ls

o 
be

 a
pp

lic
ab

le
 f

or
 t

he
 

ve
rif

ic
at

io
n 

of
 s

er
vi

ce
 l

ife
, 

pr
ov

id
ed

 t
ha

t 
su

ff
ic

ie
nt

ly
 l

on
g 

te
rm

 e
xp

er
ie

nc
e 

w
ill

 b
e 

ga
in

ed
 o

r a
 s

uf
fic

ie
nt

 a
m

ou
nt

 o
f d

at
a 

w
ill

 b
e 

av
ai

la
bl

e 
fo

r a
 c

al
ib

ra
tio

n 
by

 th
e 

pr
ob

ab
ili

st
ic

 m
et

ho
d.

 

 
– 

pa
rti

al
 sa

fe
ty

 fa
ct

or
 fo

rm
at

, s
ee

 c
la

us
e 

4.
5,

 
 

In
 t

he
 g

lo
ba

l 
re

si
st

an
ce

 f
or

m
at

 t
he

 r
es

is
ta

nc
e 

is
 c

on
si

de
re

d 
on

 a
 g

lo
ba

l 
st

ru
ct

ur
al

 l
ev

el
, 

as
 c

om
pa

re
d 

to
 l

oc
al

 v
er

ifi
ca

tio
n 

of
 s

ec
tio

ns
 w

ith
 p

ar
tia

l 
sa

fe
ty

 fa
ct

or
s. 

It 
is

 e
sp

ec
ia

lly
 s

ui
ta

bl
e 

fo
r d

es
ig

n 
ba

se
d 

on
 n

on
-li

ne
ar

 a
na

ly
si

s, 
w

he
re

 v
er

ifi
ca

tio
n 

of
 li

m
it 

st
at

es
 is

 p
er

fo
rm

ed
 b

y 
nu

m
er

ic
al

 si
m

ul
at

io
ns

.  

 
– 

gl
ob

al
 re

si
st

an
ce

 fo
rm

at
, s

ee
 c

la
us

e 
4.

6,
 

Th
e 

de
em

ed
-to

-s
at

is
fy

 a
pp

ro
ac

h 
in

cl
ud

es
 a

 s
et

 o
f a

pp
ro

pr
ia

te
 v

al
ue

s 
fr

om
 

a 
se

t 
of

 p
re

de
te

rm
in

ed
 a

lte
rn

at
iv

es
 g

iv
en

 i
n 

a 
st

an
da

rd
. T

hi
s 

m
et

ho
d 

is
 t

he
 

no
rm

al
 w

ay
 o

f v
er

ify
in

g 
se

rv
ic

e 
lif

e 
de

si
gn

 o
f n

ew
 st

ru
ct

ur
es

. 

 
– 

de
em

ed
-to

-s
at

is
fy

 a
pp

ro
ac

h,
 se

e 
cl

au
se

 4
.7

, 

 

D
es

ig
n 

by
 a

vo
id

an
ce

 is
 a

pp
lic

ab
le

 b
ot

h 
fo

r 
th

e 
ve

rif
ic

at
io

n 
of

 tr
ad

iti
on

al
 

st
ru

ct
ur

al
 d

es
ig

n 
an

d 
de

si
gn

 fo
r s

er
vi

ce
 li

fe
. 

 
– 

de
si

gn
 b

y 
av

oi
da

nc
e,

 se
e 

cl
au

se
 4

.8
, 

 
 

Fo
r 

ea
ch

 s
pe

ci
fic

 l
im

it 
st

at
e 

th
e 

re
le

va
nt

 b
as

ic
 v

ar
ia

bl
es

 s
ho

ul
d 

be
 

id
en

tif
ie

d,
 i

.e
. 

th
e 

va
ria

bl
es

 w
hi

ch
 c

ha
ra

ct
er

iz
e 

ac
tio

ns
 a

nd
 e

nv
iro

nm
en

ta
l 

in
flu

en
ce

s, 
pr

op
er

tie
s o

f m
at

er
ia

ls
 a

nd
 so

ils
, g

eo
m

et
ric

al
 p

ar
am

et
er

s,
 e

tc
. 

Th
e 

va
ria

bl
es

 p
er

ta
in

in
g 

to
 th

e 
va

rio
us

 li
m

it 
st

at
es

 m
ay

 b
e 

tim
e-

de
pe

nd
en

t. 
 

Th
e 

va
ria

bi
lit

y 
of

 b
as

ic
 v

ar
ia

bl
es

 s
ha

ll 
be

 a
na

ly
se

d 
ba

se
d 

on
 th

e 
av

ai
la

bl
e 

in
fo

rm
at

io
n.

 In
 c

as
e 

of
 th

e 
pr

ob
ab

ili
st

ic
 fo

rm
at

 th
e 

ba
si

c 
va

ria
bl

es
 a

re
 tr

ea
te

d 
as

 ra
nd

om
 v

ar
ia

bl
es

, o
r r

an
do

m
 fi

el
ds

. I
n 

ca
se

 o
f t

he
 p

ar
tia

l f
ac

to
r f

or
m

at
, t

he
 

ba
si

c 
va

ria
bl

es
 a

re
 t

re
at

ed
 a

s 
de

te
rm

in
is

tic
 q

ua
nt

iti
es

. I
n 

ca
se

 o
f 

th
e 

gl
ob

al
 

sa
fe

ty
 fo

rm
at

 th
e 

gl
ob

al
 re

si
st

an
ce

 is
 tr

ea
te

d 
as

 a
 ra

nd
om

 v
ar

ia
bl

e.
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fib
 B

ul
le

tin
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5:
 M

od
el

 C
od

e 
20

10
, F

irs
t c

om
pl

et
e 

dr
af

t –
 V

ol
um

e 
1 

73
 

 
 

Fo
r 

ea
ch

 l
im

it 
st

at
e,

 m
od

el
s 

sh
ou

ld
 b

e 
es

ta
bl

is
he

d,
 w

hi
ch

 d
es

cr
ib

e 
th

e 
be

ha
vi

ou
r 

of
 a

 s
tru

ct
ur

e.
 T

he
se

 m
od

el
s 

in
cl

ud
e 

m
ec

ha
ni

ca
l 

m
od

el
s, 

w
hi

ch
 

de
sc

rib
e 

th
e 

st
ru

ct
ur

al
 b

eh
av

io
ur

, 
as

 w
el

l 
as

 o
th

er
 p

hy
si

ca
l 

or
 c

he
m

ic
al

 
m

od
el

s, 
w

hi
ch

 d
es

cr
ib

e 
th

e 
ef

fe
ct

s 
of

 e
nv

iro
nm

en
ta

l 
in

flu
en

ce
s 

on
 t

he
 

m
at

er
ia

l 
pr

op
er

tie
s. 

Th
e 

pa
ra

m
et

er
s 

of
 s

uc
h 

m
od

el
s 

sh
ou

ld
 i

n 
pr

in
ci

pl
e 

be
 

tre
at

ed
 in

 th
e 

sa
m

e 
w

ay
 a

s 
th

e 
ba

si
c 

va
ria

bl
es

 a
nd

 m
od

el
 u

nc
er

ta
in

tie
s 

sh
al

l 
be

 a
na

ly
se

d.
 

In
 a

 c
om

po
ne

nt
 a

na
ly

si
s 

w
he

re
 th

er
e 

is
 o

ne
 d

om
in

at
in

g 
fa

ilu
re

 m
od

e 
th

e 
lim

it 
st

at
e 

co
nd

iti
on

 c
an

 n
or

m
al

ly
 b

e 
de

sc
rib

ed
 b

y 
on

e 
lim

it 
st

at
e 

eq
ua

tio
n.

 In
 

a 
sy

st
em

 a
na

ly
si

s, 
w

he
re

 m
or

e 
th

an
 o

ne
 f

ai
lu

re
 m

od
e 

m
ay

 b
e 

de
te

rm
in

in
g,

 
th

er
e 

ar
e 

se
ve

ra
l s

uc
h 

eq
ua

tio
ns

. 

 
M

od
el

s 
fo

r t
he

 v
er

ifi
ca

tio
n 

of
 th

e 
lim

it 
st

at
es

 c
an

 b
e 

ei
th

er
 a

na
ly

tic
al

 (s
ee

 
cl

au
se

s 
7.

3 
- 

7.
8)

 o
r 

nu
m

er
ic

al
 (

se
e 

cl
au

se
 7

.1
1)

, 
ev

en
tu

al
ly

 s
up

po
rte

d 
by

 
te

st
in

g 
(s

ee
 c

la
us

e 
7.

12
). 

 

 
 

4.
4 

Pr
ob

ab
ili

st
ic

 sa
fe

ty
 fo

rm
at

 
 

 
4.

4.
1 

G
en

er
al

 
A

 p
ro

ba
bi

lis
tic

 s
af

et
y 

fo
rm

at
 s

ha
ll 

be
 a

pp
lie

d 
in

 a
cc

or
da

nc
e 

w
ith

 t
he

 
pr

in
ci

pl
es

 a
nd

 r
ec

om
m

en
da

tio
ns

 la
id

 d
ow

n 
in

 th
e 

JC
SS

 P
ro

ba
bi

lis
tic

 M
od

el
 

C
od

e 
an

d 
in

 
JC

SS
 

pu
bl

ic
at

io
n 

Pr
ob

ab
ili

st
ic

 
A

ss
es

sm
en

t 
of

 
Ex

is
tin

g 
St

ru
ct

ur
es

. 

 
Th

e 
m

ai
n 

ob
je

ct
iv

e 
of

 a
 re

lia
bi

lit
y 

an
al

ys
is

 b
y 

th
e 

pr
ob

ab
ili

st
ic

 a
pp

ro
ac

h 
is

 
a 

pr
ob

ab
ili

st
ic

 a
ss

es
sm

en
t 

of
 t

he
 s

af
et

y 
of

 t
he

 s
tru

ct
ur

e 
by

 e
st

im
at

in
g 

th
e 

fa
ilu

re
 p

ro
ba

bi
lit

y 
(o

r t
he

 re
lia

bi
lit

y 
in

de
x 
β)

.  

Ex
am

pl
es

 o
f 

ca
se

s 
ch

ar
ac

te
ris

tic
 f

or
 e

xi
st

in
g 

st
ru

ct
ur

es
, w

he
re

 r
el

ia
bi

lit
y 

of
 e

xi
st

in
g 

st
ru

ct
ur

es
 m

ay
 n

ee
d 

to
 b

e 
as

se
ss

ed
 a

re
 th

e 
fo

llo
w

in
g:

  
– 

do
ub

ts
 a

bo
ut

 th
e 

pe
rf

or
m

an
ce

 o
f t

he
 st

ru
ct

ur
e;

 
– 

th
e 

ex
pi

ra
tio

n 
of

 (
de

si
gn

 o
r 

re
si

du
al

) 
se

rv
ic

e 
lif

e 
(e

.g
. g

ra
nt

ed
 o

n 
th

e 
ba

si
s o

f d
es

ig
n 

or
 a

n 
ea

rli
er

 a
ss

es
sm

en
t o

f t
he

 st
ru

ct
ur

e)
; 

– 
de

te
ct

io
n 

of
 d

es
ig

n-
 o

r c
on

st
ru

ct
io

n 
er

ro
rs

; 
– 

oc
cu

rr
en

ce
 o

f u
nu

su
al

 in
ci

de
nt

s 
du

rin
g 

us
e,

 w
hi

ch
 c

ou
ld

 h
av

e 
da

m
ag

ed
 

th
e 

st
ru

ct
ur

e;
 

– 
a 

pl
an

ne
d 

ch
an

ge
 o

f t
he

 u
se

 o
f t

he
 st

ru
ct

ur
e.

 

 
Th

e 
pr

ob
ab

ili
st

ic
 s

af
et

y 
fo

rm
at

 i
s 

a 
ve

ry
 s

ui
ta

bl
e 

ap
pr

oa
ch

 f
or

 t
he

 
as

se
ss

m
en

t o
f p

er
fo

rm
an

ce
 o

f e
xi

st
in

g 
st

ru
ct

ur
es

. 

Ex
am

pl
es

 o
f d

es
ig

n 
si

tu
at

io
ns

 th
at

 a
re

 o
ut

 o
f t

he
 a

pp
lic

at
io

n 
ra

ng
e 

of
 th

is
 

M
od

el
 C

od
e 

an
d 

sh
al

l 
th

er
ef

or
e 

be
 a

na
ly

se
d 

ac
co

rd
in

g 
to

 a
 p

ro
ba

bi
lis

tic
 

sa
fe

ty
 fo

rm
at

 a
re

 th
e 

fo
llo

w
in

g:
 

– 
ac

tio
ns

 a
nd

 h
az

ar
ds

 l
ay

in
g 

ou
ts

id
e 

th
e 

ra
ng

e 
co

ve
re

d 
by

 t
hi

s 
M

od
el

 
C

od
e;

 

 
Th

e 
pr

ob
ab

ili
st

ic
 a

pp
ro

ac
h 

m
ay

 s
up

po
rt 

th
e 

de
si

gn
 a

cc
or

di
ng

 to
 th

e 
pa

rti
al

 
fa

ct
or

 f
or

m
at

 o
r 

de
em

ed
-to

-s
at

is
fy

 a
pp

ro
ac

h,
 e

.g
. 

to
 e

ns
ur

e 
an

 a
pp

ro
pr

ia
te

 
ro

bu
st

ne
ss

 o
f 

st
ru

ct
ur

es
 o

r 
to

 a
cc

ou
nt

 f
or

 s
pe

ci
fic

 r
eq

ui
re

m
en

ts
 o

ut
 o

f 
th

e 
ra

ng
e 

of
 a

pp
lic

at
io

n 
of

 th
is

 M
od

el
 C

od
e.
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 P

ri
nc

ip
le

s o
f s

tru
ct

ur
al
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es

ig
n 

74
 

– 
us

e 
of

 
co

ns
tru

ct
io

n 
m

at
er

ia
ls

 
an

d 
co

m
bi

na
tio

n 
of

 
co

ns
tru

ct
io

n 
m

at
er

ia
ls

 o
ut

si
de

 th
e 

us
ua

l r
an

ge
 o

f e
xp

er
ie

nc
e;

 

– 
ne

w
 c

on
st

ru
ct

io
n 

m
at

er
ia

ls
 w

ith
 p

ro
pe

rti
es

 o
ut

si
de

 t
he

 r
an

ge
 c

ov
er

ed
 

by
 th

is
 M

od
el

 C
od

e;
 

– 
se

rv
ic

e 
lif

e 
re

qu
ire

m
en

ts
 o

ut
si

de
 t

he
 r

an
ge

 c
ov

er
ed

 b
y 

th
is

 M
od

el
 

C
od

e;
 

– 
re

lia
bi

lit
y 

le
ve

l n
ot

 c
ov

er
ed

 b
y 

th
is

 M
od

el
 C

od
e;

 

– 
ex

tra
or

di
na

ry
 

st
ru

ct
ur

al
 

sy
st

em
s 

or
 

ex
tra

or
di

na
ry

 
ge

om
et

ry
 

of
 

a 
st

ru
ct

ur
e;

 

– 
ca

se
s 

w
he

re
 fa

ilu
re

 w
ou

ld
 le

ad
 to

 se
rio

us
 c

on
se

qu
en

ce
s.

 
 

 
4.

4.
2 

B
as

ic
 r

ul
es

 fo
r 

pr
ob

ab
ili

st
ic

 a
pp

ro
ac

h 
 

 
Th

e 
ve

rif
ic

at
io

n 
of

 a
 s

tru
ct

ur
e 

w
ith

 r
es

pe
ct

 t
o 

a 
pa

rti
cu

la
r 

lim
it 

st
at

e 
is

 
ca

rr
ie

d 
ou

t 
vi

a 
es

tim
at

io
n 

of
 t

he
 p

ro
ba

bi
lit

y 
of

 o
cc

ur
re

nc
e 

of
 f

ai
lu

re
 i

n 
th

is
 

ca
se

 i
n 

a 
sp

ec
ifi

ed
 r

ef
er

en
ce

 p
er

io
d 

an
d 

its
 v

er
ifi

ca
tio

n 
ag

ai
ns

t 
re

lia
bi

lit
y 

re
qu

ire
m

en
ts

, s
ee

 su
bc

la
us

e 
3.

2.
5.

 

 
 

W
ith

 
th

e 
fa

ilu
re

 
cr

ite
ria

 
fo

rm
ul

at
ed

 
ac

co
rd

in
g 

to
 

Eq
. 

(4
.3

-2
), 

th
e 

pr
ob

ab
ili

ty
 o

f o
cc

ur
re

nc
e 

of
 fa

ilu
re

 c
an

 b
e 

ge
ne

ra
lly

 e
xp

re
ss

ed
 a

s:
 

P f
 =

 P
ro

b 
{g

 (s
, r

) ≤
 0

} 
= 

Pr
ob

 {
M

 ≤
 0

} 
(4

.4
-1

) 

 
 

w
he

re
  

M
 =

 g
 (s

, r
) r

ep
re

se
nt

s t
he

 sa
fe

ty
 m

ar
gi

n 

 
 

If
 t

he
 l

im
it 

st
at

e 
fu

nc
tio

n 
is

 e
xp

re
ss

ed
 i

n 
th

e 
fo

rm
 o

f 
Eq

. 
(4

.3
-3

) 
an

d 
pa

ra
m

et
er

s 
ch

ar
ac

te
ris

in
g 

ac
tio

ns
, 

en
vi

ro
nm

en
ta

l 
in

flu
en

ce
s, 

m
at

er
ia

l 
an

d 
ge

om
et

ry
 a

re
 re

pr
es

en
te

d 
by

 th
e 

ra
nd

om
 v

ar
ia

bl
es

 S
 a

nd
 R

, t
he

 p
ro

ba
bi

lit
y 

of
 

oc
cu

rr
en

ce
 o

f f
ai

lu
re
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g 

th
e 

de
si

gn
 s

er
vi

ce
 li

fe
 

of
 th

e 
st

ru
ct

ur
e.

