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Revised: 2025-01-01 Surface Methodology (RSM). Silica purity, water content, and particle size
Accepted: 2025-01-06 were considered as the primary parameters in the experimental design. The
results indicated that higher silica purity increases the compressive strength and
Keywords: product density by 26.76% and 4.1%, res.pect.ively. Conyersely, increasipg
water content resulted in a 16.31% reduction in compressive strength, with
Compressive strength; negligible effects on density changes. Particle size showed no significant impact
Dry density; on compressive strength within the studied range; however, larger particles
Autoclaved Aerated increased density due to reduced porosity. RSM optimization revealed that the
Concrete (AAC); optimal combination—high-purity silica, medium water content (636d cc), and
Silica purity; small particle size (d80 = 55 pm)—achieved the highest compressive strength
Response Surface (236.37 kg/cm?) and the lowest density (535.63 g/cm?). This research highlights
Methodology (RSM). the critical role of raw material quality, particularly silica purity, and precise

mix control in enhancing the mechanical and physical properties of AAC
blocks. The findings provide practical solutions for producing higher-
performing AAC products, contributing to cost reduction and improved
efficiency in lightweight construction materials.

DOI: https://doi.org/10.22075/jme.2025.34166.2671

© 2025 Published by Semnan University Press.
This is an open access article under the CC-BY 4.0 license.( https://creativecommons.org/licenses/by/4.0/)

* Corresponding author.
E-mail address: mabudi@sut.ac.ir

How to cite this article:

Mabudi, A. , Zamzami, S. M. and Pashayi, F. (2025). Modeling the factors affecting compressive strength and dry
density of block (AAC) using RSM method. Journal of Modeling in Engineering, 23(Special Issue 81), 235-247.
doi: 10.22075/jme.2025.34166.2671


https://modelling.semnan.ac.ir/
https://portal.issn.org/resource/ISSN/2783-2538
https://doi.org/10.22075/jme.2025.34166.2671
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-4377-9929

\Vf-fF ul....wab AN °}i5 o)Lo.,i: ‘f’?‘“‘"ﬁc““""ﬁ"fgjl‘“’

ke 5 S5l Joe aloe

31 03l b (AAC) I oy S JIE2> 3 5L caoglio 9 5 il o g (5 3Ludiro

RSM g

T otlioly 55008 o0 o dumws D 50 0um0 ol

RN

dlio wleMb|

ol o glasSsh Sas (JBe g )lad Cuglie 5B Julse (o) p 4 aslllae o
ool sl aisloy (RSM) sl mhaw (>l (39, 5l eolizwl b (AAC) ous ISl
A talesl (b s ol ozl plgicas SIS ojlail 5 o Bran O i (el
JE> 5 ,led Cuoglie LialiEl cacl urkiw YL ool a5 ol lis bt wad axs S
e o Jlaie Ll hlie )3 098 0 doys F/) g aoys YEIVE b s 5 4 Jgame
Sz i b 20l (6508 aizran 5 0d (L85 Cuagliie (5,3 VAT il 4y i
Lol ceslas (6,Lad Canglie o loline (6,5l cou o) p 03900 45 1,3 03l aus 5 saalive
oey 5 ooliinl Lol il 1) Sl I (Jxdss pals Lds a4 old ejlal il
2l ke T osls b el ol sy oS5 o5 0 asiie RSM (gjluaige
4 ol 4y (ABO = 55UM) K> 48 @l )3 ojluil § (o (oo FYF) Lawgio alan
£ OVOFY) (JBx 0 5%eS 5 (e fosilo p o5 sbS YIPFY) (g )lad Cuoglie o i
5 ool o8l ohusa sl Slge CoS Comal gk (nl 09l e (GuSe jlagile
5 00l ol AAC lassl (Susd 5 (SolSle ols> S50t o 1) LIS oS S8
ol slaassly oS e @l et le caro o i 0 Sles b oV gase odgs sl ols Kol

S SIS luglle )3 (9 Slge (LIS il g laaisa alS 4 Wil oo G20

DOI: https://doi.org/10.22075/jme.2025.34166.2671

VEY/ VYA e el
VYN N i 6,550
VEYN Y i 5 sdy

igols OB 3ls

‘6)1.&5 A:A.ABLE.A

TR 5)159)‘ J91.>
comee ole>

e gy b s,

© 2025 Published by Semnan University Press.

This is an open access article under the CC-BY 4.0 license.( https://creativecommons.org/licenses/by/4.0/)

aslo oby el)l o pin olid jo (eS| g

doddo —)

sl ealitl il oo 59,0 il 039 RO 5 Wisd (o0
Sgue |y leizls gloj ) il Wlgh o Cpiman S
5 Jsder oMo 5 laanze oonl » ogdle 5wt
Lo ooolsn o [0-¥] was o 2ol 1) 5l 5 csle
Wbl 5 Jelie oh i g sl o slapl

Care 3 dlas uimly 5 e 3l S oR
iee Slallbe Gliize 51 (g ke s coonl laslo
G wlools ‘bl.?u‘ Oy G Ja.».?bo Lv 6)€)L» g 6‘1.1 ‘)

Shile jow glas 51 (SO a4 Gad bas slp 1y ol
PPN SSUE [PV RNRVESENIE GURRICHN | S ) IRVEC S TRV

slelazlo 1n5 sl 00,5 > 095 a1, (g iy

mabudi@sut.ac.ir : Jsius ooy g8 S iSIl Cony %
Ol oy g (Saie olKiils (yame pwdiges 0aSiiils
Oyl e 063,15 ool malz olRisls lge (cwdige 0aSisls Y

