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ABSTRACT: Masonry wallettes of the type prescribed in the UK Code of Practice 
for Structural Masonry have been used to study the effect of the 
mortar composition on the flexural strength of brickwork and 
blockwork. 

Three types of mortar have been compared: lime plasticised 
cement-sand mortar; aerated cement - sand mortar , and masonry 
cement-sand mortar. 

Additionally, three cement contents have been used equivalent to 
that in 1 :K: 3" 1:1:6 and 1 :2:9 cement :lime: sand mixes by volume. 

All measurements were made after 28 days storage in the laboratory. 
To give a reasonable range of suction states three bricks were used; 
a perforated wire cUt with an intermediate water absorption (WA) of 
76% and a low initial rate of absorption (IRA) of 0.53 kg/m 2 /min, a 
perforated wire cut with a WA of 8 . 9% and an IRA of 0 . 99 kg/m 2 /min 
and a semi -dry pressed brick with a high WA and IRA. Additionally 
the high absorption brick was laid in three states: as 
received/standard consistence mortar , dipped in water/standard 
consistence mortar and as received/mortar consistency adjusted . To 
complete the picture a range of three types of concrete block was 
also included. 

No mortar type stood out as either suitable for all uses or unusable 
and, taken overall , mortars complying with the Code prescriptions 
gave adequate flexural strength . Taken individual ly the lime 
mortars gave the best performance overal l but were subject to 
inexplicable isolated lapses in performance. The masonry cement 
mortars performed less well overall but with no lapses. The 
plasticised mortars gave the worst performance overall but may have 
performed better if the higher cement content option in the Code had 
been used to bring their strength up to the prescribed levels . 

1. INTROOUCTION 

The UK Co de of Practice for the Structural use of Masonry BS5628 , Part 1, has 
had a section dealing with the design of panels for lateral (wind) loads since 
publication in 1978. The main basis of both the method of design and of the 
characteristic strength values ascribed to the various forms of brick masonry 
was a large body of test work on storey-height walls and associated wallettes 
reported by West et a1 2

• This work covered a wide range of types of clay brick 
and the three common mortar designations as material variables. There was also 
a limited study of different edge support condition although most of the work 
was on a standardised 3-sided support condition . 

Characteristic strengths were derived statistically from the results obtained 
by testing wallettes in the two orthogonal directions such as to give failure 
either across the bed joint (weaker vertical spanning direction) or across the 
perpend joint (stronger horizontal spanning direction). The wallette testing 
method is described in reference 2. In a companion paper 3 Haseltine et al give 
a design method based on the yield line principle which relates the load 
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resis~ance of s~orey-heigh~ brickwork panels to ~he characteristic strengths 
derived from walle~te tests. 

Sjnce ~his and other contemporary work by Hendry~, Anderson s and Lawrence 6
, 

the database for other ma~erials has been ex~ended, eg for sand:lime bricks 7 

and concrete blocks e • 

Throughout this work, however, only one generic type of mortar was used - ~he 

lime-plasticised cement:sand mortar. This was used at three designations: (i) 
1 :~:3; (iii) 1:1 :6; (iv) 1:2:9 cement:lime:sand by volume. In alI the UK Codes 
of Prac~ice however, three generic types of mortar are allowed: 

Type 1. Cement:lime:sand plasticised by the presence of the hydrated 
lime. 

Type 2. Cement:sand plasticised by use of air entraining admixtures. 

Type 3. Masonry cement:sand plasticised partly by incorporation of inert 
fine material with the cement and partly by air entrainment. 

Table 1 of 8S5628, reproduced as Table 1 here, gives a range of prescribed 
mixes based on the three formula~ions which have been found to be equivalent in 
respect of the resultant compressive streng~h of masonry. There are, however, 
a number of reasons why such mortars may not be wholly equivalent in respect of 
the resultant lateral strength of masonry. 

One of the main differences is that of wa~er reten~ivity. Ryder 9 in some early 
work demonstra~ed that the lower water retentivi~y of aera~ed cement:sand 
mortars can reduce the perpend joint strength of wallet~es made with high 
suction bricks ~o very low values. 

The work described here was therefore carried out to check the assump~ion tha~ 
the al~erna~ive mortar types still would give equally safe s~ructures when 
subs~ituted for the more tried and tested lime mortars in la~erally loaded 
panels of masonry. 

2. EXPERIMENTAL METHOD 

The apparatus and specimen formats are described in reference 2 and are also 
specified in BS5628:Part 1 :1978, Appendix A3. Throughou~ this series of 
experiments wallet~es were built in accordance wi~h Appendix A3 and stored, 
close covered with poly~hene, for 28 days until testo Samples of the mortar 
used for the tests were cast into 100 mm cubes and tested for strength in 
accordance with BS4551 l0. Throughout the work five replicate specimens were 
used for each test condition. 

3. EXPERIMENTAL PROGRAMME 

The main experiment was carried out with clay brick masonry. The three types 
of mortar were alI used at ~wo Code designations: (iii) and (iv). 

Designation (i) mortar is only allowed under the Code to be in the composition 
range 1:3 cement:sand to 1 :~:3 cement:lime:sand bu~ as an experiment a 
plasticised 1:3 cement:sand mix was tested. In view of the uncertain 
composition of masonry cement an 'equivalent' designation (i) masonry cement 
mix was not included. The composition and measured properties of the mortars 
are given in Table 2. Three bricks were used which are listed in Table 3 
together with their key properties. The high absorption (Fletton) brick was 
additionally used in three ways: 
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1 . As rece ived wi~h normal mor~ar . 

2 . Oipped in water and drained s uch as to reduce the initial rate of 
absorption t o approx i mately 1 . 

