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Abstract

The will of reducing environmental and social impatbuilding industry has led to a renewed intene®arth
construction. Most of earth construction literatdealt with rammed earth or adobe techniques, &yt httle
with cob. Yet, cob participates in the diversityvefnacular earth construction processes that Jaba
materials and is an alternative to rammed earthaaiothe in specific geographical conditions. Corestéoa of
cob heritage also requires a better knowledgeisfiigrnacular construction process. This bibliogieal
analysis gathered extensive data on cob processuwanoharized the different cob process variatiotteprapting
to take into account their diversity. This analysdiswed us to provide novel data on cob process,maore
specifically, (1) a clear definition of cob withgard to other earth construction processes, (R3tesstimmarized
description of cob process that clearly distingedbiis variations, (3) a list of fibres traditiolyaémployed, (4)
values and, if possible, average and standard titavitor fibre length, fibre content, manufacturater content,
drying times, lift heights and wall thicknesses, #&summary of the strategies to manage shrinkeagks, (6) a
criterion on the quality of implementation and/arté for cob, based on slenderness ration ofdifis (7) a
discussion on the evolution of cob process witlarddo societal evolutions.

Highlights

- A clear definition of cob is proposed.

- A first summarized description of cob procesgrigposed.

- First order of magnitude of characteristics db poocess is proposed.

- A summarization of the strategies of manageméshonkage is proposed.

- A criterion on the quality of implementation aodéarth for cob is proposed.

Key Words: cob; vernacular; earth constructioncpss; sustainable building.
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1  Introduction

Cob is part of vernacular earth construction teghes. It consists in stacking clods, made of aghastic
earth, in order to build a monolithic wall. As ottearth construction techniques, cob encounteretiewed
interest for its low environmental impact in comipan to conventional construction materials [1-4].
Indeed, the building sector is one of the largessamer of natural resources [2,3,5-8]. It alsegetes large
amounts of waste [5,6] and produces greenhouse gfaateparticipate to climate change [6—10]. Eméddi
energy together with operating energy of the boddiector represent approximately 40 % of globatg@nuse
[5,6,8,9].

Until 2000s, operating energy only was considereghlise of its dominant share in the total life ey8lince, the
use of more efficient equipment and insulations ifiedi the balance between embodied energy and tipgra
energy so that the proportion of embodied energsesed [6,8,11]. In order to pursue energy saeffayt, the
next challenge of the building sector will be tieduction of embodied energy [8]. This involves good
maintenance of heritage and the use of construatimerials with low embodied energy [12,13].

Improving durability of cob heritage will save asich energy as it would be required for new consisne
[14]. Still existing cob building heritage is estitad to 50 000 in Germany [15], 40 000 in Devon J[ik5,17],
30 000 in llle-et-Vilaine (France) [18] and 20 G@Manche (France) [19]. In European Union, colitage
thus represent, at least, 200 000 buildings. Thegldings date back to the first half of*26entury, the 19, 18"
century and are even older [9,15,18,20-39], whiclve their high durability (Figure 1). This longgwis only
possible if properly maintained by skilled craftsnj®,30,40-44]. Unfortunately, this expertise istlm the
Western countries [1,4,17,42,45-47] and inapproprgaintenance is a serious threat to cob herji®yéd1,44].
Hence, there is a need to describe and understdmdonstruction process in order to propose su@tabl
maintenance solutions in order to increase buikliifgtime.

Former builders mainly had animal energy and urgssed local materials for construction purposeiCes
after centuries, they optimized the use of ava@latatural resources, according to geographicakgoand
societal evolutions, and developed local constvaatultures [1,42,48]. As a consequence, embodiedyg of
earth construction is very low in comparison toestmaterials conventionally used in construction
[1,2,9,10,16,46,49-53]. For example, embodied gnef@ wall made of earth is about 20 times leas tthat
made of hollow cinder blocks [9,10]. Earth constiae offer other benefits: better social impact [Sjv
greenhouse gas emissions [6,9,10,46,49,54], higimigd mass [1,19,30,49,52,55-63], good indoor wality
[1,7,9,10,49,51,54,64—67] and reversible clay bigdillowing a complete and low-energy recycling
[10,16,31,49,50,52-54]. As these local construativikures are a source of inspiration for anti+iis
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constructions [48], they can be used to proposedutnergy-efficient building solutions. Earth bliilg heritage
is therefore a precious testimony of low-environtaéimpact construction.

The aim of this paper is to propose a clear dédimibf cob with regard to other earth constructiechniques,
analyse cob bibliographic data in order to provdad#escription of vernacular cob construction pre@s an
explanation of the key factors of the process.

Among the 133 references used to describe locatenbtruction techniques, 77 % concerned France and
United Kingdom (Table 1). This bibliography is aredook to vernacular cob construction techniquesiiad
the world, with a focus on France and United Kingdo

In this paper, soil names the material in its retoontext and earth names the material extracted f
construction purpose.

2  Cob definition

2.1  The place of cob in the family of earth constructiechniques

To provide a definition of cob it is necessary mlerstand what makes this earth construction tgcdeni
different from the other ones. Thus, before prapgsi definition for cob, the classification of vacalar earth
construction techniques is to be considered.

Some earth construction process classificationg wesposed in the literature but no general agreemasts
[9,17,36,68—72]. Among those classifications, thogsed on the distinction between wet methods and
dry/compaction methods [9,17,71] are judged mom@@iate for classification purpose. For wet pasess,
earth mixture is placed at plastic state and mdachbstrength of the material is provided througiig
shrinkage densification (adobe, cob). For dry psses, earth mixture is placed at optimum Proctéemwa
content and mechanical strength is provided thraaghpaction densification (Compressed Earth Blouk a
rammed earth). A second distinction is made acogrth the implementation of the earth in the wihllpugh
masonry units (Compressed Earth Block and adobeéirect monolithic wall realization (cob and rammed
earth).

These classifications are adapted and supplemauitiechon-load bearing techniques (wattle and daub a
plasters) and a classification is proposed in EdurThis classification is based on three critesiq1l) water
content of mixture (dry-compression densificatiomet-shrinkage densification), (2) implementatigpe (dry
masonry units built with a mortar / direct implertegion of earth mixture at manufacture water conierder
to build a monolithic wall / infilling of a woodestructure / overlying of walls) and (3) structurale of the

earth element (load-bearing and free-standing wailts-load bearing walls).



93  Using this classification, it is possible to propasdefinition for cob. This definition should b&e enough to

94  comprise all process variations, but precise enadagtifferentiate cob process from other earth toeton

95 techniques. The following four key characteristics proposed to define cob process: (1) realizatia@arth

96 elements in a plastic state, (2) implemented webrder to build a (3) monolithic and (4) load hiegror

97 freestanding wall.