:lio ol a4y olcewl

RSM g, 5l oslizal b AAC) S St ISz 5 5,Lt5 Cungliio o ,13E 36 Lalse (3ldon (VFF) . 5pal 35 lily 5 (amms s s sa3n) 5 ool sS50ne
doi: 10.22075/jme.2025.34166.2671 YEV-YYD [(A) o3g 0 l)¥T 5 cviiige )0 (53lo Joko


https://doi.org/10.22075/jme.2025.34166.2671
https://creativecommons.org/licenses/by/4.0/
mailto:mabudi@sut.ac.ir
https://orcid.org/0000-0002-4377-9929

Yyv

Cix bl e, sl VAL ses als
iz pb 4 (ol eanny SO aib 1) O sl JoSUge
39> (oot JLSlo 5 gy gl Jdo 4 ) S
P 1ol wlg e izmen 5 Wl Sl 4y ook e
AP lp (o585 oy ghans WS i 095 LSlujy
ke Soishyse Soge sl g pS m e S )T
iz glls oy sl DAl el o5 5 0
So 0 ol y9p0 08kee 93 jls 1y Ol (slaJsSUse
@bl obrl g plew 9,5 &l 5l wsle byl
5 0y50 STyl byl 10 S92 50 ) S LSS
3l e s JB sk 4 il oo w5 2
O 5l e Ol ) w3l genbilyoee sl LS 300
5 dsSse Sysldes G a5 e nlply (Jsone
oo gl S50 ) (genlil i bawgs Ol sy
5 d9dee pFS Jyere 9>l i euiledl wed
lyse degeze )3 (S pge J5b5) JB Lad slyime
A o alS 1) oole Ceoglin 5 ams oo ial3dl 1) ool
ot GSeny (Slow 25Ty » ol [Y-]
26 o Al sl (Sen oy S OIS g lesas
ol oy Ly a5 sas lid canl (Ko 5 5,135
a ol [NV W ls golite Sojud oles ey S
il Dyge a4 ST ey S AT Woew, 4zl )l
Sly wll asls 0429 anle slaasls Slbl o ol
Sl jsb 42 45 Sl Gloj 5| 5 pde Sl R Caaglie
Oy S &S olSin IYV] 05 w555 oz sl o
by bid was e JSi5 ) (b e e
Sl 45 095 o0 Sgame ipnd SoSLiuly i8Il slog s
S s a8 oS slpnig b eals ol 1 ki |
JF15 Glowns b o ile g ale D05 (o Wig b ()
el 03l > yo bglses a5 olSn [Y£-YY] wis o
Cel oS a0 7y gilwais] 5 SeslS Jols ol 3
o Job o [YV] sgi 0 oy S s sl cs
Oboaw 9emlloed (Glown 9 o) S boloue (a0
Olowms gl Joons SVgamme 5 0,5 o0 &j90
el S 95008 pandS Sk sla o Jols
o JoSis 1) wiliue slaclised! 3 Ca(OH)2
ol yon adsl 58,0 onds LSE S Sy 0un [YA]
Olosms gl ya Jolo j0 0 51 Jolomo sla LB L
W oo LlBINY Sl o 4 ] gdiie Jelxe PH a5

sl 5l b 58 JSas anld bl (slae i
039 Gl el )5 cnl 5 wiblico plo &y s 5 3950
e i j0 g slroyax (ol b ogd oo Slge
Sl Voono 5 am3 o ialS |, SlSe alSovinl oo
g so 00liul IS g1 5 y5lJae any1,8 5l ol cnl o,
sohue gyldes sl Slady S lls o
Sebsenss 4 o (CSH) @b 5 pendlS” DS L
Iy oole (Slfe plSouin] (o aS 05 oo Jliws S
Pl polga 0 sdal Cawd 4 oole .omd o inl3dl
ol aule Jols AAC adyl slge 5] 595 0 00al
6oL S il (crio il OYgame § (030
Al b albly o San J& g b muSL
g5 o5 wlad S )18 aalllae 590 oo 0)byw g (yire
clizee (B aiug g awgs sl balbe DLoS 5 0 00 2
3 ilg o Jaloe 5 6 b [NV ol oats slpaiay
b asle WS i S8b o sleojle el
oyl g oy S aib b allbl s ol oS
Gol> aiilg oo gl a5 o slaaslan YY1 Y]
o dlgi e aS ail o, SOl sl ole sallsl
ol a8 5 18 dalllas 550 50b 5 s e (gl 0 loss
2 yae AL G Glge 4 o) SB i j5b @
1Sl &5 d9d 00 wd)F Sl s b laailaSen
055 sawls b auiS o jeume | alaSin BacS o]y
23S 0,41, 1, ASTM C33 wiile olajls b asgin |,
Wload S5 owy L3 5l oy o isgy [V0-1F]
i bglse 5l o > Ygems oole opl a5 bl
a5 ol 5 DEL o)l U3 lasw pes g ailaSin
g g Obosms ey Wigm ST VY] aisS o Jise
OSoe 3L AlaSin 5 de m Nem 5l 5688 )

