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1.1 JFEiH

ASCAE AT RHELA 250 . KA P-042.5
YRR HKYE, W 3.11x10° kg/m®, 40 6.8 %,
HEHFE K B 27.25 %GR BIAR AR FE KU 1 i FH K &
KMz ) , e ta s, 1% E 158 min,
LRI 18] 270 min, KERE 3.1%, 3 d PUEIEEE 26.8 MPa,
28 d PrIE5ESE 47.6 MPa, 3 d Pidfrok/E 5.2 MPa, 28 d it
YTz 8.3 MPa; Ry BEACHL WP A RE T 3 T 4%
MK, B EERFR AR 1. B 1 5B F R & R
5o R moRi i th 2, Ao R A, R0
EIEN 2670 kgm’, HERIEEAN 1650 kg/m’, FEE
0.37%, IEWAE 3.7%, ¥ AR & & 3%, RiARTuE A 4.75~
19 mm, FURLFECUE 1a i 48R AT RS FI R YD,
KRN 0.075~4.75 mm, KFRWEENFE LKL
Wt EAR SRV EE, AR R B AR e 1 2 i R R 2% i
WK 1o fioc. iER EEBEASEHIE 2, KD ER
ORI 04 20%- 30%- 40%IN; 4 240 FRH ) £ FEE A %
AN 3.00 2.50 2.0 1.2; #EAHAKCRNEEERK; W&
IKFFR BRI BER sc-40 B ROk #); 513570
SJ-3 Bk S

R OPRRIBLIERR
Table 1 Physical and chemical properties of fly ash

bekmm e TR
JeE Specific fRAKE B Scre/e\niri HE SO EE
Ignition surface ~ Water Density/ € Content  SO;

loss/%  area/ demand/% (kg'm™) (ggiﬁl:;}y of micro content/%
0

(m*kg™) beads/%
3.05 354 97.2 2150 9.7 933 2.1
e RAPFE SN E L
Note: Percentages in the table are all mass fractions.
S S
lé 0 *qé 0 \ 4k Fi Treatment
N &2 W U830
i § 40 8 40f\N\3 e 00
&5 %5 RN S-4
9 60 g 60 RN
] 8
== eyl
&%= 80 8= 80
g g .
2% 375 95 6 10 2 'O%3ETTE 236 XA
iti L EL A% 0.0750.15  fHdL 4
Sieve diameter/mm Sieve diameter/mm
a, ML BT b. A RLBE

b. Fine aggregate particle

a. Coarse aggregate particle
e Bl S-0. 8-20. S-30. S-40 4 RTINS BALFEH 0. 20%. 30%.
40% [ IR EE LA k.
Note: In the figure, S-0, S-20, S-30, and S-40 represent concrete fine aggregates
with aeolian sand replacement rate of 0, 20%, 30%, and 40%, respectively.

B 1 AL L 20 g R G SRt 2%
Fig.1 Gradation curve of coarse aggregate particles and each
group of fine aggregates
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Table 2 Main physical and chemical parameters of fine aggregate

ke RAEE IR BIKE HERL Sl o A AETER MREAGAYEE
el . . . T e & Lo
Type Apparent Fineness Moisture Bulk Sediment Clay lump/% Chlorine ion Sulfate and sulfide
P density/(kgrm™) modulus content/% density/(kgm™)  percentage/% Y p/7o content/% content /%
1wl
M.;F’\I/ 2584 0.72 0.3 1579 0.41 / 0.025 0.37
Acolian sand
bR
. 2576 291 22 1790 3.48 0.3 0.290 0.40
River sand

T R E S L AT A AL
Note: Percentages in the table are all mass fractions.
1.2 RETREEIT

DRI FEA [F] KA D B (A G 45 R, [R5
JERFRID AR A B vy, IR R B B AR K
T 40%Ja, IREEPURSREITIE N, I ARG
w4 H IR L R PR S 1 s Khay 4571 4% 1 AN
WA AR B EE L, a5 RRINRID BN 60%If
il 46 H TR L B0 & P TR T Seif AW SR IR
VB ESRE LR R ARR, HRREEX 0.99, [N
RSB 8 KT 60% A5, TREET A 5 1 B BFEAIC. 1E
FRIX AN I G S R T ATOWRN 250 2 A F BEREAT 43 #
Cyr S e R iR,  UTEIREEL P ia N> B o
RLEH RIS CANAHIE 7 (I RABDRRL) , RAREb I 2 2
xR B 5 A SR AR, > B S R KR AT
PABR iR e BT, T R KR YD I U £ L UAH 2
s AR b RARID LR IR, KRS B AR 8
SAE TR ERK ISR RIEE N, A FKIR S T~ S 80
PR BRI e LK Ve B AR AN AL, 3BT 51 AR R ok

