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1. Madmora Forest, Morocco
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3. Ansys Fluent, Fluid Simulation Software



BO-F5 (VP Hle) 1 0 louis BF i cons ) bnmo 5 ol ot smockies &g s | Liolis .y 3550

f4

Ad,e Lo glos juzb B 5l a4 (5,5 lboay 59 o2
a8

dgail susds fuslid mdlao -
PSS (6l ogal eaimo JSas wllas (1) g
ool lEisle;] sladiges agd (sl 0 o lii | (9ul
Sl 53 bl asbige Lls 1y ol Caglsl o yiss 5o gllas
P8 (oo Ty Slaey wains JSE5 Slge 5l Sop oS
o Ll T Mo gail cuS 5 yo eolasal cde" g 3 (V) Jgax
LialS SIS paad o cal a8 S 105 0qusl cuS 5,0
bl al s s oz o @yiie Mo Sl Gy Brae (3
4 9l ouimd JSiS Slge 5 Sy yp a5 vy 0 L (5590
S ailinl S'ols G (gg, 5 Jrols dgail g ool 03 b o5 ccnlado
Ol Sas) el Y CindS 5l a9 el (6o, Sla)
W58 sz 50 5 (e n 090 0d Sbml SIS (s
Slge 51 S Brae (e Gl s 20l Gliae 2 eizres
Oy Sz o plail gla jislosl slass wgasl saums JSCis
S clongs 5 e Jguar U3 53 Spae jlade o e 4
mo Ol 1) oo jgedy dguil caims LSS slizl s (F)

B

Sguil oo S (sl32 ! wwoyo —F Sl

o g b -¥
-0 ke 55 3l o9l (g5, 2 eads el sla talesl b
b 2ol @bt oy Jol 005 513 azgs 3550 Cunls
990302 p9% 5 B Bus & s § LS S5l o
S 0 a8 T csoluadl b o 5| linedol 3 by Caed daylie
lagiolesl plosl 51 Gy 0l oo (55952 5 oo o 532118
Jolo (b (e slod sl 5 0ol )5 o) Baa LY

J ) g2 sy e b
/ (5 Whass o bl ok oo o

Sy S TN e S
oo o g et it

K
{ %
6% L od
|
)

\

BNk o s SulojT @ by yo WLz - Y S
Sl

59 Cagby g les ol ol 5 09usl e ol S 5l

5 9l 5l ool oalyy aSe JEIS )3 miwCagh 5 mimles
25 OT oo S5y caSie oy T s Sl VT o eais
oy GLBT 15 caSo plad Celus VY 45T (g psboas oad Jicio
bl sles B B oals o suzme iwles sles ] 51 o
dol> gl yF 5 oS 3o 4wl yo3 gloyS jgee 1 0nd
6Bk el (I8 HLLE gl supmmiw el VY Cae (o 0al
s ST glos 45 el o Bk lad iy o 5yl
Ol 29 A S g Lo i Jlaro Lo S ae (il g la8 L
Ol 9,5 oo plaml a3l 090 slasgail plas (sl (il
4 S0 3 b Sl plonl calizes (lajg) slos 53



BO-FS (1FY ) ) 0 kot AF Al canny ) Lo § (3 post suwetio 4y | Liols .y eydo

Sl em 5 il Cale Gile Cools Llday oKl

Al e az i e il 2l

Sguil suimd LSy glia! -) 9o

3 35250 dlge 1 S0 ye canlin Jlade (s e a5 W S
ol 5l e ol sgail ases o .0 5 sguil Lplg> 5 g ogul

slaws

X 'a‘;'u"

A 5l s Byan Giull ol S

> 5l s B pae ralS ol il

Sgail oS 5 50 eolaul cle

039
kg)

oole |::L\

Pl el g (ad 150
glas L

Sy s —0gadl 28 S
o g j0 S 5 ol —s gl
JeS

e ol 5 3903l b8 il g
Ll 5 e Slo s ey

—0gul yiden (6 iy Jleil
$3y 3 o9l (Sarez rals
oyl 2l 9 S5 ek —slaw

g Loy 50k elys pals
S, 9,95 o9l o LS
23 090l (59 0 8T 50

S saome (ad Ky a5l

dgail J&1s j0 les g gy 0,55 g

Sl 6 Buk coels 4 o, sl

oMb gyl 5 g ey g Loy e 32)

