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Abst ract 

As part of the experimental programme at the Britísh Ceramic Research 
Associatian 00 the re s istance of masonry walls to lateral loading a number 
of cavity walls have been tested. These have had ane leaf of brick and 
the other of either a different brick ar cancrete block; various type s 
and distribution of ties were incorporated. Predicted strengths, using 
yie ld line theory and strengths obtained from design in accordance with 
Bri tish Standard Code of Practice BS 5628 : Part 1 are compared with 
experimental strengths and the results are discussed. 

An extensive programme 
to lateral loading has been 
in a number of papers 1 2 3. 

pa pers 2 was used in drafting 
the British Code of Practice 

1. INTRODUCTION 

of testing of masanry panel walls subjected 
carried aut at B.C.R.A. and has been reported 

The de s ign guidance contained in one of these 
the lateral load section af B~ 5628 Part l~, 
for Structural Hasonry. 

In the U.K., the most common form of construction using rnasonry which 
i5 laterally loaded is the cavity wall, often consisting of leaves of 
diss imilar masonr1 materiaIs connected together by wall ties of different 
types. The pape r referred to above reported 19 fuI 1 scale tests on 
laterally loaded cavity walls and a subsequent paper 3 reported 20 further 
tes ts. Whilst it was shown in these papers that the experimental failure 
pressure on the cavity walls was, in the majority of cases, at least 
equa1 to the s~m of the strengths obtained from tests on single leaf walls 
co rresponding to the individual leaves of the cavity walls, these have 
neve r been examined in relation to the design guidance given in BS 5628. 

Further lateral loading tests at B.C.R.A. have included 19 other 
wa lls having leaves of different materiaIs. In this paper comparisons 
are made between the predicted strengths of alI the above mentioned walls 
wi th different leaves and their acrual strengths, and the results from 
the design method given in BS 5628 : Part 1 are compared to the experimental 
results. 

781 



2. EXPERIMENTAL 

The walls considered in this paper are listed and briefly described 
in Table 1. AlI walls were built within a steel trame and a uniforrnly 
distributed load was applied by means of an inflatable air bago The test 
procedure has been described in detail in a previous paper 1

• Two types 
of brick and three types of concrete block have been used for the leaves 
of the cavity walls listed in Table 1, together with tWQ types of wall 
tie. The width of cavity and spacing of wall ties has also been varied 
in some of the wall tests. 

3. PREDICTED WALL STRENGTHS 

Nine of the walls listed in Table 1 were analysed in a previous 
paper 2

, using a yield line approach to calculate predicted failure 
pressures for the individual leaves. These predicted pressures were then 
summed for comparison with the actual failure pressures of the cavity 
walls. No reference was ma de to the effect of the wall tie strength ar 
behaviour under load upon the strength of the cavity walls. The flexural 
strengths and vertical edge restraints used to calculate these predicted 
strengths were obtained from small specimen wallette tests using similar 
masonry units and mortar to the fu11 scale tests. The wallette tests are 
described elsewhere 1

• 

Calculated prcdictcd strengths for the walls listed in Table 1 are 
given in Table 2. It should be noted that a 5mall allowance has been 
made in the calculation for a partia1 fixing moment at the bottom of 
each wall leaf to allow for a self-weight stability moment. As before, 
the individual leaf predicted failure loads have been added together to 
give the wall predicted pressure for comparison with the actual test wall 
failure pressure. The predicted wall strengths have been plotted against 
experimental failure pressures io Figure 1. The summation of the actual 
individual leaf test failure pressures have beeo included in Table 2 for 
comparison with predicted values. 

A summary of the experimental ultimate compressive strengths of 
wall ties available from different sources has been published by the 
Building Research Establishment s . Using mean values from this source for 
the vertical twist and butterfly ties used in the tests the influence of 
tie strengths can be obtained by consideration of the load to be transferred 
to the leaf not directly loaded by the air bag. Thus, assumíng that the 
loaded leaf carries its maximum load as a single leaf wall, the ultimate 
strength of the wall may be estimated a c the sum of the strength of the 
loaded leaf, and the load which can be transmitted by the wall ties to 
the unloaded leaf ar the 5trength of that unloaded leaf, whichever is 
the lesser. This is not 5trictly true since it would be necessary for 
the loaded leaf and the wall ties ar unloaded leaf to attain their 
individual ultimate loads simultaneously, unless composite action is 
allowed for. However, it is a useful assumption to make at this stage. 
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The minimum ultimate compressive strength of bu t ter f l y ties in a 
SOmm cavity, quoted by the BRE s is 533 N, giving a force/m2 that can be 
transmitted by these ties when used at the centres given in BS 5628 for 
a 50mm cavity of 1.33 kN. The equivalent value for vertical twi st ties 
based on a BRE minimum ultimate compressive strength of 7560 N i s 18.9 kN. 
Obviously, by inspectíon of the wall strengths in Table 2, a cornpressive 
tie failure is possible only when butterfly ties are being used. 
Assuming the loaded leaf reaches its ultimate load, the walls with 
butterf l y ties in Table 2 whosp strength would be governed by tie s trength 
have been marked by an asterísk, and the sum of the predicted fail ure 
p ressures given as that for the loaded leaf plus 1.33 kN. 

