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A Dissertation on Mortars snd allied Substances.
by P.W.Anderson, 1977.

Introduction.

The mixture of sand and cement known as mortar has been used -for many centuries
to bind together the building material, such as stone and brick, into a strong
and stable unit, to form a hard level flooring, as a base in which to set
tiles and tesserae, as a facing for rubble walls; a8 the priming for a eosat
of plaster and as the basis, with the addition of a coarse aggrggate of stone,
for concrete. | o

Suceh. are the variations possible that it is not easy to produce a practical
classification of this material, The mixture has , however, only two main
comporients i.e. sand and cement and the proportions in which thé§ are mixed
are fairly rigidly controlled according to the use to which the final product
is put. When used as & binding materialthe mixture when set needs to he
similar in strength toc the stone or brick concerned. If the proportion of
‘sand is too high the binding properties of the mortar will be poor, too 1ﬁiﬂ{g
little sand and the mortar will tend to shrink and may damage the stone work,
A practical necessity is that the mixture must syread evenly and must be free
of pebbles larger in diameter than the spece to be filled. This is particularly
important if the material is to be applied to a vertical surface by irowel’,
hut of little corsejuence in conereie or flooring which can be pdured or
puddled into place. Tn general pebbles of more than 5mm diameter need to
be excluded. The first essential for a good mix is that the sand should he
agrecncd and graded so that on the one hand too large grains are?eliminated
and on the other that the spaces between the larger grains are réésonably
well filled. Also the gand must he clean so that the pore space is not
fitled with c¢lay or silt, 4 small amount of clay is often added in order
te slow down the gsetting of the mortar but this can make it difficult to
get a uniformly even mix, A well compacted sand hps g porosity of between
At and 60%4 , thus it is not pessible to produce a cement containing mare
than say 90% of sand by volume, Theoretically it should be possible to
fi1l completely the poee space with cement but this is rarely achieved even
in nature. The nearest approach is where a sandstone has a 8ilica cement
as in Canister, or has been recrystallised as in a Quartzite, In any case
some of the pore space must remain unfilled so that air containing 002
can reach all the Cal and convert it into the carbonate,

From Roman times onwards it has been customary to use three parts of sand
to one of cement for a mortar mix or, in the pase of a fine sand, two parts

of sand to one of cement (Vitruvius). A well-graded sand is one in which



» . defined as,-

the sand grains can be closely packed, thus reducing the voids and saving
cement. In general sand in which the individual grains range from 0¢1% wmm

to 0+45mm diameter has been most commonly used, the bulk of which is between
0« 25mmn O 35mm diameter. e
Definitions,

One of the difficulties encountered in this series of mortar analyses
ig that even the most authoratative solirces have been reluctant to'define
what is meant by the term mortar, Though 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
| there are obvious limiting factors. In the following account thg mixes are
¥. Mortar. A sand-cement mix generally in the proportion of thtee or four
parta of sand to one part of cement used to bind together ashlar blocks,
.bricks, tiles or close~fitting rubble. The 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, obviously no pebﬁlea can be
included larger in diameter than the joint to be filled. Moreover, pebbkes
make it difficult to trowel the mortar. Chalk slurry {Cob), clay, bitumen
eto.,which have bedn used as binders or lubricants should not be classed as
morsars,

L. Concrete. The composition of this mix is extremely variable. It
generally consists of a mortar (the fine fraction) to which has been agdded
pebbles and/or angular fragments of rock (the coarse fraction). Some

types of rubble should be included in the term concrete -since thé mortar
is not necessarily applied in the same way as in ashlar and the size
limitations are less significant. ™he essential requireﬁent is that the
fine fraction shall adenuately fill the voids in the coarse fractionm,

Tr gereral concrete is prur-d into placs and even in rubtlae hﬁilding
th. trewelling techrique is diffrent Trom that uscd with ashlar or brick,

#. Hendering and screeding, “his mix, used for flooring, facing walls,

as & bed for tesserae and as an under plaster is also variable in composition
depending on the use for which it is desigmed. In general it contains less

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

application. Tf applied by trowel or float pebbles of any size must be
excluded, on the other han%éf the mix is projected against a wall as in
rovgh-casting, the proportion of pebbles can be quite high,

it 13 evident that at times normal mortars have been used for rendering,

P.__FPlaster and stusco., The sand content in plaster is usually low and
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may even be absent, 4 fine-grained sand is normally used with cement and
a proportion of crushed chalk or limestone and c¢lay.

