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1. passing pores

2. dead end pores

3. closed pores

4. inter—connected pores
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1. Observatory NANO
2. Observatory Nano Briefing No.21



WWAA Sl ) ol ‘rhﬁbﬂ-r\l?‘w-u-&d el & 0 0¢

v 5;0-“ nnnnnnnnnn
Ve ali s 5 SIS Ve 5 b S Sy S 60 K gad 5 FE-SEM y puai 1 IS5

2z
S0l 51 AS o s ) Sl 5 b Bl el e oS 853 651
Comlos (L5 sl 508 slacdl= 3 b Wsd a8 SncsS w Lyls Lles l3 5L
MalS sla s 5L s ls il ol Sust, 5 ol O e @b A= b Jols
Sl o 5l S 3 il (s ol 53 1 S p S e 55 s el
A ol e il SR e SU e e Se Ve Sl S B ki st
55 L La gl 5l eslital Oles st ol ply sl sl osls QLS Y S 55 oS 55 e

L] e olesl LB e sle 5 cotle cns

(o 38 32 30 03ke) s yile

\e im
\
X

[V 0] OlecSy o S 3 L3 Sl b il glao Il V K3



00 Gy b oy e 53 oS Sl S50 5l (S o (SO sl e

Y o Oleww (olowd Slasels ) Jguer

(%Si0;) 1..Sles ke YooYy YoV

(%AL03) ¢ e JT 15 0-0/0 /YA
(%Fez03) ool sl Y/0-4/¥ Y/VY
(%Cao) (iS4 - A
(%MQO) (30 15! <v/Y Y/eN S ey Sle

(%S05) 1Sl 55 5 55 <VA \ai Max. 3.5 C3A>8% -Max.3 CsA<8%

(%Na20) 45! ot <\ /10
(%K20) 1Sl oy <) +/00

(%1InS.) sxileily Jshomsls % s 0.75 e 5SLs

(%L01) sl 5 b s 4y oy <v/o VA 3 o Sle

1> 505 plan — o B b 3 3 an (S wllas slatbesl gls Y Jpus
ol

Ak J& Sl ol 5 o s 035

3 ks

(ASTM — (ASTM — C127,128) 3os & =
C29) o S .
BS 812 & = =
3 o s :
Y a4 aD . s 3 3 B~ s
L £ X E D 9, = (2} <
RS TEER N - =
C T 3 3
PSSV N 77 VAU LS 77°50 TR 7% TR TR - - A o
awle
VO MY WA YANY Yegy vl - = A¥ vov ¥
b
4wl
VIFF O VASE VA YAAE YARE TVVE - - vy LZACU
e

o oalaiwl LW Cjb Y

(S lan Cilises Glacad b bYW b iy ((SEle o Slasiie 4 e g L

bl e el eslanad o oags 5s X Jads o Tt Lot glaces



WA e ) 8oled on s o «prtign puli o &y 250 -k

T Sllos 4z 5 b oS o dSize slpe 35 palie x5 b sl sla b sl

w ol o bl 3l (6,854 ge ‘CJ'Y LgLauf..iL»ﬂ ol! ssheds 5 A (Klodel Cusay

A plal S sl

>,k Ld ag YexVo gladl g 5 95 9030 3 4 badl gas

oo 3hesliial g yme Sl V0 x T glal gl slal B s Sl slad sad ol

D] 43 il ASTM C1176 5,1kl 3b o5 )

100
00 —4— ACI 325-10R Y
—— ACI 325-10R b =
80 e S il o il
70 g ¥
2 60 —
i 50 —_—
340 —_—
30 B
—_—
20 -
10 A
0 "yY
0.01
(mm)ts 43¢ 5 31t "