  
– 

fo
r 

th
e 

ne
ar

 c
ol

la
ps

e 
lim

it 
st

at
e:

 A
 “

ve
ry

 r
ar

e”
 s

ei
sm

ic
 a

ct
io

n,
 w

ith
 

ve
ry

 l
ow

 p
ro

ba
bi

lit
y 

of
 b

ei
ng

 e
xc

ee
de

d 
(2

 t
o 

5%
) 

in
 t

he
 d

es
ig

n 
se

rv
ic

e 
lif

e 
of

 th
e 

st
ru

ct
ur

e.
 

 
D

ep
en

di
ng

 o
n 

th
e 

us
e 

an
d 

im
po

rta
nc

e 
of

 th
e 

fa
ci

lit
y,

 c
om

pe
te

nt
 a

ut
ho

rit
ie

s 
w

ill
 c

ho
se

 h
ow

 m
an

y 
an

d 
w

hi
ch

 li
m

it 
st

at
es

 s
ho

ul
d 

be
 v

er
ifi

ed
 a

s 
a 

m
in

im
um

 
an

d 
to

 w
hi

ch
 re

pr
es

en
ta

tiv
e 

se
is

m
ic

 a
ct

io
n 

th
ey

 w
ill

 b
e 

pa
ire

d 
of

f. 

Fo
r f

ac
ili

tie
s 

w
ho

se
 c

on
se

qu
en

ce
s 

of
 fa

ilu
re

 a
re

 v
er

y 
hi

gh
, t

he
 “

ve
ry

 ra
re

” 
se

is
m

ic
 a

ct
io

n 
m

ay
 b

e 
ap

pr
op

ria
te

 f
or

 t
he

 l
ife

 s
af

et
y 

lim
it 

st
at

e.
 F

or
 t

ho
se

 
w

hi
ch

 a
re

 e
ss

en
tia

l f
or

 th
e 

im
m

ed
ia

te
 p

os
t-e

ar
th

qu
ak

e 
pe

rio
d 

a 
“r

ar
e”

 s
ei

sm
ic

 
ac

tio
n 

m
ay

 b
e 

ap
pr

op
ria

te
 f

or
 t

he
 i

m
m

ed
ia

te
 u

se
 l

im
it 

st
at

e 
or

 e
ve

n 
th

e 
op

er
at

io
na

l l
im

it 
st

at
e.
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4 
 P

ri
nc

ip
le

s o
f s

tru
ct

ur
al

 d
es

ig
n 

84
 

It 
is

 n
ot

 s
uf

fic
ie

nt
 t

o 
de

fin
e 

a 
re

pr
es

en
ta

tiv
e 

se
is

m
ic

 a
ct

io
n 

by
 s

ca
lin

g 
st

an
da

rd
 s

pe
ct

ra
l 

sh
ap

es
 t

o 
a 

si
ng

le
 g

ro
un

d 
m

ot
io

n 
pa

ra
m

et
er

, 
no

ta
bl

y 
th

e 
ef

fe
ct

iv
e 

or
 th

e 
pe

ak
 g

ro
un

d 
ac

ce
le

ra
tio

n.
 I

ns
te

ad
, t

he
 s

ei
sm

ic
 a

ct
io

n 
sh

ou
ld

 
be

 d
ef

in
ed

 in
 te

rm
s 

of
 it

s 
fu

ll 
sp

ec
tru

m
, t

hr
ou

gh
ou

t t
he

 fu
ll 

ra
ng

e 
of

 s
tru

ct
ur

al
 

pe
rio

ds
 o

f r
el

ev
an

ce
. 

 
Th

e 
ba

si
c 

de
fin

iti
on

 o
f 

ea
ch

 r
ep

re
se

nt
at

iv
e 

se
is

m
ic

 a
ct

io
n 

is
 t

hr
ou

gh
 i

ts
 

el
as

tic
 r

es
po

ns
e 

sp
ec

tru
m

 f
or

 a
 s

in
gl

e-
de

gr
ee

-o
f-

fr
ee

do
m

 o
sc

ill
at

or
, 

as
 a

 
fu

nc
tio

n 
of

 v
is

co
us

 d
am

pi
ng

 (t
he

 d
ef

au
lt 

be
in

g 
5%

 o
f 

cr
iti

ca
l d

am
pi

ng
). 

Th
e 

sp
ec

tru
m

 a
pp

lie
s 

to
 t

he
 t

op
 o

f 
th

e 
gr

ou
nd

 u
nd

er
 f

re
e-

fie
ld

 c
on

di
tio

ns
 a

nd
 

sh
ou

ld
 b

e 
sp

ec
ifi

ed
 ta

ki
ng

 in
to

 a
cc

ou
nt

 th
e 

si
te

’s
 s

ub
so

il 
co

nd
iti

on
s 

an
d 

th
e 

lo
ca

l t
op

og
ra

ph
y 

an
d 

ge
ol

og
y,

 if
 re

le
va

nt
.  

Th
e 

el
as

tic
 r

es
po

ns
e 

sp
ec

tru
m

 is
 th

e 
sa

m
e 

fo
r 

th
e 

ho
riz

on
ta

l c
om

po
ne

nt
s 

of
 th

e 
gr

ou
nd

 m
ot

io
n,

 b
ut

 sh
ou

ld
 b

e 
sp

ec
ifi

ed
 s

ep
ar

at
el

y 
fo

r t
he

 v
er

tic
al

. 

N
or

m
al

ly
 it

 is
 s

uf
fic

ie
nt

 to
 c

on
si

de
r 

on
ly

 th
e 

tw
o 

ho
riz

on
ta

l t
ra

ns
la

tio
na

l 
co

m
po

ne
nt

s o
f t

he
 g

ro
un

d 
m

ot
io

n.
 

Fo
r b

ui
ld

in
gs

 o
r s

im
ila

r s
tru

ct
ur

es
, i

n 
ge

ne
ra

l t
he

 v
er

tic
al

 c
om

po
ne

nt
 m

ay
 

be
 n

eg
le

ct
ed

, w
ith

 th
e 

po
ss

ib
le

 e
xc

ep
tio

n 
(d

ep
en

di
ng

 o
n 

se
is

m
ic

ity
) o

f: 
– 

ho
riz

on
ta

l 
m

em
be

rs
 w

ith
 s

ig
ni

fic
an

t 
co

nc
en

tra
te

d 
m

as
se

s 
al

on
g 

th
e 

sp
an

; 
– 

lo
ng

 h
or

iz
on

ta
l s

pa
ns

 (e
.g

. o
ve

r 2
0 

m
) o

r c
an

til
ev

er
s 

(e
.g

. o
ve

r 5
 m

); 

– 
pr

es
tre

ss
ed

 h
or

iz
on

ta
l m

em
be

rs
. 

In
 b

rid
ge

s, 
th

e 
ve

rti
ca

l c
om

po
ne

nt
 s

ho
ul

d 
al

w
ay

s 
be

 ta
ke

n 
in

to
 a

cc
ou

nt
 fo

r 
th

e 
de

si
gn

 o
f p

re
st

re
ss

ed
 d

ec
ks

 o
r b

ea
rin

gs
. 

 
Th

e 
co

m
po

ne
nt

s 
of

 
th

e 
se

is
m

ic
 

ac
tio

n 
sh

ou
ld

 
be

 
ta

ke
n 

to
 

ac
t 

si
m

ul
ta

ne
ou

sl
y.

 

 
 

Ti
m

e-
hi

st
or

ie
s 

of
 t

he
 r

el
ev

an
t 

co
m

po
ne

nt
s 

of
 t

he
 g

ro
un

d 
m

ot
io

n 
ar

e 
ne

ed
ed

 fo
r r

es
po

ns
e-

hi
st

or
y 

an
al

ys
es

 o
f t

he
 st

ru
ct

ur
e.

  

Si
m

ul
at

ed
 re

co
rd

s 
ar

e 
pr

od
uc

ed
 fr

om
 m

at
he

m
at

ic
al

 m
od

el
s 

of
 th

e 
se

is
m

ic
 

so
ur

ce
 w

hi
ch

 d
om

in
at

es
 th

e 
se

is
m

ic
 h

az
ar

d,
 in

cl
ud

in
g 

th
e 

ru
pt

ur
e 

ev
en

t, 
th

e 
w

av
e 

pr
op

ag
at

io
n 

th
ro

ug
h 

th
e 

be
dr

oc
k 

to
 th

e 
si

te
 a

nd
 th

ro
ug

h 
th

e 
su

bs
oi

l t
o 

th
e 

gr
ou

nd
 su

rf
ac

e.
  

H
is

to
ric

 r
ec

or
ds

 s
ho

ul
d 

co
m

e 
fr

om
 s

ei
sm

ic
 e

ve
nt

s 
w

ith
 m

ag
ni

tu
de

, f
au

lt 
di

st
an

ce
 a

nd
 m

ec
ha

ni
sm

 o
f r

up
tu

re
 a

t t
he

 s
ou

rc
e 

w
hi

ch
 a

re
 c

on
si

st
en

t t
o 

th
os

e 
do

m
in

at
in

g 
th

e 
se

is
m

ic
 h

az
ar

d 
fo

r 
th

e 
re

pr
es

en
ta

tiv
e 

se
is

m
ic

 a
ct

io
n 

in
 

qu
es

tio
n.

 T
he

ir 
tra

ve
l p

at
h 

an
d 

th
e 

su
bs

oi
l c

on
di

tio
ns

 o
f t

he
 re

co
rd

in
g 

st
at

io
n 

sh
ou

ld
 p

re
fe

ra
bl

y 
re

se
m

bl
e 

th
os

e 
ap

pl
yi

ng
 a

t t
he

 si
te

. 

A
rti

fic
ia

l (
or

 “
sy

nt
he

tic
”)

 r
ec

or
ds

, m
at

he
m

at
ic

al
ly

 d
er

iv
ed

 fr
om

 th
e 

ta
rg

et
 

el
as

tic
 re

sp
on

se
 s

pe
ct

ru
m

, a
re

 n
ot

 re
al

is
tic

 if
 th

ey
 a

re
 ri

ch
 in

 a
ll 

fr
eq

ue
nc

ie
s 

in
 

 
Pr

ef
er

en
ce

 s
ho

ul
d 

be
 g

iv
en

 to
 h

is
to

ric
 o

r 
si

m
ul

at
ed

 r
ec

or
ds

 o
ve

r 
ar

tif
ic

ia
l 

on
es

. 
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 B

ul
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tin
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5:
 M

od
el

 C
od

e 
20

10
, F

irs
t c

om
pl

et
e 

dr
af

t –
 V

ol
um

e 
1 

85
 

th
e 

sa
m

e 
w

ay
 a

s 
th

e 
ta

rg
et

 s
pe

ct
ru

m
. 

Th
er

ef
or

e,
 p

er
fe

ct
 m

at
ch

in
g 

of
 t

he
 

el
as

tic
 re

sp
on

se
 sp

ec
tru

m
 sh

ou
ld

 b
e 

av
oi

de
d.

 

Th
e 

pe
rio

d 
ra

ng
e 

of
 in

te
re

st
 m

ay
 b

e 
ta

ke
n 

to
 e

xt
en

d 
fr

om
 tw

ic
e 

to
 2

0%
 o

f 
th

e 
fu

nd
am

en
ta

l p
er

io
d 

of
 th

e 
st

ru
ct

ur
e 

in
 th

e 
di

re
ct

io
n 

of
 th

e 
se

is
m

ic
 a

ct
io

n 
co

m
po

ne
nt

 in
 q

ue
st

io
n.

  

 
To

 c
on

fo
rm

 w
ith

 th
e 

ba
si

c 
de

fin
iti

on
 o

f t
he

 re
pr

es
en

ta
tiv

e 
se

is
m

ic
 a

ct
io

n,
 

ea
ch

 in
di

vi
du

al
 c

om
po

ne
nt

 ti
m

e-
hi

st
or

y 
sh

ou
ld

 b
e 

sc
al

ed
 s

o 
th

at
 th

e 
va

lu
es

 o
f 

its
 e

la
st

ic
 r

es
po

ns
e 

sp
ec

tru
m

 f
or

 th
e 

de
fa

ul
t d

am
pi

ng
 a

re
 a

t l
ea

st
 9

0%
 o

f 
th

e 
sp

ec
ifi

ed
 sp

ec
tru

m
 th

ro
ug

ho
ut

 th
e 

pe
rio

d 
ra

ng
e 

of
 in

te
re

st
. 

Fo
r 

th
e 

es
tim

at
io

n 
of

 p
ea

k 
re

sp
on

se
 q

ua
nt

iti
es

, a
 m

in
im

um
 o

f 
se

ve
n 

su
ch

 
ev

en
ts

 is
 n

ee
de

d 
if 

th
e 

co
rr

es
po

nd
in

g 
re

su
lts

 o
f t

he
 a

na
ly

se
s 

ar
e 

av
er

ag
ed

, o
r 

a 
m

in
im

um
 o

f 
th

re
e,

 if
 th

e 
m

os
t a

dv
er

se
 p

ea
k 

re
sp

on
se

 f
ro

m
 th

e 
an

al
ys

es
 is

 
us

ed
. M

an
y 

m
or

e 
se

is
m

ic
 e

ve
nt

s 
th

an
 th

es
e 

m
in

im
um

 n
um

be
rs

 a
re

 n
ec

es
sa

ry
 

fo
r 

th
e 

es
tim

at
io

n 
of

 
re

si
du

al
 

de
fo

rm
at

io
ns

 
or

 
di

sp
la

ce
m

en
ts

 
th

ro
ug

h 
no

nl
in

ea
r r

es
po

ns
e-

hi
st

or
y 

an
al

ys
es

. 

 
A

 su
ff

ic
ie

nt
 n

um
be

r o
f i

nd
ep

en
de

nt
 se

is
m

ic
 e

ve
nt

s 
(in

 te
rm

s 
of

 c
om

po
ne

nt
 

tim
e-

hi
st

or
ie

s)
 s

ho
ul

d 
be

 u
se

d 
fo

r 
th

e 
de

riv
at

io
n 

of
 m

ea
ni

ng
fu

l 
an

d 
ro

bu
st

 
st

at
is

tic
s o

f t
he

 a
ct

io
n 

ef
fe

ct
s. 

 
 

4.
5.

1.
4.

2 
R

ep
re

se
nt

at
io

n 
of

 p
re

st
re

ss
 

G
en

er
al

ly
, 

du
rin

g 
pr

es
tre

ss
in

g,
 t

he
 e

xt
er

na
l 

fo
rc

es
 a

re
 i

m
po

se
d 

an
d 

th
e 

as
so

ci
at

ed
 e

lo
ng

at
io

ns
 o

f t
he

 te
nd

on
s 

ar
e 

co
nt

ro
lle

d.
 T

he
 p

re
st

re
ss

in
g 

lo
ad

 is
 

de
te

rm
in

ed
 a

t t
he

 ti
m

e 
of

 it
s a

pp
lic

at
io

n 

 
Pr

es
tre

ss
in

g 
fo

rc
es

 a
re

 re
ga

rd
ed

 a
s a

ct
io

ns
 o

n 
th

e 
st

ru
ct

ur
e.

  

 
 

Re
pr

es
en

ta
tiv

e 
va

lu
es

  
Ev

en
 w

he
re

 p
re

st
re

ss
 h

as
 to

 b
e 

co
ns

id
er

ed
 a

s 
an

 a
ct

io
n,

 a
 p

re
st

ra
in

 ε
p(

x,
 t)

 h
as

 
co

m
m

on
ly

 a
ls

o 
to

 b
e 

co
ns

id
er

ed
 in

 s
om

e 
pa

rts
 o

f 
th

e 
ca

lc
ul

at
io

ns
 e

sp
ec

ia
lly

 
in

 v
er

ifi
ca

tio
ns

 w
ith

 r
eg

ar
d 

to
 t

he
 U

LS
. 

W
he

re
 o

nl
y 

im
m

ed
ia

te
 l

os
se

s 
ar

e 
co

ns
id

er
ed

 ε
p(

x,
 t)

 is
 d

ed
uc

ed
 fr

om
 P

(x
, t

) b
y 

di
vi

di
ng

 it
 b

y 
th

e 
pr

od
uc

t E
pA

p. 
W

he
re

 a
ls

o 
lo

ng
-te

rm
 lo

ss
es

 a
re

 c
on

si
de

re
d,

 th
is

 s
im

pl
e 

di
vi

si
on

 m
ay

 h
av

e 
to

 
be

 s
up

pl
em

en
te

d 
by

 a
 c

or
re

ct
io

n 
tra

ns
fo

rm
in

g 
th

e 
re

la
xa

tio
n 

of
 t

he
 t

en
do

n 
in

to
 a

 v
ar

ia
tio

n 
of

 st
ra

in
. 

 
Lo

ss
es

 a
re

 n
um

er
ic

al
ly

 d
ef

in
ed

 a
s 

m
ea

n 
va

lu
es

 Δ
P m

(x
, t

) i
n 

th
e 

su
bc

la
us

es
 

5.
4.

5 
an

d 
5.

