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1.1 R EAR

RIS T KU A L AR 30 P-1 42.5 REFRR R 7K U, HLAL S i3 A ) 20 B DL 3% 1, P3Pk B Fa 4 I 3% 2.
AT P Y S i S R A R P, O R AR KT 4.75 mm AORIURE, A0 EEASRCR 2.6, UL Z% T X A]
g T IX, ki 4 E ULIE] 1(a); ZIEE0TE GB/T 18046—2017 ¢ T-/K I8 . W03 AR EE 1 rh ik fb s b v b )
AR BB B8Ry 50% (CSCH TR & R Y48 Ui 040, T IR (ILIE 1(b)) s TESR AN 2 Fis, 455005
HARPR LR 3. PRUERD R ISO ARifERD . Ry R s B & AR5 F 28 1T 90K, LEaRTH A 471 m/kg,
KA R 90% . KR R SRARIR = PEREUK A, 187K 2 309% LA I

FT 1 P142.5 EERECREEZNER S KA HILHERK

Tab. 1 Main chemical composition and mineral composition of Portland cement P-142.5 AL %
UEZENEY
SiOy AlL,O3 CaO MgO SO; f-CaO Fe 03 oS S CA C.AF
21.32 431 61.26 2.47 2.55 0.80 3.54 57.22 19.29 6.34 10.76

2 P1425 BEEGELNCRYIIEMRE
Tab. 2 Physical properties of Portland cement P-142.5

B/ LY SRR BELS I ] /min Piifrse)E/MPa PUEGRE/ MPa
(grem™) (m*™kg™") % It A 3d 28d 3d 28d
3.14 342 25.8 185 255 5.8 8.6 27.7 51.2
100 3500 -
N — (R IE P i O 30001 AR
g0l \ - TX R 1643.676 87 mm?
\\ - XL R ~ 2500+ PR
3 2 1689.178 17 mm?
4? 60 JE»Z 2000 PR B 50%
N
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i =
T =
o 00
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I FLFLAE/mm 20/(°)
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Fig. 1 Performance index of low-activity slag
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Fig.2 Morphology of low-activity slag
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Tab.3 Low activity slag quality index detection report

Hibx HfE Hibx HfE By Hift
T 5 1.11% B 1085 kg/m’ CaOF it 38.3%
Ao 0.01% YRR 2.6 f-CaO 0.1%
A 2270 kg/m’® FERE{E 28% MgO# 5.6%

HER 970 kg/m’ kAR 6.6% Wk % (8~10)%

1.2 RAWE AL

RIS HE L2 4, Horp IR W 2 K b UK 5 d kB0, LR AN T RSB 0, iR 86 151K
TEYER AR AN T KRR 10%, (RTEPER 5 1 LA i A7 AR (1Y) 15% . 25% 31, My kB 5
IR BRI S5 6 o S A LT i 1) 25% 5 SO BUKIEEE (m W Im g) & F8RARTE G /K 2 5 e EEA LT 2 1Y
FUAE (KR 0.3) ;5 BRI UAE ZRARFE G /K RIS P A A0 5 | AR PN IR 51K 9 e 5 e M e i 2 s I
FrPPK AR AT ARG P R B K, AR SCE A B IR A O RIE T, 5T FEYUK, 1
TN BIKEE e, (A RO A &A= ARk

F4 REWREALL

Tab. 4 Mortar mix proportions iz (kgrm™)
H NFRAFIK bRy TG PED i K ke L7ivs Y/ % il
A0 0 1350.0 0 162 405 135 0.8
Al 20.25 11475 202.5 162 405 135 0.8
A2 33.75 10125 3375 162 405 135 0.8

1.3 REHE

J127 P eI 2 R OR VR B P o BEAG T 7k (1SO 1) Yo i 58 B AP 3R 7 =X, b3 52904
PRA9 MR 24 b J 7 B R FH SRR IR B, 7EIREE N (20£2) °C AUEREErP BB 350 IR . F IR 4E iR 56 T
NELD-NES730 #5442 fish VR B8 - W 4 722 T g A, AR i o3 TR 95 - A DA M BB R Tf Ak B 3y 1 b
£ ) (GB/T 50082—2009) H (14 E42 fil i A TR, B0 SRR 1 3K/15 min, AT (20+2) °C, {REE
1(60+5) %, MEXE A 168 h, F2 2 1k PR 0y 57 7% 1 TR U 7E TR HURES R BT R AR IR AR

OIS (MIP, SEM, XRD): HX 28 d #&5 AHE &, APFRIZEEH 2 emx2 em*2 em {3k, ZT07K L BEZ L
KAk, 50 C HA5 T 8 ho K Auto Pore Iv 9510 BY = PERE4: H 2 AR (MIP) X S L A5 A 34 7RG, A1k
[E4% ] SUPRA-55VP AU oL+ W f5s (SEM) WL ORI A . ZEIEAT X S EATT SR 75 K b AT 1) 3K
HF40 2 80 um LAF, SR H AR~ (RIGAKU ) Ultima IV {% (XRD) BEATH

