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Introduction

An acceptable, i.e. standardized in codes reliability is managed non-directly using partial safety factors (PSF) method and applying current Design Values (DV) codes of design and evaluation of existing elements.

In Direct Probabilistic-Statistic (DPS) codes nor partial safety factors, nor design values are used. The reliability is managed directly applying models of probability theory and mathematical statistics. A design and existing elements evaluation criteria in DPS codes is chosen standardized in DV codes reliability of resistance, for example, strength, stiffness. 

Standardized in DV codes reliability of safety is investigated in details, what cannot be stated about reliability of stiffness. It is not so widely studied.

The aim of the master’s degree thesis is to generalize the determination of stiffness reliability standardized in different countries DV codes and international DV codes of flexural reinforced concrete elements.

The generalization is based on unification and probabilistic calculation of standardized stiffness reliability of short-term and long-term stiffness deterministic models, applied in different DV design codes of flexural reinforced concrete elements. 

1
The criteria of stiffness design of reinforced concrete elements 

1.1
The safety and serviceability standardized reliability dependence on damage in case when limit state takes place 

The standardized reliability is chosen such that the sum of the initial investments for the element manufacture and erection and the losses due to limit state occurrence will be minimal taking into account different time period of these expenditures. These expenditures sum is expressed [1]:
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(1.1.1)

here
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​​​​​​​– initial investments needed for the element reliability assurance and which depend on material consumption, for example on element cross-sectional area A;
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– losses due to limit state occurrence, for example due to structure or equipment destruction or concession interruption (economic losses), hazard to people (social losses) which may be expressed in money, i.e. as economic losses, taking into account insurance payments;
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– probability of limit state occurrence due to insufficient cross-sectional area factor A;
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– probability of limit state occurrence due to human mistakes in design, construction and use of structure,  
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Table 1.1.1
The average human failure rate
	Nr.
	A form of activity, where the mistake occured
	Rate in Europe, %
	Rate in Lithuania, %

	1
	Design
	25
	7

	2
	Structure manufacturing and construction
	45
	63

	3
	Exploitation
	8
	7

	4
	External influence (differential and large foundation setting and slip, elements overloading)
	15
	23

	5
	Other mistakes
	7
	


The average human failure rate is determined based on different European countries authors received data, also Lithuanian Inspection of Construction data received during the forty-year period.

The expenses corresponding to summands from Table 1.1.1 take place at different time intervals, so they are calculated at the beginning or at the end of structure working life, taking into account the construction borrowing rate. As the example, in case of 10 % annual interest rate and 50 years of structure life cycle, calculating the expenses at the end of structure working life the 
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 investments are multiplied by the coefficient 117.
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Fig. 1.1.1
Optimal codified reliability of structural elements margin of strength

It is possible to determine optimal values of 
[image: image51.wmf]a

 and 
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, i.e., standardized reliability by minimizing the expenses and requiring the following condition to be fulfilled [1]:
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(1.1.2)

This procedure called economical-social reliability optimization is shown in Fig.1.1.1.
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The 
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The standardized 
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 relative damage due to limit state occurrence for simple elements, for example beams, columns is shown in Fig. 1.1.2. The reliability differentiation from design values design codes is shown there, which is performed applying different partial safety factors for loads and for materials. Often these coefficients for serviceability limit state group are equal to unit and for ultimate limit state group coefficients are larger than unit, they are within the interval 1.15÷1.5. So, using these factors the average serviceability and safety reliability differentiation is done. The reliability difference for RC1, RC2, RC3 elements reliability classes, which depend on element importance, is obtained applying additionally 0.9, 1.0, 1.1 Kf coefficient.


It is determined that 
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, see Fig. 1.1.3 (a). Moreover, when increasing the element factor A, for example cross-sectional area, by 10%, the 
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 for ordinary elements decreases approximately by 30%. And when 
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 value is not changed (because the 
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does not depend on 
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, but depends on human mistakes control and application of preventive measures), the 
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 sum of limit state probability decreases only about 3% according to (1.1.1), i.e. changes of 
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 value are negligibly small (see Fig. 1.1.3, (b)). So, the wide spread opinion, that it is possible to decrease the limit state probability by increasing the element cross-sectional area, is wrong. Another method of decreasing the 
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 limit state probabilty sum is more effective – it is the decreasing of 
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 value. It is determined that if the funds, allocated for 10 % increment of factor A, are addressed for decrease of 
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, for example by strengthening human mistakes control and preventive measures at all structure construction and exploitation stages, the value of 
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 will decrease about 40 %. As the result, the 
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 sum of limit state probability will decrease about 30 %, i.e. it will decrease 10 times more than in alternative case of decrease of 
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 factor (see Fig. 1.1.3, (b) and (c)).
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Nustatyta [14], kad vidutiniskai o » 10as (Zr. 3.3 pav., a). Be to, didi-
nant elemento skerspjiivio rodikli 4, pvz., skerspjivio plota, 10 %, a4
iprastiems elementams sumazéja vidutinidkai 30 % ir, @, reikSmei isli-
kus nepakitusiai (nes . praktiskai nepriklauso nuo a,, 0 priklauso nuo
#mogaus klaidy kontrolés ir prevencijos priemoniy taikymo), @ ribiniy
biiviy rizikos suma pagal (3.1) sumaZéja tiktai 3 %, t.y. @ iSlieka prak-
tiskai nepakitusi (3.3 pav., b). Taigi paplitusi nuomoné, kad galima i§
esmés sumazinti ribiniy biviy rizika, padidinus elemento skerspjiivio
plota palyginti su apskaitiuotu plotu pagal projektavimo normas, yra
klaidinga. Daug efektyvesnis kitas o ribiniy baviy rizikos sumos maZi-
nimo biidas — sumazinant o; reik§me. Yra nustatyta, kad jeigu aptartos
1ésos, skiriamos 4 rodikliui padidinti 10 %, buty paskirtos o sumazin-
ti, pvz., sugrieztinant Zmogaus klaidy kontrolg ir prevencija visuose
statinio kiirimo ir eksploatavimo etapuose, tai o reik§mé sumazéty
apie 40 %. Dél to o ribiniy biiviy rizikos suma sumazéty apie 30 %,
t.y. sumazéty apie 10 karty daugiau nei alternatyviuoju atveju mazi-
nant os rodikli (Zr. 3.3 pav., bir c).

