3l 55la (a3 5ls Jl
VYl
BV —VY o
VAP 1By b

VRNV : iy 56

byl wWhood Sl dwle WMo Sl Dluoguas (695 3 (pabawgil 3 03kl 1wy
(Sl S USlogil Ol ki 4 5,5

4 gus” (ol 0 gl
O Ol g ¢ oMl 13T BIREINS (Ol g A>19 (Ol g0 guihigo 09 F 0w (S 557D (S92l
" &l e
OB 30 8 olCLI1S (Ol yos  wige 09 5 5L
815 (Ko Lpmxo
Ol (O g ¢ 0Nl 13T SIREIS (Ol g D19 (O g0 wiligo 09 F 3b Sliw

o>

Sl 4l Il 3 Khoe B3 o0 3 B Who 1) (i 03ke P195 457 Sl (38 U195 SN 3 oy 5nan 3 (SO 3L 5 Sbbled
D10 § Oloww D03 (o (510 JEI 46 50 (5 f0gib SR b 9 g6 (wbio 50 ol D3 Gl T 29 4 Dube
A S Yol A% 38 el cl 3 D510 BOT cw ST 9 W3 cpl (T3 » o0 w8 b Wlgh oo D)l > § Akl disl
b Oloww—dwlo OMo ok cps 350 (wyy 3L GBDH > 420 33 Ologw—dulo Do Jwglio S olyl » pualew o6 }.;i?
GOl a3 S 3958 9 YA X Cymw 33 (8397 S0 31 (g 9 oAb 4485 alins sl b Slows F39 4033 10 31+ 0 3>
—dulo Do (SWlKe § 0 3 2195 3 3L SBD o 4 38 ST gy A T S B pgmbs & 33 A0 e 9N doe Koo oo XO
R F Pl Gl SBIT 9 DT Qo 9 (F39 S (S3US cwglio (SiSle dyd S ST Ly Ologw
SUSlocadsd 5y (g3 I Jolb @l bl 5 .28 8 JIF (2l 3590 (SEM) (Lagy (595801 959, 9 (XRD)
Sl 9 e 0C (Slod 33 .l W)l Jlos! (b Sloww (S Ubogil Ol i § 5l 33 5 4 duslg DD 4 Oloww—dwle ko
9 (CsS) cudT 093 C-S-H slis-lugib o 5 31 3w As+ °C (Sbod 33 .l ol i Ca0 T z9 5 b 9 w55 Sols™ adgf
Sl 2l 33 Oloww—dule UM (Joglie Dluo guad Sgua Sl (el il 0939381 camsl oD S 35 Cad gl g W o(C2S) ek
MPa 31 g o 4>1g0 <81 70Y bA++ °C 6 bd 291351 b _palawsgil 036 0395 YA SadigeT (5Lid Cunglin 45 1ab 4 sl 0
Syl o 4350 Sl by gili 710 (59l Olowwr—dwlo Mo (S digo T (5 3Lid Cuwoglio 457 Il 10 Sl 0wy \Y/¥ MPa 411/

Sl 0wy 13/Y MPa 4 £+/Y MPa 31 gals” /.07 b 9 ol Cuwoglio Sl 5l gos” A+ - °C

(S o ( uabawrgil ¢ Siloes (S L 956 (O 31 b (3 ol duilo SISl 2SS (SO 3Tg

amirii@hormozgan.ac.ir :J st otiws 5 *

DY / Jsh 5 )les s 5la Jl ¢y Dliions



5 ol S 4y e Calgis o ot ST SIS
Slos St 55 S 515 i Y V] 558 0 0T (6350
G sl a1 IS sba g o0 o 3 5 0dkd 4 2 5L
o=t (Ca0/SI02) wusiss oo 4 (,.:_w,\f LS s
IVFT 05 5L5 Sl b gl g 55 (ansds 5 Slas

C-S-H sla s lu gb Hlie 5 I 5 Ligy 45 (55050 31 0slizul
Sy sbwl by das 53l Sl CujamlS s 5s 1,
OT ool Glacr S )3 55 g0 (sla sl by S s (58
23 R 2 Sas 2 g s gy il e 0 VL
o3Il e 4 Dly3 U aBL YL Sl e 55 L g se
Slos s Dlo g 0T (VL 03 5 prlas 9 S oS 5l )3
o 6 V0] Wl e3ls 0L 3 51 cx B = b s 1,
SlodS 5 Jb 0¥ 555 &S 25155 031 5 Ko adawl ga
23 3530 (Sosh ,8) Copsnl pudows . Col 0 55 S50 sl
SVl fad 3,509 O gl ybot Y guzmen b il 5 oo kw556
350 NIV NPT S 23l | Ol o il 5 ok g las
b <SGl AT 158l oo g stz ¥ ge 5 (5L oo gl
DA Gl o 0y 2 53 ke 53 51 03Lizul