3 . As received bu~ laid with mortar with a highe r wate r cement ra~i o 

and an adm ix~ure to increase ~he wa t er r etenti vi~y . 

Wa llettes were mad e f or both bed joint and perpend joint strength 
measurements . 

Thus the comple~e des ign was five br i cks or states ver s us three mor~ar 
designation vers us three mor ~ar ~ ypes versus two orientations wit h a missing 
da~a-block for designation ( i) Type 3 mortar . Since the two orienta~ions are 
so widely differ ent in strength they were analysed separately using 3-way 
analysis of variance for the other three factors . 

A supplementary experiment was carried out using three types of concrete block, 
~wo mortar desi gnations ( ii ) and ( iv) and the two non- lime mortars on ly . The 
r esult s of a pr evious ex periment using lime mortar are, however , r eported . 

All the specimens were buil~ and tes~ ed at the laboratories of the Bri~ish 
Ceramic Research Assoc i ation under contract to the Building Research 
Establishment. 

4. RESULTS ANO OI SCUSSION 

The results of the brick wallette tests are given in Tables 4 and 5 f or , 
respectively, bed j o in~ and perpend joint specimens . The results o f the block 
walle~~e specimens are given in Table 6 for the ~wo non-lime mort ars toge ther 
with results of previous tes~s of the same block t ypes using lime mortars . 
Unfortunately , except for the l igh~weight aggregate blocks , the lime mortar 
results are clearly very diffe r ent due to the use of compl ete ly s epara~e 

batches of what were nominally similar blocks. For this reas on these result s 
are not included in the analyses of variance as they would 
introduce a further non-distingu i shable variab le (block bat ch) into t he 
analyses . Strength and addi~ional da ta f or the mortar used fo r t he block 
wallett es is given in Table 2 . 

The results of analyses of variance a re given i n Table 7 for all the work . 
Those for the bricks were complica~ ed because of the missing set f or masonry 
cement mortar designation (i ) and have been done in fo ur f orms: 

1 . All bricks , all mortar types bu ~ on ly desi gnations (iii) and 
(iv) . 

2. All bricks , lime/aerat ed mortar , all designati ons . 

3 . Absorptive bricks only , all mortar t ypes , designa~i on s ( iii ) 
and ( iv) . 

4 . Absorp~ive bricks only , lime/aerated mor~ar , all designa~io ns . 

In all these cases replicated three way anal ysis was used . 

I~ should be noted ~hat there were a number of apparen~ly anomalous resul~s 
both for individual values and for some sets of fi ve and these have made i~ 

d iffi c ul~ to clarify the trends . 
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4.1 Mortar 

Although made carefully using a sand complying with the grading requirements of 
BS1200 11 and ordinary Portland cement to BS12 12

, the mortars did not reach the 
strength indicated in Table 1 for laboratory trials and in some cases failed 
even to reach the site strength. This was particularly evident for the 
plasticised cement:sand mixes where 9 out of a total of 15 mixes failed 
to reach site strength with the two stronger designations performing the worst. 
For the lime and masonry cement mixes the numbers failing to reach strength 
were 3 out of 18 and 3 out of 10 respectively. Even discounting the non-Code 
1:3 mix the plasticised mortar performed worst giving 5 'failures' out of 10 
mixes. 

The Code embodies a relationship between masonry flexural strength and mortar 
designation which, t o some extent, implies a correlation with mortar s trength. 
This relationship was investigated for these results and found to be 
s ta t i st ically significant for the bed-joint results (see Figure 1) as s uming a 
linear regression but not for the perpend joint results. No attempt was made 
to allow for the different brick types in the regression given in Figure 1. 
Thus , the lower cube strengths of the plasticised mortars may explain the lower 
flexural strength of the brickwork. Higher cement contents might correct this 
shortcoming. 

4.2 Bricks 

The overall result was that there was no significant effect due to the type of 
mortar on the perpend joint strength which was encouraging although there were 
quite strong interactions of mortar type with designation and to a lesser 
extent with brick type/state. For the absorp t ive brick alone the interactions 
with brick state were fairly weak but there was some effect of type and an 
interaction with designation. 

The bed joint specimens showed a much greater effect due to mortar type giving 
statistically significant effects for both the main variable and the 
interactions with designation and brick type. This is as would be expected 
since the bed joint strength is wholly dependent on mortar/brick interaction 
and should be very sensitive to the strength and bond of the mortar. 
Surprisingly, however, the experiment indicated very little effect of the sta te 
of the absorptive unit on the strength and no interaction of this variable with 
the type of mortar effect. 

Generally the results obtained were reasonable but it was difficult to obtain a 
general picture from the variance analyses because of the overall variability 
and occasional apparently anomalous results. 

In order to answer the basic question posed in the Introduction 'Are the 
mortars alI equally satisfactory when used in accordance with the Code?' a 
simpler form of analysis was adopted. Each strength value in the Table (Sobs) 
was divided by the characteristic strength for the appropriate brick/mortar 
combination given in Table 1 of the Code (fkx) to give a ratio. As a general 
rule ratios of Sobs/fkx equal to or greater than one indicate satisfactory 
performance and those less than one are unsatisfactory. The Code fkx is 
however a confidence limit based on the 95% probability leveI and therefore it 
is reasonable to expect some values less than one in any population of 
measurements. Thus a Chi-squared test was applied to each group of results 
with the null hypothesis that for a satisfactory performance the expected 
fraction of ratio values (Sobs/fkx) would be 0.95 equal to or greater than one 
and 0.05 less than one. 
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The resul~s of the Chi-squared analysis are given in Table 8 for each se~ of 
five results and also grouped resul~s by brick mortar designation and overall 
for mortar type. 

