
ANCIENT MONUMENTS LABORATORY 

• 

SERIES/No 

AUTHOR 

TITLE 
• 

REPORT 
2437 

CONSULTANT 

Dr F W Anderson 1977 

A Dissertation on Mortars 
ana allied substances 

• 

• 



!Jl_isserta ti on O!l_..!IE.I~t_a!_S ___ an_d_ a_l_l_i_c;_rl ~~1h_s _!;ances . 

by ~.W.Anderson, 1977, 

Introduction. 

The mixture of sand and cement known as mortar has been used ·f.9J: many centuries 

to bind together the building material, such as etone and brick, into a strong 

and stable unit, to form a hard level flooring, as a base in which to set 

tiles and teaserae, as a facing for· rubble walla, as the pz·iming for a coat 

of plaster and as the basis, with the addition of a coarse aggregate of stone, 

for concrete, 

Such are the variations possible that it is not easy to produce a practical 

classification of this material, The mixture has , however, only two main 

components i.e. sand and cement and the proportions in which they are mixed 

are fairly rigidly controlled according to the use to which the final product 

is put. When used as a binding materialthe mixture when set needs to be 

similar in strength to the stone or brick concerned. If the proportion of 

sand is too high the binding properties of the mortar will be poor, too ~R 

little sand and the mortar will t<md to shrink and may damage t)le stone work, 

A practical necessity is that t.h<> mixture must spread evenly and must be free 

of pebbles larger in diameter than the space to be filled, This is particularly 

important if the material is to be applied to a vertical surface by trowel', 

bul'. of little cor.sr:']Uence i·· c·•nete'-<> or flooring which can be poured or 

J,.tddled into place. Tn general pebbles of more than 5mm diameter need to 

be excluded. 'Phe first essnntin I for a trood mix is that the sand should he 

f'lcre('nr:-d ann grad~d so that on tt-1€' one hand too larg-e grains are..~,~eliminatP.ct 

n.n<i on the other that thn spac~?n bf~tween the larger grai~s are reasonably 

wPll fillnd. Also the sand must hr· clean so that +.he pore space is not 

fi llP.Cl vri th clay or sill., A sMal1 rrmnunt of clay is often added in order 

to slow down the setU ~P: of the mnr·t:rrr but this can make it difficult to 

f:et a uniforml,•r r>V<'l'l mix, A wPll compacted sand has ll. norosi ty of between 

~(i;l. and 60;£ , thus it is not posfd hlP. to produce a cement containing mare 

thrrn say 'jO)'~ of sanrl. by volume, Thf'oretically it should be possible to 

fill compl<>tely the pore space with cement but ·this is rarely achieved even 

in nature. The nearest approach is where a sandstone has a silica cement 

as in Ganister, or has been rccrystallised as in a cluartzi te, In· any case 

some of the pore space must remain unfilled so that air containing co
2 

can rNJ.Ch all the CaO and convert it into the carbonate, 

From Roman times onwards it has been customary to use three parts of sand 

to onr, of cement for a mortar mi.x or, in the pase of a fine sand, two parts 

of COfln<i to one of cement (Vi truvius). A well-graded sand is one in which 
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the sand grains can be closely p'lcked, thus :reducing the voids and saving 

cement. In general sand in which the individual grains range from 0·1~ mm 

to 0• 45mm diameter has be <en most commonly US<Jd, the bulk of which is between 

0•25mm 0•35mm diameter. 

Definitions. 

, ..... 

One of the difficulties encountered in this series of mortar a,nalyses 

is that even the most authoratative sources have been reluctant to define 

what is meant by the term mortar. Thoutrh there are some exceptions , the 

,practical builder should have no such problems. If the various types of 

sand~cement mix are classified according to the use to which they are put 

tpere are obvious limiting factors. In the following account the mixes are 

defined as,-

M. Mortar. A sand-cement mix generally in the proportion of thtee or four 

parts of sand to one part of cement used to bind together ashlar blocks, 

. bricks, tiles or close-fitting rubble. ~'he mix must be strong enough to 

bind but not strong enough to crack or damage the materials to be bound. 

A limiting factor is the size of the joint, ~bviously no pebbles can be 

included larger in diameter than the joint to be filled. Moreover, pebbles 

make it difficult to trowel the mortar. Chalk slurry (Cob), clay, bitumen 

etc.which have been used as binders or lnbricants should not be classed as 

mor&&rs. 

hGoncrd.e. The composition of this mix is extremely variable. It 

generally consists of a mortar (the fine fraction) to which has been a\lded 

pebbles and/or anr,ular fragments of rock (the coarse fraction).e~ome 

t.YPPS of rubble should be inclurl"d in th<' term concrete -since the mortar 

is not. nPcessarily applied in the sr.me way as in ashlar and the size 

limitations are less signific!l.Ilt. "'hE> essential requirement is that the 

fine fraction shall ade~uatel2 fill thP. voids in the coarse fraction. 

1\o 1 !·r.v:Pllin~{ tec~r.i,1ue is tij:f;·J'f~nt <>:·T·fli Lhr.t !!Sed with ashlar or brick. 

