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Improvement of Insulation Properties of Thatch Mortar
Using Micronized Kaolin and Bentonite

M. Bater, J. Abedi Koupai, H. Ahmadi and R. Emadi

Abstract: Thatch is one of the oldest traditional mortars in Iran, which it’s capability and performance still is in controversial in
conserving the earthen buildings throughout the history to conserve earthen buildings. It is used as a cover for conservation the
earthen architectural structures, but its low durability and the need for renewal of the plaster due to erosional process and
rainfall, the thatch mortar is weak in strength and unstable. Therefore, an essential and scientific method is needed to enhance
the durability and lifetime duration of thatch mortar. The micronized kaolin and bentonite as additives are used to prepare
different samples of thatch mortar in order to determine the mechanical strength performance and durability indices of
the mortar. The results show that micronized kaolin reduces the saturated hydraulic conductivity of the mortar to 82 %
level and micronized bentonite decreased to 121%. In addition, the micronized kaolin and bentonite increased the
uniaxial compressive strength of the mortar up to 39% and 33%, respectively. Water erosion of samples during
artificial rainfall was evaluated by simulator, showing that adding 3 wt. % of kaolin causes a minimum of 16.7% and a
maximum of 31.4% in total dry material loss of weight in thatch mortar, leading to improve its durability against water
erosion. The reason for improvement the prepared sample strength may be related to the increased surface area of
materials.

Keywords: Thatch, Micronized Additives, Bentonite, Kaolin, Conservation.
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Table 1. Laboratorymethods and standard cods of
experimental studies of Kahgel plaster

Shape of
Test Standard Method Samples and
dimensions
. The axial Cube
Cor{\prestshlon é%g'\élo compressive Specimens,
streng : strength 10x10x10 cm
. Semi-cylinder
Linear BS 1377- molds and Specimens
shrinkage Part 2 oven - dried Ien%th 14 cm
: Cylindrical
Hydraulic ASTM Fﬂ"g?am?gd Specimens,
conductivity D2434-68 Cor)llductivit height 3.5 cm
T Y and diameter 5
est
cm
water
erosion of the Cube
Durability samples by Specimens,
rainfall 10x10x3 cm
simulator

3 kil A iolosl slagsby, 3 jekaie ol sl ol b
ohoiw Sl alie Gleitlo las (Jbs) sl pom o
Sl alex 1 SE- las g Sl (SilSe 5 (o8 olo>
o oyl b a5y sz e esliz) Sl
sl sl 3 slin] (ALl (slecbs, (8L sl A
o5y 4 (SB gl (SlSe 5 (b alidee lo g
(G295 2 G99 ) 9) (2 Sl g SR (i 29
S laibinl (sl g, (b)) 9 8L (sl 5 (6,500 Bubis
iy S s 5 lge _alKile; anllas (ol oslic

el 15595 10 (Glotng ool Sl aST o]

ool 3,90 S -1-2
o sladiges dug (gl Budod )l 10 oolaiul 5,90 Sl
Ol Cgiz 5 g cudo aibate Sl pRa L] Sl
9 o (b Bhite Gla Sy e 9 0D A

o D bl 05dg See IS g Cudgin 5l eolitul
-aiges ool ez aihis sl S ags Sl
o9l b Sl sl 5l alie alejl sl
St ) g b 4zl ol LI Cilises (glavs
5 b ALl ao s s lid Caglie dadiges ad
s 3 lasbiwl gy a4 sl oxaw slacS 5 olaas
wlioleyl opl 5l Jol> S oy b e g 0 5
SU Ol S5 Sl 1 S diges (n ol
S g el calejl 08 plpre 4 S L olS
e ey Al po )0 Al 0y T el el
09,5 JRalS Lo glaaiges (SlSe 5 (o5 (ole>
O3 sole JSalS sladisad) S5 5 aals oiulojl
Sar g C8,5 18 obsyl g Lo 390 ((F9g38l ool
@anails b oggySan (39381 Slge (65550 5L
2 Sl 5 (S sla SRy pler 9, » glite
509381 Slge s oals agd waz JSalS D)o sladiges
Mo sladiges b Jol> gull s 9 ol (5 S ojlall
oS dlie J S JRals

oS o @Eialos] gladigai gy Jolpe plai o
Bl S oge Gl gl bl 0,00 JRalST gl
Shsy et o5z wolS S| as s (B g (S
) k50 ol syl des loy a5 s jsldes
oyigSee (o938l dlge DS slal g ggi Lo g wd
Do gun@le Caols o4 lp ooliiw! 540
G295 (rl )3 et e e plyie 4 JSalS
4 a2y b Sl oMo a5l o Sglite
L elS Mo oyl caslin 591 e (sl g8 Lol
el 72 Soe a4y (e 5 00 bogle (B e
5 b eSS S gl n; s Cugb, o
1 ooz b Gllas a5 0 )90 alliglos] glaaises any
dodiges (Slle 5 (Sopd Alitie (olo> Gund sl
capd g b Ll (glad coglie :els
2005 i Sl 3550 e Sl 5 2 A (s pdededs
Elgs 9 DM b (Sladod 09,5 (g cnl el (b 5o
4 i pae gl Cpyiege & O gpg; Sk
O 5 b)) gl il (aRalel sla i,
oy 4 (S gllas g dlge (SlSe 5 (So5d sl Sy