Since the ratio is very close to 1:0 groups containing no ratios under one do 
not give a significant resul~ and all significant results are those which fail 
the null hypothesis in having a significant number of occurrences of the ratio 
less than one, ie unsatisfac~ory. Apart from :wo inconsistent sets made with 
lime mortar, the only unsatisfactory sets are from among the plasticised 
cement:sand mixes, ie designation (i) bed and perpend joint and designation 
(iii) bed joint only . The groupings by designation, brick type and overall for 
mortar type only reflect the results of the individual sets , ie indicate that 
plasticised cement:sand mixes and designation (i) mixes were giving problems 
and particularly that designation (i) plas:icised cement:sand mixes were 
consisten~ly under-performing. 

4.3 Blocks 

The analyses of variance in Table 7 only apply to the two non-lime mortars and 
so give less useful information. Surprisingly the mor:ar type was only 
significant for the perpend joint specimens and despite very strong main 
effects (uni~ and designation) the interac:ion with mortar type are weak or 
non-existent. 

Applying again the Chi - squared analysis technique it becomes obvious that most 
of the unsatisfactory sets of results are those obtained using the aerated 
concrete blocks with non-lime mor~ars. (The Chi-squared test can validly be 
applied to the lime mortar results as a group) . Under-performance of aerated 
blocks has been noted previously in reference 6 and upon investiga~ion i: was 
concluded that the existing test method (as used in the present study) was 
unfair to this class of unit. Some amendments to the test method have since 
been proposed. Again the plas~icised cement:sand mixes seem ~o have 
under-performed in comparison to the others but only marginally. 

5 . CONCLUSIONS 

Taken overall there was a reasonable degree of equivalence between the three 
~ypes of mortar studied in respect of the flexural s ~rength of both ~he 
resultant clay brickwork and concrete blockwork . 

Leaving aside a few isolated sets and the aerated concrete block results, 
designation (iv) mortars of any type gave satisfactory results overall and 
designation (iii) mortars gave satisfactory values for all the block specimens 
and for perpend jo int brick spec imens but under-performed ~o a small ex~ent in 
the plasticised cement : sand/brick/bed-joint specimens. 

The results support the Code Prohibition of the use of plasticising agents for 
making designation (i) mortars in respect of masonry designed to resist lateral 
loads and indicate that vertically spanning masonry using such mortar could be 
seriously deficien~ . I~ would be difficult t o deduce from the resul~s a 
preferred method of dealing with high absorption bricks from the three methods 
us ed , ie (1) laid dry , (2) docked and (3) laid in mortar with a higher water 
content and a water retention admixture . It would appear that a satisfactory 
performance should be possible using any of the approaches and any type of 
mortar provided the mortar is of the appropriate consistency . 

Masonry cement mortars performed adequa~ely and i~ must be concluded that 
repor~ s of poor performance from si~e experience mus t generally be due to 
misuse, eg propor~ioning of mixes as though it were straigh~ Portland cement . 
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The use of the higher cement content options in the Code for the non-lime 
mortars would probably improve their overall performance. 
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Table 1. Requirements for mortar 

Morta, Type of morta' (proportion by volumel Mean compressive 
des ignation st,ength at 28 days 

Cement : lime : Mason,y cement : Cement : sand P,eliminary Site 
sand sand with plasticize' (labo,atory I tests 

!es!s 

1 

/ n C'easl ng 

I 
/ncreastng abtllty 

st reng th to accommodate N /mm' N /m 

m ovemen t . e 9 (i) 1 O to '!. : 3 - - 16.0 11 .0 
due to sett/ement, (ii) 1 Y, : 4 to 4 Y, 1 2% to 3% 1 3 to 4 6 .5 4.5 
te mperature and (iii ) 1 1 5106 1 : 4 10 5 1 5 to 6 3 .6 2.5 
mO lsture cha nges (iv) 1 2 8 to 9 1 : 5 ';, t o 6 Y, 1 7 to 8 1.5 1.0 

m' 

D irect ion of change in properties /ncreasing res istance to fro st attack 

's shown by the arrows dur ing co nstruction 
• 

/mprovement in bond and consequent 

res istance to ra in penetration .. 

TABLE 2: VOLU ME PE O?OR T1 0NS A~ D PR OP ERTIES Of M:RT AR S USED 

Morlars Cement:L1me :Sand Plastlclsed Ce:nen t:Sand Ma son ry Cement:Sand 

Des 1 gna tlons (I) () 1 1 ) (I v ) (l) ( 111 ) (I v ) ( I) (!IJ) (I v ) 

Proport lons 1 : ~.: 3 1 : 1: 6 1: 2: 9 1: 3 1 : 6 1: 8 - 1: 5 1: 6l',. 

3r i ck tests: 
StrE: r1g trl See Ta ~ le ~ / 5 See Ta.:'le ~/5 See Table ~/5 

Con 51~terlce " " " " " " - " " 
91úCk tests: 
Streng th - 3. 83 N/ mm ' 1 .36 N/rrur. 2 - 2 . 77 N/ mm 2 1.98 N/ mm' - 5. 15 N/ mm ' 2.57 N/ mm 
Cún sist e nce - 11.2 m.rr: 11.1 rnm - 11 . ~ rnr:; 11 . 2 mm - 10 . 7 mm 10 . 6 rnm 
Flow - - - - 150$ 153$ - 1 ~ 31 1~0 1 

Alr content - - - - 15 . 1 S 13 .Z~ - 10 .6~ 1 0 . 2 ~ 

"Cons:stence malntained at 11 + 0.5 ~:n 

TAB~E 3: PHYSIC AL PR OP ERTIES OF UNITS 

Corr. p~es!'\ i ve ,-'a~er I n i t i a 1 Rate Tra ns verse Bul k 
Un1t Strength Abs orptlon of A~s0rptlon Strength Densl t y 