R .. _ E!;!'.:...c}_c:._!')_J}.f_ A~--~_grcr.{~j ng. r~~hj r. mix, used for flooring, facing walls, 

as a bcrl for tesserae P.nd as an under plaster is also variable in composition 

denPnding on the use for which it is designed. In general it contains less 

sand than a mortar. The sand grade is largely determined b~ the method of 

application. Tf applietl by trowel or float pebbles of any size must be 

Pxr.lw1ed, on the othr.,- hwdif the mix is projected against a wall as in 
{\ 

:row·h-casting, the proportion of peebles can be o,ui te high. 

Jt is Pvident that at times normal !'lortars have heenused for renderinrr. 

E_, __ _!_'_)_aBte:r:.Y!'d stucco. ~'he snnrl content in plast"r is usually low and 
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may even be absent. A fine-r~rained s£-tnd is nnrmally Used with cement and 

a proportion of cr·ushed ch«lk or 1 ifoJentone and clay. 

Though gypsum plastc,rs we'T ird.y•oduc"d into Enr;1and in the 13th.Century 

they must have alway:; bec·n ,,xpcnsj ve to produce. No examples have been 

seen from any of the· sites so far examined. 

Before embarking on a study of mortars it is necessary to examine in 

some detail the two major constituvnts i.e. sand and cement. 

Sand. Sand is an.aggragate of mineral 17ains with diameters ranging from 

0•06mm diam, to 1·27rr~ diam. Smaller grains 0•01 to 0•06mm diam. are 

classified as Silt, and if less than O·Olmm diam. as Clay. Larger fragmeenta 

ranging from 1• 27mm diam to lOmm diam are classified as Gravel···and if 

larger than lOmm diam , as Pebbles. There is no universally accepted standard 

of grading for sand, That adopted here is a compromise,-

Pebbles •••••••••..••.•.• greater than 10 mm diam. 

Gravel • .................. . 1 • 27mm to lOmm. diam. 

Very coarse sand,,,,,,, ,0,64mm to l•27mm diam. 

Coarse sand ............... 0• 3lrnrn to a·. 64mm diam. 

Medium sand .............. 0•2lmm to o. 3lmm diam. 

Fine sand ••.•••.••••.••• O·l3mm to 0•2lmm diam. 

Super-fine sand ••.•..••• 0· 06rnm to Od3mm diam. 

Silt •••..••.•••..•....•. O·Olmm to 0•06mm diam. 

Clay ••••.••••••••..••.•• less than 0• Olmm diam. 

Natural sands show some rlE•gree of sorting. For example river l\[ld beach 

sands range from 0·16mm to 0• ~7tnm r!iam. with a mode about 0• 33rnm ~ diam, 

The constituent mineral is ,;,rwrall.'f quartz though there is often a 

small percentage of other minu-als (usually not more than 10',0). Some 

beach 'sands', however, may consist largely of Calciwn carbonate in the 

form of shell debris. No such shell 'sanos 1 have been encmmtered in the 

proseJ!t studye 

The physical and chemical properties of quartz sand are of vital importance 

in thn building industry. The material is virtually insoluble and therefore 

not affected by normal weathering processes. It is almost incomJlressible 

and therefore will sustain very J arge compressive stresses. It has no 

tensile strength hence the need for some binding material such as cement 

to hold it together, :Oand has a theoretical porosity of 4&,0 assuming the 

g-rains to be all spherical and of t.h" samE! diameter i.e, 100 cc of sand 

should Rccept 48cc of water without any increase in volume, The porosity 

of H'l.nd is defined as thA ~~ percentage of po~ space in 
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the total volume. r'o:b coar:;e sand the porosity is 39-4lio, for medium 

sand 41-48'/o and for fine; sand 44-49;'a. ~'his, however, b the total not 

the effective pore npace. 'Potnl port' tlpacc includes all inte::biccs or 

voids whether connected or not and so is always greater than the effective 

pore space. If the sand is gradnd some of the pore space will be partly 
·····. 

filled by the smaller r:rains and the porosity reduced. 

Testa on a medium sand, mode 0·28mm diam., graded 20% fine, 40% medi~, 

4of coarse accepted 42"/o of water without increase in volume i.e. the 

porosity was only &/o less than that calculated. Testing a 3-1 dry mix 

i.e. 75cc sand with 25cc cement, the sand would 

accepted 26cc water, thus 39cc sand +25cc lime+ 

lOco voids in the set mortar. 

contain 39cc 

26cc water • 

voids, whic~h 
..... 

90cc leaving 

If all parts of the mixture are to be reached by air containing Carbon 

dioxide the the mix must have some permeability. This is not the same thing 

as porosity. Permeability is a function of 'useful porosity 1and is dependent 

on the packing of the sand grains and therefore on their shape, size and 

grading. 

In the following study snnds are classified as fine if the grading shows 
"-a predomi!1fing percentage of.grains of less than 0•2lmm diam., aa medium 

e 
if grains between 0·21 and 0•31 mm diam.prpominate, and coarse if grains 

larger than 0• 3lmm d] am, predominate, 

Cement. Calcium carbonate ]s burnt to form 1uicklime and slaked with water 

i.e. hydra ted. PurL Calcium carbonate such as white chalk and oolitic 

limestone produce a non-hydraulic or fat lime. If Aluminium silicates such 

as those present in clay, gray chalk or argillaceous limestone are added 

the lime will be hydraulic or semi-hydraulic. A non-hydraulic lime is 

slowly converted to Calcium carbonate by the action of Carbon dioxide in 

the atmosphere. Hydraulic limes will set under water by the formation of 

calc-silicates and calc-aluminates. 'Phus additives such as burnt shale, 

burnt clay, powdered tile, brick or pottery, slags etc.have sometimes been 

added to produce a harder cement and/or one which will set under water. 

