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Abstract

Background and Objective: The indigenous architecture of each region is derived from the facilities
provided by the environment. By using new methods, local materials can be processed and used in
construction in the same area. The soil of Toutakhaneh village has a high potential for producing
bricks and geopolymer mortar. The advantage of geopolymer bricks and mortars is that while they cost
less to produce, they do not need to be baked in a high-temperature oven and therefore play an
important role in reducing greenhouse gases.

Material and Methodology: In this study, the mixing design of geopolymer binder production based
on Toutakhaneh red soil to produce construction materials such as bricks has been evaluated. For this
purpose, raw materials including Toutakhaneh red soil as aluminosilicate, aggregate passing through
standard sieve No. 8 as filler, and an alkaline activating solution containing industrial glass water and
sodium hydroxide solution with different concentrations were used.

Findings: According to the results, the compressive strength and water absorption percentage are very optimal
for geopolymer bricks. Therefore, geopolymer bricks produced from Toutakhaneh red soil have the
characteristics of low production cost, lower energy consumption, and minimal production of carbon dioxide.
Also, the strength of geopolymer bricks is about 362.55% higher than clay bricks. The apparent similarity of
geopolymer mortar with ordinary mortar is 83%.

Discussion and Conclusion: The results of this study can be used in the field of restoration of worn texture,
mortar for concrete structures, renovation, and restoration of historic and worn buildings, etc.

Key words: Geopolymer brick, Mortar, red soil, Toutakhaneh village, Native architecture.

1- Assistant Professor, Department of Civil Engineering, University of Bonab, Bonab, Iran. * (Corresponding

Author)
2- Lecturer, Department of Architecture, University of Bonab, Bonab, Iran.

3- Graduate Student, Department of Civil Engineering, University of Bonab, Bonab, Iran.


mailto:fahmi.ahmad@ubonab.ac.ir

OlHSen g (0gd

1¥+) olo o9 s YY) 0 Lol (s ) daxo (55819555 g pole £y

e 9 )l dlas Glsie 4 s eehsss s las oy
V) 8l SRS Slagls s el o s BB i
Sl @las 0dg 6l s peaki 55 ol eolaal (Y
B il (plisg, 3blie o Byzme slaSsl 5 2T wsile
o0 S al  seehisss s 2l adg () ol s
OVY=0) el 438,515 ooliiul 550 ilides (pabiee Lawgs
5 S brmginagll glie 3l ookl b (5 el 535 pllae w3l
aid Ol g oSy ad paocw aile oLlB glaons Jlud

OY-VF) Sl 00y (pulldons Az g3 O 90 jud
clas w5 slp AU (sliwg) (oo 50,8 S 5l oslins
sz glagleasle Slasly g5kl plaie 4 Sleile
ooy Sl aS ulayazgi Loyl Glopg cusnl Liwg, oyl
dlas ads sl srwlie SGkwsiasll gie bl
CSlw (e Sl gy ml 0 wdlos 5 ek 85
AL sliwg) 08 S by s reckigf) Do sladiges

Sy9—0 LS' o A " u.“ 9 S ﬂj)b\.ubp.s.\_w )‘ oolai_ul l;

3550 ] iz o0 5 (SlSe Cuaglio 5 az8 5 15 L)

OANY) 5 15 a0l
S97 90 o3 pllas b albligh sliwy) (sopr 5 lers Slgron
—aan Ll o) 8 5 4 e 50,8 S ales 3l ddlais yo
wa‘owdpwwbuj)é)wmb
D;)U 6‘)‘\) L4Jl.>l)5) LgL"“"ﬂ) 69.’\).5 6)L0..LA ).) L';.M:s) ¥
YL el s oo lagT alex 5l a8 ol 004y (g 2
il Jyoab 10 Lo S g Loy JUiS 5l g peSole 5 SIS
ohle T 3585 5l (5,55l g bajles 4 S5 ol (Sotz
‘l—ﬁ)fj[ﬁrﬁu )_J‘)J)Qh_ia._a.d)‘ 6~;L.o.>u~.m‘)|9;o Ay L
Ol bz 5o SlglS w4 oS anje by col) el
- 9 )>i ..\.J}: L).:y 09.:..:; )| oolaiwl Lv u‘}:‘sc .O; O)Li)‘
‘M LQLALQ}_H )'| solaiul u,..:bLf S ‘LE)"-'J"’Bj) s
p.‘bb._s L\.»s) 6)[4.’.40 20 P CJLA.A )l oolaiwl ‘5‘): ‘) Ao