Ly % plgd g Cuwglin o>gs BB j5b 4 g 050 ol

3ee 5> (55l Joe Al



RSM s, 5 esliel L (AAC) S5y S ISz 5 5,La5 Canglitn 5 138 136 Lelge (g jludoe YYA

N WO WIE RWIRY PITE I DY I

I¥Y] b o Jtals
bl S S5 5l (slasgare RSM) grsly s g,
Sl Plans Jelos 5 22525 9 (s 5lde sl e (5L 5
e (paiz 8l Cod e 9550 gl Sy ol 0 45
Flawo 25T 50 cwl mul pl silvaigs Baa 5 ol
acgorme g alwly Glopite G alal, JSo RSM
15 68 el ety ool LAl i olo ke
o 68 S kes alaly (gl canlie o8 SO (8L RSM
~aloz wiz Sl Ygame el Jie 5 iy (slo it
s slopsio 5l 4l (S 0 b 4 Gl
Wil i) 3925 i 0 bzl I 008 o colail
Sl Joe 0gi oo colaiul gL 4z o lalen wix
oolitul uly mhaw gy )0 035 jsb 4y pgd 4y
e il sk Coje iz s 1) sk
Ul 5 ilike gl ably e 5 Aites cilaxie
Olsie 4 o5 4 gl Gl i 055 ) (60 Slae
ogdle 0,8 walys Joo (Hly Gl gl (B SG
ooliinl b pgs 4 pe Joo S jo byl (e el
SIS o b el plol Slaye Jilas s, Sl
gl s GlaJae CEle (o 00,8 b 4 CCDY
slagyb et 5l (S dgdse oolitnl pgo aiye
Sl a8 g lodi gy Oldlas o oolawl 050 oiulss]
Glid Cuglie 5, p olidss sl [ve-ral
b slagts) Sl eslitul b i g Sew sla Sob
Qliixe vy mhe Fob (hg) 9 6550 CujelS
oo oS o @ axgs L UFE-F] col a3 § & g0
I 5 Sk Cuglin J18) 4 oy cnl 4ol o0l
08 (o oyl i palie )3 2l Jyame
@39 5 Ol 4 Ol S Gl sl Jole as 530
g Ngdoo odliinl (639,59 Oloie 4 malew analls
oads ISl lolsn ity Slabsd IS 5 (5 Lt Caoglie
otalesl Ak slagis, leslinul b gly Glgie 4
AR o5 L Lidgosl 5l ool oy gl 03,5 (o) 2
e adbaie Sole ;0 45 235 18 ol g Julow 09
ingy polie ;o Galesl LSS L s S pasin bayis

4575 el Gizmen 9 ) OlyS 4y STy g9, WlgS oo
L wlgh o s 45 398 uebiw g 350l (slinag]
3955 S 5 Slos 5l pae 3loads ST el (glo (352

Ival ses JSas 1) agil Sloww oolo G g
B leg @ beashaSows Jlail b s w03l (50 o
lro,am 10 S S onds Cow i, il walgs
Dol pogie b adie Wlgh oo S lay wled Sl L s
5 5 on sleeyi> slml b (py9) ol jLad obnl b
SR s o) (0N S5 R o s
Sl (Sdnz 8 Caols gl gl 5, slaailasn
w3 g03 STy 5y leailaSow (losm b Jodo (nl s a8
S5 oo (5 g 5 AL ale Sy 4 5,5 ST s
oo b obml cely a5 ojls vgzg i o lizmes L
O S Sedse Sy bS5 Glisl a5 L anulgSl
Iy T st RVESTR S IR-OURRY Wi L SRR WS e Lowe
S S5 F 9SS 2l SIS (o) So0gailimgn
S oy S sba (59, Syl (slal & Bues a8
(S ek IYV] sgi e eols e LT slaad @
G b oyly e b, a5 cul ond asie
1) 43959 9 pobed (A5 cOlonm 2 (o (5L s
Oloms g 5 iy (a3l e Sl
WIS S 1Ss i JBI 53 1 @5 oS 09 b o0 el
sgizn 3 J&s ol Oglite carge a0
2 S5l el Coles jo 5wl sales o il
Plsr olod 595 5 it Dyl g 03508 Sl
Sl oy SeisST (T abor 5l sadsi 0518
ol e IPY] as el o )lad cuglie 5 o)l
ol S g 03l oy ele Dl 4l o ailaSs
5 lgione 58 £58 93,0 Ll ezt ;5 335 oo
boakuly ;0 (e g3d90 o bolie sl D)3 ol
VO Loy o8 olonl )il (3t oad gt 9,Skos
2 2 e JU alaSis g (5 o )
3, Slas g plgs 1 gobjam b alaSin ply> a5 caul o)
saalise yliisee [YY] 8,38 oo 15 on wlas o ks Lo
Slsime 15 e il 6 Caoglie b3l a5 ilos S
Ologms 355 g 03liiul 890 AilaSinw g9 & (K (o
oilsl STas aalidl b oo o, led Canglie [YF] ol

2 Central Composite Design

3ee 5> (55l Joe Al



yvya

ol s050) (5090

Sras dlye olond LT Juo

s ya0 Olgo SiO: AlLO3 Fe203

MgO | CaO | SOs | CO: | H:0 | LOI

Syt s | SO/ Y/FY Y ass | # A
Osloss Ve | eAs YIAD SYA | Y * | fY
el &5 DA AR /-9 YYIVE | FYAY ItV Y-/AO

Otn oy aie8 a5 lawgie g jyaily wclljoails
Hlas (V) IS jloges 5o (0) el yoasls g (@l 5 als

el 00 00l

e 9 5ke 05 Gk (e 5IUT-Y Jgon

By Slgo Fols | caddsils | Comds
ke o8 ke 00 Yo o
b ks a-/Y vio A

5o WSy ol lawgie iow a5 cwl SO LLS
aS 33 o Hlis (gomails Jloges a5 ags olfiule;]
L3 TEVNE 5 s als s L3 5 amys 44/
Olowms 2Bb oo (9,80 A0 5l iS55 o pails s
S 5ol S s V oS g95 5l oy ) 5o (Brae
Olowws 5l )5 8 48 a3 oo (a3 Glowns )5 039 el
o Hlis aS o ls mha aye el YO sga> o
et Olasie bl gl o5 ek g 0

el 00l ools L3 Y Jgaz jo lew

100 onllo QQI/RRQ'I /28

o

((ARUITNPEPE IRV
> O o
o O

0
30
20
10
0 T T T T T T
®@ 20 40 60 80 100 120 140
(09,550) ©lyd ol
—aily g ool y0ails £g5 90 [0 Ll (guuaily Hlogedi -V S
7