98 2.2 Cobname

99  Alarge variety of vernacular names for earth camtsion techniques (Table 2) fall under the defimitof cob
100 process. Nowadays, these names tend to disappfeaour of the universal term, “cob”. This allowbetter
101 international communication between researcheginears and professionals of earth constructionitlenases
102 the nuances between local techniques and causeaéande problems.
103 Indeed, those names sometimes describe similanitpeds and sometimes describe different variatidreob
104  process. As an exampleaugein Brittany (France) anchasseén Normandy (France) describe the same
105 technique (see case a, section 3.3.1), as weliibotis in Brittany andyazonin Normandy also describe the
106  same technique (see case b, section 3.3.1). Tindotrgehas imposed on the entire francophone area instead
107  regional terms to name this technique [73]. Butviloed bauge in its strict meaning, refers to the earth, fibre
108 and water mixture that was traditionally employedrittany for earth construction [26,74—77]. Altlgh this
109 term refers to the mixture obtained, it necessaefgrs to its associated process. Neverthelesyy tie term
110  baugeto namemasseconstructions of Normandy is a misnomer and usiegermbaugeto namecaillibotis or
111  gazontechnique is confusing.
112  To avoid this confusion, it should be specified whaugeis used in a strict sendeauge s.3.to differentiate it
113 from its acceptance as a general term. The sarfieuttif exists for the internationally acceptedntecob [4].
114  Some authors [36,68,69] proposed to name this tgaéripiled earth”, since it better described tasstruction
115  process. Nevertheless, it failed, for the momenimpose instead of the term cob. Asli@uge it should be
116  specified when cob is used in a strict sense (bthe vernacular technique used by former brsldeDevon
117  [16]) to differentiate it from its acceptance agemeral term, cob.
118 3  Cob process
119 A summary of cob construction process is proposdedure 3, using the engineering process desonpén
120 engineering process divided into a succession @fementary step8ased on literature information, cob
121  process is divided into 4 elementary steps: (1)maaterial supply and preparation, (2) mixing, (3)

122  implementation and (4) rectification and drying.
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3.1 Material supply
3.1.1 Earth

Earth source selection
For former builders, the first step of the cob Buif process was the identification of earth matesdurce.
Thanks to the legacy of previous builders and tbein experience, they had a specific knowledgdeftay to
choose earth for cob construction [9,22,78]. Stheeknowledge was orally transmitted, and usedagsuch
as touch, sight, smell, taste and hearing, it regua long learning alongside a master [78,79]s khbwledge is
nowadays lost in the West, but it is possible yadrrediscover and translate it by mean of geateeth analysis.
Some authors have characterized earth materidécted inside or next to old cob walls [44,52,80-&esults
are too small and incomplete to summarize them. éd@w vernacular cob earth textures were defingddn
literature as loam [15,20,21], clay [22,31-34,88-9i#t [31,82,93,95] or clayey-silt [31,35,93,98jils.
Silts, sands and gravels were identified as theujaa skeleton that provides strength to the malteri
[14,17,84,86,97]. Well-graded soils were prefesaate their packing structure allowed good spdtedi
properties that increased cob density, and thexéfermechanical strength [14,17,84]. Clay wastified as the
binder that brings cohesion to the material [8#¢ldy content was too low, cob material crumblgd,p7,98].
Nevertheless, clay content also governs the drgimmkage of the cob mixture. If clay content was high,
large shrinkage cracks weakened the material [8d89.7As for earth plasters [99], there is an optimclay
content for cob, thought to be around 20 % [9,16,8us, suitability of soil for cob constructioegended on
clay content and particle size distribution. Tlsisvhy some authors proposed earth-grading envétopttest of
their suitability for cob construction [9,16,19,8%,81,100,101]. However, most of the grading cunfesarth
collected in old cob buildings did not fit insideose grading envelopes [44,80,86,102]. Consequehdge
grading envelopes failed to give full account airier cob masons knowledge.
Authors agreed with the fact that cob earth malterses locally sourced. This was evidenced by thalarity
between available soils next to heritage cob bagdiand the earth used in their walls
[10,31,38,85,86,93,95,102,103]. But more precidelyally sourced earth materials meant that theyd:bave
been dig from the foundations of the building [9%8Jond next to the new building or in a field sumding the
building [22,26,33,35,74,76,77,88,90,92,93,98,1@6},linside and immediately around the buildingidgithe
construction [26,35,94], a field around the buifl[85,74,77,84,88,104,105], the cellar of the kindd98,107],
an earth quarry, located on the same municipady, [a ditch cleaning [108] or a hollow way [74,X39].
Another practice that appears to have been quiteramn, but difficult to attest, is the reuse of &ath of old
cob walls [110,111]. It is then possible to precigdat “local earth” meant for vernacular cob constiion. It
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was an earth excavated on-site or, tenth [33] adhedth [76] of meters or, at most, a few kilome@m&vay from
the site [95].

Earth excavation and transportation
Topsoil is rich in organic matter that decompoderamplementation and created mechanical weakséssigle
earth walls [52,112-114]. It was therefore constdeas unsuitable for cob construction
[9,32,33,35,40,52,74,77,78,91,97,98,107,108,116,118] and it was cleared off before the excavatias
carried out [40,74,77,107]. Sometimes topsoil veasaved the year before the construction took placerder
to break down the subsoil under the effect of winteistening and freezing to ease the excavationgas
[107]. The excavation was done by the owner arativels [32,74,76,78,84,88,104,118-120] by handikho,
for example, a mattock [34].
Because the most suitable earth for constructionfaand just below the topsoil, excavation concdradarge
surface area and a thin layer of soil [35,98]. Whenexcavated on-site, earth was transportedetsita by
animal-drawn tumbrel and stored [74,104,105,121,12& a 20 mearth lift, this corresponded to 10 tumbrel
travels [88].
A unique source of material was sometimes not emdoigomplete the walls of the building [81]. As an
example, when the earth excavated from the fouosf the building was not enough, another locatemal
source was exploited (dug from a pong, a fieldoléolv way...) depending on needs and opportunitié® dse
of different earth sources was highlighted by thgations of colour and texture from a lift to amext [24].
A first option was to realize the material suppilyace, and all material sources could have beardrtiogether
[107]. A second option was to realize the matesigdply separately for each lift [88]. Indeed, theoant of
earth necessary to realize one lift was estimat&Dtni, which corresponded to several working days ofl har
labour for the working team [88].
Sometimes the poor earth quality required to tentghanks to another material [108,110,120,121]1P8Bus
another earth material source or aggregates cawe been employed as an earth grading corrector
[107,108,110,120].

Earth preparation
Sometimes, earth was brought on-site the year &¢fier construction took place, so that weatherifegebroke
it down in order to facilitate the screening (ifréred) and the mixing of the material [10,22,1@3}and to let
the organic matter to decompose [108]. If rainfalése not sufficient, the earth was wetted durirgtev [108].
More generally, earth was stored close to the coctsbn site some weeks before the constructiok pace
[88,105,110]. The preparation of the earth, priomixing, could involve one or a combination of the
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following actions: (1) earth was got rid of largeks [14,16,35,47,74,77,81,85,90,98,104,105,115]P%3126],
maximum particle size diameters is in the regioB@fmm (Table 3); (2) earth was loosened [16] tkaonka hoe
[35,77,104,115], a mattock [126] or a spade [1R6frder to break clods of earth; (3) earth waskedalays
before mixing to make it more workable and to hoerige water content [34,35,47,64,74,77,88,98,1®;10
(4) earth was trodden by men [105] or by anima8184] to prepare soaked earth prior to mixing.

