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Influence of Ultra Fine Sand Replacement
Ratio on Rheology of Self-consolidating Mortar
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(College of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: To compensate for the deficiency of natural sand (NS) resources during the production of self-
consolidating mortar (SCM) in the area with limited medium sand resources and promote the utilization of ultra—fine
sand (UFS), this study aimed to use UFS as a substitution of medium—size sand in the production of self-
consolidating mortar (SCM) and examine the effect of different replacement ratio on the rheology of self-consolidating
mortar (SCM). The results showed that there existed an eritical UFS replacement ratio with regard to its influence on
the rheology properties of the SCM. This is because the high water absorption capability of UFS can decrease the free
water content in the SCM matrix, resulting in the deterioration of its rheological properties. However, the particle ef-
fect of the UFS could improve the gradation of self~=compacting mortar, allowing more free water to be released dur-
ing mixing and improving the rheological properties. The viscosity and the yield stress of the SCM mixture increased
as the UFS ratio increased. Also, the influence of the high water absorption of UFS on consistency was more obvious
at UFS replacement ratio over 30%. Taken together, the UFS ratio should be fixed within 30% for the production of
SCM with a good rheological performance.

Key words: ultra fine sand (UFS) ; replacement ratio; self—consolidating mortar (SCM) ; flowability ; time—

dependent viscosity

% R EHE:2021-01-13
EE2WH:FEARR IS ®B I HE (5181101350, 5191101169, U1605242) , National Natural Science Foundation of China
(5181101350, 5191101169, U1605242)
FEE RIS (1980—) , 55, ok VU AL, W e K2 208, 11
T AFPCA A, E-mail: teling611@yahoo.com



LR

AL R RT (1 BE SERIR AL PR Y ) 95

IIORE /IR, A1 FE AR A T 0.7~1.5 813
RLARTE 0.25 mm LA AP TR R ¢ 40 % (Ultra Fine
Sand, UFS), Hkite Z 4 H17£ 0.1~0.6 mm, 2K A T
T DR o] G A2 e v B XA S e AR . T B
TR ARSI E OMARE Y A n] F R JsUp kL, I
S AR v B8 HUIR BE - BT (00 64 240 R DR 0 R
rh LD . R, TR0 b DX b B AR R B = R AR A
BRI ARBEE BT AR I M X TR T R D s
B FEE I, R AN BE PR % VLA BV U gl
Mo HURE A FH A0 AR ECH 0.5 ~ 1.5 1R 4DV 40 i
B PERRIR BE - N G AE & s H R
K HL 2 RAR TR B 4 vl AR A (H iy T AR IR
HHUREE Tk 80T — R e T
[F)8. FERT N AIRIESE H , SH L0885 A Sy fili P AR e b
FEH C20 DL _E SR TR EE - 7K I LEASBEAIR T 0.55 16§
FEWIRI B 258 4 T AR DA ARIPHE K e
FHHE” R BC T 7 R A AR TR B - i 3 Sl 5 X))
AT L 30% RN b B UL D BE A0 R 2 R
TERBE - mT R Y U Bl M R SR o SR A
SIS SRR AR D T B TG T 1 TR BB - 1 R R U 2l B B
F DG MR .

R NS BT 58 0 T 0 # P 24D I A b
WA B SRPIA A WO K UR S AR b g %
SCHPH (Self-consolidating Mortar, SCM ) RJ A AN 3
A4 AR 3 0 BRIS , [R] IR 3 B i v T AR it A%
AR B BT R B R — 2 IR L B IR AE
HJ5 SR e 1T B I AN 23 & AR B0 bk 91
% . AWK VEREE U 2 A % SR BE Lk
WA — R R E S AT A
WS TR R EOCRAS B 2 A % SRR 1Y TR
R RN B % IR EE L AR R, A SR AT
JEJETE 240~260 mm , IPHE Y e 2 ORERMIR 3 ) 7
ZRF) 180 mm, VI FBHNRIAE 7~ 11 s AL 275
138 5T R B IR, ) 25 U A8 2 € R AR
H % SERb I TAEPERR AR A 1935 5 DL, FErh 26
W A B R Y PR, TR AR R R
BN 7 7] AH SR BEL 1 JHE 3 2l R i ), 35 R R
T 7K 8 BE B8 e e A it AR S, 2R EE I KR HE AL
32 BT 3 R W T I, R R B e 1 e i
D) R A A A8 A T 028 T S T i B 4 U Sl
32 S 56 A W0 G286 B 5 T Je e I ) 2 AR 52 BT U
TE U6 i Sl I 1 5 D8 7 i AR, 32 SR S A B
ARHAURE 5] 5 0 AR 45 F4) 18] £ FBE 458 K AR EL 2 BT 7™ A= 1) BHL
T AER G K VEFEADRHMA Z b SRR A 545