VEF lials A o35 0l pgun 5 Canmss Jlo

o o9, 9 Slgo Y

4&3‘ é‘g.o -\-Y

s hlise S8 b 5l ) p cnl lp (Prae dlge
LTl oo sols plas (V) S ye a4 w8
L el 0 00l QL.....J \ ij\) ).) ‘_é)..a.o 0‘5.4 ‘Sal...a.....u
Ssb glad Cwglia p oy SB S gy p jslate
o 08,5 LSS ey S0y YO L e
b oy Joie) H g5 90 50 oy ol )0 oolasiul 550
ks (ke 5IUT 00,5 s (omly o9y Jlae) L
LT s sl oo ools Lis Y Jaaz j0 eolaul 8,90
aS e e ol jlen g Jle o5 b oled
aS 0,10 ALO3 wo,o VFID Jlade & Jle o5 ke
Dbse Jhe 0 ke cuS S 0 ) 99y Silo
Olis Jhey 5 ke 08 Gbw e IGT gy
Slade 4y 5le o5 £95 50 CoadglS SIS ke a5 wes
sl e YO,

3 S syl ) anle ol Sl 4 4z b
ol 0 fse syl izmen 5 o s anl
Lgia ciud ols o ¥ 4 alns 180 08 o o)
b el atd sl a5 285 1,8 oolatiul 9550 554l
o 51700 g il o ails i 51700 Lawgine slal
WSS ek ey g ke o5 Sl g0 jo 4l
S 035 A enp ol Sl o 88 7 Solm

e 5 sl Jowe Al



RSM s, 5l ooliczasl L (AAC) Ssly S IS 5 5 Lid Conglivn 1 05 30 olse (gjludute Yt

el 00 0010 Lis O Jga 40 el ol o yiole ] acn

Slgo g8 (%) 3lgo ylado
el 0+
Sal \Ve
Sloes TE
r=9<.~'~:-°91" 0% \
& 0

S lagie o> o ek JLe Jlade a5 oo 2alesT o
Sbe o5 e U700 L Jley Gediws 51700 ol
Sy Sy 355 oo )18 0oliul 3590 g 00d S 5
295l g0 4 byl dem jo Dlegs ags Jsb 0
oads A olegd L0 8 pulals adBs o je0 YA+ oo
65 ) 5 yianlo) Y0 jlab ay IS5 (glailsias] (glacdls o
o0 asgs sl 5 B UK a5 ad aniy, el 10

el oo oaly las (V) JSK& 40

o BT PR

Plegd (6,5 s, Cuzr 4 sl allgal LB Y S
oglos b oS Sis 4 ol wdsl syel Los ol
T oSS jlcels ¥l o 5 o5 e ax e
23)5 Jizie gl 4 sazme (g9l e iz g w0 )S
SUVY Lo las o celw VY Goe as S 551 [0 adiges
8 oSy bl o ol Kl azye W gles
JroVeY W RS .S S WISV INT LY ONIR VL 3
azry Ve gleo b (S Ses a Zosh) el cox 4
Caoglie (y903] el FA 5lam g 00,5 iz of Sl
Skl 59 » Jyame S x5 ol 5 )lad
(F) S5 55 o ool g sleSsh 8,5 plal o

Sl 00 00l ul***-'

VEF lials A o35 0l pgun 5 Canmss Jlo

Olor (58 Dlasin =Y Jgoor

Rrsirel O30 azis
95w Vo Sl g, onile N

v\o gr/ecmd

vso- (cm?/g)

uLQ—A.N )09.\ wlo

Sy Gied dibioe 095 Al SesS SIS
Aol ) 5lam a8 sas o lis 9T de Sl Ol L STy
Sade o) oo oL, Kl a0 £ gles 4y 4l Y
2 5 o Ul s bl s sals aiky Sl Cal
@ oge3] ol 58 oo solaiwl R PSSR | SRPRC
S 0950 VO i slal B ol 9,5 9 pls O j50
powiagd] j0g 5l s U3 slwl lp oS
oo olyl 4 yeie (’Wﬁﬂ 309 STy 09 so ool
Sl glad (o aS 0ed o el 5 00,5 oo (59,00 38
olyod as 1y 0 (59 Ll a5 00,5 ol slee e
USly pgainagtl jog b adgl cole a5 elSa o)l
S5y G STy Sl e S e Ol e o
ST 559,902 55 5 955 0 sl O 5 poriagl] oS
2Al+3Ca(OH),+6H,0>3Ca0.Al,03.6H.0 (V)

Ll 00 00ld Lis F Jgoz 50 pgaingd] j0g0 Dlasuive

‘nwjﬂ Y 5'3 Slasin -F Jou

RYSIR] o903 Az
13 olge YA
36 peiragll (glyime AR
aenils -y — -y (g/ce)
S nle (Sle 095 VO
9,5 YA+ Sl g, ouile v/
9,50 10 Sl (55, oils AN 5| yiS
o \v#+ - cm?/gm
of bdlis el Vool