ACI325-10R 3, a5kl gal.w‘ B éﬂ.& R ‘5.&343'5 839w A JSJ

oSl 10 XY 1l gl & gad o (S o DS b Y g

s o

oS Oly5 G b Sl I B A
e Conplast Y b | S :“ ol
(bl SP432 MS kg kg kg 9
pAsSVA
Vv o A e L em | U e
(s Slogw 839 Mo ;3 Y/0)
pAAs W
Ve YAA Ave WU | ey | e
(b s Olomw U35 A3 YY)
pA#S
Vv oo AN o0V | oM | s
(e Ol 039 o235 ¥)
f)f}lts oM -
ey "y | e | om
(B pan Slogw 039 A 35 V/A) eoler
pAAS Y/YO
e ¥vo A W 2N (3 TY T
(B s Slogws 035 453 V)




ov

Slimde of joray 5 o0 8 S

«lte Slaw sle b BOl = b 550 0 (gl gy b Sl lea s
Gl Sk bylse LS (g, Seslil bl «5 ASTM C1170 s ,luke!
2 S Obes S gl s bslse cola 5l BBl el sl Sl 65 s
S b sl o s Sl DL S i V0 JIN e e 25 S el

S SRS shasss o (55 Ol SRl e B A2 plnil il (slasls et

S ooy pl 5 S Sl S0 ol S o SO caglin )
.Q...»‘c.\*iob‘.!&'l.oj &‘Mjejjjﬁﬁ)‘&l.qu)Q)J

[ra—1

[\Y]Jj&dﬁoMLLﬁidj.b)b@b‘\s.kﬁw)f@m‘u’b

aids b Ol de s slge gL 09k I 53 o -9 Ol palie . Jgda

. . [} ) . <] 3 . <] 3 . <5} ) . [} 3 . 3] .
A N EE-EIES-EIEN-EAEN - EA N E N
IS J oy |3 ERIRERIBERIZERIZERR EB|
o - - - - |
4'35»‘3-4 $ge 32|32y 3823 a3 )
2 j D o, jy @ 9, j D e, j D 9, j O oA |y @
3 2 5L ¥S 3|S5 3|88
Y85 o to £ o A v v or
ds
Yeve oYY 1A% Y4 v Y A\ Yy Cjb
£33
Yeve A oY £4 A v Yy Y4 C)h
(ad
Yoo YA . ot £4 £t 123 Yo or
eoler
Yvas o/YVY vo A ov 0 £ [A 1 C)]’




WA Sl V 5slod o s Ao untig pmilidoppe By 20 oA

5 Rl Gl S b o0 R (2 0 (o et Olarm Ll RIS

£ YVO Sl Ol sl Rl Ll S slasks 5o Ol cB S L LIS Jials
U5r Seo ol it (2 85 Ol 5o SRl dald CaSla e 0 LS Y
AL alS g 5eS o b oL el (SHe o bl s oS glasls s oS
wils 1y sllas LG AL 36 0 BT 0 b il S 3 o s Ol
2 emSe i e SAS Yo sl b bylie i 550 o edalin £ i 4 x5 L LLL
o o3kl Bl G s 30l L3 Sles o5l pl ps Sl S e gl azds T
(R A S Sl S 56 035381 ST s sl e 5 Ol S 4 A S L s e
e Sl xS e SAS Yo le gless SEE o QLS e lp
(4235 Yo 55d> 53) (65 fm Oloj Sde &S S0ty Cils 5os sla bdses w0 o
xS te pop SAS T Jle b el ol el 13 st g BT 6L s

&4 gl Slak g (LS Cunglia Ralejl ¥
ASTM s litid Gl Calises i 53 o slal sl sladd gl (gHLid Cglie s
Ceoslie slahlesl oS ol 28l a lesl i) el pll VY] C39/C39M
Osm 3 o OSen Seo b sl 53l b e o5l e o sladisal oL
o Sles ol s Ll baisad s 5 gk plnil Cusby Oy I ek ped 03,5
Apd s 8 gbse e Bgsa Ghlesl el B oosb 055 Odel U5y
S S o S s (LTl s GlesT b e Ll g 53 b e s
B35doms 45 Sl 0dd el QLS ELE oS 0 ol Jlas (5 585kS Yoo
el 56 s JKLLS /Yo £0/00 o ASTM C39 5kl b (180 cs
dilons OF lae o 4y (5ol b 031y (500 S e L 500 (5125 e sl