Pl S Saeglite 2al33l (5 51 guiS 4y )]
Sy

oS

pac 5 dgal sual 5L

T 595y SOk

Sgail oaips Sy

Pl ol olﬂ g las ol oS 5y
Sgail ;0 3g2 0 dlge 5l S5 jo

o

Sy 5 9 090l Ky s
2 oolainl 1 ey dguil 0,95
Sy Sialeyd =l 9,
SKlasl 31 5 sgail zlaws

O B ey yal 5045
Rl 55 g 39l o &8
Sy bolie Copols

kit g e g @ pdicaS 4 SWS
gl sy 55 5 Leo

oy S

— O eS Oloj 40 Ly
—ONS SES Sl ey S5yt
3 o gl e s slails

89y O S g ool
)|%~) CJa.w

S 5 plge Gials

ey bz 55 3903l (s pdyas 2 Sl

g SWhasl Coaglie ol e 55 5l

-9l plSoinl Jiol38l 55 5 S 5g,Se

05655 S o5 ole 4 0b )l S5
Loy g Lo )5

PHERPYS
~Hskwsils)
(bl

T P T P
o Sy pll g 43 oS
sl —gshas s K25 )
Ay~ hos S 5 (S
ot 298] goba Sl (B o
o sy 1

b ogal (5250, onlS
Ceaglia als —CtaSy

ogail Gads ok -l

SalS (S5l 0 Caaglie oli8l g
@ 09l o §pd ) 5 g Ol Jlasl
CieSy b S iS5 ode

Ql&ﬂw

oSS N0 By e
Sty G 015
9 5 ol ass jo g vgudl

3o s 5l gl iz

b K

IRCHAR SIERL RETOUIIIA
Sl i ol el
e Ky o 03 50 — e

St Oloww 58 020 G 390 (5 kS
ol 5 5 Mo b yige (S
555y & bgye glaan e lals - i
Sy opleglr g o ) G5,
Sy S Sy (il Sl YL
b it B (i plos b Sy 51
gl §38 Jblo 5 g sk e Jleiws
SN S5 o

(e )
allas L
byl I L

398

slajy g Slab (sl ol
09l o 53 035059
Sz g5 9 ol8 el s
S g Oyl oS

39 S s 0
Goyei 508 ol ralS
‘hf_—?ﬁﬁ

oMb yld 5 g 0guil i (Sien Cqx
Sloyw Sy g e s Cqz dgul

LS 4l

4¢J5‘ oaLn)
05,5 5l ik
skl

([)—.'.)5]

Yy

Iz




BO-FF (OF+Y Jle) ) 0locs DF Al comns j brammo § o ot mckiteo &g 5 | Lol .y o330 . Y

S9! b calizo gogusl 4y Colud o o dwglin -T Jouo

S Gl Bk

Sl cale coyl

S| [F534] KILY el £65
s sl J s w/mek) 93l &g
(celo) (9 5m
v Sl Ble Swols L eSS, 45l g (e a9 390l plyieay |I¥o &
‘e oS0 5 a5l lass plSouiwl & ol Y leieds
Yo O oKy 5 2l e 4 S lgs e ‘ Sz ol Y lgieay . e ke
Sl @le cools
L. 5 a5l leo clar (S - ol Y lgieds
A 2 o) 5 2l e 4 5k les 6 C)wufxv@?:w Y lsiea vE sals
Sl @le cools
eds oS5 ; & 3ls ¢ e alSouinl ¢ ol Y leieds
v O oKy 5 2l gl 4 5 les ‘ Sz ol Y lgieay e wleyas
Sl @le cools
. il Cunols b oled o 9 55 4 5l (99 2l s g 99l lgasay o0 2 0ads (B yxe Sl
Sl §ufi
10 — Slodwl cavsay b ales ! slo yiolosl ploxl 51

3z 7~ 8L
2

4 6~ |

3‘ —
s,

T 5~
i

‘i s 7 ———— B
9

3 /\_ﬁ

4 > s ke

el
g Folawdule 7Sl HaddeypS ©awe ogud

F il 6wl 5 (FHle culad o s dnglio -0 S
Gz (] 50 0w (8 yro 9l by rdiged

ooy ddyoar g Syl @le Ll e o Slee (620 )

