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Material SSD Specific gravity (gr/cm") Water absorption (%)
Coarse aggregates 2.62 1.3
Fine aggregates 2.59 32

Piulosl gy ¥

@ S Il glows b 0 glite ) 3 g )LD Cunglie y Caliin (LS oS UL lad slowe 30 aglin 4 S glane (5 LST Ul i

els

e S8 sNaOH N 1 @
e O sSKOH K - b @

ﬁua&:@}KOH.w):owNaOH.w):o-:N°~K¢~C,L .
f_.x.«o\i,l,«,KOH 42,5 Y0+ NaOH 10,5 v0 NVOKYS ~ b @
f_.x.«o\i,l,«,KOH 42,56+ NaOH 1z ,5 Y0 NYOKVS ~ b @
bl b0 2 5 S 550 Jone 4 e SISk Uglons (555 S ks Dbl g VP KOH 5 NaOH (slad glows ki . oLT
S F Jgdar 53 gl idey LY sla Cfl’ /0 (6L ST LS ediST Jlab U ghoes @;,wcjbu,n);w..\,z [N RY

el os 5



Jal iy b3S glag b — F Jgour

e -
et . NaOH KOH (e S e o aule oS Ol Bl T b
b

N 400 80 - 120 850 850 8 10 Kg/m"
Né&+Ke- 400 40 40 120 850 850 8 10 Kg/m"
NVYoK Yo 400 60 20 120 850 850 8 10 Kg/m"
NYaKYo 400 20 60 120 850 850 8 10 Kg/m"
K 400 - 80 120 850 850 8 10 Kg/m"

Jolomn b Y50 VP Sl b ol 5 ook oS5 5n o bl gt e a0 o o3l (LB S leb (slad o Il n g L s
35003 35k 5 B b a3l Ole ol YF olaT s 4y (gladshoms b o gline (L3l slag b b oo 087 Oy 5 il 5 e SASCLw
35 e 4 BT Soe 5 s o B S e Sn 53 BB slag b L illas 53k ST 5 e (o 1 Jald oSTas sl inl 2T
Y St o bgliee 5 i LSl St BLol DT 5 oS 0055 ¢ oW oS Jlad (glad shoms s bl b slies oSn (i Oy g0 40 2 5K
et s 05T e o g e (690 A )Y e L gl s (S I (655 (gl gas <03 ST b shinanSi plasl 1y S b s oS i
D T ;\}T;lu.\;,.ué)ﬂ‘}.;;\lil“‘lﬁau.x_:‘;)}u.;:l,f&au a8 gles 53 5 08T 53 Cel Y ole 4 bai gl
s S [Yo] BSYAY - Part) V7 ulul yojs, YA 5V O (55Lis Canslin 0 05T ks pod 1t § 515

¥ sk o 423 8 18 adllls 350 63k ST Wl (6 el 55 0 (6518 Canglie  KOH Uslows il 36 ¢ 200e5T 55 2 5
el ok S510 Jdar 53 i ol B (slag b b s L3 b

P90 iy LS| glag b — 0 Jouxr

r L S Sl L o Ll o7 Lia S e
E\g - KOH s OIS s rw alsl o L2
o © o r - oS T KOH J s
FK)O+ 400 80 120 850 850 8 10 Kg/m" 10
FKOY 400 80 120 850 850 8 10 Kg/m" 12
FKY¥ 400 80 120 850 850 8 10 Kg/m" 14

4 b 503 5esa, YASY OF (65lid Cnslin 05037 5 Ll (5557 Jos 5 aila ¢ 3 d o Ailon (6 ,0ls 55 o3 (6)La8 Lk 503 55 idws ol 53
AT Jos
o ol e s Sl O LS Caslie ool ST U elS U Jslone (G55 S el S0 g 5B g i3 5o
qﬁjﬁhqg@';iqt)‘y4¢a‘a—uﬁﬁ‘)'?d}.k?):Jég_d'b%‘&\kc}.&éﬁb%‘ckfg&iylf@lﬁA;_A?\,F\J_L_,lﬂb\a‘
);.;xd}a\F(,T.«lzi_.x:‘.f,)_gd}l»\;mé}\/bmejbdau);r:.ﬂ\;__.x,.f”.x:ngﬁu;;&:g“d,l»g;,;‘ﬂbﬂhil;ﬁb&

e . M e e T T . . - " s e
Al 855, YA 5V O (g5Lid e slie O a5 T L sad Sl (05T Jas 5 atl ¢ B Jor e diilon (6 ey 55 0 (g5Lid (Sl sod 55 e op