4. BS 5628 PT.l DESIGN METHOD 

BS 5628 states that the desígn moment of resistance of a cavity wall 
should be taken as the sum of the design moments of resistance of the 
t wo leaves, with the proviso that, where butterfly ar double t r iangle 
wall ties are used , the ties must be capable of transmitting the nece s sa ry 
compressive force. The Code of Practice goes on to s ay that when t he two 
leaves of a cavity wall have different orthogonal rat í os, the de s ígn 
moment may be calculated assuming that the applied horizonta l force is 
shared between the twa leaves in proportion to their design momen ts of 
r esistance. However, it is unnecessary to adopt this alternative 
approach, since, even when the two 1eaves have different orthogonal 
r atios, the sum of the individual leaf strengths is easily obtained. 

BS 5628 gives characteristic strengths in compression for vertical 
twist and butterfly wall ties and using these together with the 
characteristic flexural strengths, from Code Table 3, appropriate to 
t he masonry unit and mortar designation being considered, design loads 
f or cavity walls can be calculated. In Code Table 9 bending moment 
coefficients are given for wall panels with various edge support 
conditions - 3 or 4 sided, simple (pinned) or continuous (fixed) supports; 
partial safety factors are given for use in the calculations of design 
loads. For the purposes of this paper partial safety factors have been 
omitted from the loads ca1cu1ated to BS 5628 so that a calculated 
failure load can be compared to the experimental one. Two different 
loads have been ca1culated fo r each cavity wall, the first assuming 
s imp1y supported edges and the second fixed support to the vertical edges. 
As the test walls had some rotational restraint to their vertical edges 
t he true case wi11 be somewhere between the two calculated. However, 
t he designer using the bendíng moment coefficíents in BS 5628 has only 
t he ext reme options, so these ca1culated loads are given in Table 3 
t ogether with a note as to whether the wall tie strength governs or 
othe r wise. Since direct guidance is given in BS 5628, the simplified 
assumption proposed in Section 3 has been used again here, this time 
with the characteristic tie st r engths in the codes, giving forces/m 2 of 
1 .25 kN and 10.0 kN for butterfly and vertical twist ties respectívely 
a t the code spacing for 70mm cavíties. Where tie strength controls the 
result in the 'sum' columns has been modified accordingly. The simple 
and fixed loads have been plotted agaínst the actual faí1ure loads in 
Figures 2 and 3 respectively. The 450 line shown on each Figure 
r epresents exact correspondance between t hern . Results above the 1ine 
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indicate that at least the minimum global factor of safety given in 
BS 5628 (Y m x Y f) wi 11 be achieved. 

5. DISCUSSION 

The aim of design is to ensure that laterally loaded cavity walls 
have an adequate factor of safety against ultimate failure. The method 
of analysis used must, before it can be used with confi'dence , be shown t o 
be va1id by experimentation. Whilst the use of yie1d line theory for 
mas onry wa11 design has been questioned on theoretica1 grounds, it has 
been shown empirically2 to predict adequately the ultimate strength of 
sing1e 1eaf walls over a wide range of conditions . It has also been shown 3 

that the experimental lateral strength of cavity wa1ls is usual1y greater 
than the sum of the experimental strengths of the individual leaves for 
a variety of combinations of masonry materiaIs panel size and wall tie 
type. Table 2 and Figure 1 show that yíeld line prediction based on the 
sum of the predicted strengths of the individual leaves, allowing, where 
appropriate for the strength of the wall ties. give, in generaIs 
conserva tive estimates of experimental cavi ty wall strengths. With one 
exception, alI the results for walls having vertical twist type wall ties 
falI on ar above the exact prediction line, and for w~ll~ with ISOmm 
cavities well above the line. This implies some composite action between 
the leaves and that the BS 5628 requiremen t for doubling the number of 
ties in walls with l 50mm cavities may be unnecessary. In the walls having 
butterfly ties the results are closer to the exact prediction line with 
four results falling below it, there being a minimum ratio of actual 
failure pressure to predicted of 0.82 . The tie strength. governs the 
predicted wall strength in eleven of the sixteen wal1s having butterfly 
ties (Table 2) whereas collapse of the wa11 ties was actually noted in 
five of these walls at failure, Figure 4. Thus the tie strength used in 
this paper may not have been as great as the actual strength of the ties 
in the test walls. 

