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Abstract: The reliability of structures in the reconstruction of 

buildings depends on quality control methods that can be 

destructive and non-destructive. Directions for improving the 

accuracy of methods for assessing masonry as a complete 

construction system are proposed in the paper. The factors to be 

taken into account when assessing the bearing capacity of the 

operating buildings have been stated. Margin of errors of a 

number of parameters using different methods of strength 

assessment have been determined. 
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I. INTRODUCTION 

  Modern materials and technologies allow to fulfill the 

reconstruction of historical buildings as well as to achieve the 

preservation and restoration of architectural monuments. 

Decision-making in the field of reconstruction or restoration 

is much more difficult due to the uncertainty of assessing the 

real state of buildings and structures [1-3]. Obtaining reliable 

and current measuring and analytical information is a major 

challenge. Assessment of bearing capacity reserves is the 

most important task in the process of obtaining primary 

information during restoration or reconstruction which serves 

as the basis for technical and technological decisions [4-6]. 

The need for this problem is confirmed by the results of the 

analysis of structural failure which led to accidents of 

buildings for 5 years in the period from 1999 to 2003 [7]. The 

number of accidents of stone buildings is about 45% as 

shown in Figure 1. The lack of relationship between the 

design and calculation of structures, methods of quality 

control in the performance of work and evaluation of the 

reserves of bearing capacity in operation is a problem of 

modern principles of reliability of building structures. It is 

important to assess the complex effect of quality control on 

the final result of construction products providing guaranteed 

indicators of the basic properties of structures as well as the 

required level of reliability [8-11]. Improvement of quality 

control methods and, in particular, assessment of strength 

indicators is the most important direction of modern 
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development [12, 13]. The accuracy of control of physical 

and mechanical properties of materials and the correct 

interpretation of the results is one of the important factors 

[14-17]. Reliable and timely quality control of materials is an 

integral part of the triad of reliability since the reliability is 

laid in the design then it is evaluated and provided in the 

construction process then it is maintained during operation 

[18]. Modern requirements to the level of reliability of 

structures are not always provided with a high level of 

accuracy of measuring and control operations [19-22]. 

 

 
Figure 1 Number of accidents of buildings and structures in 

various design solutions for the period 1999-2003 [7] 

 

Evaluation of the bearing capacity of individual structures 

or buildings as a whole building system is an important 

component in the process of restoration or reconstruction. 

Often reconstructed buildings are built of brick and stone. 

Inspection of the state of the building and structures based on 

instrumental methods for assessing technical quality 

indicators is the basis for decision-making [23]. It is 

necessary to carry out tests at the assessment of reserves of 

bearing capacity of stone and brick designs as well as at the 

assessment of their quality, thus considering the following 

factors: 

- the size of samples as well as their shape and quantity to 

assess the strength; 

- bonding of masonry and other technological factors; 

- the height of sample and the number of rows of masonry; 

- the workability of fresh mortar, absortion properties of 

bricks and their humidity;  

- the qualification of 

bricklayer; 
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- the availability of reinforcement, type and scheme of 

reinforcement; 

- the masonry technology and the quality of raw materials 

taken in accordance with the permissible probability of 

failure. 

-the variability of strength parameters of brick and 

hardened mortar depending on the coefficient of variation for 

strength and load [24,25]. 

Thus, the aim of the study is to improve the accuracy of 

methods for assessing the strength of masonry in terms of 

improving the reliability of reconstructed structures. 

II.  RESEARCH METHODS 

The solution of the stated task is based on several main 

ways. One can highlight the most significant of them: 

1. Calculation method for determining the strength of 

masonry. It is based on the application of the Onishchik’s 

modified formula proposed in 1937. The strength of masonry 

depends on the strength of brick as well as compression and 

bending strength of mortar that are determined by destructive 

methods [25-27].  

2. Non-destructive methods for determining the strength of 

masonry. They are based on the assessment of the strength 

properties of individual masonry materials and the transition 

to the strength of the entire masonry as discussed above.  

3. Destructive methods based on the assessment of 

masonry strength in standard samples in accordance with 

GOST R 57290 2016/ EN 1052-1:1998 2016 "Masonry. 

Method for determination of compressive strength". 

The calculation method has disadvantages. Using the 

calculated empirical formulas does not allow to take into 

account real characteristics of materials and the factors of 

masonry technology: type of brick and mortar, sizes, 

technology of construction, reinforcement, technological and 

strength characteristics of mortar, qualifications of 

bricklayer, etc. Average overestimation of the actual 

compressive strength of masonry compared with the 

calculated value is 1.7 times according to the analysis of 

experimental researches of many authors. At the same time 

the probability of exceeding the calculated strength over the 

actual strength even in laboratory conditions is only 13% 

which can lead to accidents of buildings and structures [28]. 