P g BXS glag,b—F Jguxr

s, 99 S
chel sl S KOH e O 2 e s SSIST i e DS
KOH

FK) 400 100 100 850 850 8 10 Kg/m" 1
FK).0 400 80 120 850 850 8 10 Kg/m" 1.5

FKY 400 66 134 850 850 8 10 Kg/m" 2
FKY,o 400 57 143 850 850 8 10 Kg/m" 2.5
FKY 400 50 150 850 850 8 10 Kg/m" 3

6L Caoglilo ) (o2 LB 0w Jlad Jolono £ 95 136 — gl iy i -

N4,,,;,,5”/\,\/&&,\;—4;.,&,.@1,.\:c\,nr\}iz,;‘sr,gl;;ﬁé,m;.ﬂ,u”&\,u,mdwdﬁ@;J;\:u;_uﬂ@u

SV ol Caslin s 6,5 051l KL VE 5 /Y 9/ 33 08 030l i DA 5 o L 550 Jloms 51 0T ol 51 oS
351 LG AY/F 5 PV DO/D L sy i 4y 331 ook ealisa) s SAShs 5 oty e 558 Jglome 51 0T ol 610 8 K 505 035, YA
33 oy 55 5 V0 L K wges gl slasl pl 3 8 S T8 55,1 5V 53 1) 555 55y YA (65Lid Canglin 5l dops AY 54 Lo N @
) S c0ml e 53 gl ST L) tomas 5055V 5 (551 S glin N 65505 8 i 015 o (LS 00257 Jlnb slos 5 Y (il g lie

..L:uAALﬁw&;.’:.ﬁa)‘”\‘/\5):&Q}&Kﬁﬁ):sﬁ:g}_«jh:fm‘l}l

-
i

L R T RO

Al Pl i ATIETR e ey ] K

Gl Cwglin p Laliseo (oW ouis b sy Jaloxo W6 guls -F IS



S b (512 Canplie alaSle BB 58S o ST 8 51 45500 Oln 4y s KOH 5 NaOH Jglows 55 51 0l jas a3lizal s 0L gl
4 NOKOY 6o a55, YA 5V O (glis Cuglio a5 5b 0 (K 4 s dojs FY 4N 4 o3 YO L 3) 558 o Koa s N - b s
DI iy o i 4 NYOKYE 2 b 6505055, YA 5V 0 (6528 Cunslie cmpen 1 (68 05100 SISl e PV 5 F/F VIO Ll o5
A5 (6 S o510 SIS L VID 5 /7 PY b ) i 5 4 NYOKYS - b S Kavy 5 918
3 S0y el 28 gl y (oL 01 Jlab Jsloun 1 oS dsl Loy e K s Na sla j2STs ondlSe s Splis 4 Wl 0 S n
388 e 03l i S S oMol oo ¥ b a5 et ST 5 e dT 5 0pSCh O 3l nlicn JT e ALOF
Y gane 487 3505 pacls 55 005 LT3 S8 2 53 (o sl G LB 028 leb g5 [ 5 V0] 35 o plonit sl el 51 31 3 a6,
A 5 Joame OT g 03s e 5 15, OT ANOH)Y 8 558 0 50855 ol o K11 oS85 Ll 568 5y ol plad s 4 ol
oS Yl slows & S 503,58 5SS (e S 4 i 255 o0 S 6 20 el 85 ol oS UM gl Sl eolin] -
Jolous 33 K5 Ggm 31Tl ity 03 YA ()18 sl 35S s e S 035, Y 5 ¥ ()18 sl a8 [PV] 545 0 ¢ o
et 2,13 (e S5 pln 5 el LS g pn lie SLCLIE 53 1) (6 e Sutme slse IVl Ul e LS g 5n (a0 S e
Jlowe 1 oslizel I 53 NBT (25715 Vb S mn B3 4 L9¥Y0 5 W] 5000 K L anglin j3 Na¥ 2875 o 03 5V 2ol
Jslon 53 51 0l @ slial T o Gy ¢ gamnly Jshonn & Cannd S Fm O S 5 oy 055 V5 ¥ 5Le8 Caaslie (a0 I
b 5 Sy A 36 3 s e 6 ey 5 o WS Cuaslie [2alS e KT 5 Na™ 2875 Ul sl s & N+ K2 +)KOH ; NaOH
L[FTO] 58 iVl e oS5 28Ty plonit i Jon 53 K 2B L 15 s 5 Gl (65 o Salin JT i 3 5 50 Al 5 Si 05 5 J> 12 Na
Ceslie NYOKYO (NYOKVR T Sl 5 ks S 1 I VO-Y0 4 000+ SIKOH s NaOH Jous 55 <S5 duys 0l a8