J_,,..I:L;a



04 Gy b oy e 53 oS Sl S50 5l (S o (SO sl e

14 el LA gai  EES Caaglie s O
Skl ab cilse iw 3 on Gl kel EES Caglie uas
b by s olas kb s bels sl oS 55d ol ASTM C496
e SIS pldas o 55 O > S S il e b o (sl sl (glads sl
2 @Vl s )l b i bl 5 L Jles) amio 3 25 Sl 55 sl &
Fo S S ) S 558 eSS 3yl b3 pd e ek sl L Sis 3
Waad pp Gl A gy pean LI Cundy S 5o L Jlesl ol 15 e
YIY el Colies b Yot a5l Gl SlS aBasS 5 53 b (slal gl
35 olal 6503 I5b Sl Sk oS bl sk s e e YO (B 58 s e ke
LS o S Gl b S a8ess SHh 5 €sei o Ll A8 lasls

DE] s eslimal 5L K31 Ghw Ll baglg ol 6,8 )3 ambo 5 4503 oy

Grocdea Yoo 53100 Gl (6l il 5,8 N0 IS

Lol o 5 byl s
s b N
IS8 3 i S A8 ) 03B o s SU 3l LI s s Oy talesl il

Sle S 50 Ao Nl Lm0l Aall saasilis &8 ol sdalie LB Y)Y

o (..._AS



WAA Sl ) 5t o s M ¢ purtige mlidipns & 0 Y

H-ss
50
45 : : :
40 eins =i
35 4 — '
3 30 e =
'?5 25 4 : FEEC
@ 207 | : b P
15 - 2| :
10 - —
5 iiea o & :
0 - L : : e
%: %) %Y %Y %Y
103 o Bl 4 ol S G

sge S L I 55 g —55 0b) palis Hlsged VY K2

(3150 $U L) (5,088 canglin losl ol Y
) Olesms 31 (53L5 iy 45 ol (SaD) oSS o iy |25 25 o St
L5 Ca(OH)z podSunSsstn T U oSSt STy 31 s as o LSS
S5 O gelyden [2S1s ST 1 e 3 5d o0 S O aanblods Aol pl 4 &S 545
reeedS DS 5 5 0 1Sy 3505 It LB CA(OH)2 U o s 3 5o o
SU elie 5 gl golle (ol Jodsze 5 opl a8 e J 5 (C-S-H) «lua
Sl iSTs 5 e e W D13l el 3 Ceslie sloul ele (s Sage 5 30
521 al & Olamr e oS slamb )3 oSS s Gladls S L 515 e VL
Mis 55 5 Ca(OH)2 sladls S dnu s S5l 6,8 sk ol 5 esls (ST an S
bt sl Sl oloil b 3 ol nlply g Sdes eSS 5 Sl
a8 o OF U8 ool 15 S o e 15 050 53 3 5 g0 0 ST odSUS 5 5

C;.A}LS.«JA.U:L_:_ J%&I{)b M‘J&)WJL.GJ‘ LJ:MS}JJ?A L;LA)}L)‘A;M L):ALSL’



\ Gy b oy e 53 oS Sl S50 5l (S o (SO sl e

o slalas 5 b i sy o sl Wsay S 5 s Ll e Sl
V0] Lsd o s 5 Olos ot gy Sk Sl 5 S o 1y ST
O 3 S Slaesls o Slaslis Jlaged ey rres 5 0 sl @ g L
Sl o glail gl ad gai (5lid Caglie Bl 5l a8 ) 0wz opl 4 il
03 lid Cwslis Aul58l s (..:M.LSQL.,JS};L Lo Y Olge 035,80 5 YA 5V o 2
@ e 1y g heoyn VY 58l 595 YA cpe 53 aSgysbas ails g 55 e YU e
Dy g d et Al B gad a4y S 1) (Seo 3 10 581 555 4 e o 5 el 4l
ol 31 Gt il S ol i W 55 6 St VY USE e b 3 ol L
SSSss el G i DL Eel D 5o 5 (ld Cplis JalS sl i
o a1y 3l U 31 eslizal Hldie ae) 5o golin Kj 355 opl S 55 0 Se o2