Kartais manoma, kad reikéty padidinti kintamyjy apkrovy patiki-
mumo koeficienta— vietoje dabar STR reglamentuojamos 1,3 reiks-
més taikyti 1,5 reikSme. Ja galéty taikyti ekonomiskai pazengusios ES
salys. Pavyzdys galéty biti Svedija, kurios negalima kaltinti nesirlipi-
nimu savo piliediy sauga statiniuose. Tagiau Svedijoje galiojanciose
projektavimo normose visoms kintamosioms apkrovoms yra pasirink-
tas vienodas patikimumo koeficientas 1,3, ir &is faktas aiSkintinas tuo,
kad, atsizvelgus i statybos Svedijoje metines apimtis ir | banky kredity

_ statyboms paliikanas bei 50 mety vidutin pastaty eksploatacijos laiko-

tarpi, papildomos ilgam iSaldomos IéSos tokiam koeficientui padidinti
Svedijai kainuoty Simtus milijony euru. Atsizvelgiant | o démens pa-
gal (3.1) israiska sumazinimo menka itaka bendram elementy patiki-
mumui bei | santykinai labai maza Zzmoniy Zu¢iy kieki statiniuose, pa-
lyginti su Zatimis nuo kity atsitiktiniy veiksniy (Zr. 3.2 lentelg), STR
[7, 8] buvo, taip pat, kaip ir Svedijos normose, pasirinktas vienodas
koeficientas 1,3, démesj sutelkiant i papildomy s ir Yre koeficienty

45





Fig. 1.1.3 
The component parts of limit state risk: 
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– depending on structural material consumption, for example on cross-sectional area A and on applying human errors management and preventive measures; 
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– the sum according to (1.1.1)  
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; a – standard environmental conditions, b – when the funds are directed to increase the cross-sectional area A, c ​– when the same funds are directed to make the human errors management and preventive measures stricter

Table 1.1.2 
The data of annual fatalities calculated for 3.4 mln citizens
	№
	Type of fatality
	In West countries
	In Lithuania

(for 2005 year)

	1
	Road accidents
	918
	892

	2
	Fallings
	340
	592

	3
	Fire and explosions
	126
	207

	4
	Accidents in water
	98
	389

	5
	Lightning stroke
	0.3
	

	6
	Poisonous envenomations
	0.2
	

	7
	Structure collapse during exploitation 
	0.7
	0.6

	8
	Diseases (human of 15-45 age)
	2470
	3840

	9
	Murder
	
	314

	10
	Suicide
	
	1317


It is assumed, that the variable load partial safety factor should be increased up to 1.5 instead of the value of 1.3 restricted in STR code. But only developed EU countries are able to afford this. The example could be Sweden, but in Sweden design codes for all variable loads the partial safety factor is 1.3 and this is explained so, that to increase this coefficient it will cost for Sweden several hundred millions euro. Taking into account the small influence of component 
[image: image80.wmf]A
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 of (1.1.1) expression decrement to the total element reliability and a relatively small number of human fatalities in structures in comparison with fatalities from other accidents (see Table 1.1.2), there was selected the same coefficient 1.3 in STR as in Sweden codes. It was considered to pay more attention to decrease of the component 
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 in (1.1.1) expression, i.e. to strengthen human mistakes control and preventive measures.

1.2
The economical optimization of safety and serviceability reliability ACCORDING to R. Rackwitz
It is proposed [2] to use optimization for assessing targets with special reference to earthquake resistant design. In particular, a distinction was made whether failure would occur upon construction or never and at ‘‘large random disturbances’’ only. A second distinction was made with respect to the reconstruction policy. In the extremes there are just two: no reconstruction after failure and systematic reconstruction or repair after failure, respectively. Whereas it is true that both types of failure should generally be considered depending on the type of loading on the structure the matter of reconstruction policy was apparently overlooked in the past. In fact, for almost all civil engineering structures systematic rebuilding after failure, be it caused by extreme loading, bad construction, fatigue, other deterioration, loss of serviceability, or by demolition after obsolesce, is mandatory, at least ideally because buildings serve the user and society. Optimization for one ‘‘mission’’ is thinkable for certain construction operations only.
A suitable optimization scheme will be proposed. It will be demonstrated that failure rates rather than time-dependent failure probabilities are the basis for setting up safety targets. Important conclusions will be drawn with respect to code making, in particular when assessing safety targets and when deriving partial safety factors for practical use.

According to Rosenblueth and Hasofer’s treatment it is assumed that the objective function of a structural component is
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(1.2.1)

B(p) 
– the beneﬁt from the existence of the structure, 

C(p) 
– the construction cost, 

D(p) 
– the expected damage cost, 

p 
– a design parameter vector. 

Without loss of generality all quantities will be measured in monetary units. Statistical decision theory dictates that the expected values for B(p), C(p) and D(p) have to be taken. B(p), in general, will be unaffected or slightly decrease with each component of p but this will be neglected without substantial error so that B = B(p). C(p) increases with each component of p under normal circumstances. Frequently, it can be approximated by 
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 are those costs which do not depend on p. In general, there is 
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. D(p) decreases with p in some fashion. For each involved party, i.e. the builder, the user and the society, Z(p) should be positive. Otherwise one should not undertake the realization of the structure. This is illustrated in Fig. 1.2.1. Beneﬁts, cost and damages are not necessarily the same for all involved parties. Therefore, the intersection of the domains where Z(p) is positive is the domain of p, which makes sense for all parties. 
In general, the cost components have to be taken into account in an overall economical consideration such as violations of the serviceability conditions and fatigue and other deterioration usually implying immediate repair but also obsolesce. Also, many structures are inspected more or less regularly. For simplicity the objective function now is written as
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(1.2.2)

where 
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– is associated with serviceability failures, 
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 – with fatigue and other aging failure,  
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– with obsolesce, 
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– the expected cost for ultimate limit state failure. It is assumed that different failure types do not interact, 
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– all inspection and resulting maintenance cost. 

First of all, the optimal solution for building facilities with or without a systematic rebuilding policy is based on failure intensities and not on time-dependent failure probabilities. It is neither necessary to deﬁne arbitrary reference times of intended use nor is it necessary to undertake the complicated task to compute ﬁrst passage time distributions. No table of recommended reference times of usage of structures is needed. The same targets, in terms of failure rates, can be set for temporary structures and monumental buildings, given the same marginal cost for reliability and failure consequences. Nevertheless, it is necessary to deﬁne a time unit. For civil engineering facilities this is no doubt one year in consideration of the length of their life cycles. Other choices are possible provided that the failure intensities are small and much smaller than the interest rate. Also, the optimum design parameters are independent of assumed, highly variable lifetimes. This does not mean that lifetime aspects, especially in case of fatigue and other deterioration, are ignored. Here, design must be directly for mean failure times which are sufficient to derive the corresponding asymptotic renewal densities to be checked against target failure rates.
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Fig. 1.2.1 
Cost and beneﬁt over design parameter p
On the basis of optimization studies an attempt is made to design a table of target values to be used in practice as an alternative to similar tables in codes. 