3.1.2 Water

As there was no water supply network at the tim#heir construction, cob buildings were more likilgated
near water sources [4,23,122]. Water was taken thamwvell of the farm, from a pond created by theagation
of the earth material [88,108] or from a ditch €ds the construction [108,110]. In Brittany, tlebavall
construction had to be completed before July, besaas water became scarce in summer, its useestsisted
to farm activities [74,104]. In Devon, water suppBemed to have been a less critical problem siolse
building took place in late spring and during thensner months, because these periods were favoudmable
walls drying [14,19].

3.1.3 Fibres

Although un-fibered cob was mentioned [9,14,34,84,118,127], cob technique was generally associaiid
natural fibre addition. Most commonly cited fibmagloyed for cob is straw (Table 4). According tdiffean
[74], during the 19 Century, evolution of agricultural practices gexted straw excess, fostering its use at the
expense of fibres used before. Actually, largeetas$ of fibres were used in vernacular cob consbm (Table
4). Since fibres were locally sourced [19,33], thiigersity reflects the adaptations of the vernacabb
construction process by former builders to resaiesailable in their nearby environment. Authorthbeferred
to cut, or chopped, and uncut fibres (Table 3). Teaxles for fibre length can be identified (Table(3) small
fibres (10-20 cm), fibres length being about eqadhe size of a cob lump, (2) long fibres (40-69) cfibres
length being about equal to the width of the wall.

The role of fibres inside cob walls was to (1) fizeie the mixing [14,100,107], (2) assist handling
[9,10,16,22,26,31,84,100,117,118], (3) acceletatedtying process [9,14,19,26,35,100,107], (4Yyithste
shrinkage cracks throughout the wall mass [9,149,82,24,26,34,49,52,100,107,128,129], (5) enhance
cohesion and shear resistance of the wall [9,14:9185,31,49,100,129,130], (6) improve weatherirgistance
[10,100,130], (7) reinforce bond between lifts [1187] and (8) wall angles [94,108].

Some authors [14,15,19] stated that fibres conteithio the thermal insulation of the wall. Yet, Keef9] argued
that thermal conductivity reduction of a cob wallsasignificant only if a large amount of fibres veakkled to
the mixture (about 25 % by mass). Fibre contertiodf was generally between 1 to 2 % by mass (Tgbla 3
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this case, thermal contribution of fibres seemeay limited. Anyway, the most important functionfifre is
thought to be the distribution of shrinkage craj&$4,24,107].

3.1.4 Stabilizer

Fibres can be regarded as a stabilizer. As mogtmiacular cob was fibered, it might not necessitaither
stabilizer addition. As a consequence the use ot or lime as a stabilizer in cob mixture seetodubave
been rarely employed [16,79,84,107,125]. Keefeefdjsidered hydraulic binder stabilization with aical eye.
According to him, under temperate climate, it skdug possible to construct strong, durable buikslwghout
recourse to stabilization. Moreover, he stated dlging this process, the soil undergoes a fundéhand
irreversible chemical change so that it is no lorrgeyclable, becoming, in effect, a sort of "brogancrete”
[9].

The use of natural stabilizers was mentioned iditbeature: animal dung, small pieces of stravglkhvegetal
oils, white of egg, cow urine, ashes, milk, blobditermilk, casein [16,41,84,94,107,131]. Tooditthformation
are available about stabilization in cob literafuhais, the use of stabilizer is not detailed i traper.

3.2 Mixing

When raw materials (earth, water and, if requifgmles and supplementary earth or aggregates) svgnglied
on site and prepared as described in sectiont®&¥,were ready to be mixed together to form therodture.
Mixing took place on a flat and if possible har® [123] and impervious [126] surface. This surfaes w
sometimes pre-wetted [16,126] and sometimes coveyedbed of fibres [16]. Earth was spread onghiface
and arranged in the shape of a flat circular héap 6 m diameter) next to the wall under constaunct
[102,115,123,125], or in a continuous pile of ed€t!s to 1.8 m large) all around the future buitgialongside
the walls under construction [74,77,88,104,105]rél@rely the mixing was done in a rough trougtb||12
Earth was spread to form a layer some centiméhtiek [74,104,105] to 10 cm thick [16,115,116]. Fbr(when
required) were evenly distributed on the earth16(74,77,88,90,102,104,105,115,116,125,126] anwitate
was trodden by men [9,10,16,20,21,24,32—-35,47,51,74
77,83,84,89,90,98,104,105,107,108,110,115,116,218,25,126,128,131-133] or by animals [16,31—
33,35,47,74,77,83,104,107,128,132], generally t0j2&,35,87,88,102,123,124] or oxen
[21,35,102,108,110,121]. During mixing, more fibfedhen required) were gradually added [75,102,123],1
and water content was corrected, based on guesstofithe cob masons [9,10,14,16,34,102,116,123,126
Manufacture water content of the cob mixture shdwidg it into a workable mix [16,47,85,87], i.até a

plastic state [10,31,35,88,97,128,134,135]. Martuf@cwater content are in the region of 20 % (T&b)evhich
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is in agreement with a plastic state. Average fidmeatent range from 1.4 to 1.7 % by mass (Tabl@is is in
agreement with the optimum fibre content aroundpt®posed by Danso et al. [130].

In order to ease the mixing, some authors referdéde use of forks [107,108,121,123], picks [1@3]land
hoes [32,118,132] to stir the cob mixture [9,16h&N the mixing of the first layer was completea, pnocess
was repeated several times to realize other lapersthe first one [88,115,116] in order to creatgle of earth
60 to 100 cm thick [88,115] . The treading coulst [a— 2 h [124], a half-day [118] and up to 3 diy&3]. Cob
mixture is ready to be placed inside the wall,ibabuld have been let to dry overnight up to a tkawys before
to be used [24,31,116,118,126,128].

The purpose of cob mixing is to evenly distribugeycwater and, if added, fibres in the cob mixturerder to
maximise the contact surface between wet clayo#tmet constituents of the cob mixture
[9,10,14,16,64,100,126]. Indeed, as it has alrdmdyn demonstrated for other earth constructionnmatge
cohesion is provided by capillary forces of watemisci attached to clay particles [1,71,136—138LS]
mechanical strength and durability is enhancethif particles are evenly distributed inside thetrearatrix
[9,71,100]. Soils are usually organised in ped€l[1lh order to evenly distribute clay particlesiohe earth
material, it is then necessary to break those fedwbilize clay [9,126]. For wet earth construntiechniques,
this is achieved thanks to kneading action of sdaeaeth, water playing the role of a dispersinghage
Dispersing action of water is efficient if watenigll distributed and in sufficient amount insideth material.
Cob mixing is easier and more efficient if earthsvpae-soaked and mixing realized on the “wet safahe
plastic state [9,10,14,47,55,100,126].

Besides kneading action, blending action of theimgiprocess allowed an even distribution of thestituent of
the mixture [9,64,100,126]. Indeed, inhomogeneitwld create weak points inside cob walls [126].sThias
even more essential when another constituent wéesdaid the cob mixture (sand, stones, fibres ..Drdsi
provided extra tensile-strength to cob walls angriomed weathering resistance [9,10,14—
16,19,26,31,49,87,100] but this was only truebifdis were evenly distributed [55,100].

