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Abstract 
Safety consideration is paramount in the design of structures in order to 
prevent the occurrence of failure and its associated problems. The 
method adopted to ensure a safe structure influences the result of an 
intended objective of optimum design. The uncertainties inherent in 
design variables make it rational to adopt probabilistic approach. The 
limit state design (LSD) method is developed from probabilistic 
consideration and applies partial safety factors that presumably cater for 
uncertainties inherent in the design variables. However, adherence to 
the LSD codes specification does not indicate the level of reliability of 
design output. The implicit safety level provided by designing to B.S. 
8110 (1985) specification is illustrated. It is revealed that the code is 
deficient in its ability to guarantee a flexible choice of design to a 
specified reliability level. 

Introduction 

There is the need to provide safe and functional structures within the dictates of system and 

environmental constraints. These objectives require an intuitive understanding of the interaction of design 

variables and resultants necessary to keep the system in the safe mode. This is necessary so as to prevent 

failure and its associated socio-economic problems. It can thus be recognised that consideration for 

structural safety is a fundamental requirement in making provision for engineering facilities. 

The way safety is prescribed is however dependent on the level of sophistication of prevalent 

engineering knowledge. Conwan (1971), observed that before the eighteenth century, structures were 

constructed based on empirical rules, established by experience and changing circumstances. 

Evolution of scientific methods of experimental prediction to analyse structural response in 

relation to actions, led to the formulation of deterministic models to predict the state of the structure. The 

expressions assumed an exact state of the random nature of input variables. Even though uncertainty in 

the state of the structure is acknowledged by the prescription of safety factors, these factors are 

themselves deterministic value in the sense that it is perceived that once a factor of safety is applied to a 

deterministic value, safety is guaranteed. Deterministic safety factors derivation is not adequately 

rationalized (Ang, 1973). Freudenthal (1947: 126) stated: 

That the most careful and rigorous structural analysis is largely 
deprived of its merit if the accuracy of its results is limited by the use of 
empirical multipliers, so-called safety factors varying between 1.0 and 
5.0 and selected rather arbitrarily on the basis of consideration that are 
not always relevant or even rational. 

There is a consensus among researchers in structural safety that determistic approach to matter 

concerning safety can best be described as inadequate considering the lack of a categorical statement that 

can be made on the practical values of load, strength and response. 

According to Ang (1973), absolute safety of a structure cannot be guaranteed due to 

uncertainties. Surhan and Rojiani (1983) stated that “recognizing that load and resistance are random 

variables, the rational approach to design would be through the use of probabilistic method” Ang and 

Cornell (1974) also noted that the scatter exhibited by the design variables introduces the need for 

probabilistic approach to reliability level determination. 

Limit State Design Method 

A method of design is defined by the way the margin for safety is prescribed through a factor of 

safety. Although permissible stress and load factor methods admit uncertain nature of structural design 

through the application of safety factors, their derivations do not consider rational reliability concept.  

The introduction of probability based safety analyses allow for developments of formal 
methods to obtain probability of failure through systematic analysis of the 
uncertainties in. all variables, although Ayyub and Haidar (1984) remarked 
that this development does not eliminate the need for judgment, rather the 
ways in which judgment is exploited is presumably more efficient. 



 

Similarly for the mid span the limit state function are expressed as 

g(x) = 0.156fcubd2 - (0.108a + 0.152) qkL
2 

The limit state design concept resulted from the probabilistic considerations and it is assumed to 

be more logical in its presentation of safety margin. The concept aims at achieving a consistent and 

acceptable probability that structures being designed will perform satisfactorily during their intended life 

(B.S. 8110 part I, 1985). The philosophy involves setting limits for various designs criteria and 

minimizing the chance of the limits being exceeded. Common among possible criteria are ultimate limit 

and serviceability limit states. 

Although the limit state concept is probability based, the existing codes on limit state design do 

not reveal the extent or degree of reliability of a particular structure or its components. 

In their calibration, the existing limit state design codes on reinforced concrete provide partial 

safety factors which presumably cater for uncertainties inherent in design variables. Examples are British 

Standard Code of Practice (CP 110) of 1972 and the more recent British standard structural use of 

concrete (BS 8110) of 1985. 

The method of partial factors of safety can best be described as “modified deterministic” in the 

sense that a quantity displaying uncertainty is considered in terms of means and standard deviation and 

are subsequently employed in deterministic operations using a constant characteristic value in place of the 

uncertain quantity. Adherence to the design codes does not show the reliability to which designs are 

carried out leaving the Engineer to accept that his design is safe without information on its extent of 

reliability. 

This paper illustrates the implicit safety or reliability level provided by designing to B.S. 8110 

(1985) specifications using the-structural reliability methods to analyse a two spanned beam. 