In BS 5628 the bending moment coefficients are for simple support or 
fuI 1 continuity at the edge supports. In the test panels the restraint 
afforded by the test frame to the vertical edges was intermediate between 
the two cases, being estimated as ranging from 0.4 to 0.7 of fu11 fixity 
for various walls. A designer faced with these walls would assume that 
the supported edges had only simple restraint. The strengths of the test 
walls calculated on this basis are given in Table 3 and Figure 2. It can 
be seen from Figure 2 that alI the resu1ts falI well above the line 
representing the minimum factor of safety line (45 0 ), as would be expected 
beca use of the partial edge restraint in the tests. If the bending 
moment coeffícients for full continuity over the vertical supports were t o 
be used, the results wou1d be as shown in the final column of Table 3 and 
in Figure 3. Again where necessary the wall tie strength has been allowed 
for in the results. It can be seen from Figure 3 that most results sti1l 
falI above the 4S o line and that a11 would have a substantia1 factor of 
safety. 



6. CONC LUSlON S 

1. When the predicted lateral strengths af the single leave s af a cavlty 
wall, obtained using yield line analysis, flexural strengths from 
wallette tests and allowing for partial edge restraint, are added 
together J a safe prediction af the lateral strength af the cavity wall. 
for the range af walls considered, is obtained. 

2. The cavity walls having vertical twist ties generalty exhibited 
greater strengths than the simple addition af the strength af the 
tWQ leaves; this sugges ts some camposite aetioo whi ch might permit 
the design strength af such walls to be enhanced. 

3. The increa se in the number of wall ties for 75-1SOmm cavity walls 
required by BS 5628 may be unnecessary. The experimental res ul ts 
for 150mm cavlty walls suggest that there may be an enhancement due 
to composite action over similar walls with narrower cavities. 

4. Design of laterally loaded cavity walls in a cco rda nce with BS 5628: 
Part 1 ensureS an adequate fa c t o r of safety against ultimate failure 
for the range of walls considered, When the wall strength is based 
00 the sum of the individual leaf steengths or of one leaf and wall 
tie strengths when appropriate. However the fact that even some of 
these walls with leaves of the same thi ckness suffered failure due 
to tie col lapse indicates that stiffer ties than butterfly ties are 
requíred f or safe designs 00 walls with leaves of widely different 
stiffness. 
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TABU 1 

Storey Heliht (2.6~) Caviey V.l1, vith te.v •• of Diffartnt Unlt, 

teng th l -----
Loaded teaf Unloaded te.! Wall vaU Ti, 

No .. Mortar Mortar ryp. C~:lt. 
Unie 

Design.a': ion 
Unit Dutan.cioo 

-
1053 5.50 A (U i) l00AAC (Ui) Vertical 

1087 ;.50 l00AAC " A " twiat 

1057 ;.50 A " B " • V.H cl •• at 

1022 ;.50 A " B " " 215 x 4~ 

1242 3.66 A " B " " 
1049' ; .;0 B " l00AAC " " 
1241 4.;7 B " l00AAC " " 
1240 3.66 B " 100 AAC " " 
1084 5.50 100 AAC · " B " " 
1058 ; .50 B " LWA " " 
10~81 5.50 B • DA " " 
1093 ;.50 DA B • " 
1118

1 

;.50 A B 8utterfly 
1130 4.;7 A B " 
1122 3.66 A B " 
1112 5.50 B 100 AAC " 
1113 4.57 B I 100 Me " 
1115 3.66 B 100 AAC " 
1146 2.72 B 100 Me .. 
1199

1 

5.50 B 100 AAC Vertical 
150mm Cavit1 Twist 1210 4.57 B l00AAC .. 

1221 3.66 B 100 AAC • .. • 
1247 ;.;0 A B .. .. .. 
1243 4.57 A B .. .. .. 
12)) 3.66 A • B .. .. .. 
1270

1 
;.50 B .. l00AAC .. .. .. 