Though gypsum plasters werc introduced into England in the 13th.Century
they must have always beun expensive to produce. No examples have been

seen from any of the sites so far examined, A

Before embarking on a study of mortars it is necessary to examine in
some detail the two major constituents i.e. sand and cement.
Sand. Band is an aggregate of mineral grains with diameters ranging from
0+06mm diam, to 1+27mm diam. Smaller grains 0«0l to O«O6mm dism. are
classified as 8ilt, and if less than 0-0lmm diam., as Clay. Larger fragmeents
ranging from 1+27mm diam to 10mm diam are classified as Gravel-and if
‘lgrger than 10mm diam , as Pebbles. There is no universally accéﬁted atandard
of gradihg for sand. That adopted here is a compromise,=~
Pebbles,..ivovieeiuvssagreater than 10 mm diam.
Gravel....vceveavavnnea 1¢27mm to  10mm. diam.
Very coarse sand,,,,,,,,0+64mm to 1+27mm diam,
Coarse 8and.oseeessssssl.0eZimm to O+64mm diam.
Medium sand.....ev0es...0021lmm  to O+ 31mm diem.
Fine sand...............0<13mm to O+21lmm diam,
Super~fine sand.........0-06mm to O0+13mm diam.
Silt..v.ciaeeiiiiie e s 020l to  O+06mm diam.
Clay.seevenveeanserenses less than 0+0imm diam.

Natural sands show some degree of sorting. For example river and beach
sands range from 0-16mm to G+57mm diam. with a mode about O« 3%mm-diam,

The constituent mineral is generally quértz though there is often a
small percentage of other minerals (usually not more than 10%). Some
beach 'sands', however, may consist largely of Calcium carbonate in the
form of shell debris. No such shell 'syngg! have been encountered in the
present study,

The physiecal and chemical properties of quartz sand are of vital importance
in the building industry. The material is virtually insoluble and therefore
not aifected by normal weathering processes, It is almost iﬁcompressible
and therefore will sustain very large compressive stresses, It hds no
tensile strength hence the need for some binding material such as cement
to hold it together. Sand has a theoretical porosity of 48% axsuming the
grains to be all spherical and of the samd diameter i.e, 100 ¢¢ of sand

should accept 48cc of water without any increase in volume. The porosity

of sand is defincd as the tﬁtxxipq£54§gﬁx percentage of por® space in



the total volume. Yot coarse sund the porosity is 39—41%, for medium
sand 41—48% and for fine sand 44-49%. This, however, is the total not
the effective pore space. Total pore space includes all intekices or
voids whether connected or not and so is always grester than thg effective
pore space. If the sand is graded some of the pore epace will gg_partly
filled by the smaller grains and the porosity reduced.

Tests on a medium sand, mode O+28mm diam., graded 20% fine, 40% mediug,
4Q§ coérse accepted 42% of water without increase in volume i.e. the
porosity was only 6% less than that calculated. Testing a 3~1 dry mix
ilee. T5cc sand with 25cec cement, the sand would contain 39co voids, whiq:h
accepted 26ce water, thus 3Q9cc sand +25cc lime+ 26cc water = 90ce leaving
10¢cc voids in the set mortar. N

If all parts of the mixture are to be reached by air containing Carbon
dioxide the the mix must have some permeability. This ié not the same thing
a8 porosity. Permeability is a function of 'useful porositytand is dependent
on the packing of the sand grains and therefore on their shape, size and
grading.

In the following study sands are classified as fine if the grading shows
a predomiﬁ&ing percentage of. grains of ]esz than 0+21imm diam., as medium
if prains between (0-21 and 0s+31 mm diam.prpominate, and coarse if grains
larger than O«3lmm diam, predominate,

Cement, Calcium carbonate is burnt to form quicklime and slaked with water
jee. hydrated, Pmqualcium carbonate such as white chalk and oolitic
limestone produce a non-hydravlic or fat lime, If Aluminium silipatea such
as those present in clay, grey chélk or argillaceous limestonelgfe added
the lime will be hydraulic or semi-hydraulic. A non-hydraulic lime is
slowly converted to Caleium carbonate by the action of Carbon dioxide in
the atmosphere, Hydraulic limes will set under water by the formation of
cale-silicates and calc-aluminates., Thus addiiives 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 porzolana {or trass) was used by the Romans

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

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

can be assumed to have heen made with non-hydraulic limes except-in areas
where the limestone burnt for limeﬁ auch as Lias limestone, contains a
fairly high percentage of clay when the resulting lime may be semi~hydraulic,

Before continuing it would te 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



- in concrete.

