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ABSTRACT Several sorts of basic failure model of local bearing of brick 
mêsonry are observed through a lot of tests. Together with the 
analysis of the calculated results by computer, the actual behaviour 
of local bearing action of brick masonry is presented . The 
problems existing in the formula in current Chinese code for calcu­
l ating the l ocal bearing strength of brick masonry are then studied 
and a practical formula more conf ormable to real conditions i s 
suggested. 
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The lo ca l beari ng is one of the frequent visible bearing conditions 
of brick masonry. The strength coefficient ({ of bearing strength 
of brick masonry in the current Chinese Code (1) adopts the formula 

(where A is the calculating area affecting on bearing strength; 
A is th~ loc a l bearing area) . 

c 

In fact, this e xpression was derived based on the principie of 
ultimate balance and the theory of assumed "strength hoop" (2), 
and used in the concrete code . As the differences of material 
behaviour it is difference between the local bearing characteristic 
of the brick masonry and those of the concrete . In the case of the 
loca l load acting on a corner , there is no hoop existing and it 
cannot be e xplaine d using the hoop principie. 

Based on a l ot of tests two probl ems , the characteristic of brick 
masonry under loc a l load, and the strength coefficient of the loca l 
bearing strength, are discussed in this paper. 

1. THE SORTS OF BASIC FAILURE MOOEL OF BRICK MASONRY UNDER LOCAL LOAO 

Three sorts of basic failur e model of brick masonry under local load are 
observe d : 

1. Failure due to the development of vertical cracks 

2 . Splitting failure 

3 . Local failure within the bearing area . 

Fig . 1 shows the distributions of the horizontal stress O- and the vertical 
x 

stress UI at the middle line of the specimen under a local load in the middle 
part o It can be obtained from test measurement or analysis by the finite 
e l eme nt method. It can be seen the brick ma sonry under the loading plate is 
in the biaxial or triaxial compress ive state (under local load at centre part). 
So the compress i ve strength of the brick masonry within the local bearing area 
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will be strengthened greatly. There is horizontal tensile stress existing 
some distance away from the loading plate. When the tensile stress is greater 
than the tensile strength, a vertica l crack will appear. The crack is 
observed mostly near to the part where the horizontal tensile stress is maximum. 
With the load increasing the crack develops down and up. Meanwhil e other 
vertical cracks and inclined cracks appear also. At that time, the stress 
state of the brick masonry has changed. Biaxial stress may become uniaxial 
stress along the strip be tween two vertical cracks. Whe n the compressive 
stress reaches its compressive strength, th e specimen will be crushed. 
Before crushing some broken pieces falling down could be observed. Generally 
speaking, there is a main crack throughout the whole specimen as the failure 
occurs. This case is failure model 1 and it is illustrated in Figure 2. 

Fig. 2 . 

Fig. 1. The di st ribut ion of Õ and cr-

Failure model 1 

x y 

Fi g . 3 . Splitting fai lure 
mode l 2 

Tests of local bearing show that the ratio of the cracking load N
f 

and the 
ultima te load N (~) increases with increasing ratio A/A where A is 
cross section ofPthe specimens . When A/A is quit e l ar~eJ~ = 1, 50 that 
cracking and crushing occ ur at the same tim~. In fact, this is a splitting 
failure, model 2 and i t is illustrated in Fig . 3 . 

lf t he strength of the brick masonry is very low, failure model C may occur. 
For example, a specimen ma de of hollow pumic e concrete block was crus hed at 
the l oca l bearing area. 
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We have compared th ree sorts of s pec imens : 

(a) without any rei nf orcement 

(b) with bolts ( Fig . 4) 

(c) wit h mat reinforc ement ( g roup 76 , 77, 78 respectively) . 

The si zes and the material grades of the specimens are a lI the same . The 
r esults of the test are shown in Ta ble 1 : 

(i) Eithe r bolt or mat reinforcement co uld strengthe n the 
l ocal be aring capacity , and reduce l oca l bearing 
failur e res ul ting from vertica l cracks · 

(ii ) In spite the l oca l bearing stresses, a- under the 2 
l oadi ng plates o f groups 77 and 78 reacfi 108-1 50 kg / cm , 
whi c h is higher than the strengt h of br i c k, no brick 
crush e d was observe d under loadi ng plate . 