Implied Reliability Levels 
Analyses of a two equal spanned reinforced concrete beam using BS 8100 (1985) specifications 

were performed. The limit slate functions for flexural criteria are obtained. For the compression section 
of the beam at interior support the limit state function is expressed as: g(x) =0.156fcubd2-(0.175gk + 
0.2qk)L

2 (1) 
= 0.156 fcubd2 - (0.175a + 0.2) qk L2 (2) 

These are derived from margin between the strength and load functions. For the tensile section 

the limit state function is 
- A 7 A 1 " 9.2)qkL

2 (3) 

(4) 

for the compression section. For the 
tensile section, 

g(x) = 0.87fyz A*- (0.108a + 
0.152) qkL

2 (5) 

The evaluation of Limit state conditions was carried out using First Order Reliability Method 

(FORM 5). The data generated from reliability evaluation are plotted as shown in the graphs. For the 

tensile section of the beam, Figures 1, 2 and 3 indicate the Reliability indices (beta) versus ratio of dead 

to live loads (Alpha) for varied reinforcement ration (As/bd) for beams spanning 4m, 5m and 6m 

respectively. The reinforcement ratios were selected in relation to similar values used in BS 8110 (1985). 

For a given reinforcement ratio the reliability index (beta) decreases with increase in load ratio meaning 

that the Reliability level arising from design to the code is sensitive to design variables. 

Figure 4 shows the Reliability of the concrete in the compression section for beam of 4m, 5m 

and 6m spans. The trend of the curves is similar to those of the tensile consideration. 
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The implication of the behaviour of the curves is that the result of designs to the B.S. 8110 

(1985) code can take on just a value among many possible ones defined by the reliability curves and the 

resulting value which is not known may be greater or less than the desired one. 

The lack of information on the exact reliability value further inhibits the manipulation of 

designs to a required level. In the conventional codified design, all that is required is that load effects 

should not exceed the specified strength of the element, even if it is just to ensure a very low reliability 

level or the extreme of this level. The deficiency of the existing limit state method can be depicted by 

lack of flexibility in manipulation of design to a specified reliability level. 

Summary 

It has been highlighted that consideration for structure safety is a fundamental requirement in 

the provision of structures and thus the need for refinement and improvement on the existing method of 

expressing requirement for safety on continuous basis brought about by the recognition that safety 

matter can best be rationalized in probabilistic framework. The way developed does not reveal much as 

to the extent or nature of the reliability or otherwise of structures designed. Also, the influence of 

variability in design parameters is not quantified. 

A reliability of study of BS 8110 (1985) code revealed that design to the code specification is 

deficient in its ability to guarantee a flexible choice of design to a specified reliability level. 

Recommendation 

It is therefore recommended that the BS 8100 (1985) limit state design (LDS) format for 

reinforced concrete beams as it presently exists, be appraised with a view to encourage the prescription 

of a known reliability level. This will be useful in rationalization and optimization of design problems. 

Definition of Symbols 

As= Area of steel reinforcement in tensile section. 
gx = Limit of state function 
Fcu 

= Characteristic strength of Concrete 

b = breadth of beam 

d = effective depth of beam 

gk = Dead load 

qk = Live load 

L = effective span of beam 

fy = characteristic Strength of Steel reinforcement. 

Z = Lever arm of the beam Section a = ratio of 

dead load to live load gk /qk rho = reinforcement 

ratio 

 
  

Data 

Table 1: Tension Reliability of a Reinforced of Rect. Section at Interior Support of 4M* Spanned 

Beam 
Load Ratio (Alpha) Beta For Varying Reinforcement Ratio 

0.05 0.01 0.015 0.02 0.025 

0.5 3.5 5.01 5.84 6.40 6.85 

1.0 2.90 4.40 5.25 5.80 6.21 

1.5 2.43 3.92 4.75 5.31 5.75 

2.0 2.03 3.52 4.35 4.91 5.32 

2.5 1.70 3.18 4.01 4.56 4.97 

3.0 1.40 2.89 3.71 4.26 4.66 
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Table 2: Tensile Reliability of a Singly Reinforcement Section at Interior Support of 5M 
Spanned Beam __________________  _________________________  _______________________  
Load Ratio Beta For Varying Reinforcement Ratio 

0.05 0.01 0.015 0.02 0.025 

0.5 2.49 3.98 4.82 5.38 5.79 

1.0 1.89 3.37 4.20 4.76 5.17 

1.5 1.41 2.89 3.72 4.27 4.67 

2.0 1.01 
2.50 3.31 3.86 K>k' 

2.5 0.664 2.16 2.97 3.52 K>k' 

3.0 0.361 
1.86 2.68 

3.22 K>k'j 

 

