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Summary. The research of the effect of dif-A more generalized research of the effects of
ferent types of cracks in the elements on thetypica| defects and damages of masonry
bearing capacity according to t_he calculati_ons tstructures and buildings on their bearing ca-
past and current codes — Building Regulatiins hacity  conducted by the author, is described
22-81 (SNiPII-22-81) and State Building Codesin [4]
of Ukraine V.26-162:2010 (DBN V.26- "\ "ype puplication [5] the author deter-

162:2010) respectively, has been conducted. T . o
effect of the three types of cracks in the ma:sonmlned that one of the specific types of dam-

structures — through vertical (single, not the con@3€S Of masonry that affect the bearing ca-

pressive overload ones), through horizontal arPacity the most are cracks in the body and
inclined ones along indents on the bearing capejoints of structures. The research of the re-

ity of masonry has been analyzed. The paper pisults of the inspection of a large number of
vides the numerical example in which the bearirpuildings in Ukraine [6- 10] has shown that
capacity of the masonry pier in the initial staty very substantial part of masonry buildings
(before cracking) and after cracking has bet¢gre sybject to the occurrence of through ver-
analyzed according to the calculations by e inclined and horizontal cracks. The
ab?g/:ycvc\)/g?dsé: masonry structures, cracks, bea/PreSENCE of the$e cracks in the_ structures un-
ing capacity, central and eccentric compressiodou_btedly n_ega_tlvely gffects_ their be_arlng ca-
principal tensile stresses. pacity and rigidity. This subject requires a re-
search because it is necessary to assess the
degree of reduction of the bearing capacity of
INTRODUCTION the structure with cracks for a particular type
of load. In the previous studies of this subject
Throughout Ukraine a large number o([11 — 13]) the consideration of cracks when
masonry buildings is erected and activelassessing the bearing capacity and seismic
used. During the operation buildings receivresistance of masonry structures is frag-
different types of damages caused by numemented and (or) indirect (either too isolated
ous factors. The features of the negative ¢or too general cases and indicators are con-
fects on building structures and conditions csidered) with the lack of clear systematiza-
their non-destruction are specified in413]. tion of their effects.
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MATERIALS AND METHODS into two separate parts. Therefore, when
checking the bearing capacity of the element
The aim of the study the results of whiclfor the central and eccentric compression its
are outlined in this paper is to determine, giseparate sections are use instead of the solid
neralize and systematize the effects of cracone. The following formula is given for the
in the masonry structures on their bearing ccalculation of the eccentrically compressed
pacity. elements according to SNiP [14] (hereinafter
The main method of the study is the anaall symbols are in accordance with [14]):
ysis of the effect of cracking on the compc
nents of the formulas of the check of the mi N < myd:1RA . (1)
sonry bearing capacity.
With the reduced cross-sectional area of
the element the value of all the factors of the
GENERAL PROVISIONS formula (1) will decrease, except far(but it
can also be reduced according to p. 341,
The most crucial checks of the bearin[14]). Thus, when the parts of the solid sec-
capacity of masonry structures according tion are separated, the flexibility of the ele-

SNiIP 1I-22-81 [14] are the checks of: mentA andA. increases. This entails the re-
1) the eccentric compression; duction of values of the buckling factogs
2) the shear, . and¢., and thusp,, which is the half of their
3) the principal tensile stresses. sum.

As to the calculation by the current star The reduction of the compressed afe@s
dards of Ukraine DBN V.2.6-162:2010 [15}evident at the reduced section.
adapted to Eurocode 6 [16] the essence of | The formula for determining the, factor
eccentric compression and shear checks icontains the cross-sectional heightwhich
cording to them remains. The main differwj| be lower at the reduced thickness of the
ence in the bearing capacity check betweiglement, and the factor, the value of which
the past and current standards is that DEjncreases with the increase of the flexibility
V.2.6-162:2010 [15] has no analogues of tt of the element.
calculation of the principal tensile stresse However, the formula (1) contains a fac-
for the unreinforced masonry. Instead DBltgr, the value of which increases with the de-
contains calculations for the bending ChE(Crease of the cross-sectional helbh't(ﬂ fac-

of the masonry. tor, which takes into account the cage effect
Let us analyze the effect of the three typeand is determined as 1

of cracks in the masonry structures —throu¢  The following formula is given for the

vertical (single — not the compressive ove calculation of masonry for shear in the hori-
load cracks), through horizontal and incline zontal untied joints and the tied joints for the
ones along indents according to the abo'rybble masonry according to SNiP [14]:
bearing capacity checks on the example of

their formation in a pier. Q< (Ry + 0,81100)A. ()