4.
6 

as
su

m
in

g 
th

at
 t

he
 s

tru
ct

ur
e 

is
 s

ub
m

itt
ed

 t
o 

th
e 

qu
as

i-
pe

rm
an

en
t c

om
bi

na
tio

n 
of

 a
ct

io
ns

 d
ef

in
ed

 in
 su

bc
la

us
e 

4.
5.

1.
3.

 

Fo
r 

a 
gi

ve
n 

se
t 

of
 t

en
do

ns
, c

on
si

de
re

d 
in

 th
e 

sa
m

e 
ca

lc
ul

at
io

n 
of

 lo
ss

es
, 

th
e 

m
ea

n 
va

lu
e 

of
 th

e 
pr

es
tre

ss
in

g 
fo

rc
e 

is
 d

ef
in

ed
 a

s:
 

P m
(x

, t
) =

 P
(0

, 0
) -

 Δ
P m

(x
, t

)  
(Δ

P 
in

 a
bs

ol
ut

e 
va

lu
e)

 

Tw
o 

ch
ar

ac
te

ris
tic

 v
al

ue
s 

of
 th

e 
pr

es
tre

ss
in

g 
fo

rc
e 

ar
e 

al
so

 d
ef

in
ed

. 
Le

ng
th

 
an

d 
an

gu
la

r 
de

vi
at

io
n 

m
ay

 
be

 
co

ns
id

er
ed

 
sm

al
l 

if 
th

e 
ra

tio
 

ΔP
m
(x

, t
)/P

(0
, 0

) i
s n

ot
, a

t a
ny

 ti
m

e 
t, 

gr
ea

te
r t

ha
n 

0.
30

. 
 

In
 th

e 
ca

se
s 

w
he

re
 th

e 
le

ng
th

 a
nd

 a
ng

ul
ar

 d
ev

ia
tio

n 
of

 th
e 

te
nd

on
s 

ar
e 

no
t 

ex
ce

pt
io

na
lly

 l
ar

ge
, 

th
e 

fo
llo

w
in

g 
fo

rm
ul

ae
, 

al
th

ou
gh

 c
on

se
rv

at
iv

e 
if 

th
e 

an
gu

la
r d

ev
ia

tio
n 

is
 sm

al
l, 

m
ay

 b
e 

us
ed

 a
s 

ac
ce

pt
ab

le
 a

pp
ro

xi
m

at
io

ns
.  

(a
) B

on
de

d 
te

nd
on

s 

P k
  s

up
 (x

, t
) 

= 
1.

1 
P m

(x
, t

) 
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4 
 P

ri
nc

ip
le

s o
f s

tru
ct

ur
al

 d
es

ig
n 

86
 

P k
  i

nf
 (x

, t
) 

= 
0.

9 
P m

(x
, t

) 

(b
) U

nb
on

de
d 

te
nd

on
s 

P k
  s

up
 (x

, t
) 

= 
1.

05
 P

m
(x

, t
) 

P k
  i

nf
 (x

, t
) 

= 
0.

95
 P

m
(x

, t
) 
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 c
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+
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se
is

m
ic

 
si

tu
at

io
ns

 
m

as
se

s 
ar
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re
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ra
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 p
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 b
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t c
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t b
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at
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 m
at

er
ia

l 
pr

op
er

tie
s, 

A d
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 d
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A d
 d
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at
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 d
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 d
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 b
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at
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e 

de
si

gn
 s

ei
sm

ic
 a

ct
io

n 
ha

vi
ng

 a
 p

re
sc

rib
ed

 p
ro

ba
bi

lit
y 

of
 n

ot
 b

ei
ng

 e
xc

ee
de

d 
du

rin
g 

th
e 

re
fe

re
nc

e 
pe

rio
d 

t d 
an

d 
as

so
ci

at
ed

 
w

ith
 th

e 
ul

tim
at

e 
lim

it 
st

at
e 

of
 in

te
re

st
 in

 th
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 s
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 c
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 c
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pr
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at
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 c
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r e
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 b
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 d
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 b
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 b
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 b
e 

co
ns

id
er

ed
 a

s 
di

ff
er

en
t 

ac
tio

ns
, 

bu
t 

th
e 

im
po

se
d 

lo
ad

s 
on

 d
iff

er
en

t 
flo

or
s 

sh
ou

ld
 b

e 
co

ns
id

er
ed

 a
s o

ne
 a

ct
io

n.
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 b
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 b
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 b
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 p
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at
io

ns
, b

y 

!! "#
$$ %&

+
=
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 d
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 Ψ
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 l
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pr
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 b
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s d
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 c
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e 
γ Q

 v
al

ue
 a

pp
lic

ab
le

 to
 Ψ
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 d
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 p
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ou
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 b
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 c
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ra
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 d
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, Ψ
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m

ax
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 c
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σ c
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, Ψ
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e 
m
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 d
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O
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 d
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n 
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so
ci
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 b
e 

co
ns

id
er

ed
. 

 
 

 
 

 
 

 
γ E
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σ c

t,m
ax

 (G
, P

, Ψ
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 c
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 o
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 b
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 b
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 d
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r o
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e.
 

In
 E

q.
 4

.5
-2

4 
th

e 
te

rm
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e 

br
ac

ke
ts

 is
 th

e 
st

at
ic

 p
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 d
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r c
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 c
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+
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ar
io

us
 ra

nd
om

 e
ff

ec
ts

 o
f m

at
er

ia
l p

ro
pe

rti
es

, d
im

en
si

on
s, 

et
c.

, 
an

d 
th

ei
r 

in
te

ra
ct

io
ns

. 
U

nl
ik

e 
in

 t
he

 p
ar

tia
l 

fa
ct

or
 d

es
ig

n 
m

et
ho

d,
 t

he
 

un
ce

rta
in

tie
s 

ar
e 

ev
al

ua
te

d 
on

 a
 g

lo
ba

l 
st

ru
ct

ur
al

 l
ev

el
 a

nd
 n

ot
 i

n 
lo

ca
l 

m
at

er
ia

l p
oi

nt
s. 

Th
e 

m
ea

ni
ng

 o
f 

gl
ob

al
 r

es
is

ta
nc

e 
ca

n 
be

 i
llu

st
ra

te
d 

by
 a

n 
ex

am
pl

e 
of

 a
 

si
m

pl
e 

be
am

 u
nd

er
 th

e 
ac

tio
n 

of
 a

 fo
rc

e.
 T

he
 g

lo
ba

l r
es

is
ta

nc
e 

is
 e

xp
re

ss
ed

 b
y 

th
e 

ul
tim

at
e 

fo
rc

e,
 w

hi
ch

 c
an

 b
e 

re
si

st
ed

 b
y 

th
e 

be
am

. T
hi

s 
re

si
st

an
ce

 c
ov

er
s 

al
l 

m
at

er
ia

l 
pr

op
er

tie
s, 

ge
om

et
ry

, 
re

in
fo

rc
em

en
t, 

bo
un

da
ry

 c
on

di
tio

ns
 a

nd
 

m
od

es
 o

f f
ai

lu
re

. T
yp

ic
al

ly
, t

he
 b

ea
m

 c
an

 fa
il 

in
 b

en
di

ng
 o

r i
n 

sh
ea

r a
nd

 b
ot

h 
of

 th
es

e 
fa

ilu
re

 m
od

es
 a

re
 d

es
cr

ib
ed

 b
y 

th
e 

sa
m

e 
va

ria
bl

e 
– 

m
ax

im
um

 f
or

ce
 

re
si

st
ed

 b
y 

th
e 

be
am

. 
Th

e 
sa

m
e 

ca
lc

ul
at

io
n 

m
od

el
, 

fo
r 

ex
am

pl
e 

a 
fin

ite
 

el
em

en
t 

an
al

ys
is

, i
s 

us
ed

  
an

d 
th

e 
fa

ilu
re

 m
od

e 
is

 d
et

ec
te

d 
au

to
m

at
ic

al
ly

 i
n 

th
e 

an
al

ys
is

. 

Th
e 

un
ce

rta
in

ty
 o

f 
re

si
st

an
ce

 R
 i

s 
de

sc
rib

ed
 b

y 
its

 r
an

do
m

 d
is

tri
bu

tio
n 

fu
nc

tio
n 

w
ith

 i
ts

 p
ar

am
et

er
s:

 f
un

ct
io

n 
ty

pe
, 

m
ea

n,
 s

ta
nd

ar
d 

de
vi

at
io

n,
 (

an
d 

po
ss

ib
ly

 o
th

er
s)

.  
Th

e 
pa

ra
m

et
er

s 
of

 s
ca

tte
r f

or
 a

 g
iv

en
 ra

nd
om

 d
is

tri
bu

tio
n 

of
 

re
si

st
an

ce
 c

an
 b

e 
us

ed
 to

 d
er

iv
e 

th
e 

m
ea

n,
 c

ha
ra

ct
er

is
tic

 a
nd

 d
es

ig
n 

va
lu

es
 o

f 
re

si
st

an
ce

 R
m
, 

k
R

, 
d
R

. T
he

 g
lo

ba
l s

af
et

y 
ca

n 
be

 e
xp

re
ss

ed
 e

ith
er

 b
y 

a 
gl

ob
al

 
sa

fe
ty

 fa
ct

or
 o

f b
y 

a 
re

lia
bi

lit
y 

in
de

x.
 

In
 c

on
tra

st
, 

if 
th

e 
sa

m
e 

be
am

 i
s 

ve
rif

ie
d 

by
 t

he
 p

ar
tia

l 
sa

fe
ty

 f
ac

to
r 

m
et

ho
d,

 a
 s

pe
ci

fic
 s

ec
tio

n 
is

 c
on

si
de

re
d 

an
d 

lo
ca

l 
ch

ec
ks

 a
re

 m
ad

e 
fo

r 
sp

ec
ifi

c 
ac

tio
ns

 in
 a

 c
ro

ss
 s

ec
tio

n.
 T

w
o 

se
pa

ra
te

 v
er

ifi
ca

tio
ns

 a
re

 p
er

fo
rm

ed
 

in
 th

e 
se

ct
io

n,
 o

ne
 f

or
 th

e 
be

nd
in

g 
fa

ilu
re

 a
nd

 a
no

th
er

 o
ne

 f
or

 s
he

ar
 f

ai
lu

re
. 

Th
e 

gl
ob

al
 s

af
et

y 
is

 n
ot

 e
va

lu
at

ed
, b

ut
 it

 is
 g

ua
ra

nt
ee

d 
by

 th
e 

fo
rm

ul
at

io
n 

of
 

pa
rti

al
 sa

fe
ty

 fa
ct

or
s.

 
In

 m
an

y 
ca

se
s 

it 
is

 p
os

si
bl

e 
to

 e
st

im
at

e 
th

e 
m

ea
n 

an
d 

th
e 

ch
ar

ac
te

ris
tic

 
va

lu
es

 o
f 

re
si

st
an

ce
 b

y 
th

e 
va

lu
es

 o
f 

re
si

st
an

ce
 d

er
iv

ed
 f

ro
m

 m
ea

n 
an

d 
ch

ar
ac

te
ris

tic
 v

al
ue

s 
of

 t
he

 b
as

ic
 v

ar
ia

bl
es

, 
re

sp
ec

tiv
el

y.
 W

he
n 

th
e 

m
ea

n 
va

lu
e 

ob
ta

in
ed

 i
n 

th
is

 w
ay

 d
iff

er
s 

fr
om

 t
he

 m
ea

n 
va

lu
e 

ob
ta

in
ed

 b
y 

ot
he

r 
m

ea
ns

 (e
.g

. e
xp

er
im

en
ts

) s
pe

ci
al

 c
ar

e 
is

 a
dv

is
ed

. 

Th
e 

un
ce

rta
in

ty
 o

f 
re

si
st

an
ce

 i
s 

ex
pr

es
se

d 
by

 t
he

 f
ol

lo
w

in
g 

va
lu

es
 o

f 
re

si
st

an
ce

: 

m
R

- m
ea

n 
va

lu
e 

of
 re

si
st

an
ce

, 

k
R

- c
ha

ra
ct

er
is

tic
 v

al
ue

 o
f r

es
is

ta
nc

e,
 (c

or
re

sp
on

di
ng

 to
 a

 p
ro

ba
bi

lit
y 

of
 

fa
ilu

re
 5

%
), 

d
R

- d
es

ig
n 

va
lu

e 
of

 re
si

st
an

ce
. 

Th
e 

ba
si

c 
va

ria
bl

es
 d

ef
in

ed
 fo

r t
he

 p
ar

tia
l f

ac
to

rs
 in

 s
ub

cl
au

se
 4

.5
.2

.1
, a

re
 

us
ed

 f
or

 c
al

cu
la

tin
g 

th
e 

re
si

st
an

ce
 v

al
ue

s.
 T

he
 v

al
ue

s 
of

 t
he

se
 v

ar
ia

bl
es

 (
f, 

a,
…

) 
m

us
t b

e 
ch

os
en

 in
 a

cc
or

da
nc

e 
w

ith
 th

e 
sa

fe
ty

 fo
rm

at
s 

de
sc

rib
ed

 fu
rth

er
 

in
 th

is
 c

ha
pt

er
. T

he
 v

al
ue

 o
f a

ct
io

n 
F 

is
 c

on
si

de
re

d 
in

 th
e 

sa
m

e 
w

ay
 a

s 
in

 th
e 

pa
rti

al
 fa

ct
or

 m
et

ho
d.
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4 
 P

ri
nc

ip
le

s o
f s

tru
ct

ur
al

 d
es

ig
n 

10
2 

 
 

4.
6.

2.
2 

D
es

ig
n 

co
nd

iti
on

 
It 

is
 i

m
po

rta
nt

 t
o 

re
co

gn
iz

e,
 t

ha
t 

in
 t

he
 p

re
se

nt
 f

or
m

ul
at

io
n 

th
e 

gl
ob

al
 

sa
fe

ty
 fa

ct
or

 
* R

!
 is

 re
la

te
d 

to
 th

e 
m

ea
n 

va
ria

bl
e.

 T
o 

di
st

in
gu

is
h 

th
is

 fr
om

 th
e 

pa
rti

al
 s

af
et

y 
fa

ct
or

s, 
w

hi
ch

 a
re

 r
ef

er
rin

g 
to

 c
ha

ra
ct

er
is

tic
 v

al
ue

s 
th

e 
no

ta
tio

n 
w

ith
 a

st
er

is
k 

su
pe

rs
cr

ip
t i

s u
se

d.
  

Fu
rth

er
m

or
e,

 it
 is

 u
se

fu
l t

o 
in

tro
du

ce
 a

 s
ca

lin
g 

fa
ct

or
 fo

r a
 lo

ad
in

g 
pa

tte
rn

. 
In

 g
en

er
al

, a
ct

io
n 

d
F

an
d 

re
si

st
an

ce
 

d
R

, w
hi

ch
 a

pp
ea

r 
in

 d
es

ig
n 

Eq
. (

4.
6-

2)
, 

m
ay

 i
nc

lu
de

 m
an

y 
co

m
po

ne
nt

s 
(f

or
 e

xa
m

pl
e 

ve
rti

ca
l 

an
d 

ho
riz

on
ta

l 
fo

rc
es

, 
bo

dy
 f

or
ce

s, 
te

m
pe

ra
tu

re
, e

tc
,) 

an
d 

ca
n 

be
 d

es
cr

ib
ed

 b
y 

a 
po

in
t 

in
 a

 m
ul

ti-
di

m
en

si
on

al
 s

pa
ce

. 
Th

e 
re

si
st

an
ce

 s
ca

lin
g 

fa
ct

or
 

R
k

de
sc

rib
es

 t
he

 r
el

at
io

n 
be

tw
ee

n 
re

si
st

an
ce

 a
nd

 a
ct

io
n 

an
d 

ha
s 

th
e 

sa
m

e 
m

ea
ni

ng
 a

s 
a 

sa
fe

ty
 fa

ct
or

. I
n 

a 
sy

m
bo

lic
 f

or
m

, c
on

si
de

rin
g 

a 
pa

ir 
of

 c
or

re
sp

on
di

ng
 c

om
po

ne
nt

s 
it 

ca
n 

be
 

de
fin

ed
 a

s:
 

 
Th

e 
de

si
gn

 c
on

di
tio

n 
de

riv
ed

 fr
om

 E
q.

 (
4.

3-
4)

 f
or

 th
e 

gl
ob

al
 fo

rm
at

 ta
ke

s 
th

e 
fo

llo
w

in
g 

fo
rm

: 

,.
..

,.
.

(
)

(
)

d
d

s
F

r
R

!
 

(4
.6

-1
) 

In
 a

 si
m

pl
ifi

ed
 fo

rc
e 

re
pr

es
en

ta
tio

n 
it 

ca
n 

ta
ke

 th
e 

fo
rm

: 

d
d

F
R

!
 

(4
.6

-2
) 

Th
e 

de
si

gn
 a

nd
 m

ea
n 

va
lu

es
 o

f r
es

is
ta

nc
e 

ar
e 

re
la

te
d 

as
 

*
/

d
m

R
R

R
!

=
 

(4
.6

-3
) 

w
he

re
 

* R
!

 is
 th

e 
gl

ob
al

 sa
fe

ty
 fa

ct
or

 fo
r m

ea
n 

re
si

st
an

ce
.  

R

d

R
k

F
=

 
(4

.6
-4

) 

Th
en

, t
he

 d
es

ig
n 

co
nd

iti
on

 in
 E

q.
 4

.6
-2

 c
an

 b
e 

re
w

rit
te

n 
as

: 
*

R
R

k
!