P o3l s --F

Sl el s ead g pSejlal polie (V) Jgur
5 Jolt %00 gloogal b 1) 3o el yo od 4l 3guil
A5 oo dunlio awls 5 &5 Do g SRl (yloss anle I
@l ookl e 5 g5 i Jgur 50 o)l 4 poase (it
i s ams o lis | Giubesl 090 slode 51 S 2
e gl wigSzr a5 el ul SLsS Jgoxr 5 i Gl 5o
Slse plod sly culie (03Kl Wl oo Geiod (5o 0ad
il Jgaz ol

ot 2] 590i] sl yaeiie (V) Jgaz o 45 jsblan

L dges cl 50) S0 slacde b anslae jo Guiss (pl jo
Skl zen 5 Somb Rl cure s Gl ol
S35 29590 (nl &S ail oo 3BT (gLad )0 (5 by (5,5l
50 el S8 Y el a8 3 18 anslie 0550 1 () JSSS
Feda Sl @Bl )0 5 0ae o5 o8 e Jil o
JUS! o po (09 oS Sde 098 o0 Cgmae Cuje d0e (392
Ol yo a8 yme dguil )l (g B wile (09 yides 5 Sl
ol ele o Sl Gle lae jpam 4 Ol 1) Geiios
2,5 1o e ogull



BO-FF (OF+Y Jle) ) 0locs DF Al comns j brammo § o ot mckiteo &g 5 | Lol .y o330 . oY

O3 s Gzl e s g 3 05l ey g0 oy 50 ala
Sl bled 1y g

35 3347
3247

30

25.07

& Aula JRals S8 aa gl
Olaze Aula
M logs gl 49 Mo 32 (gl ol plod &lao
55 5590 5239, 2o

195 5 (1 k) ol S sl -5 S
ol )0 0udls B o 090l b el saguil jLd 0,90 o3,

YO 50 05750 laasl 5 Gb a8 Ojso slas sy
o A.J)f O ygo (\‘) JB"\" ) VFee ols Q‘b).a

Ve slpedess 0z ol slbcw,d Sl S5 LLS

S5 59y o 50,8 el A plxil @ az g5 b g 090l @ ye ke

)5Ja<b 4.19-}4 sSq PLQ.I‘ u,uLw‘ » Lﬁ)j) slaws sloauds Ml.‘?m
wibos sam Y gl caz 4 o pad Sas g LS
Sgail ol calidrs slaogasl ool plad Cond (F) S
Sl 6 350 53y S olyanity Iy 5aEd cl 5 0ad b yas
- loges 50 a8 jsblen S o duslie | lasgusl o 5l)>
3,90 slojg, olusd 5.5 5 00l plod Ceand 89l 0 cdalive S,
Soguil den 5| Bdmg ol jo 0ol 3o sg9uil sl sy 5L

St gz bling, jo a8 JKalS ,0 592 g0 olS Jlio jsboay

Sgi o oolatuwl Loy o faile )5 g lenls jo LI ol
el g ams o Gl ) (Sl Bk 5 a5, (5,1~
i g gl olge 092 Koo Bl 5l 1005 e Sl b Bile
50 Wigd oo 5 Jl (el cely Gl a4 0g5 a5 S
5500 gdlas g olS ol oy Gudoni ] H0 0uls (Byme Sguil oS
Colae oo b eoguil oy del canlin  Suan olxl L