D9y 0jg el 4S5 3,8 dxgd (gl (Jg b 55 ailbby

doddlo

o0 Bglane (5oL 5 4z 5 (rae) Jlgj 4 55 (5551 i 4 1o
)98 pga ;0 (SIS oS (nl (eSle ded o 50 g
olSely (1) 3,5 552 45 3] mulio ol 51 y2aS aoliiu
loars; Gl laretansl (e (6551 @l 5l asage ool
o a8 Djgo (sede Dlalllae g55 5 005 25 0 ) (sale
S5 51 (531 olte ) age oolial 9,5 5 Cormdl S
e sty Gladiie (V) dilize pole olaiedils
@ ole g clo (g Jsol 650 @ Gk 5l e olere s
6531 e (2alS bl 55 llas 3l v oslizad JLis
Js—ol am azg glaaxie (ol Gloo Su5) alex jlaiien
izt 5 by e agsy ol 5l ool l (S5 | g lane
e ilwaing 9 S92 sl wax slacs slid 5 ol
S gylere (Jool Bas 2 dly o (F-F) cl o9
@) el Cans ;0 39290 gl 5 Sl glacsle ow)p
9 dlan o (Ka0)8 Sl jl oo g (15,5l e 4T (g9 4
Ao b 4y (5) 00,5 8y bl egs o8l iy S
5 Ol srlone sladtd; (ol Sea Sus &5 CiS o
3wl Ol SO g losre dio) 40 Cnn ) oo
99,550 iz 4 ojle Sy 50 &S Sunl lgd Sl (6 s
9 955 (e obml 953 BLLI 6L L porecis (Sge)lo S
(F) 8,35 o ol 2l sl

Golars Ll Hlse Ly glatlio o (\WAR) 5]
F b plwg; )lexe SEBl 5 sag (2l €l
L ddlae mf Slyses Guizmed g (o9 dlas 6,58 4
Gl g 053 SLe (V) Wlo o athaie Bl g T S
SLs alor 5 Conpebs 5 s, 6 boxe e Lyl (1YAS)
o aS oo (2b) 5 A e Sy 0509, KU,
Ml 00,5 oy 59,0 by Lz )0 (il 925
o SLs ols 5,9 an plaBl (VWAP) Lo pur ) 9 (gemayo
@liws) o9 @olone s ooliiul Cgr (i sl
SLs 5l soliial (25 (VYA0) sy e 5 o0,ST (4) Wlos,S
L) by, slalusw ;o 65,50 S mae lals o (e

(\’)..\."cb;ksw)).’



sv e AL Gliwg) S5y 505 cagr S 5 (6 aly 935 Do 9 2T Sdgi (o ) Sl

SE Ghegn ol 9 s reshssy e sladiges cSle ol
oalitl 3,90 SlShomginagll 4 Slge olgie 4 ALy o3
Si3) Al je,8 S o ) JK5 gl cd,5 3
s Glp oyawd 5o adgl cole lgie @ (albe )5 j0 0nl
Ll Gl Gl gt AlBbg gliws) o Sleidle wllas
A plge 4 SISy Jgens slaaibo S I izen 0l
Sy shals Syl shie b eolitul (saiiS )
S g5, oaile 5 ¥ oyei sylulinl S gypee pillas
ENCINEE Iy RO R WU e
5 (A% o)y IS 285 jgli0m 09) STy 000 mads |
coly gl s oolinad YIF sty b o ats O
Sl e b ol 5l aaSlgae o QLB Jslxe
ool o ead colaiwl 0,90 Dl g Joleg ol oolaiul
DA esSo 7 A puSiniy e Jolis gy
5 oy sSrele Yoxdexd g2l B s el