W38 NG KOs - b oo (g phey o)l
L55 Ceoglio 5t KOH Jabno cilé 13— pgo iy ulis ~F—Y

Al ok 1 JSC 53 Gl ol b e 5 a5 03 (6ol Caslie p KOH Jplows Sl 136 o) 4 by o ol

B9

E

Lo prisasve sticigth (IFa)

Wi
1 [F 1
ELH comeemiraieen (M)
LS Cwglie p KOH Joloro cdile 56 gubs -F <&



JSLBL FVA 5 Y FAD Olje & cn Vo KOH 3l szl Sl 3 33, YA 5V 0 (55128 Canslin o a8 coueT oy il 4 55 b

ol s Bl Rl Ao Ve s TRGPY Wi s ajss YA 5V O (65lid Canglie (Jpe VP Ve SIKOH Jgloms e il 31 L s (6,8 05000
23l S 53 058 g Jor gL oS Jleb I ghoms )3 SCLlin JIT 20 AV 5 STOY 1 (6 2 pstin VL o ale 55 48 ool g 5050
Ao KOH U glos sty Clle Ol i 4y Jpo VF il o 53 [YA] ol (65158 gl 038, VU OT s o 0l S5 (6 ek 55 05 31 (6 0

v

&)L Cuoglio 2 KOH Jgloro 4y o s OBelow Jolowo (539 o 73l — poun gy gulis —F-TY

ol b e 5 3k ST 0l e 55 o8 6oled Caslis p CKOH Uslows 4 s Sl Usloms (555 Cone 1 (g2 % by o ol

5OV CFA/A o5, YA 5V OF (g lis Cunglia ) pjnﬂm“g.\._,S}JJ,_Aqﬁ»;,@.d,bu@,;,gﬂ‘;wuua,mJi.:)“,:.bg
@5 (Aoys BY 5 Y FY) 3L a5 gllamDe BB ysb 0555 YA 5V O (65185 Caoslin (10 & Comed (2151 b s (6,8 o511 SISl K 0979
K Cd 53 8 Gosb 4 3l Jals glda=Ne LB sk 4 (o5lis Caglie OF b S ) ri A1 L ey J&.ALVK.AMQ PRAANAYid
Dhar ol ) (61 gy Cand Ol 4 V/0 Guinad ol 53 e 53 .28l 2alST V/0 4 Cad o3 YF 9 FY Y 655, YA 5V ¥ (o)lid S glia

v

)
-
-
M
=
- wi
5
“
3o
3
¥
-
.l - :
L] T T T

IR TE L R | AR | A L O ol [
Gl Cwglio p KOH Jgloo 4 gy Sl Jolomo (539 Camd 18l gl -0 &