2 RKBRERSOMN

2.1 N1EFMEE

3 RARTE PR N R RO R B AR . AR 3 T A S AR (1) R RIS PR i
B E bR TR 5 B B IR P A T R SR & R B AR AL, BB (RGP i B 3, bR )
ST BRI FERCR, (ELRE R I R, 00 U030 ALKt 2 /N RS IR 5, EL oIS M s 45
Y ARD ISR S R A P ol i o 3k R B OIS PR 5 AR N IR K8 N T ROK IR EE, Al
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Fig. 3 Effect of low active slag and water cement ratio on compressive strength of concrete
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FEE IO B, IF B3R T B BERRZ KL . B BIFSEC GBS N SRR A2 I A5 A N AR A A
K ZR AN, R AR RS 1 WA o
23 L&

K 5 F 5 R RIE TR W N TR D IR B FLES A IIREE R . 8] 5Ca) Al 00, RIS PR B s 0 JR B9 AL
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ARR o ISR R TRTE A B A I T SRR B K AR B R R AL, 3R T SRR FLBR R

0.06 —— A0 0.07¢ A0

o ’ —— A2 =005} —a— A2

g 004 ooal

= 0.03 Eonlf

=19

= D002}

= 0.02 C.

= 2

2 = 0.01f

= 0.01 =

Bk ol

0 i Al 1 1 Al ] _0401 L 1 1 1 J
1 100 10 000 1 000 000 1 100 10 000 1 000 000
L /mm LA /nm
(a) BPIE SATALIR (b) WIALRFRH 2k
I N G iR XA A PSR S ik i Al
Fig. 5 Effect of different low-activity slags on pore structure of mortar
x5 WRHNILERESBESH
Tab. 5 Pore structure parameters and distribution of mortar
LM ii/(mL- g™)
H= FLBRE/% FHFL42/mm A JLfLAE /mm
3~10 nm 10~100 nm 100~1 000 nm >1 000 nm

A0 9.15 17.98 17.1 0.006 5 0.0195 0.005 7 0.009 2
Al 9.95 15.41 16.5 0.009 5 0.0227 0.005 4 0.007 5
A2 12.39 14.64 15.1 0.014 4 0.020 2 0.008 4 0.0125

& 5(b) RIAL #2078 3. 10, 100, 1 000 nm FLAEFBRIE BT 3 A&l H . R4 Kumar S50
SR FLARJE FEILE 3~10 nm BIFLBEE XM EEREAL, 10~100 nm AYFLER /N E4H1L, 100~1 000 nm AYFLEE A
KEYAL, 1000 nm L ERA AL HE 5(0) Lot thZe gk 5 alA, e AMRTEVED i N TR I, I
EEFLANE AL A RRIE G I 0 42 5, KRB ANALRRE WS TIMEA 2 1, IF H P L AR s il JLFLAR Rl AR TS
PEW 5 5 5 038 0T AR, (RIS PE B 4] (AL, A2) AH L3 L vE 4L (A0) B 3 FLAR 43 IR AR T
14.29% F1 18.57%, it 1] JLALARA> BIFRAR T 3.6% F1 11.6% . PR RIH TR W 0 N 53R K 2 5 AR 3B I &
EFL I 45 E T, AR 4 J] PRI B A Ak, i ik B AN FLAE T, SRR T B = SR AR A /K AR RR B, B 20K Ak =i
A B, AR T IR AR DB LA, (AR AR PN R FLBR S X FLAR R il AL i 3 AR . A, RIS %
WE BN, BRI T AR M FLBR, (B SR T 34FL18, B0 T 42 AIFL I 43 A Lo 3], b fLBR 45
), A RUDE T AR AL #4255 4 K ) )

24 FEHTERX
ST 2o U X S K Y S bRl o 5 S 55 1) X3, LSO R 3 i X K Ui B bRl 2 1 BE RN A R BB
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Fig. 6 Effect of low-activity slag curing concrete on interface transition zone
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Analysis of autogenous shrinkage and pore structure of cement mortar with

low-activity slag as internal curing material

DU Yuhui"?, LI Shuangxi"?

(1. School of Water Resources and Civil Engineering, Xinjiang Agricultural University, Urumgqi 830052, China; 2. Key Laboratory of
Water Conservancy Project Safety and Water Disaster Prevention, Urumgqi 830052, China)

Abstract: The pre-saturated low-activity slag was used as a partial replacement of sand for internal curing materials.
The mechanical properties and autogenous shrinkage of internal curing mortar with different low-activity slag contents
were studied. The microscopic mechanism of low-activity slag internal curing mortar was discussed based on MIP,
SEM and XRD test results. The results show that the compressive strength development law of mortar specimens with
different low-activity slag contents under standard curing and sealing curing conditions is similar, that is, with the
increase of low-active slag content, the early strength of mortar decreases greatly, but with the extension of age, the late
strength reduction of mortar is less than early strength reduction. Moreover, low-activity slag can effectively inhibit the
autogenous shrinkage of the slurry at various stages, especially in the rapid shrinkage stage and the transient expansion
stage. Under the internal curing effect of low-activity slag, although the porosity of the slurry is increased, the average
pore diameter is effectively reduced, the distribution ratio of various types of pores is improved, and the pore structure
is refined. The hydration product C-S-H gel increases, Ca(OH), is consumed, and the weak structure of the interface

transition zone is significantly improved.

Key words: low activity slag; internal maintenance; autogenous shrinkage; pore structure; interface transition zone
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