Volcanic material such as po7.zolana (or trass) was used by the Romans 

hut in post-Roman times does not appear to have been used again until 

the 16th.Century. Thus the majority of mortars now being investigated 

can be assumed to have been made with non-hydraulic limes except in areas 

where the limestone burnt for limer{ such as Lias limestone, contains a 

fairly hi{';h percentage of clay when the resulting lime may be semi-hydr:aulic, 

Before continuing it would be well to consider one other property of sand 

which has practical importance. If water is added to dry sand which has 

in itself no tensile strength the mixture becomes steadily stronger as 



the surface tension of the liquid holds the grains tohether until the liquid 

forms a continuum at which point the sand becomes a quicK-sand and will flow 

as a liquid. Thus the amount of vmtor added to Ill sand-cement mix is critical 

depending on whet\wr the mortar iu to be worked with a trowel or poured as 

in concrete. 
...... 

Chemical Analysis. The chemical analysis of a mortar provides two items 

of information a. the weight of insoluble material and b. th(! weight of 

Calcium oxide. Before either item can he used1weights must be converted 

to volumes and some assumptions about the source of both the insol\}ble and 

· solUble material must be made. Firstly the insoluble fraction of a mortar . .,_ 
will c~ist mainly of Si02 in the form of sandlut often with additives such 

brick, tile or other silicates. Secondly the soluble fraction may include 

additives such as chalk, limestone and shell. A petrological examination 

of a mortar can indicate the proportion of sand present but though the 

presence of additives can be noted their percentage volume cannot be easily 

recor¢'ded, and such~ c.tr~dil·iv,.:... aH clay or firJely pow,h:·red chElk may not he 

recognised at all. 

Thus, in ord(::r' 1 c~·:r;b-ir-l P1;: two methods of an·.qJysis certain assumptions 

and anjustmenta need to be made. }'irstl.y the weight of insoluble material 

must be converted to volume i.e. 100 grams of insoluble material is assumed 

to represent 40cc of silica in the form of sand, ~'he sand grains are assumed 

to he spherical and of uniform diameter so that the actual volume of sand 

i~ increased by the prP.sence of voios to ')2"}.. 

~'h" wei.~hi of CA.O must br· converted tn volume of lime. Comrarison of 

vnlnme of S'!nd to vol.!lm'" of lime sh0uld indic'lte UtA composition of the 

dry mix i. c. lOOcc c.f mort>; r ,.,c rl.e up of 754, sand and 25% lime wi 11 be a 

3-1 mix. '"h" percentage volume of sand in the final set mortar 3-1 mix 

should b0. about 31:% and in c, ~-1 mix about 35io, in a l-1 mix about 17';!,. 

'l'hP. cstime.1e of san<l volnm<> by direct count is liable to be ·inaccurate 

but in practice cnm;oarc>s reasonably well with that ohtained by chemical 

analysis. 

'!'he si?.e and shH.pe of the sand !Jrrrins cannot be determined by chemical 

analysis nor c;m the s;md g:f'H.ding, and when the sand grains are measured 

by f'licrometer the.'! arc assumed to be spherical which is rarely the ease. 

Petrological Analvsis. A thin layer of the mortar is examined under the 

micrnsccn'e. By superposing a centimeter grid it is possible to estimate 

the nu.mb0r 0f s<•n<l r:rains per cc and so the percentage volume of sand in 

the morf·ar. Additives of me.terial other th;m sand can be noted. The diameter 

of a rRn~om selection of sanct t;rains is measnred my micr0meter (wherever 

}'OR.sihle not Jpss thnn 100 r~rA.ins) so that R. cmnulative percentage curve 

can he rirn.wn, From this curve c;m he read the mnde of t)Je sand i.e. the 



6. 

" the diameter at 50'/u and the sand g-radinG i.e. percentage of finve, medium 

and n~ coarse. In order to check the accuracy of this method several 

samples of some mortars have been tested with consistant results, 

Dilicrepences between the results of chemical and petrological e!fa,mination 

may be due to insoluble additives, soluble additives, clayJsnd leaching of 

the cement which is evident in some mortars, 

Chemical and Petrological analyses have been carried out fer the following 

samples,- s· .... F·1·'· 
l, Lillieshall Abbey, Shropshire (FWA 119) 

The site is on Wenlock Limestone which if used for the cement would 

produce a semi-~ydrsulic cement. 

Insoluble fract~on- 58•02 grams ~ 44•5 co sand 

CsO - 17·68 grams a22•0 co CaO ~ 113 co cement 

Thus the dry mix contained 67% sand (2-l mix) and the set mortar 2~~ sand. 

The volume of sand by count was 23•5% suggesting that the cement contained 

about 4•5% of silicates probably in the form of clay 

The sand mode is 0•30mm diam, well-rounded. 

The sand P,Tading is 15-35-50 • 

Additives,- some quartz pebbles. 

4. Orford Castle_, Suffolk (l>WAl50) 

Classified as M3. 

IDhe site is on Chalk so that the cement is likely to have been a fat lime. 

