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This article reflect upon the problem of hydrotechnical concretes optimization basing on 
the authors’ investigations including the determing of special concretes composition and the 
estimation of their quality. The issue of optimization is outlined, the objective function is 
formulated and preferred solution is calculated using STATISTICA (polynomial 
approximations)  and MATHEMATICA  (the least squares method) programmes. 

  
Introduction. The concrete used in the construction of buildings for hydroengineering is exposed 

mainly to the destructive influence of water, atmospheric factors and other external elements of mechnical 
type. Concrete used in hydroengineering can be divided in the following way: 

a) for massive constructions – in the internal and external construction zone, 
b) for non-massive constructions.  
The hydrotechnical concrete of external zone type can be divided into working: 
a) constantly under water, 
b) in changing water level zone 
c) constantly above water. 
Each of the variants of concrete used in hydroengineering meets different demands [1-3].  
Special concretes are used in the construction of weirs, flood-gates, dams, sewage-treatment plants, 

reservoirs for water, and during reconstruction and modernization of those hydroengineering structures.   
In order to meet the high quality parameters of hydrotechnical concretes, one uses aggregates and 

cements of appropriate quality and different admixtures and additives improving the quality of concrete 
exposed in the environment of water and temperatures’ variability [1-5].  

This article reflect upon the problem of hydrotechnical concretes optimization basing on the 
authors’ investigations including the determing of special concretes composition and the estimation of 
their quality. 
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Results of hydrotechnical concretes investigation. For the optimization we have chosen ten 
concretes used for the construction of weirs, flood-gates, reservoirs for water and sewage-treatment plants. 
The concretes contained the mineral or granitic aggregates with size up to 16mm, the Portland cements and 
the chemical admixtures of following types: waterproofing, water-reducing, air-entraining-plasticizing, 
accelerating the setting and hardening time, and superplasticizer.  

The effects of admixtures used were similar in concrete mixtures and hardened concretes. Table 1 
shows the desing demands refering to special hydrotechnical concretes.   

Table I 
Design demands of  hydrotechnical concretes 

No of concrete Name of hydroengineering structure Desing demands 

1 sewage-treatment plant C30/37 W8F150 

2 sewage-treatment plant C25/30 W6F150 

3 sewage-treatment plant C20/25 W6F150 

4 sewage-treatment plant C35/45 W12F150 

5 weir C20/25 W8F150 

6 weir C25/30 W8F150 

7 flood-gate C30/37 W8F150 

8 repair of dam C20/25 W6F150 

9 reservoir for water C15/20 W8F150 

10 sewage-treatment plant C15/20 W8F150 

 
The issue of optimization formulation. The following optimization criteria were considered: 
a) maximum compressive strength of concrete: fcm(x,y) = max fcm, 
b) maximum degree of resistance to water penetration: W(x,y) = max W, 
c) maximum resistance to water penetration (water penetration through concrete under pressure) – 

denoted as a minimum water penetration to specimen under pressure from 0,6 to 1,2MPa: hw(x,y) = min hw. 
d) maximum resistance to frost of concrete (denoted as a minimum percentage mass loss of 

specimens ∆fcm after 150 cyclic of freeze/thaw): ∆fcm(x,y) = min ∆fcm, 
Decision variables for above objective functions are following: 
• x – ratio S/G as a proportion of  sand amount to gravel amount in concrete mixture, 
• y – ratio W/C as a proportion of water amount to cement amount in concrete mixture, 
 
Decision variables x and y are within following ranges: 

0,360 ≤ x ≤ 0,641 
0,373 ≤ y ≤ 0,562. 

 
Formulation of objective functions. The figures of function from Chapter 3 were obtained as the 

results of experimental investigations on the base described in Chapter 2. The analytic figures of function: 
fcm, W, hw and ∆fcm were received as the approximation of experimental results through polynomials of 
second degree in relation to variables x and y with use of STATISTICA programme [6].  

The surface charts of these functions were presented on Fig. 1 ÷ 4. The extremes of considered 
functions were found with use of MATHEMATICA programme [7]. 