Fi g . 4 . The s pec ime n with bo lt Fi g . 5 . Forc e line in the l oca l bearing 

Acc ording t o Gu yo n's expl a na tion (3), the r easo n for horiz ontal compr e ssive 
stress a nd t e ns il e stre s s at the cen t r e s ection (Fig . 1) is t hat th e l oad is 
sprea d t hrough t he specime n . Th e point I s hown in Fig . 5 is a turning po in t 
of th e f o r ce li ne . Th e f orce lines above a r e de nted t owa rd the in s ide o f t he 
spec ime n a nd engende r th e compr es si ve st r ess , a nd the f o r ce lines be l ow 
e nge nder t he ten s il e s tress . I t may be mo r e r easo nabl e to expl a in t he 
s ubsta nce of the l oca l bearing of brick mason ry by l oa d s p rea ding . 

The l ocal bearing of brick masonry can be describe d in this way ; due to the 
s p read of force lines , the br i ck masonry under t he l oad i ng p l ate is in biaxia l 
or triaxial compressio n, 50 is diffic u lt to crush . The part be l ow t he mi dd l e 
of t he specimen is in a stress state of horizontal tens i on and vertical 
compression . When the maximum horizontal tensile st r ess ~ reaches the 
tensile strengt h of br i ck masonry , the first vertica l crack xa ppears . As cr­
reaches R on l y wi t h i n a sma ll zone the brick will not fai l. The ca l c ul at~d 

e 
r es ul ts by the fi ni te e l ement method show t hat the g r eate r A/A , the mo r e 
uni form is the ho r izo n ta l tens i le stress a- . The Lr d i s t ~ibu tion a l ong 

. x x . t he cent r e sect i on co ul d r each R ~n a l arger a r e a a t the s a me t ~ me a nd the n 
e 

t he br i ck masonry split s s udden l y . 

We conside r that as long as t he r e is some maso nr y beyond t he bea ring a r ea , t he 
spread ing will occ ur. The n biaxia l stre s s or triaxi a l stress wi ll be 
e nge ndere d a nd loca l bearing st r ength ca n be increase d mor e o r l ess . I n th is 
way we ca n exp la in the l oca l bearing action rat i ona ll y , no t onl y to a l oa d in 
the middle part , bu t a l so to a l oa d at a co rner o r at an e dge . 
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No 
The size 

A A A/A R N
f N.: 

Ó of c c 
2 

(cm 2 ) 
2 

(t) (t) specimen (em ) (kg/cm ) 
(em) 

76A 36 . 2x74 . 6 2701 440.8 6 . 15 31.5 20 32 . 5 2 . 34 

76B 36.7x73.8 2 708 " 6.15 3 1. 5 25 30 . 0 2 . 17 

~verage 31. 25 2.26 

nA 36 . 5x74 . 3 2712 440.8 6.15 31.5 25 45 3 . 25 

nB 36 . 8x73 . 5 2705 " 6 . 15 31.5 25 50 3.62 

average 47.5 3 . 42 

78A 3 7x73.5 2720 440 . 8 6 .1 5 57 40 63 2 . 5 

78 B 36.8x74.5 2740 284.4 9 . 5 / 57 
j 

20 45 < 2 . 8 
j j 

TABLE 1. The contrasting tests of three sorts of specimen 

2. LOCAL BEARING TESTS UNOER UNIFORM LOAOING IN THE MIOOLE, AT THE ENO 
ANO AT THE CORNER OF WALL 

The strength coe ffi cient of local bearing strength of brick masonry adopted in 
the current Chinese code is: 

r = r-;:;;-
~ "'o' "'c 

(1) 

For central local bearing the calculated value of Õ from the formula (1) is 
greater than that calculated from Bauchinger's formula 