Insollible frllation- 39•40 grams =30cc sand 

CaO - 39•R5 s~ams = SOcc CaO =255 cc cement 

Thus the dry mix contained37• 5 % sand (1-? mix), the set mortar 10• 5 ~~ 

'!'he volume of sand by count was 20-/o suggesting that the the cement contained 

9·')/> of added.carbonates ( see additives) 

Sand mode - 0• 32mm diam 

Sand grading - 5-40-55 • Classified as a rendering (R) 

Additives- much chalk, shell, sandstone fragments. 

5. Farnham Castl~ Surrey (F\'1All8) 

The site is on Chalk.so that the cement was probably a fat lime. 

Insoluble fraction - 75•18 grams = SRcc sand 

CaO - 11•48 grams = 14•4 co CaO ~ 92cc cement 

Thus the dry mix contained RO% of sand ( a 4-1 mix) 

The set cement 4ontained 43% sand 

Volum<> of sand b,Y count - 44% sug{';esting that the mix con ~tained no added 
. ~ 

silicates .. 

Sand moriA - 0· 42 mm diA.m, coarse, subangular 

:~and gr.qrl ing - 0-?0-RO Classified aH M4 

Additives - quartz pPbblPs, chalk, shell, ironstone. 
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6. Sherborne CaHtle, Dorset (1~'WA] 41) 

The site is on oolitic ]imeu.t.uno oo that tln_· cel'1ent W!.1.S prolJhbly u. fat lim,_!. 

Irwli>lub~le Jlraction - 1,3•10 1-r":"u 35 Gc sand 

CaO 2B• ~:6 e~ranw ..,. j~p 5 cc Ca¢ = 225 cc coment 

The dry mix contained 4H;~ sand ( l-1 mix) .~ .... 

The set cement- 15•4% sand. Volume of sand by count - 12·6% suggesting 

that the mix contained about 3'/o of additional silica. 

Sand mode - 0•06 nun diam, exceptionally 

Sand grading - 85-10-5. Classified as 

fine-graimed, well-rounded. 

a rendering (R) 

~dditives - quartz pebbles and chalk. 

7. Roman Wall, St,Alban'!_, Herta. (I<WA50) 

The site is on Chalk so the the lime was probably a fat lime. 

Insoluble fraction 

CaO - 16•41 Rrams 

The dry mix contained 7lfo sand (a 

50cc sand 

20• 5 cc CaO 

3-1 mix) 

~ 106 co cement 

The set cement conl\ained 32:/o 8 ,,nrl• Volume of sand by count - 33• 5 '/o 
Sand mode - 0• 435 mm diam. a coarue sand. 

Sand grading- 5-10-85. Cla8sified as M4 

Additives- 111artz pebbles, flint, brick, ironstone. 

B. Bury St. Edmunds Abbey, Suffolk (FWAll7) 

'l'he site is on grey Chalk so that the cement. was probably a semi-hydraulic 

with additional si 1 icates of about 7· 5'/.. 
'X~ltJ•;tXirb: Insoluble fracti0n - 70·00 r:rams = 54cc sand 

CaO - 13•A4 r;rams ~ 17·33cc CaO ~ 8~0cement 

Dry mix contained 76';: sand (3-l mix) 

Set mortar contained 37· 5 ~£ sand • Volume of sand by co11nt - 30'fo 

Sand mode - 0<'95 nun diam. 

Sand grad in" - 15-40-4 5. Classified as 1.13 

Additives - 1uartz pebbles, flint, chalk, shell, ironstone. 

9. OkAhampton Castle Chapel, Devon (FWA145) ~<- ,Jl, tq. 
The site is on Carboniferous Limestone. The cement was probably 

Inso1 uhle fraction- 59• 90 grams ~ 46cc sand 

CaO 17•47 &Tams 21• 50 co CaO 112 cc cement. 

Dry mix - 69/o sand (2-l mix) 

Set mortar - 2')/o samd. Volume of sand by count - 25% 

Sand mode - 0· 480 · nn diam, coarse. 

..~ ~~~ -"">~· 
fatLlime. 

Sand grading - 10-20-70. This is the fine fraction of a concrete. 

Additives - c~1shed granite and a coarse aggregate of sandstone fragments 
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11, Minster Lovell !lou_~ Oxford 

The site is on oolitic limestone so that the cement was prolaably fat lime. 

insoluble f:t'ac tion - 4 5 • ·1? gr~'"" ))cc sand 

CaO - 27 • ll rr~ms 35•) cc CaO ~ 172 cc cement. 

Dry mix - 51% sand (l-1 mix) 

Set mortar - 17% sand. Volume of sand by count - 8• 4% 
Sand mode - 0•3lmm diam. 

Sand grading - 20-30-50. Classified as a Plaster (P) 

Additives - greensand, oolitic limestone, shell, quartz pebbles • 

. The excess silica in the chemical analysis is probably due partly to the 

addition of greensand and partly to the addition of clay. 

12. North Leigh Roman Villa, Oxford, (FWA ~ 142) 

The site is on oolitic.limestoneso that the cement was probably a fat lime. 

" Insoluble fraction - 37•44 grams. a 29cc sand. 

CaO 30•58 grams ; 38cc CaO ; 196 cc cement. 

Dry mix - 43·5 ;Ia sand ( 1-l mix) 

Set mortar - 13~.0 sand. Volume of sm1d by count 10·4% 

Sand mode - e•410mrn diam. coarse. 

Sand grading 5-?0-7c. ~'his is the fine fraction of a concrete. The coarse 

aggregate consists of 1 imestone, flint and ironstone. 