4 e U S W 5 5,18 (2019) 0 Kn 5 Ol sl
Oarlilyes Aol Cos o 0L o paine mhaw (23l e
Sie e o il 1y Slesw bl lu g Jldis 5 Olesw
Fen 3 6515 Il e e (0 gl sk DY a5
55 0SSl Jrags wlal Ly V4] ol 0dd e OLS
Js| 4G ¢ & i 55 03531 1 (2015) 01,
e SN 03531 5 48 508 e 5 503,25 (ITZ) (b
3Ky Y] 3L 5 gy IS g 5 ST 3585l > Lo slie
S5l 5 oo 1 31 Glaw 3o 3T aus i L ((2020) oo, KCen
3 Olor 45 s 56 025331 1 457 is god oalin ek 5iL
Sl b Sldie 5 ol wwlS w le 53 CH Jlw 57 luis
2 C-S-H g5 Ses w5 LS b o 2131 C-S-H
lawpiT e s Shee dals Ls b agalge 5o CH L aslis
[8] 558 o oalin Fr e OC (slos 53 ko 5L (g5l

oyl 10 u Sl 48 Wsls ol 2021) 01, Kan 5 (s el
Sl a e A 00 les Ll s Cog Olesw 4 2Y 5

GLaaipT b awlie )3 &5 55d o bawisesT (glad unylas

>|}'_§hwc‘5ﬂlm£¢w§f@wh)@b

dodio —
SO ot oo dgb 03 o)l pen Ol by laDle 5 o
Gl 51 SG 8 e 1 e sla 5 S s
%Mdb}%“xﬁbﬁf)‘}&Tww‘#&J
Gloojle 53 0T 5,587 L 5 (65 sm 25T ool o Cod o2 050l g
Sge 3l G IgSS GO e (Glamn o, gST, Wle ol
AL ol G S Cowi ) s il g 0 a5 Sl glaads
rrata oy s Sles GOl i [T )] s
Sy oy 1 ol e ST Ol e il S
G 1) omlie 3 W5 b5 slales Cowd Slaw Sy jsmelS
I a1y ol Lol 2 s pslie baojle o1 b g Oluige
TS0 okl p g e DI T S (e 03 3L Sl >
N STz Gk Jl el Oyl il wils p sl
23 andd s e ) a e glalad Ol e
L5 e b Sl b o el S Sls sz
S 3 3 se St glajltle b 5y (SanS Lo g
Jsl 1w G g Carddl 53 gl A8 5 355 Olew
(Gl i s b j b w5 b il ails (ITZ) obow o
G1ydp oS S 55 olacd L U35 51 T 255
BB s 358 0 F0+ OC 51 s les 3 o o) 5 40 i
Ve OC B YVOC o glos v o SO ol 3l g 5
(led Cuslie alie 53 UFe b 2alS Ll s gl o5 edalie
33¥0:0C (sles Jles! 3l s oVl Jgcke 5 5iST o glie
400 0C 100+ OC s o)l o [0 ,F] bl po BT ad 5l Jo-1 o
bbb gl 5 Sty o 25 Jls SO G e
VP losbio it m sl 53 LS Sla S S5 5 (Slos
Byl elel 2B cn Caglis sbul 53 & Ll 51 S
@b Lol 28Ty Jol- o il 0 C-S-H gla sl 5t
Sl g6 [V o -A] el (C3S 5 C2S) SIS el it
NG JolST &bl pts Lol 55 ST S SISl Sl yda
s oo JoSKi5 Slemw s 5008 53 1) Ol jua O y3
2 4 3sy 0 o Sl s ek i Hlas YU oles Ll s S
s 3L ol Bl RS Cow o Caglis s alS Cow
e 3L (les as g O gy ls 53 [IT-1Y] 550

Shydea Slle )3 sgmge O Jbu 5 S gy 4

sl 5l s 5ls Il ¢z Sl / DA



e SO Dl st (555 g1 ke 6 5 e3lizl 1

b weygolge-Y

Hlao -1-¥

5 awle Ol baigefT 4y Sy ol sy 5o
Ol 3 ot 03T poles Sl Cogmr o3 § o3l ks 556
sl il el i s eslizal 085 n I (5 s
30 ASTM 5 bl bl y 25 oal 53 o ploxi]
b s 556 5 Aty Oloss (ool Solaniin [YF] ol §
gsb 4 Calodd &1,1 (V) Jd 3 5 s s XRE il sT
LBl (Gl g ldils gmmte s> &7 lawlseKin IS
305 b b 5 057 5l LT 3 Lol o310 51 (5 487 (g1 S
sl oy b el 4 ) mB o S el B
sylbel eS8 g anle Gl Slaw O gduails
ok o3lizul ASTM C136 s ASTM C136-96
S0 (V) IS8 55 gy 5 dlsc s pmllas gauals oo
Ao 3 VY 50 N C s anle 5 o OT Gl Clods
MM o o3l glagilseSn [bd S lum o ol 3 .l
Lo m ot ST e )3 b pae OT iman 504
S5 G opl 3 eslitul 5)se e 5U .l PH=V/A
Slasein (Y) Jgdor .l ol 4 Slo)T ojle sand &S0
Ol 1y Lhasy ool s eslitel syse kel (S
S35l 53 3 g0 ol I o3lizl 35 g0 llize S a3 oo
i L, L,ACI ,DIN ;,ASTM