"
 

(4
.6

-5
) 

W
he

re
 γ

* R 
is

 a
 r

eq
ui

re
d 

gl
ob

al
 s

af
et

y 
fa

ct
or

 f
or

 r
es

is
ta

nc
e.

 I
n 

th
is

, 
if 

re
le

va
nt

, 
th

e 
gl

ob
al

 s
af

et
y 

fa
ct

or
 c

an
 i

nc
lu

de
 t

he
 m

od
el

 u
nc

er
ta

in
ty

. 
Th

e 
fa

ct
or

 k
R c

an
 b

e 
us

ed
 to

 c
al

cu
la

te
 th

e 
re

la
tiv

e 
sa

fe
ty

 m
ar

gi
n 

m
R 

fo
r r

es
is

ta
nc

e:
 

 
Th

e 
gl

ob
al

 s
af

et
y 

fa
ct

or
 γ

* R 
ac

co
un

ts
 f

or
 r

an
do

m
 u

nc
er

ta
in

tie
s 

of
 m

od
el

 
pa

ra
m

et
er

s, 
na

m
el

y 
of

 m
at

er
ia

l 
pr

op
er

tie
s. 

A
n 

un
ce

rta
in

ty
 d

ue
 t

o 
m

od
el

 
fo

rm
ul

at
io

n,
 s

ha
ll 

be
 tr

ea
te

d 
by

 a
 s

ep
ar

at
e 

sa
fe

ty
 fa

ct
or

 fo
r m

od
el

 u
nc

er
ta

in
ty

 
γ R

d. 
Th

is
 c

an
 b

e 
ap

pl
ie

d 
ei

th
er

 to
 th

e 
ac

tio
n,

 o
r 

to
 th

e 
re

si
st

an
ce

. I
n 

th
e 

la
te

r 
ca

se
 th

e 
de

si
gn

 re
si

st
an

ce
 ta

ke
s 

th
e 

fo
rm

: 

*

m

d

R
R
d

R
R

!
!

=
 

(4
.6

-6
) 

*

R
R

R
m

k
!

=
"

 
(4

.6
-7

)  

 
 

Th
e 

m
od

el
 

un
ce

rta
in

ty
 

fa
ct

or
 
γ R

d 
sh

ou
ld

 
be

 
ch

os
en

 
ba

se
d 

on
 

th
e 

kn
ow

le
dg

e 
of

 th
e 

de
si

gn
 c

on
di

tio
ns

 o
f 

th
e 

st
ru

ct
ur

e 
du

rin
g 

its
 li

fe
 ti

m
e.

 T
he

 
va

lu
e 
γ R

d =
 1

.0
 s

ho
ul

d 
be

 u
se

d 
on

ly
 in

 e
xc

ep
tio

na
l c

as
es

, w
he

n 
an

 e
vi

de
nc

e 
of

 
th

e 
m

od
el

 v
al

id
at

io
n 

in
 d

es
ig

n 
co

nd
iti

on
s 

is
 a

va
ila

bl
e.

 A
n 

ex
am

pl
e 

of
 s

uc
h 

 a
 

co
nd

iti
on

 is
 th

e 
ca

se
 o

f a
ss

es
sm

en
t o

f a
n 

ex
is

tin
g 

st
ru

ct
ur

e.
 

Th
e 

va
lu

e 
γ R

d 
= 

1.
06

 s
ho

ul
d 

be
 u

se
d 

fo
r 

m
od

el
s 

ba
se

d 
on

 a
 r

ef
in

ed
 

nu
m

er
ic

al
 a

na
ly

si
s, 

su
ch

 a
s 

no
n-

lin
ea

r 
fin

ite
 e

le
m

en
t 

an
al

ys
is

. 
Th

e 
m

od
el

 
sh

ou
ld

 b
e 

ob
je

ct
iv

e 
(lo

w
 m

es
h 

se
ns

iti
vi

ty
) 

an
d 

va
lid

at
ed

. 
Th

e 
fa

ct
or

 1
.0

6 

 
Th

e 
va

lu
e 

of
 t

he
 m

od
el

 u
nc

er
ta

in
ty

 f
ac

to
r 

de
pe

nd
s 

on
 t

he
 q

ua
lit

y 
of

 
fo

rm
ul

at
io

n 
of

 th
e 

re
si

st
an

ce
 m

od
el

. T
he

 re
co

m
m

en
de

d 
va

lu
es

 a
re

 

1
.0

R
d

!
=

   
 fo

r n
o 

un
ce

rta
in

tie
s 

1
.0
6

R
d

!
=

   
fo

r m
od

el
s 

w
ith

 lo
w

 u
nc

er
ta

in
tie

s 

1
.1

R
d

!
=

   
fo

r m
od

el
s 

w
ith

 h
ig

h 
un

ce
rta

in
tie

s. 
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fib
 B

ul
le

tin
 5

5:
 M

od
el

 C
od

e 
20

10
, F

irs
t c

om
pl

et
e 

dr
af

t –
 V

ol
um

e 
1 

10
3 

do
es

 n
ot

 c
ov

er
 t

he
 e

rr
or

s 
du

e 
to

 a
pp

ro
xi

m
at

io
ns

 i
n 

th
e 

nu
m

er
ic

al
 m

od
el

. I
t 

co
ve

rs
 t

he
 o

th
er

 e
ff

ec
ts

 n
ot

 i
nc

lu
de

d 
in

 t
he

 n
um

er
ic

al
 m

od
el

, s
uc

h 
as

 t
im

e 
ef

fe
ct

s, 
en

vi
ro

nm
en

ta
l 

ef
fe

ct
s,

 e
tc

. 
A

n 
ex

am
pl

e 
of

 s
uc

h 
a 

ca
se

 i
s 

th
e 

us
ua

l 
de

si
gn

 a
cc

or
di

ng
 to

 th
e 

pa
rti

al
 sa

fe
ty

 fa
ct

or
 m

et
ho

d.
 

Th
e 

va
lu

e 
1
.1

R
d

!
=

 s
ho

ul
d 

be
 u

se
d 

fo
r m

od
el

s 
su

ff
ic

ie
nt

ly
 v

al
id

at
ed

 a
s 

in
 

th
e 

ca
se

 a
bo

ve
, b

ut
 w

ith
 a

 h
ig

he
r 

un
ce

rta
in

ty
 o

f 
st

ru
ct

ur
al

 c
on

di
tio

ns
 d

ue
 to

 
an

 u
nk

no
w

n 
de

si
gn

 s
itu

at
io

n.
 A

n 
ex

am
pl

e 
of

 s
uc

h 
a 

ca
se

 i
s 

a 
de

si
gn

 u
nd

er
 

un
ce

rta
in

 lo
ad

 h
is

to
ry

 d
ue

 to
 a

ct
io

ns
 im

po
se

d 
by

 e
nv

iro
nm

en
ta

l e
ff

ec
ts

. 
 

 
4.

7 
D

ee
m

ed
-to

-s
at

is
fy

 a
pp

ro
ac

h 
 

 
 

4.
7.

1 
G

en
er

al
 

Th
e 

de
em

ed
-to

-s
at

is
fy

 a
pp

ro
ac

h 
is

 a
pp

lic
ab

le
 b

ot
h 

fo
r 

th
e 

tra
di

tio
na

l 
st

ru
ct

ur
al

 d
es

ig
n 

an
d 

fo
r t

he
 d

es
ig

n 
as

so
ci

at
ed

 to
 d

ur
ab

ili
ty

. T
he

 m
et

ho
d 

m
ay

 
co

m
pr

is
e 

se
ts

 o
f 

pr
ed

et
er

m
in

ed
 a

lte
rn

at
iv

es
 g

iv
en

 i
n 

a 
st

an
da

rd
. 

In
 m

os
t 

op
er

at
io

na
l 

st
an

da
rd

s 
th

e 
de

si
gn

 a
ss

oc
ia

te
d 

w
ith

 d
ur

ab
ili

ty
 i

s 
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si
on

ed
, o

r 

– 
po

st
-te

ns
io

ne
d;

 i
n 

th
is

 c
as

e 
th

ey
 m

ay
 b

e 
bo

nd
ed

 b
y 

gr
ou

tin
g,

 o
r 

te
m

po
ra

ril
y 

or
 p

er
m

an
en

tly
 u

nb
on

de
d 

Ex
tra

do
se

d 
te

nd
on

s 
an

d 
st

ay
 c

ab
le

s 
w

hi
ch

 a
re

 p
ar

tia
lly

 o
r 

to
ta

lly
 o

ut
si

de
 

th
e 

ou
tli

ne
 o

f 
th

e 
st

ru
ct

ur
e,

 a
nd

 p
re

st
re

ss
ed

 g
ro

un
d 

an
ch

or
s 

ar
e 

no
t c

ov
er

ed
 

by
 

th
is

 
M

od
el

 
C

od
e.

 
R

ef
er

en
ce

 
is

 
m

ad
e 

to
: 

fib
 B

ul
le

tin
 

30
, 

SE
TR

A
 

R
ec

om
m

en
da

tio
ns

, 
FI

P 
R

ec
om

m
en

da
tio

ns
 

fo
r 

Pr
es

tre
ss

ed
 

G
ro

un
d 

A
nc

ho
ra

ge
s 

O
pt

io
na

l 
fe

at
ur

es
 o

f 
pr

es
tre

ss
in

g 
te

nd
on

s 
m

ay
 b

e 
pr

ov
id

ed
 s

uc
h 

as
 t

o 
ob

ta
in

: 
– 

re
-s

tre
ss

ab
le

 te
nd

on
s;

 

– 
ex

ch
an

ge
ab

le
 te

nd
on

s;
 

– 
te

nd
on

s f
or

 c
ry

og
en

ic
 te

m
pe

ra
tu

re
s;

 

– 
fu

lly
 e

nc
ap

su
la

te
d 

te
nd

on
s;

 
– 

m
on

ito
ra

bl
e 

te
nd

on
s. 

 
– 

ex
te

rn
al

 t
o 

th
e 

co
nc

re
te

 b
ut

 t
ot

al
ly

 w
ith

in
 t

he
 e

xt
er

na
l 

ou
tli

ne
 o

f 
th

e 
st

ru
ct

ur
e.

  

Pr
es

tre
ss

in
g 

m
ay

 b
e 

us
ed

 fo
r a

ny
 ty

pe
 o

f s
tru

ct
ur

e 
fo

r: 

– 
ne

w
 c

on
st

ru
ct

io
n;

 
– 

re
pa

ir 
an

d 
st

re
ng

th
en

in
g 

of
 e

xi
st

in
g 

st
ru

ct
ur

es
. 

In
 th

e 
ab

se
nc

e 
of

 a
pp

lic
ab

le
 n

at
io

na
l o

r i
nt

er
na

tio
na

l a
pp

ro
va

l p
ro

ce
du

re
s,

 
ET

A
G

 0
13

 i
s 

re
co

m
m

en
de

d 
to

 b
e 

us
ed

. I
t 

in
cl

ud
es

 d
et

ai
le

d 
te

st
 p

ro
ce

du
re

s 
an

d 
ac

ce
pt

an
ce

 c
rit

er
ia

 fo
r v

er
ifi

ca
tio

n 
of

 th
e 

sy
st

em
 p

er
fo

rm
an

ce
. 

 
Po

st
-te

ns
io

ni
ng

 
sy

st
em

s 
sh

al
l 

co
m

pl
y 

w
ith

 
na

tio
na

l 
or

 
in

te
rn

at
io

na
l 

ap
pr

ov
al

 p
ro

ce
du

re
s. 

Th
e 

C
EN

 
W

or
ks

ho
p 

A
gr

ee
m

en
t 

C
W

A
 

14
64

6 
is

 
re

co
m

m
en

de
d 

as
 

re
fe

re
nc

e 
fo

r 
th

e 
qu

al
ifi

ca
tio

n 
of

 s
pe

ci
al

is
t c

om
pa

ni
es

 a
nd

 fo
r t

he
 tr

ai
ni

ng
 o

f 
su

pe
rv

is
or

s a
nd

 p
er

so
nn

el
. 

 
Pr

es
tre

ss
in

g 
te

nd
on

s 
w

ith
 a

ll 
ne

ce
ss

ar
y 

co
m

po
ne

nt
s 

sh
al

l 
be

 i
ns

ta
lle

d 
by

 
qu

al
ifi

ed
 s

pe
ci

al
is

t c
om

pa
ni

es
 w

ith
 s

uf
fic

ie
nt

ly
 e

xp
er

ie
nc

ed
 s

up
er

vi
so

rs
 a

nd
 

su
ita

bl
y 

tra
in

ed
 p

er
so

nn
el

. 
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fib
 B

ul
le

tin
 5

5:
 M

od
el

 C
od

e 
20

10
, F

irs
t c

om
pl

et
e 

dr
af

t –
 V

ol
um

e 
1 

19
5 

 
 

5.
4.

2 
Po

st
-t

en
si

on
in

g 
sy

st
em

 c
om

po
ne

nt
s a

nd
 

m
at

er
ia

ls
 

 
 

5.
4.

2.
1 

A
nc

ho
ra

ge
s a

nd
 c

ou
pl

in
g 

de
vi

ce
s 

 
 

G
en

er
al

 
In

fo
rm

at
io

n 
re

la
tin

g 
to

 a
nc

ho
ra

ge
 a

rr
an

ge
m

en
ts

 i
s 

gi
ve

n 
in

 t
he

 a
pp

ro
va

l 
do

cu
m

en
ts

. 
W

he
n 

th
e 

as
su

m
pt

io
ns

 o
r 

se
rv

ic
e 

co
nd

iti
on

s 
di

ff
er

 f
ro

m
 t

ho
se

 
en

vi
sa

ge
d 

by
 th

es
e,

 a
dd

iti
on

al
 e

xp
er

im
en

ta
l c

he
ck

s 
m

ay
 b

e 
ne

ce
ss

ar
y.

 

Fi
xe

d 
an

ch
or

ag
es

 c
an

 b
e 

m
ec

ha
ni

ca
l 

de
vi

ce
s 

or
 t

he
 t

en
do

n 
an

ch
or

ed
 b

y 
bo

nd
. 

 
A

fte
r 

ha
rd

en
in

g 
of

 t
he

 c
on

cr
et

e,
 t

he
 t

en
si

le
 e

le
m

en
ts

 o
f 

te
nd

on
s 

ar
e 

te
ns

io
ne

d 
an

d 
th

ei
r 

ex
tre

m
iti

es
 a

re
 f

ix
ed

 w
ith

in
 a

nc
ho

ra
ge

s, 
w

hi
ch

 t
ra

ns
fe

r 
th

e 
pr

es
tre

ss
in

g 
fo

rc
es

 to
 th

e 
co

nc
re

te
. 

Th
er

e 
ar

e 
th

re
e 

ba
si

c 
ty

pe
s 

of
 a

nc
ho

ra
ge

s:
 

– 
st

re
ss

in
g 

an
ch

or
ag

es
 w

hi
ch

 p
er

m
it 

st
re

ss
in

g 
of

 th
e 

te
nd

on
; 

– 
fix

ed
 a

nc
ho

ra
ge

s 
w

hi
ch

 d
o 

no
t p

er
m

it 
st

re
ss

in
g 

of
 th

e 
te

nd
on

; 
– 

co
up

lin
g 

de
vi

ce
s 

to
 c

on
ne

ct
 t

he
 e

nd
 o

f 
a 

te
nd

on
, 

w
hi

ch
 h

as
 b

ee
n 

te
ns

io
ne

d 
fir

st
, t

o 
th

e 
en

d 
of

 a
 s

ec
on

d 
te

nd
on

, p
la

ce
d 

as
 a

n 
ex

te
ns

io
n 

of
 

th
e 

fir
st

, a
nd

 w
hi

ch
 w

ill
 b

e 
te

ns
io

ne
d 

in
 a

 se
co

nd
 st

ag
e.

 
It 

m
ay

 b
e 

ne
ce

ss
ar

y 
to

 p
la

ce
 in

te
rm

ed
ia

te
 a

nc
ho

ra
ge

s,
 fu

nc
tio

ni
ng

 in
 b

ot
h 

di
re

ct
io

ns
, t

o 
re

du
ce

 th
e 

ris
k 

of
 p

ro
gr

es
si

ve
 c

ol
la

ps
e,

 w
he

n 
th

e 
st

re
ng

th
 o

f t
he

 
st

ru
ct

ur
e 

is
 a

ch
ie

ve
d 

by
 o

ne
 se

t o
f t

en
do

ns
 e

xt
en

di
ng

 o
ve

r m
an

y 
sp

an
s.

 
W

he
n 

te
nd

on
s 

ar
e 

bo
nd

ed
 b

y 
ce

m
en

t 
gr

ou
tin

g,
 t

he
 t

ra
ns

fe
r 

of
 t

he
 

pr
es

tre
ss

in
g 

fo
rc

e 
m

ay
 b

e 
en

su
re

d 
by

 b
on

d 
in

 s
ec

tio
ns

 a
dj

ac
en

t t
o 

th
e 

fa
ilu

re
. 

 
W

ith
 u

nb
on

de
d 

te
nd

on
s, 

sp
ec

ia
l a

tte
nt

io
n 

sh
ou

ld
 b

e 
gi

ve
n 

to
 th

e 
po

te
nt

ia
l 

co
ns

eq
ue

nc
es

 o
f a

n 
ac

ci
de

nt
al

 te
nd

on
 fa

ilu
re

 b
ec

au
se

 th
e 

te
nd

on
 fo

rc
e 

is
 lo

st
 

ov
er

 th
e 

en
tir

e 
te

nd
on

 le
ng

th
. 