SR BT 24, DT R SR AR AR M R Y S
AL, I AR SR AR 0 et i 07 7 R 8 288 2 B A Ak
FERT N B WFFE T, Tang 55200\ & i sl 1 AR TR BE +
TR TEDURAY , H A& B I 3 500~5 500 Pa-s
FIHPIK ; Chidiac 552" Tregger 52 & Bl [ 25 SC TR 5
R 5 R B — o PR R B T AR B ) A O
SHPPLYREE ANV EIE T A B O
H % SREE T shYEry 2 ), Jf DUES A A U4
T SCM i AR A 77 b BRATZLEET BR ; AR B LA
ARV WA, A8 X B 3 b S s PR Y
SO 5 K T A R IAEAR R LA LT, RR A ab TR 56
+ By K B L R TR EE A SR BE A 9~11 mm,
HEEA BRI A PROKPERURG SR I B R AE 40~
60 mm B, ¢ 4070 e 1 (4 TR BE 1 1 G W 1K B EE L
AR EE TS W IR /N HAUE R BN [
JE b AP TR BE A R B L R 2R AR T
AN 5% S B A Bl 5 e 2 - R A D
WA B A1 4 22 0] Jl /D W K AT AT RIR TR R
IR e G =2 P 78 2 A 2 e ) foff FH P 5 e b it 2
WA A,

%% SETRBE A R IR I8 20 1 ik B S Bt
BER: A 0 N1 NN P s AT 73 2 Bt = o/ S
IR 20 B RS R AR b B 3 n AR
R ORI EE L 4, IRl a] ORAIE [ %% SR e 14
RIS EE . A SC RIS Ry 5], 2R T

AR ERAC H D (B 1SO AR HERD , Normal Sand , NS) i
ARV AR R X 0 i AR P ) s ), L P A 3 D I
05 AN 2R TIOR3 OV T VAV
TS Fh B A5 ) AR B 48 05 R A sE e, T R TE
PERE K VeI 2 A DI AT BE 19 ARG G5 A N0 S5 51
R T AR rh A P AR A0 () 1 25 Sk PR A0 3% 4 A 5 it
BrREriIt 55% .

1 £ I§

1.1 KFSHR

KU P-T 42.5 3 38 BEBR £R /K U8 , Fb 2 1w L
340 m¥/kg, FHPRiAE K 16.49 pm, B E N 3 150 kg/m’.

FEANAD R T I N R, P (E R AR
£90.30 mm, Fif2 FEZ L FLE 0.20~0.60 mm Z [H] , %
BN E B R A, 0.24 mm DL R 24 28%,0.24~
0.40 mm 2 (i 29%, 0.40~0.60 mm % /i 33%. ¥ 4 wh
UKL A2 BN 22 1 s . rpab i s 1) 30
KR iR (1SO GSBO8-1337) , Rk Fc A T 111X, Hodf



96 PN QR 2]

2022 4F

i 0.25 mm AR 24 6%, 025~0.40 mm 2 (54+5)% ,
0.40~0.60 mm 2 (40+5) % , 45 41 70 Fl b 1 70 i 1) B
PERE AN 2 7 .
R1 BERFKRALFEAR (RESE)
Tab.1 Composition of cement and UFS

w!/%
up s
Si0, ALO, Fe,0, CaO MgO Na,0O SO, I0I
JKJe  22.01 447 345 6431 245 — 2450 1.27
FARRY  69.71 1137 445  6.19 233 243 0035 —

R2 R FARER B IR AR
Tab.2 Physical properties of UFS and NS

A PERAR HEREBY  HERUEEE WK/

ZEs

AL mm (m* kg™ (kgem™) %
R 1.00 0.35 8.85 1580 7.83
brifERy 250 — — 1830 2.98
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Tab.3 Mix design at each UFS replacement ratio

[ingExEd
BrACHRI%
KV PR bRMERD K BUKGR AR
0 1 0 2 0.35 005  0.005
10 1 0.2 18 035 005  0.005
20 1 0.4 L6 035 005  0.005
30 1 0.6 14 035 005  0.005
40 1 0.8 12 035 005  0.005
50 1 1.0 10 035 005 0005
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Fig.1 Determination of viscosity R/MIN-dependent
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Fig.2 Influence of UFS ratio on SCM fluidity
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Fig.3 Influence of UFS ratio on

SCM time—dependent viscosity
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Fig.4 Influence of UFS ratio on SCM yield stress
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Fig.5 Influence of UFS ratio on
SCM R/MIN-dependent viscosity
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Fig.7 Influence of UFS ratio on SCM shear thinning index
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