5a

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
ag s liguid. Thus the amount of watcr added to & sand-cement mix isg critical

depending on whether the mortar is to be worked with & trowel or poured as

e 4

ECthical'AnalysiB. The chemical analysis of & mortar provides two items

- of information a. the weight of insoluble materisl and b, thé weight of

Celcium oxide., Before either item can be used,weights must be converted

"to volumes and some agsumpticns about the source of both the insolgble and

.

éoluhle material must be made. Firstly the inaoluble fraction of & mortar
will cqeist mainly of 810 in the form of sandput often with additives such
brick, tile or other silicates. Secondly the soluble fraction medy include
additives such as chalk, limestone and shell. A petrologicsal exﬁmination |
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

‘recorfded, angd suchﬁ additiv. 5 as clay or finely powdered chalk may not be

recognised at all.

Thus, in order 1o ¢rmbire the two methodé of analysis cerfuin assumptions
and adjustments need Yo be made. Firstly the weight of inscluble 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, The sand grains are assumed
to be spherical and of uniform diameter so that the actual wolume of sand
ia increased by the presence of voids to 524,

The weight of CalQ must be converted tn volume of lime. Compagison of
volume of sand to volume of lime should indicate the composition of the
dry mix i.e. 100cc of mortsr wade up of 75% sand and 25% lime will be a
3-1 mix. The percentagc volume of sand in the finel set mortar 3-1 mix
should be about 31% and in a 4-1 mix about 35%, in a 1~1 mix asbout 17%.

The cstimate of sand volume by direct count is liable to be inaccurate
but in practice comnares reasonably well with that ohtained by chemical
analysis.

The size and shape of the sand prains cannot be determined by chemical
analysis nor can the sand gfading, and when the sand grains are measured
by micrometer they are assumed to bhe spherical which is rarely the esase.

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

micrnacore. By superposing a centimeter grid it is possible to estimate
the number of s=nd prains per cc and so the percentage volume of sand in
the mortar. Additives of meterial other than sand can be ncted. The diameter
of a random selection of sand grains is measured my micrometer (wherever
roasible not less than 100 rrains) so that a cumulative percentage curve

cen be drawn, From this curve can be read the mode of the sand i.e. the




the diameter at S50% and the sand grading i.e. percentage of fin;é, medium
and iikx coarse, In order to check the accuracy of this method several
samples of some mortars have been tested with consistant results,
Didcrepences between the results of chemical and petrological exgmination
may be due to insoluble additives, soluble additives, clay,end leaching of
the cement which is evident in some mortars,
Chemical and Petrological analyses have been carried out for the following
samples,- Gee. Fig. (.
1. Lillieshall Abbey, Shropshire (FWA 119)
The site is on Wenlock Limestone which if used for the cement would

produce a semi~hydraulic cement.
Insoluble fraction- 58402 grams = 44+5 cc¢ sand -
Cal - 17468 grams =22+0 cc Ca0 = 113 cc cement
Thus the dry mix contained 67% sand (2-1 mix) gnd the set mortar 28k 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 Q«30mm diam, well-rounded.
The sand grading is 15-35-50 . C]assified as M3,
Additives,~ some quartz pebhles,
4. Orford Castle, Suffolk (FWA150)
fhe site is on Chalk so that the cement is likely %o have been a fat lime,
Insolyble frAation- 39:40 grams =30cc sand
Ca0 - %39+85 grams = 50cc Cal =255 cc cement

Thus the dry mix contained37e5 % sand {1-2 mix), the set mortar 10+5 %

The volume of sand by count was 20 suggesting that the the cemeﬁt contained
9« 5% of added.carbonates ( see additives)

Sand mode =~ O+32mm diam

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

Additives - much chalk, shell, sandatone fragments.

