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Abstract

Introduction. The compressive strength of masonry is the most important mechanical characteristic assessed during in-
spections of buildings and is determined based on direct testing of bricks and mortar selected from the walls. However,
current regulatory documents also recommend the use of non-destructive testing methods, particularly while examining
cultural heritage buildings. However, non-destructive methods fail to take into account differences in the strength of
bricks and mortar joints in the surface layers and their main volume, interaction of bricks and mortar, as well as anisotropy
of the mechanical characteristics of masonry. The article presents the results of a study of the anisotropy of the compres-
sive strength of ceramic bricks and an analysis of its influence on the results of assessing the strength of masonry using
indirect methods.

Materials and Methods. The object of the research are two types of bricks: historical bricks from the walls of the barracks
of the Brest Fortress built in 1933, as well as modern bricks produced in the Republic of Belarus. The strength of the
brick was identified under a compressive load in the direction of the front, support and end surfaces on cubes with an
edge size equal to the height of the brick.

Research Results. Graphs of the ratio between the obtained strength values of experimental cube samples under com-
pression perpendicular to the front and end surfaces of the brick to the compressive strength perpendicular to its supporting
surface are presented. Similar studies by other authors, including on ceramic cylinder samples, are analyzed. It was found
that the compressive strength of the historical bricks perpendicular to its front and end surfaces was higher than their
compressive strength perpendicular to the supporting surface. The opposite pattern was observed for modern bricks.
However, due to the high variation of the results, it is not possible to establish a correlation between the compressive
strength and the direction of the compressive force.

Discussion and Conclusion. The results of some studies that have shown that ceramic bricks are an anisotropic material
are presented. A possibility of using non-destructive testing methods for brick strength has been evaluated, as well as that
of designing a calibration ratio linking the compressive strength of a brick with the results of indirect testing of the front
surface.
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AHHOTAIIMA

Beeodenue. IIpouHOCTh KaMEHHOM KJIAJIKU Ha CKATHE SBJISCTCS BaXKHEHIEH MEXaHUUYECKON XapaKTePUCTUKOM, OLIEHUBA-
eMOMi Mpu 00CIIeIOBAaHUH 3IaHUH, KOTOPask ONPEACISCTCS Ha OCHOBAHUY IPSMBIX HCIIBITAHUI OTOOPAHHOTO M3 CTCH KUP-
nuya ¥ pactBopa. OnHaKo IeHCTBYIOME HOPMATUBHBIC JOKYMEHTHI TaKXKe PEKOMEHAYIOT UCIOIb30BaTh Hepa3pylllato-
IIMe METOABI KOHTPOJISI, 0COOCHHO TIPpH 00CcIeJ0BaHNN 00BEKTOB KyIbTYPHOTO Hacieans. Ho Hepaspymiaronie MeTo a6l
HE YUUTBHIBAIOT PA3IUYMS B IPOYHOCTH KHPIMYA M PACTBOPHBIX IIBOB B IIOBEPXHOCTHBIX CIIOSX M UX OCHOBHOM 00BEME,
B3aUMOJEHCTBUE KUpIHYA M KJIAJOYHOIO PACTBOPA, @ TAKXKE AHU30TPOIHI0O MEXAHMYECKUX XAPAKTEPUCTHUK KIAJKH.
B crarbe npuBeneHbI pe3yabTaThl UCCIEOBAHUS aHU30TPOIMH IPOYHOCTH Ha CXKATHE KEPAMHUUYECKOT0 KUPIIUYA U aHAJIN3
€€ BIMSHMSI Ha PE3yJIbTaThl OLIEHKH IPOYHOCTH KaMEHHOM KJIaJJKi KOCBEHHBIMH METOAAMH.