13. lloUf;hton H_c>_use.Lf,mpthil 1 , B<•ds. (FViA ll6) 

'!'he site is c>n Chc 1 k so thnl. the c,;mc;n t was probab l;i fat 1 ime. 

Insolubl ' fraction (/1. ?6 t:T"1!1L 

l'n~ • !] ,:· ~·;HtlS 1 , • ,-; () ec Ca· . 

n, ... f'l;Y ?h·5% S;F1rl: ( ~:-] . ' - :: l >: J 

~)o.nrl mod~ - n . . 1Pr~1m diam. Cf~...,_r·se, well-rounded. 

0-l0-9G. l'bsdfied as M4 

Ad:litiv<?s- qu!'lrtz :'"hUes, flint, brick, "halk, shell. 

(FVIA 103) 

"'h·" site is nn Chalk so t)l,.t the '""mRnt was probabl,l' fat lime. 

Tnsolnblc fraction 52cc sand. 

CaO - 15·45 rrrams = 19•2 cc CaO = 99 cc cement 

Dry mix - 7d% sand (3-1 mix) 

Set mortar - ~4· 5~·~ sanrl. Volnme nf sand by count - 39• 5'/o. 

sa~n mocte - 0·26mm dinm. 

30-45-25. Classified as A'2 

Add it i V<OS - Brick, chalk, irons tone. ~'he chalk ad eli tion was pro babl,y abmht 

.~ pP.rsnnnlly collecterl Sf!mple from this site (F'WA 113) had send mode 0•26mm 

diam, nnd q PTArlinJ?: nf ?')-IJ')- ~o .. 'rhe sanrl content waH 4()Jjo. 



15. Castle Risinv, llorfo1k. ("''!iA l ~'5) 
. cement 

The si t(_-c 1s on Lower Grc{'n~Jn.nd. rrhom~E was 

from Chalk. A little oolitic 1imc•st.ono appoHf'S 

mix. 

probably a fat lime made 

to have been added to the 

Insoluble fraction 70• 94 grarnn ')4 • 5 co sam1. 

CaO 

Dry mix - 7f1fo swd 

12•71 

(4-1 mix) 
" 15•8 cc CaO ""' 81 cc cement. 

Set mortar- 40•5% sand • Volume of sand by count- 41% 

Sand mode- 0•49 mm diam,, coarse, well-rounded, 

Sand grading - 0-20-80, Classified as M4 

Additives - ~uartz pebbles, limestone, ironstone. 

16, Framlingham Castle, Suffolk (FVIA 127) 

The site is on Chalk so the cement was probably a fat lime. 

Insoluble fraction - 73•88 gms. 57 co sand. 

Cal) 12• 49 g1ns. 15•?0 co CaO c 81 co cement. 

Dry mix - 7f1fo sand ( 4-l mix) 

Set mortar- 41•5% sand, Volume of sand by count - 38•5 %. 

Sand mode - 0•37 mm diam. subangular. 

Sand gTading - 5-25-70. ClasBific<l as M4 

Additives -Quartz pebbles, flint, brick,( probably about 3~~) 

17, Berkhamstead Castle, Hertfordshire, (FWA 132 ) 

The site is on Chalk sn the cenH•nt WRS probably a fat lime. 

Insoluble fraction - 55•84 2ms. 43 cc sand. 

CaO 21• s 5 f'l1'S • 26·5 cc CaO 138 cc cement. 

Dry mix - (?'j~ sand ( 2-l d:ix ) 
Set mortar - :?3•5 }~sand. Volt:we of sand by count - 2?f/o ~ 

~iand mode - 0•18 mm diam, a fine-grained sand. 

~)end grading - 60-20-20. Classifiecl as Ml but may be a rendering, 

Ad~itives - Brick and chalk. 

18, Leiston¢ Abbey, Suffolk. 
I 

The site is on Chalk so that 

Insoluble fraction - 70· 90 gms. 

CaO 13·66 gms. 

(F\\'A 149 ) See also 24. 

the cement was probably a fat lime. 

55 cc sand. 

17 co GaO 88 cc cement. 

Dry mix - 76·5% sand (3-l mix) 

c>et mortar - 38• 5 % sand, Volume of sand by count - 31• 5 f.. 
Sand mone - 0•10 mm diam. Excessively fine grained, subangular. 

oa.na e;rartinc- 80-10-10. Non-typical, classifiell as E. 

Additives - 'iuartz pebbles, calcite. 

'· 
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Herrine Fleet, Uuffolk. (F'WA 102) ?0. St.Olave's Priory, 

The site is on Chalk 

No chemical analysis. 

so that the cement was probably a fat liJ:1e. 

Sand in set mortar - 43~·~ ( a 4-1 mix) 

Sand !!'Ji:~* mode - 0• 41 mm diam. 

Sand grading - 5-20-75.Classified as M4. 

Additives, quartz pebbles. 

21. Greyfriars Cloisters, Gl!eat Yarmouth, Norfolk. (FWA 137) 

The site is on Chalk so that the cement as probably( a fat lime, 

No chemical analysis. 

Sand in set mortar - 32• 5 % ( a 2-1 mix) 

Sand mode - 0•41 rom diam. 

Sand grading - 0-20-80. Classified as M4. 

Additives - quartz, flint and chalk. 

22. Thetford Priory, Norfolk. (FWA 126) see 32. 

The site is on Chalk so that the cement was probably a fat lime. 