5. Farnham Castle, Surrey {(PWA118)

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

I

58¢c sand
144 cc Cald = G2¢cc cement

Insoluble fraction - 75+18 grams
Ca0 - 11+48 grams
Thus the dry mix contained 80% of sand ( a 4-1 mix)

"

The set cement 4ontained 43% sand

Volume of sand by count - 44% suggesting that the mix con tained no added
silicates.

Sand mode - (0+42 mm diam, coarse, subangular

Band grading -~ 0-20-80 Clasgified as W4

pdditives - gquartz pebbles, chalk, shell, ironstone,



6, Sherborune Castle, Dorset (i%Walal)

The site is on volitic limestone so that the cement was probably o fat liwme,
Insdlubdle fraction - 43:10 prams = 33 ec sand
. Cal - 28:56 grams = 599 cc Cad = 225 cc cement
The dry mix contained 48% sand { 1-1 nix) : -
The set cement - 15¢4% sand., Volume of sand by count - 12 6% Buggesting
that the mix contained about 3% of additional silica.
Sand mode - 0406 mm diam, exceptionally fine-graimed, well-rounded.
Sand grading - 85-10-5. Classified as a rendering (R) |
ﬁdditives - quartz pebbles and chalk,
7. Roman Wall, St.Albans, Herts. (FWAS0)
The site is on Chalk so the the lime was probably a fat lime.

Insoluble fraction - 65+3%6 grams = 50cc sand

Ca0 - 16+41 prams = 20+5 ec Ca0 = 106 cc cement

-The dry mix contained T1% sand (a 3-1 mix)

The set cement congained 32% gronq. Volume of sand by count - 335 %
Sand mode - 0¢43%5 mm diam. a coarse sand.

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

Additives - quartz pebtles, flint, brick, iroﬁstone.

8. Bury St.Edmunds Abbey, Suffolk (FWAY11T)

"he site is on grey Chalk so that the cement was probably a gsemi~hydraulic

with additional silicates of abont 75%.
Lhgxaxkxeix Insoluble fraction - 70.00 prams = Y4ce sand
Cal - 1%+84 grams = 17=3%3%cc Call = 89%°cement
Dry mix contained T6% sand (3-1 mix)
Set mortar contained 375 % sand . VoTume of sand by count = 30%
Sand mode -~ (295 mn diam,
Sand grading - 15-40-45. Classified as M3
Additives - jquartz pehbles, flint, chalk, shell, ironstone,

9, OCkehampton Castle Chapel, Devon (PWAL45)  Sec obbe 14 ' crﬁzwg-k) i

e site is on Carboniferous Limestone. The cement was probably fatl}ime.
Insoluble fraction- 59:90 grams = 46cc sand
a0 -~ 17+47 grams = 21:50 cc Cal = 112 cc cement.
Dry mix - 68% sand (2-1 mix)
Set mortar - 29% samd. Volume of sand by count - 25%
Sand mode - ()+480 nn diam. coarse.
Sand grading - 10-20-70. This is the fine fraction of a concrete.

Additives ~ crushed granite and a coarse aggregate of sandstone fragments




8.

11, Minster Lovell House, Gxford (wwa 1@4)_

The site is on oolitic limestone so that the cement wus probably fat lime,
inscluble ffaction - 45+¢42 grams = 3Hee sand
Cal - 27411 grams = 3%+5 cc Cal = 172 cc cement.
Ory mix - 51% sand (1-1 mix)
Set mortar - 174 sand. Volume of sand by count - Be4%
Sand mode - QO+ 31mm diam,
Sand grading - 20~30-50. Classified as a Plaster (P)
Additives ~ greensand, oolitic limestone, shell, gquuartz pebhles.
-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 R@#y 142)
The site is on oolitic‘limestongso that the cement was probablj a fat lime.