3.3 Wall construction

3.3.1 Earth elements implementation

Cob walls were made by the stacking of: (a) clddsasth snatched from the cob mixture pile, (bxpta
elements of earth cut in squares, (c) plastic efesnef earth modelled by hand into specific shapegd) wet
clods of earth snatched from the cob mixture pitéde a shuttering.

In case (a), which was the most widespread veraacob construction techniques, material was tdét@an the
cob pile next to the wall with a fork, with handswath a shovel by a workman and given to the eHill
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craftsman, standing on the wall, who arranged khascof earth: a first one was placed on one sidbeowall, a
second one on the other side of the wall and d trie in the centre, ensuring that they correctriapped
each other in order to provide sufficient cohedietween elements [9,10,14,16,17,19,20,24,31,32 3543 6—
78,87,88,91,95,104,105,108,110,115,117,119,1234285,31,133,139-141]. Clods of earth were dispssed
that they overhung the plinth on both sides ofitla$l by 5 — 15 cm
[14,16,24,35,77,78,87,88,91,95,104,115,124,125,@bfs were often arranged in diagonal layers
[16,31,87,111,115,125], by, for example, an an@l@so- 45° [31,111]. Sometimes fibres were placediad
each clod [26,134,140] or between each 6 to 8 gerlaf clods [22,31,32,35,76,117,134,140]. Theafssood
dowel between each clods [108] and the use of betboes and/or tiles between each layers of di®t4.08]
were also mentioned. Once in the wall, clods offeaere compacted by the trampling of the craftsmibo
worked on the wall [14,16,17,20,46,54,87,100-102,120], by hand [47,84,131] and/or with a tool kfastick)
[10,14,16,24,54,87,88,100,101,140]. As the cob mn&ivas implemented in plastic state, the matstibkided
under its own weight and tended to overflow. Duting construction, sides of the wall were then Iy
beaten with a stick, feet or a fork to tighten thees of the wall [14,24,26,35,74,77,95,104,115,123

In the United Kingdom several authors referred tquack process” by opposition to a “slow process”
[9,22,54,142]. The “slow process” is the technigescribed above, i.e. stacking of clods of earth lift, left to
dry for several days or weeks before another dittld be implemented on it. The “quick process” éstesl in
stacking clods of earth in small courses (arousthBseparated by a layer of straw in a continuoag tirough
the completion of the wall. According to McCann [2&alls were completed in 1 day thanks to the ¢fui
process”. In this technique, fibre layers shouldehplayed a significant structural role at fresitest

In case (b) the cob mixture was spread on the graqua 10 cm thick layer [124] and cut in squarE2®25 by
25-30 cm [24,35,131] with a sharp tool. These smeaitangular blocks of cob could have been lefirobefore
they were placed in the wall [31]. They were thenaaged in the wall in horizontal layers ordpus spicatum
[31,32,35,76,98,124,131,140]. This technique itedaipzonor patons de massa Normandy [24,31,64,124]
and aillibotis in Brittany [35].

In case (c) the cob mixture was modelled by haralspecific shape [82,83,111] (cylinder, ball, cjgaangle)
before to be stacked and compacted on the Malssondn Italy [52,143,144] an@8ancoin Africa
[84,91,118,145] are some examples of this kincgeofihique. In Italy, unfibered cob mixture were mitetkin
the shape of cylinders call@adassone(8 — 15 cm in diameter and 30 — 40 cm long) exblind covered by straw

before they were implemented on the wall [52].

10



307 For case (d), several authors referred to the uskbuitering for cob wall construction [9,16,22 &2+

308 89,98,111,125]. This technique was called shutteoddor puddled earth [9,22,87,107]. For examiaitered
309 cobis attested in Devon from around 1820 rightaup914 [9,16]. According to Keefe [9], shutteraxbc

310 mixture is wetter than unshuttered one. Thus, i;¢hse, drying times were long.

311  3.3.2 Lift subsidence

312  Since cob was implemented at plastic state, itshanr@cal resistance was laamd the material subsided under its
313  own weight during construction process. The heddlwall done in a same time was limited. As a resudb
314  walls were a superimposition of successive monoligarth raised, called lifts. A new lift was read when the
315 previous one was dry enough to bear the weightehew lift without deforming [21,34,46,54,87,1283). The
316 height of a lift varied with soil type, plasticignd stress applied on the wall during constructidgfh heights
317 ranged from 10 to 120 cm with an average of 59 Eigufe 4). Wall thicknesses ranged from 10 to 1%0agth
318  an average of 62 cm (Figure 4). IfMdentury and earlier, wall thicknesses was 80 tor@®r more

319  [22,32,77,125]. It decreased to 50 to 60 cm ifi d@ntury [9,22] and reached 50-45 c¢m during tHE dehtury
320 [9,77]. With time and improvement of the technigaeftsman were more and more confident and bhiiiner
321 walls [9,10,14,16,22,32,34,35,77,103,125]. Sleneesmratio ranged from 0.5 to 1.6 with an average®@fnd a
322  standard deviation of 0.3 (Figure 5). Slendernate of lifts is proposed as an indicator of corieace of earth
323  and of associated process variation, the highesldrelerness and the better the convenience. Famses of
324  slenderness are defined for cob lifts (Figure 5).

325 Earth consistency depended on its clay contengiwtiffer naturally from one soil to another, atslwater
326  content, which was determined by the cob masomrdi to his building practices [9,16,31,34,55 [Ld®
327  realize higher lifts and save time, clods of eavitth a firm consistency were preferred, i.e. on‘ttiey side” of
328  the plastic state [9,14,100,126]. This is in cadition with the optimal mixing water content sugtgsl in

329  section 3.2 (“wet side” of the plastic state). SaVvstrategies have been employed to overcomethldem:
330 some masons used a drier mix, which required higheading force or longer kneading action, somedét
331 mixture to dry before implementation and otherdustauttering to ease the placing of wet mixturédeashe
332 wall [14,47,100].

333  Fibres were employed to assist handling of clods@nvide extra strength to fresh cob lifts andéfare built
334  higher lifts [9,10,16,22,26,31,84,100,117,118]. higher the water content was and the higher thre ftontent

335  should be. This relationship was illustrated byt8ax100].
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3.3.3 Faces rectification

Another consequence of the sagging of cob lifts tivasulging of the material over the face of thetp,
creating an excess of material. Thus, faces ofvilehad to be rectified
[21,35,54,85,87,91,101,102,126,128,134]. This dperaould have involved one or a combination & three
following actions: (1) trimming thanks to a spediat, sharp edged spade called “paring iron”
[16,17,24,31,32,34,46,47,74,77,88,95,104,115,1%4]182,139-141,146,147] and sometimes a fork
[35,76,78,108,121,146], a mattock [16], an adzel[48], a saw [31,141], a shovel [49], a knife [4¥V]an axe
[83]; (2) beating the faces of the wall thanks tiek [26,31,35,47,88,95,109,124,139,140], hads47],
mallet [31] or stone [47] ; (3) scraping [134] oflewing material thanks to a fork [116,117,139,140] garden
claw tool [139,140].

In case (a) (see section 3.3.1), cob was implerdénterder to overhang the plinth of the wall ciregta
significant excess of material that has to be trédrar scraped. This operation was carried on whercdb
material was quite dry to avoid bulging of the bfit not too dry to ease the process [78,141]. Deipg on the
weather, it took place few days up to 3 weeks dffterachievement of the lift
[16,31,35,46,54,78,88,124,128,139].