No chemical analysis. 

Sand in set mortar - ~1· 5 io ( a 11-l mix) 

Sand mode- 0•32 mm diam. 

Sand grading - 5-)5-60. Classified as M3. 

Additives - flint, brick, chalk and shell. 

23. Old Wardour Castle, Wiltshire. (FVIA 115 ) 

'rhe site is on Upper Gre.:,nuand. ~lht: cP.ment ,was prot.ably rnad.e from the 

nei;<hbourin,n; Chalk so that !.h<: cement may have been a fat lirw. 

~!o chemicala.na1ysis. 
II. 

~:and in set mortar - 21>~ ( a l-1 mix) 

Sand mode - 0•115 mm rli.arr;. 8Xcessi VP.ly fine-grained. 

2and grRding- ()0-10-0. B;:rll;. snrt,:d. Classified as E but probably a rendering. 

Addi h ves - much cha1 k. 

('''!:A 148) 

The site j s on Carbonifp~·nuB T.irr.estone. The cement probably semi-hydraulic. 

N0 cherr.Jica1 ru1alysis. 

Sand in set mortar - 3~~ 

Sand mode - 0·40 mm diarn. 

( a 2-1 mix). 

Sand grarting - 5-20-75, coarse sa'ld. Classified as M4 

Additives - limestone. 



11. 

26. St.Davi8. 1 s PaL·iCI~, Pembrcl<t·. 

rrhc Bite is on Carbordfprnuf; Lir:Latonc hO that trw cement was probably 

~emi-hydraulic. 

No chemical analysis. ,, 
~ 

Sand in set mortar - 3f· ') r~ ( a 2-l btix ) 

Sand mode - 0•25 mm diam. 

Sand grading 30-45-25. Classified as ),12. 

Additives - quartz pebbles and shell. 

27. Cow Tower, Norwich, Norfolk. (l<'VIA 138) 

The site is on Chalk, cement probably a fat lime. 

No chemical analysis. 

Sand in set mortar - 25•5 .Y,. 
Sand mode - 0•41 mm diam. 

i-( 
( a 1-1 mix) 

Sand grading - 10-20-70, coarse sand. Classified as 1,14 

Additives- quartz pebbles, flint, chalk, ironstone. 

28. Binham Priory, Norfolk. (VIVA 129) 

1'he site is on Chalk, cement nrohHhly a fat 1 ime. 

No chemical analysis. 

Sand in set mortar - 36· ~ ~'~ 

:;and mode - 0• 36 mm diam. 

( 'i '.-1 mix) 

Clanci grading- 5-25-70. ClassifiPrl a.s M4. 

Additi.ves- flint, chA1k, irnnstoY'r-. 

ll•'WA 139) 

~hr· ni1.E' i~ on Chalk. 

( h !-1 ,;xi 

8:-:1nd ;nod,-~ - ()·275 mm ~ii::tr 

:~Hr:~-: vr~!·~i.,..·,~- ::'~-3C::-!H). ':'111..., js 1\-J(' fiPe ag9'egatr=: of a concrete robahl;.: 

~-lrrbq_h],y mArl_8 with a fat ~ irrw/ r:Pmnnt: 

1'... sccnnrl: SAmple was collnct.:·rl ~1t:rsonally - -.:jf'HA 109. 

rrhc:- site is on Chnlk , cr>m0nt. :;!·nbnh1y a fat lime. 

~o cherr:i ce} Anal ;tsi s 

SA.nd mode- 0·37rr.ri diam. (11!(~). 

Sancl s;r,ldinr·- 10-?0-70 (lM). 

()•39 mm diem. (109) 

~-30-~5 (109). Classified as a renderinR. H. 

!;A.nd in set mix- 19::b (l~fl), ?~·.'G (109), ( ahont a 1-l mix ) 

Arl.rlitives- 1_UP.rt7, pPhhles, flint, l_ime8tone, ironstone. 



l?. 

31. Burgh Castle, Suffolk. ( I•'''! A 11 4 ) 

'J'he site is on Chalk, cement p:pohably n fat lime. 

No chemical analysis. 

Sand in set mortar - 22• 5 ·,;~ ( a 1-1 mix ) 

Sand mode - 0• 44 rnm diam. 

Sand grading - 5-15-80. Coarse. '!'his in the fine aggregate of a concrete 

the coarse aggregate consisted of quartz pebbles, flint, brick and chalk 

32. Thetford Prior,v, Norfolk (F'WA 1 ~0 ) , see 22. 

33. Neath Abbey, Glamorgan. (FWA 151 ) 

The site is on Carboniferous Limestone so that the cement was probably 

semi-hydraulic. 

No chemical analysis. 

Sand in set mortar - 3• &/o. ( a J -13 mh) 

Sand mode- 0·30 rnm diam. 

Sand gTading - 15-40-45· Classified as a plaster , P. 

Additives - some rock fra,:;ments. 

34. Cilgerran Castle, Cardigan. (1''1/A 144 ) 

No chemical analysis. 

Sand in sd mortar - l,; . Sand mode - 0• 34 mm diam. 

~>and gf'ading - 10-30-60. This i ~ the fine aggregate of a concrete the coarse 

aggregate of which consists of 1uartz pebbles, slate and schist fragments. 

35. Denny Abbey, Ce.mbridgeshire. ( PIA 128 ) 

The site is on oolitic lir,e;;t<~ne so that the cement is probably a fat lime. 

no chemical analysis. 