The proposed values agree with values proposed in the industry with high damage potential and elsewhere for accidental situations (for example, the so-called safe shut down earthquake has a return period of 10 000 years and the resulting return period of failure will be yet smaller). The ‘‘no safe shut down situation’’ would require a still smaller failure rate. For normal office, housing and industrial buildings the marginal cost for reliability are very small. One therefore could argue to lower the failure rate down to 10-5. The targets for serviceability limit states appear rather conservative. Present practice appears to accept larger risks. The values are also compatible with the yearly risk for life and limb set in ISO 2394 as 
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 is the probability of a person being killed given that the structure collapses. The values in the table have been set for structural components (failure modes). For structural systems they are meant for the structural component dominating structural failure. If there are many components of the same importance or many equally likely failure modes with comparable failure consequences the values in the table have to be suitably lowered.

Table 1.2.1  
Proposed target failure rates 

	
	Safety limit state failure

	
	Expected failure consequences

	Relative effort to achieve reliability
	Insignificant
	Normal
	Large

	High
	2.3   (10-2)
	3.1   (10-3)
	3.7   (10-4)

	Normal
	3.1   (10-3)
	3.7   (10-4)
	4.3   (10-5)

	Low
	3.7   (10-4)
	4.3   (10-5)
	4.7   (10-6)

	
	Serviceability limit state failure

	High
	1.3   (10-1)
	
	

	Normal
	1.7   (5 10-2)
	
	

	Low
	2.3   (10-2)
	
	


Others than failures by ‘‘rare disturbances’’ include serviceability failures, fatigue failures and ultimate limit state failures but also obsolesce. It is proposed that for almost all civil engineering facilities the only reasonable reconstruction policy is systematic rebuilding or repair. It is found that the failure rate (failure intensity, renewal density) is the decisive criterion for setting up safety/reliability targets for high reliability structures. This is approximately true also for ‘‘one mission’’ structures. Structures should be optimal. A general objective function is proposed. Tools for its maximization in a ﬁrst order sense are presented. The principles of reliability veriﬁcation but also of reliability-based design are illustrated. Given codiﬁed admissible failure rates, for example, related to one year, it is possible to derive partial safety factors so that a full probabilistic analysis is in complete correspondence with a deterministic partial safety factor design. An exception is fatigue and other deterioration where a more direct approach is necessary.

1.3
the probabilistic meaning of characteristic and design values of permanent and variable loads
To insure the needed marginal resistance of structural elements, the smallest design values of material or soil strength and the largest design values of loads are used. 


The variable load is represented not only by characteristic, but also by other representative values in designing and evaluating of safety and serviceability limit states. The graphical interpretation of these values of the loading is shown in Fig. 1.3.1. The 
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 characteristic value is the main representative value of the load. The other representative values are determined by multiplying 
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, which values are less than unit. The combinative value represents the maximum of action effect occurrence of combination of two and more variable loads of the same probability as one load. The frequentative value represents such value of variable load, which the structure would be acted during the greatest part of T exploitation period, and the value larger than the frequentative value would act small part of T period or its exceeding frequency would be limited up to determined value. The quasi-permanent load represents such variable load, which is acting the largest part of T exploitation design period. The mentioned representative values are determined, i.e. the coefficients 
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 are selected in codes, by the probabilistic analysis of E action effect from one variable load and from combination of several variable loads.
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Fig. 1.3.1 
The graphical interpretation of loading F(t) values

2
Calculation of ultimate deflections of reinforced concrete elements using deterministic models of different design codes 

2.1
INTRODUCTORY REMARKS 

The aim of this chapter is to calculate deflection of bending reinforced concrete beam under the action of distributed load according to STR 2.05.05:2005 [3], EN1992-1:2004 [4], ACI318-2005 [5], SP 52-101-2003 [6] design codes. The obtained results will further be used for determination of flexural reinforced concrete element reliability of stiffness. The following iterative scheme will be applied:

Step 1
The permanent and variable load values are selected. The necessary condition is that the ratio of permanent to variable load is 
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. Then according to the certain code the normal section strength condition is checked and the reinforcement minimal cross-sectional area is determined. Because of the system and random errors of calculations offered in design codes of different countries, the required reinforcement area calculated using two different design codes can differ even in case when the loading values are the same. The structural scheme of element under investigation is shown in Fig. 2.1.1. 
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Fig. 2.1.1
 The beam structural scheme when 
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Step 2

Because the element is quite short, it can be assumed another way of how the failure may develope. It is possible that the reinforced concrete beam under the bending action of distributed load will crack before the ultimate deflection will be reached. The cracking moment needs to be determined and the condition of cracks occurence has to be checked. However, the section will probably be cracked. 

Step 3
The previous step results will determine the further calculations. If the section is uncracked, then there will be one way of deflection determination, and if the section is cracked, then the deflection calculation procedure becomes more difficult. The deflection is calculated according to the selected procedure. The value of deflection has to be such, that the difference between the ultimate deflection wult and calculated deflection w will be negligibly small (
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). Otherwise the procedure continues in Step 1 and using iteration the values of loads 
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 are chosen.

2.2
DESIGN ACCORDING TO STR 2.05.05:2005 CODE 
Initial data

The 5 meter-long beam is simply supported. The cross-section is: h = 360 mm, b = 200 mm. Concrete class is C20/25, reinforcement class is S400. The material properties are selected according to the requirements of [3] Code, for the further calculations will be also used [7] Code. The structural scheme of the element is shown in Fig. 2.1.1.
Characteristics of concrete C20/25 ([3], Chapter VII, subchapter I, Table 5):
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– modulus of elasticity of concrete;
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– characteristic value of compressive strength of concrete;
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– design value of compressive strength of concrete.

Characteristics of reinforcement S400 ([3], Chapter VII, subchapter II, Table 8):
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– modulus of elasticity of steel;
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– characteristic value of tensile strength of steel;
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– design value of tensile strength of steel.

Effective beam depth is d = 333 mm. Characteristic value of permanent load is 
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Design values of loadings ([7], Appendix 10, Table 2):
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– partial safety factor for permanent load;
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– partial safety factor for variable load.

2.2.1
cHECKING THE STRENGTH CONDITION 

The selection of longitudinal reinforcement in rectangular section is performed using the following algorithm. When the longitudinal reinforcement is in tensile zone, then As2 = 0.

The design concrete strength ([3], Chapter VII, subchapter I, expression 7.4):
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(cc and ( – coefficients: 

(cc = 1.0, 

( = 0.9  – ​​​when in the structure the rectangular shape stress distribution diagram is evaluated and characteristic strength of the concrete is ( 50 MPa,

fck 
– characteristic strength of the concrete,

γc 
– reliability coefficient. For reinforced concrete structures 
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Determination of (lim. For this calculate the characteristics of the concrete compressed zone 
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 (Chapter VIII, subchapter II, Paragraph 72):
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a 
– coefficient evaluating the type of the concrete. For heavy concrete 
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fcd 
– design strength of the concrete.