Mamepuanvt u menoost. OGEKTOM HCCIICAOBAHHUN SBJIETCS ABA TUIIA KUPIHUYA: UCTOPUYECKUN KUPIIMY U3 CTEH 3/JaHUA
Ka3apMbl bpecTckoit kpenocTy, moctpoeHHoro B 1933 r., 1 coBpeMeHHbIH Kupnud, IpousBeeHHbI B PecrryOmnke bena-
pych. IIpouHOCTh KMpHIMYA OMpeaessanach Ipyu JAeHCTBUM CKUMAIOIICH Harpy3ky B HallpaBJICHUU JIMLIEBOM, OIOPHON U
TOPIIEBOM TIOBEPXHOCTEH Ha Ky0ax ¢ pa3MepoM pedpa, paBHBIM BBICOTE KHPIIHYA.

Pesynvmamut uccnedosanus. llpuBeneHs! rpauKy OTHOLICHUS MOJTYYEHHBIX 3HAaYEHHH IPOYHOCTH OIBITHBIX 00pa3-
IOB-KyOOB TIPH CXKATHH MEPIICHANKYISAPHO JINIIEBON U TOPLIEBOH MTOBEPXHOCTSIM KHUPIIUYA K IPOYHOCTH HA CXKATHE Tep-
MIEHAUKYIISIPHO €Tr0 OMOpHOH moBepxHOCTH. [IpoBeneH aHanmn3 mogoOHBIX MCCIeJOBaHUH APYTHX aBTOPOB, B TOM YHUCIIE
Ha KepaMUYeCKHUX 00pa3nax-IIINHAPax. Y CTAaHOBJICHO, YTO MIPOYHOCTH HCTOPHUECKOTO KHPIMYa IPH CKATHUH TIePIICH-
JUKYJSIPHO €0 JIMLIEBOM U TOPLIEBOM MOBEPXHOCTIM OKa3aJlach BBILIE POYHOCTH IIPU CKATHH NEPIICHIUKYISAPHO ONOP-
HOW TIOBEPXHOCTH. [[J11 COBpeMEHHOT0 KHpIHya HaOIoaanach o0paTHast 3aKoHOMEpHOCTh. OTHAKO U3-32 BEICOKOTO pas-
Opoca IMOJy4EHHBIX Pe3yJIbTaTOB HEBO3MOXHO YCTAHOBHUTH KOPPESIIMOHHYIO 3aBUCUMOCTh IIPOYHOCTH HA CXKATHE OT
HaTpaBJICHUS C)KUMAIOLIETO YCHITHUSL.

Oobcyscoenue u 3axniouenue. [IpuBeIeHbI Pe3yIbTaThl UCCIIETOBAHUMI, KOTOPBIE MOKA3aJIH, YTO KEPAMUYECKUI KUPTIHY
SIBIISICTCA @aHU30TPOIIHBIM MaTepHanoM. BeIrmosiHeHa OlleHKa BO3MOKHOCTH IPUMEHEHHS HEPa3pyIIaroIUX METOI0B KOH-
TPOJISL MPOYHOCTH KUPIHYA, & TAKXKE BO3MOXKHOCTBH IIOCTPOEHUS I'PaTyHUPOBOYHON 3aBUCHMOCTH, CBSI3BIBAIOLICH MPOU-
HOCTb Ha CKaTHe KUPIHMYa C pe3yJbTaTaMi KOCBEHHOI'O MCIIBITAHUS JTULEBON MOBEPXHOCTH.