Dighgo ydan )l 5,500k 5 S o)l

Caod dunylio 3 0591 1 -¥-F
O @oladl 4 yo wauil 1l Cilo pae Slaal 51 Ko S
BOkL 5o golaiBlad o doxul o a5 cand SS0LLS all e
Mg pley 3 atddS slalo ;5 a5 Heblen ol o Hlaine
A 550 5l S 4 o Cad 051 Gleisle slauSLs
3o Lol ey oo Slaias iy (Jiw Sobg 2T b asolie o
59 S5 S Y @ ki pas 4 by glaan e alos
ol o 2Rl Caz cwlie z2s O Se s il
Ll asler i ol WSl b aglice ol 5 sguil pl el
Yl gaed iy sl o canl (e iz 2 500 Ol &
5, sbanip ez (6950 i vl Ll o Lol cams las
Sl e Bkl g males 5,5 Gile el 5 &5
GEelS sl o 5 siier Bl 5 12l Co sy pSeis
Slacagyl )US )0 axg BB aiss 0,5 )13 ) s b boasyjo
Glrogail ay Comd 3 )5 5y o9l (L (sl O s
T PO BOF-3) PR RSV % SR PRV, RN BV P 0%
ol sl S5 04lg0 ol aaz 5l o5le GLled 1y 095 o Slae
adls al> e Sy yo alye iz oS Wil 12l ol 5o
el o o3ls sl Jpame Sy 53 Jpaze Wiz g 09d o
oS s al o el 51 sy e Jghie (55900l o Jlie ysboa
ol Jsl a8 a anlss 9,5 lasgail (sl als e lozsle
iln 5K sl 8 s 88 shrlan s S5 &5 el
Wl i alraly ws oloy Jelt Jolye 51 So e adl
g al>ye ya (il S g plesl Cu 0¥ Glej e 9 2]
b L @Blge 135150 5 Ll jo a5 wlly o vl e £9 0
53 bls a aalss Jols caslio Gile oysas Lol jead § Gilo
Sl sloanze 5 oy ol B @le Jos 355 a5 Cul
Sl Wiy oo @iz ol jo oad (Byme dgail Lol aiil oo
Ploz pled g plaxl o)Ly ©)g0a 0ol 4T 5 lge ples ploxl
0550 s 0903l 1l a5 el 53 L s 03,51 1, 0y asasly
Sl Slez )l atidly (ce08 g oz @las 5l o



BO-FF ((1FF ) ) o lous DF ol aunny ) Lano g oyl pos swoiien s o | LioLs .y 3550 oY

&l -V

P ALLE @ (b (agare b g2dls (o GlimebE
P SHdle 5 plaidle Copas s 73 )" 6
Slaglozlo 5531 Jelo 5l oslizial b (5351 5y als
VYA ieolo 5 ole (pigh - (ol 4,5 35S
IY-0 «Y)
https://doi.org/10.22065/JSCE.2018.117885.1452

Sl sandle sy e S gl g gl B
(65 Sran o qgzadre o o)l bolasls o
Sl axesi 5 oo smaige o Ghalen ey
ESTAHBANCCE02_129 .\ Y45 . Lyl

2 pyre slagle Rl adlla o oobls e 5ol e

sl AW aile, PBlas 4 cyr oo Cake

9 Olye (Sl pwiter (Melli ST eego

Slalllae Modlips losbe (s 57— pudas (s34l

(ol el )0 Lo g oRaily (g ) Ken Lo aRiils
MEMCONF02_009 .\Y4A

Ajouguim S, Talibi S, Djelal-Dantec C, Hajjou H, Wagqif M,
Stefanidou M, Saadi L, “Effect of Alfa fibers on the
mechanical and thermal properties of compacted
earth bricks”, Materials Today: Proceedings, 2021,
37,4049-4057.
https://doi.org/10.1016/j.matpr.2020.07.539

Bicer A, Kar F, “Thermal and mechanical properties of
gypsum plaster mixed with expanded polystyrene
and tragacanth”, Thermal Science and Engineering
Progress, 2017, 1, 59-65.
https://doi.org/10.1016/j.tsep.2017.02.008

Bozsaky D, “The historical development of thermal
insulation materials”, Periodica Polytechnica
Architecture, 2010, 41 (2), 49-56.
https://doi.org/10.3311/pp.ar.2010-2.02

Cardinale T, Arleo G, Bernardo F, Feo A, De Fazio P,
“Investigations on thermal and mechanical
properties of cement mortar with reed and straw
fibers”, International Journal of Heat and
Technology, 2017, 35 (S1), 375-382.
https://doi.org/10.18280/ijht.35Sp0151

Chen L, Li Y, “Research on feature of thermal
performance of integrated composite system”,
International Journal of Low-Carbon Technologies,
2021, 16 (3), 894-909.
https://doi.org/10.1093/ijlct/ctab016

Cherki AB, Remy B, Khabbazi A, Jannot Y, Baillis D,
“Experimental thermal properties characterization
of insulting cork-gypsum composite”, Construction
and Building Materials, 2014, 54, 202-209.
https://doi.org/10.1016/j.conbuildmat.2013.12.0
76

Smith C, “This cold house: the simple science of energy
efficiency”, Johns Hopkins University Press, 2007,
ISBN-13:9780801886225.