The most cited trimming technique is the use ofptheng iron. The trimming with the paring iron sotleed the
faces of the wall, unless cob material containestrsized stones. In this case the paring iron edghqu
oversized stones down, creating vertically elonfjayvities calledheminéegchimneys) in France [35,74,104].
This was one reason why large stones were remaogetdarth (see section 3.1.1). Another imprinthgfthe
paring iron is the downward orientation of fibra89].

The faces of the walls were beaten in order tdfyettte shape of the lift, to get the gravels imsttie walls, to
fold fibres down into the walls and to close thginlg shrinkage cracks [26,35,88,95,124]. The begatiithe
faces of the cob lift could be performed before/andfter trimming and all along the drying period
[35,88,95,124].

An example of an elaborate lift face rectificatiwas provided by Bardel and Maillard [35]: the fagesge
trimmed thanks to a first specific paring iron, tegeand left to dry for 4 days before they werertdifely
trimmed thanks to a second specific paring iron.

For the cases b, ¢ and d, it was usually not nacg$s trim the cob lift, but the faces of the gallere generally
rectified by beating actions [31,35,124].

When unrendered, the faces of the wall could haenlsmoothed by a trowel, hand or plaster float
[88,108,120,133,134]. When rendered, faces of thkaould have been finger-marked in order to pidevi
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roughness and a better key for the plaster [108§tifcation process determined the final shapthefwall. It
could have been straight [94] or tapered [24,3%,848,88,95,108,116,139,140,144] to provide maabikty to
the wall.

3.4 Drying

3.4.1 Drying time

Average drying times of a cob lift ranged from ©12fl days (Figure 6), depending on climate
[9,24,31,34,35,47,49,76-78,85,88,97,104,105,116]12B8125,139]. Then, the estimated time necessary t
achieve cob walls, excluding “quick process” (seetisn 3.3.1), ranged from 3 to 20 weeks
[21,22,24,105,125,131].

Drying of lifts was a major time constraint of cptocess. Drying was only possible during hot mowtithe
year, thus imposing a “season of cob” [14,19,2824,104,107,124,125,139]. The implementationodsf an
“dry side” of plastic state could accelerate thgimy process. It was also suggested that fibregegla role to
ease drying by channelling water from the coréhefwall to its outer face [9,14,19,26,35,100,1@Fyhow,
cob walls had to be dried before the first frosavoid damages [108].

3.4.2 Shrinkage

As the cob material dried, it shrunk and shrinkageks could expand inside the lift. If this exganswvas too
large, this could lead to structural damages. &hge rates depended on clay content and manufagties
content of cob mixtures, high clay content and higgnufacture water content leading to high shriekage
[9,100,126]. Several strategies were employed bhyéo cob masons to restrain shrinkage effect. [yrfinst
concerned faces of lifts where shrinkage crackewitiated. This was the reason why faces of lifese
rectified, by beating the faces in order to cldseénkage cracks and/or by trimming excess cob rizdter order
to cut the shrunk outer part of lifts (see secB8ch3).

Another strategy was to use a cob mixture constitae “shrinkage crack barriers”. This constitussild have
already been present inside the natural soil (dggRee added on purpose (gravels, sand, fibresdhes, wood
pieces, adobes ...) and it could have been eventydited or arranged in a specific manner (Figyre@yers
of fibre, of stone or a course of adobe laid ingdéetween each lift [9,34,106,128,139] can berprieted as
“shrinkage cracks barriers” [34,128] (Figure 7)eTd&im of those barriers was to stop the expandighrinkage
cracks thus avoiding their coalescence and thexefa development of large cracks [9,16].

This distribution of shrinkage cracks throughowt #all mass is well documented for fibres

[9,14,16,19,22,24,26,34,49,100,107,128,129]. Tersilength of fibres embedded in the cob matri is
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supplementary factor that participated to the taste to crack opening [9,100,129,148,149]. Whexugh
gravel was present in the earth material to corghrmkage cracks, fibre addition was not necesi&tly

4  Discussion

4.1  Proximity of earth construction processes

Compressed Earth Bloc technique is quite dissinfiitan cob. On the contrary, adobe, wattle and deautnmed
earth, and plasters do have similarities with ¢dmmed earth differs from cob since it is a dryxtegue
requiring a compactive effort [96,107]. A confusiommes from the use of shuttering for both ramnatheand
shuttered cob [17,139]. For rammed earth, shutieane employed to make the ramming process efficien
whereas for shuttered cob, shuttering are empltayadoid the trimming of the faces of the wall ahdrefore
accelerate the wall faces rectification stage [27]1

Wattle and daub, plasters and adobe mixtures apaped in a similar way to wet cob mixture [150bwéver,
maximum particle size diameter is higher for colatome than for wattle and daub, plasters and adalkures
[9].

Wattle and daub is quite different from cob sinaeteis infilled in a timber frame and do not pkayy structural
role [32] as well as plasters that are overlaidvali face. It should be noted that some authoettedlthe use of
both cob and wattle and daub inside the same bgili#5,140].

Adobe and the cob process variations that conmsisiaicking cut or modelled plastic elements (caaedc,
section 3.3.1) are quite similar, but adobes ayardplemented and require to be grouted with a ampithereas
cob elements are implemented without mortar [32,B5hould be noted that some authors relatediskeof
both cob and adobe inside the same building, orteesach other [9,106], or together with an akion of
courses of adobe and cob [34].

Proximities between cob and other earth constrngitocesses can be drawn at mixture and implenentat
stages (Figure 8). This proximity can be the resuithutual technical exchanges and/or shared fasirth
construction processes. There is a link betweeth eanstruction processes and cob can be regasdadirgk
between adobe and rammed earth (Figure 8).

4.2 Identification of key points of cob process

This bibliographical analysis allowed us to identifiree key points in cob construction processti{é)mixing,
since constituents of cob mixture should be evdidyributed, (2) the consistency of the cob mixtdueing
implementation, since it should not subside toomnorder to build higher lifts and (3) the managat of
shrinkage cracking, since no structural damagekesrsioould propagate inside cob walls (Figure 7hsitering
that raw materials were natural and locally sourceth masons had to do with available materialsthBgpe
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428  was the major constraint that dictated construcsioategy (particle size distribution, clay contexdy activity,
429  maximum particle size).The variety of strategiepkayed by former cob masons at each stage of cndeps is
430 illustrated in this paper (Figure 3) and it is pbksto estimate that, at least, hundreds of viaratexisted for
431 this process. In addition to technical constraiotdy construction had to face two major social taigs: (1) it
432  was a slow process, since it took months to bhidvialls and (2) it was a labour intensive protess

433  requiring mutual aid system to make it competitilrose constraints were not adapted in the Westarieties
434  of the 20 century and this enforced cob masons to develaghamézation and prefabrication.

435 4.3 Cob, a process in constant innovation

436  Cob is a slow and labour intensive process. Colontabave experimented alternative constructionniecies
437  in order to ease the construction process andvtgae. Generation after generation, cob masotisrbe
438  understood the behaviour of the material and erdshtiteir techniques. This innovation process idlfghted
439 by the reduction of wall thicknesses, as illusdldtesection 3.3.2. The use of animal power foringxthe
440 development of specific cob tools, the “quick prssfeand the use of shuttering are other exampleastf

441  innovations.