Abl e M

ond piliolezl wlas adss )0 (g slais,sld jl ool
Ol 2l & (g slaghs, 5l eolital (e (eg a5
T asylai ) Gl slwgesbo glasls 4 057l
o Gy labiwg, 5o 5w 9SSl ol cal 5o . (VF
L sl K2 g () (b slaty)l S
Loyslo g coba 6550 5l 5 48,5 &)90 (i bl
M&@Ulﬂ%)ﬁsdiwdg“m”ab)odl}o
So a5y sliwg) Sg—ed (53093 09h Liws) (5 Lone
Sl Ol el (Jlod Ceos )3 a5 Sl 3y K805 by,
Ly ! ol 428,57 )18 s 055" 9 slaasals ;o
ol S laailock, b cenlizo 5 05y SISy (s loxe (5l
o=l el Gae ccnl 5 5 3 o laisle K5 g,
S o g raekisds Ol g 2T adss (el (gusyp hg3
Lol 5 b,z ol 51 oolitul _cniw ylSal cliliss (gl

sl L) (nl (o9 5 lone Lai 5o

¥ V)

Wlo 5 53 ol Sl A g7 0,8 S 091 —) S

Figure 1. Toutankhane red powder dried in an oven
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Table 1. Mixing design of samples of geopolymer mortar without filler (cubic samples)
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Table 2. Mixing design of samples of geopolymer mortar containing filler (cubic samples)
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Table 3. Mixing design of geopolymer brick samples without filler
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Table 4. Mixing design of geopolymer brick samples containing filler
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Table 5. Mixing scheme of geopolymer briquette samples (tensile test)
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Table 6. Mixing design of prismatic geopolymer samples (flexural test)
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Figure 2. The process of making geopolymer mortar and geopolymer bricks
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Figure 3. Average compressive strength of geopolymer mortar samples made without filler
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Figure 4. Average compressive strength of geopolymer mortar samples made containing filler
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Figure 5. Average compressive strength of geopolymer brick samples made without filler
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Figure 6. Average compressive strength of geopolymer brick samples made containing filler

oo ol o ¥ STy jous oo Jole 0 aid ol
WY sl s ke Jsbone & byye (JSblSe VPV
YI¥O YIV) o 5 ds 039, YA g V¥ o2iS Cunglin iSTos
¥ oSty e o Jobowe 4 baye (JSKWLKe Y/AY
VoaeSly,one o @ dind ol o Cans b YVse

RETg

Sl ) Lbaiges (Al Cuoglio guli -Y-F
b srondigiy OMo sladiged 039, YA 5 V o LilS Cooglie
el o &l VSE Jloges gillae RALI0:2.4 ass
Vo oiiS Caglie xSl lad (2iS Caglie )l jslaie
polie ¥ S loged gllae .l BMST 7k o 5l digal
L) o dslw Lngd)}‘o.s 039, YA 9 Y ¥ s.m.ms W wgl.l‘e
Wlee (ialS aSTy 0 o Jolore Jgo cdale 2ol
b oadaizls gracdsf slodiged (LIS Cuglie (rizeen
30 aSlyyaue RERW Jolxe 4 ais ;‘j O e

> Cod bosdaisle sladigel oauiS Cunglio b anslie



A4

e AL Gliwg) S5y 505 cagr S 5 (6 aly 935 Do 9 2T Sdgi (o ) Sl

[*5)

b
ih

[B%)

[y

(SdlS) 2ok gl

=
ih

0 “ ||

G4-1 G4-2

GE-1

sig, T
Wais, ¥

sig, TA

G12-2

G8-1 G12-1

Syl 995 Sladiged (LALS Cooglio (Silee -V S

Figure 7. Mean tensile strength of geopolymer samples
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Figure 8. Mean flexural strength of geopolymer samples
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Figure 9. Percentage of water absorption of geopolymer mortar samples
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Figure 10. Percentage of water absorption of geopolymer brick samples
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Table 7. Comparison of strength of geopolymer bricks and ordinary bricks
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Table 8. Comparison of adhesion of geopolymer mortar with ordinary mortar
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