Oy -V-Y

ol osliinl 3 50 Dl aps dbogs po sloyse;] sl s
5 oSS oSG it s b o3en il
Dbl oo (S el jeSimg § yiegiSy iwled
o903l gy -Y-¥

o ol 38l o5 bags a5 Lialel (65301 4 azg5 L

3ee 5> (55l Joe Al



Yy

S S hb Gy, 5l eslinul b el VF
Sy g 0ads o,ls "Modde" 38l a5 o b ai b
Gilr @ls by SBl Jow cnaiz 5l pgs ax s Joe
5,30 B iglesT b gl o olo 38l o5 el o
Oleise JI3l p cpl 5l oolaiul b 0,5 oo 1,3 colarul
s LS lag,b (2556 ik (35 0 o5 0 slag b
5 odbls Jshz 5 bl sladdos o8 12 )
Laggei] @l Jelow )0 o 5 osel sy sboylogei gl
&ly Fye 5 dhe Wlgoe a1 aig bl il
s Sob S 5 5 lid Cunglie (1 Jue g3 1098 (o
o Sl &5 ped 4z sladae il e
SLIE oY ¥oles b atien 35 gy (slo it
GHIATAS ol ;o by e ded b Jow cpl jo g oo
Saie B 8pae ks £55 A Lyl jo a5 it oud
Erae e Sl sandils 50 C oy (Ppas O
ol Lol sl il )b uSen s AC 9 AB 5 ol oo
& Lid Cuoglio = 1.48 + 0.052A - 0.026B + (V)
0.001 C - 0.008AB - 0.007AC

Jsams JS> = 2,72 + 0.08A — 0.005B +
0.003C + 0.001AB + 0.0003AC

9]

sals ool lad Vo Jgaz 50 bl gl g ooyl Lol

Ssbol L5 51 Joro gy Y=Y

ools Gllasl aoM5 15405 ¢ Jow (5 Lol (o) g
Slade yog YU ol oals sols las () JS jo e
o5l Sy Jae b pls slaosls g3 5Ll Q2 g R2
YU eizad 020 oo Hlis | Jow 090 colatul LB 4
Reproducibility ¢ Model validity  _ail o4
ol 1y Joe adgi 5 51,8 bl 5 Joe 09 tee
R IPRWAPRIRS

6HLad Cooglia p el £93 45 S0 o0 LS ol
558 plo b Cond (6 yiiin ,3b Jgame JE>
5 Srae ol Hlabe ks g5 5556 51 om0l
Jyame JBa 5 s)Led Cwglie » g sla)esl
00gdse HO Qbf} sz.:‘ as DO 0 QLM; CJL«J ML’G&
Cwoglin Fwly (59, p cwedl Pl SU ool bl
.o)L.\.S 6)L$é

VEF lials A o35 0l pgun 5 Canmss Jlo

,._ - . T

0303] sl oads ools By slaSsh pgar ¥ S

RSM 3 635 0 &5 3o b -F-Y

;! Doehlert s Box Bunker «s;5 0 oS 5 sloz,b
b o eslitul 590 (ol mhaw el lagty, abox
b el gl (hs) G aites il
sbw ool 5l eslinal b [¥A-Y0] el 635 0 S 1
Slabor wiz S bl glp (S Sledbl iy
bl 331 a5 0,8 ades «Ssl,0lgS» ol s pgs iy
b S dbs |, Joo oxBly bjl il o ol
Lylys RSM Lol boiolesl oyl 5l eolicd
Blam b (g oo 1) ol o,Sles b age LIS
SlocS 5 dan 025 adlllas 4 5L g Glaloj] sl
Sl iie (63959 Tokiw (cnl pogdle 3T s 4 (Sone
Oeend Wlgioe 35 Gl 5l AL whae Sl el
L pories sponSle) Gl alali S e sl 050
@hlo o5 doles 3k glalor wiz @l ool 3Y ooy
il pgd a0 O yle

k

B +Zk:ﬂixi DB+ Zk:ﬂijxixi M

<i<j 1<i<j

sasi sy 4 € 9By Bixis Bis By ol oS
wlpo (b gl palll calyl e i ol alox
oxilondl 5 Jolss sloyialil alpd pod a0 sl
b LFY] wms o ol 1) byl 4 bgse
Bl 5 ks g5 ol o0ty Sl J S slo, 5253
obas £ Jgaz je lyd ejlail g aslr 4 Ol o (Le

Sl 00 00l

CCD )b sl pibesl bl Jsaz —# Jsar

b, 55
ok Sk | of s olul
) (€C) olys
q. YAY H V)Yl
YY/IY FAY c () &35 o haw
o0 OAY L V) ok wlaw

e g @bi Y
Joo wYoleo —V-Y

3ee 5> (55l Joe Al



RSM s, 5l ooliczasl L (AAC) Ssly S IS 5 5 Lid Conglivn 1 05 30 olse (gjludute

0/07
0/05
0/03
0/01
-0/01
-0/03
-0/05

mR2 mQ2

Model validity = Reproducibility

0/9

0/8

017

0/6

GJL&QC\.AJ&A

S S

ools sldail aads jloges -0 S

Y¥Y

(9lem?) Jpame JBx

(kglem?) (s ,Lesd coaglia -0/008
'|' -0/005 I
1 -0/002 .
0/001 Bl
0/004
Il 0/007 | 1
0/01 1
0/013
T w S TW T*S T W S T*W T*s
T= sk g3 S = iy oll W = T lade
Lozl el 55 Jloged - IS
byl gl 5 699,9 51,5518 -V Jour
o3l oyleid | (Ge) ke 98 | O Hladio | @yd slal | (6,Lid Conglito | Jguao JB
\ ) ) ) 0 ov-
Y \ A . YAID OF-
7 A ) . Yo/A b-s
¥ \ ) ) Yy oY
) - - 3 Yay oYY
2 \ - 3 YEIO OFF
v A ) ) YEIA oYY
A \ ) ) Yo OYA
q A 20 oV
V. \ YE/ ovy
N - *Y/A ovyY
VY ) YAIY NE
WY ) Yoy ovs
Ve ) A7) or-
Vo e ovs
V¢ Yoy oYy