442  More recent cob innovations involved: (1) use ahgagroof courses, (2) prefabrication, (3) mechaionaand
443  (4) new mixing and implementation techniques.

444  Plinths of heritage cob walls are made of stonelseamth or lime mortar

445  [17,30,35,41,46,54,74,78,87,88,102,104,125,126,t&k]drove capillary rise. Consequently, cob wakse
446  exposed to humidification by capillary rise. If @ss water is not evacuated from the wall, wateteztrof the
447  cob wall can rise and lead to poor thermal condad/or structural damages [9,16,30,87,152]. In Gesm
448 layers of compacted clay underneath foundatiorm®bfheritage buildings dating back td"iip to 19" century
449  were interpreted as poor damp proof courses [1§.first mention of efficient damp proof coursedmaf
450  bitumen cardboard concerned cob houses in the mieginf the 28 century [10,15]. The use of cement
451  concrete in lieu of stone masonry for the plinthiny the 28' century also participated to the protection in the
452  cob walls from capillary rises [50,78,153].

453  Prefabrication of cob elements is a way to redheentall fabrication time [53]. Plastic elementsafth cut or
454  modelled (case b and c, section 3.3.1),Ga&zon Massoner Bancotechniques, can be regarded as

455  prefabrication techniques. The regular shape dhedements eased their placing on the wall anid ting-

456  plastic state accelerated the drying of the walteJ21], in 1919, proposed a cob prefabricati@tess which
457  however seems that it had never been employed h&ngtefabrication process has been developed and
458  employed by Jean Guillorel in Brittany in the 198{®4,154,155]. Cob mixture was casted in a mcohed t
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contained two hooks attached to three wooden pidispssed on the bottom of the mould. Hooks weesl tis
handle cob elements. Cob elements were unmouldéda®ér casting and left to dry for 1 month. Heighthe
prefabricated cob elements was 50 cm, thicknes#@&d&® cm and length was 50-70 cm. Elements were
assembled in the wall thanks to a crane and joiniddan earth stabilized mortar [94,154,155].
Mechanization of the mixing of cob reduced the nanmtif workers required, the work painfulness armbith
improve the mixing action. The first mention of rhaaization of the cob mixing was made by Clough
Williams-Ellis in 1920 [125]. The author stated tthagpower-driven “pan-mill” has been tried with sass.
Since, attempts have been made to mix cob, usimfim&asuch as concrete mixers [9,19,64,100,126i{tamno
mixers [9], vertical shaft mixer [31,94,154], ro&er [9] and clay brick mixer [52]. The kneadindian of most
of those machines was too little to force the staan clay into contact. Thus, they required a highe
manufacture water content, which increased thendgrifme. Those machines are considered as inapatefor
cob mixing [9,19,64,100,126]. Another mechanizezhigque developed in England consist in treadiegctib
mixture thanks to the wheels of a digger and imisg it thanks to the digger bucket [9,14,19]. Thixing
action of the digger is judged satisfactory butfcasther mechanized techniques, it required highe
manufacture water content. It was then necessdgt tbe cob mixture to dry for a while before iraplentation
[9,14].

New mixing and implementation methods were devaldpghe USA during the 1980’s and 1990's
[50,55,64,153]. These methods introduced the usarpfto stir the cob mixture and the implementatb cob
by hand, using a thumb, a stone or a stick. Reedcalmew cob implementation technique developed in
Portugal that consists in employing giant reed @nbkond beams [156].

Joce [21] did a clear distinction between an okhfaned cob method and a modern one with prefabrdca
elements. In fact, it is quite difficult to drawiae of demarcation between an old cob processaamddern one.
As highlighted above, innovations concerned thé pasod of the cob process as it concerned theenmod
period. Modern cob is in the continuity of vernasutob.

4.4  Cob and society

Social, economic and technical evolutions of siesehad a great impact on the evolution of theolcess
[4,42,76]. Until early 28 century in Europe, masons moved by foot or byd&gnd building materials were
transported by animal-drawn tumbrel [74,77,105]n§smuently, masons had to use locally availablemads
and had a range of action restricted to a few kéwes [74,75,77,80,87,122]. This isolation was nuyeamatic
in marshlands [27,88,110]. Cob construction pro&essv-how was orally transmitted generation after
generation [9,22,24,31,43,46,118] and the limitadgportation means did not foster the exchang@afi-how
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between cob masons. This generated local praaidéabits for construction [42,75,77,87]. Thidlistrated
by the variety of names given to cob mixture intfany that were different from a town to anothes,s]. In
Europe at the end of Y&entury, the railway brought stones and new canstm materials (brick and cement)
that entered in competition with cob [42,80,87,98,119,125,126].

Cob site work required an important workforce [1343%ually, a skilled cob mason, eventually accongzhby

1 or 2 employee or apprentice, conducted site ¢ipasa[74,78,87,105]. Workforce was supplementedhiay
owner helped by his family and his neighbours [84184,120]. Sometimes cob houses were self-builthdy
owner [32,78,84,87,94,118]. In all cases mutualbaalght by the neighbours’ workforce was essentifce
cob site work [118,119,154]. Mutual aid relied be teciprocity of favours. In Brittany, another way
motivate neighbours to give a hand on site involived cider, traditional music and songs to makartildancing
and singing while treading cob [76,90]. Rural mtgma depleted available workforce and know-how, and
commodification broke rural solidarity [24,35,43,9¥8,119]. Without mutual aid system, labour chdrgeame
unaffordable for a part of the rural populatiorilB4]. Mechanization of the process was an answirigassue
[1].

In Europe, before 1900, because cob houses weap théuild, it was the unique affordable constarcfor a
part of the population [1,74]. For them it was #fere not a choice but a constraint that highlighteeir social
class [157,158]. Therefore, for a large part ofibpulation, cob was synonymous with poverty, aistha
unhealthiness and low strength [9,26,38,42,78,847/888,144,154]. This is why where stones werelalvia it
was preferred to earth as a building material [243,104,159]. Earth was considered as a defautiriabh
choice [74]. However, some authors noted thatte 18" and early 28 century, high status buildings were built
in cob (manors, schools, town halls, churches)ipgpthat cob is not only a building material foethoor
[4,14,17,32,38,87,154,159-161]. Nevertheless, thighintroduction of industrial building materialsrick,
cement), regarded as a social symbol of moderoity,felt into disuse [9,26,42,84,97,125,144,157].

Finally, political decisions also had a great iefige on cob construction. For example, the oldwedand law
in Brittany [98,119,160] and an old tax on brickghie United Kingdom [22] supported cob construtsector.
On the contrary, building regulations were estélgliswithout regard to cob, which was a major obstacthe
development of the sector [16,87,97,126,162]. Bogdegulation is still an obstacle for modern kart
construction [2].

4.5  The future of cob process

Vernacular cob construction has many environmestadial and health benefits (see section 1) atltkigfore a
source of inspiration in order to reduce the impdehodern building sector. Nonetheless, this gwacess was
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521 time consuming and required a large workforce, Wicinappropriate in West modern economies

522 [1,14,52,53,163]. In order to comply with this eoaric constraint, two options can be identified dob: the
523  recourse to self-build houses or the recourse thar@sation and/or prefabrication (see section &8|f-

524  builders have little site equipment and usually theevernacular, low-impact, process. This solutizay

525  however satisfy only a small part of housing neddi® other solution is to go on with the developtadn
526  mechanized/prefabricated cob process. These pexessy however consume more energy and fewer
527  workforces than the vernacular one, thus reducmgrenmental and social benefits.