De Oliveira KA, Oliveira CAB, Molina, JC, “Lightweight
recycled gypsum with residues of expanded
polystyrene and cellulose fiber to improve thermal

& 35 A -0

SRolS slaly 5l a1 )3y 5amd cpl j0 ool (8yxe Sgul
3 o D 5 S L Ll ® slaley o end 5L
) ol ol asgs gly ablie b lalid b ceslite
L lolsy 455 ) 5 g, ol IS8 slaly | S
K BT g w0 ((SgSima alaz I il slags )15
oS 5 5l eslatul ! pae cdeay Ll Lol (55l lilg>
b oo Sl 1 e Sl canl oo wax ol jo JKalS
"o S g OlaS 5 g las gl 3590 50 5 SVl
59 el Cewsy aigled ol 1) JRalS 51> Jole aadlys
Colad oo il daz 5l calizee Slpa 5l LS 5l dalol
olatdl 0 5 )l waw )5 6 Bl Lais iceilin 5,1~
Sy n s Lol @mls aods b S 8 o) 3550
kS T B oal 53 0ud (Brae 3gail (59, 2 oud ploxl
sl e

Sloardo b alie 1o iz ol o e 4]l sgul ()
Sl alas oo sl Gl olal b diges <l (o) K0
Aol e CIVYW/MK) 50l

= b duglie yo sguil pl Sl 6 Bwle cubls (Y
Db e (el Vo) pidon Baimd (pl 50 00l )y K00 slo

Soglaogul b ogail cpl ouls plod Cuond anglie (¥
plod Cuard a5 s oo Hlid Bl (pl 0 00l o)y aliSe
aen 5l 595 de 39l sl (s 5Ls 990 Slajs, Slaas i g ons
Al oo ;S K0 Jglae slasgul

SRy RS g odle Buiod (nl )3 ol (e il (F
2 sy Gl Cazr clie eolpiing Wlgiee (G58 sl
Jslatie (slosgail & s 52 (59ab,lS 5 calie o 2]
3k 5 Srae a5 slp g (008 5 Lol Cas s
5o Wilg o w0l D ygody dguil (pl adgr 4 el S8 LLE
Frdazg 5 golail bloday 553 bl ples &) LS

sl

S gy T
Olyos (owdige 09,8 o Slidizg S e olKiulel

JLO.».“ 9 sSuALub}o).T O&WLA)T ,u 9 L.S)‘B)"“‘"‘ F“"S’ al.iu.l‘é
Sgen 9lg oDl oljT oltils Sl cusdige 09,5 syl >
OOges ol ol oAl g3 e e gt rizes
30,5 o Sloja8 ¢ s LS J 31 oolainl Sl 5 &l g



BO-FF ((1FF ) ) o lous DF ol aunny ) Lano g oyl pos swoiien s o | LioLs .y 3550 oF

Maaloufa Y, Mounir S, Khabbazi A, Kettar ], “Thermal
and mechanical behavior of the plaster reinforced
by fiber alpha or granular cork”, International
Journal of Civil Engineering, 2017, 8 (7), 1026-
1040.

Maheri MR, Maheri A, Pourfallah S, Azarm R, Hadjipour
A, “Improving the durability of straw-reinforced
clay plaster cladding for earthen buildings”,
International Journal of Architectural Heritage,
2011, 5 (3), 349-366.
https://doi.org/10.1080/15583051003663859

M'ghari O, Hassani FZSA, Mekhzoum MEM, Zari N,
Bouhfid R, “Elaboration of a composite material
based on plaster reinforced with phase change
material/Oakum Fiber: physical, thermal and
mechanical properties”, Journal of Energy Storage,
2021, 35,102321.
https://doi.org/10.1016/j.est.2021.102321