Sl AlOr 5 SiOr Wig 5 Sl JT wie 53 35250 Al 581 035 Jo gmliy b e S 5500 035 0 (U 2 JUeb J s 25

o e o S 215 L5 4 (LB oS lad Jplons 4 oty b opibes DA e G Jslone 655 0357 Bl Ll (5 0y 55 5 A5
7950 65 013 035 Bl Ol pl 53 335 (S aely 55 02 50U Canslin SR OT 05 4 5 O sl jacky 55 285 &5 5 SIOY Ol 2l 31
Lol g 188 o glin 2alS o STOF Oljs 08 2087 OT o 53 5 Jshons S 0130 0 a8 [ 4 b Sl U glons (4 s !



jlﬂﬂ:&dbdlplﬂ)‘:,_LL;-‘s)L':éQ}LL‘_;.&\fWY,AV.:.LA Q\S:lru(%c_,‘_...d)‘lf.lﬂ) SLal ()l;.:n&:;-\il.éh)i: S 3l
gy 03 goen 5 STAL s 08 )l b s 5o [PV 5 |l (gonn L) Sl S5 53 AlOr 015 87 Jl )3 555 o0 45 SiOr

Ll el (g lis Caglia

SrSams O

w5 om olh aslie LT 36 5 S 26 sla el 5 Calne LB (s Jslone (s 2 4 O15 53 487 o o dlie (] 5
35 4 B Olge 41y 253050 015 (or B Side 53 ol s & gl 4y s 5 L il e 53 B3 58 i o)l e

LS 53n 3 ety A s Sl ool ol (5 oy 55 0% (63U Cslin y S35 (sla sl ) U oS UM gl g5 @
0355 YA 65L5 Canglie &y ol o ¢ 585y SIS o K51 S5 5 oS5 2815 ol 4 KY 25875 e 5 40 b
el e NaT 28Ty oo 5 4 e daS 550 5 o e DS Sl oalited 8 o e S g pukn 5 ks DA 4 o
5 03V 5V U Cuslis 4 glres & e o A8 5 5n slone 53 Al 5 ST UMwl 2 Ol 5 0 sl ey 55 25T
S el S g5l 5 e DU o 4 e iy 355 aslie S e

03 B 1S b I glous Ol 4 o DS Jglos 5 (403 00—t 33 0+) KOH ; NaOH (glad slous S 5 jleslizal @
i 0jay YA 5V O (6 les S glie dlasMe L5 2al el NaT 5 KT 285 Jlal 53 516 s & cooly 2 a0l 6 mad 65
WL 3 W gad (65Lad T sl 5 ol aST I oyl clo 53 YO-V0 4 KOH s NaOH lad slows oS 5 o3 53 i b

3 ety A gk Ce 231l (5 o 55 % (088 Camslie Ly 580 (gl el S0 S 55 ey A g pkn e Ll @
Joes Lo (31 oS 53 3 0m 40) Al 5 ST J¥ul Ol3e L3l s & (65155 Conglin (Gebuoy> YF L2131 oo cgo VF @ 1
A oS oaS e

23 el ki 55 o (5588 sl s S (sla il S (S 5 el S s skn Sloe 4 e SIS Sl (55 o @
o U Caslie oty (g 1) V0 &) 3l o 151 L o235 allae 5,50 T 5 VD Y /8 o) (o oo o]
ol sy s 40505 YA 5V O (65l gl OF B i ) iy SRR s (68051 e goma ST 213 s & 5ol 55

W5 EalST o s ¥E 5 Y Y g o5 it 1 ST/AL s 0z c,u,SiOv A

&l £

['] Malhotra, V.M. (Y449). “Making concrete ‘greener’ with fly ash”. ACI Concrete International,
Vol. Y, pp #1-7%.

Davidovits, J. (Y44¥c). “Global Warming Impact on the Cement and Aggregates Industries”. |
World Resource Review, Vol. 7(Y), pp Y7Y-YVA,

Malhotra, V.M. (Y++7). “Reducing COY Emissions”. ACI Concrete International, Vol. YA, pp ¥¥- |
45.

McCaffrey, R. (Y++Y). “Climate Change and the Cement Industry”. Global Cement and Lime |
Magazine (Environmental Special Issue), pp Yo-14.