The use of non-destructive methods reduces the accuracy 

of the test, so it is difficult to make a reasonable decision 

about the reserve of load-bearing capacity of masonry 

[25,29-31]. The development of these methods seems to be 

effective in combination with destructive methods. 

Destructive testing methods with the standard samples 

have their own features. Evaluation of real strength indicators 

is carried out according to normative documents GOST R 

57290-2016 or  EN 1052-1:1998-2016 in buildings under 

construction. Methods of this standard are difficult to apply 

to the masonry samples taken from the structure. Also, this 

standard is ambiguous reflects the strength of masonry in 

massive structures because of the size and number of samples 

for testing. There is no method of interpretation of the results 

providing the transition from the experimental values of 

strength to the calculated parameters with the level of 

reliability of 95%. 

The compressive strength of masonry perpendicularly to 

the horizontal joints is determined by the strength of masonry 

specimens loaded to the failure. Materials, design and the 

scheme of bonding of masonry in the samples must match the 

settings used in the actual construction. The test samples are 

subjected to uniform compression. The maximum load 

achieved is recorded. Regulatory compressive strength of 

masonry is determined by the strength of the individual 

testing specimens of masonry. 

This approach allows us to proceed to the assessment of 

the reliability of brick structures by analogy with concrete. 

For the solution it is necessary to state the indicators of the 

required probability of failure-free operation Pf, which allows 

stating the required safety factors in the transition from the 

actual strength to the calculated strength [31-33]. Numerical 

solutions depending on the main parameters of masonry 

material and loads depend on the level of responsibility of 

structures (normal, high responsible, etc.) [34]. 

For responsible reconstruction processes it is necessary to 

focus on destructive methods to guarantee strength 

indicators. The limiting factors for the application of 

destructive methods are the discrepancy between the size and 

shape of the standard samples according to the current 

standard and the sampling technology from existing 

structures as well as the lack of approved indicators of the 

safety factor that guarantee the reserves of the bearing 

capacity with the necessary level of reliability. 

III.  RESEARCH RESULTS AND DISCUSSION 

It is necessary to scientifically approach to the 

metrological support of the process of measurement and 

evaluation of quality indicators. The requirements of the 

direct measurements involved in the process must be 

evaluated to ensure the accuracy of the control in determining 

the concrete compressive strength class. The compressive 

strength class of concrete is a guaranteed strength with the 

probability of 95% according to the test results of standard 

samples. Strength evaluation in standard samples is 

considered in the regulations as the direct method in terms of 

processing the results. However, the measurement accuracy 

indicators laid down in the standard GOST R 57290-2016/ 

EN 1052-1:1998-2016 are given as for indirect 

measurements including direct measurement of geometric 

dimensions and destructive force. Taking into account the 

fact that the accuracy of measurement by direct measurement 

methods in determining the strength is laid in the normative 

documents of GOST R 57290-2016/ EN 1052-1:1998-2016, 

the following can be noted: 

- the permissible margin of error of the geometric 

dimensions of the section is 1mm and, accordingly, =0.2 

and 0.8% for the measurement of geometric dimensions;  

- acceptable error is  =2% for destructive force. 

Coefficient of variation of masonry will be the value 

determined from the strength formula: 
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for brick and mortar: νbr=0.25;  νmor =0.13 [31], 

accordingly: 

νmas=0.385 

The coefficient of variation of masonry is νmas =0.47 

according to the analysis of the results of experiments of 

different authors for 50 years [34] that confirms the above 

dependence. 

The limit value of the variation coefficient of strength for 

masonry in the definition of strength is 47%. The 

instrumental margin of error distorts the test results and leads 

to the decrease of level of reliability of the building structure 

under adverse circumstances and it can also cause an 

accident. Using destructive testing methods the error shall be 

determined as for indirect measurement methods based on 

known permissible errors of direct measurements. The error 

of the indirect method for determining the strength depends 

on the fact that the error values Δа, Δb, ΔP are much smaller 

than the values of a, b, P. Where a, b, P are the geometric 

dimensions and the destructive force measured during the 

test. 

The formula for calculating the error according to the 

standard GOST R 57290-2016/ EN 1052-1:1998-2016: 

 

 (1) 

where 

, ,  - are the coefficients of significance of direct 

measurements. They are defined as the partial derivative of 

the function R = f (a, b, P)=P/a×b by the corresponding 

variable. 