I>lmrr.' (CV) 1 (C V) kg/m ' I rr.in (CV) N/mm ' kg/m ' 

Sl xteen hoje wlrecut 67 . 2 (8.1 1 ) 7.6 (~ 8. 71 ) 0.53 ( 57. 11 ) - -
faclng br I ck . 
Three hole wlrecu t 6~.2 (6 .a ) 8 . 9 (21.8 S) 0 .99 (~H ) - -
facing brick. 
Semi - dry pressed 28.1 (9 .~ 1 ) 19.6 ( 7 . ~ 1 ) 2.61 ( 16.81 ) - -

, 

Dense agg rEegat e block 
uSéd w1t h lime mor tar 10 .5" 9.~ 8.0 1.59 1 7~5 

us ed with other mortars. 10.5 " 9 .~ 5.1 6 - -

Ligh twe l ght aggregate 
Dlock 
used wlth lime mor tar 3.5" 29 . 0 5 .9 1. 33 1162 
us ed wi th o ther mortars 3.5 " 29 . 0 5.9 1. 33 1162 

Aera ted concrete block 
used with lime mortar 3.5" 116.0 2.0 1.03 689 
used wlth othe r mortars. 3.5 ' 111. 6 1.83 - -
• Nominal st rength gradlng . 
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TAB!..E~: RESt:!.. TS OF BR1 CK / B[[> J0 1NT SP EC !~[N S 

Mc:t ar Ty pe Cemen t :Lime :Sand 2 P12 ~ ':.l c 1 s €d :::emen t : $a:i d 3 ~onry Ce me nt: Sand 

Bc : Ck t)'pe / F1HtOrÍ Fl ett on Fletton 

con d 1t1 o r. l f he le 3 hoJ e Fl e tto:-, Fl e t t or. A C ~iJste d ; t hc.l e 3 h:.j e f Je tto:-: Fj e: to~ Ac: ,; ,St e d lt he : e 3 hoj e ne~ ton Fl e t t o n A C:~ ..:steC 

Dock ed ~or t a r Dc·c;" ed M~:- ~ar Dock ed K: :tar 

Mortar O. " 5 0 . 79 0 . 72 0 .81 0.7 " 0 . 80 C. 61 0 . 50 0·37 0.22 - - - - -
De!!g~ a: l cn 0 .50 1. 03 0 .79 0.78 0. 75 0.73 0.52 0 . 55 o. "7 0 . 33 - - - - -

(1 ) 0 ."8 0 .88 0.6 1 0.69 0 . 7 9 0. 63 c." O. " 6 0 . 35 0 .37 - - - - -
0 .47 0. 79 0. 60 0 . 67 0. 82 0 .65 0 . 70 0 · 32 C.6" 0 .38 - - - - -
0 . 57 1.03 0. 5" 0 . 73 0 .72 0 . 58 C-.39 0.36 0. 75 0 .27 - - - - -

Mea n O. " 9 0 . 90 0.66 0 . 70 0 .76 0 . 68 C. ~ 3 0 . 40 0. 52 0.3 1 - - - - -
CVJ 9.3 13 . 4 14 . 7 7.0 5.3 12 . e 2: . 0 21 . 9 3ô . 7 21. 7 - - - - -

Code fkx 0 . 5 0 .5 O. o 0. 0 O. o 0 . 5 0 .5 0 .4 0.4 0 .4 - - - - -
I'lor tar 15.1 ' 5·3 14.5 15 .2 10 . 6 9.3 " .3 9.2 S . 5 9 . 8 - - - - -

St re ng: h 
0.74 0.69 0.62 0.75 0. 45 0 . 86 C.38 0.47 0 .0 1 0.2" 0 .06 0 .48 0 . 53 0.52 0 .61 

0 . 56 0 .69 0 . 82 0 . 61 0 . 66 0 . 7" C.33 0. 43 0 . 50 O . ., O. ij2 0. 51 0 . 57 0 . 61 0 .7 0 

( 111) 0 . 93 0.67 0 . 50 0.76 0 .52 0 . 60 e . 57 0 . 00 0. 3é 0. 40 O. oS 0 .52 0 . 70 0 .48 0 . 60 

0 . 75 0 .91 0 . 60 0.50 0 . 52 0 .69 D. 70 0 .25 0 .53 0.35 0 . 45 0 .53 0 . 53 0 . 61 0 .60 

0 . 75 0 .86 O. ~ 2 0 . 70 0 . 7" 0 . 70 C. 68 0. 49 0 . 56 0. 40 o. " 3 0 . 00 0 .42 0. 01 0 . 62 

Me an 0 . 75 0 . 76 0 . 60 0 .67 0. 58 0 .73 C. 53 0 . 01 0 .08 0 .37 0 . 1J 5 0. 50 0 .55 0 . 53 0.63 

c vS 17 .5 10.7 20. 3 16 .9 20.8 11. o 3' .9 23 . 3 lt . 3 2 1 .3 5.3 7 . o 18 · 3 16. 4 6 . 7 

Ce de fkx O. o O. o 0.3 0·3 0 .3 0 .4 '=. lJ 0 . 3 0 · 3 0 .3 0 .4 O. o 0 · 3 0. 3 0 .3 

H: :-ta: 2.9 2 . 5 3 · 1 3 . 6 2 . o 2 · 3 2 . 1 2 . 5 2 .1 2 . 0 2.0 2 . 3 2. 5 2 . 7 2 .4 

S: " og:h 
o . " 3 0 . 6" 0 · 38 0 . 17 O. " 2 0 . 53 C.7 0 0 . 44 0 . 32 0. 53 0.4 9 C. 54 0. 09 C. 60 0 .51 