528  The cob material source is another issue, sindb esaa natural material and varies from a sitartother. To
529 overcome these variations, two different approaeeobserved: (1) adapt the material to the psyptkanks to
530 agranular correction [10,81], forcing its partisiee distribution into a grading envelop predeiasd in

531 laboratory and/or addition of hydraulic binder [£847]. These solutions reduce the environmentatfitsrof
532  cob [2]; (2) adapt the process to the material42,88]. This solution optimizes the consumptiomafural
533  resources and relies on the expertise of skillaftstnen, architects and on performance testsetefore

534  requires the education of specialist of cob corsitvn.

535 Cob, like other earth construction process, enararda renewed interest thanks to its low enviroriadémpact.
536  However, the economic and regulation constrainth@tuilding sector impose to speed up the coctsbu
537  process and to strengthen the material, which e=iaob environmental and social benefits. A balfiaseto be
538 found between a zero-emission vernacular matenlaafast implemented and strengthens material f(thee
539 of cob will be the result of an optimization of teeonomic and environmental sustainability of thecpss.
540 5 Conclusion

541  Better describing and understanding cob techniglig@rmit an appropriate care and repair of cotitage
542  buildings and to consider its application in thediof modern sustainable building. Cob is onéhefless

543  studied load bearing earth construction technigirereas its large widespread evidenced its adapttdi
544  different soil natures, climates and social neadsss the world. Cob technique participates tadiliersity of
545  earth construction processes. This diversity ieyatk promote the use of locally available and oopssed
546  construction materials, as it broaden the rangrustainable construction solutions and therefaeeptssibility
547  to find a sustainable construction process adaptadocal context.

548  Cob masons expertise was orally transmitted, thegdittle written materials exists on the deséadptof cob
549  vernacular process. To go further on the descriptithis process, it is necessary to describeasatyse

550 existing cob heritage buildings. Scientific methstisuld be developed to go on with this rediscongri

551 movement.
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Caption for figures

Figure 1. The oldest attested cob building of Briit, located in La Chapelle-Thouarault and datirsgk to
1608[35]. This picture was taken in 1975 (Service de I'inaie du Patrimoine Culturel © Région Bretagne).
Figure 2. Earth construction processes classifimatiadapted aftef9,17,71] Distinction is made between load
bearing and self-sustaining techniques (bearing) aan-load bearing techniques (non-bearing),(®V
manufacture water content,dA= optimum Proctor water content; V& water content at plastic limit; \W=
water content at liquid limit)

Figure 3. Summary of vernacular cob process. Wedetents are to be regarded as order of magnitudes.
(elements in brackets are optional; W = water cott®\ = water content at liquid limit, W= water content at
plastic limit, W,y = Water content at shrinkage limit)

Figure 4. Cumulated citations of minimum (Min) nmaim (Max) and average values of cob lift height emiol
wall thickness.

Figure 5. Cumulated frequency of lifts slendernest®o together with average slenderness ratio (fith
standard deviation of 0.3) and average +/- standdeaViation. Slenderness ratio are divided into dssks :
Low (< 0.7), Medium low (0.7 — 1.0), Medium highi)(% 1.3) and High (> 1.3).

Figure 6.Cumulated citations of minimum (Min) and maximunaxXMdrying time of cob lifts, together with
calculated average minimum drying time (Min avejaged average maximum drying time (Max average) of
cob lifts.

Figure 7. Crack shrinkage barriers placed betweés (a: layer of fibre or wood, b: layer of stones layer of
adobe), between clods of earth (d: between eaah etdbetween each layer of clods) or inside thérimé:
fibres, g: gravels)

Figure 8. Cob process stages and related earthtcoction processes

Table captions

Table 1. Geographical distribution of cob constiantprocess description in bibliographical referesc France
and United Kingdom together represent 72 % of thédgraphical references.

Table 2. Vernacular names of cob construction pssce

Table 3. Maximum particle size diameter, fibre typeparation and length, fibre content (when date given
for 1 m3 of earth, a density of 1600 kg.m-3 fortledwas been considered to calculate the fibre auritg mass,
those calculated fibre content are labelled *) andnufacture water content by weight of cob mixaoeording
to literature.

Table 4. Number of citation and bibliographicaleegnces of different fibre type employed with cob.
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Figure 1. The oldest attested cob building of Brift, located in La Chapelle-Thouarault and datiragkto

1608[35]. This picture was taken in 1975 (Service de l'inae du Patrimoine Culturel © Région Bretagne).

27



943

Dry methods Wet methods
Wy~ Wop Wp<W, <W,
1 1
I 1 I | | 1
Masonry unit Monolithic wall Masonry unit Monolithic wall Infilling Wall overlaying
(implemented (implemented (implemented (implemented (implemented (implemented
after drying) moist) after drying) wet) wet) wet)
Compressed Wattle and
Earth Bloc Rammeq earth Ado‘be Col.) Daub Plastell'
(bearing) (bearing) (bearing) (bearing) (non-bearing) (non-bearing)

944

945  Figure 2. Earth construction processes classifimatiadapted aftef9,17,71] Distinction is made between load
946  bearing and self-sustaining techniques (bearing) aan-load bearing techniques (non-bearing),,®V

947  manufacture water content,dA/= optimum Proctor water content; \& water content at plastic limit; W=

948  water content at liquid limit).

949

28



Earth Water Fibre Stabilizer
- (Screnned) .
- (Wetted) - (Cut) Raw material
- (Loosened) - (Chopped) supp]y and
- (Kneaded) preparation
Wp < W < WL 1-2%
- Kneaded [trodden by men or animals|
- (Stirred)
- (Dri 7 > W) . s
(Dried) [W7 > W7 MIXII]g
1 1 1
| | |
I I I
Clods of earth Cut elements Modeled
elements
Stacked in Stackcd if the Arranged in the wall
shuttering Wil wiicaont [in g catum or in horizontal | ers]
shuttering shuttering in opus spicatum or in horizontal laye
- (Fibers
around clods)
- (Fibers or
A stones between
7 layers of clods) ?
- (Fibers,
stones or
adobe layer
between lifts)
Compacted Compacted Compacted
[thanks to feet, [thanks to feet, ~ompactec
; . [thantkes to feet, hands or tools]
hands or tools) hands or tools| 3 Teanl .
. - . mp. ementation
| | |
1 1 1
Dried Dried Dried
[Wsn < W < W [Wsn < W < W) [Wsn < W < Wr)
Trimmed (Scrapped)
(Beaten)
. . Wall rectification
Dried [during spring or summen| .
950 and drying

951
952  Figure 3. Summary of vernacular cob process. Webatents are to be regarded as order of magnitudes.
953  (elements in brackets are optional; W = water cont®\/ = water content at liquid limit, \/= water content at