Al

—

[v

—

[¥

—



[e

—

Alzeer, M. and Mackenzie, K. (Y+)¥). “Synthesis and mechanical properties of novel composites
of inorganic polymers (geopolymers) with unidirectional natural flax fibres (phormium tenax)”.
Appl. Clay Sci, Vol. Yo-Y# pp ) FA-IOY,

[7] Davidovits, J. () 3AAa). “Soft Mineralurgy and Geopolymers”. Paper presented at the Geopolymer
’AA, First European Conference on Soft Mineralurgy, Compiegne, France.

[V] Davidovits, J. ()3Mb). “Geopolymer Chemistry and Properties”. Paper presented at the
Geopolymer "M, First European Conference on Soft Mineralurgy, Compiegne, France.

[A] Davidovits, J. (Y4%)). “Geopolymers: Inorganic Polymeric New Materials”. Journal of Thermal
Analysis, Vol. YV, pp 7YYV 707,

[4] Van Jaarsveld, J.G.S., van Deventer, J.S.J. and Lukey, G.C. (Y++Ya). “The effect of composition

and temperature on the properties of fly ash- and kaolinite-based geopolymers”. Chemical
Engineering Journal, Vol. AY()-Y), pp #Y-VYY,

[) +]1DeSilva, P., Sagoe-Crenstil, K. and Sirivivatnanon, V. (Y++V). “Kinetics of geopolymerization:
role of AIYOY and SiOY”. Cem. Concr, Vol. YV (¥), pp )Y-2).

[YV]Xu, H. and van Deventer J.S.J. (Y+++). “The Geopolymerisation of Alumino-Silicate Minerals”.
International Journal of Mineral Processing, Vol. 84(Y), pp Y¥V-Y77.

[V Y]Davidovits, J. (144%). “Chemistry of Geopolymeric Systems, Terminology”. Geopolymer 4
International Conference, France.

[ Y]Hardjito, D., Wallah, S.E., Sumajouw, D.M.J., and Rangan, B.V. (Y ¥b). “On the Development of
Fly Ash-Based Geopolymer Concrete”. ACI Materials Journal, Vol. Y+ (), pp ¥7V-¥V¥,

['¥]Amnadnua, K., Tangchirapat, W. and Jaturapitakkul, C. (Y+)Y). “Strength, water permeability: and
heat evolution of high strength concrete made from the mixture of calcium carbide residue and fly
ash”. Mater. Des, Vol. &), pp A3¥—4+),

[Yé]Duxson, P., Provis, J.L., Lukey, G.C. and van Deventer, J.S.J. (Y++V). “The Role of Inorganic
Polymer Technology in the Development of Green Concrete”. Cement and Concrete Research,
Vol. YY()Y), pp Y84:-124Y,

['?]Lee, W.K.W. and van Deventer, J.S.J. (Y++Y). “The effects of inorganic salt contamination on the
strength and durability of geopolymers”. Colloids Surf, A YY), Yo-1Y7,

[VY]Cheng, T.W. and Chiu, J.P. (Y++Y). “Fire-resistant geopolymer produced by granulated blast
furnace slag”. Miner.Eng, Vol. V7 (¥), pp Y+0-YV-.

[YA]Sakkas, K., Panias, D., Nomikos, P.P. and Sofianos, A.L (Y+1¥). “Potassium based geopolymer for
passive fire protection of concrete tunnels linings”. Tunnell .Underground Space Technol, Vol. ¥Y,
pp VA1 0%,

[Y4]Sarker, P.K., Kelly, S. and Yao, Z. (Y+)¥). “Effect of fire exposure on cracking: spalling and
residual strength of fly ash geopolymer concrete”. Mater. Des, Vol. 7Y, pp 8A¥—04Y,

[Y+]Palomo, A., Blanco-Varela, M.T., Granizo, M.L., Puertas, F., Vazquez, T. and Grutzeck, M.W.
(1449). “Chemical stability of cementitious materials based on metakaolin”. Cem. Concr. Res, Vol.
27 (7), pp 997-1000.