VEF lials A o35 0l pgun 5 Canmss Jlo

e 5 sl Jowe Al



Yy

ol o b el g)b o5 (suz ol plis sl Wl (o0
Dol ookl (b Cawd Collae Lyl il 4 b ogd bul>
Sl b (Sopd bYo a4 ciolejl adlaie STl ol b
O Srar )l b b Geiies lls olnl> LB
anlllas 0,90 ciolojl Ll I3l o 1) Slles Laylys
3 oolawl b aigs ddlate 0,5 aseiie (gl .S lag
Cp e B ST aS w5 asie Modde 138l e
2Bk Jpaze JBe lade (n jteS 5 (5)Lad Cueglie jlade
Sade e ) ke £45 45 00,5 o di gl abats jo Juw
ool yo A Al ) esgame o &l ple g —+/F8 O
&> o VRNV KGIEM? L pl (o lad caoglie Ll
D55 gl b as asb e OYO/FY glem3 Ll Jgae
s ly 2)ls (soby 4lis Al eagame 5o ol
JSo j0 slen bolas jlogad ¢ Jow dige sl b iy
el 00 0als UL.M.: A\)

-1/5-1-0/5 0 0/5 1 1/5

= 1/6

Q.

gi 1/55

G 1/5

E 1/45

!

3 1/4
2174

[

a  2/733

BL»J

<= 2726

.

‘g 2/719

G 2712

& 2/705

aial 8 g 5lwainye —F-Y
3 oothe (B 8l Gl g ledig jl Sus
L Blas sSlas wilg o op) ol (2l glad
Sl Jelee 5l by Al ol o a8 asb gl asb
Lug) Hlejes (gilwaig ST 5l Gaasd pl jo .
THLNVES slrol gjloaiygy &y (MOdde)bé‘ ey
b sl o lwg ool adgs C5Ja.w S eslatwl

1/6

1/55
1/5

1/45

. 1/4

2/734

2/73
2/726
2[722
2/718
2[714

L 2/71

-1/5-1-0/50 0/5 1 1/5

sho! sl ygS 36 Y-

Ol mls wenl oals osls las (V) USS [0 jshailes
Jyaze (§)lad Cuglie Gudow (ogls (A8l 45 w20 oo
Slbail laie slaazdl, b azs ol a5 ams oo (il 1,
o gz @ 5 Jgpame J&> o9 YU [YE-YY] ol
oz & W asboe ) 5l el i JBs (o
Jyaze JBa (RlBFIVL Gosls Gl 55 (o) a8
Py 4 sl (Brae ol polio oy 0l Sl |,
Conglin Lol O e Liyl38l 45 ams oo Lt ylases

Sy D185 1z ol olyen ) Jpame S8z 5 s5l88
Sl5izme § 95 g0 3 (65l dee Gloj 50 Jgars o>
Iy ool ailjoum dcgasms 10 (S g Jod) JbB slas
35,5 oo oolo Zuoglin yialS Crge g w20 e il
Sy 2 ohd ple g gamails 15U loges azgs LY ]
JUBPE O R U SO L SIPS RS

9 DI gylid Caglie (g9, 2 (el Sl 30 S
rle SRl 4SS el ol I35 50 Sobs S 59, 2
Sl 4 azg b oS o0 JBs Rl cage DS
5 ol sglonm 3 o5 o U1 ol 5 5L

g Olyd g cl e ails 1wl oo awle I3

Sy wile Olyd Lawgy 5l i e 4 09 o0
23,5 o0 Jyarme S Gl coge a5 098 Jl

g

-1/5-1-0/5 0 05 1 1/5

-1/5-1-0/50 0/5 1 1/5

u.)‘ )‘..\.G.A

Ingeoly 2 (ool (5l 93516 3t Jogas -V U

1/488

1/486

1/484

1/482

-1/5-1-0/50 0/5 1 1/5

2[727
2[724
2/721
2/718
2/715

-1/5-1-0/50 0/5 1 1/5

<3 slay

3ee 5> (55l Joe Al



RSM s, 5l oolictul b (AAC) Ssh St JKx 5 (5 Lid Canglie o I35 136 Jelse (s 3luone YEF

A

o A8 A8 S0 A2 0 B2 0 s 03

4 AF 08 L8 42

0 02 &4 0s 0N

B) Jpamo JKz 5 (A) (s,Lad Cunglio fral S35 » ke £95 9 2l polia 5 bylas jloges -A S

A

36
34
32 -
30 -
28 o\
kg/Cm’ "
19

L A) s,Le8 Cuglie s D13 (655 0 0350ma 50 ol Hlade 5 ks €95 536 b il zeasly (g s jloge5 -1 JSC0
B) Sk

a5 aes o lis Gl yoasls g g yails g9 90 50 el
S as 0 PYANY g als el ol slas,0 404
SRCE RV RSN SO BRSTIJes SO JER-C IO
b Jeen b 8 wmsie ol lasd U
as 0,10 Si02 suo )0 7Y+ le o5 ki 3 AD/YY. oo
DBl gs ko S )0 FL1sS jladke saies plas

o iolesl >k b, s Modde 580 6,5 51 eslaul b
2108 500 ol giSB 5l el g5 45 W08 i
5L (izmen g Jyazme JB g 55Le8 uglie 55,
Ol ple adl e 8,00 Gla,exSL 5l 50 ol jlade
2y sl Glaz 756 Sl o lad Cwglie 59
olyd ple els o casls genl b 50 JBs &l
ctls Jlin |, Sk S 2als