Determination of relative height (lim of the element compressed zone: 
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– stresses in the reinforcement taking into account yielding strength of the reinforcement,
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– limit stresses of the reinforcement in the compressed zone, 

use 
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The strength condition has to be satisfied (Chapter VIII, subchapter III):
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The design value of the bending moment:
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The coefficient evaluating the compression zone of the cross-section:
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Determination of relative height (  of the element compressed zone: 
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Because the condition (eff ( (lim is satisfied, then
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I take 3(14 (As1 = 462 mm2 = 4.62·10-4 m2).
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Fig. 2.2.1
The structural scheme of the normal section strength of bending element of the rectangular cross-section 
The strength of the element is enough, when the condition MEd ( MRd is satisfied. It is taken that the element is not under-reinforced, if the condition (eff ( (lim is satisfied, then its strength is calculated so:
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The depth of the compressed zone xeff  is caculated so:
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Because the resistance of the section is larger than the load action, the strength is enough. 
2.2.2
cHECKING THE cracking CONDITION
The condition 
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 is checked according to [3], Chapter XIV, Subchapter I. If it is satisfied, it means the element will crack.
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– the design value of the bending moment acting in the section,
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– the cracking moment.

Geometrical characteristics of the effective cross-section: 
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The distance from the bottom to centre of gravity: 
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The distance from the reinforcement to centre of gravity: 


[image: image151.wmf]147

.

0

027

.

0

174

.

0

1

=

-

=

s

y

 m,


[image: image152.wmf].

m

10

44

.

8

147

.

0

10

62

.

4

67

.

6

12

360

.

0

200

.

0

4

4

2

4

3

2

1

1

-

-

×

=

×

×

×

+

×

=

×

×

+

=

s

s

e

c

eff

y

A

I

I

a


Cracking moment 
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. This means that the cracks will appear in the tensile zone.

2.2.3   Determination of load corresponding to ultimate deflection wult
The curvature of the bending element, in case when in the tensile zone there are cracks ([3], Chapter XIV, Subchapter IV):
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[image: image159.wmf]M

 
– the bending moment from the loads about the centre of tensile reinforcement;
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z 
– the lever arm of the forces;
(s 
– the coefficient which takes into account the work of the compressed concrete in the cracked zone;

(c 
– the coefficient which takes into account the compressed concrete layer deformations and it is equal 1.0 for all concrete classes;

( 
– relative height (lim of the element compressed zone;

v 
– the factor, which evaluate compressed concrete elasto-plastic deformations, 
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([3], Chapter XIV, Subchapter IV, Table 26);

Ntot 
– axial forces;
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 – for flexural elements.
The total curvature of the element when the tensile zone is cracked:
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here 
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– the curvature from the action of short term loadings; 


[image: image165.wmf]2

1

÷

ø

ö

ç

è

æ

r

 
– the curvature from the action of short term permanent and quasi-permanent loadings; 
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– the curvature from the action of long term permanent and quasi-permanent loadings. 

The curvature from the action of short term loadings
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(c  = 0,9 
– the coefficient which takes into account the compressed concrete layer deformations ([3], Chapter XIV, Subchapter IV, Paragraph 184);

(  = 0.45 
– the factor, which evaluate compressed concrete elasto-plastic deformations.

The design value of bending moment:
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Determination of relative height (lim of the element compressed zone:
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where 

· = 1.8 ([3], Chapter XIV, Subchapter IV, Paragraph 185). 

The reinforcement factor of the section:
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The coefficient 
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The coefficients 
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The lever arm of the forces:
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The factor which takes into account the tensile reinforcement deformations:
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The curvature from the action of short term permanent and quasi-permanent loadings 
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The design value of bending moment from quasi-permanent load:
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d = 333 mm 
– effective height of the element cross-section; 

(c  = 0,9 
– the coefficient which takes into account the compressed concrete layer deformations; 

(  = 0.45 
– the factor, which evaluate compressed concrete elasto-plastic deformations.

Determination of relative height (lim of the element compressed zone:
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The reinforcement factor of the section:
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The coefficient 
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The coefficients 
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The lever arm of the forces:
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The factor which takes into account the tensile reinforcement deformations:
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The curvature from the action of long term permanent and quasi-permanent loadings 
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d = 333 mm 
– effective height of the element cross-section; 

(c  = 0,9 
– the coefficient which takes into account the compressed concrete layer deformations; 

(  = 0.15 
– the factor, which evaluate compressed concrete elasto-plastic deformations.

The design value of bending moment from quasi-permanent load:
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Determination of relative height (lim of the element compressed zone:
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The reinforcement factor of the section:
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The coefficient 
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The coefficients 
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The lever arm of the forces:
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The factor which takes into account the tensile reinforcement deformations:
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The total curvature of the element
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The deflection of the beam is:
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The limited deflection of the beam (beam length l = 5000 mm): 
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The deflection of the beam due to bending moment 
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 is less than the limited deflection
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. The serviceability limit state condition is fulfilled.

2.3
DEsign ACCORDING TO EN 1992-1:2004 code 
Initial data

The 5 meter-long beam is simply supported. The cross-section is: h = 360 mm, b = 200 mm. Concrete class is C20/25, reinforcement class is S400. The material properties are selected according to the requirements of [4] Code, for the further calculations will be also used [8, 9]. The structural scheme of the element is shown in Fig. 2.1.1.
Characteristics of concrete C20/25 ([4], Section 3, Table 3.1):
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– modulus of elasticity of concrete;
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– characteristic value of compressive strength of concrete;
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– design value of compressive strength of concrete.

Characteristics of reinforcement S400 ([4], Section 3.2):
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– modulus of elasticity of steel;
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– characteristic value of tensile strength of steel;
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– design value of tensile strength of steel.

Effective beam depth is d = 333 mm. Characteristic value of permanent load is 
[image: image220.wmf]'
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, characteristic value of variable load is 
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Design values of loadings ([9], Section 4; [16], Annex A, Table A1.2):
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– partial safety factor for permanent load ;
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– partial safety factor for variable load.

2.3.1
cHECKING THE STRENGTH CONDITION 

The selection of longitudinal reinforcement in rectangular section is performed using the following algorithm. When the longitudinal reinforcement is in tensile zone, then As2 = 0.

The design concrete strength ([4], Section 3, Paragraph 3.1.6):
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Coefficient (cc = 1.0, 

fck 
– characteristic strength of the concrete, MPa,

γc 
– reliability coefficient. For reinforced concrete structures 
[image: image227.wmf]5

.
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([4], Section 2, Table 2.1N).
Determination of relative height (lim of the element compressed zone (see [9], example): 
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– design value of reinforcement yield strength;
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– modulus of elasticity of reinforcement.