: 5)31_;‘ B
(lgn 56 s3l>) (5,083 Cwglin Salejl s .0 g

mpa s, cwjlie

\n% vi/01 YAy . dsl g b
AR YeNt YVAY ) P20 o b
£Y/1) TANY A Y o T

g Y4/0) YUY Al Pl b
TN TVAY YY/VA ¢ o b

(mpa)

$obd Cwylae

YA

A Al A%
Empa))s55, vV B mpa)) e, YA Empa)) e, ar

Gldo s sl Sile g i wplie Lalesl BB gl lis Hls 50 A Y I
it s 53 NANO-CAC03 iz



WAA Sl ) 5t o s M ¢ purtige mlidipns & 0 ay
Coplisp) (o228 Caglin GbosT b ¥
WSS s hsS e slaesls o Slanslis Jlogas ey e 5V sl 4 a5 L
O Sl gl Gladi s 2lS Cuaglie Blod a8 s o0 opl 4 il i o
Coslin Sl 53l 53 eSOl S5l Ay ¥ Ol o300 5 YA 5V i s Sile
Ly o3 YO LRl 59,V s 3 &S5 sba andls (6 f e ol il i 5 LS
53 5 Hald Bgad g Zond 1 o, Y SRl 55 YA (e D3 5 Al & ped 4 o
Ol s Gl b S o s Al Kl 4 Cd |y e Y 058 5, 4 e

S sl st bl ol S Ghe Gl 8 el sl LG 55 S e

S 1ol pl 51 i eslizad T e 3 Gl gt Jlsged 5 edd EES Cueslis
Lo il dalps Sele o SU5ds, ol 5 5iS Cwslie gl L5U esle
S a5 3sn ol p St sl Ao (5L Caglie (ST s 4 a5

Glge 56 5slm) (225 Caglin bl uls A Jpar

Sl 5 e
(1) Ologw & oS
v Y/YA Y/0 . Js C«"’
YIAV Y/or Y/04 ) 9o oAb
M0 AR v Y o b
g/01 I7AN YAY Y pler o b
/01 W Y/ A 2 = b
5
3
D ~
J s
Q
YL €
0

I Hmpa)) ), v Empa))o;iIva M mpa))e;iTa. 1t

i gladoss 53l (SalE o (A Caglin ST s lamlis s gel AT JSS
iz e 53 NANO-CaCos



h\y i b oy il 53 S Sl S0 gl (S o (SO gl

5 Fekns (g Oltle b Vg sl e Ogellds du s Bie

Llo e SL Jt Bl ) g adan 4S5 b cdias 1S5 5t s L Yl
Ogembloten OA3 1S ol 3k glos 53 sl pmalilden o K5, o5 jlew
G35 CHISSG 8 b Olagw et J513 53 Osemlbldes OV pams 5350 0 (S
Oseebloden SV guame 358 gl S Ol adsl Ogenlilden o g, 15 Lisd o
3y Db g slad 5 LRSS Dot LOT 038 s 5 Olegw D3 I 5553
Shaa oS S5 e 55 Osallians OV gmme 31 (63L5 55 a3 amS 53 oyl
33 Caslie s Kipdoe S Ogemllded 043 A8 Eol 5 Wl e 3 say Ll o0
Al Coaslis S 4 el e e e 3 55 ol S5 il sllasl i n Ske

2ol e s Cwslie L gdide Lg\)l;vs

40 o
3 39 %o
3 38
] 7
g 36 %
35 O.Q_/ I
) $ %"
Lo 34 %) /
Q33 0
: 32
g . %
30 T T 1
2 3 4 5
mpa- 28 day i cwjylis