Alpha 

Beta with varying RHO 

0.005 0.01 0.015 0.02 0.025 

0.5 1.66 3.15 3.97 4.53 4.93 

1.0 1.05 2.54 3.36 3.91 4.30 

1.5 0.561 2.06 2.87 3.42 3.81 

2.0 0.152 1.66 2.47 3.01 K>K' 

2.5  1.31 2.13 2.67  
3.0  1.01 1.83 2.37  

Table 3: Tensi 

e Reliability of Singly Reinforced Section at Interior for 6m Spanned Beam 
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Fig. 1 : Tension Reliability of a Singly Reinforced Rectangular Section at Interior Support 
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Table 4: Relia )ility of Compression Section at Support 

 Beta with varying RHO 

Alpha 4m span 5m span 6m span 
0.5 4.87 4.46 3.03 

1.0 4.27 3.26 2.42 

1.5 3.79 2.78 1.95 

2.0 3.40 2.38 1.55 

2.5 3.06 2.05 1.21 
3.0 2.77 1.75 0.907 
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Fig. 2 : Tension Reliability of a Singly Reinforced Section at Interior Support of 5m Spanned Beam 
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Appendix 

program talia2 c 

c reliability calculation of interior support of a two spanned c beam designed to b.s. 8110 . c (limit state 

for tensile yield) implicit double precision(a-h,o-z) 

c the subroutine with the limit state function is declared external external gtal2 

dimension x(6),ex(6),sx(6),vp( 10,6),cov(6,6),zes(3),uu(6), 

/ eivec(6,6),iv(2,6) 

character* 10 prt c 

common /ctalia/alpha,bl c 

c the mean and standard deviation of the variables as well as c parameters of form5 are given in this data 

block c 

data ex/2.38d 1,0.25dl ,3,0d2,4.0d2,2.50d2,9.716d2/,sx/3,57d0, 

/ 4.44d-1,1.013d 1,3,474dl ,35 .d0,34.98d0/,n/6/,nc/6/,ne/6/,irho/1 / 

write(*,*) 'value of load ratio,alpha' read(*,*) alpha 

sx(2) = ex(2)*.37 

sx(3) = ex(3)*.045 

bl=4000. 

c results are written on file no.7 naus=7 

c print to screen: icrt=0 

open(7,file= 'taliat.res',status ='old',err=30) goto 40 

30 open (7, file='taliat.res', status-new') c 
c presetting variables vp,cov and iv is done using yinit 40 call yinit(n,iv,vp,irho cov,nc) iv(l,2)=7 iv(l,3)= 

iv(l,4)=2 

iv(l,6)=2 

c 

do 100 i=l,n 100 

x(i)=ex(i) vl=0.25d0 beta=l 

,d0 

c initial solution-estimate (if not mean values see loop "100") 

write (naus, 5000 ) 

5000 format(//// 5x,70('*'),/,30x, 'form5',/,5x,70('*'),/,5x, 

/ 'tensile yield at interior support using "gtal2", 

/ 6 variables:') 

c the stochastical model is printed using "ykopf call 

ykopf(naus,n,iv,ex,sx,vp,irho) c print also to screen 

write(icrt,*) 'start of form5' 

write(icrt,*) 'stochastic model:' call 

ykopf(icrt,n,iv,ex,sx,vp,irho) c the matrix 

cov is print using "ymaus" prt=' cov ' 

call ymaus (NAUS,nc,n,cov,prt) 

c the main subroutine in form is called 

call form5(n,iv,ex,sx,vp,gtal2,irho,cov,nc,eivec,ne,vl,naus,beta, /



 x,uu,zes,ier) 

c the coordinates of the beta-point are printed with the title c 

vector uu prt- uu ' 

call yfaus (naus,n,uu,prt) 

c the vector zes is printed with the title vector zes prt= ' zes ' call 

yfaus(naus,3,zes, prt) write (icrt,*) 'end of form5: ier-, ier 

write(icrt,*) 'results see file taliat.res' stop end 

subroutine gtal2 (n,x,fx,ier) 

c 

c limit state function c 

implicit double precision(a-h,o-z) dimension x(n) common 

/ctalia/alpha,bl c 

ckp=0.156 

am=x(2)*bl**2*(.175*alpha+.20) ck= am/(x(l)*x(3)*x(4)**2) 

write(*,*)am,ck z=x(4)*(.5+ (.25-(ck/.9))**.5) if (z.le.0.95*x(4)) 

then z=z 

else 

z=0.95*x(4) 

endif 

if((ck.gt.0.).and.(am.gt.0.))then 

if(ck.le.ckp)then 

fx=0.87*x(5)*z*x(6)-am 

ier=0 

else 

fx=.87*x(5)*x(6)-am 

ier=0 

endif 

else 

fx= 1.0d20 

ier=20 

endif 

return 

end. 