Sand in1l set mortar - 3fl• 5 /1, ( a 3-1 mix) 

Sand mode- 0·37 mm diam. 

Siind gradinrr - 5-25-70. Class}fled as M4. 

Additives - 'J.Uartz pebbles, f1lindJ 

36. Vleeting Castle, Norfolk. ( ?WA 131 ) 

'J"hc site is on Chalk , the cement probably a fat lime. 

No chemical analysis. 

( " 3-1 mix ) Sand in set morte.r - 3'11~ 

Sancl mode - 0• 30 mm d iam. 

Sand grading - 15-40-4 5. Classified as M3. 

Additives- quartz pebbles, flint, ironstone. 

37. Llanstenhan Castle, Carmarthen. ( FWA 14 7 ) 

The site is on Carboniferous Limestone so that the cement was~ 

probably a semi-hydraulic. 

No chemical analysis. 

S.q_nd in set mortar - 3 )• 5 '/o. 
3ann pyade - 0•16 mm diam. 

( about ?-1 mix ) 

3anct i~radin.._..,. - 7)-?5-C'. 'Phis is Fl concrete in which the coarse ar;r.-re=:B.te 



consists of fragments of Garbonifrerous Limestone, 

38 & 39. Caerleon Homan Vial~, Monmouth. 

No chemical analysis. 

This is a most peculiar concrete. Hoth fine and coarse aggregates consist 

Carboniferous Limestone and sornt! Lias Lirn"stone chips set in cement. No 

sand was used 

40. Oxwich Castle, Glamorgan. ( }'VIA 136 ) 

The site is on Carboniferous Limestone. 'Phe cement probably hydraulic. 

No chemical analysis. 

Sand in set cement ~fo 
If 

( ( a 1-}0 mix ) 

Sand ~ mode ~ 0• 295 mm diam. 

Sand grading- 10-50-40. This is a plaster with additives of brick and clay. 

41. Winchester Cathedral, Hampshire. ( FWA 143 ) 

'l'he site is on Chalk. ~'he cement lUIHU: probably fat lime. 

No chemical analysis. 

Sand in set cement - 12·5 ~ ( l-3 mix ) 

Sand mode- 0·34 mm diam. 

Sand grading - 50-30-65. ~'his is a rendering. 

Additives - quartz pebbles, flint, chalk. 

42. York Minster, Yorkshire. ( 1''•:,,, J ~3 ) 

rrhe materials used for the CE:rr:en t wer .... ~ probably Ma011esian Limestone 

and Cha] k. 

llo chemical analysis. 

Sand in set c•omcnt - 16/o 

Sand mode- 0·31 mm diam. 

( a 1-:> mix 

Sand grad inc: - l ~- 35-50. 1.'his is a rendering. 

Additive-s - (URrtz ]Jebbles, brick, limestone and chalk. 

----·---·- -----

f1umrr1ary of results to date,-

1. SevPn samples of morlern mortar hvve been analysed for comparison. 

"'hre>e 0f these were kno"m to bP standard 3-l mixes, three appeared to be 

a 4-1 mix. 'Phe remaining sample contained less sand and was probably a 

'"'-1 mix, it certainly was harder than the others. 

The sand mode ran,c;ed from 0• ?8mm diam to 0· 31 mm diam. and the sand 

{'"T'B<ling put six in the 1.13 g-roup and one in M2 (see below). 

?, MortR.rs (!.!). Davey (19f,l) reporting Ol'l a stndy of some Roman mortars 

appears to have included gravels a part of the sand content," sand etc. 

" ..( 19 mm. cliam, It may be that most of the samples included in this analysis 

were what here would be classifie<J as conctete. He states that the aggregate 

for a mortar should be less than 3/Hi th. inch (5 mm ) diam. In the present 



-

--·-

-n\·4 ---

study it was unusual to find "nncl ,c-ru j n s 1 arro:<'r than l• on mm <liam. 

In what here is rerrarded as " how mortar the val ume of sand is 

between 30 and 5<}/o. The sand mode and grading have been used to dis:bingui sh 

four grades of martar and it appe11.rs as if these grades may have some 

historical significance. For example most of the mortars in group .. ](,1 could 

be Saxon, whilst those in group M4 are mostly Roman or 12th.Cent. 

Ml. Mortars in which the sand mode is 0•15-0•22mm dia. (average of 21 samples 

0•20mm diam,). 'l'he sand grading shows a predominance of fine sand (average 

grading ?5-35-10. 

Brixworth Church - 17 samples, St.Peter 1 s Street, Northampton - 2 samples, 

Little Somborne - 1 sample, BerkhRIDpst~ad Castle - 1 sample. 

M2, Mortars in which the sand mode is 0•22-0•275mm diam. {average of 17 samples 

0•25mm diam). The sand grading shows a predominance of medium sand 

average grading - 30-50-20. 

Brixworth Church - 13 samples, Castle Acre Priory - 2 samples, St,David 1s 

.Palace - 1 sample, a modern building - 1 sample. 

ID· Mortars in which the sand ll!Ode is 0•275-0•350mm diam, {average of 23 
I· 

samples- 0·3¢mm diam.). The sand grading shows medium and coarse sand in 

more or less equal quantities - 15-40-45. 