[Y)]Zhang, M., Guo, H., El-Korchi, T., Zhang, G. and Tao, M. (Y+)¥). “Experimental feasibility study
of geopolymer as the next-generation soil stabilizer”. Constr. Build. Mater, Vol. ¥V, pp YF#A-) FVA,

1

Formatted: Indent: Before:
numbering

\,Y# cm, No bullets or




Yy Davidovits, J. () 3AAc). “Geopolymers of the First Generation: SILIFACE-Process”. Paper
presented at the Geopolymer ’AA, First European Conference on Soft Mineralurgy, Compiegne,
France.

Yy Davidovits, J. (Y4Ad). “Geopolymeric Reactions in Archaeological Cements and in
Modern Blended Cements”. Paper presented at the Geopolymer "M, First European Conference on
Soft Mineralurgy, Compiegne, France.

Y¥]Cheng, T.W. and Chiu, J.P. (Y++Y). “Fire-resistant geopolymer produced by granulated blast
furnace slag”. Minerals Engineering, Vol. Y7(¥), pp Y+&-Y\+.

[Yo]Panagiotopoulou, C., Kakali, G., Tsivilis, S., Perraki, T. and Perraki, M. (Y+)+). “Synthesis and
Characterisation of Slag Based Geopolymers”. Materials Science Forum, Vol. 7Y7-7YVY, pp Yoo-
160.

[Y#]Rashad, A.M. (Y+)Y¥). “A comprehensive overview about the influence of different additives on the
properties of alkali-activated slag — A guide for Civil Engineer”. Construction and Building
Materials, Vol. YV, pp Y4-00,

[YY]Sharma, A., and Ahmad, J. (Y+)V). “Experimental study of factors influencing compressive
strength of geopolemer concrete”. International Research Journal of Engineering and Technology,
Vol. ¥(8), pp ¥+ 717,

[YA]Patel, Y.J., and Shah, N. (Y+)A). “Study on Workability and Hardened Properties of Self
Compacted Geopolymer Concrete Cured at Ambient Temperature”. Indian Journal of Science and
Technology, Vol. YY()), pp )-'Y.

[Y4]Hardjito, D., and Rangan, B.V. (Y« +8). “Development and properties of low-calcium fly ash-based
geopolymer concrete”. (Research Report), Faculty of Engineering Curtin University of
Technology, Perth, Australia

[Y¥+]Petrus, H.T.B.M., Hulu, J., Dalton, G.S.P., Malinda, E., and Prakosa, R.A. (Y+)7). “Effect of
Bentonite Addition on Geopolymer Concrete from Geothermal Silica”. Materials Science Forum,
Vol. A¥), pp V=10,

[YYJASTM C)YV-10, Standard Test Method for Relative Density (Specific Gravity) and Absorption of
Coarse Aggregate, ASTM International, West Conshohocken, PA, Y+ 1o,

[YYJASTM C)YA-Vo, Standard Test Method for Relative Density (Specific Gravity) and Absorption of
Fine Aggregate, ASTM International, West Conshohocken, PA, Y+)o.

[YYJASTM C)Y? / CYY?M-)¥, Standard Test Method for Sieve Analysis of Fine and Coarse
Aggregates, ASTM International, West Conshohocken, PA, Y+\¥.

[Y¥JASTM DY¥V4-)¥, Standard Test Method for Sand Equivalent Value of Soils and Fine Aggregate,
ASTM International, West Conshohocken, PA, Y+ ¥,

[¥4]British Standards Institution, Testing Concrete: Method for Determination of the Compressive
Strength of Concrete Cubes, BSYAAY: Part))7: Y3AY, London.

[Y7]Davidovits, J. Chemistry of Geopolymeric Systems, Terminology In: Proceedings of 91
International Conference, eds. Joseph Davidovits, R. Davidovits and C. James, France, ‘441,

[YVY]Komnitsas, K., Zaharaki, D., and Perdikatsis, V. (Y++9). “Effect of synthesis parameters on the

compressive strength of low-calcium ferronickel slag inorganic polymers”. Journal of Hazardous
Materials, Vol. Y7)(Y), pp Y7+-V7A,