330 YA e 53 oS Caglis il 5o (SIS o )L Cuglin Hlaged NE IS
Olar (S35 o> ¥ B SOl S50 sladoss (bl L Ve ISG & a5 L

UAsjbaiﬁ@jmﬁéﬁqwdm) Golid Cowslie 5a olEl aals



WA ler ) 65lacd s Al unlige wlidipe iy 50 ¢

dos3 £ 6 eSOl S 50 ke 21 L 5 3530 edalie (55L33 Canslia A3 VY

.Wd;:.;sj@mujuﬂﬁums»u

& S omss

Gl VL ons phe Jild S 5 ol sl Shs Cloa endSOl SSU
5 oo B3N 3 6 (Sose 53 ls (SR 1 (S ol 2 03 el 3 Sas
e bl s Sl sl ol IS AL s ol 3 53 e eslinul aings
el syls el 00 BV 31 L a g slaliad oS sl Sds Olag oot b
O emBldea OV gamee) Olanr past ol Cand v yas oS 555 0 ) S glalias Ous
st o (Ola

slge ol e Sl cedS Sl S0l SEE n Caslie il e s
Sle o ane by Sl el aS S o cl pdlolas) g lis cuglie 5o
Spd oo Slass 3lge Sl aS Gl LY s Se s e ol g 55

Glbsbu & s G G xS p SAS T e L (SHe o
53 (@33 Yo 350 55) (65 b Oley e bglses m (g5 Oles &5 )y pmas Ziils Koo
25, i BY oL

D 3> Tl 0 Ol (2 S Sl 85 eandS S 6 A3 ¥ (gl B3 b
Sl A3 V0 5T E 3 ey oS syl |olid Caaglie S e sy 40 5 YA LV
SO AU b e cnl She S das e QLS ) el 4 gl o ) (LA sl
S 5 o i Al amd 03 5 esms e b SEE n gbad el b
Jsa whds oedS Sl I3 I3l Ll s 5 CA(OH)2 sladbns S daw s
el Sl S G ol g

M‘)JLwlemowwﬁébéwob;}kjM\)JY&_}[}'J&M}‘CJE

M))V\ jV' Yo g.,éjj@‘ks;)‘.} \)ywS@ij JJJJ“'QJ oj})‘\' jT/\cv



o iy B oy il 53 oS Sl S U gl (SHE o (SO aslie

5l aeiS Canglie oS s e OLES |y Al & el 0 o |y o538 Caaglie ol 53
ol O o3 VT B4 ssd 5 g Lis Cn gl

Gobis sl il el (Sale oy  Olesr 355 Y B S Sl S 56 035331 L
Oloss b 3150 ol 2S5 ondS Sl S0 Ol G181 L OT 51 g 5 st 2S5
O gemblden (5 505 Olos ke 53 8l5 55 5 0 Olons €3S 050l stn o553 2alS sl
SLacS 3 sl e oS 3l o G (5 50l S e 53 3] 5 555 o plondl Lo
30 Olow ezt 3 138 el L1 U 5, s

SLas3luss oS s po 4ot ol & AT G Sl el syl 4y 4 5 L
4 S 1 G ol 5 S sl Sl S U g Sl sl SE
S iy oy 51 30 el plp ps 4D 5o 5 2sls ol $U Os S
ol ols, e 5 A o 0L 35 5l (65 e Caslie (il )5 O ony
LS el

S 4 (eSOl S50) el Lagl Gopat s Sl 4w gL
5w ol 5 3 S Gl sl sles s & Sl ok bl oS Sl
55 O Geiow L byl ol gl 4 aelsl 53 0315 e leslalonil OF asliie 5l 5o
~p—i)"’)ﬁd"