954  plastic limit, W, = Water content at shrinkage limit).
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Figure 4. Cumulated citations of minimum (Min) nmaxim (Max) and average values of cob lift height eiol
wall thickness.
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961  Figure 5. Cumulated frequency of lifts slendermasi® together with average slenderness ratio (@ith
962 standard deviation of 0.3) and average +/- standdediation. Slenderness ratio are divided intoassks :
963 Low (<0.7), Medium low (0.7 — 1.0), Medium highO(% 1.3) and High (> 1.3).
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966  Figure 6. Cumulated citations of minimum (Min) andximum (Max) drying time of cob lifts, togethethwi
967 calculated average minimum drying time (Min avejagyed average maximum drying time (Max average) of

968  cob lifts.
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970  Figure 7. Crack shrinkage barriers placed betweiéis (a: layer of fibre or wood, b: layer of stones layer of
971 adobe), between clods of earth (d: between eaah etdbetween each layer of clods) or inside thérimé:
972 fibres, g: gravels).
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Figure 8. Cob process stages and related earthtcoction processes.
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979  Tables with captions
980
981 Table 1. Geographical distribution of cob constiantprocess description in bibliographical referesc France
982  and United Kingdom together represent 77 % of thédgraphical references.
Country Ngirtr;:g nOf References
Afghanistan 3 [34,128,131]
Belgium 1 [73]
Burkina Faso 1 [120]
Czech Republic 3 [82,83,111]
France 59 [18,26-29,31-33,35,43,57,62,74-77,80,85,88—90,92083106,108—
110,116,117,119,121,124,134,139,140,146,154,155,%9,160,169-180]
Germany 4 [10,15,30,91]
Ghana 1 [131]
Hungary 1 [36]
India 3 [34,131,133]
Iran 1 [47
Ireland 2 [107,181]
Italy 3 [52,143,182]
Ivory Coast 1 [118]
Madagascat| 1 [94]
Mali 2 [145,183]
New Zeeland 3 [37,51,55]
Nigeria 2 [79,127]
Senegal 1 [118]
Slovakia 1 [83]
Sudan 1 [131]
Tajikistan 1 [34]
Togo 2 [84,118]
Turkey 1 [36]
Turkmenistan 2 [34,184]
United Kingdom a4 [14,16,17,20-25,38,41,42,44—
47,49,54,78,81,86,87,100,102,103,105,107,115,132,28,126,151,152,162,185-193]
United AState; of 4 [37,50,91,153]
merica
Yemen 1 [47]
983
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984

985

Table 2. Vernacular names of cob construction pssce

Country L ocal names Reference
Afghanistan| pakhsa [34,36,101,128]
Belgium | tourton [73]
Recpﬁ?)ﬁz nakladani, valek, valky [36,83,111]
East Africa| daga [36]
bauge, bigbt, bouzillage, caillibotis, coque, dawdzehcoul,
France| masse, massé, mur d'argile, paio-bard, paillepaitiebort, [18,24,27,31,35,36,95,105,108,110,121,150,173,179]
palho-bard, patons de massé, terre, torchis
Germany| lagenlehmbau, lehmweller, wellertechnik ,365
Hungary | valgoy [36]
Iran | chineh [36,101]
Iraq | tawf [36]
Ireland | tempered clay [107]
Italy | atterati, maltone, massone, [36,144,194]
Madagascan tamboho, tovam-peta [36,94]
Portugal | terra empilhada, terra modelada [36,194]
Spain ;t&aﬁ:r;lsz;)dé?lfj;ggamasado, pared de mano, terra aptizda [36,194]
Slovakia | lepanice, nakladana stavba, vykladaniekva [36,82,83]
Sudan| jalous [131]
Turkey | pahsa [36]
United clay dab, clay dabbin, cl_ob, clom, cob, dab, dgmnlrmg wall,
Kingdom ko_rb,_mud_wall, mud walling, puddled earth, tai cldai mwd, [9,14,17,22,46,87,101,107]
tai prid, witchert, wychert
West Africa | banco, banko, terre de bar, swish [36,131]
Yemen | zabour, zabur [17,36]
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986 Table 3. Maximum particle size diameter, fibre fygreparation and length, fibre content (when data given
987  for 1 nT of earth, a density of 1600 kg’rfor earth has been considered to calculate theefdmntent by mass,
988 those calculated fibre content are labelled *) andnufacture water content by weight of cob mixaoeording

989 to literature.

Maximum particle Fibre content by weight (%) Manufacture
Reference size diameter Fibretype Fibres cut Fibrelength (cm) water content (%)
(mm) Minimum Maximum by weight
[169] straw Yes
[169] hay Yes
[87] 1.3
[75] furze Yes 10-15
[75] straw Yes
[98] 80 — 100 straw Yes
[116] straw Yes 15-20
[119] straw Yes
[131] straw Yes
[97] straw Yes 15-20
[76] straw Yes 15-20
[117] straw Yes
[78] straw Yes 40
[105] straw Yes 60
[104] straw Yes 60
[24] 1.6*
[47] 0.3* 1.0*
[88] 1.6*
[16] 50
[100] 1.0 2.0
[126] 50 — 60 straw Yes
[172] straw Yes
[162] 15 2.0
[55] straw No
[90] straw Yes 15-20
[124] 1.6*
[25] 2.0 18
[15] straw No 70
[173] straw No
[173] hay No
[91] straw 40 - 50
[81] 50 18-25
[74] heather Yes
[95] 1.6*
[102] straw Yes
[9] straw No 1.0 15
[54] straw Yes
[85] 10-20
[14] 50 18-25
[10] straw Yes 30 -60 1.4* 1.8*
[135] straw Yes 30-50 1.3* 1.9*
[79] straw Yes
[147] 15-30
Average 1.4 1.7

990
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991

992

993

Table 4. Number of citation and bibliographicaleegnces of different fibre type employed with cob.

Fibre Nu'mb'er of References
citation
animal hai 4 [14,88,107,124]
barley straw 8 [14,16,22,97,102,107,116,126]
bean pod 2 [76,98]
broom 5 [22,33,35,74,95]
cow parsley 2 [14,107]
fern 5 [22,24,31,33,140]
flax 3 [14,19,107]
furze 11 [14,31-33,74,75,98,104,107,108,119]
grass| 6 [14,24,88,95,104,107]
hay 22 [14,16,22,24,26,31,35,74-76,88,95,98,104,1071210124,140,169,173,179]
heather 18 [14,19,22,24,32,33,35,41,74-76,98,104,106,1@7189,140]
leaf 1 [118]
moss 2 [14,107]
needle 1 [108]
oakum 3 [75,76,98]
oat straw 12 [14,19,31,64,74-76,89,98,104,107,119]
quack grass 2 [14,107]
reed 2 [19,107]
rice stra 2 [64,183]
root 1 [118]
rush 8 [14,22,24,31,88,95,98,124]
rye straw| 7 [10,15,19,26,35,64,74]
sedge 5 [14,107,108,110,121]
straw 47 [9,20,22,24-26,32,33,35,46,47,49-52,55,74-77,837840,95,98,100,105,106,108,110,115,117—
119,121,123,128,131,140,144,153,162,169,173,17p,183
stubble [87,92]
twig 6 [14,16,24,26,35,107]
vine shoot 1 [139]
wheat stra 13 [10,14-16,19,31,64,78,89,97,102,104,126]
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