Similarly to previous check the design
THE EFFECTS OF CRACKS ON THE  ¢rgss-sectional ared and its compressed

BEARING CAPACITY OF MASONRY part A. (with decreasing of the cross-
STRUCTURES ACCORDING TO THE  ggctional height) will reduce (however the

CALCULATIONS BY SNiP 11-22-81 proportion of the shear force on the isolated

area will reduce as well), but the value of the

Sngle vertical through cracks (not the ayerage stress from the compressive foice
compressive overload ones). When a crack of jj| slightly increase. A significant reduction

this type appears, a solid section is divided

86



THE EFFECT OF CRACKS ON THE BEARING CAPACITY
OF MASONRY STRUCTURES

in the total bearing capacity of the generithe second member of the formula (2) which

pier from two separate parts is not expectedis responsible for the friction forces will be
The following formula is provided for the involved in the check.

calculation of the elements for the principe When checking the masonry for the prin-

tensile stresses according to SNiP [14]: cipal tensile stresses its cleavage along the
inclined indent is analyzed. When the cleav-

R.A age of the masonry with a horizontal crack

Qs—— (3)  occurs, in the place with a crack along which

vV . )
the cleavage indent passes there is no contact

The formula of determinindq contains between chipping parts. Therefore, when this

the multiplierco — the average stress of thCN€ck of the masonry is performed, it is ad-
PlIeroo g -‘wsable to exclude the area with the width of

compressive force, the influence of which i . ) . .

similar to the shear verification of the ma2 b_”Ck siz€ on which the cleavage m_dent co-

sonry, so at the decrease of the design croIrlCIdes with .the crack from the Qe5|gn area
Y g A.. The maximum value of the width of the

sectional are#®. we obtain a slight increase .
in the value of the design resistarieg that excluded area corresponds to the maximum
.size of a brick of 250 mm.

is offset by an expected decrease in the si Lo :
y P Cracks along inclined indents. In the case

of the value ofA. itself (with decreasing of i . .
the cross-sectional height). Whe_n the masonry Wlt_h this type o_f crack is
Horizontal through cracks. With the pres- subject to the eccentric compression on the
ence of this type of cracks when verifying th &€& Of the design section of the masonry
where a part (step) of the indent passes, there

masonry of the eccentric compression the. dhesi d | tact bet
are certain features for the determination ('S N0 adhesion and normal contact between

the o factor, which takes into account th(the parts of the element §eparated by a crack.
cage effect. In this case the part of the secti | "erefore, when calculating the masonry for
A in the limit state works with the sameth€ €eccentric compression it is necessary to
stresses equal to the local compresshus.e the weak_ened CrOSS'S.eCt'On"?‘I afea
(crushing) strength limiR [17, 18]. For the with the reduction of the design resistance by
masonry of small stones outs:ide the ratio b2°%° in the area with the width of a brick size
tween the breaking points of the crushing arwhere the crack indent passes along the de-

the compression is: sign section (u_p t0.250 mm). .
P The determination of the factor in the

situation of the inclined crack does not
&:3ﬁ (4) change and is conducted according to the
R A provisions of [14].

When the masonry element with an in-
It follows from the above and furtherclined crack is subject to the shear there is a
transformations that in this case theratio Similar effect as for the eccentric compres-

can be determined by the formula: sion. In this case the design areasshould be
weakened by excluding the area of the design
A section of a brick size (of the width up to 250
a):i/: (5) mm) in which there is no contact between the
parts of the element.

When the principal tensile stresses act in
When checking the masonry for shear aghe masonry with an inclined crack its cleav-
cording to the formula (2) the value of its reage resistanc®& is equal to zero since the
spective design resistan&y, in the section resistance in the indent of both components
with a horizontal crack will be equal to zerr,, (tensile and shear at tension) is equal to
due to the lack of adhesion between the pattegro:
that are shifted relative to each other. Only
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R, = R,(R, +0,) =0 npu Ry, = 0.(6) Similarly to SNiP [14] if there is a vertical

crack, the calculation of the separate sections
However, if a vertical compressive stres§ performed as We”.’ and in the result the
is detected,in the respective area along tr\{glues of the respective factors in t.h g.formu-
indent (for example, when calculating in theIas (7). .(8.) and (9), such as the flexibility and

X eccentricity factor®, the length of the com-

e e o oL essec partof the well and he esistance
q momentZ experience significant losses.