Shadnia R, Zhang L, Li P, “Experimental study of
geopolymer mortar with incorporated PCM”,
Construction and building materials, 2015, 84, 95-
102.
https://doi.org/10.1016/j.conbuildmat.2015.03.0
66

Singh S, Maiti S, Bisht RS, Balam NB, Solanki R, Chourasia
A, Panigrahi SK, “Performance behaviour of agro-
waste based gypsum hollow blocks for partition
walls”, Scientific Reports, 2022, 12 (1), 1-16.
https://doi.org/10.1038/s41598-022-07057-y

Touil M, Lachheb A, Saadani R, Kabiri MR, Rahmoune M,
“Anew experimental strategy assessing the optimal
thermo-mechanical  properties  of  plaster
composites containing Alfa fibers”, Energy and
Buildings, 2022, 111984.
https://doi.org/10.1016/j.enbuild.2022.111984

Valenza A, Fiore V, Nicolosi A, Rizzo G, Scaccianoce G, Di
Bella G, “Effect of sheep wool fibres on thermal-
insulation and mechanical properties of cement
matrix”, Academic Journal of Civil Engineering,
2015, 33 (2), 40-45.
https://doi.org/10.26168/icbbm2015.5

properties of gypsum”, Materiales de Construccion,
2021, 71 (341), e242-e242.
https://doi.org/10.3989/mc.2021.07520

Dillehay TD, Ramirez C, Pino M, Collins MB, Rossen ],
Pino-Navarro ]D, “Monte Verde: seaweed, food,
medicine, and the peopling of South America”,
science, 2008, 320 (5877), 784-786.
https://doi.org/10.1126/science.1156533

Durgun MY, “Experimental research on gypsum-based
mixtures containing recycled roofing tile powder at
ambient and high temperatures”, Construction and
Building  Materials, 2021, 285, 122956.
https://doi.org/10.1016/j.conbuildmat.2021.1229
56

Fatma N, Allegue L, Salem M, Zitoune R, Zidi M, “The
effect of doum palm fibers on the mechanical and
thermal properties of gypsum mortar”, Journal of
Composite Materials, 2019, 53 (19), 2641-2659.
https://doi.org/10.1177/0021998319838319

Fiore V, Di Bella G, Valenza A, “Effect of sheep wool
fibers on thermal insulation and mechanical
properties of cement-based composites”, Journal of
Natural Fibers, 2020, 17 (10), 1532-1543.
https://doi.org/10.1080/15440478.2019.158407
5

Iucolano F, Liguori B, Aprea P, Caputo D, “Thermo-
mechanical behaviour of hemp fibers-reinforced
gypsum plasters”, Construction and Building
Materials, 2018, 185, 256-263.
https://doi.org/10.1016/j.conbuildmat.2018.07.0
36

Khabbazi A, Bencheikh C, Ennaceri H, Khaldoun A,
“Insulation Material for a Model House in Zaouiat
Sidi Abdessalam”, International Renewable and
Sustainable Energy Conference (IRSEC), 2017, 1-6.
IEEE.
https://doi.org/10.1109/IRSEC.2017.8477582

Maaloufa Y, Mounir S, Khabbazi A, Elhamdounia Y,
“Effect of ecological insulating fiber on the thermal
and mechanical properties of plaster”,
International Journal of Applied Engineering
Research, 2017, 12 (15), 5078-5088.


https://doi.org/10.26168/icbbm2015.5




OO-FF ((1F-Y L) ) o lods OF als cCown ) danmo g oy poe (cwidgo 4y 385 [ Lol Ly (4350

VFee/BITO G yb Gudixs ol 50 ol (B yro g3l b calizio (gddguil ouls plod ((slogd) Coud dung o -T Jguo