100

D]l onls Olis 355 51 (6 g0 5, Shas J gone

Slosw S Sl gt 3L 5 Sl w53 ST o)
ol Fer OC 51 5VL (glos 53 a5 sl Olas Laakew 56 (g5l
O o0 RS s eSS (s Caplae Al
b s bl esn mls elel p [N] A sdalis
S sl oy Sl Sl ) Ol Cow (2019)
Fer 00 los b b b pon b ocd pelace 5 s i 5 (5L
6oL mS (sl sk go3T 5 ek 5 (S5l (slaaio)T
wlos ol 3L Ll Wsls 0lis 55 31 Jsd b (o,Lad s glie
DA s b gsl sladpe3T Cunglis CiS $e e °C
sl o oS L3S 5,18 (2022) 0, 8m 5 ) [YY] 5L
Ceaglie 3l gy S lers S Dl a3 erke 5L
[ R W PP | IS TCOUN I PR KPR TN COGO PR V-
Sl Syl 3l BU O pe Sl ST 2alS 53 I 36l ge
[¥¥]

Saie 5l el il 485 s sl agn 4 s b
eslee bl p ke SU S 6oy ol
Soge 3L ol Gl S L 4l 55 Olaw anle SO
Sleslizal JIG Ad aw ol Shagh oo 1 el 45,5
A5 Ol tule (SO Sl yas S5 7 ook 5

o 3 Sl Gl 5L Ol 4 SN L O~

=] ]
< <
T T

i
(=]
T

Cumulative percentage passing (%)

20

—— Sand
| —&— Gravel

-->-- Upper limit

— & —Lowerlimit

10 100

Particle diameter (mm)

(aulo 5 3) (e pllian (sl oein - S

2 hybrid fiber

DR/ gl sl ¢ 5L s i

! Mahapatra and Barai



>|}'_§hwc‘5ﬂlm£¢w§f@wh)@b

rocer 365 08 508 T (s il 3 Ol plad Dliaseiia =) Jyir

rameters
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type
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type Il
Nanosilica | 96.4 | 1.32 | 0.87 | 049 | 097 | 1.01| 031 | 0.10 | 06
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Physical form Powder
Specific gravity (kg/m®) 200-350
Density (kg/cmq) 2.2-2.35
Particles Shape Amorphous
Color Light gray
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Abstract

High temperatures are the most important factors that cause physical degradation and affect the
durability of concrete structures. Cement-based material performance highly depends on solid
nanoparticle properties or nanometer porosities in the internal transfer area between the cement
and aggregate particles, as heat can affect the properties of these particles and the bonding between
them. Accordingly, the present research investigates the effects of nano-silica on strength
parameters of sand-cement mortar at high temperatures. For this, sand cement mortar replacing 5,
10 and 15 wt% of cement with nano-silica was prepared. The mortar, having been processed at 3,
28 and 90-day ages, was subjected to 25, 100, 200, 400, 600 and 800 °C, respectively. Effects of
high-temperature rates on the physical and mechanical properties of the sand-cement mortar were
examined by macrostructural experiments of compressive strength, weight loss and water uptake,
as well as microstructural experiments using XRD and SEM. The research found that the
macrostructural behavior of sand-cement mortar was highly dependent on microstructures and
nanostructure cementitious changes when subjected to heat. At 600 °C, the initial portlandite was
fully degraded, which caused the CaO to form as water exited. At 800 °C, in addition to alite (C3S)
and Belite (C2S), S- Wollastonite was formed from the degradation of the C-S-H nanostructure.
The addition of nano-silica improved the strength properties of the sand cement mortar against
heat, with the compressive strength of the 28-day samples without nano-silica experiencing a 57%
weight loss as the temperature rose to 800 °C, decreasing from 31.1 MPa to 13.3 MPa. On the
other hand, the compressive strength of the sand cement mortar samples containing 15% nano-
silica experienced lesser strength loss (52%) at 800 °C, decreasing from 40.2 MPa to 19.2 MPa.

Keywords: Sand Cement Mortar, High-temperature Concrete, Cementitious Nanostructures,
Nano-silica, Compressive Strength.
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