The strength condition have to be satisfied ([4], Section 6, Part 6.1):
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The design value of the bending moment:
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The coefficient evaluating the compression zone of the cross-section
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Determination of relative height (  of the element compressed zone: 
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– reduction coefficient of compression zone of the cross-section. When the characteristic compression strength of the concrete 
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– the coefficient evaluating the compression zone of the cross-section;
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– reduction coefficient of compression stresses acting in the cross-section. When the characteristic compression strength of the concrete 
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Because the condition (eff ( (lim  is satisfied, then the following equilibrium takes place:
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The coefficient describing the compression zone of the element:
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The required area of the reinforcement in the tensile zone:
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I take 2(18 (As1 = 509 mm2 = 5.09·10-4 m2).
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Fig. 2.3.1  
The structural scheme of the normal section strength of bending element of the rectangular cross-section 

The strength of the element is enough, when the condition MEds ( MRds is satisfied. It is taken that the element is not under-reinforced, if the condition ( ( (lim is satisfied, then its strength is calculated so:
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Because the resistance of the section is larger than the load action, the strength is enough. 
2.3.2
cHECKING THE cracking CONDITION
The condition 
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 is checked. If it is satisfied, it means the element will crack ([4], Section 7).
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– the design value of the bending moment acting in the section,
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– the cracking moment.

Geometrical characteristics of the effective cross-section: 
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The distance from the bottom to centre of gravity: 
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The distance from the reinforcement to centre of gravity: 
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Cracking moment 
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. This means that the cracks will appear in the tensile zone.

2.3.3   Determination of load corresponding to ultimate deflection wult
Calculation of curvature 

Curvature under the action of the quasi-permanent load should be calculated based on both the cracked and uncracked section. An estimate of an “average” value of curvature can be obtained using ([4], Section 7, Part 7.4.3):
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– values of curvature calculated for the cracked case;
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– values of curvature calculated for the uncracked case;
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– is a distibution coefficient.
A distibution coefficient:


[image: image268.wmf]2

2

1

1

÷

ø

ö

ç

è

æ

×

×

-

=

M

M

cr

b

b

z

;


[image: image269.wmf]1

b

 
– bond coefficient:
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​​ for high bond and 
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– load duration factor:
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 for a single short term loading and 
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– acting bending moment in the tension reinforcement calculated on the basis of a cracked section;
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– cracking moment in the tension reinforcement calculated on the basis of a cracked section under the loading conditions causing first cracking.

Calculation of curvature for the uncracked condition

The curvature from bending moment action:


[image: image277.wmf]mm

h

b

E

M

r

eff

c

Ed

uc

1

10

33

.

5

360

200

10741

10

5

.

44

12

12

1

6

3

6

3

,

-

×

=

×

×

×

×

=

×

×

×

=

÷

ø

ö

ç

è

æ

.

The effective modulus of elasticity taking into account the creep of concrete:
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– the final creep coefficient of concrete. 
For 365 age at loading and 
[image: image280.wmf](

)

129

200

360

2

200

360

2

2

=

+

×

×

×

=

u

A

c

, 
[image: image281.wmf](

)

7

.

1

0

,

=

¥

t

j

.
Calculation of curvature for the fully cracked condition

To calculate the curvature of the cracked section the I value of the transformed concrete section must be calculated. 

Calculate the neutral axis position. Taking area moments about the neutral axis:
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Calculate the second moment of area of the cracked section:
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Calculate the curvature of the cracked section:
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Calculate the average of the cracked and uncracked curvature:
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The cracking strength of the concrete 
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. Hence from elastic bending theory and considering the uncracked concrete section, the moment that will just sause cracking of the section is:
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Calculate the average curvature:
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Calculation of shrinkage curvature 
for the fully cracked condition
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– the final shrinkage deformation, it is assumed 
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for the uncracked condition
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Calculate the average shrinkage curvature:
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Calculate the deflection:

Curvature due to loading 

= 
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For a simply supported span subjected to a uniformly distributed load, the maximum midspan deflection is:
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The limited deflection of the beam is:
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The deflection of the beam due to bending moment 
[image: image305.wmf]m
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 is larger than the limited deflection
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.  It may be stated that the serviceability limit state condition is fulfilled.

2.4
DESIGN ACCORDING TO ACI 318-89 CODE 
Initial data

The 5 meter-long beam is simply supported. The cross-section is: h = 360 mm, b = 200 mm. Concrete class is C20/25, reinforcement class is S400. The material properties are selected according to the requirements of [5] Code, for the further calculations will be also used [10, 11]. The structural scheme of the element is shown in Fig. 2.1.1.
Characteristics of concrete C20/25:
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– modulus of elasticity of concrete;
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– characteristic value of compressive strength of concrete;

Characteristics of reinforcement S400:
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– modulus of elasticity of steel;
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– characteristic value of tensile strength of steel;

Effective beam depth is d = 333 mm. Characteristic value of permanent load is 
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, characteristic value of variable load is 
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Design values of loadings ([5], Chapter 9, Part 9.2):
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– partial safety factor for permanent load;
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– partial safety factor for variable load.

2.4.1
cHECKING THE STRENGTH CONDITION 

The selection of longitudinal reinforcement in rectangular section is performed using the following algorithm. When the longitudinal reinforcement is in tensile zone, then As2 = 0.

Use 2(20 (As1 = 628 mm2 = 6.28·10-4 m2).
Assume a minimum thickness from ACI deflection table ([10], Section 5.12.1, Example 5.11):
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Required factored moment:
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Required resisting moment:
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– a factor, for compression–controlled state 
[image: image322.wmf]65
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([5], Section 9, Figure R9.3.2).
When the net tensile strain in the extreme tension fibers, 
[image: image323.wmf]e

, is small, such as in short flexural members, being equal or less than a compression-controlled strain limit, a brittle mode of failure is expected, with little warning of such an impending. For compression–controlled state:
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, hence, compression–controlled ([5], Section 9, Figure R9.3.2).

The depth of the compression zone ([5], Section 9, Part 9.4; [10], Section 5.12.1, Example 5.11):


[image: image325.wmf]m

b

f

f

A

a

c

y

s

074

.

0

200

.

0

20

85

.

0

400

10

28

.

6

'

85

.

0

4

=

×

×

×

×

=

=

-

.

The compression stress:
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The balanced neutral axis depth 
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– a stress block depth factor, for strengths below 30 MPa 
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 ([5], Section 9, Figure R9.3.2).
Checking the strain limit. If the section corresponds to the compression–controlled or tension–controlled state: 
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, hence, compression–controlled.

The available nominal moment strength is :
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2.4.2
cHECKING THE cracking CONDITION 
At a low load, a small bending moment develops, and the stress at the extreme tension fibers will be less than the modulus of rupture of concrete, 
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([5], Section 9, Paragraph 9.5.2.3). If the load is increased until the tensile stress reaches an average stress of the modulus of rupture, 
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, the section will crack, and a cracked section case will develop. 

When the tensile stress , 
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, is equal to the modulus of rupture, 
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, a crack may start to develop, and the moment caues this stress is called the cracking moment ([11], Section 8).
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– modulus of rupture of concrete;
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– gross moment of inertia;
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– the distance from the neutral axis to the extreme tension fibers.
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. This means that the cracks will appear in the tensile zone.