PR g ol

Sidgh Sxly 5l aS iy o p3Y 0sx n Baisss

VE ¥ Ll A o525 0yl pgem 5 Canm Jlo

Iy oo 59 10905 Xy 5 Of jladio Jlogad Y jeome
odgazme Ho Olyd ple baylys cpl o a4 sws o ol
A g (ouyp bl ool i8S L 5o cull 655 e
Saglio a4y (o) lp 457235 o0 aine (M) SO
S pae jlaie 5 YU mhaw ;0 ko £95 59 Wb i
Yo gl po ol Bpan aie 5 Gl g 55 (el
Q) S y0 e e las ) 0Voglem? B a5 ol
a5 Conl oal osle lis gam aw Djge 4 Jow mub
G Ode) Sl ke g5 5 O Jlade angy polie
ok ) B S s oled ceglie it
.\.\.bétsa

S5 Az ¥

Godils a5 W 5 et odel Cawds @l 4 ax g L

e 5 sl Jowe Al



2850 Hhbgh 78 Slalllas ploril 100 505 (o o S 5955 sy S geize g S i Sabe oKL
lae oyl Wioges slml 5 5590 i el gl (oealie jin

Wlilllas plxl 5 &)l wgjlon oyl 1 GOgar0 yaal oled jSaS g pads
Wlie 2l omgisl g dlie (dg » o)l &Lw (2,

lllhae alxil &l cools (551 @ox 1Ll 3 ol 49 i ool Jlasl 0550 50 &5 WS oo Mol Bty
Alie adgl o iy o o)\ San 3,1 925 w8lie Lo )l aigSone

Sb @b SHS 4oyl

03,55 )5 oolittl 590 Il gl b gl plxil o 5l Jol @l &5 wigh o agaie dllie GBaiesy
Lol il oailay Olr 4 (6500 alome o )3 1, G

OB g slo 5yl

&=l

[1] D. Le Cornec, Q. Wang, L. Galoisy, G. Renaudin, L. Izoret, and G. Calas. "Greening effect in slag cement
materials." Cement and Concrete Composites 84 (2017): 93-98.

[2] R. Maddalena, J.J. Roberts, and A. Hamilton. "Can Portland cement be replaced by low-carbon alternative
materials? A study on the thermal properties and carbon emissions of innovative cements." Journal of cleaner
production 186 (2018): 933-942.

[3] E. Yasar, C. Duran Atis, A. Kilic, and H. Gulsen. "Strength properties of lightweight concrete made with
basaltic pumice and fly ash." Materials Letters 57, no. 15 (2003): 2267-2270.

[4] HK. Kim, J.H. Jeon, and H.K. Lee. "Workability, and mechanical, acoustic and thermal properties of
lightweight aggregate concrete with a high volume of entrained air." Construction and Building Materials 29
(2012): 193-200.

[5] H.J. Chen, C.H. Huang, and C.W. Tang. "Dynamic properties of lightweight concrete beams made by
sedimentary lightweight aggregate." Journal of Materials in Civil Engineering 22, no. 6 (2010): 599-606.

[6] E.K. Nambiar, and K. Ramamurthy. "Air-void characterisation of foam concrete." Cement and Concrete
Research 37, no. 2 (2007): 221-230.

[7] H.AA.L.D.U.N Kurama, I.B. Topcu, and C. Karakurt. "Properties of the autoclaved aerated concrete produced
from coal bottom ash." Journal of Materials Processing Technology 209, no. 2 (2009): 767-773.

[8] K. Ramamurthy, and N. Narayanan. "Factors influencing the density and compressive strength of aerated
concrete." Magazine of Concrete Research 52, no. 3 (2000): 163-168.

[9] W. Wongkeo, and A. Chaipanich. "Compressive strength, microstructure and thermal analysis of autoclaved
and air cured structural lightweight concrete made with coal bottom ash and silica fume." Materials Science and
Engineering: A 527, no. 16-17 (2010): 3676-3684.

[10] X.Y. Huang, W. Ni, W.H Cui, Z.J. Wang, and L.P. Zhu. "Preparation of autoclaved aerated concrete using
copper tailings and blast furnace slag." Construction and Building Materials 27, no. 1 (2012): 1-5.

[11] B.G. Ma, L.X. Cai, X.G. Li, and S.W. Jian. "Utilization of iron tailings as substitute in autoclaved aerated
concrete: physico-mechanical and microstructure of hydration products." Journal of Cleaner Production 127
(2016): 162-171.

[12] V.K. Nagarajan, S.A. Devi, S.P. Manohari, and M.M. Santha. "Experimental study on partial replacement of
cement with coconut shell ash in concrete." International Journal of Science and Research 3, no. 3 (2014): 651-
661.

[13] L.M. Olanitori, and A.O. Olotuah. "The effect of clayey impurities in sand on the crushing strength of concrete
(a case study of sand in Akure metropolis, Ondo State, Nigeria)." In 30th Conference on our World in Concrete
and Structures, Singapore, pp. 23-24. 2005.

\f-fF UL..‘.JLJ\\ °}i3°)L°‘j"f}9“3WJL‘“ L?“W)QLQ)L“"J"\“‘U’“



RSM i, 5l ooliul L (AAC) Soly St > 5 (g Lid conglivn s 05 1306 Lalse ojldo Y¥5

[14] T.J. Désiré, and M. Léopold. "Impact of clay particles on concrete compressive strength." International
Research Journal on Engineering 1, no. 2 (2013): 049-056.

[15] S. Kawashima, K. Wang, R.D. Ferron, J.H. Kim, N. Tregger, and S. Shah. "A review of the effect of nanoclays
on the fresh and hardened properties of cement-based materials." Cement and Concrete Research 147 (2021):
106502.

[16] J.W. Schmitt. "Effects of mica, aggregate coatings, and water-soluble impurities on concrete." Concrete
International 12, no. 12 (1990): 54-58.

[17] L. Dolar-Mantuani. "Handbook of concrete aggregates: A petrographic and technological evaluation." (No
Title) (1983).