OLen 5 Sl 5,2l G 53 A o) Lal G Bl 2 (S50 Conmnd 5o aSOLr
S5 LS Ol al =5 5> Nano-CaCog 0> s wlsl i ) p
Shadsh dlpe 5o arzeVE dsde 5 (ew dha Sl wlige ol Jgeme A5 Olons
S dep e B ol @il g Sein s NAN0-CAC03 03533 L 0l ytn
ol (g lid uglie Jialshl ol azn Ol gea C-S-H 50,3 0l ea CaC03 il )3 50
SIS D S U Ol SR L oo Sl sdal s i 4 a5 L oS
Sde 3 wls 3 s ekd Ol €3S Dbt o)55 2alS ol Ol b slge ool

S350 el Ologw O 5liliden (6 505 Ol



WA ler ) 65lacd s Al unlige wlidipe iy 50 "M

Sy S5 Sen Sl DIl alin 5 s p 4 OLKen 5 AalS Ko i es
0 V) e Bili 5 UHPC cn ol i s edSolu S50 L s
Sl S5 Koo Ol &S el atls (LS Bl s T sl s (S sl
L oaelS Ol SSU Ol 5700 N 00 (Y0 0 gl 4 bl @ el LU
Kol 5 53 B eas Olaww 3l o= i Ssle 53 8 5 Sl L0 5 Y0 (0 Ole
5 S Jos Sl S Olpea Bhes wndSOl S5 S o5 das e 0L il
S Soye 53 dphie Ol 4 ol Cond JlBl Sel WSz bl &g
Glosle Olgeas pmpa 5 355 0 Oamwlibdes SLS JRl) Coly pndS Sl S 50
ool 5 oedle (SEE o Sas el el G 53 AS e Jes e odiS
SOl SRl ol sl STy sl ndS Sl SEU VL oy el ( SaiS
3y 3o 1Y ag il (B e 3l pe 5L Olje o pl 48 555 00 OBl

2 opelS Sl S0 b Ol b 0L 5 s Sl 6K GeiS e e
Olocs jadt & S Sl S50 Ao s ¥ Y ) 50 02538 b Oloses et Dl st
N et Caslie Bl 515 1Y (6)Li8 Caglie Bl Sl edS Sl S 50w e
Ol S s ol Cslie laslis Glajlogel 4 ax s L Lo sas pl 03 &S oy
215 55 Sl G b ool Sl ¢ 55 e

Sl SH6 5 s a6 O 5 Sl Loydas (6 503 alie Giss
Bledewry 03 ) 53 or s 4 5 Blatls o alsl s L3 Cslia ol
Sel s Vs Y e 50 S Sdn b eelS Sl SEL S Y LSl &S
G (nl @l (3l Cglie 45 550 oo dall &gl 4 Do (LS Caaslie )
Syl Sle ey 5o

@\;.e
1. Sing K. S. W., Everett D. H., Haul R. A. W., Moscou L., Pierotti R. A.,
Rouquerol J., Siemieniewska T., "Reporting Physisorption Data for Gas

Solid Systems with Special Reference to the Determination of Surface-



v oy b oy it 53 el Sl S 6 sl (Sl (S gl e

Area and Porosity (Recommendations 1984)", Pure and Applied
Chemistry, Vol. 57, No. 4 (1985) 603-619.

2. Rouguerol F., Rouquerol J., Sing K. S. W., "Adsorption by Powder and
Porous Solids", Academic press, Second Edition, (1999) 1-25.

S Al 53 % 3 s slas slein” (i e 35 S e (8 o Y

YA sl yga 10) e he il S sl o plss ol s

4. Supit W. M. Steve, shaikh U.A. Faiz., "Effect of nano-CaCo; on
compressive strength development of volume fly ash mortar and
concretes"”, journal of advanced concrete technology, Vol. 12 (2014)
178-186

5. Faiz U. A., Shaikh, Steve W. M., Supit, "Mechanical and durability
properties of high volume fly ash (HVFA) concrete containing calcium
carbonate (CaCOs) nanoparticles”, Construction and Building Materials,
Vol. 70 (2014) 309-321

6. Sato T., Beaudoin J. J., "Effect of Nano-CaCOj; on Hydration of Cement
Containing Supplementary Cementitious Materials", Institute for
Research in Construction, Vol. 23 (2011) 33-43.