But for middl e l ocal bearing on a length of wall, the value of a is lower 
because the value A ,according to the l aw of minimum hoop, is v ery small . 

o 
Local bearing of a length of wall is the most common case in engineering2 
We have done systematic tests with a uniform bea ring area (A = 20x25 em ) on 
specimens of different section . The ratio of A/A is tak~n as a variable 
(Fig. 6) . 

c 

We have fou n d from the tests results (Table 2) t hat Õ 
with the value of A/Ac' Considering Lhe value of y 
A/ A = 1, we have regressed the fo ll owing formula: Q 

c 

1+0 . 378 ~ A/Ac -1 

is closely relat c d 
should be 1 when 

(2 ) 

with interrelation coe ffi c i e nt 
calculated from formula (2) . 

R = 0.95 . Th e values of in Tabl e 2 a re 

Formula (2) cons ist s of two terms . That means the local bearing strength of 
brick masonry co ntains two parts, one of them is the bea ring strength of area 
A itself, and the other i s the contribution of lateral pressure from 

c 
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nonpressed area (A-A ) . 
c 

Th i s formu l a has a clear physi ca l concept . 
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3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
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the size 
of 

specimen 
(cm) 

37x100x100 
37x100x100 
37xl00x100 
37x87x100 
37x87x100 
37x87x100 
37x74x100 
37x74x100 
37x74x100 
37x62x100 
37x62xl00 
37x62x100 
37x49x100 
37x74x82 
24x74x84 

j 37 t 
Fig . 6 . Loca l bearing in the middle of wa ll 

3656 
3620 
3636 
3182 
3215 
3497 
2733 
2707 
2725 
2228 
2245 
2244 
1779 
2688 
1756 

A/A 
c 

7 . 31 
7 . 24 
7 . 27 
6 . 36 
6 . 43 
6 . 39 
5 . 47 
5 . 41 
5 . 45 
4 . 46 
4 . 49 

4 . 49 I 
3 . 56 I 

3 . 69 I 
3 . 66 I 

I 

22 . 0 
18 . 2 
18 . 8 
21.6 
21. 8 
20 . 0 
18 . 6 
18 . 6 
18 . 2 
23 . 7 
21.2 
21.2 
18 . 0 
26 . 6 
27 . 6 

test ­
ed 

2 . 04 
1.83 
2 . 12 
1. 86 
1. 83 
2 . 00 
1.68 
1.72 
1. 76 
1. 68 
1.64 
1.77

1 

1. 63 
i 1. 62 

1

1 . 76 I 
: 

." 
):2. 

calcu­
lat ed 

1. 95 
1. 95 
1. 95 
1.88 
1.88 
1.88 
1. 80 
1. 79 
1. 80 
1. 70 
1. 71 
1. 71 
1. 61 
1. 62 
1. 62 

1.05 
0 . 94 
1. 09 
0 . 99 
0 . 97 
1. 06 
0 . 93 
0 . 96 
0 . 98 
0 . 99 
0 . 96 
1. 04 
1. 01 
1. 00 
1. 09 

TABLE 2 . Bearing tests in the middle of wall 

/ (\, , 
t 

Cf.) 

20 . 83 
14 . 33 
17 . 33 
16. 66 
16 . 00 
16 . 00 
13 . 33 
11. 33 
1 2 . 67 
15 . 33 
12 . 00 
12 . 00 
10 . 66 

1. 89 
1. 57 
1. 84 
1. 54 
1. 47 
1. 60 
1. 43 
1. 22 
1.39 
1. 29 
1. 13 
1.1 3 
1.18 

The curves ( 1) and (2) in Fig . 7 are based on formulas (1) and (2) respectively . 
We have calculated value ~ through gro up 07 to 20 according to the current 
co de , and a l ways got ( = 1.67 due to A /A = 2.8 in every group . The 
statement above is reflected in Fig . 7 . Wgen c A/A < 2.8, we use formula (1) 
to calculate the value of a. Whe n A/A ';> 2 . 8 , c we u se a = 1.67 as a 
horizontal line. Evidently, the resul t iscconse r vative when A/A is large 
and unconservative when A/A i s small . c 

c 

Using the formula Nf = OfAcR, where N
f 

is the cracking load, we have 
ca lcul ated the cracking strength coefficient ~ f for group 07 - 20 tested under 
uniform l oca l load in the middle (Table 2) . It is fo und that the Y f is a 
c urve with slight curvature (Fig . 8) . 