Th
e 

de
vi

at
or

s 
ha

ve
 t

o 
be

 d
es

ig
ne

d 
fo

r 
bo

th
 t

ra
ns

ve
rs

e 
(d

ev
ia

tin
g)

 a
nd

 
lo

ng
itu

di
na

l 
(f

ric
tio

n)
 e

ff
ec

ts
 a

nd
 t

he
 c

or
re

sp
on

di
ng

 d
is

pl
ac

em
en

ts
 o

f 
th

e 
te

nd
on

. 
It 

is
 r

ec
om

m
en

de
d 

to
 m

ak
e 

sp
ec

ia
l 

pr
ov

is
io

ns
 f

or
 a

cc
es

s 
an

d 
an

ch
or

ag
e 

at
ta

ch
m

en
t 

in
 t

he
 d

ia
ph

ra
gm

s, 
an

d 
fo

r 
de

vi
at

io
n 

de
vi

ce
s 

to
 p

er
m

it 
fu

tu
re

 
ad

di
tio

n 
of

 e
xt

er
na

l t
en

do
ns

. T
he

se
 p

ro
vi

si
on

s 
sh

al
l b

e 
m

ad
e 

fo
r a

n 
ad

di
tio

na
l 

pr
es

tre
ss

in
g 

fo
rc

e 
sp

ec
ifi

ed
 b

y 
th

e 
En

gi
ne

er
. A

 m
in

im
um

 p
ro

vi
si

on
 f

or
 1

0%
 

of
 th

e 
pr

im
ar

y 
pr

es
tre

ss
in

g 
fo

rc
e 

or
 m

om
en

t c
ap

ac
ity

 is
 re

co
m

m
en

de
d.

 

Th
e 

fu
tu

re
 a

dd
iti

on
 o

f 
ex

te
rn

al
 t

en
do

ns
 i

s 
in

te
nd

ed
 f

or
 a

dd
iti

on
al

 f
ut

ur
e 

lo
ad

 o
r d

ef
le

ct
io

n 
ad

ju
st

m
en

t, 
if 

ev
er

 n
ee

de
d.

 

 
W

ith
 e

xt
er

na
l 

pr
es

tre
ss

in
g,

 d
ev

ia
tin

g 
de

vi
ce

s 
ar

e 
pl

ac
ed

 b
et

w
ee

n 
th

e 
te

nd
on

s 
an

d 
th

e 
st

ru
ct

ur
e 

to
 d

ef
le

ct
 th

e 
te

nd
on

 a
s 

ne
ed

ed
. T

he
se

 d
ev

ic
es

 a
nd

 
th

ei
r 

fix
in

g 
zo

ne
s, 

ha
ve

 to
 b

e 
de

si
gn

ed
 to

 tr
an

sf
er

 th
e 

co
rr

es
po

nd
in

g 
de

si
gn

 
ac

tio
n,

 ta
ki

ng
 th

e 
pe

rm
is

si
bl

e 
in

st
al

la
tio

n 
to

le
ra

nc
es

 in
to

 a
cc

ou
nt

. 
W

ith
 

ex
te

rn
al

 
pr

es
tre

ss
in

g,
 

pr
ov

is
io

n 
sh

al
l 

be
 

m
ad

e 
fo

r 
th

e 
fu

tu
re

 
re

pl
ac

em
en

t o
f t

he
 p

re
st

re
ss

in
g 

te
nd

on
s. 
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5 
 M

at
er

ia
ls

 
19

6 

Th
e 

pr
od

uc
er

 s
ho

ul
d 

as
se

ss
 v

al
ue

s 
of

 fr
ac

tu
re

 to
ug

hn
es

s 
(K

IC
 o

r J
C)

 o
f n

ew
 

m
at

er
ia

ls
 w

ith
ou

t p
rio

r 
ex

pe
rie

nc
e 

fo
r 

th
is

 a
pp

lic
at

io
n 

us
ed

 f
or

 a
nc

ho
r 

he
ad

s 
an

d 
co

up
lin

g 
de

vi
ce

s. 
Su

sc
ep

tib
ili

ty
 to

 e
nv

iro
nm

en
ta

lly
 a

ss
is

te
d 

cr
ac

ki
ng

 o
f 

th
es

e 
m

at
er

ia
ls

 sh
ou

ld
 b

e 
as

ce
rta

in
ed

. 

 
A

nc
ho

ra
ge

s s
ha

ll 
be

 m
ad

e 
of

 m
at

er
ia

ls
 su

ita
bl

e 
fo

r t
hi

s p
ur

po
se

. 

 
 

An
ch

or
ag

e 
an

d 
co

up
lin

g 
de

vi
ce

 p
er

fo
rm

an
ce

 
R

el
ev

an
t t

es
t p

ro
ce

du
re

s a
re

 sp
ec

ifi
ed

 in
 th

e 
FI

P 
R

ec
om

m
en

da
tio

ns
 fo

r t
he

 
ac

ce
pt

an
ce

 o
f p

os
t-t

en
si

on
in

g 
sy

st
em

s o
r i

n 
th

e 
ET

A
G

 0
13

. 
 

Po
st

-te
ns

io
ni

ng
 t

en
do

n 
an

ch
or

ag
es

 a
nd

 c
ou

pl
in

g 
de

vi
ce

s 
sh

al
l 

ha
ve

 t
he

 
fo

llo
w

in
g 

m
in

im
um

 p
er

fo
rm

an
ce

 in
 th

e 
sp

ec
ifi

ed
 te

st
s:

 

Th
e 

pe
rf

or
m

an
ce

 o
f 

te
nd

on
s 

m
ad

e 
of

 p
re

st
re

ss
in

g 
st

ee
l i

s 
ba

se
d 

on
 e

ith
er

 
th

e 
ac

tu
al

 te
ns

ile
 s

tre
ng

th
 o

r t
he

 s
tre

ng
th

 s
pe

ci
fie

d 
in

 s
ta

nd
ar

ds
. A

 m
in

im
um

 
el

on
ga

tio
n 

of
 2

%
 is

 sp
ec

ifi
ed

 to
 e

ns
ur

e 
yi

el
di

ng
 a

nd
 d

uc
til

ity
 o

f t
he

 te
nd

on
. 

 
(a

) T
en

do
ns

 m
ad

e 
of

 p
re

st
re

ss
in

g 
st

ee
l: 

– 
in

 t
he

 t
en

si
le

 t
es

t, 
ac

hi
ev

e 
no

t 
le

ss
 t

ha
n 

95
%

 o
f 

th
e 

ac
tu

al
 t

en
si

le
 

st
re

ng
th

 o
f 

th
e 

pr
es

tre
ss

in
g 

st
ee

l 
w

ith
 a

n 
el

on
ga

tio
n 

un
de

r 
m

ax
im

um
 

lo
ad

 o
f n

ot
 le

ss
 th

an
 2

%
  

– 
in

 th
e 

fa
tig

ue
 te

st
, h

av
e 

no
t m

or
e 

th
an

 5
%

 o
f 

th
e 

te
nd

on
 c

ro
ss

 s
ec

tio
n 

fa
il 

w
ith

 a
 s

tre
ss

 r
an

ge
 o

f 
80

 M
Pa

 a
t 

an
 u

pp
er

 s
tre

ss
 o

f 
65

%
 o

f 
th

e 
te

ns
ile

 st
re

ng
th

 o
f t

he
 p

re
st

re
ss

in
g 

st
ee

l o
ve

r 2
x1

06  lo
ad

 c
yc

le
s 

– 
in

 t
he

 l
oa

d 
tra

ns
fe

r 
te

st
, r

es
is

t 
to

 n
ot

 l
es

s 
th

an
 1

10
%

 o
f 

th
e 

sp
ec

ifi
ed

 
te

nd
on

 
st

re
ng

th
 

at
 

th
e 

sp
ec

ifi
ed

 
m

in
im

um
 

co
nc

re
te

 
st

re
ng

th
 

fo
r 

st
re

ss
in

g 
to

 th
e 

m
ax

im
um

 fo
rc

e.
 

Th
e 

an
ch

or
ag

e 
pe

rf
or

m
an

ce
 o

f t
en

do
ns

 m
ad

e 
of

 F
R

P 
m

at
er

ia
ls

 is
 b

as
ed

 o
n 

th
e 

te
ns

ile
 s

tre
ng

th
 o

f 
th

e 
te

nd
on

 d
ec

la
re

d 
by

 t
he

 s
up

pl
ie

r 
fo

r 
sh

or
t-t

im
e 

lo
ad

in
g 

si
nc

e 
m

at
er

ia
l 

pr
op

er
tie

s 
ar

e 
no

t 
st

an
da

rd
is

ed
 

ye
t. 

Si
nc

e 
FR

P 
m

at
er

ia
ls

 d
o 

no
t 

yi
el

d,
 t

he
 m

in
im

um
 e

lo
ng

at
io

n 
of

 t
he

 t
en

do
n 

at
 m

ax
im

um
 

lo
ad

 sh
al

l b
e 

de
cl

ar
ed

 b
y 

th
e 

su
pp

lie
r a

nd
 b

e 
us

ed
 a

s r
ef

er
en

ce
 fo

r a
cc

ep
ta

nc
e.

 

D
es

ig
n 

of
 s

tru
ct

ur
es

 w
ith

 F
R

P 
te

nd
on

s 
sh

al
l 

be
 b

as
ed

 o
n 

th
e 

lo
ng

-te
rm

 
st

re
ng

th
 o

f t
he

 F
R

P 
te

nd
on

 w
ith

 c
on

si
de

ra
tio

n 
of

 st
re

ss
 ru

pt
ur

e.
 

 
(b

) T
en

do
ns

 m
ad

e 
of

 F
R

P 
m

at
er

ia
ls

: 

– 
in

 t
he

 t
en

si
le

 t
es

t, 
ac

hi
ev

e 
no

t 
le

ss
 t

ha
n 

95
%

 o
f 

th
e 

de
cl

ar
ed

 t
en

si
le

 
st

re
ng

th
 o

f 
th

e 
FR

P 
te

nd
on

 a
nd

 a
 m

in
im

um
 e

lo
ng

at
io

n 
at

 m
ax

im
um

 
lo

ad
 w

hi
ch

 i
s 

eq
ua

l 
to

 o
r 

ex
ce

ed
s 

th
e 

va
lu

e 
de

cl
ar

ed
 i

n 
th

e 
sy

st
em

 
do

cu
m

en
ta

tio
n 

– 
in

 th
e 

fa
tig

ue
 te

st
, h

av
e 

no
t m

or
e 

th
an

 5
%

 o
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ts
 fo

r t
he

 p
re

st
re

ss
in

g 
sy

st
em

 
co

nc
er

ne
d.

 
D

ue
 to

 th
is

 s
ea

tin
g,

 th
e 

hi
gh

es
t s

tre
ss

 a
lo

ng
 th

e 
te

nd
on

 is
 n

o 
lo

ng
er

 a
t t

he
 

an
ch

or
ag

e.
 

 
A

cc
ou

nt
 m

us
t 

be
 t

ak
en

 o
f 

th
e 

lo
ss

 w
hi

ch
 o

cc
ur

s 
du

rin
g 

se
at

in
g 

at
 t

he
 

an
ch

or
ag

e 
of

 p
os

t-t
en

si
on

in
g 

te
nd

on
s, 

i.e
. d

ur
in

g 
th

e 
op

er
at

io
n 

of
 a

nc
ho

rin
g 

af
te

r t
en

si
on

in
g.

 
Tr

an
sf

er
 o

f t
he

 p
re

st
re

ss
in

g 
fo

rc
e 

to
 th

e 
co

nc
re

te
 in

 p
re

te
ns

io
ni

ng
 te

nd
on

s 
pr

od
uc

es
 a

 lo
ss

 in
 fo

rc
e 

in
 th

e 
te

ns
ile

 e
le

m
en

ts
 o

ve
r t

he
 tr

an
sf

er
 le

ng
th

. 

 
 

Ef
fe

ct
 o

f h
ea

t t
re

at
m

en
t c

ur
in

g 
H

ea
t 

tre
at

m
en

t 
is

 
m

os
tly

 u
se

d 
in

 p
re

ca
st

in
g,

 
an

d 
th

er
ef

or
e,

 a
pp

lie
s 

pa
rti

cu
la

rly
 to

 p
re

ca
st

-p
re

te
ns

io
ne

d 
ap

pl
ic

at
io

ns
. 

Th
e 

lo
ss

 o
f 

pr
es

tre
ss

 d
ue

 t
o 

re
la

xa
tio

n 
du

rin
g 

th
e 

he
at

 t
re

at
m

en
t 

ca
n 

be
 

eq
ua

te
d 

to
 7

5%
 o

f t
he

 to
ta

l v
al

ue
 o

f r
el

ax
at

io
n 

lo
ss

es
. 

 
Tw

o 
ty

pe
s 

of
 lo

ss
es

 h
av

e 
to

 b
e 

ta
ke

n 
in

to
 a

cc
ou

nt
 : 

– 
re

du
ct

io
n 

of
 s

tre
ss

 i
n 

th
e 

te
ns

ile
 e

le
m

en
ts

 d
ue

 t
o 

an
 a

cc
el

er
at

io
n 

of
 

re
la

xa
tio

n 
du

rin
g 

he
at

 tr
ea

tm
en

t, 
– 

di
re

ct
 th

er
m

al
 e

ff
ec

t. 
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(a
) R

el
ax

at
io

n 
lo

ss
es

 
R

el
ax

at
io

n 
lo

ss
es

 c
an

 b
e 

ca
lc

ul
at

ed
 b

y 
ad

di
ng

 t
o 

th
e 

va
lu

e 
of

 t
im

e 
a 

du
ra

tio
n 

de
fin

ed
 b

y:
 

t ep
 =

 t p
1 1

.0
4 

(T
m

ax
 –

20
)  

(5
.4

-7
) 

w
he

re
 

– 
T m

ax
 is

 th
e 

m
ax

im
um

 te
m

pe
ra

tu
re

 o
f t

he
 c

on
cr

et
e 

du
rin

g 
he

at
 tr

ea
tm

en
t 

in
 °C

,  

– 
t p1

 is
 th

e 
m

ea
n 

du
ra

tio
n 

of
 th

e 
he

at
in

g 
cy

cl
e,

 c
al

cu
la

te
d 

by
: 

t p1
 =

 (T
m

ax
 –

 2
0)

 –1
 !t1 0

d
t 

 
2

0
]

 - 
[T

(t
)

 
(5

.4
-8

) 

w
he

re
 

– 
t 1 

is
 t

he
 a

ge
 o

f 
th

e 
co

nc
re

te
 w

he
n 

its
 t

em
pe

ra
tu

re
 r

et
ur

ns
 t

o 
am

bi
en

t 
te

m
pe

ra
tu

re
 

– 
T(

t) 
is

 th
e 

te
m

pe
ra

tu
re

 o
f c

on
cr

et
e,

 in
 °

C
, a

t t
im

e 
t. 

(b
) L

os
se

s 
of

 d
ir

ec
t t

he
rm

al
 o

ri
gi

n 
D

ire
ct

 th
er

m
al

 e
ff

ec
t i

s 
ca

us
ed

 b
y 

– 
th

e 
di

la
tio

n 
of

 c
on

cr
et

e,
 w

he
n 

it 
is

 n
ot

 b
on

de
d 

to
 th

e 
te

ns
ile

 e
le

m
en

ts
, 

– 
th

e 
re

st
ra

in
t 

to
 t

he
 d

ila
tio

n 
of

 c
on

cr
et

e 
pr

es
en

te
d 

by
 t

he
 t

en
si

le
 

el
em

en
ts

 w
he

n 
th

ey
 a

re
 b

on
de

d.
 

Th
is

 t
yp

e 
of

 l
os

s 
do

es
 n

ot
 e

xi
st

 w
ith

 m
ou

ld
s 

su
pp

or
tin

g 
th

e 
te

ns
io

n 
of

 
te

nd
on

s a
nd

 h
ea

te
d 

to
ge

th
er

 w
ith

 c
on

cr
et

e.
 

Th
e 

lo
ss

es
 o

f d
ire

ct
 th

er
m

al
 o

rig
in

 c
an

 b
e 

ca
lc

ul
at

ed
 b

y:
 

Δσ
 =

 0
.9

E p
 α

p (
T m

ax
 –

 T
0)

 
(5

.4
-9

) 

w
he

re
 

– 
E p

 is
 th

e 
el

as
tic

 m
od

ul
us

 o
f t

en
si

le
 e

le
m

en
ts

 
– 
α p

 is
 th

e 
co

ef
fic

ie
nt

 o
f t

he
rm

al
 e

xp
an

si
on

 o
f t

en
si

le
 e

le
m

en
ts

 

– 
T 0

 is
 th

e 
te

m
pe

ra
tu

re
 o

f t
en

si
le

 e
le

m
en

ts
 a

t t
en

si
on

in
g 
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fib
 B
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tin
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5:
 M

od
el

 C
od

e 
20

10
, F

irs
t c

om
pl

et
e 

dr
af

t –
 V

ol
um

e 
1 

20
7 

– 
T m

ax
 i

s 
th

e 
m

ax
im

um
 t

em
pe

ra
tu

re
 o

f 
te

ns
ile

 e
le

m
en

ts
 d

ur
in

g 
he

at
 

cu
rin

g.
 