0.5 2 0. 63 0 .39 0.32 0 . 00 0 . 57 C. 35 0 . 39 0.35 0 .0 3 0 .53 0 . 07 0. 55 0. 64 0 . 61 

( 1 v ) 0 . 56 0 . 55 O. " 6 0 . 23 0 . 57 O. O" 0 . 36 0 . 35 O. 'O 0 .52 0 .47 0 . 40 C· 32 0. 08 0. 50 

0.58 0 . 63 0 .52 0 . 35 0 . 53 0 . 50 C. 3' 0 · 38 O. "5 0 .59 O_53 0 . 55 0. 42 0 . 56 0.61 

0 .59 0 . 59 0 . 44 0 . 30 0 . 47 0 . 49 0 .77 0.32 0 .36 0. 64 0 . 51 0. 49 0. 40 C. 5 3 0 . 62 

Mean 0. 5 0 0 . 6 1 0 . 00 0 . 27 0 . 08 0 .51 C. 50 0 . 38 0 . 38 0 .50 0 . 5 1 0. 50 0.4 4 0 . 56 0 .57 

CVJ 12 . 1 6 . 2 13. O 26 . 6 15 . 0 9 . 5 J. 3 .9 12 . O 13. 0 14.6 5 . 2 9 . " 19.3 " .0 10.5 

Code fk x 0 · 35 0 . 35 0 .25 0.25 0.25 0 . 35 0 · 35 0.25 ú . 25 0 . 25 0 . 35 0.35 0.25 0 . 25 C. 25 

Mo: tar 0.8 1.6 0 .8 1.0 0 . 9 1. o 1.2 0 . 7 1.5 1. 0 1. 3 1. 5 1 .2 1. o L O 

St : €ng:h 

7 A9LE 5 , RE.S ULTS Of BRIC K PERP EN D J OI NT SP ECI HENS 

Múr l ar ty pe Ce ment :L1 me :Sa nd Mortar P )astic ~ s e d Cement : Sand Ha.s onry Ceme nt: Sand 

Bri c k ty pe / Fl et ton Fl et t o n Flet ton 
conait1 orl 1 ~ ho le 3 hole Fl e t t on FIe l l or. Adju.9t e d 16 hole 3 hcl e Fl e tt o n fl e tton Adj wsted 16 hc:e 3 ho l e fIel t on f l ett o r. ACj us t ed 

D0ck e d Mor~ ar ~oc i(e d Mor-tar Do c ke d Hortar 

Ho: t ar 2 .00 2 . 18 1.66 1. 77 1. 62 1. 69 2 .02 0.5 2 1. 76 1. 11 - - - - -
Des 1 gr.;, t 1 on 1 . 8 1 2 .05 1. 30 1. 63 1. 69 2 . 05 2 . 17 1. 17 1. 69 1. 55 - - - - -

(1 ) 2 . 11 2 . 38 1. 45 1 . 7 5 1. 5 1 1 . 60 2.01 0. 97 1. 75 1 .16 - - - - -
1. 92 2 . 30 1. 72 1 . 48 1. 03 1 . 64 2.18 1. 20 2 . 00 1. 05 - - - - -
1. 57 2. 42 1. 53 1. 62 1. 47 2.56 2 .20 0 .95 1. 63 1. 46 - - - - -

Mean 1. 66 2.27 1. 50 1. 65 1 .5" 1. 95 2. 12 0.96 1. 81 1. 27 - - - - -
cvS 11.0 6 .7 10 . 0 7 . 1 7 .0 20 . 0 0 . 4 28 .3 6 . 6 17.5 - - - - -

Coae r " x 1 . 5 1. 5 1. 1 1. 1 1 .1 1. 5 1. 5 1.5 1. 1 1.1 - - - - -
Hor l ar 15.1 15.3 lU . 5 15.2 lU . 6 9.3 11.3 9.2 9.5 9 .8 - - - - -

Stre ngth 

2.2 0 1. 83 1.67 1. 65 1. 34 2 . 06 1 . 80 1. 24 1.20 1 .60 1 . 90 1.73 1. 59 1. 06 1.07 
2. 58 1. 99 1 . 49 1.62 1. 66 2 . 52 2 .1 6 1. 48 1. 18 1. 81 1 . 46 1. 76 1. 57 1 .50 1. 33 

(111 ) 1. 66 1. 55 1. 70 1. 35 1 . 43 1 . 90 2.21 1.36 1 . 12 1. 75 1 .56 1 .7 9 1.53 1. 20 1. 29 
2.76 1 .98 1.04 1. 7 1 1 .63 2.50 1. 99 1. 87 1. 27 1 . 27 1.46 1. 30 1." 1 1. 3 1 1. 30 
2.6 4 2. 06 1. 52 1. 73 1. 62 1.9 0 2 . 20 1 .16 1. 20 1. 60 1. 4 3 1. 60 1. 52 1. 39 1. 33 

Mean 2. 02 1.88 1. 57 1 .6 1 1. 56 2 . 19 2 . 0e 1. 02 1. 20 1. 6 1 1. 57 1. 68 1. 52 1. 39 1. 26 

cvS 15. 1 10 .8 8 . 1 9 . 5 12 .3 10.3 6 . 6 19.6 0 . 6 13. O 12 . 1 12. 6 4 . 6 6.5 6. 7 
Coa e rk x 1. 1 1.1 0. 9 0. 9 0 .9 1.1 1. 1 0.9 0 . 9 0 . 9 1 . 1 1. 1 0. 9 0 . 9 0.9 