The ultimate strengt h c urve (2) intersects with c urve ( f at the point 
A/A = 9 ( Fig . 8) . The fail ur e is caused by specimen cracking when 
A/A

c
<"' 9 It belongs to the failur e model 1. Whe n A/A > 9, a sudden 

c c 
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splitting failure may happen. This kind of situation is unsatisfactory. The 
value ~ equals 2.1 at the intersecting point, 50 we choose 2.0 as the up-limit 

value of Ó 

r 

Fig. 7. 

fi 

The iJ curve of 
middle bearing 

2.0 

15 

10 

/ 

Fig. 8. 

5 

~ - te5tecl 
0 - !Jy ca[CJ./­

Lator 

r 

The d curve and lJ f 
curve of middl e bearing 

We have tested 8 groups of local bearing specimens under uniform load at the end 
of wall. In order to prevent the specimen from non-local bearing failure 
(Fig. 9), a steel beam is put on the other end of the wall (Fig. 10). In this 
way a tested specimen canbe used again, and almost the same bearing strength 
can be achieved. 

We have tested 3 groups of tests under uniform load at the corner of angle wall. 
The same method is adopted to prevent non-local bearing failure (Fig. 12). 

t 

Fig. 9. Non-local 
bearing 
failure 

Fig. 10. The specimen 
with ancho r 

Fig. 11. 

The test results are listed in Table 3. 

The bearing 
position of 
group 73.74 
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Fig.12. Local bearing 
at the corner 
of wall 



It can be seen that taking t he rat i o AIA as the onl y parame t er of l oca l 
c 

bea ring is unsuitab l e . Test results of group s 70 and 71 give us evi dence t hat 
a hi gher value of ~ can a l so be obtained when the opposite end of t he wa ll 
ha s be en broken . So, t he effective area A is not the whole s pecimen. I t 

o 
is required to ca lculate the effective area A 

o 

the size 
A A g roup of A 2 c: o Ao/Ac R 2 r specime n (cm ) (cm 2) (cm2) (kg/cm ) 

41A- C 24x74x82 17 69 884 1464 1. 65 25 . 3 1.05 
"O 54A-{; 37x74x82 2762 737 2109 2 . 85 31. 0 1. 50 c 
(lJ 61A,B, E 24x74x82 17 81 573 11 43 2 . 00 41. 2 1. 41 
(lJ 

62A~F 24x74x82 1763 714 1280 1. 79 41. 2 1.34 .c 
w 70A ,E, F 24x74x82 17 51 473 1056 2 . 20 42 . 8 1. 22 
w 71A,D , F 24x74x82 1763 475 1056 2 . 20 42 . 8 1. 25 co 

73A-C 37x74x82 2742 441 2128 4 . 80 43 . 5 1. 47 
74A·--C 37x74x82 2739 225 1924 8 . 60 43 . 5 1. 84 

(lJ ~ 80A-C 24x74x82 2942 400 1536 3 . 84 47. 3 1. 29 
.c c 89B,C 24x74x82 2946 560 16 78 3 . 00 35.8 1. 45 w ).., 
w o 90A-C 24x74x82 2933 225 12 78 5 . 68 35 . 8 1. 82 co (j 

TABLE 3 . Bea ring tests at the end and at t he corner of wall 

Th e three kinds of specimen above often occur in the case of a wa ll supp orting 
a beam at its end . We calculate A like this : t he edge of A on a wa ll i s 
the line distance d (wall th i ckness) f r om each si de of the beam ( Fig . 13 ) . 
In t his way, the law of r in the three kinds of s i tuation is a lmost t he 
same . That means it is ~ ossib l e to simp li fy a complex prob l em when we cal cul ate 
the value of ~ using the method above, which con s ide r s t he i n f l uenc e o f 
r e l at ive areas A and A. 

c 

Using A IA 
o c 

as a parameter of test data we have go t a regress i ve e xpression. 

