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StructL\fdl resGareh carricd out in rccent years on thc prop€rtlcs of dlarhragm 

V/nUs t:ôs included th e e Hcct of comprcsslve l oadinq 011 w(;\lls constructed af 

t.alf-scdle briCKS. The bri,ck unit strcngt h us ed 111 this car.1:y work \Vas hlgher 

thdl1 recognised by the d e~ jgi1 COd. (~!'; , makinQ (~>.1.rupolatiun I1ccessary f or 

calculat l. on . Results lndicated thilt Íü ~ practical purposes, t he eIfcctive 

thjckne~s rr.ay be tak en as the overal.l thicKi1e:=s. 

This pape r reports a sedes oi t este lJslng d more reali::itic L:nlt strcngth. 

'fwo diaphragm walls w 0r e cor:struçted, 3.04 m hi9h, L:. 8 m wide with ar. 

~)Verall wall thickness of 222 mm. Five cross r105 were lncorpora ted (i:lcluding 

one ct each end) with th e ir alturnatc headers bemded lnto the tw o leaves oI the 

wall. Ribs at eac h end were separilted by 726 rnrn and those a t the centre by 

6'14 mm. Transducers positioneu on both lell'!es 1~leasl!red compresslvc anJ 

lateral deflections, wh ile load was increasAd to ultimate faiiure. 

In the first test l load was dxielly appiied to both 1eaves. 7he second te5t 

was carried out with an eccentric l oad Df t/3. Rf>zults obtained are discu3sed in 

relation to the calculated loads uSing the Code of Practice CP III and the lIrnit 

state design code BS 5628. 

I. Introductlon 

Dlaphragm wa ll s are essentially wide cavity walls connected at reguhH 

lntervals across the cavity by brick crD~S ribs. The cav1ty w1dth and rib 

spaclng 1s chosen t o sult the relevant structural application where ta11 s1ng1e ­

storey buildings are rCCJuüed. 

The calculátioTl rne thods currently uscd in dr!slgn üre based on reasonable 

eng lneeriilg assumptlons. A!though s tructurns d~slgnr.od in dGcordance w1th 5uch 

methods havc performcd 5uccessfully , diõ.phri.HJITI IN.JJls r.imnot 08 dcsigned strictl)' 

in accordancc w1th the currcnt structuTill Co:1e~ of ProctiC0., CP) 11 (l)dnd thc linnt 

statc BS 56213(2) s1ncc th cre 15 no dir(:ct gutdn llC0 o,; th(-! effeci.1ve thid:ncsc, 
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and hence s1enderness ratio, Df the diaphragm waJl. Emp1rical estimation 1s 

therefore necessary I cl1though radius of gyration has been suggestP-d by Sawko 

and Curtin (3) as a basls for effectlve thlckness calculallon. 

W1thin the last few years I conslderable research has been carried out on 

the performance of diaphragm walls, the results of wh1ch have been summar1sed 

In papers Ly Curtln (4) and Curtln and Sawko (5) and In publlshed dlscusslon of 

these papers by the Inslltutlon of StructuTal Englneers. (6) 

'fhe results of in1tia1 tests to measure the failure 10ad of diaphragm walls 
. (7) 

bullt of half-scale brlcks were reported by Flsher and Haseltlne In a paper 

presented to the F1fth International Br1ck Masonry Conference, the results of 
• . (6) 
which are summarised 1n the above mentioned discussion paper . S1nce 

the brlck strength used In this Inlllal work was hlgher than recognlsed by the 

deslgn Cudes, 1t was necessary to extrapolate for calcu1aUon purposes. 

Thls paper reports the results of two further tests, uslng unlts of lower 

strength, one wall belng axlally loaded, and one havlng an eccentrlcally 

applled load. 

2. MateriaIs 

2.1 Brlcks 

Half-scale solld wlrecut brlcks were used. Nominal dlmenslons were: 

length 108 mm wldth 54 mm,thlckness 36 mm. Unlt compresslve strength 
• (8) . 

determ!ned In accordance wlth BS 3921 Is glven In Table 1. 

2.2 Mortar 

Ordlnary Portland cement and hydrated lime was used throughout the work. 

Deslgnatlon (li!) mortar was used, batched 1:1:6 by volume. 

3. Wall Constructlon 

Figure I Illustrate s wall dlmenslons, posltlon of cross-rlbs and bondlng 

details. Walls were constructed and tested on spreader beams, cons1sUng 

of rolled steel channel Infllled wlth concrete. Brlckwork was bullt 24 courses 

per metre, uslng a half-scale (5 mm) mortar jolnl. 

3 . I Wall No. 1 

48 hours after completlon of brlckwork, the cavltles at the top of the wall 

were sealed wlth rlgld expanded polyslyrene sheet, 5 O mm thlck, cut to slzc 

and wedged Into posltlon wlth the top·surfaces projectlng 25 mm above the 

flnlshed brlckwork. The whole of lhe top brlckwork surface was th"n levelled 

wlth a 1:2 cemenl :sand screed 25 mm thlck. 
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7S mm mortar cubes w~re made durlng wall construcUon, together wlth br1ck 

cubes, nomlnally 110 x 110 mm cross-sectlon and 120 mm hlgh. Compresslve 

strength results Df these cubes are glven in Table 1. 