and it can be estimated by the formula (2). Horizontal through cracks. When per-

forming the calculations according to DBN
[15] the horizontal crack is taken into ac-
count in the checks for central, eccentric
compression and shear in the similar way as
for SNiP [14]. In the bending check by the
formula (9) the bending strength of the ma-
sonryf,q: will be equal to zero since there are
. , no connections between the separated parts,
pagt(; ncaecrg(l)r:girt]ge t%hegésNO]c\/tgeG?fgzr'.ggl%qﬁerefore only the component pf the bending
o ' Fesstance from the compressive stresses re-

[15], the calculations and the effects OBnains and this formula will have the follow-
cracks are quite similar to those performeIng form:

according to SNiP [I-22-81 [14], except for
the absence of the consideration of the prin-
cipal tensile stresses and the existence of the
bending check. The absence of the first check
in the current standards is a disadvantage bef

icnausszi:r:(ijce:)r?:;t)a':[:esgg(s:'ltl;lgcggr?c(g?te(rl]n?;ukoeﬁéal and eccentric compression checks in the
9 =7 : Similar way as for SNiP [14]. If the element
place at the principal tensile stresses (cross

inclined cracks). However, the conventionat Xperiences the shear load, then the resis-

. . . ance to the horizontal force on the area of a
analogue in DBN is the bending check of thSrick size along which the crack indent

ot Ot raouits aoemrding (6 the earcy/DASSes must be equal to zero. However, i
tion by DBN V.2.6-162-2010 of the presenca ere are compressive _stresses on the_ hori-
of 3 types of cracks considered above. zontal areas of .the indent, .the residual
Vertical through cracks. This effect is strength of the.h(.)rlzontal force is present be-
: : . cause of the friction forces in these areas. In

taken into account in a similar way as a

cording to SNIP [14]. The following formu-cthe case of a bending load the bending resis-

) . tance in the horizontal section will not reduce
las are provided for the calculation of ele-. ..
significantly.

ments under the vertical, shear and bendin The assessment of the effect of cracking

loads respectively according to DBN [ls]in the material of structures on the reduction

(hereinafter all symbols are in accordancgf the power consumption and plasticity of a

THE EFFECTS OF CRACKS
ON THE BEARING CAPACITY
OF MASONRY STRUCTURES
ACCORDING TO THE CALCULATIONS
BY DBN V.2.6-162:2010

MRd = cst. (10)

'Cracks along inclined indents. An in-
ined crack is taken into account in the cen-

with [15]): structural system with a possible correspond-
ing increase of the damage tolerance fakior
Neg < @ t fo. (7) according to DBN [19] requires a separate
consideration and research.
Vi < fug tle. (8)
Meq < fxa Z. 9)
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AN EXAMPLE OF DETERMINING THE ciples. The dimensions of the separated sec-
EFFECT OF CRACKS ON THE BEARING tions for the calculation with consideration of
CAPACITY OF THE MASONRY PIER  vertical cracks are taken as 0,51x0,46 m and
0,51x0,31 m.

To understand the effect of cracks on tt  The results of the calculation are pre-
bearing capacity of the element we analy:sented in Tabs. 1, 2 and graphically in
the bearing capacity of a brick pier with theFigs. 1, 2. The following designations are
sizes of 0,51x0,77%2,8 m before and after ttused in this tables\,, Nrq — the initial bear-
formation of cracks of the foregoing typesing capacity of the pier for the vertical force;
The pier is built of bricks with the sizes o'Ny, Nrg1 — the bearing capacity for the pier
0,25x%0,12x0,065 m. The calculation for thwith a crack of the vertical forc&),, Vrq —
effect of vertical and horizontal forces wathe initial bearing capacity of the pier for the
performed according to the past codes SNhorizontal force;Qu, Vrn — the bearing ca-
[1-22-81 [14] and the current ones DBNpacity of the pier with a crack for the hori-
V.2.6-162:2010 [15]. The cases of the centrzontal forceky = Nu1/Ny (Nrg1/Nrg) — the re-

(e = 0) and eccentrice(= 0,1/ = 0,131 m — duction factor of the bearing capacity for the
the eccentricity is on the border of the crosvertical force;ky = Qui/Qu (Vrat/Vrd) — the
sectional core) application of the verticareduction factor of the bearing capacity for
compressive force are considered. Verticethe horizontal force.

horizontal and inclined cracks were taken It be seen from the results of the calcula-
into account according to the foregoing prindon that the greatest loss of the bearing