Hort ar 2 .9 2 . 5 3.1 a ·6 2. o 2.3 2 .1 2.5 2.1 2 . 0 2.0 2 . 3 2.5 2 . 7 2 . o 

Stren g t h 

1. 79 1. 71 1. 1 O 1. " 1. 33 1. 69 1 . 78 1 . 00 1. 19 1 .26 1. 38 1.7 2 1 . 12 1. 52 1. 56 
1.50 1 . 1lJ 0 . 9 1 1 .00 1 . 19 2. 12 1. 65 1. 32 1.46 1. 29 1. 0 4 1. 56 1. 03 1. 55 1.73 

(1 v) 1 . 62 1. 60 1. 0 0 1. 05 1. 1 3 1. 37 1. 69 1. 07 1.31 1. 07 1. 5 2 2. " 1. 5 1 1. 54 1. 09 

1. 59 1. 65 1 . 17 1. 14 1 .• , 1. 95 1. 78 1 .1 5 0 . 92 1. 26 1.34 1. 97 1. 43 1. 72 1. 7" 
1. 66 1. 1 6 1.67 1. 09 1. 26 2. 54 1. 46 1 . lO 0.98 1 .22 1." 1 1.60 1. 26 1. 1 4 1. 52 

Mt: an 1. 63 1. 53 1 . 18 1 .06 1 . 26 1.93 1 _ 67 1. 1 3 1. 17 1. 30 1. ~ 2 1. 60 1. 35 1 . 09 1. 6 1 

CVS 6 .50 23.0 24 . 7 6 . 0 8. 8 22 . 6 7 . 8 10 . 7 19.2 7 . 6 4 . 6 " . 2 11.7 lU .3 7 . 4 
Code rk x , 1. 0 1 .0 0 . 8 0 . 8 0.6 1. 0 1.0 0. 6 0.6 0 . 8 1.0 1 .0 0 . 8 0 . 8 0 . 8 

Hor tar 0 . 8 1. 6 0. 8 1. 0 0 . 9 1. q 1. 2 0. 7 1. 5 1. 0 1. 3 1. 5 1.2 1.4 1.~ 

S t ren gt h 
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TABLE 6: RESULTS OF BLOCK SPECI MEN S ( *CEMENT:LIME: SAN D RESUL TS FROM DIF FERENT BATCHES) 

Plastlclsed Cement:Sand Mas onry Cement-Sand Cement - Lime - Sand " 

Orlentatlon 
and Mortar Dense Li ght ",e 1 ght Autoclaved Dense Li ght "'e 1 ght Autoclaved Dense Light ", elght Autoc laved 

Deslgnation Aggregate Aggregate Aer'ated Aggregate Aggregat e Ae r ated Aggregate Aggregate Aerated 

Perpend jolnt 
1 .52 0 . 81 0 . 36 1. 53 1.10 0 . 45 0.84 0 . 80 0 . 67 
1. 50 0 . 96 0 . 36 1. 52 0 . 92 0 .4 0 1 .11 0.88 0.55 

(1iiJ 1.52 1.01 0.38 1. 46 1.00 0.42 0.96 0 . 99 0.66 
1 . 45 0 . 92 0.37 1.58 0,86 0. 44 1.03 1.01 0 . 66 
1. 54 0 . 98 0.40 1. 55 0.97 0.4 4 0 . 88 0 . 87 0 . 57 

Mean 1. 50 0.94 0 . 37 1.53 0 . 97 0 . 43 0 . 96 0 . 91 0.62 

CV ~ 2 . 3 8 . 3 4. 5 2.9 9 . 3 4.5 11. 2 9 . 7 9.5 
Code fkx 0 . 75 0 . 45 0 . 45 0.75 0.45 0 .4 5 0.75 0 .45 0 . 45 

1. 44 0.86 0 . 42 1. 46 0.96 0 . 35 0 . 76 0 . 85 0 .49 
1. 40 0.83 0.36 1. 44 0 . 81 0 . 40 0 . 61 0.84 0.44 

( Iv) 1. 26 0.84 0.39 1. 45 0 . 99 0 .4 7 0 . 88 0.83 0 . 38 
1. 25 0.91 0 . 38 1. 51 0 . 91 0.42 0 . 87 0 . 75 0 .4 6 
1. 26 0.94 0 . 35 1.51 0 .88 0 . 35 0 . 65 0.76 0. 49 

Me an 1. 32 0.88 0.38 1 .47 0 .91 0 . 40 0 . 76 0 . 80 0 .45 

CV % 6. 7 5.4 6.8 2 . 2 7.5 11 . 9 14 . 5 6.1 10 . 3 
Code fkx 0 . 6 0 . 4 0 . 40 0.60 0.40 0 . 40 0.60 0 . 40 0 . 40 

Bed jo int 
0.67 0.32 0 . 29 0.54 0.37 0 . 21 0.57 0.40 0 . 41 
0.46 0.38 0 . 24 0.58 0.54 0 . 21 0.87 0.56 0.35 

(111) 0 . 37 0.40 0.28 0 . 42 0 . 41 0.20 0.54 0 . 42 0 . 48 
0. 45 0.35 0 . 23 0 .42 0.44 0 . 24 0.6 1 0.59 0.41 
0 . 50 0 . 32 0.2~ 0.47 0 . 41 0.25 0 . 75 0.40 0 . 39 

Mean 0.49 0.35 0 . 26 0. 49 0 . 43 0 . 22 0.67 0.47 0.41 

CV% 22 . 3 10.0 10.2 14.2 14 . 0 9 . 0 20 . 8 19.2 11. 5 
Code fkx 0.25 0 . 25 0.25 0.25 0 . 25 0 . 25 0.25 0 . 25 0 . 25 