1300 5.50 B .. lOOAAe .. .. .. 
1289 : 5.50 A .. l00AAC .. .. .. 
1308 ;.50 A .. 100 AAC .. .. .. . 
1287 i ;.50 B " l00AAC .. Butte dl)' 
1299

1 
3.60 B .. 

100 AAc l 
.. .. 

1279
1 2.40 B .. 100 AAC .. " 

1357 5 .50 B .. 200AAC .. .. 
1358 4.57 B " 200AAC .. " 
1359 3.66 B .. 200 AAC .. .. 
1360 2.70 B .. 200AAC .. .. 
1406 5.50 B " 100 AAC .. .. 
1407 5.50 B .. l00AAC " .. 
~: 

1. Ali valis, ex~e?t w~ere noted othe~ise. have 70mm appro~iSôte cavlty 
width with 2.S valt ties/m2 

2. Ali vali •• exçe?t wher~ noted otherwise. have the •• ~ edge aupport 
condit Lon. for both le&'1es, i.e. fue at cop, partial rutraint Co 
vertical edge.s and limple support at the bottam (d.p.c.) 

t 

t 

+ 
+ 
+ 

a 
6 

3. K.y 
A - vire cue facing <:14y brick I - .e~i-drl prel.ed frogged elc, brick 
AAC - autoclave~ aerated DA - de~je a&greia t e COQcrete block 

concrete block t - 4.50 a: 450 "a11 de Ipactoa 
LWA - li,htweight aggregate A - unIo.ded teaf lupported 00 ali 

concrete btock four ed,ea 
+ _ valI lu~ported top and botta. 0- loaded lear lupported by valI 

an<S one vertical edge dei 0011 
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TABLE 2 

Cavity Walls - Predícted Failure Pressures 

Actual . Sum of Leaf Actual Failure 
Sum of 

Predicted 
Wall Failure Ac tual Failure Pressure teaf Fai lure 

No Pressure Pressures Sum of Single 
(kN/m2) (kN/m2) Leaf Pressures 

Pressures 
(kN/m2) 
- - - -

1053 3.9 3.2 1. 22 3.30 
1087 3.9 3.2 1.22 3.30 
1057 6.4 4.4 1. 45 4.06 
1022 4.0 4.4 0.91 4.06 
1242 6.9 6.9 1.00 7.70 
1049 3.4 2 .8 1. 21 2.36 
1241 5.1 3.4 1. 50 3.20 
1240 5.6 4.7 1.56 4.66 
1084 3.2 2.8 1. 14 2.36 
1058 3.7 3.3 1. 12 2.84 
1068 4.9 4.1 1.20 2.85 
1093 5.4 4.1 1. 32 2.B5 
1118 5.0 4.4 1. 14 4.06 
1130 4.B 5.1 0.94 4.73* 
1122 5.8 6.9 0.84 6.04* 
1112 3.2 2.8 1.14 2.56 
1113 3.5 3. 4 1.03 3.20 
1115 3.8 4.7 0.81 4.32* 
1146 5.2 5.3 0.98 6.34* 
1199 3.8 3.0 1. 27 2.56 
1210 6.4 3.4 1. 91 3.20 
1221 6.6 4.7 1.40 4.66 
1247 5.4 4.6 1. 17 4.06 
1243 6.7 5.1 1. 31 5.39 
1233 9.3 6 . 9 1. 35 7.70 
1270 3.9 3.0 1. 30 2.56 
1300 3.8 3. 0 1.27 2.56 
1289 4.6 3.2 1. 44 3.50 
1308 3.9 3.2 1. 22 3.50 
1287 2.4 2.2 1.09 2.57 
1299 3.4 3.4 1.00 3.17* 
1279 8.0 5.3 1. 51 4.13* 
1357 3 . 8 5.4 0.70 2.89* 
1358 5.2 5.7 0.91 3.32' 
1359 6.0 7.0 0.86 4.32* 
1360 6.6 9.4 0.70 6.34' 
1406 2.0 - - -
1407 3.7 3.5 1.06 2.89* 

* Compressive strength of wall ti e governs 
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Ac tual F 
Pres 5 

ailure 
ure 

Sum 
Predi 
Press 

of 
c ted 
ures 

---
1.1 
1.1 
1.5 
0.9 
0.9 
1.4 
1.5 
1. 2 
1.3 
1.3 
1.7 
1.8 
1.2 
1.0 
0.9 
1.2 
1. 0 
0.8 
0.8 
1.4 
2.0 
1.4 