 
 

O
th

er
 im

m
ed

ia
te

 lo
ss

es
 

 
 

A
cc

ou
nt

 s
ho

ul
d 

be
 t

ak
en

 o
f 

al
l 

po
ss

ib
le

 c
au

se
s 

of
 i

m
m

ed
ia

te
 l

os
s 

of
 

te
nd

on
 f

or
ce

 r
el

at
ed

 t
o 

th
e 

te
ns

io
ni

ng
 p

ro
ce

ss
 o

r 
th

e 
eq

ui
pm

en
t 

us
ed

 f
or

 
te

ns
io

ni
ng

. 

 
 

5.
4.

6 
V

al
ue

 o
f p

re
st

re
ss

in
g 

fo
rc

e 
 

 
Th

e 
in

iti
al

 p
re

st
re

ss
in

g 
fo

rc
e 

in
 a

 t
en

do
n 

is
 t

he
 f

or
ce

 e
xi

st
in

g 
in

 t
hi

s 
te

nd
on

 a
t t

he
 e

nd
 o

f t
he

 s
tre

ss
in

g 
op

er
at

io
n.

 T
he

 in
iti

al
 p

re
st

re
ss

in
g 

fo
rc

e 
on

 a
 

pr
es

tre
ss

ed
 e

le
m

en
t 

is
 o

bt
ai

ne
d 

by
 c

on
si

de
rin

g 
al

l t
he

 f
or

ce
s 

ex
is

tin
g 

in
 th

e 
te

nd
on

s, 
at

 th
e 

en
d 

of
 th

e 
la

st
 st

re
ss

in
g 

op
er

at
io

n.
 

Th
e 

pr
es

tre
ss

in
g 

fo
rc

e 
at

 a
 g

iv
en

 ti
m

e 
t i

s 
ob

ta
in

ed
 b

y 
su

bt
ra

ct
in

g 
fr

om
 th

e 
in

iti
al

 p
re

st
re

ss
in

g 
fo

rc
e 

th
e 

va
lu

e 
of

 th
e 

tim
e-

de
pe

nd
en

t l
os

se
s a

t t
hi

s t
im

e 
t. 

Th
es

e 
lo

ss
es

 a
re

 d
ue

 to
 c

re
ep

 a
nd

 s
hr

in
ka

ge
 o

f 
co

nc
re

te
 a

nd
 r

el
ax

at
io

n 
of

 
te

ns
ile

 e
le

m
en

ts
. 

Th
e 

tim
e-

de
pe

nd
en

t l
os

se
s 

ar
e 

us
ua

lly
 d

et
er

m
in

ed
 u

nd
er

 p
er

m
an

en
t l

oa
ds

 
on

 th
e 

st
ru

ct
ur

e.
 

 
Th

e 
fin

al
 v

al
ue

 o
f 

th
e 

pr
es

tre
ss

in
g 

fo
rc

e 
is

 o
bt

ai
ne

d 
by

 s
ub

tra
ct

in
g 

fr
om

 
th

e 
in

iti
al

 p
re

st
re

ss
in

g 
fo

rc
e 

th
e 

ex
pe

ct
ed

 v
al

ue
 o

f t
he

 ti
m

e-
de

pe
nd

en
t l

os
se

s. 
 

 
5.

4.
6.

1 
C

al
cu

la
tio

n 
of

 ti
m

e-
de

pe
nd

en
t l

os
se

s 
 

 
Th

e 
tim

e-
de

pe
nd

en
t 

lo
ss

es
 a

re
 c

al
cu

la
te

d 
by

 c
on

si
de

rin
g 

th
e 

fo
llo

w
in

g 
tw

o 
re

du
ct

io
ns

 o
f s

tre
ss

: 
D

at
a 

fo
r 

ca
lc

ul
at

io
n 

of
 t

he
 d

ef
or

m
at

io
ns

 o
f 

co
nc

re
te

 u
nd

er
 c

re
ep

 a
nd

 
sh

rin
ka

ge
 a

re
 g

iv
en

 in
 c

la
us

e 
5.

1.
 

O
rd

in
ar

y 
re

in
fo

rc
em

en
t 

ha
s 

an
 i

nf
lu

en
ce

 o
n 

th
e 

va
lu

e 
of

 t
im

e-
de

pe
nd

en
t 

sh
or

te
ni

ng
 o

f c
on

cr
et

e.
 

Th
e 

in
te

ra
ct

io
n 

ca
n 

be
 e

st
im

at
ed

 a
s 

de
sc

rib
ed

 in
 C

EB
 B

ul
le

tin
 1

99
. 

 
– 

th
e 

re
du

ct
io

n 
of

 s
tre

ss
, 

du
e 

to
 t

he
 r

ed
uc

tio
n 

of
 s

tra
in

, 
ca

us
ed

 b
y 

th
e 

de
fo

rm
at

io
n 

of
 c

on
cr

et
e 

du
e 

to
 c

re
ep

 a
nd

 s
hr

in
ka

ge
, 

un
de

r 
qu

as
i-

pe
rm

an
en

t a
ct

io
ns

: 
– 

fo
r b

on
de

d 
te

nd
on

s, 
th

e 
lo

ca
l d

ef
or

m
at

io
n 

at
 th

e 
le

ve
l o

f t
he

 te
nd

on
 

ha
s t

o 
be

 c
on

si
de

re
d;

  

– 
fo

r 
un

bo
nd

ed
 t

en
do

ns
, 

th
e 

de
fo

rm
at

io
n 

of
 t

he
 w

ho
le

 s
tru

ct
ur

e 
be

tw
ee

n 
th

e 
an

ch
or

ag
es

 o
f t

he
 te

nd
on

s h
as

 to
 b

e 
ta

ke
n 

in
to

 a
cc

ou
nt

; 

D
at

a 
on

 t
he

 r
el

ax
at

io
n 

of
 t

en
si

le
 e

le
m

en
ts

 a
re

 g
iv

en
 i

n 
5.

3.
6.

1 
fo

r 
pr

es
tre

ss
in

g 
st

ee
l a

nd
 5

.5
.5

.7
 fo

r F
R

P 
m

at
er

ia
ls

. 
 

– 
th

e 
re

du
ct

io
n 

of
 s

tre
ss

 w
ith

in
 th

e 
te

ns
ile

 e
le

m
en

ts
 d

ue
 to

 th
e 

re
la

xa
tio

n 
of

 th
is

 m
at

er
ia

l u
nd

er
 te

ns
io

n.
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Th
e 

re
du

ct
io

n 
of

 s
tra

in
 i

n 
te

ns
ile

 e
le

m
en

ts
 d

ue
 t

o 
tim

e-
de

pe
nd

en
t 

lo
ss

es
 

m
ay

 b
e 

ca
lc

ul
at

ed
 b

y 
di

vi
di

ng
 th

e 
st

re
ss

 lo
ss

 b
y 

th
e 

m
od

ul
us

 o
f 

el
as

tic
ity

 o
f 

te
ns

ile
 e

le
m

en
ts

. 

 
 

 
 

5.
4.

7 
D

es
ig

n 
va

lu
es

 o
f f

or
ce

s i
n 

pr
es

tr
es

si
ng

 te
nd

on
s 

 
 

5.
4.

7.
1 

G
en

er
al

 
In

 e
xc

ep
tio

na
l c

as
es

, s
ev

er
al

 s
et

s 
of

 p
re

st
re

ss
in

g 
te

nd
on

s 
(p

ra
ct

ic
al

ly
 n

ev
er

 
m

or
e 

th
an

 t
w

o)
, 

sh
ou

ld
 b

e 
co

ns
id

er
ed

 s
ep

ar
at

el
y.

 T
he

se
 c

as
es

 s
ho

ul
d 

be
 

id
en

tif
ie

d 
by

 ju
dg

em
en

t. 
Th

e 
cr

ite
ria

, t
o 

be
 si

m
ul

ta
ne

ou
sl

y 
sa

tis
fie

d,
 a

re
 th

at
: 

– 
th

e 
ef

fe
ct

 o
f t

he
 tw

o 
se

ts
 a

re
 o

f c
on

tra
ry

 se
ns

es
, 

– 
th

es
e 

ef
fe

ct
s h

av
e 

th
e 

sa
m

e 
or

de
r o

f m
ag

ni
tu

de
, 

– 
th

e 
di

sp
er

si
on

s 
ar

e 
re

la
tiv

el
y 

hi
gh

 a
nd

 th
er

e 
ar

e 
qu

al
ita

tiv
e 

re
as

on
s 

w
hy

 
th

ey
 sh

ou
ld

 n
ot

 b
e 

co
ns

id
er

ed
 a

s 
co

rr
el

at
ed

. 

 
Pr

es
tre

ss
in

g 
is

 u
su

al
ly

 e
xe

rte
d 

by
 a

 s
et

 o
f t

en
do

ns
. T

he
 to

ta
l p

er
m

an
en

t 
fo

rc
e 

ex
er

te
d 

at
 a

 g
iv

en
 s

ec
tio

n 
(a

bs
ci

ss
a 

x)
, a

nd
 a

t a
 ti

m
e 

t, 
by

 th
e 

w
ho

le
 

se
t i

s c
on

si
de

re
d 

as
 th

e 
pr

es
tre

ss
in

g 
fo

rc
e.

   

 
 

5.
4.

7.
2 

D
es

ig
n 

va
lu

es
 fo

r 
SL

S 
an

d 
fa

tig
ue

 v
er

ifi
ca

tio
ns

 
 

 
Fo

r 
al

l 
ve

rif
ic

at
io

ns
 

re
la

tin
g 

to
 

cr
ac

ki
ng

 
(d

ec
om

pr
es

si
on

 
in

cl
ud

ed
), 

de
fo

rm
at

io
ns

, 
an

d 
fo

r 
th

e 
an

al
ys

is
 o

f 
th

e 
fa

tig
ue

 e
ff

ec
t 

th
e 

m
ea

n 
va

lu
e 

of
 

pr
es

tre
ss

in
g 

fo
rc

e 
is

 ta
ke

n 
as

 d
es

ig
n 

va
lu

e.
 

In
 c

as
es

 w
he

re
 t

he
 d

es
ig

n 
va

lu
e 

of
 t

he
 p

re
st

re
ss

in
g 

fo
rc

e 
in

flu
en

ce
s 

th
e 

be
ha

vi
ou

r o
f t

he
 s

tru
ct

ur
e 

in
 a

 la
rg

e 
ov

er
-p

ro
po

rti
on

al
 w

ay
, t

he
 d

es
ig

ne
r m

ay
 

co
ns

id
er

 p
ro

vi
di

ng
 i

n 
th

e 
de

si
gn

 t
he

 p
os

si
bi

lit
y 

fo
r 

on
e 

or
 s

ev
er

al
 o

f 
th

e 
fo

llo
w

in
g 

op
tio

ns
:  

– 
pr

ov
id

e 
ac

ce
ss

 a
t 

bo
th

 t
en

do
n 

en
ds

 t
o 

al
lo

w
 s

tre
ss

in
g 

of
 t

he
 t

en
do

ns
 

fr
om

 b
ot

h 
en

ds
, 

– 
pr

ov
id

e 
sp

ar
e 

an
ch

or
ag

es
 a

nd
 d

uc
ts

 f
or

 a
dd

iti
on

al
 i

nt
er

na
l 

te
nd

on
s 

as
 

an
d 

w
he

n 
re

qu
ire

d.
 I

f 
th

es
e 

sp
ar

e 
du

ct
s 

ar
e 

no
t 

us
ed

 a
t 

th
e 

tim
e 

of
 

co
ns

tru
ct

io
n,

 t
he

y 
sh

ou
ld

 b
e 

fil
le

d 
af

te
r 

su
cc

es
sf

ul
 c

om
pl

et
io

n 
of

 a
ll 

st
re

ss
in

g 
an

d 
gr

ou
tin

g 
op

er
at

io
ns

, 
– 

pr
ov

id
e 

sp
ar

e 
an

ch
or

ag
es

 a
nd

 d
ev

ia
to

rs
 fo

r a
dd

iti
on

al
 e

xt
er

na
l  

te
nd

on
s 

as
 a

nd
 w

he
n 

re
qu

ire
d.

 T
he

se
 a

nc
ho

ra
ge

s 
an

d 
de

vi
at

or
s 

m
ay

 a
llo

w
 t

o 
ad

d 
pr

es
tre

ss
in

g 
fo

rc
e 

no
t o

nl
y 

at
 th

e 
tim

e 
of

 c
on

st
ru

ct
io

n 
bu

t a
ls

o 
at

 a
 

la
te

r s
ta

ge
 d

ur
in

g 
th

e 
se

rv
ic

e 
lif

e 
of

 th
e 

st
ru

ct
ur

e.
 

 
In

 c
as

es
 w

he
re

 th
e 

de
si

gn
 v

al
ue

 o
f 

th
e 

pr
es

tre
ss

in
g 

fo
rc

e 
or

 a
ny

 v
ar

ia
tio

n 
on

 s
ite

 w
ou

ld
 i

nf
lu

en
ce

 t
he

 b
eh

av
io

ur
 o

f 
th

e 
st

ru
ct

ur
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b
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ed
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y
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ra
ck
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g
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h
e 
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ec
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r 
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d
u
ce

d
 b

y
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h
e 
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f 
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e
-
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n
d
in

g
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g
en
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n
 o
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er
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o
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cc
o

u
n
t 

e.
g
. 

fo
r 

p
o
ss
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 c
o
n
ta

m
in
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n
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t 
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e 
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T

h
e 
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ea
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re
n
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f 
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te
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et
w
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n
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o

n
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 c
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n
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p
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e 
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m
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m
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e 

b
ea
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r 
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r 
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e 
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im
en

s.
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h
er

e 
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ie
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l-
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al

e 
te

st
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et
u

p
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k
e 
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an

t 
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ea
r 
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p
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d
 
p
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e 
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p
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s 
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 c
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h

n
es
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–
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f 
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; 

–
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e 
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n
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 c
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at
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n
g
 b

o
n

d
 /

 p
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 d
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o
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ra
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h
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 t
h
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n
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 c
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 d
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 c
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e 
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 c
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f 
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h
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d
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v
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d
in

g
 a

re
 a

m
o
n
g
st

 o
th

er
s:

 

–
 

p
re

p
ar

at
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 c
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 c
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 c
o

n
cr

et
e,

 

–
 

p
o
ro

si
ty

 a
n

d
 m

o
is

tu
re

 c
o

n
te

n
t 

o
f 

o
ld

 c
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 c
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 c
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 c
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 b
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p
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e 
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n
d
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p
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n
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. 
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 
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0
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n
 t

h
e 

fo
ll

o
w

in
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an
g
e:
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ig

h
 p

re
ss

u
re

 w
a
te
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 i
n
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a
ce
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~

 1
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.0
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m
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ct
io

n
: 

T
h
e 
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o
n
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n
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 c
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e 
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y
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s 
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f 
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e 
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d
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h
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In
 t

h
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 r
es

p
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 t

h
e 
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y
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o
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th

 m
o
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el
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A
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o
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g
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o
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h
is

 m
o
d
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w

h
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su
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ac
e 
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 r

o
u
g
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, 

a 
sh

ea
r 
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e 
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u
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s 
n
o
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o

n
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 p
ar

al
le

l 
d
is

p
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m

en
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, 
b
u
t 

al
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es
 t

h
e 

jo
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 o
p

en
, 

w
h

ic
h

 g
en

er
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es
 t

en
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 s

tr
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se
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 t

h
e 
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in

fo
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em
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t 
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g
 t

h
e 

in
te

rf
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 i
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 e
q
u
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 c

o
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 t
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e 
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 d

ev
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b
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 t
o

 a
n

 o
p

en
in

g
 o

f 
th
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T

h
e 

u
lt

im
at

e 
sh

ea
r 

st
re

ss
 a

t 
th

e 
in

te
rf

ac
e 

re
su

lt
in

g
 f

ro
m

 t
h

e 
d

if
fe

re
n
t 

si
n

g
le

 

m
ec

h
an

is
m

s 
ca

n
 b

e 
d
es

cr
ib

ed
 i

n
 a

n
 o

v
er

al
l 

si
m

p
li

fi
e
d

 a
p

p
ro

ac
h

 a
s 

fo
ll

o
w

s:
 





c
c

c
c

y
n

y
c

u
f

f
f

f





















































a

c
ti

o
n

 
D

o
w

e
l

fr
ic

ti
o

n
n

g
in

te
r
lo

c
k

i
 /

 A
d

h
e

s
io

n

 
(6

.3
-6

) 

w
h
er

e 

 


 i
s 

d
eg

re
e 

o
f 

re
in

fo
rc

em
en

t 
cr

o
ss

in
g
 t

h
e 

in
te

rf
ac

e 
(

 =
 A

s/
A

2
).

 

 
 

T
h
e 

in
te

ra
ct

io
n

 f
ac

to
rs

 
 a

n
d

 
 i

n
 E

q
. 
(6

.3
-6

) 
ta

k
e 

in
to

 a
cc

o
u

n
t 

th
at

 

–
 

th
e 

re
in

fo
rc

em
en

t 
o
r 

co
n

n
ec

to
rs

 a
re

 s
u
b
je

ct
 t

o
 b

en
d

in
g
 a

n
d
 a

x
ia

l 
fo

rc
es

 

si
m

u
lt

an
eo

u
sl

y
, 

–
 

th
e 

m
ax

im
u

m
 v

al
u

es
 o

f 
th

e 
d

if
fe

re
n

t 
co

n
tr

ib
u
ti

o
n

s 
o
cc

u
r 

at
 d

if
fe

re
n
t 

sl
ip

s.
 