el Cd 3,90 g, ol Slado slaws ulal &zl Oy Sz Bile sl & Gy Sz S, sl

b oads plas 5 pledl gz ks ghe @ ooy Sz 2l sl sl e e 4 e sl olo po e o . s o
C‘I"“’A'fd"\’:""’) (c;m&iél)quwb) a5-\.‘|&.‘
oplydlas ghe o, VOr e eagps by g ol BY e e i o Slrg olegi FA- -+ 50 L
1S 0 (TR I S S0
- .- .- - - 6) ).! )Q). N G ro
Obegs & S0 0540 & fe Vo ln g legs & S Vel & o Ve
>0 ¥ oolows Gy, V) —-o)ls Gy, V) -o)ls 3,15 Gy, ©)
YOV 05, f B 09 ) 290 ) g 09 . \
[ [ O LY ¥V oo oY eV AD-
PICSIR SRV G, V) =0 ,ls Gy V) =0 ,ls G, ©) G, ¥
YV 15,2 r° J9) D 09) D D9 D9 QL‘*-.-.-‘J ol Y
[N [N O LY Ve DA+ e =Y xYaD -
PICSIR SRV G, V) =0 ,ls Gy V) =0 ,ls G, ©) Gey P)
PYEY . 59) VY r° J9) D 09 D D9 D9 ULimlS v
[N [ LY AR Ve [ P N ST
a> e §oolow (39, V) =0l (59, V) =0, (9, F) Gs, )
EYS. .. [IER Pad J9) p) J9) ) J9) J9) wle Cf f
[N [ qQ5ee s Ve YEQ e e oY+ xFATD -
al> e ) olows Sl Sl K RY (39, V) KW JUPRR YR
VY7t Y s B 7 g) 39, 0 (90 Oy N
o VPV F Y oxALOY S ol 5







OF+Y Hle) o)lods « ado oy ) baumo 9 oyl jos (oo 9 s [ Lol .y g (3830 .




Journal of Civil and Environmental Engineering
Volume 54 (2024), Issue 1 (Spring), 46-55

University of Tabriz

EXTENDED ABSTRACT

A Plaster Based on Gypsum and Investigation of Its Thermal Insulation
Properties

Ehsan Moazzen, Rasoul Shadnia

Department of Civil Engineering, Hakim Sabzevari University, Sabzevar 9617976487, Iran

Received: 07 September 2022; Review: 27 April 2023; Accepted: 10 May 2023

Keywords:
Plaster, Thatch, Gypsum, Thermal insulation, Thermal conductivity.

1. Introduction

Considering the increasing consumption and decreasing of energy on the planet, creating new methods to
reduce energy consumption by humans is one of the necessary priorities for continuation and survival. In civil
engineering, many researchers are trying to reduce energy consumption by conducting laboratory and
theoretical research on building materials (Ajouguim et al., 2021; Singh et al,, 2022) especially linings and plaster
trodes (Touil et al, 2022). In the present paper, an attempt has been made to present a plaster based on a
combination of new and old materials, which can be a step in the development of the thermal insulation
industry, both in terms of quality and cost. The purpose of this research is to reach a plaster with characteristics
similar to thatch, but with the elimination of defects such as cracking due to continuous cold and heat, erosion
due to rain and moisture, and continuous drying. In the production of this plaster, which is based on gypsum,
in the first step, some investigations and tests were carried out on different materials, including traditional
thatch mixtures. In the end, the final product was obtained by adding materials such as gypsum, clay, wood
powder, glass wool and some nano materials with the aim of producing a plaster with a thermal conductivity
coefficient lower than the existing ones. This plaster will be used for plastering inside the building like gypsum
plaster and has advantages such as not having a thermal bridge on the entire surface, not having seams and
cracks, as well as not destroying and falling over time due to its high adhesion. This research has tried to
increase the quality of thermal insulation in the construction industry and by taking the idea from the behavior
of straw, to produce a much more optimal coating, both in terms of efficiency, availability and saving energy
consumption, as well as in terms of costs.

2. Methods

The plaster introduced in this research was obtained by combining available materials such as gypsum, clay,
wood powder, glass wool and some nano materials with the aim of producing a coating with a lower thermal
conductivity than existing coatings. First, each of the components of the coating has been increased or
decreased several times and the resulting coating has been applied on a standard block (Razavi Hablex) and
after 24 hours (drying of the surface), the effects created such as adhesion, cracks, durability on the surface of
the wall and the final color after drying have been examined. Then, to ensure the thermal superiority of the
coating presented in this research, two types of tests have been performed on the samples: the test to
determine the thermal conductivity coefficient and the test to determine the thermal durability.
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2.1. Thermal conductivity test