 The significance coefficient for each component will be: 

; 

 ; 

    (2) 

 

The influence of the margin of error of indirect 

measurement can be considered by the example of 

determining the strength for the maximum strength masonry 

based on normal-format bricks using standard samples. The 

minimum size of the standard sample is 510×120×600 mm. 

Compressive strength should be at 780 N/cm2 and the 

fracture load should be at 477360 N.  

The margin of error of the indirect method at determining 

the strength will be: 

  
Calculations show that the margin of error of the indirect 

method can reach about 2.5%, i.e. it is quite acceptable with 

the coefficient of variation of the masonry of 47%. 

It is necessary to pay attention to the size of samples in the 

plan and type of mortar at deciding on the reconstruction or 

restoration of stone or brick structures. For example, lime 

mortars with higher deformability and lower strength were 

used in the construction of historical buildings [36,37]. 

According to the principles of scientific restoration similar 

materials should be used in the restoration of masonry 

[38-40]. Evaluation of the bearing capacity reserves of the 

structures of reconstructed and restored buildings should take 

into account that the representative dimensions of the 

samples are determined on the basis of the minimum size at 

which the magnitude of tensile transverse stresses will be 

manifested similar to the masonry of real structures. The 

thickness of the masonry walls is usually 1; 1.5 or 2 bricks 

that allows determining the size of the sample in the plan. It is 

necessary to take into account the scale factor of the cross 

section as the strength of the elements depends significantly 

on the size of sample [41-44]. The strength of the masonry in 

the samples with size of 380×380 mm in plan is taken as the 

basic value. The averaged coefficients of strength reduction 

depending on the geometric dimensions of the masonry 

samples and the type of mortar are given in Table 1 at 

experiments with silicate brick of the M150 strength grade. 

Table 1 Scale factors at the evaluation of geometric 

dimensions of masonry samples 

Cross-section

, mm 

Lime-cement mortar,  

cement mortar,  

Kscale 

Lime mortar,  

Kscale 

380×380 1 1 

250×250 1.28 1.24 

250×120 1.72 1.61 

120×120 2.15 - 

 

It should be taken into account that the uniformity 

coefficient increases by 13% in the transition from 380×380 

samples to 250×250mm samples. 

The complexity of sampling from rectangular masonry 

leads to the need to select samples by drilling along the axis 

of the load application. The size in the plan of a cylindrical 

sample shall be more than 250 mm and the height shall be 

more than 5 numbers of rows. 

Safety factors at transition from average durability of a 

series of samples shall be accepted according to the standard 

GOST 530-2012 "Brick and stone ceramic.  

General technical conditions" and European standards 

within the Ksaf=1,7÷3 [45] or by calculation depending on the 

functional purpose and responsibility of structures according 

to Table 2 [34]. 

Table 2 Safety factors depending on the responsibility 

level of structure 
The responsibility 
level 

Pf β γн Кsafe 

high 10-6 4,6 1,1 6,1 

normal  10-3 3,0 1,0 3,9 

low  10-2 2,25 0,8 2,3 
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Experimental verification of the above test methods in 

cylindrical samples for the reconstructed building showed 

that the deviation of the experimental data from the 

calculated data is about 20%. This significantly reduces the 

level of reliability of the estimated structures in terms of the 

probability of failure. The decrease of the level of reliability 

in terms of the probability of failure when using the standard 

technique will be at Ksafe=5.05 that corresponds to the 

probability of failure equal to Pf=2,3×10-4 [34]. This is 

enough, for example, for the design of architectural 

monuments which are subject to normal requirements for the 

level of reliability and failure-free. 

IV. CONCLUSION 

The above examples allow us to take a fresh look at the 

requirements of standards for determining the strength of the 

masonry of existing buildings that need to be reconstructed or 

restored. 

Modern requirements of the construction industry require a 

balanced and reasonable solution in assessing the reserves of 

the bearing capacity of masonry with a guaranteed level of 

quality and reliability at all stages of the building life cycle. 

These requirements must be taken into account in the survey, 

design, construction as well as quality control. A significant 

role is given to improve the culture of production, quality 

control and reliability, which must be considered in a 

complex focused on the end result and high efficiency. 

Directions for improving the accuracy of methods for 

assessing brickwork as a complete construction system are 

proposed in the paper. The factors to be taken into account 

when assessing the bearing capacity of the operated buildings 

and structures have been stated. Margin of errors of a number 

of parameters using different methods of strength assessment 

have been determined. 
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