Table 1.The bearing capacity of the masonry pier befodkaiter the crack formation
(according to SNIP 11-22-81 [14])

Thecracktype | Nu kN | No kN | ke | QukN | QukN | ky
The cenrtal compression
Vertical 440,42 0,771 96,37 0,889
Horizontal 571,5 571,5 1 108,44 76,85 0,709
Inclined 525,11 0,919 0 0
The eccentric compression
Vertical 157,1 0,356 32,3 0,42
Horizontal 441,22 433,13 0,982 76,94 46,52 0,605
Inclined 405,41 0,919 0 0

Table 2. The bearing capacity of the masonry pier befodkaiter the crack formation
(according to DBN V.2.6-162:2010 [15])

The cracktype | Ne, KN | Nea, kN | ky | Ve KN | Vag, kN ky
The cenrtal compression
Vertical 452,58 0,856 153,35 0,91
Horizontal 528,56 528,56 1 168,54 79,28 0,47
Inclined 485,66 0,919 139,56 0,828
The eccentric compression
Vertical 169,46 0,447 34,73 0,387
Horizontal 379,25 379,25 1 89,78 36,99 0,412
Inclined 348,47 0,919 72,64 0,809
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Fig. 2. The graphs of limits of the bearing capacity of tesonry pier before and after the crack
formation at the eccentric compression (accordingBN V.2.6-162:2010 [15]):
a — of a vertical cracky — of a horizontal crack

before the crack formation

after the crack formation
600+ 600

so0 / 500t

400] 400]

before the crack formation

3004 3004

2004 2004

1004 1004 after the crack formation
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Fig. 1. The graphs of limits of the bearing capacity of tesonry pier before and after the
crack formation at the central compression (acogrtd SNiP 11-22-81 [14]):
a — of a vertical cracly — of a horizontal crack

capacity occurs at the eccentrically applied A significant loss of the bearing capacity
compressive force when there is a verticdibr the shear force also occurs when there is a
through crackKy = 0,356,ky = 0,42 accord- horizontal crack at the calculation by DBN
ing to SNIP 11-22-81 [14]kn = 0,447,ky = [15] (kv = 0,47 at the central compressi@q,
0,387 according to DBN V.2.6-162:2010= 0,412 at the eccentric one) since in this
[15]). This is due to the rapid reduction of thesituation the shear bearing capacity does not
compressed area in both separated parts and@ude the adhesion force between the sepa-
great flexibility in a smaller separated partated parts and the friction force is reduced
(with the cross-sectional sizes of 0,51x0,3due to the reduction of the maximum com-
m).
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pressive stress, which occurs at the decreasih the existence of a vertical through crack
of the compression bearing capacity. (ky = 0,356,ky = 0,42 according to SNIP II-

Since based on the analyzed provisior22-81 [14],ky = 0,447 ky = 0,387 according
regarding the presence of an inclined crack io DBN V.2.6-162:2010 [15]). This is due to
a masonry element and formula (6) we obtaia sharp decrease in the area of compressed
that when calculating the strength for theones in the two separate parts and a great
principal tensile stresses according to SNiffexibility in a smaller separated part
[1-22-81 [14] the cleavage resistanBg, of 4. A significant loss of the bearing capac-
the masonry is equal to zero, we have thdy of the element of the transverse force is
according to these standards the strength fibaced at the existence of a horizontal crack
the shear force is equal to zer@u{ = 0) according to the calculation by DBN [154(
when there is an inclined crack in the sectiom 0,47 at the central compressién,= 0,412

A through horizontal crack does not affecat the eccentric one) as in the bearing capac-
the bearing capacity for the central compresty of the shear in this situation the adhesion
sion (according to SNiP [14]) and the centradtrength between the separated parts is com-
and eccentric compression (according tpletely absent and the friction force is re-
DBN [15]). The slight reduction of the bear-duced due to the reduction of the maximum
ing capacity for the eccentric compressionompressive stress, which occurs at the de-
according to SNiP [14] occurs due to the efereasing of the bearing capacity of the com-
fect of the clarifiedo factor, which takes into pression.
account the cage effect. 5. With the existence of an inclined crack

Thus, the cracks in the masonry structurdglere is no strength of the transverse force in
and buildings can be taken into account dthe section of the elemer®( = 0) as when
rectly and comprehensively when checkingalculating the principal tensile stresses
their bearing capacity by means of the abowstrength according to SNiP 11-22-81 [14] the
approaches. cleavage resistance of the masomry is

equal to zero.
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