[18] S.W. Forster. "Soundness, deleterious substances, and coatings." In Significance of Tests And Properties Of
Concrete and Concrete-Making Materials. ASTM International, 2006.

[19] V.A. Fernandes, P. Purnell, G.T. Still, and T.H. Thomas. "The effect of clay content in sands used for
cementitious materials in developing countries." Cement and Concrete Research 37, no. 5 (2007): 751-758.

[20] A.M. Neville, and J.J. Brooks. Concrete Technology. Vol. 438. England: Longman Scientific & Technical,
1987.

[21] A. Herzog, and J.K. Mitchell. "X-ray evidence for cement-clay interaction." Nature 195, no. 4845 (1962):
989-990.

[22] D.A. Parsons, Strength of Concrete, Res. Natn Bur Standard, vol. 10, 1933, p. 257.

[23] A.T. Goldbeck, The nature and effects of surface coatings on coarse aggregates, proceedings, Highw. Res.
Board 12 (1) (1932) 305-319.

[24] L. Dolar-Mantuani. "Handbook of concrete aggregates: A petrographic and technological evaluation." (No
Title) (1983).

[25] J.W. Schmitt. "Effects of mica, aggregate coatings, and water-soluble impurities on concrete." Concrete
International 12, no. 12 (1990): 54-58.

[26] S.W. Forster. "Soundness, deleterious substances, and coatings." In Significance of Tests and Properties of
Concrete and Concrete-Making Materials. ASTM International, 2006.

[27] S.A.N.K.A.R Bhattacharja, J.I. Bhatty, and H. ALAN Todres. "Stabilization of clay soils by Portland cement
or lime—a critical review of literature." PCA R&D Serial 60, no. 1 (2003): 124-133.

[28] M.S. Morsy, S.A. El-Enein, and G.B. Hanna. "Microstructure and hydration characteristics of artificial
pozzolana-cement pastes containing burnt kaolinite clay." Cement and Concrete Research 27, n0. 9 (1997): 1307-
1312.

[29] A. Herzog, and J.K. Mitchell. "X-ray evidence for cement-clay interaction." Nature 195, no. 4845 (1962):
989-990.

[30] F.O. Ayodele, and L.S. Ayeni. "Analysis of influence of silt/clay impurities present in fine aggregates on the
compressive strength of concrete." International Journal of Engineering Research and Science and
Technology 15, no. 4 (2015): 6.

[31] E. Cao, R. Bryant, and D.J. Williams. "Electrochemical properties of Na—attapulgite." Journal of Colloid and
Interface Science 179, no. 1 (1996): 143-150.

[32] I. Dejaeghere, M. Sonebi, and G.D. Schutter. "Influence of nano-clay on rheology, fresh properties, heat of
hydration and strength of cement-based mortars." Construction and Building Materials 222 (2019): 73-85.

[33] M.S. Meddah, S. Zitouni, and S. Belaabes. "Effect of content and particle size distribution of coarse aggregate
on the compressive strength of concrete." Construction and Building Materials 24, no. 4 (2010): 505-512.

[34] T. Ozturan, and C. Cegen. "Effect of coarse aggregate type on mechanical properties of concretes with
different strengths." Cement and Concrete Research 27, no. 2 (1997): 165-170.

[35] D.C. Montgomery. Design and Analysis of Experiments. John wiley & sons, 2017.

[36] R.H. Myers, D.C. Montgomery, and C.M. Anderson-Cook. Response Surface Methodology: Process and
Product Optimization Using Designed Experiments. John Wiley & Sons, 2016.

\f-fF UL..‘.JLJ\\ °}i3°)L°‘j"f}9“3WJL‘“ L?“W)QLQ)L“"J"\“‘U’“



[37] M. Mokhtarian Asl, and A. Alipour. "Application of response surface method to the prediction of TBM
penetration rate. " Journal of Modeling in Engineering 16, no. 55 (2018): 299-310. (in Persian)

[38] Me. Nikooei Mahani, A. Mahmoodzadeh, M. Emamgholi. "Generating Random Samples Using Response
Surface Methodology without need to Distribution of Parameters. " Journal of Modeling in Engineering 16, no.
54 (2018): 139-152. (in Persian)

[39] M.J. Anderson. DOE Simplified: Practical Tools for Effective Experimentation. CRC press, 2017.

[40] H. Ma, Z. Sun, and G. Ma. "Research on compressive strength of manufactured sand concrete based on
response surface methodology (RSM)." Applied Sciences 12, no. 7 (2022): 3506.

[41] M. Ali, A. Kumar, A. Yvaz, and B. Salah. "Central composite design application in the optimization of the
effect of pumice stone on lightweight concrete properties using RSM." Case Studies in Construction Materials 18
(2023): e01958.

[42] M.A. Bezerra, R.E. Santelli, E.P. Oliveira, L.S. Villar, and L.A. Escaleira. "Response Surface Methodology
(RSM) as a Tool for Optimization In Analytical Chemistry." Talanta 76, no. 5 (2008): 965-977.

[43] M. Mardalizadeh, M.R. Soleymani Yazdi, and M.A. Safarkhanian. "Experimental modeling and the effect
analysis of friction stir welding parameters of 5456 aluminum alloy using response surface method." Journal of
Modeling in Engineering 16, no. 12 (2014): 103-116. (in Persian)

[44] A. Haghighi Asl, A. Ahmadpour, and N. Fallah. "Modeling of Petrochemical industries wastewater COD
Removal with DOE&ANN." Journal of Modeling in Engineering 16, no. 54 (2018): 295-307. (in Persian)

\f-fF UL.‘»JLJ\\ °}i3°)L°‘j"f}9“3WJL“’ L;‘“W)Q‘.Q)L‘“J"\“M