3 . 2 Wóll No. 2 

On completlon of bulldlng, a 6 mm thlck steel plate, 2800 mm long and 

148 mm wlde, was bedded onto the top of the wall wlth one edge f1ush wlth 

the face of the front leal. 

Mortar and brick cubes were made as described in 3.1. 

4. Experimental procedure 

Compressive shortening and lateral deflecUons were measured at eight 

and eihteen positions respecUvely. Compressive shortening was measured 

over a gauge length of 2 m uslng steel rods and electrical transducers. The 

rods four on each face of the wall) were supported by metal angle brackets 

screwed to the wall. Measurement Df lateral deflecUon was eftected using 

electrlcal transducers (nine on each face)" fixed to a tubular alloy support 

frame. The output from ali transducers was fed Into a data logger . Figure 

2 shows the relative posltions of the measurlng polnts across the wall face. 
2 

Walls were loaded to fallure at a constant rate of 0.7 N/mm /min. 

Transducer readlngs were recorded at regular increments of load. 

5. Experimental Results and Observatlons 

5.1 Results 

Table I summarlses the compresslve strength of the walls together wlth 

the brlck, brlck cube and mortar results. 

TABLE 1. 

Strength of walls, brlcks, morta r and brick cubes. 

Test Compresslv2 strength Ratlo of wall 
Wall . (N/mm) strength to 
NO. Wall BrlCI< Morta r Brlck Brlcl< Bricl< l,;uoe Ratlo of brlck 

Cube Cube Strength Strength Cube strength to 
brick strength 

I 5.74 24. O 2.59 10. O 0.24 0.57 0.42 

2 7.79· 31. O 2.52 16.2 0.21 0.41 0.52 • 

• based on two thlrds wall thlckness (see table 2) 

Stress/straln curves and typlcal tateral deflectlon for wall I are glven In 

Figures 3 and 4. Figures 5 and 6 glve similar data for'Wall 2, wlth the 
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r 
exception that on Figure 5 compressive shortening is plutted aga105t load in vicw 

of the load bclng ecce ntrlc. 

5.2 ObserJatlans 

5.2.1 Test 1 

Cracklng af the wall was observed at the t op rlght hand s lde' of the ;vali at an 

applled load of 170 tonnes , followed by spalllng, and some c racklng at the left-hand 

base of the wall. These cracks extended further as load was lnc rea sed. Failure 

occurred at 195 tc nnes, when the upper three-quarters Df the Iroot IeaI collapsed I 

leaving the remalnde r Df the wall In position, w1th most of the cross ribs split 

at the face of that part of the wall remalnlng. 

5 . 2.2 Test 2 

Audlble cracklng was heard durlng appllcatlon of the flrst 20 tonne Increment ; 

a vertical crack was observed at the top right hand corner Df the wall, down the 

end rih, at a load Df 55 t cnnes. Local1sed crushing occurred In thls area at 

80 tonnes. Some horizontal cracklng was vlslble, wlth a furthe r extenslon of 

spalllng at an applled load af 110 tanne s. The vislble cracks wldened untll 

fallure at 120 t onnes, when the front leaf collapsed leavlng the rear leaf Intact, 

thls belng the leaf canylng only a small portlon of the applled load. 

6. Discussion 
(7) 

A prevlous paper explalned that both the Brltlsh Codes CP 111 and 

BS 5628 use a slenderness ratio approach to compresslve strength deslgn, but 

that there had been no guldance on the method of obtalnlng dlaphragm wall 

effective thickne~s. Three possible effective thlcknesses were given, based 

on an equlvalent second moment of area, the actual thickness of 52 times 

the radlus of gyratlon . 'For the present tests, the effectlve thlckne5s (tef) 

calculated In similar mannerwould be 212.5 mm, 222 mm and 284.9 mm. 

Table 2 compares the fallure stress In the wall wlth the stresses derlved 

from CPlll and BS 5628 when uslng the!r tabulated stresses, based on brlck 

strengths and mortar type ar the experimental methods. 

In BS 5628, the characterlstlc strengths can be obtalned from wall tests, 

and a minimum of two are recommendedi to reduce the actual stress to a 

characterlstlc figure, the mean Is dlvlded by 1.2, on the basls of a "standard" 

coefflclent of varlatlon. The factor 1.2 has bccn used In arrlvlng at the figures 
2 

4.78 and 6.49 N/mm In table 2, although each Is only a slngle test result. 

However when deslgn 15 based on wall tests, the value of 1I'm may be reduced to 
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0.9 of the us ual value. In order to obtaln a comparlson wlth fk from table 2 (a) 

of 6S5628, thls 0.9 factor has been appl1ed to 4.78 and 6.49 to glve the 

bracketed figures. In examlnlng table 2 (and subsequent1y table 3). It must 

be remembered that 011 Ílgures based on CPIll are permlsslble, and a global 

safety factor 15 already Included In them. 