O 1896 plk s s L o)l A ale o iz Jlo o o 9 oo sloingi ool 45



slten Sebd S iga (saigails Sulbojl @l .3 Jour
olde!
Table 3. grading result for soil sample of
Mahyar Plain in Isfahan

0.92 Percent of gravel
80.44 Percent of sand
18.65 Percent of silt
4.63 Percent of clay
0.007 D10
0.111 D30
0.397 Dso
4.25 Cc
54.21 Cu

A-2-4(0) Grading based on

SC- Clayey Sand Grading based on USCS
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Fig. 1. Gradation curves for soil of Mahyar
Isfahan
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Table 2. Results of geotechnical and chemical
tests on soil of Mahyar-Isfahan

Test Standard  Resul
Liquid limit (%) o 215
Plastic limit (%) o 122
Plastic index (%) Qg{gﬂ 08 9.3

Grain Size ASTM
Analysis D422-87 Table3

Determination of
Water (Moisture) &21-2/' 00 234
Content of Soil(%)

Specific gravity of - o\ pgsa gy 269
soil solids (g/cm?3)
Linear Shrinkage

of the soil (06) Do L377-Partz 609

pH of Soil ASTM D4972 7.81
Organic ASTMD2974 171
content(%) ’
electrical
conductivity of soil ~ ASTM D4972 113
(EC)(mS/cm)
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Fig. 2. Results of geotechnical testing of
Kahgel plaster with different content of straw fiber
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Table 4. Results of geotechnical testing of Kahgel
plaster with different content of straw fiber

e AL

(%) (kg/fem?) ge (%) cracks
CwWzh 2 18.04 16 11
CW3h 3 16.56 1.25 9
CWih 4 853 1 6
CW5h 5 9.05 0.95 2.3
CWéh 6 84 0.9 2
Cwsh 8 8.06 0.3 2
CW10 10 84 0.55 0
CwW15 15 7.75 0.3 0
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Table 5. Results of hydraulic conductivity of
modified samples of Kahgel plaster with 3%
by weight of additives150 microns

micronized hydraulic Variation
additives conductivity ~ compared to
cm/s the control
Bentonite 1.12x10-6 -6.66
kaolin 4.2x10-7 -65
Control 1.9x10-6
samples of

SRBU slodiges (550398 pd (mad @S -6 Jgux
095500 150 59381053 6
Table 6. Results of hydraulic conductivity of

modified samples of Kahgel plaster with 6%
by weight of additives 150 microns

- Variation Variation
micronized ngg&izl\;ﬁ compared to compared
additives om/s Y the control to results of
samples (%) table 5
Bentonite 2.66x10-6 +121.66 +115
kaolin 2.14x10-7 -82.16 -17.16
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Table 7. Results of hydraulic of modified

samples of Kahgel plaster with 3% by weight of
additives45 microns

. Variation Variation
micronized ngggal\l& compared to compared
additives omis y the control to results of
samples (%) table 5
Bentonit ~ 4.75x10-7 -60.41 -53.75
kaolin 3.47x10-7 -71.08 -6.08

SRR sodigni 63y dehi s pb (sl @l 8 Joux
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Table 8. Results of hydraulic of modified

samples of Kahgel plaster with 6% by weight of
additives45 microns

Variation Variation
: : hydraulic compared
rggé?t?\'éid conductivity ~ to the g[omparled
cm/s control o results
samples of table 6
(%)
Bentonite 7.96x10-7 -33.66 +88
Kaolin 5.38x10-7 -55.16 +27
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Fig. 3. Variation of hydraulic conductivity of
modified samples of Kahgel plaster with additives

150 microns
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Fig. 4. Variation of hydraulic conductivity of
modified samples of Kahgel plaster with additives
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Fig. 5. Variation of compression strength of

improved samples of Kahgel plaster with
additives 150 microns
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Fig.6. Variation of compression strength of
improved samples of Kahgel plaster with
additives 45 microns
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Table 9. Results ofcompression strength of
improved samples of Kahgel plaster with 3%
by weight of additives150 microns

Compression  Variation compared

n;gé?t?\'lze(zd strength to the control
(kg/cm2) samples (%)
Bentonite 12.09 -7.63
kaolin 17.68 +35.06
Control
samples of 13.09