0 . 29 0 . 33 0 . 22 0 . 21 0.28 0 . 22 0.05 0.20 0 .1 4 
0.28 0.27 0 . 18 0.24 0 . 35 0 . 23 0.07 0 . 23 0 . 09 

(i v ) 0.37 0 . 28 0. 16 0.28 0 . 33 0 . 26 0 . 36 0 . 23 0 . 13 
0 .41 0.31 0 . 25 0.11 0 . 27 0. 22 0.26 0 . 29 0 .1 8 

0 . 33 0.37 0 .1 8 0.26 0 . 24 0 .1 9 0 . 30 0 . 15 0. 16 

Mean 0.34 0 . 31 0.20 0 . 22 0.29 0 . 22 0.21 0 . 22 0 .1 4 
CV% 16.4 13 .0 18 .4 29.9 15.8 11 . 3 67 . 6 23 . 5 25 . 6 

Code fkx 0 . 2 0 . 2 0.2 0 , 2 0.2 0.2 0.2 0 . 2 0 . 2 
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TABLE 7 : RESULTS Or ANALY SES Or VARIANCE 

rac t ors Mor t ar Un i t Mortar I nteractl on 
Sc ope of Analys ls - - - Type Type Deslgnatlon 

Da ta A B C A/ B A/C B/ C A/ B/ C 

Perpend Jolnt Te s ts BRI CKS 

5 Bricks DOr 2/ 120 ~ / 1 20 1/ 120 8/120 2/1 20 ~ / 120 8/1 20 
3 mortar types V/ R 1. 32 ~~ .O ~ 5 . 2 7 .~ 21.5 2 .5 1.8 
Des lgnations (1 i l) , (l v) SI C NS 99 .9 99 .9 99 . 9 99 . 9 95 . 0 NS 

5 Bricks DOr 1/ 120 ~ / 1 20 2/ 120 ~ / 120 2/ 120 8/ 120 8/ 120 
Lime/aerated mortar V/R 2.2 65.2 ~0 . 9 2.6 5.2 6 . 0 2.8 
3 Deslgnatlons SIC NS 99 .9 99.9 95.0 99.0 99.9 99 . 0 

Absorptlve brick s tate DOr 217 2 2172 1172 ~172 2172 2172 ~172 

3 mortar types V/ R ~.9 3.8 26 . 5 1 . 8 18. 2 2.7 3.5 
Des ignatlons (111), ( i v) SIC 97.5 95.0 99.9 NS 99.9 NS 97.5 

Absorptlve brick state DOr 1172 217 2 2172 2172 2172 ~172 ~172 

Llme/aerated mortar V/R 11.~ ~.8 28 . 5 3 . 2 ~.7 9.7 6 . 0 
3 Des i gna ti ons SIC 99 . 0 97.5 99.9 95 . 0 97 . 5 99.9 99.9 

Bed Jolnt Tests 

5 Bricks DOr 2/ 120 ~ / 120 1/ 120 8/ 120 2/ 120 ~ / 1 20 8/ 120 
3 mortar types V/ R 11 . ~ 8.~ 33.1 6.5 15.8 3.~ 3.9~ 
Deslgnatlons (iil), (i v) SIC 99.9 99 . 9 99 . 9 99.9 99 . 9 97.5 99.9 

5 Brlcks DOr 1/120 ~ / 120 2/120 ~/120 2/120 8/120 8/120 
Llme/aerated mortar V/ R 61. 7 13.9 27.8 8.7 1 ~. 7 5.2 ~.6 

3 Deslgnations src 99.9 99 .9 99 . 9 99 . 9 99.9 99.9 99 . 9 

Absorptive brick state DOr 2172 2172 1172 ~172 2172 2172 ~17 2 

3 mortar types V/R 16.0 3.8 21 . 2 1.2 15.8 6.9 5.3 
Designations ( 111) , (1 v) src 99. 9 95 . 0 99 .9 NS 99 . 9 99 .0 99.9 

Absorptive brick state DOr 1172 2172 2172 2172 2172 ~ 17 2 ~172 
Ll me / ae ra t ed mortar V/ R 63 . 2 0 .6 22 .7 1.9 26.3 7.7 2.7 
3 Des l gnations src 99 . 9 NS 99.9 NS 99 . 9 99 .0 95.0 

Perpend Joint Tests BLOCKS 

3 BIocks DOr 1 /~8 2/ ~8 1 / ~8 2/ ~8 1/~8 2/~8 2/~8 

Aerated/masonry mortar V/R 13 . 2 1790 19.5 1.~ 1. 1 ~ . 5 3.1 
2 Designations src 99.9 99 .9 99.9 NS NS 97. 5 NS 

Bed Jolnt Tests 

3 BIocks DOr 1 /~8 2/ ~8 1 / ~8 2 / ~8 1 / ~8 2/ 48 2/48 
Aerated / masonry mortar V/ R 0.6 44.3 58.7 3.~ 3.0 13.7 3. 8 
2 Designations SIC NS 99.9 99 . 9 95.0 NS 99.9 95.0 

Abbrevlations: DOr De gree of rreedom: V/ R Variance Ratio: src E Slgnlflcance LeveI 
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TABLE 8 - RESULTS or CHI-SOUAREO ANALY SES (S I G NlrI CA ~CE) 

~ Unit. type Ce.ent 1 i lIe sand 

Orientatio 
Oesignation 

Global 
l ortar 

16 holo 3 holo So 1 id 
Sol i d 

des i9- dodod 
nation 

BR ICKS 

Bod Joint 

(i) 55.7(99 . 9) 3I.B(99.9) 0.3(~S) 0.3(NS) O. 3( ~5 ) 