8 
8 
8 
9 
O 
4 
9 
O 
6 
O 
2 
9 
3 
1 
6 
5 
9 
8 
2 
8 
O 
2 
3 
4 
1 
2 
8 
1 
1 
3 
7 
4 
1 
7 
9 
4 

1.3 
1.2 
1.2 
1.5 
1.4 
1.3 
1.1 
0.9 
1.0 
1.9 
1.3 
1.5 
1. 3 
1.0 

-
1.2 8 

-



TABLE 3 

Calcula ted Ul timate Strength in Accordance with BS 5628 Part 1 

BS 5628 Calculated Strength BS 5628 Calculated Strength 
Actual Simple Edge Restraint FuIl Continuíty Along 

WaU Failure Vertical Edges 
No Pre 55 ure Loaded Unloaded Loacled Unloaded 

(kN /m2) 
Leaf Leaf 

Sum 
Leaf Leaf Sum 

(kN / m2) (kN/m2) (kN 1m2) (kN /m2) (kN/m2) (kN 1m2) 
--

1053 3.9 1. 39 0.47 1.86 2.23 0.75 2.98 
1087 3.9 0.47 1. 39 l.86 0 .75 2.23 2 .98 
1057 6.4 1. 39 0.83 2.22 2.23 l. 37 3.60 
1022 4.0 1. 39 0.83 2.22 2.23 1.37 3.60 
1242 6 .9 2.59 l.50 4.09 2.59 1.50 6.99 
1049 3.4 0.83 0.47 1.30 l. 37 0.75 2.12 
1241 5 .1 l.08 0.60 1.68 l. 82 0.98 2.80 
1240 5.6 l.50 0.81 2.31 2.62 l. 37 3.99 
1084 3.2 0.47 0.83 1.30 0.75 l. 37 2.12 
1058 3.7 0.83 0.47 l. 30 l. 37 0.75 2.12 
1068 4.9 0.83 0.66 l. 49 l. 37 1.08 2.45 
1093 5.4 0 . 66 0.83 l. 49 l.08 l. 37 2.45 
lll8 5.0 l. 39 0.83 2 . 22 2.23 l. 37 3.60 
ll 30 4.8 l. 79 l.08 2.87 3.04 l.82 4.29* 
ll2 2 5.8 2.59 l. 50 3.84* 4.37 2.62 5.62* 
ll12 3. 2 0.83 0.47 l. 30 l. 37 0.75 2.12 
U13 3.5 1.08 0.60 1.68 l. 82 0.98 2.80 
ll15 3.8 l. 50 0.81 2.31 2.62 l. 37 3.87 
ll46 5.2 2.41 l. 27 3.66* 4.36 2.23 5 .61* 
ll99 3.8 0 . 83 0.47 1.30 l. 37 0.75 2.12 
1210 6.4 l.08 0.60 l.68 l.82 0.98 2.80 
1221 6.6 1. 50 0.81 2.31 2.62 l. 37 3.99 
1247 5 . 4 1. 39 0.83 2.22 2.23 1. 37 3.60 
1243 6.7 1. 79 l.08 2.87 3.04 1.82 4.86 
1233 9.3 2.59 1.50 4.09 4.37 2.62 6.99 
1270 3.9 0.83 0.47 l. 30 l. 37 0.75 2.12 
1300 3.8 0.83 0.47 l. 30 l. 37 0.75 2.12 
1289 4.6 1. 39 0.47 l. 86 2.23 0.75 2.98 
1308 3.9 l. 39 0.47 l. 86 2.23 0.75 , 2.98 
1287 2.4 l. 05 0.73 l. 78 l. 24 0 . 87 2.ll 
1299 3.4 l. 31 0.77 2.18 l. 70 l.08 2.78 
1279 8.0 l. 74 l. 14 2.88 2.46 l. 51 3.71* 

I 1357 3.8 0.83 l.89 2.08* l. 37 2.98 2.62* 
1358 5.2 l.08 2 . 40 2.33* l.82 3.90 3.07* 
1359 6.0 l.50 3.07 2.75* 2.62 5.48 3. 87* 
1360 6.6 2.41 5.07 3.66* 4.36 8.91 5.61* 
1406 2.0 O.83t 0.47 l. 30 l. 37t 0.75 2.12 
1407 3.7 0.83 l.03 l.86 l. 37 1. 35 2.62* 

-
* Compressive strength of wall tie goveros wall strength 

t Assumes loaded leaf supported at bottom and both vertical edges 
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