Kahgel Plaster
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Table 10. Results of compression strength of
improved samples of Kahgel plaster with 6%
by weight of additives150 microns

. Variation Variation
micronized Cosr?rgrr]est?]l on compared to compared to
additives K /anz) the control results of

g samples (%) table 9
Bentonite 14.42 +10.16 +17.79
kaolin 18.23 +39.26 +4.2

3L JRals slrdiges g,Lind cawglito gl .11 Jgus
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Table 11. Results ofcompression strength of
improved samples of Kahgel plaster with 3%
by weight of additives45 microns

Compression Variation Variation
micronized P compared to compared to
o strength
additives (kgfem2) the control results of
g samples (%) table 9
Bentonite 16.18 +23.60 +31.23
kaolin 17.92 +36.89 +1.83

B U JSal5 glaaiges g,Lad caoglio gylii 12 Jgo

9550 45 (S35 wuo s
Table 12. Results ofcompression strength of
improved samples of Kahgel plaster with 6%
by weight of additives45 microns

Compression Variation Variation
micronized P compared to compared to
s strength
additives (kg/em2) the control results of
g samples (%) table 10
Bentonite 17.53 +33.91 +23.75
kaolin 17.97 +37.28 -1.98
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Table 13. Results of linear shrinkage of

modified samples of Kahgel plaster with 3%
by weight of additives150 microns

Variation

. . Percent of
micronized I compared to the
o iner
additives shrinkage control samples
g (%)
Bentonite 2.18 -12.44
kaolin 2.53 +1.60
Control samples 2 49

of Kahgel Plaster
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Table 14. Results of linear shrinkage of
modified samples of Kahgel plaster with 6%
by weight of additives150 microns

Percent of Variation Variation
micronized I comparedto  compared
o iner
additives shrinkage the control to results
g samples (%)  of table 13
Bentonite 3.066 +23.13 +35.57
kaolin 3.033 +21.80 +20.2

Gdiges b PLAI w3 g pSojlil gl .15 Jguar
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Table 15. Results of linear shrinkage of

modified samples of Kahgel plaster with 3%
by weight of additives 45 microns

Variation Variation
. . Percent of
micronized I comparedto  compared
- iner

additives shrinkage the control to results
9 samples (%) of table 13

Bentonite 3.2 +28.51 +40.95

kaolin 3.073 +23.41 +21.81

aisas s P w05 5 Sl gl 16 Jyaz
09550 45 (399381 0o )0 6 b JRals
Table 16. Results of linear shrinkage of

modified samples of Kahgel plaster with 6%
by weight of additives45 microns

Variation Variation
. . Percent of
micronized I compared to compared
. iner

additives shrinkage the control to results
g samples (%)  of table 14

Bentonite 3.67 +47.38 +24.25

kaolin 2.9 +16.46 -5.34
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Fig.7. Variation of percent of linear shrinkage

of modified samples of Kahgel
plaster with additives 150 microns
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Table 18. Results of percent of total dry material
loss of improved samples of Kahgel plaster
with 6% by weight of additives 150 microns

Variation Variation
. . Percent of
micronized comparedto  compared
- total dry
additives material loss the control to results
samples (%) of table 17
Bentonite 451 -14.09 -23.23
kaolin 4.92 -6.28 +10.48
H Bentonite
kaolin

m Control samples of Kahgel Plaster

Percent of total dry material loss
+9/14
-16/76
100
-14/09
-6/28
100

O R, N WA ULOoO N

3% 150 microns 6% 150 microns

Content of micronized additives by the weight
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Fig.9. Variation of Percent of total dry material
loss of improved samples of Kahgel plaster with
additives 150 microns
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Fig.10. Variation of Percent of total dry material

loss of improved samples of Kahgel plaster with
additives 45 microns
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Table 19. Results of percent of total dry material
loss of improved samples of Kahgel plaster
with 3% by weight of additives 45 microns

) _ Percent of Variation Variation
micronized total d comparedto  compared
additives material %ss the control to results
samples (%) of table 17
Bentonite 4.05 -22.85 -31.99
kaolin 3.60 -31.42 -14.66
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Table 20. Results of percent of total dry material
loss of improved samples of Kahgel plaster
with 6% by weight of additives 45 microns

Variation Variation
. . Percent of
micronized comparedto  compared
o total dry
additives material loss the control to results
samples (%) of table 18
Bentonite 4.61 -12.19 +1.9
kaolin 4.79 -8.76 -2.48
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Table 17. Results of percent of total dry material
loss of improved samples of Kahgel plaster with
3% by weight of additives 150 microns

Variation
. . Percent of
micronized total d compared to
additives ! dry the control
material loss
samples (%)
Bentonite 5.73 +9.14
kaolin 4.37 -16.76
Control samples 595

of Kahgel Plaster
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Fig.11. Measurement of water erosion of the
Kahgel plaster samples by rainfall simulator
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