 

fcm(x,y) = 150,105 – 203,937x – 235,823y- 286,282x2+1156,564xy-450,064y2, 
 

maximum fcm(x,y): 
fcm = 43,714 MPa,   for   x = 0,641  and  y = 0,561625 

W(x,y) = -7,434 + 0,749x + 36,327y - 15,648x2 + 31,849xy - 56,732y2, 
maximum W(x,y): 

W = 1,06092 MPa,   for    x = 0,489615   and  y = 0,457597 
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hw(x,y) = -225,387 + 100,509x – 899,891y + 29,98x2 – 428,707xy – 564,892y2, 
minimum hw(x,y): 

hw = 5,92312 mm,   for   x = 0,641  and  y = 0,373 
∆fcm(x,y) = -2,884 + 63,245x - 38,635y – 52,838x2 - 42,555xy +  71,293y2 

minimum ∆fcm(x,y): 
∆fcm = 0,71128 %,   for   x = 0,641  and  y = 0,462267 

As the preferable solution  the point from the set of compromise nearest to ideal point was obtained. 
Its coordinates fulfil the following condition (the least squares method): 

 
Φ(x,y) = [fcm(x,y)/fcmmax-1]2 + [W(x,y)/Wmax -1]2 + [hw(x,y)/hwmin-1]2 + [∆fcm(x,y)/ ∆fcmmin-1]2 = min Φ 

 
The solution of above problem was calculated with use of  MATHEMATICA programme [7].  
The following solution was obtained:             x = 0,641;   y = 0,391. 
 

 

Fig. 1. Variation in compressive strength of concrete (fcm)    
from ratio S/G  and ratio  W/C 

 

 

Fig. 2. Variation in degree of resistance to water penetration (W)    
from ratio S/G  and ratio  W/C 
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Fig. 3. Variation in depth of water penetration under pressure  

from 0,6 to 1,2MPa (hw), from ratio S/G and ratio W/C 
 

 
Fig. 4. Variation in mass loss after 150 cyclic of freeze/thaw (∆fcm)  

from ratio S/G  and ratio  W/C 
 

Conclusions. The solutions presented permit us to formulate the recipe for optimal hydrotechnical 
concrete made of mineral or granitic aggregates, Portland cements, water and different type of admixtures. 
Optimal hydrotechnical concrete implies the greatest compressive strength, resistance to cyclic 
freezeing/thawing and resistance to water penetration under pressure when the durability of concrete in the 
environment of water and temperatures’ variability is taken into account.  

The closest to optimal solution are the recipes of concretes No 1 and No 6, shown in the table 1.  
This implies the following recipe for optimal hydrotechnical concrete: 
- Portland cement CEM I 32,5         – 361 kg/m3, 
- tap water                                         - 141 kg/m3, 
- gravel 8-16 mm                              - 625 kg/m3, 
- gravel 2-8 mm                                - 519 kg/m3, 
- sand                                                - 733 kg/m3, 
- superplasticizer (1,64 %)               - 5,87 kg/m3, 
- W/C=0,391, 
- S/G= 0,641, 
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- density of optimum concrete mixture           - 2385 kg/m3. 
The solution seems to be fully reliable. It confirms intuitive, subjective opinion abort examination of 

many kinds of usual and special concretes and applied into the practice of working recipes. 
Aggregates were experimentally combined into an optimum aggregate composition – characterized 

by maximum tightness and minimum water absorbability. The low W/C ratio of 0,391 results from the 
superplasticizer application into the concretes mixtures. 
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The purpose of the paper is to analyze what is the tension stress distribution and how to 

arrange longitudinal reinforcemenet in web and flanges in flexural beam of the cross section in 
the shape of a T. In continuous bridge girders it occurs that tension stresses are in flanges. The 
effective flange width in the case of compression zone is well elaborated and obvious. In the 
situation when the flanges are in tension there is no any rule in codes and technical literature 
to arrange the reinforcement in flanges. The observed damages in carry deck of Baranów 
Bridge over the Wieprz River direct authors to indicate the problem. 

 
Introduction. The bending theory of reinforced concrete satisfies the three fundamental principles 

of the mechanics of deformable bodies: 
− first, the stresses in the concrete and reinforcement satisfy the equilibrium condition, 
− second, the linear strain distribution satisfies Bernoulli’s hypothesis,  
− third, the constitutive laws of concrete and reinforcing bar (as described below) are obeyed. 
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