Insoluble fraction - 37+44 grams. = 29cc sand.
Ca0l - 30+58 grams = 38cc Ca0 = 196 cc cement.
Dry mix - 43+% % sand ( 1-1 mix)
Set mortar - 1% sand. Volume of sand by count = 10+4%
Sand mode - B+410mm diam. cocarse.
Sand grading %-?0-T7%., This is the fine fraction of a concrete. The coarse
agegregate consists of limestone, {lint and ironstone.
13. loughton House, Ampthill, Beds. (FWA 116)
The site is on Chalk. so that the cement was probably fat lime,

Insolubl - fractican (926 srame - Y55 co assnd,

0 oyl prams = el ge Cas o= G4 re cement
“ryomiy - TheBh sand (41 uiv)
Set moriar - 7 sand, Yolere of sand hy cornt - 38%
3and mode - 0+ ARmm diam, ceonrae, well-rounded,
Band grading - N-10-9C, Classified as M4
Additives - quartz nebhles, flint, brick, chalk, shell,
14. Castle Acre Priory, Norfolk  (FWA 103)

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

Insolnble fraction - 6£.10 prams = 52cc gand.

Cal =~ 1545 grams = 19«2 cc Call = 99 cc cement
Dry mix -~ 74% sand (3~1 mix)
Set mortar - 34«55 sand., Volume of sand by count - 39+ %%.
Sand mode - 0-26mm diam. , suhanmilar
Sand grading 30-45-25. Classified as M2
tdditives - Brick, chalk, ironstone. The chalk addition was probably aboht
b,

& versenally collected sample from this site (PWA 113%) wag send mode O<26mm

diam, and a pradins of 25-45-30, The sand content was 40,



9.

15, Castle Rising, Morfolk. {(@ya 13%)

. : emen : Lo ‘
The site is on Lower Groenssand. Them % was probably a fat lime made

from Chalk. & little oolitic limestone appesfs to have becn added o the
mix.
Insoluble fraction - 70+94 grams = %45 cc sand,
CaQ - 12+71 H = 19+8 cc Cal = Bl cc cement.,
Dry mix - 784 sand (4-1 mix)
Set mortar - 40+5 % sand . Volime of sand by count - 41%
Sand mode ~ 0«49 mm diam., coarse, well-rounded.
Sand grading - 0-20-80, Classified as M4
Additives - Quartz pebbles, limestone, ironstone.
16. Framlingham Castle, Suffolk (FwA 127)

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

L]

Insoluble fraction -~ 73%-88 gms. 57 cc sand,
CaO - 12+49 gms,
Dry mix - 786 sand ( 4-1 mix)

Set mortar - 41+5 % sand. Volume of sand by count - 3845 %.

i

1570 cec Ca0 = 8l cc cement.

Sand mode - 0«37 mm diam. subangular.,
Sand grading - 5-25-70. Classified as M4
Additives - Quartz pebbles, flint, brick,( probably about 3% )
Berkhamstead Castle, Hertfordshire, (FWA 132 )
The site is on Chalk so the cement was probably a fat lime.

Insoluble fraction - 55%+84 ms. = 43 cc sand.
Cal - 21+55 pmws. = 26«5 cc Ca0 = 138 cc cement.
Ory mix - €% sand ( 2-1 Jiy !
Set mortar - 23«9 % sand., Volume of sand by count - 2% .
sand mode - 0«18 mm diam, a fine-grained sand.
3and grading =~ 60~20-20. Classified as Ml but may be a rendering,
Additives - Brick and chalk.
18, Leisto%ngbbey, Suffolk. (FA 149 ) See also 24.

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

Inscluble fraction - 7090 gms. = 55 cc sand.
Cal -~ 13«66 gms,

Dry mix - 765 % sand  (3-1 mix)

bet mortar - %8+5 % sand. Volume of sand by count - 315 %.

17 cc Cal = 88 cc cement.

]

Sand mode - 0«10 mm diam., Excessively fine grained, subsngular,
dana grading - 60-10-10. Non-typical, classified as E.

Additives - usuartz pebbles, calcite.
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50. St.Olave's Priory, Herring Fleet, Suffolk. (WA 102)

The site is on Chalk so that the cement was probably a fat 1ine.
No chemical analysis.
Sand in set mortar - 4%% ( a 4-1 mix)
Sand gexgsxx mode - 0+41 mm diam,
Pand grading - 5-20-75.Classified as M4.
Additives, quartz pebbles.
21, Greyfrisrs Cloisters, Gfeat Yarmouth, Norfolk. (FwA 137)
The site is on Chalk so that the cement as probably(a fat lime,

yo chemical analysis,

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

Sand mode - 0«41 mm diam,

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

Additives - quartz, flint and chalk.