2.4.3   Determination of load corresponding to ultimate deflection wult 
Assume 60% live load sustained for 24 months ([11], Section 8, Example 8.13). 
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– for standard normal weight concrete 
[image: image349.wmf]3

/

2400

m

kg

w

c

=

([5], Section 8, Part 8.5).
Modular ratio:
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Depth of neutral axis c:
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Cracking moment of inertia ([5], Section 9):
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Dead load:
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Dead load + 60% live load:
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Dead load + live load:
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Effective moment of inertia:
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Dead load:
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Dead load + 60% live load:
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Dead load + live load:
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Short-term deflection ([5], Section 10):
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Initial live-load deflection:
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Initial dead-load deflection:
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Initial 60% sustained live-load deflection:
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Long–term deflection ([5], Section 9, Paragraph 9.5.2.5):
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– long-term deflection multiplier, for 5 years or more 
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– long-term deflection multiplier, for 24 months 
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Deflection requirements ([5], Section 9, Table 9.5(a, b)):
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The deflection of the beam due to bending moment 
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 is larger than the limited deflection
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.  It may be stated that the serviceability limit state condition is fulfilled.

2.5
DESIGN ACCORDING TO SP 52-101-2003 CODE
Initial data

The 5 meter-long beam is simply supported. The beam cross-section is: h = 360 mm, b = 200 mm. Concrete class is B25, reinforcement class is A400. The material properties are selected according to the requirements of [6] Code, for the further calculations will be also used [12] Code. The structural scheme of the element is shown in Fig. 2.1.1.
Characteristics of concrete B25, compatible with C20/25 ([6], Section 5, Tables 5.1, 5.2):
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– modulus of elasticity of concrete;
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– characteristic value of compressive strength of concrete;
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– design value of compressive strength of concrete.
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– characteristic value of compressive strength of concrete;

Characteristics of reinforcement A400, compatible with S400 ([6], Section 5.2, Table 5.7):
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– modulus of elasticity of steel;
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– characteristic value of tensile strength of steel;
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– design value of tensile strength of steel.

Effective beam depth is d = 333 mm. Characteristic value of permanent load is 
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Design values of loadings:


[image: image387.wmf]'

/

75

.

6

3

.

1

5

m

kN

g

g

G

k

d

=

×

=

×

=

g

;

[image: image388.wmf]'

/

5

.

6

2

.

1

5

m

kN

q

q

Q

k

d

=

×

=

×

=

g

.

[image: image389.wmf]G

g

 
– partial safety factor for permanent load ([12], Section 2, Table 1);
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– partial safety factor for variable load ([12], Section 3, Table 2).

2.5.1
cHECKING THE STRENGTH CONDITION 

The selection of longitudinal reinforcement in rectangular section is performed using the following algorithm. When the longitudinal reinforcement is in tensile zone, then As2 = 0. It will e selected 3(14 (As1 = 462 mm2 = 4.62·10-4 m2) for the compressed zone. The concrete class C20/25 is the same as B25 in SP 52-102-2004 [6].
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Fig. 2.5.1  
The structural scheme of the normal section strength of bending element of the rectangular cross-section 

The design concrete strength ([6], Section 5):
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– characteristic strength of the concrete,

γc 
– reliability coefficient. For reinforced concrete structures 
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Determination of relative height (lim of the element compressed zone ([6], Section 6.2.7): 
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– relative deformations of the reinforcement of tensile zone under the action of loading,
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– relative deformations of compressed concrete when the stresses are equal to the strength of the concrete, 
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The strength condition for bending elements ([6], Section 6.2):
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The height of the compressed zone x is determined so:
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The design value of the bending moment:
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The condition 
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2.5.2
cHECKING THE cracking CONDITION
The condition 
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 ([6], Section 7.2) is checked. If it is satisfied, it means the element will crack.
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– the design value of the bending moment acting in the section,
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– the cracking moment.

       Geometrical characteristics of the effective cross-section. The area 
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The distance from the bottom to centre of gravity: 
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The distance from the reinforcement to centre of gravity: 
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Cracking moment 
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. This means that the cracks will appear in the tensile zone.

2.5.3   Determination of load corresponding to ultimate deflection wult
The total curvature of the section with cracks in the tensile zone ([6], Section 7.3.8): 
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where
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– curvature from characteristic action of short-term loadings; 
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– curvature from characteristic action of short-term permanent and quasi-permanent loadings; 
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– curvature from characteristic action of long-term permanent and quasi-permanent loadings.

The curvature from the action of short term loadings
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The design value of bending moment:
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The bending stiffness of the reduced section ([6], Section 7.3.13):
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The reduced modulus of elasticity of steel:
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The distance from the centre of tensile reinforcement to the point of applied force in the compressed zone ([6], Section 7.3.13):
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The depth of compressed zone ([6], Section 7.3.12):
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The reduced modulus of elasticity of concrete:
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The ratio of steel-to-concrete elastic modules:
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The curvature from the action of short term permanent and quasi-permanent loadings 
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The design value of bending moment from quasi-permanent load:
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The bending stiffness of the reduced section ([6], Section 7.3.13):
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The reduced modulus of elasticity of steel:
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The distance from the centre of tensile reinforcement to the point of applied force in the compressed zone ([6], Section 7.3.13):
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The depth of compressed zone ([6], Section 7.3.12):


[image: image438.wmf](

)

(

)

;

146

.

0

8

.

24

10

94

.

6

8

.

24

10

94

.

6

2

8

.

24

10

94

.

6

333

.

0

2

3

3

2

3

2

2

2

2

0

m

h

x

s

s

s

s

s

s

m

=

÷

ø

ö

ç

è

æ

×

×

-

×

×

×

+

×

×

×

=

=

÷

ø

ö

ç

è

æ

×

-

×

+

×

=

-

-

-

a

m

a

m

a

m



[image: image439.wmf]3

0

10

94

.

6

333

200

462

-

×

=

×

=

×

=

h

b

A

s

s

m

.

The reduced modulus of elasticity of concrete:
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The ratio of steel-to-concrete elastic modules:
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The curvature from the action of long term permanent and quasi-permanent loadings 
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The design value of bending moment from quasi-permanent load:
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The bending stiffness of the reduced section ([6], Section 7.3.13):
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The reduced modulus of elasticity of steel:
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The distance from the centre of tensile reinforcement to the point of applied force in the compressed zone ([6], Section 7.3.13):
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The depth of compressed zone ([6], Section 7.3.12):
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The reduced modulus of elasticity of concrete:
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The ratio of steel-to-concrete elastic modules:
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The deflection of the beam is ([6], Section 7.3.6):


[image: image451.wmf](

)

02

.

33

5000

48

5

10

06

.

11

78

.

6

4

.