(ii i) I.B(NS) O. 3(NS) 0.3(NS) · 0.3(~S) O. 3( NS) 
(i y) O. 2( NS) o. 3( NS) 0.3(NS) 0.3(NS) 12 . 9( NS) 
Gr oupod alI 

7. 1 (99) O. 8( N5) o. B( NS) 2. 2( NS) 
designati ons 

Grouped avera l l 

PERPENO 
JOI NI 

(i ) O. 9( NS) O. 3( NS) O. 3( NS) O. 3( NS) O. 3( NS) 
(iii) 3.9(95 ) O. 3( NS) O. 3( NS) O. 3( N5) o. 3( NS) 
(i y) 3. 9( 95) O. 3( NS) O. 3( NS) o . 3( N5) o. 3( NS) 
Groupod .11 

O. 8( NS) o. B( NS) o. 8( NS ) O. B( NS) 
designations 

Grouped oVHaLL 

~/ / 

BLOCKS - / OENSE LWA .. , 

Bod Joi nt 

(ii i) - - - O. 3( NS) O. 3( NS) 
(i y) - - - 112. 9( 99) 2.4(NS) 
Group od .11 
design ations 

- - 4. 7( 95) o. 5( NS) 

Grouped overa ll 

PERPENO 
JOIN I 

(i i i) - - - O. 3( NS) o. 3( NS) 
(i y ) - - - O. 3( NS) o. 3( NS ) 
Groupod alI 

- O. 5( NS) o. 5( NS) designations -

Grouped averal l 

Sol id Grouped 

adjus tod rt!!Su I t 16 ho le 
lorlar alI un i ts 

O. 3( NS) 2.6(NS) O. 3( ~S) 
O. 3(N5) 1.3(NS) o. 3( N5) 
o. 3( NS) O. 5( NS) o . 3( N5) 

O. B( NS) - o. B( NS) 

O.4(NS) 

o. 3( N5) 1. 3(N5) o. 3( NS) 
o. 3( NS) I. 3( NS) O. 3( NS) 
O. 3( N5) 1.3(NS) O. 3( N5) 

o . B( NS) - O .8( NS) 

3. 9( 95) 

AEqA IEO >< 
o. 3( NS) o. B( NS) -
95(99.9) 73.8(99.9 -

42.6(99 .9) - -

29.6(99.9) 

O. 3( NS) O. 8( N5) -
2.4(NS) O. B( NS) -

o. 5( NS) - -

O. 2( NS ) 

" 
Plasticised ce ftlent sand lIIasonrf ce l ent-sand 

Sol id Grouped Sol i d Grouped 
I 

3 ho I e 50 I id 
So 1 i d 

adjusted re sul t 16 holo 3 ho lo Sol id 
So 1 i d 

adjustod resu 1 t ! 
dockod docked 

11101" tal" ali un i ts !tortar alI un i ts 1 
I 

12.9 (99) 12. 9( 99) 12. 9( 99) 95(99.9) BO(99.9) - - - - - -
12. 9( 99) 2. 4( NS) O. 3( NS ) 2. 4(NS) 6.4(99) O. 3( NS) o. 3( ~S ) O. 3( N5) o. 3( ~S) O. 3( ~S) 1. 3( NS) 

I 
2.4(~S) o. 3( NS) O. 3( NS) O. 3( ~S) O.I(NS) O. 3( NS) o. 3( NS) O. 3( NS) O. 3( NS) o. 3( NS) 1.3(~S) 

25. 4( 99.9) 7. I (99) 2. 2( NS) 3B.7(99.9) O. 5( NS) O. 5( NS ) O. 5( NS ) O. 5( NS) o. 5( NS) I - -
I 
I 

41. 7(99.9) 2. 6( NS) 

O. 3( NS) 31.8(NS) O. 3( NS) 2.4(NS) 6. 4( 99) - - - - - -
O. 3( NS) o. 3( NS) o . 3( NS) o. 3( NS) 1. 3( NS) O. 3( NS) o. 3( N5) o. 3( NS ) O. 3( NS) o . 3( ~S) I.3 ( NS) 
O. 3( NS) o. 3( NS) O. 3( NS) o. 3( N5 ) I. 3( NS) o. 3( NS) O. 3( NS ) O. 3( NS) o. 3( N5) o. 3( ~ 5) 1.3(NS) 

O. B( NS) 7. 1 (99) o. 8( NS) O. B( NS) - O. 5( NS) o. 5( N5) o . 5( NS) O. 5( NS) o. 5( NS) -

O. 2( NS) 2. 6( NS) 

X OE ~SE LWA AERAIEO >< ~ OENSE LWA AERATED 

- o. 3( NS) O. 3( NS) 12. 9( 99) 2. 2( NS) - - O. 3( NS) o. 3( NS) 59.2(99.9) 6. B( 99) 
- O. 3( NS) o. 3( ~ S) 31.8(99 . 9) 7.1 (99) - - 2. 4( NS) O. 3( NS) 2. 4(NS) 2. 2( ~ S) 

- O. 5( NS) O. 5( NS) 42.6 (99.9) - - - O. 5( NS) o. 5( N5) 42 . 6(99.9) -

B. 6( 99) 14.2(99.9) 

- O. 3( N5) O.3(NS) r5(99.9) 25 . 4(99 .9) - - o. 3( NS) O. 3( NS) 59.2(99.9) 6. B( 99) 
- O. 3( NS) 0.3(NS) 59.2(99 -') 14.B(99.9) - - o. 3( NS) O. 3( NS) 12.9 (99 ) 2. 2( NS) 

O. 5( NS ) 0.5( NS ) 15.2(99.9) o. 5( NS) O. 5( NS) 63.7(99.9) - - - - -

I 39 . 5(99 . 9) 14.2(99.9) 
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