20, 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 - 41+5 % ( a 4-) mix)
Sand mode - 0+¢32 mm diam.
Sand grading - $-35-60. Classified as M3.
Additives - flint, brick, chalk and shell.
2%, 01d Wardour Castle, Wiltshire. (FwA 115 )

fhe site is on Upper Greinsand. The cement was probably made from the
neighbouring Chalk so thht the cement may have bheen a fat lime.
Mo chemica%@nalysis.
Sand in set morter - 214 ( a 1-1 mix)
Sand mode - Q<115 mm diam. excessively fine-grained.
Sand grading - °20-10-0, Badl. sorted. Classified as ® but probably a rendering.
Addifives - much chalk,
?%. Ewenny Priory, (lamorsan.  (WUA 148)

The gite is on Carboniferous Limestone. The cement probably semi-hydraulic.

Mn chemfcal analysis,

Sand in set mortar - %2% . { 221 mix).
3and mode - Q«40 mm diam.
8and grading - 5-20-75, coarse sand. Classified as M4

prdditives - limestone.
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26. St.havid's Paluce, Pembrcke. (Fwa 140)

The site is on Carbonifervous Limcstone so that the cement was probably

semi-hydraulic.
No chemical analysis.
Sand in set mortar - 32-5 % ( a 2-1 Mix )
Sand mode - 0+25 mm diam,
Sanﬁ grading 30-45-25%. Clagssified as M2,
Additives - quartz pebbles and shell.
07, Cow Tower, Norwich, Norfolk. (Fra 138)
The site is on Chalk, cement probesbly a fat lime.
‘No chemical analysis. (-
Sand in set mortar - 255 %. a,?—& mix)
Sand mode -~ 0«4l mm diam.
Sand grading - 10-20-T70, coarse sand. Classified as 144
Additives ~ gquartz pebbles, flint, chalk, ironstone.
28. Binham Priory, Norfolk. (Fwa 129)

The site is on Chalk, cement nrobably a fat lime,

No chemical analysis.

Sand in set wortar - 365 % ( a 2-1 mix)
Sand mode — Qe+ 36 mm diam.

Sand grading - 5-25-70 . Classified as M4.
Additives - flint, chalk, irecnstore,

2¢, Qaisgtor Boman Town, Marfollk, (WWA 159)

No chemiea) analysis. Tre nile 13 on Chalk,

Sane in set morfar - 4%h (K 4-1 mix)

Jand mods - 00275 mm diar,

Sand gradive - 2€.F6.40, T™ii~ is the fire aggrepate of a concrete robably
srrhably mede with a fat 1imr# cemont

A, Ruaeengtherna Oastle, ¥orfoll, (Pwa 146)

4 second sample was collectod personally - ™A 109,
The site iz on Chalk , cement srobahly a fat lime.
Noo ehemiczsl analisis .
Sand mode - O 3Tmm diem. (144). 0.2 mm diam. (109)
Sand srading - 10-20-70 (14r).,  5-30-65 (109), Classified as a rendering. H.
Sand in set mix - 194 (146Y, 244 {109), ( about a 1-1 mix )

Additives - quartz pehbhles, flint, limestone, ironstone.




31, Burgh Castle, Suffolk, (lewn 114 )

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

No chemical analysis.

Sand in set mortar - 22¢5 % ( a 1-1 mix )

Sand mode - O+44 mm dizam, -

Sand grading - 5-15-80. Coarse. This is the fine aggragate of s concrete
the coarse aggregate consisted of quartz pebbles, flint, brick and chalk
32, Thetford Priory, Norfolk (¥WA 1zn ), see 22.

33, Neath Abbey, Glamorgan, (Fwa 151 )

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

gseni-hydraulic.

No chemical analysis. _

Sand in set mortar - 3.&%. ( a 1-13 mix)

Sand mode - 0«30 mm diam.