KiaroueBble ci10Ba: KaMeHHAs KJIaAKa, KUPIKUY, IPOYHOCTh Ha CXKATUC, HEpA3pylIatoIue METOAbl KOHTPOJIA, IrpaAynupo-
BOYHas 3aBUCUMOCTb

Jdas uutupoBanus. lepkay B.H., [lemuyk U.E., Matsc I1.U. [IpuMeHUMOCTb HEpa3pyLIAOMIUX METOIOB ISl OLIEHKU
MIPOYHOCTH KAMEHHOW KJIJIKW CYIIECTBYIOIINX KOHCTPYKUMH. Cogpemennvie meHoeHyuu ¢ cmpoumenscmee, 2paoo-
cmpoumenvcmee u naanuposke meppumopuii. 2026;5(2):32—40. https://doi.org/10.23947/2949-1835-2026-5-2-32-40

Introduction. The most important mechanical characteristic of masonry evaluated during inspection of stone build-
ings is its compressive strength. The compressive strength of masonry is commonly identified by means of calculating
the test results of bricks and mortar taken from the walls of a building carried out in compliance with GOST 8462 "Wall
Materials. Methods for Identifying Compressive and Flexural Strength Limits" and GOST 5802 "Building Mortars. Test
Methods" [1-5]. This method is rather labor-intensive, thus while examining stone structures in order to identify the
strength of bricks and mortar, lots of specialists tend to resort to non-destructive (indirect) methods that include sclero-
metric methods of elastic rebound, shock pulse, or the method of measuring the propagation velocity of an ultrasonic
pulse. While making use of sclerometric methods, the compressive strength of bricks and mortar is identified using
IPS MG-4 type sclerometers or Schmidt hammers where the calibration ratio "ceramic brick" is specified by the manu-
facturer. It is to be noted that in order to assess the strength characteristics of the brickwork of cultural heritage sites,
GOST R 55567 "Procedure for Organizing and Conducting Engineering and Technical Research at Cultural Heritage
Sites. Historical and Cultural Monuments. General Requirements" directly recommends prioritizing non-destructive test-
ing using devices based on the elastic rebound method in compliance with GOST 24332 "Silicate Bricks and Stones.
Ultrasonic Method for Identifying Compressive Strength" or other specialized and calibrated devices for identifying the
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strength characteristics of bricks and mortar. A correlation between the indicators of non-destructive testing devices and
strength characteristics of masonry materials can be specified by means of comparing the average values of these charac-
teristics obtained by non-destructive testing and laboratory tests of at least three samples for each type of masonry. La-
boratory tests are conducted in compliance with the requirements of GOST 8462, GOST 5802.

It is known that non-destructive methods for assessing the compressive strength of masonry which has been in use for
a long time have some drawbacks that are associated with uncertainties caused by the differences in the strength of bricks
and mortar joints in the surface layers and their bulk, interaction of bricks and masonry mortar, as well as anisotropy of
the mechanical characteristics of masonry [1, 3, 7, 9]. Overlooking these factors might cause significant errors in assess-
ment of the compressive strength of masonry, and thereby underestimation or overestimation of the load-bearing capacity
of stone structures. This article looks at the effect of anisotropy of the compressive strength of ceramic bricks on the
strength of masonry identified by means of indirect methods.

Materials and Methods. The anisotropy of the compressive strength of ceramic solid bricks was investigated. Two
types of bricks were tested: historical bricks taken from the walls of the Brest Fortress barracks built in 1933 as well as
modern bricks produced in the Republic of Belarus. The historical brick had the following dimensions: length —
265 mm, width — 130 mm, height — 60 mm. Bricks produced in Poland in the second half of the 19th century correspond
to these sizes [5]. The dimensions of the modern brick are as follows: length — 250 mm, width — 120 mm, height —
65 mm. Initially, the average values of the compressive and bending strength of the bricks were identified in compliance
with GOST 8462 (Fig. 1).

a) b)
Fig. 1. Tests of the bricks: @ — compression; b — bending
Based on the tests, it was found that the average value of the tensile strength of the historical bricks under compression
is 16.9 MPa, in bending — 5.1 MPa, of the modern bricks — 17.3 MPa and 5.3 MPa, respectively.
In order to identify the strength of a ceramic brick under a compressive load in the direction of its front, support and
end surfaces (Fig. 2), cubes with an edge size equal to the height of a brick were cut out of the bricks.
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Fig. 2. Brick dimensions and surfaces: 1 — length; 2 — width; 3 — height; 4 — support surface; 5 — front surface;
6 — end/header surface
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For each direction of the compressive load, 5-6 ceramic cube samples were made from different types of bricks. The
surface of the cubes in contact with the press plates was leveled with a thin layer of gypsum mortar. The general view of
ceramic cube samples prepared for the tests is shown in Fig. 3.