7. Camiletti J., Ahmed M. S., Moncef M. Soliman, Nehdi L., "Effect of
nano-calcium carbonate on early-age properties of ultra-high-
performance concrete”, Magazine of Concrete Research, Vol. 65, (2013)
297-307

8. Camiletti J., Soliman A. M., Nehdi M. L., "Effects of nano and micro-
limestone addition on early-age properties of ultra-high-performance
concrete", Materials and Structures, Vol. 46 (2013) 881-898

9. ACI 325-10R, "Report on Roller-Compacted Concrete Pavements”,
Standard by American Concrete Institute, (1995)

10. Observatorynano briefing, No. 21, nanofillers, "Improving performance
and reducing cost", 7™ FP, september (2011).



WA Sl ) 6slad s o Al ¢ punlige lid e By 55 A

11. ASTM C1176-05, "Standard Practice for Making Roller-Compacted
Concrete in Cylinder Molds Using a Vibrating Table", ASTM
International, West Conshohocken, PA (2005).

12. ASTM C1170-06, Standard Test Method for Determining Consistency
and Density of Roller-Compacted Concrete Using a Vibrating Table,
ASTM International, West Conshohocken, PA, (2006).

13. ASTM C39 / C39M-14, Standard Test Method for Compressive
Strength of Cylindrical Concrete Specimens, ASTM International, West
Conshohocken, PA, (2014).

14. ASTM C496 / C496M-04, Standard Test Method for Splitting Tensile
Strength of Cylindrical Concrete Specimens, ASTM International, West
Conshohocken, PA, (2004).

15.  Mukhopadhyay A. K., "Next-Generation Nano-based Concrete
Construction Products: A Review., Nanotechnology in Civil
Infrastructure. Springer, pp. 207-223, (2011).

o3lil 5 Nissm sle oo gl @olis Cuslis b Sl 50 RO S

ole Ballas 5> (S ols Medlie e 53 Dl b Ogeil b 358 Ol 5

Y40 ) Oleasl 5 sl O Siles A ds (o oA

535dome WL (3l Adar b33 Lo (Sludge lge (S gL el Y
oLils St suaib sla el Sl eslizal b (ST 5 o cotle (sl b sualls
OYAY) Ol 5 50l oV Silad & Sys o n cimsh ele Laldad 53 (OMS

18. Xiaoyan Liu, Lei Chen, Aihua Liu, Xinrui Wang, Effect of Nano-
CaCO; on Properties of Cement Paste, In Energy Procedia, International
Conference on Future Energy, Environment, and Materials,Volume 16,
Part B, Pages 991-996, (2012).

Ceoslin S Dby S SU 6" 030U ey dese (Glins Ol Sl Losdas 14

) Olpas pwdign 53 p s Sl o3l 5 pllae Jo S aaler (o ) i LSS

ol o851 (7L ole obive Yy


http://jcr.guilan.ac.ir/issue_376_377_%D8%AF%D9%88%D8%B1%D9%87+9%D8%8C+%D8%B4%D9%85%D8%A7%D8%B1%D9%87+1%D8%8C+%D8%A8%D9%87%D8%A7%D8%B1+%D9%88+%D8%AA%D8%A7%D8%A8%D8%B3%D8%AA%D8%A7%D9%86+1395.html
http://jcr.guilan.ac.ir/issue_277_284_%D8%AF%D9%88%D8%B1%D9%87+7%D8%8C+%D8%B4%D9%85%D8%A7%D8%B1%D9%87+2%D8%8C+%D9%BE%D8%A7%DB%8C%DB%8C%D8%B2+%D9%88+%D8%B2%D9%85%D8%B3%D8%AA%D8%A7%D9%86+1393%D8%8C+%D8%B5%D9%81%D8%AD%D9%87+7-120.html