The coefficient of thermal conductivity is the amount of energy that passes through the material per unit of
thickness and per unit of time at a certain temperature. This test was performed using the KD2 Probe device
and based on ASTM D5334 regulations. After making the sample and drying it, the thermal conductivity
coefficient was first tested, with the aim of obtaining a material with a thermal conductivity coefficient lower
than that of straw coating,

2.2. Thermal durability test

In this research, the glass cube test was used to determine the thermal durability, which is a simple method
to determine the thermal performance of various materials. This experiment was taken from the simulation
project of combined convection and radiation heat transfer in a closed square enclosure in Ansys-Fluent
software. To perform this test, a glass cube with dimensions of one meter was used, only in its upper part, a
hole with dimensions of 4 x 10 cm was created for the passage of digital thermometer and hygrometer.

2.3. Constituent materials of plaster

To prepare laboratory samples, the use of available materials has the first priority. It is worth noting that
each of the ingredients is included in the coated composition based on a specific feature. Each of the
components of the coating was repeatedly increased or decreased, and the resulting coating was applied on a
standard block (Hablex Razavi) and after 24 hours (drying of the surface), the created effects such as adhesion,
cracks, durability on the surface of the wall and the final color after drying were investigated.

3. Results and discussion

The results of the tests performed on the plaster should be considered from two perspectives; First,
checking the laboratory results with the aim of evaluating the efficiency and achieving the research goal, and
secondly, estimating and comparing the price with the aim of ensuring its economic efficiency, which is very
important and necessary in addition to the efficiency. After conducting the necessary tests with the aim of
evaluating the efficiency and financial estimates, the results were obtained that led to the determination of the
appropriate amount of each material in the plaster as well as the properties of the plaster.

As a result, the final plaster has the best results both in terms of the laboratory in terms of thermal
conductivity insulation properties and in terms of performance. After conducting laboratory tests, the results
obtained from different coatings and mortars were compared. It should be noted that the most significant
properties of the plaster made in this research include colorability, better performance in terms of thermal
insulation, and economic efficiency.

3.1. Experimental Results

The laboratory results show that the plaster presented in this research compared to other mortars (in the
case of samples with equal dimensions) has a lower thermal conductivity coefficient and also the ability to
retain more energy in the room. The reason for the lower thermal conductivity coefficient and higher thermal
durability of the plaster introduced in this research can be related to the presence of thermal insulation
materials in the construction of this plaster. For example, the straw in the thatch, which is used in the villages
to cool the room in the summer and stay warm in the winter, is one of the materials that alone greatly reduces
the thermal conductivity coefficient and increases the thermal durability and causes the plaster to be insulated;
On the other hand, the presence of nano materials and stone wool, which alone reduce thermal conductivity, in
the combination of the plaster introduced in this research with straw and other materials, by creating a suitable
correlation, produces a coating with a lower thermal conductivity coefficient and greater thermal durability.

3.2. Price estimation and comparison

Another important goal of making this plaster is its economic efficiency. It is worth mentioning that here,
economic efficiency is considered at the end of the work. On the other hand, a significant increase in execution
speed and longer durability should be considered in order to reduce costs. The noteworthy point besides the
mentioned priorities is the effort to make a widely used plaster compared to similar coatings. This plaster can
show its good performance in many cases. Among these things, there is a lot of help during execution, which
summarizes several steps in one step and several products are placed in one product. It is worth mentioning
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that this plaster, by using new and old materials, has been able to show its value in various ways, including
availability, cheaper and faster implementation.

4. Conclusions

The summary of the results of the tests and investigations carried out on the plaster introduced in this
research is as follows:

1) The plaster presented in this research has a lower thermal conductivity coefficient (0.21 w/m.k)
compared to other mortars (in the case of samples with equal dimensions).

2) The thermal durability of this plaster is higher (10 hours) compared to other mortars investigated in this
research.

3) The comparison of the finished price of this plaster with the different coatings examined in this research
shows that the finished price and the number of days required for the implementation of mentioned plaster
are lower than all other common coatings.

4) The plaster introduced in this research, in addition to having the above characteristics, can be a suitable
proposal to increase the speed of implementation, reasonable price and better efficiency than the conventional
coatings in the construction industry and a new step to reduce energy consumption. It is worth noting that
mass production of this plaster can be economically justified in addition to providing all the mentioned benefits.
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