Fig. 3. Ceramic cube samples prepared for the tests

The ceramic cubes were loaded using a TP-1-500 testing machine. The cube samples were mounted with one of the
selected faces on the lower base plate of the testing machine centrally relative to its longitudinal axis.

After the sample has been installed on the base plate, the upper plate of the machine was aligned with the upper support
face of the sample so that their planes completely adjoined each other. The sample was loaded continuously at a rate that
ensured its destruction within 30 seconds. The general appearance of the ceramic cube sample in the test facility and the
nature of its destruction are shown in Fig. 4.

a)

Fig 4. Testing of ceramic cubes: a — the general appearance of the sample; b — the nature of destruction

The maximum force attained during the tests was assumed to be a destructive load. The compressive strength of the
sample was identified as the quotient of the destructive load divided by the working area of its cross-section. Based on
the test results of the cube samples, the average strength values of the samples were identified under compressive forces
in the direction of the front, support and end surfaces of the brick.
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Research Results. Fig. 5, 6 show the graphs of the ratio of the resulting strength values of the experimental cube
samples when compressed perpendicular to the front (f3) and end (f2) surfaces of the brick to the compressive strength
perpendicular to its supporting surface (f1).
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Fig. 5. Results of identifying the strength of ceramic cube samples: a — historical brick; b — modern brick

According to Fig. 5, the strength of ceramic cube samples sawn from historical bricks when compressed perpendicular
to its front and end surfaces turned out to be 24% and 33% higher, respectively, than that obtained by applying a com-
pressive force perpendicular to the supporting surface.

The reverse pattern was observed for the modern bricks. The strength of ceramic cubes subjected to compressive loads
perpendicular to the front and end surfaces of the brick was 50% and 47% lower than the compressive strength perpen-
dicular to the support surface, respectively.

While testing the ceramic cube samples, the coefficient of variation in compressive strength was 25-40% for the
historical bricks and 10-15% for the modern bricks.
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The results of the studies of the anisotropy of compressive strength of the modern bricks are in a fairly good agreement
with the test results of the ceramic cylinder samples provided in [7]. Cylinder samples with a diameter of 56 mm were
selected from solid ceramic bricks of the grades M150 (Novgorod), M200 (Vitebsk) and M250 (St. Petersburg) perpen-
dicular to its front and support surfaces. It was found that the ratio of the compressive strength of cylindrical samples
taken orthogonally to the front and support surfaces of the brick was approximately 0.6.

The test results of the cylindrical samples taken from the historical bricks were characterized by a significant range of
values (the coefficient of variation of 30-45%) [8]. It was not possible to establish a ratio for them between the compres-
sive strength orthogonally to the front and support surfaces of the brick. This is accounted for by the high heterogeneity
of the material within a single brick, as well as the use of different types of bricks in the masonry.

[9] presents the results of studies of the anisotropy of compressive strength of historical ceramic bricks of the Austrian
standard with a length of 290 mm, width of 150 mm and height of 65 mm, with a normalized compressive strength of
19.28 MPa and modern German NF standard bricks (length — 250 mm, width — 120 mm, height — 65 mm) with a
normalized compressive strength of 28 MPa. The anisotropy of the compressive strength of the brick was identified based
on tests of cores with a diameter of 45 mm selected at different angles to the supporting surface of the brick (Fig. 6a).