Sand grading - 15-40-45. Classified as a plaster , P.
Additives - some rock fragments,

34. Cilgerran Castle, Cardigan. (FPun 144 )

No chemical analysis. ‘
Yand in set mortar - T%» . Sand mode - 034 mm diam.
Sand gtading - 10-30-60., This is the fine aggregate of a concrete the coarse
ageresate of which consists of nuartz pebbles, slate and schist fragments.
35. Denny Abbey, Cambridgeshire. ( FA 128 )
The site is on oolitic limestone so that the cement is probably a fat lime.
No chemical analysis.
Sand inn set morter - 38+¢5 %  ( a 3-1 mix)
Hand mode - Q- 37 mm diam.
Sand grading - %-25-T0. Classified as W4.
Additives - guarts pebbles, flind .
26, Weeting Castle, Norfolk. ( Pwa 131 )

e site is on Chalk , the cement probably a fat lime.
No chemical enalysis.
Sand in set morter - 9% ( 5 3-1 mix )
Yand mode - O+30 mm diam.
Sand srading - 15-40-45. Classified as M3,
Additives - guariz pebbles, flint, ironstone.
37, Llanatephan Castle, Carmarthen, { FWA 147 )
The site is on Carbonifercus Limestone so that the cement was qﬂ@ﬂﬂy&y

probably a semi#hydraulic.

No chemical analysis.

Sand in set mortar - 335 %. ( about 2-1 mix )
Sanda grade - 0+16 mm diam.

Sand srading - 75-25-0. This is a concrete in which the coarse agrre-ate
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consists of fragments of Carboniferous Limestone,

38 & 3%39. Caerleon Homan VWall, Monmouth.

No chemical analysis.

This is a most peculiar concrete. Both fine and coarse aggregates consist
Carboniferous Limestone and some Lias Limestone chips set in cement. No
sand was used : T

40. Oxwich Castle, Glamorgan. ( PwWA 136 )

The site is on Carboniferous Limestone, The cement probably hydraulic.

No chemical analysis.
Sand in set cement - @b ( ( a_l-i% mix )
Sand @ogheswx 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 )
Thae site is on Chalk. The cement mapgex probably fat lime.

No chemical analysis,
Sand in set cement - 12:5 % {( 1-%5 mix )
Sand mode - (O-3%4 mm diam.
Sand grading - 50-30-65. This is a rendering.
Additives - quartz pebbles, flint, chalk,
42. York Minster, Yorkshire. ( Fwa 123 )
The materials used for the cement were probably Magnesian Limestone

and Chalk.

Mo chemical snalysis.

Sand in set cement - 1A% ( a 1-? mix )

Jand mode ~ G+31 mm diam.

Sand grading - 15-3%5-50., This is a rendering.

Additives - nuartz pebbles, brick, limestone and chalk.

Summary of results to date,-

1. Seven samples of modern mortar have been analysed for comparison,
Three of these were knovn to be standard 3-1 mixes, three appeared to be
a 4~} mix. The remaining sample contained less sand and was probably a
”-1 mix, it certainly was harder than the others.

The sand mode ranged from O-28mm diam to O+3%1 mm diam, and the sand
srading put six in the M3 group and one in M2 (see below).

?. Mortars (). Davey (19A1) reporting om a study of some Roman mortars
appears to have included gravels a part of the ssnd content,' sand etc.
< 19 mm, diam? Tt may be that méﬂt of the sampnles included in this aneluysis
were what here would be c¢lassified as concrete. He states that the aggregate

for a mortar should be less than 3/16 th. inch (5 mm ) diam.In the present
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study it was unusual to find sand srains larser than 1.00 mm diam,

In what here is regarded as a true mortar the volume of sand is
between 30 and 50/%. The sand mode and grading have been used to distinguish
four grades of martar and it appears as if these grades may have some
historical significance. For example most of the mortars in éroupuMQ could
be Saxon, whilst those in group M4 are mostly Roman or 12th,Cent.
Mi. Mortars in which the sand mode is 0+15-0+22mm dia. {(average of 21 samples

0¢20mm diam.). The sand grading shows a predominance of fine sand { average

grading 22-35—10.

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

Little Somborne - 1 sample, Berkhampsteed Castle - 1 sample.

M2. Mortars in which the sand mede is 0022-Ce275mm diam, (averagq of 17 samples

0+25mm diam). The sand grading shows a predominance of medium sand
average grading - 30-50-2C.
Brixworth Church - 13 samples, Castle Acre Priory - 2 samples, St.David's

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

M3. Mortars.in which the sand wmode is 0+¢27%~0+350mm diam. (average of 23
samples - O-}&ﬁm diam,). The sand grading shows medium and coarse sand in
more or less equal quantities =~ 15—49;&?.