 
 

D
ep

en
d
in

g
 o

n
 t

h
e 

ro
u

g
h

n
es

s 
an

d
 e

x
p

ec
te

d
 d

ef
o

rm
at

io
n

 c
h
ar

ac
te

ri
st

ic
s 

as
 

w
el

l 
as

 t
h
e 

an
ch

o
ra

g
e 

o
f 

th
e 

re
in

fo
rc

em
en

t 
/ 

co
n

n
ec

to
rs

 t
h

e 
fo

ll
o

w
in

g
 v

al
u

es
 

ca
n
 b

e 
ad

o
p
te

d
: 

 
 

F
o
r 

ca
st

-i
n
 r

ei
n
fo

rc
em

en
t 

w
it

h
 a

p
p

ro
p

ri
at

e 
en

d
 a

n
ch

o
ra

g
e 

in
 t

h
e 

o
ld

 a
n

d
 

th
e 

n
ew

 
co

n
cr

et
e 

th
e 

te
n
si

le
 

lo
ad

in
g
 

o
f 

th
e 

b
ar

s 
m

a
y
 

b
e 

co
n

si
d

er
ed

 
as

 

p
re

d
o
m

in
an

t,
 i

.e
. 

0
.5

 <
 

 
 1

.0
; 

th
e 

d
o

w
el

 a
ct

io
n

 c
ap

ac
it

y
 i

n
 t

u
rn

 r
ed

u
ce

s.
 F

o
r 

si
m

p
li

fi
ed

 d
es

ig
n
 p

u
rp

o
se

s 
th

e 
fo

ll
o

w
in

g
 l

im
it

in
g
 v

al
u

es
 m

a
y
 b

e 
u

se
d

: 


 
 1

.0
 

an
d
 

 =
 0

 (
co

rr
es

p
o
n

d
in

g
 d

es
ig

n
 v

al
u

es
 a

re
 g

iv
en

 i
n

 s
u
b

cl
au

se
 7

.3
.3

.6
).

 

F
o
r 

b
ac

k
g
ro

u
n

d
 

in
fo

rm
at

io
n

 
to

 
E

q
. 

6
.3

-6
 

an
d
 

ap
p
ro

p
ri

at
e 

p
ar

am
et

er
s 

d
ep

en
d
in

g
 o

n
 d

if
fe

re
n
t 

in
te

rf
ac

e 
ro

u
g
h

n
es

s 
ch

ar
ac

te
ri

st
ic

s 
re

fe
re

n
ce

 i
s 

m
ad

e 

to
 R

a
n
d
l 

&
 W

ic
ke

, 
B

et
o

n
- 

u
n

d
 S

ta
h
lb

et
o

n
b
a

u
 0

8
/2

0
0
0

. 

 
F

o
r 

p
o
st

-i
n
st

al
le

d
 r

ei
n
fo

rc
em

en
t 

o
r 

co
n

n
ec

to
rs

 a
 f

ac
to

r 


 =
 0

.5
 s

h
al

l 
b

e 

ta
k
en

 w
h
en

 t
h
e 

in
te

rf
ac

e 
h
as

 b
ee

n
 r

o
u

g
h

en
ed

. 
F

o
r 

sm
o

o
th

 i
n

te
rf

ac
es

 d
o

w
el

 

ac
ti

o
n
 
is

 
th

e 
m

ai
n

 
re

si
st

an
ce

 
m

ec
h

an
is

m
 
re

su
lt

in
g
 
fr

o
m

 
re

in
fo

rc
em

en
t 

o
r 

co
n
n
ec

to
rs

, 
i.

e.
 

 =
 0

 a
n

d
 

 =
 1

.5
 (

co
rr

es
p

o
n

d
in

g
 d

es
ig

n
 v

al
u

es
 a

re
 g

iv
en

 i
n
 

su
b
cl

au
se

 7
.3

.3
.6

).
 

 
 

A
d
d
it

io
n
a
l 

d
es

ig
n
 r

ec
o

m
m

en
d

a
ti

o
n

s 
fo

r 
in

te
rf

a
ce

s 
su

b
je

ct
 t

o
 f

a
ti

g
u

e 
lo

a
d
in

g
: 

T
es

ts
 p

er
fo

rm
ed

 w
it

h
 l

ar
g
e 

sc
al

e 
sp

ec
im

en
 (

e.
g
. 

b
ea

m
 t

es
ts

) 
in

d
ic

at
e 

th
at

 

w
it

h
 

ro
u
g
h
 

in
te

rf
ac

es
 

(g
o

o
d

 
b

o
n

d
in

g
 

p
ro

v
id

ed
) 

u
n
d
er

 
d
y
n
am

ic
 

lo
ad

in
g
 

u
su

al
ly

 
n
o
 

si
g
n

if
ic

an
t 

st
re

n
g
th

 
re

d
u
ct

io
n

 
o
cc

u
rs

 
co

m
p
ar

ed
 

to
 

m
o
n
o
li

th
ic

 

b
ea

m
s 

su
b
je

ct
 t

o
 f

at
ig

u
e 

lo
ad

in
g
. 

 
T

h
e 

m
ai

n
 
q
u
es

ti
o

n
 
co

n
ce

rn
in

g
 
in

te
rf

ac
e 

sh
ea

r 
b

eh
av

io
u

r 
u

n
d
er

 
fa

ti
g
u

e 

lo
ad

in
g
 i

s 
w

h
et

h
er

 o
r 

n
o
t 

cr
ac

k
s 

al
o

n
g
 t

h
e 

in
te

rf
ac

e 
ar

e 
to

 b
e 

ex
p

ec
te

d
. 

In
 t

h
e 

ca
se

 o
f 

m
o
n
o
li

th
ic

 b
eh

av
io

u
r 

(g
o

o
d

 b
o

n
d
in

g
 p

ro
v
id

ed
) 

th
e 

o
v
er

al
l 

b
eh

av
io

u
r 

o
f 

th
e 

m
em

b
er

 c
an

 b
e 

ju
d
g
ed

 a
cc

o
rd

in
g
 t

o
 s

u
b

cl
au

se
 7

.4
.1

. 
H

o
w

ev
er

, 
as

 a
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6
  

In
te

rf
a

ce
 c

h
a

ra
ct

er
is

ti
cs

 
2

7
4
 

H
o
w

ev
er

, 
if

 t
h

e 
ad

h
es

iv
e 

b
o

n
d

 r
es

is
ta

n
ce

 i
s 

ex
ce

ed
ed

 u
n
d
er

 c
h
ar

ac
te

ri
st

ic
 

lo
ad

 (
o
r 

li
k
ew

is
e 

5
0
%

 u
n

d
er

 f
at

ig
u

e 
lo

ad
in

g
),

 c
ra

ck
s 

ar
e 

li
k
el

y
 t

o
 o

cc
u
r.

 I
n
 

th
at

 
ca

se
 
d
u
e 

to
 
th

e 
re

la
ti

v
e 

d
is

p
la

ce
m

en
ts

 
in

 
th

e 
cr

ac
k
 
m

o
re

 
si

g
n
if

ic
an

t 

d
et

er
io

ra
ti

o
n
s 

h
av

e 
to

 b
e 

co
n

si
d

er
ed

 u
n

d
er

 f
at

ig
u
e 

lo
ad

in
g
: 

–
 

re
d
u
ct

io
n
 
o

f 
m

ec
h

an
ic

al
 
in

te
rl

o
ck

in
g
 
d
u
e 

to
 
cr

u
sh

in
g
 
o
f 

p
ro

tr
u
d
in

g
 

ag
g
re

g
at

es
, 

–
 

re
d
u
ct

io
n
 o

f 
fr

ic
ti

o
n

 d
u

e 
to

 a
n

 i
n
cr

ea
si

n
g
 a

m
o
u
n
t 

o
f 

fi
n
e 

g
ra

in
s,

 

–
 

lo
ca

l 
p
la

st
ic

iz
in

g
 

an
d

 
d

et
er

io
ra

ti
o
n

 
o

f 
co

n
cr

et
e 

ar
o
u
n
d
 

re
in

fo
rc

in
g
 

b
ar

s 
/ 

co
n
n

ec
to

rs
 c

ro
ss

in
g
 t

h
e 

in
te

rf
ac

e
. 

si
m

p
le

 a
p
p
ro

x
im

at
io

n
 a

 r
ed

u
ct

io
n

 o
f 
 c

 t
o

 5
0
%

 u
n

d
er

 f
at

ig
u

e 
lo

ad
in

g
 m

ay
 b

e 

as
su

m
ed

. 

A
s 

so
o
n
 

as
 

cr
ac

k
s 

ap
p
ea

r,
 

th
ey

 
te

n
d
 

to
 

ca
u
se

 
m

o
re

 
si

g
n

if
ic

an
t 

d
et

er
io

ra
ti

o
n
s 

al
o
n

g
 t

h
e 

in
te

rf
ac

e
 u

n
d
er

 d
y
n

am
ic

 l
o

ad
in

g
 t

h
an

 o
b

se
rv

ed
 w

it
h
 

m
o
n
o
li

th
ic

 
co

n
cr

et
e 

m
e
m

b
er

s.
 

W
h

en
 

cy
cl

ic
 

sh
ea

r 
lo

ad
in

g
 
is

 
ex

p
ec

te
d

 
an

 

o
v
er

al
l 

re
d
u
ct

io
n

 o
f 

al
l 

co
n

tr
ib

u
ti

n
g
 m

ec
h

an
is

m
s 

to
 a

b
o

u
t 

4
0
%

 o
f 

th
e 

st
at

ic
 

re
si

st
an

ce
 a

cc
o
rd

in
g
 t

o
 E

q
. 
(6

.3
-6

) 
is

 r
ec

o
m

m
en

d
ed

. 

 
 

6
.3

.5
 

D
et

a
il

in
g
 

 
 

A
rr

a
n
g
em

en
t 

o
f 

re
in

fo
rc

em
en

t 
/ 

co
n

n
ec

to
rs

 

 
 

R
ei

n
fo

rc
em

en
t 

/ 
co

n
n
ec

to
rs

 c
ro

ss
in

g
 t

h
e 

in
te

rf
ac

e 
ar

e 
re

q
u

ir
ed

 i
f 

th
e 

sh
ea

r 

lo
ad

 i
n
 t

h
e 

in
te

rf
ac

e 
u

n
d

er
 c

o
n

si
d

er
at

io
n

 c
an

n
o
t 

b
e 

re
si

st
ed

 b
y
 t

h
e 

ad
h
es

iv
e 

/ 

in
te

rl
o
ck

in
g
 

ef
fe

ct
 

o
f 

th
e 

ro
u

g
h

en
ed

 
jo

in
t 

su
rf

ac
e 

al
o

n
e.

 
A

 
st

ep
p
ed

 

d
is

tr
ib

u
ti

o
n
 o

f 
th

e 
re

in
fo

rc
em

en
t 

/ 
co

n
n
ec

to
rs

 w
it

h
 r

es
p

ec
t 

to
 t

h
e 

in
te

rf
ac

e 

sh
ea

r 
lo

ad
 

d
is

tr
ib

u
ti

o
n
 

m
ay

 
b

e 
u

se
d

. 
In

 
th

e 
ca

se
 

o
f 

sm
o

o
th

 
su

rf
ac

es
 
th

e 

fl
ex

ib
il

it
y
 o

f 
th

e 
re

in
fo

rc
em

en
t 

/ 
co

n
n

ec
to

rs
 e

v
en

 a
ll

o
w

s 
fo

r 
a 

re
d

is
tr

ib
u
ti

o
n
 

o
f 

fo
rc

es
 a

n
d
 t

h
u
s 

a 
u
n

if
o

rm
 d

is
tr

ib
u

ti
o

n
 o

f 
th

e 
co

n
n

ec
to

rs
. 

 
 

M
in

im
u
m

 r
ei

n
fo

rc
em

en
t 

 
 

If
 r

ei
n
fo

rc
em

en
t 

/ 
co

n
n

ec
to

rs
 a

re
 r

eq
u

ir
ed

 b
ec

au
se

 t
h

e 
sh

ea
r 

lo
ad

 i
n

 t
h

e 

in
te

rf
ac

e 
u
n
d
er

 
co

n
si

d
er

at
io

n
 
ca

n
n

o
t 

b
e 

re
si

st
ed

 
b

y
 
ad

h
es

iv
e 

b
o

n
d
in

g
 
an

d
 

in
te

rl
o
ck

in
g
 e

ff
ec

ts
 a

lo
n
e 

a 
m

in
im

u
m

 a
m

o
u

n
t 

o
f 

re
in

fo
rc

em
en

t 


m
in
 =

A
s,

m
in
/A

 

sh
o
u
ld

 b
e 

fo
re

se
en

 i
n
 o

rd
er

 t
o

 p
re

v
en

t 
b
ri

tt
le

 f
ai

lu
re

 a
t 

lo
ss

 o
f 

ad
h
es

io
n

: 

In
 t

h
e 

ca
se

 o
f 

sl
ab

s 
a 

to
ta

l 
o

v
er

al
l 

co
ll

ap
se

 o
f 

ad
h
es

io
n
 a

n
d
 i

n
te

rl
o
ck

in
g
 

ef
fe

ct
s 

d
o
es

 
n
o
t 

h
av

e 
to

 
b

e 
ta

k
en

 
in

to
 

ac
co

u
n
t 

so
 

th
at

 
th

e 
m

in
im

u
m

 

re
in

fo
rc

em
en

t 
m

ay
 b

e 
re

d
u
ce

d
 t

o
 ~

5
0
%

. 

 
b
ea

m
 m

e
m

b
er

s:
  


m

in
 =

 0
.2

0
 f

ct
m
/f

yk
 

 0
.0

0
1
 

sl
ab

s:
 

 


m
in
 =

 0
.1

2
 f

ct
m
/f

yk
 

 0
.0

0
0
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fi
b

 B
u

ll
et

in
 5

5
: 

M
o
d

el
 C

o
d

e 
2
0

1
0

, 
F

ir
st

 c
o

m
p

le
te

 d
ra

ft
 –

 V
o
lu

m
e 

1
 

2
7
5

 

 
 

E
d
g
e 

re
in

fo
rc

em
en

t 

 

F
ig

u
re

 6
.3

-5
: 

E
d

g
e 

re
in

fo
rc

em
en

t 

A
t 

th
e 

p
er

im
et

er
 o

f 
a 

n
ew

 c
o

n
cr

et
e 

la
y
er

 t
h
e 

co
n
cr

et
e 

d
ri

es
 o

u
t 

an
d
 t

en
d
s 

to
 c

o
n
tr

ac
t,

 t
h
er

eb
y
 p

ro
d

u
ci

n
g
 t

en
si

le
 f

o
rc

es
 a

n
d
 d

el
am

in
at

in
g
 p

er
p
en

d
ic

u
la

r 

to
 t

h
e 

in
te

rf
ac

e,
 l

ea
d

in
g
 e

v
en

tu
al

ly
 t

o
 c

ra
ck

in
g
 o

f 
th

e 
co

n
cr

et
e.

 O
n
 t

h
e 

lo
ad

 

si
d
e 

n
o
rm

al
ly

 r
es

tr
ai

n
t 

fo
rc

es
 a

lo
n

g
 t

h
e 

p
er

im
et

er
 a

re
 n

o
t 

ta
k
en

 i
n
to

 a
cc

o
u
n
t 

b
ec

au
se

 
th

e 
d
et

er
m

in
at

io
n

 
o

f 
th

e 
ef

fe
ct

s 
o
f 

d
if

fe
re

n
ti

al
 

sh
ri

n
k
ag

e 
an

d
 

te
m

p
er

at
u
re

 
g
ra

d
ie

n
ts

 
in

 
a 

re
al

is
ti

c 
w

ay
 

is
 

d
if

fi
cu

lt
 

w
it

h
o
u
t 

k
n
o
w

in
g
 

al
l 

in
fl

u
en

ci
n
g
 

fa
ct

o
rs

. 
T

h
er

ef
o

re
 

ap
p
ro

p
ri

at
e 

ed
g
e 

re
in

fo
rc

em
en

t 
is

 
h
ig

h
ly

 

re
co

m
m

en
d
ed

. 

 
In

 
o
rd

er
 

to
 

co
u

n
te

ra
ct

 
p

o
ss

ib
le

 
d

el
am

in
at

in
g
 

o
f 

th
e 

co
n
cr

et
e 

o
v
er

la
y
, 

re
in

fo
rc

em
en

t 
/ 

co
n

n
ec

to
rs

 s
h

al
l 

b
e 

in
st

al
le

d
 a

ll
 a

lo
n
g
 t

h
e 

p
er

im
et

er
 i

f 
o
th

er
 

ad
eq

u
at

e 
st

ru
ct

u
ra

l 
p

ro
v
is

io
n

s 
ar

e 
n

o
t 

ta
k
en

. 
In

 
a
b

se
n

ce
 

o
f 

m
o

re
 

ex
ac

t 

ca
lc

u
la

ti
o
n
s,

 a
s 

an
 u

p
p

er
 l

im
it

 t
h

e 
te

n
si

le
 c

ra
ck

in
g
 f

o
rc

e 
o

f 
th

e 
n

e
w

 c
o

n
cr

et
e 

o
v
er

la
y
 m

a
y
 b

e 
in

tr
o

d
u

ce
d

 a
s 

th
e 

m
ax

im
u

m
 s

h
ea

r 
fo

rc
e
 t

o
 b

e 
ex

p
ec

te
d

 a
lo

n
g
 

th
e 

ed
g
es

, 
an

d
 t

h
e 

re
in

fo
rc

em
en

t 
/ 

co
n

n
ec

to
rs

 m
ay

 b
e 

d
es

ig
n

ed
 a

cc
o
rd

in
g
ly

: 

ef
f

ct
E

d
f

b
t

V
,





 

(6
.3

-7
) 

w
h
er

e:
 

 
t 

is
 t

h
ic

k
n

es
s 

o
f 

th
e 

n
ew

 c
o
n

cr
et

e 
la

y
er

, 

 
b
 i

s 
th

e 
w

id
th

 o
f 

th
e 

in
te

rf
ac

e.
 