8

48

5

1

2

6

2

=

×

×

×

+

-

=

×

×

÷

ø

ö

ç

è

æ

=

-

l

r

w

m

 mm.

The limited deflection of the beam, when the beam length is l = 5000 mm ([6], Section 7.3.3): 
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The deflection of the beam due to bending moment
[image: image453.wmf]m

w

 is less than the limited deflection
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. The serviceability limit state condition is fulfilled.

2.6
generalization of design applying deterministic models of different design codes

In the performed calculations the flexural concrete members were designed for serviceability using different design codes [3-6]. The members are considered to be safe if they are designed according to equations and limitations defined by certain design code. Consequently, for defined in advance geometrical properties of the members the reinforcement required to maintain an internal moment capacity equal or greater than that of the external moment is determined. Once the final dimensions were determined, the beam was checked for serviceability: cracks and deflection. 

In this paper, there are discussed the design peculiarities, differences in the design calculations as well as obtained results according to mentioned design codes. 


The strength condition defines the reinforcement areas and the acting loads. The most conservative are the Eurocode and ACI norms, which require As1 = 5.09×10-4 m2 and As1 = 6.28×10-4 m2 correspondingly for 
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. The STR and SP norms require the same reinforced area, it is As1 = 4.62×10-4 m2 for 
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. Such not equal results are needed to satisfy different serviceability requirements of the design codes. And the main reason of such not equal required reinforcement area is different values of partial safety factors for permanent and variable loads. STR uses values 1.35 and 1.3, EN uses 1.35 and 1.5, ACI – 1.2 and 1.6, SP – 1.3 and 1.2 for permanent and variable loads correspondingly. 
The largest deflection is allowable by SP norms, it is 
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. The STR code allowable deflection is 
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Also the deflection calculations according to different design codes evaluate different load actions or differently evaluate the same load action. However, deflection according to every design code contains such parts as deflections from long-term and short-term load actions. 
There are also differences in cracking moment calculations. When the applied external moment exceeds the cracking moment, 
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M

, a cracked section case is developed, and the concrete in the tension zone is neglected. A transformed cracked section is used to calculate the cracking moment of inertia, 
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, using the concrete area in compression and the transformed steel area 
[image: image463.wmf]s

nA

. Such definition uses all design codes, however the ACI code allows to use simplified expression, where the section is said to be uncracked and instead of cracking moment of inertia the gross moment of inertia is used. In fact, the cracking moment values according to different design codes do not differ much.

The calculated deflection values will be used further for calculation of stiffness reliability of flexural reinforced concrete elements.
An additional calculation was performed in order to compare economical aspects of different design codes for required reinforcement area. The value of load was taken 
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. The same procedure was carried out according to requirements of every design code for the value of ultimate deflection 
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. By iterating required reinforcement area, the obtained deflection value was maximally approached to the ultimate deflection value. Only SP codes was not included in such comparison, because the calculated deflection was very close to ultimate deflection 
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, and by decreasing the ultimate deflection up to 
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, the reinforcement area also has to be decreased, but in such case the strength condition won’t be satisfied. The calculation results for STR, Eurocode and ACI codes are shown in table 2.6.1.
Table 2.6.1
 Comparing of required reinforcement area acoording to STR, EN and ACI codes for accepted deflection value 
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	EN [4]
	
	
[image: image476.wmf]250

/

l


	5.09
	110
	4.52
	98

	ACI [5]
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3
management of Standardized stiffness reliability of flexural reinforced concrete elements 

3.1

Introductory remarks


In current design codes of Design Values (DV) based on method of Partial Safety Factors the standardized reliability is chosen as criteria of resistance, for example strength, stiffness of structural and foundation elements. To determine the standardized reliability it is necessary to perform the analysis of marginal resistance management from DV codes. The standardized methods of management of marginal reliability in DV codes are discussed in this paper. The methods are proved by summation performed in [18] reference of deterministic models of stiffness of flexural reinforced concrete elements, which are applied in international DV design codes and DV design codes of different countries [3-7, 15-17]. Based on analysis of standardized in DV design codes marginal stiffness management the following method of determination and use of standardized reliability of stiffness factor in Direct Probabilistic-Statistical (DPS) codes is discussed. 

3.2
Probabilistic modeling of loads


As shown in [18], using different DV design codes the total deflection w commonly is determined as the sum of accumulated long-term deflection wl during the whole exploitation period. The total deflection is composed from the deflection under the quasi-permanent load pl action and short-term deflection wsh under the short-term load action:
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(3.2.1)


The deflection wl accumulated at the end of exploitation period composes the major part from the total deflection wl . To use the standardized reliability of stiffness in direct probabilistic-statistical codes [21] it is necessary to choose the upper limit of standardized reliability of stiffness, i.e. the maximum standardized value. Therefore, the standardized reliability of stiffness is analyzed and it is determined for the end of exploitation period applying the randomly timed probability distribution of short-term loading. So, the upper limit of reliability of stiffness is analyzed for the end of exploitation period.


For this reason the total loading p is considered as the sum of pl and psh. ([16] 6.5.3 paragraph and [7] 90 paragraph):
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(3.2.2)

where 
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 – permanent loading part composed from self-weight of structure g  and q variable load quasi-permanent part 
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. The characteristic value of this load is determined from 
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; here gk and qk – the characteristic values of loads, 
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– the coefficient describing the quasi-permanent part of qk characteristic value and calculated depending on the premise purpose (example according to [16] table A1.1), i.e. the random process probabilistic properties of load q changing time t. 


One of the methods how to manage the standardized reliability of stiffness in different DV design codes is to choose different 
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 characteristic values of short-term part qsh of loading q, which for serviceability limit state corresponds the design values:

1) if according to (3.2.1) w standardized value is limited due to esthetical requirements, then characteristic value 
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2) if w deflection is reversible, then 
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 characteristic value is chosen, 

3) if w deflection is irreversible, then 
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The coefficients 
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 are chosen from the [16] table A1.1. The reliability of stiffness depends on 
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When the upper limit of reliability of stiffness is determined, the load 
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. This equation is based on data from statistical analysis, which defined that the distribution mean value 
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Fig. 3.2.1 
The modeling of variable load 
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 [15, 16, 1]. So, assuming that the 
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The standard deviation 
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3.3
The model of standardized stiffness reliability MANAGEMENT

Summarizing different [3-7, 15-17] DV codes it was determined [18], that standardized marginal stiffness is managed in two ways 
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3.4
Determination of standardized stiffness reliability