Brixworth Church - 8 samples, moderﬁdbuilding - & samples, Lillieshall
Abbey -2 samples,St.Augustine's Abbey - 2 samples, Thetford Priory - 2
samples , and single samples Trom Bury i5t.Edmund's Abbey, Weeting Castle

and Orford Castle.

M4. Mortars in which the sand mode is 0s35-0.49mm diam. (average of 26 samples -

0+41 mm diam,). The sand grading shows a predominance of coarse sand -
0-20-80.

At.Augustinests Abbey - T samples, Brixworth Church - 3 samples, Baconsthorpe
Castle and Wolvesey Palace - 2 samples trom each. Single samples from

Roman ¥Wall S5t.Albans; St.0lave's Priory; Roman Wall, Lincoln; Houghton House;
Farmham Castle; Thetford Priory; TNenney Abhbey; Binham Priory; Castle Rising;

freyfriars Cleoisters; Cow Tower, Norwich; Ewenny Priory.

Renderings. A mixture of sand and cement in which the the volume of sand
is 10-30 %
R1l. 3and mode mostly ahout 025 mm diam. ( range 0¢175-0«30mm diam, )
R2. Iive samples of rendering from St,AgustineBg Abbey contained coarse sand
i,e, the mode was between 0-30 and 0249 mm diam. Similar renderings were seen
frem York Mimster, Winchester Cathedrsl and Wolvesey Palace,

Mo, At Rudstnﬁg'Villn the smaller tesserae ( lem) were set in a bed
of R? type rendering (the sand mnde was 0+52-0-57mm diam,), whereas the
larger tesserae (2 cm) were set in a fine sand rendering {Rl, sand mode

D200 Ou%m diam, Y., ¢ lwe piviwds of condvuihen




c¢f the
Plaster, Y= lf}Asamples examined 211 bad & low sand content (lese than 104)

and one sample from Ludeershall corntained ne gand, 1% appesred fto be a

mixtypre of crushed chalk and cement. ITn #oneral the aend was fine-grained

( average mode -~ C-265mm diam.)} and there was a considevable amount of
calcareous material added. None were gypsum cements and only one (gastle
Rising) contained hair.

Concrete. Bo far only six samples have been exemined and there is considerable
variation. In general the sand is rather ccarse 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-
érained-sand with a coarse aggregate of limestone fregments,

Non-typical MortarsiE)A few of the mortars covld not be easily fitted into the

classification outlined above generally because the sand was ungréded. For
instance that from Leiston Abbey contained 804 of sand less than 0-21 mm diam.
One of the samples from St,Ausustine's Abbey had 35% of fine sand, 45% of
coarse sand and only 2?06 in the medium grade.

An unusmal sample from Brixworth contained a lot of hair but the percentage

of sand was much too high for it to be classified as a plastef.

PBstscript. The results of this irnvestipation so far are encouraging.

They supkgest that a useful clessification of mertars and allied sbstances

can be found, Moreover, there aupears to be the possibility of a rough

datine of mortars. ,
Tt is also obvieus that many more examples need to be studied particularly

of firmly dated material bhefore any further assumptions can be made.
Petrological and chemical analyses can both contribute some evidence

of the original composition of the mortar, but i$ is debatable whether

or not the latter are really essential.,
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Specimen work sheet for a fictitious site. -

see Pig, 8,

Ste.Andrew's Abbey, Kent.,  (MWA xxx)

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

Number of sand grains per cc = 8,000 (207 )
Additives - quertz pebbles, flint, some chalk,
Sand -~ a river or beach sand , well-rounded.

Sand grading,-

Graip diameter in

Micrometer ;;;;;. ﬁyg@ber.i‘% _ cumulative %
U *{ 0|~ 0
2 ——_MME 3 , 3 —

3 <11 ~-11 - 14
4 ——— 20 — 20 34
5 ———— 30 "iﬁo - 64
6 o e 20 ~%20 84
7 e 12 <112 - 96
B, ——m 5 | 3 199
9 —- -t 1 | 1 {100
100

Sand mode - 0+28 mm diam.
Sand grading - 15-50-3%, a medium sand. Classified as M3

Volume of sand in set mortar - 285 % ( a 2-1 mix)
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