Table 2. 

Comparlson of f.!lure stress w1th that obtained from 6S5628 and CPlll 

Code 
2 

Str~ss (N/mm ) Tost 1 Test 2 

In wa11 at fa!lure 5.74 7.79 

6S5628 Characteristlc compresslve strength fk 4.78 6.49 

(uslng Appendlx A2) ..j- (5.31)* (7.21)* 

f
k 

from table 2 (a) 6.49 7.75 

permlsslble from tef 212.5 mm 1. 05 1.6 
test using 222 mm 1. 05 1.59 
Clause 502 

CPIll 
284.9 mm 1. 09 1. 56 

permlsslble from tdble 3 (a) 1.45 1. 73 

+ unaffected by effectlve thlckne 5 5 
*equlvalent strength to table 2 (a) a110wlng for permltted reduced value of 

lf'm when fk based on wa11 tests . 

For test 2, as the load was appl1ed eccentrically, there 15 a variable stress 

dlstrlbutlon across the sectlon. In analyslng to CP 111 It would be normal to 
W + M 

use li: - Z to obtaln the peak fibre stress, and then to enhance the table 3(a) 

stress by 25%, as the stresses In table 2 derlved from Clause 502 do not compare 

dlrectly w1th those from table 3(a). However the effect of thls 15 50 artificial, 1t 

appeared Inapproprlate for use In thls paper. 

To calculate the compresslve strength of a wall, 6S 5628 utll1ses a rectangular 

stress block centred on the load. Slnce the Code does not deal w1th ce11ular 
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secUons, It 15 not known whcther thl s mcthad Is meant to be applled to such walls, 

but the stresses In table 2, and the wall strengths In table 3 below, have been 

derlved on the basls of a rectangular stress block. 

Test I, belng an axlally loaded wall bullt In a brlck havlng a strength well 

wlthln the Cade table, glves a good comparlson of the behavlour of a dlaphragm 

wall. It can be s~en that thc characterlstic strength, or even the actual strength, 

Is less than the Cade table provlsions, although by only a small margln. Slmllarly 

the CPllI permlssible figures obtalned from the test are l ower than the tabulated 

value relatea io brick strength and mortar type. However the safety factor demanded 

by Clause 502 of CPIII is very high (approximately 6). 

In t e5t 2, the characteristic and permissible figures are agaln 1ess than the 

relevant tabulated strengths of the Cade, but the margin Is less than observed 

in test I. The figures glven in table 2, consldered in conjunctlon with those 

reported earller (7), sugge~t that dlaphragm walls should not be loaded in 

compression to thelr maxlmum based on Cade tabulated strengths. Thls is 

espec lally true when In test 2, audible cracklng was apparent before the first 

load Increment of 20 tonnes was completed, thls load belng less than the 

permissible wall stress from table 3. 

In table 3, wall strengths have been calculated from the approprlate figures 

In table 2 and the relevant Cade provlslons. 

The various values of te! give different slenderness ratios, although as 

pOlnted out by Curtln (6), It Is unfortunate that the walls are ali stocky, 

whether tef Is taken as 212.5 or 248.9 mm. It Is thus not possible to derive 

a firm rule for the best methad of obtalnlng tef for deslgn use, but the earller 

concluslon that the overall thlckness Is the most senslble and convenlent 

st1l1 seems approprlate. 
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TARLE 3. 

COQlQurlson 01 wall strengths wlth colculated values Irom BS 562.8 anti CP 111. 

Code Wall strength (kN) Test I T~st 2 

Te SI Strength 1913 1177 

Characterlstle strength (uslng appendix A2) 1594 981 

(1771)* (1090)* 

1529 800 
BS 5628 Calculated using Appendlx tel = 212.5mm (1699)* (889)* 

1545 800 
A2, I

k 
Irem table 2 above 222 mm (1717)* - (889)* 

1593 800 
284.9mm (1770)* (B89)* 

Sale strength using elause t
ef 

~ 212.5mm 304 186 
CP111 502, permissible stress 222 mm 308 190 

Irom table 2 above 284.9mm 345 212 

Sale strength using Cede tei = 212.5mm 420 201 
table 3 (a) stress 222 mm 425 207 

284.9mm 459 235 

* uSing equivalent value Irem table 2. 

7. Conelusions 

Tests on two diaphragm walls bullt wlth brieks Iying well within the range 

eovered by both Britlsh masonry Cedes eonflrm the efleet noted in an earller 

paper (7) that the compressive strength 01 diaphragm walls may not be as great 

as would be ealeulated Irom eedified tabular values. The eeeentrieally loaded 

wall perlormed closest to the Cede predietlon. 

It appears that the slenderness ratio of a dlaphragm wall should be based on 

Its actual thiekness, but tests on more slender walls would be desirable to 

conflrm thls '-
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