 
 

A
n
ch

o
ra

g
e 

o
f 

re
in

fo
rc

em
en

t 
/ 

co
n

n
ec

to
rs

 

T
h
e 

th
ic

k
n
es

s 
o

f 
th

e 
ad

d
it

io
n

al
 c

o
n

cr
et

e 
o
v
er

la
y
 i

s 
u
su

al
ly

 l
im

it
ed

 a
n
d
 

lo
w

er
 t

h
an

 t
h
e 

h
ei

g
h

t 
o

f 
th

e 
ex

is
ti

n
g
 c

o
n

cr
et

e 
m

em
b
e
r.

 M
o
re

o
v
er

, 
es

p
ec

ia
ll

y
 

in
 b

ri
d
g
e 

d
es

ig
n
, 

th
e 

re
q

u
ir

em
en

ts
 c

o
n

ce
rn

in
g
 t

h
e 

ra
th

er
 l

ar
g
e 

co
n
cr

et
e 

co
v
er

s 

fo
r 

b
ri

d
g
es

 h
av

e 
to

 b
e 

fu
lf

il
le

d
. 

T
h
er

ef
o
re

 t
h
e 

co
n
n
ec

to
rs

 n
o
rm

al
ly

 n
ee

d
 a

 

sp
ec

ia
l 

k
in

d
 o

f 
en

d
 a

n
ch

o
ra

g
e 

at
 t

h
e 

u
p

p
er

 e
n
d
. 

T
h
is

 e
n
d
 a

n
ch

o
ra

g
e 

h
as

 t
o
 b

e 

d
es

ig
n
ed

 i
n
 s

u
ch

 a
 w

ay
 t

h
at

 p
re

m
at

u
re

 p
u
ll

-o
u

t 
o
r 

co
n
cr

et
e 

co
n
e 

b
re

ak
o
u
t 

ca
n
 

b
e 

ex
cl

u
d
ed

. 

 
T

h
e 

co
n
n
ec

to
rs

 h
av

e 
to

 b
e 

an
ch

o
re

d
 a

p
p
ro

p
ri

at
el

y
 i

n
 t

h
e 

o
ld

 a
s 

w
el

l 
as

 i
n
 

th
e 

n
ew

 c
o
n
cr

et
e 

in
 o

rd
er

 t
o

 a
v
o

id
 p

re
m

at
u

re
 p

u
ll

-o
u

t 
fa

il
u

re
. 

If
 p

o
st

-i
n
st

al
le

d
 r

ei
n
fo

rc
em

en
t 

o
r 

co
n

n
ec

to
rs

 a
re

 u
se

d
 i

n
 c

o
m

b
in

at
io

n
 w

it
h
 

th
e 

d
es

ig
n
 a

p
p
ro

ac
h

 b
as

ed
 o

n
 t

h
e 

p
ro

v
is

io
n
s 

g
iv

en
 i

n
 s

u
b
cl

au
se

 6
.3

.4
 a

n
d
 

su
b
cl

au
se

 7
.3

.3
.6

 t
h
e 

te
n

si
le

 f
o

rc
e 

to
 b

e 
an

ch
o

re
d

 m
ay

 b
e 

as
su

m
ed

 a
s:

 

yd
s

E
d

f
A

N






 
(6

.3
-8

) 

F
o
r 

d
et

ai
le

d
 d

es
ig

n
 o

f 
th

e 
an

ch
o

ra
g
e 

lo
ad

ed
 b

y
 N

E
d
 t

h
e 

p
o

ss
ib

le
 f

ai
lu

re
 

m
o
d
es

 k
n
o
w

n
 f

o
r 

b
o

n
d

ed
 a

n
ch

o
rs

 h
av

e 
to

 b
e 

ch
ec

k
ed

 (
se

e 
al

so
 c

h
ap

te
r 

6
.4

).
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6.
4 

C
on

cr
et

e 
to

 st
ee

l 
 

 
6.

4.
1 

C
la

ss
ifi

ca
tio

n 
of

 in
te

ra
ct

io
n 

m
ec

ha
ni

sm
s 

 
 

U
se

 o
f 

m
em

be
rs

 w
ith

 c
om

po
ne

nt
s 

m
ad

e 
of

 c
on

cr
et

e 
an

d 
st

ee
l, 

bo
th

 
st

ru
ct

ur
al

 a
nd

 c
ol

d 
fo

rm
ed

, 
le

ad
s 

to
 t

ak
e 

pr
op

er
ly

 a
cc

ou
nt

 o
f 

in
te

ra
ct

io
n 

m
ec

ha
ni

sm
s. 

 

A
 v

ar
ie

ty
 o

f 
de

ta
ils

 e
xi

st
 d

ep
en

di
ng

 o
n 

th
e 

ty
pe

 o
f 

m
em

be
rs

 t
o 

be
 

co
nn

ec
te

d,
 

th
e 

ac
tio

ns
 

to
 

be
 

tra
ns

m
itt

ed
 

an
d 

th
e 

de
si

gn
 

pe
rf

or
m

an
ce

 
re

qu
ire

m
en

ts
. 

A
 f

un
da

m
en

ta
l 

cl
as

si
fic

at
io

n 
ca

n 
be

 m
ad

e 
ac

co
rd

in
g 

to
 t

he
 n

at
ur

e 
of

 
in

te
ra

ct
io

n 
th

at
 is

 n
ee

de
d:

 
–

m
ut

ua
l 

re
st

ra
in

t 
be

tw
ee

n 
st

ee
l 

an
d 

co
nc

re
te

 
m

em
be

rs
 

an
d/

or
 

su
bs

tru
ct

ur
es

; 
–

in
te

rc
on

ne
ct

io
n 

be
tw

ee
n 

co
m

po
ne

nt
s 

w
hi

ch
 a

llo
w

s 
st

ee
l 

an
d 

co
nc

re
te

 
co

m
po

ne
nt

s t
o 

be
ha

ve
 a

s a
 si

ng
le

 st
ru

ct
ur

al
 m

em
be

r. 

In
 f

or
m

er
 c

as
e,

 s
te

el
 m

em
be

rs
 a

re
 c

on
ne

ct
ed

 t
o 

co
nc

re
te

 v
ia

 m
ec

ha
ni

ca
l 

de
vi

ce
s a

nd
 a

ct
iv

at
e 

lo
ca

lis
ed

 a
ct

io
ns

 in
 th

e 
co

nc
re

te
 m

at
rix

. 

In
 t

he
 l

at
te

r, 
st

iff
ne

ss
 a

nd
 s

tre
ng

th
 o

f 
in

te
rf

ac
e 

le
ad

s 
to

 a
ct

iv
at

e 
th

e 
co

m
po

si
te

 b
eh

av
io

ur
 o

f 
th

e 
m

em
be

r 
an

d/
or

 o
f 

th
e 

st
ru

ct
ur

e;
 b

ot
h 

di
st

rib
ut

ed
 

an
d 

lo
ca

l i
nt

er
ac

tio
n 

ar
e 

of
 in

te
re

st
. 

In
te

ra
ct

io
n 

be
tw

ee
n 

co
nc

re
te

 a
nd

 s
te

el
 c

om
po

ne
nt

s 
ca

n 
be

 c
la

ss
ifi

ed
 a

s 
fo

llo
w

s:
 

–
ad

he
si

on
 –

 p
ur

e 
bo

nd
 –

 b
et

w
ee

n 
tw

o 
m

at
er

ia
ls

; 
–

fr
ic

tio
na

l i
nt

er
lo

ck
 p

ro
vi

de
d 

by
 p

ec
ul

ia
r s

ha
pe

s o
f t

he
 in

te
rf

ac
e 

pr
of

ile
; 

–
m

ec
ha

ni
ca

l i
nt

er
lo

ck
 p

ro
vi

de
d 

by
 s

pe
ci

fic
 tr

ea
tm

en
ts

 a
nd

 d
ef

or
m

at
io

ns
 

of
 th

e 
st

ee
l i

nt
er

fa
ce

 (i
.e

. i
nd

en
ta

tio
ns

 a
nd

 e
m

bo
ss

m
en

ts
); 

–
do

w
el

 a
ct

io
n 

pr
ov

id
ed

 b
y 

an
ch

or
 d

ev
ic

es
 a

nd
 sy

st
em

s.
 

R
ef

er
en

ce
 t

o 
di

ff
er

en
t 

ty
pe

s 
of

 i
nt

er
ac

tio
n 

m
ec

ha
ni

sm
s 

de
pe

nd
s 

on
 t

he
 

ty
pe

 o
f m

em
be

rs
 a

nd
/o

r s
tru

ct
ur

e 
an

d 
on

 th
e 

ty
pe

 o
f l

oa
di

ng
.  

R
el

ev
an

t s
ta

nd
ar

ds
 c

an
 b

e 
re

fe
rr

ed
 fo

r d
es

ig
n 

un
de

r g
ra

vi
ty

 a
nd

 h
or

iz
on

ta
l 

fo
rc

es
. 
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6.
4.

2 
B

on
d 

of
 m

et
al

 sh
ee

tin
g 

an
d 

pr
of

ile
s 

 
 

C
om

bi
na

tio
n 

of
 c

on
cr

et
e 

an
d 

st
ee

l 
m

em
be

rs
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eq
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re
s 

de
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lo
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en
t 

of
 

co
m

po
si

te
 a

ct
io

n 
th

at
 in

vo
lv

es
 e

xt
en

de
d 

in
te

rf
ac

e 
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es
. 

Th
is
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 th

e 
ca

se
 o

f c
om

po
si

te
 e

nc
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ed
 m

em
be

rs
 a

nd
 o

f s
la

bs
 m

ad
e 
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 m

et
al

 
sh

ee
tin

g 
an

d 
re

in
fo

rc
ed

 c
on

cr
et

e 
sl
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s. 

In
te

ra
ct

io
n 
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 a

im
ed
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 p

re
ve

nt
 in

te
rf

ac
e 

sl
ip

s 
an

d 
en

su
re

 th
e 

fu
lfi

lm
en

t o
f 

el
as

tic
 a

nd
/o

r 
pl

as
tic

 a
na

ly
si

s 
of

 c
ro

ss
 s

ec
tio

ns
 u

nd
er

 b
ot

h 
fle

xu
ra

l a
nd

 a
xi

al
 

fo
rc

es
; t

hu
s 

it 
st

ro
ng

ly
 in

flu
en

ce
s 

th
e 

ov
er

al
l s

tru
ct

ur
al

 re
sp

on
se

 o
f 

m
em

be
rs

 
ei

th
er

 i
n 

th
e 

lo
ad

 i
nt

ro
du

ct
io

n 
zo

ne
s 

or
 i

n 
th

e 
cr

iti
ca

l 
re

gi
on

s, 
w

he
re

 h
ig

h 
in

te
rn

al
 fo

rc
es

 d
ev

el
op
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6.

4.
2.

1 
M

et
al

 sh
ee

tin
g 

 
 

U
se

 o
f 

m
et

al
 s

he
et

in
g 

is
 c

om
m

on
 t

o 
bu

ild
 c

om
po

si
te

 s
la

bs
 a

nd
 t

ak
e 

ad
va

nt
ag

e 
of

 t
he

 l
oa

d 
be

ar
in

g 
ca

pa
ci

ty
 o

f 
co

ld
-f

or
m

ed
 s

te
el

 s
ec

tio
n 

du
rin

g 
co

nc
re

te
 h

ar
de

ni
ng

 p
ha

se
. 

R
el

ev
an

t 
st

an
da

rd
s 

ap
pl

y 
to

 m
an

uf
ac

tu
re

 a
nd

 d
es

ig
n 

st
ee

l 
sh

ee
tin

g 
as

 
sh

ut
te

rin
g;

 re
le

va
nt

 ru
le

s 
al

so
 fo

r d
ef

in
iti

on
 o

f m
in

im
um

 n
om

in
al

 th
ic

kn
es

s 
of

 
st

ee
l s

he
et

in
g.

 
Pu

re
 b

on
d 

is
 n

ot
 s

ui
ta

bl
e 

to
 b

ea
r s

he
ar

 fo
rc

es
 to

 d
ev

el
op

 c
om

po
si

te
 a

ct
io

n,
 

th
us

 p
la

in
 sh

ee
tin

g 
is

 b
as

ic
al

ly
 in

ap
pr

op
ria

te
 fo

r c
om

po
si

te
 a

pp
lic

at
io

n.
  

C
on

ve
rs

el
y,

 m
ec

ha
ni

ca
l 

in
te

rlo
ck

 p
ro

vi
de

d 
by

 d
ef

or
m

at
io

ns
 i

n 
th

e 
st

ee
l 

pr
of

ile
, i

.e
. i

nd
en

ta
tio

ns
 a

nd
 e

m
bo

ss
m

en
ts

, c
an

 b
e 

us
ed

.  

A
n 

al
te

rn
at

iv
e 

so
lu

tio
n 

th
at

 
fit

s 
de

si
gn

 
re

qu
ire

m
en

ts
 

of
 

co
m

po
si

te
 

m
em

be
rs

 i
s 

re
pr

es
en

te
d 

by
 s

he
et

in
g 

w
ith

 r
e-

en
tra

nt
 c

ro
ss

 s
ec

tio
n,

 s
o 

th
at

 
fr

ic
tio

na
l i

nt
er

fa
ce

 s
tre

ss
es

 c
an

 ta
ke

 a
dv

an
ta

ge
 o

f l
at

er
al

 c
on

fin
em

en
t a

ct
io

ns
 

du
e 

to
 sh

rin
ka

ge
 a

nd
 fl

ex
ur

al
 d

ef
or

m
at

io
n.

 
M

ec
ha

ni
ca

l 
co

nn
ec

tin
g 

de
vi

ce
s 

ca
n 

be
 u

se
d 

in
 o

rd
er

 t
o 

pr
ev

en
t 

en
d 

re
la

tiv
e 

sl
ip

 b
et

w
ee

n 
th

e 
tw

o 
co

m
po

ne
nt

s;
 d

ef
or

m
at

io
n 

of
 e

nd
 s

te
el

 w
eb

s 
ca

n 
be

 u
se

d 
as

 a
n 

al
te

rn
at

iv
e 

to
 a

dd
iti

on
al

 s
te

el
 d

ev
ic

es
 w

he
n 

re
-e

nt
ra

nt
 p

ro
fil

es
 

ar
e 

us
ed

. 
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 v
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so
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n 
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r)
 e
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er

na
l a

ct
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. 

St
ru

ct
ur

al
 p

er
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rm
an
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s 
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 m

em
be

rs
 c

an
 b
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cr
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se
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ei
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er
 fu
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in
g 

st
ee

l p
ro

fil
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 b
ot
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s, 

ef
fe
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iv

en
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te

el
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on
cr

et
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in
te

rf
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e 
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 c
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 in
 v
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 o
f 

co
m

po
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te
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ct
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en
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A

de
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st
ru
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ur

al
 p

er
fo

rm
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s 
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e 

in
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t 

ne
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ed
 in
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er
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 e
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e 
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co

m
po

si
te

 b
eh

av
io

ur
 o

f t
he
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em

be
rs

 a
nd
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re

ve
nt

 
lo
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in
g 

of
 st
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ne
nt

s. 

R
el

ev
an

t 
st

an
da

rd
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an
 b

e 
us

ed
 t

o 
fit

 r
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ui
re

m
en
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on
ce

rn
in

g 
th
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as

pe
ct

 
ra

tio
 o

f s
te

el
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om
po

ne
nt

s 
an
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or

 fl
an

ge
s 

de
pe

nd
in

g 
on

 th
e 

st
ee

l g
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de
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St
ru

ct
ur

al
 d

em
an

d 
on

 s
te

el
 a

nd
 c

on
cr

et
e 

in
te

rf
ac

e 
de

pe
nd

s 
on

 th
e 

ty
pe

 o
f 

cr
os

s 
se

ct
io

n,
 

de
si

gn
 

le
ve

l 
of

 
co

m
po

si
te

 
in

te
ra

ct
io

n,
 

an
d 

on
 

th
e 

lo
ad

 
in

tro
du

ct
io

n 
m

ec
ha

ni
sm

s 
an

d 
de

ta
ils

 a
do

pt
ed

. 

Pu
re

 b
on

d 
is

 n
ot

 s
ui

ta
bl

e 
in

 th
e 

ca
se

 o
f 

pa
rti

al
ly

 e
nc

as
ed

 m
em

be
rs

 u
nd

er
 

fle
xu

re
. C

om
pr

es
si

ve
 m

em
be

rs
 a

nd
 c

om
po

si
te

 c
ol

um
ns

 c
an

 ta
ke

 a
dv

an
ta

ge
 o

f 
su

ch
 a

n 
in

te
ra

ct
io

n 
m

ec
ha

ni
sm
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hu

s 
on

ly
 s

eg
m

en
ts

 i
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id
e 

th
e 
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ad

 t
ra

ns
fe

r 
re

gi
on

s a
re

 c
rit
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al
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In
te

rf
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e 
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re
ng
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de
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 t
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m
ec
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ch
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 in
te
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.
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