1+0 . 364 l~ IA -1 l o c 

Curve (3) in Fig . 14 is bas e d on expression (3) wi th an interre l ation 
coe ffici ent R = 0 . 88. 

Fig . 13 . The ca l cu l ation of 
t he area of bear ing 
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Fig. 14. 

5 7 

Suggested curve 

3. THE STRENGTH OF BRICK MASONRY UNDER CENTRAL UNIFORM LOCAL LOADING 

Through the tests of central uniform local bearing of bri ck masonry, we can a lso 
get the ultimate strength curve ( Ocurve) and cracking strength curve 
(Of curve), see Fig. 15. 

Based on the test results, we have regressed the express ion of ( 

= 1+0.708 J A/Ac -1 (4) 

with the interrelation coefficient R =0.74. 

The (' curve intersects with the curve Ó at the point when A/A 
is the timit of splitting failure under central local load ing, at thIs 
point corresponding ~ = 3.1. 

the size A A A/A R 2 Q. 0- o;~J-group of (cm2 ) 
c c 

(cm2) (kg/cm ) test- calcu 
specimen ed lrlred 

67A-c 49x49x83 2414 225 10.7 50.6 3.16 3.20 0.99 
68A-'C 49x49x83 2412 900 2.68 50.6 1. 81 1. 92 0.94 
83A-C 37x37x83 1331 225 5.89 27.6 2.36 2.56 0.92 
84A-C 37x37x83 1343 441 3.05 27.6 2.03 2.01 1.01 

2a-C 37x37x97 1332 324 4.15 30.5 2.48 2.25 1.10 
3a--C 37x37x97 1315 159 8.25 31.7 3.33 2.91 1.14 
4a-G 37x37x97 1332 64 20.9 31.7 7.39 4.16 1. 78 
6a-C 3 7x3 7x72 1332 324 4.15 43.9 1. 78 2.25 0.79 
7a,b 3 7x3 7x72 1332 159 8.39 43.9 2.12 2.93 0.72 
9a,b 49x49x150 2445 600 4.07 30.2 2.22 2.24 0.99 

10a,b 49x49x150 2455 306 8.02 29.7 3.70 2.88 1. 28 

TABLE 4. The tests of central bearing of brick masonry 
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Based o n the test results by the author and other researchers, in the case of 
centra l bearing, we may ta ke the maximum supporting area as A which has the 
same cent re as A In this way, we may substitute A in ~ormula (4) with 

c 
A 

o 

4 . 

Fig. 15. The r curve and ri 
curve of central bearing 

SUMMARY 

20 

/ 

"' -- f 
~-Jj 

~ 
~ 5 , 9 

4.1 Failure due to deve lopment of 
brick masonry under loc a l l oa ding . 
i s l arge ( larger than 10 in centra l 

vertical cracks is a basic failure model of 
Splitting failure may happen when A/A 

c 
bear ing or 9 in middle bearing). 

A lo ca l failure in loading area may occ ur when the strength of brick is very low. 

4. 2 The reason for the higher bearing strength of brick masonry is that the 
masonry area just under the loading plate is in a state of two or three 
dime n siona l comp ression. The reason for local bearing failure of masonry is the 
formation and deve lopment of vertical cracks, which happens when the tension 
stress of masonry is higher than the ultimate tension strength of the masonry. 
The l ate ral compression a nd tension stress are produced in the masonry due to 
diffusion of load. 

4.3 The foll owing formula is suggested for design of masonry under uniform 
local lo a ding . 

KN C ~ (Ac R 

where '( = 1 + ':fJAo/A~ -1 

i = 0.708 for cen tral local bearing, j = 0.364 for a length of wall under load 
in the middle, at e nd and at the corner of the wall. The upper limit of r 
is 3.0 a nd 2.0 for the forme r and latter respectively. 
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