Brixworth Church - 8 samnles, modern building - 6 samples, Lillieshall 

Abbey -2 samples,St.AuF,Ustine's Abbey - 2 samples, Thetford Priory - 2 

samples , and single samples from Bury :Jt .Edmund 1 s Abbey, Weeting Castle 

and Orford Castle. 

M4. Mortars in which the sand mode is 0• 35-0•49mm diam. (average of 26 samples -

0•41 mrn diam.). 'Phe sand vracling shows a predominance of coarse sand -

0-?0-flO, 

'>t.Augustines's Abbey- 7 samrles, Brixworth Church- 3 samples, Baconsthorpe 

Caf;tlo and Wolvesey Palace - ? snmrles from each. Single samples from 

Roman W~<ll St. Albans; St .Olave' s Priory; Rorn~<n Wall, Lincoln; Houghton House; 

Farnham Castle; Thetford Priory; 1lcnney Abbey; Binham Priory; Castle Rising; 

(~Te,yfriars Cloisters; Cow ':Power, Norwich; Ewenny Priory. 

RendPrings. A mixtnrre of sand ?.nrl cement in which the the volume of sand 

is 10-30 ,~, 

JU. Sand mode mostly ahout 0·25 JT!fll eli am. ( range 0•175-0•30mm diam,) 

R2. li'ive Bamples of renderinp; from St.Agnstine~s Abbey contained coarse sand 

i . (~ . the rr_od e was bct\'tPcm (1. 30 and 0·49 mm diam. Similar renderings were 

from York Fiaster, :.'·.'inchester Catherlral and Wolvesey Palace. 

N. "· At Eudstnn,JI Ville thr: smeller tesserae { lorn) were set in A. be<J 

of R? t,Y~e r'C?ndering ( thr: SA.nd mn<ie was 0· 52-0· S?mm diam 9 ), whereas the 

J ar£:rJr tc-!Sf::iera.e (? cr:1) i':Prr~ set :in ::1 fine sand renderinF, (Rl, SR.nd mode 

0•??- r:.?-)mr:·: diam .. ) # ·: /,...Jr :p..:_v,vd·~ C'~ <aY..cf"-yv~r~c;, 

seen 



cf the 
Plaster. ~ l ~} ~sampJ t·)S PXmninod e 1 1 had n 1 0w snnd content (less than 10/o) 

and one BP.mp1e f:r(.>nl Lurli.~·erfihaJ1 cor~t~li.ned !':\ Etmrl, it appea.red to be~ a 

mixt11-re of crushed chnJ k and cmnent ~ Tr: . .r'.-f!nernl the nvnct wt:ls fine-grained 

( averv{~e mode - C· ~~h)mm diam.) and. tht~r(~ was a consichn·a.bl i; amount of 

calcareous matl;riaJ adde-d .. None were ['0fp:Hw1 cements and only one (Cqstle . -·· 
Rising) contained hair. 

Concret'!_. So far only six samples have b<>rm exl!mli:ned and there is considerable 

variation. In general th" sand is rather coarse but a Roman concrete from 

Caerleon contained no sand, it consisted of stone fragments in cement. 

A concrete from St.Peter's Street, Northampton contained unusually fine

grained· sand with a coarse agr;regate of limestone fragments. 

Non-typical Mortars .IE) A few of the mortars could not be e~<sily fitted into the 

classification outlined above generally because the sand was ungraded. For 

instance that from I.eiston Abbey contained 80/a of sand less than 0•21 mm diam. 

One of the samples from St,Augustine's Abbey had 35% of fine sand, 45% of 

coarse sand and only 2~~ in the medium grade. 

An unus),lal sample from Brixworth contained a lot of hair but the percentage 

of sand was much too high for it to be classified as a plaster, 

P5stscrint. The rP.sults of thif; investigation so far are encouraging. 

~'hey suggest that a useful c1assi fication of martars and allied sbstances 

can be fmmd. t/~OrPover, there a: .. penr:-; to he the possibility of a rough 

dfi +·in.~· of mortars. 

Tt is also obviJ)US t.hat many morf' Axamples need to be studied partic'Ularly 

of "i rmly rlated material before any further assumptions can be made. 

Pctrolocical anri chemical anal:rses can both contribute some evidence 

of the oriP:inal composition of the mortar, but it is debatable whether 

or not the latter are really essential. 



16. 

Specimen work sheet for a ficti tiouB 85 te. 

Uee F'ig. 8. 

St,Andrew's Abbey, Kent. ( l•'I'/A XXX) 

The site is on Chalk so that the cement was probably a fat lime. 

Number of sand grains per cc ~ H,OOO (203 ) 

Additives -,quartz pebl.les, flint, some chalk. 

Sand - a river or beach sand , well-rounded. 

Sand grading,

Grain diameter in 

Micrmnete_;: __ ':l!l_i ts. 

1 

2 

3 

4 ----

5 
6 

7 <--·--·--· i 

B. 

9 

Number. ~~ 
I . 

(l 

3 

_j 0 1-- 0 
! ~ 
T 3 3 

ll -11 

20 - 20 

30 --! 30 

20 -! 20 
I 

12 . ! 12 

3 1 3 
1 I 1 

100 

4- 14 t 34 
I 64 

+ 84 

i 96 

1"1~~ 

Sand mode - 0•28 mm diam. 

Sand grarling- 15-50-35, a medium sand. Classified as M3 

Volume of sand in set mortar - 28•5 '/o ( a 2-1 mix) 
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