The methods of determination of standardized in DV design codes reliability of stiffness 
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Here 
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In expressions (3.4.1) and (3.4.2) the standardized in different DV codes stiffness models and standardized reliability of stiffness management parameter values are applied. They are generalized by 2 types u = 1, 2 and by 3 cases j = 1, 2, 3.
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The reliability of stiffness was determined for the differently reinforced (0,5 (, 1,0 (, 1,5 () 5 m long reinforced concrete beam with effective beam depth 
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qsh,k,2 = (ψ1 – ψ2)qk =0,2gk, 

qsh,k,3 = (1 – ψ2)qk =0,7gk ,
here ψ1 = 0,5 and ψ2 = 0,3 are coefficients taken from [16] table A1.1 and corresponding to short-term load permanent and quasi-permanent part.
Factors and models generalization features 


The deflections wult,ref,u, wult,u,j  and deterministic models and probability factors of their parts of the expression (3.3.1) were generalized. 
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The wl,u (() generalized errors of long-term deflection models were determined for the EN [4] ir ACI [5] codes using the [22]. The errors 
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The generalized errors of short-term deflections applying EN, ACI, SNIP, STR codes models were determined according to data in [23] work. The data was obtained by 4 authors work on analysis of deflection errors of 80 flexural reinforced concrete elements of different span, cross-section and reinforcement-to-concrete ratios. The bending moment is M = 0,8 Mfr, where Mfr – rupture moment. According to [23] table 4.5: 
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It is necessary to mention that in expressions (3.4.1) and (3.4.2) partial derivatives 
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It was also mentioned that for management of the standardized marginal stiffness by u = 1 type  in j = 1, 2, 3 cases for all DV codes the generalized qsh,k,1,j = qsh,k,j u = 1,  j = 1, 2, 3 characteristic values were selected. The qsh,k,j, j = 1, 2, 3 values are determined for management of marginal stiffness in the beginning of Chapter 3.4. The mentioned values were chosen for the case of generalized serviceability limit state, when the ultimate deflection is 
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The generalized values of parameters Xi, i =1, 2,...,7 from (3.3.1) expression and generalized values of parameters from (3.4.1) and (3.4.2) expressions are shown in table 3.4.1.

Table 3.4.1  
The unified values by areas of office premices (
[image: image654.wmf]5

,

0

1

=

y

, 
[image: image655.wmf]3

,

0

2

=

y

 according to [17] table A1.1) of 
[image: image656.wmf]i

l

X

w

¶

¶

/

,  
[image: image657.wmf]i

sh

X

w

¶

¶

/

,  i =1, 2,...,7 partial derivatives of the 
[image: image658.wmf]i

X

, 
[image: image659.wmf]7

,...,

2

,

1

=

i

 coefficients in (3.3.1) expression 
[image: image660.wmf]i

X

m

  mean value, 
[image: image661.wmf]i

X

s

 standard deviation, 
[image: image662.wmf]ik

x

 characteristic value and 
[image: image663.wmf])

(

,

×

u

l

w

 and 
[image: image664.wmf])

(

,

×

u

sh

w

 expressions for the flexural reinforced concrete beams  when 
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Determination of standardized reliability index 


Standardized according to different DV codes βSR,j reliability index values due to expressions (3.4.1) and (3.4.2) are listed in table 3.4.2. The calculation of βSR,j values was performed by the following steps. The load  gk  was determined by iteration and it corresponds to ultimate deflection wult. When the value gk is determined,  the βSR,j, j =1, 2, 3 values are calculated according to (3.4.1) and (3.4.2) expressions, depending on which qsh,k,j, j =1, 2, 3 case is used to reach limit state.
Table 3.4.2
 Reliability index values 
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, j =1, 2, 3 according to (3.4.1)-(3.4.2) expressions and the corresponding to it 
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 probability, which were determined from different [3-7, 15-17] DV codes generalizng the j =1, 2, 3 three cases of marginal stiffness management
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MPa
	j
	qsh,k, j – μq,sh 
kN/m
	βSR,,j
	αSR,,j

	0.00425
	–0.76
	1
	0
	0.3
	0.38

	
	
	2
	1.0
	0.5
	0.31

	
	
	3
	3.5
	1.0 
	0.16

	1)Calculating σZ according to (3.4.2) the ρw,l,w,sh = 0,7 value was used, which was calculated applying experiment


Pecularities of standardized in DV codes reliability of stiffness use in direct probabilistic-statistic (DPS) codes 


Applying DPS codes it is better to use as criteria standardized in DV codes reliability. The values of the (SR,saf,T  reliability index corresponding the group of ultimate limit state, for example strength, represent reliability during the whole T exploitation period. And the values of the (SR,u,j reliability of stiffness according to (3.4.1)-( 3.4.2) represent reliability at the end of T exploitation at the freely selected moment of time, i.e. represent the reliability of stiffness upper limit during the whole T exploitation period. As it was discussed, this upper limit is chosen because of pecularities of determination of standardized in DV codes marginal stiffness deterministic models. 

Different probabilistic meaning of (SR,saf,T and  (SR,u,j reliability indeces is due to different damage degree in case when the safety or serviceability limit state occurs, because in case of the ultimate limit state the exploitation of element often is stopped. However, when the serviceability limit state occurs, the structure is still being exploitated.

The important advantage of (SR,u,j  reliability of stiffness parameters determination and use in DPS codes is that the reliability of stiffness is determined much accurately than in case if the reliability of stiffness parameter would be determined during the whole T exploitation period. Such T period corresponding 
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values of reliability index are determined with large relative error, because the mean values 
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 are very small for the whole exploitation period. Because of this reason the relative error of determination (SR,ser,T  values several times is larger than the relative errors of determination (SR,1,j  values according to (3.4.1)-( 3.4.2).

4.
conclusions 


1. Generalizing different DV design codes it may be stated that the deflection of flexural reinforced concrete elements is managed by choosing different 
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 characteristic values of the short-term part 
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 of the variable load q. These values, first of all, are selected depending on damage in case when the limit state occurs and correspond to esthetic requirements, reversible, irreversible limit deflections.  

So, the stiffness reliability standardized management may be compared with the safety reliability standardized management, which performance requires division into three reliability classes RC1, RC2, RC3. These classes correspond to different damage in case of limit state occurence. 


2.  The determined values of (SR,1,j , 
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 standardized reliability index are 0.3, 0.5, 1.0 (see table 4.4.2), i.e. the minimum and the maximum values of this index differs about three times, when the control of the reliability is performed by the first method. The more information about standardized reliability of stiffness control is available in EN 1990 code [16].


3. The determined interval of index (SR,j = 0.3 ... 1.0 is similar to the serviceability limit state reliability index (SR = 0 ... 1.5 intervals in ISO 2394 [16] table E 4.2 and EN 1990 [17]. 


4.  The determined values of (SR,1,j , 
[image: image684.wmf]3
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 reliability index may be used in direct probabilistic design and evaluation of existing structures of reinforced concrete elements.

5.  The carried out calculations show that the least reinforcement area is needed in design of stiffness according to STR code (100 %). In designing according to EN and ACI codes the required reinforcement area is increased 10 % and 36 % comparing with STR code (see table 2.6.1).
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