Studies have shown that for modern bricks when the compressive force is directed at an angle to the support plane of
0° <@ <60 °, the compressive strength is close to that perpendicular to the support plane, ¢ = 0° (Fig. 6¢). The minimum
values of compressive strength occurred at ¢ = 90 °© (fo/fgo = 1.3).
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Fig. 6. Results of identifying the compressive strength of the cylinder samples: a — sampling directions; b — historical brick;
¢ — modern brick [6]

For the historical bricks, under a compressive force at the angles of 35° < ¢ < 60°, the compressive strength turned
out to be 20-25% higher than that at an angle ¢ = 0° (Fig. 6b). The minimum compressive strength was obtained at the
angles ¢ = 20° and 75°. When a compressive force was directed perpendicular to the end surface of the brick, ¢ = 90°,
the compressive strength was 23% lower than that at an angle ¢ = 0°.
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Based on the test results, it was concluded that due to the high variation of the results for historical bricks, it is not
possible to identify a ratio between the compressive strength and the direction of a compressive force.

Studies [6] have shown that while testing bricks in masonry, the amount of elastic rebound is affected not only by the
direction of impact, but also by the quality of brick sealing in masonry, which is largely due to the type and condition of
the mortar joints. This is accounted for by the influence of these factors on the degree of absorption of the impact energy
of the test hammer on the brick surface.

Discussion and Conclusion. The results of this study as well as [7-9] have shown that ceramic bricks are an aniso-
tropic material. The degree of anisotropy of the strength characteristics of a brick is due to a host of factors, with the
technology of its manufacture and the raw materials used as the primary ones. At the same time, for historical bricks it is
difficult to identify any patterns of compressive strength from the direction of a compressive force due to the high values
of the coefficients of variation of the test results. It is not possible to design a calibration ratio connecting the compressive
strength of such a brick in the direction of the support surface with the results of indirect testing of the front surface of
the brick by means of the elastic rebound method or measuring the propagation velocity of an ultrasonic pulse.

While examining stone structures, tests to identify the elastic rebound of a hammer enable measurements of the surface
hardness of the front surface of the brick, but not to evaluate its quality over the entire section and, which is more, to
obtain compressive strength values in the direction of a compressive force acting in the section of a stone structure.

The velocity of propagation of an ultrasonic pulse in masonry is impacted a broad range of major factors: heterogeneity
of the structure of bricks and mortar joints, thickness of the joints and quality of their execution, humidity of masonry, as
well as degree of degradation of bricks and mortar [10].

The results of non-destructive testing methods are challenging for interpretation as the material in the surface areas of
bricks and mortar might be different from their deeper layers. As an example, Fig. 7 shows a section of a ceramic modern
brick where the different color of its outer and inner layers is clearly distinct, which indicates the difference in their
strength characteristics. This is of particular relevance for historical bricks whose degree of firing and cross-sectional
strength can vary considerably.

Fig. 7. Ceramic bricks in the section: different color of the outer and inner layers

It is recommended that indirect methods for assessing the compressive strength of bricks of existing structures are
used in order to assess the uniformity of masonry as well as to identify the locations of brick and mortar selection. These
methods can also be employed in order to control the strength of factory-made bricks where it is possible to design
particular calibration ratios for each set of parameters (a type of raw material, molding method, temperature and duration
of firing, a type of brick, etc.) [7]. At the same time, as noted in [6], use of sclerometric methods for assessing the strength
of ceramic products is possible only if the volume of their voids is not over 10%. While testing masonry products with a
large volume of voids, there is significant absorption of impact energy making it not possible to assess the strength of
products in a reliable manner.

It is to be noted that the results of assessing the strength of the masonry obtained based on the tests of individual bricks
and hardened mortar taken from its body have a low degree of reliability, as they fail to take into account the interaction
of the brick and mortar in the masonry. The only methods that allow reliable data to be obtained on the compressive
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strength of masonry of existing structures are its structural tests or laboratory tests of masonry samples selected from a
structure under study2 [2, 3, 5, 9-14].
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