T FsER RN T AR R R FF o

DR LA AT 78 R AR B (7 30 VR g = B W BB G
WARAE)  (GB/T50080-2016) PO KRN 0.4, b
7035, RS EARN 0. 20%. 30%- 40%F] 4 FiiE
g, BT R ERRAR B . IR R, WK
PEZE, BT DAH K& AR T ARV 15 Bk 2 (R e 14
AWK, A BT R R A K BLE K
W B KRR 3 78 7K BT SRATAE, AN A 3R AR AR 1
A BOFE Y, RS BN T DA IR e - 8 A 4
KL E K, X R R R L TAEME,
Uk 4 2R R -3 VA FE B RAR Vb 15 s 1 i ek, 4 4R
AR 1 35 VK FE Bl XN VD 45 5 1 0 i B AR AE 2 K T
100 mm G 2 €230 VR gk - P AN I BRI 5 1 bm vt )
(GB/T 50080-2016) 3R ) . ik 5 B A 24T fr o i
USRS CEmIR R AR B T bR E)  (GB/T
50082-2009) PIxf IR BER AN 3 4L 5 R AT IR
55, 28 d SRS 5 AR v 200 A R R
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Table 3 Mixed radio and performance of test concrete
- ENGLEE Y]
y Eliawil 28d K5
; ; b " T s 3 . . 3 NN
A ok omw CPP me e wkn ar aam meg URENR ki385
g . Aeolian . .. . Compressive .
Cement/ Water/ River sand/ Gravel/  Fly ash/ Water-reducing entraining Air content Slump . 28 d splitting
Treatment 3 3 3 sand/ 3 3 . . o strength at different .
(kgm™) (kgm™) (kg'm™) 3y (kgm”) (kgm”) admixture/mL admixture 1% /mm - tensile
(kgm™) times/MPa
/mL strength/MPa
7d 28d
S-0 400 200 595 / 1105 100 45 2.5 42 119 27.0 374 2.86
S-20 400 200 476 119 1105 100 45 2.5 5.0 115 26.2 419 2.94
S-30 400 200 416.5 178.5 1105 100 45 2.5 42 109 29.0 39.7 2.92
S-40 400 200 357 238 1105 100 45 2.5 49 100 28.2 39.1 297
1.3 R®AHZE BRL 1) 22 A8 b ey YR B - 3R ) N BEAT, AR ERT TR

AT ST, VR RGP R 56 AR A 1R 56 0 i ) VR
+ R E B HL (TDR-16 %) AR %k + 5 1k i 56 48
(NJTH-B) o 4 8 TR e K T BB AR At A ik 6
J7EERRME)  (GB/T 50082-2009) FhrebRyzr ik AR ik - B
WARZEHEAT B R B TR AR PR K B T B I [ S
I A, 0 % A b A A A A 14D R0 B A A
NT WS 2 M EAER AR, W58 %i 2 T
B, EARGEAT LA 2,

ClCc2 C3 C4 Cl C2 C3 C4
F1F2 F3 F4 F1 F2 F3 F4

036913 19 26 38 52
I ) Time/d
a.F-C

s F-C RORVRRIMEI -GS s C-F RORIRA-RRMEI RS ;s F RoRikmt
PEAAER C RaRBRALMEA; 1. 2. 3. 4 Fon A% FI. F2. F3. F4 1)
RARIEPR U A 25 TR, 25 3K, 50 k. 100 K. R

Note: F-C stands for freeze-thaw cycle-carbonization test; C-F stands for
carbonization-freeze-thaw cycle test; F stands for freeze-thaw cycle; C stands for
carbonization; 1, 2, 3, and 4 indicate the number of cycles of the test process;
The freeze-thaw cycles of F1, F2, F3, and F4 are: 25, 25, 50, and 100 times,
respectively. The same below.

B2 24 ol iz i e B
Fig.2 Figure of two condition test process time

2 HRE]R

FREMKEMBEX MRS

PRI AR VR A T T A O R AT D S B R A SR
TRITEFESE, AT 2l P A B 1Y) 3 ek mT DA B TR o 1 7
RGO R B RIE O, B 3 258 2 F AL 4
TREE TR R B KA S AR R AR . BB 3 K
P, 4 PPREELAE 2 B oL R ESUR RS2 FARE
e, X BB 2RI B R BRI, 4 FREETE
C-F WA SZ AR BUOR T1E F-C WA SZ AL R EL R
TRV BAARIN P B bk 2, Aot 2 450 2% ZE FAH X 3
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BARERES N 3.7%. 3.3%, X s a4 5l
94.0%- 95.2%, M S-40 JE&E+1E 2 Fh THAE G it /=40
RKEHN 1.5% 0.7%, X5 E 518 97.9%.
98.2%; A5 F 451 2% R AAE X Bl g PR A 2 I 7R 7 R A A
WEBWECR, EAEREZIA KR & Al 57E
53 I BRGNS 5 AR, X RN
TEIRES, TR e 1 P 30 AT VR K 25 UK IE AR K, FLER 45
MIZZ I TR E RAE R, T 2 CO, @ity

036103 20 6 40 %
I Time/d
b. C-F

2.1

IR IZ KA T4, D] L 2 R A1 A X Y e - 36 ol ) 453
BIRTRACAE R, Jesh, IREELAE TS F-C AR
XFE IR FEEE S C-F Lol Z, W S-0
f£ F-C 00 ik 6 45 R i 1 AR T 3 3 4 8 R B T
5.9%, TAE C-F Tt SLIR 45 s AR sh 3k T B
T 4.7%, BRI LAIESE, SEREAT i s v LU
SIS, RIZFBACIEHIZE R CaCO; 21 iR Bk
TS, I TR SRR RME G R R

LB
Mass loss rate/%

a. JFRHR
a. Mass loss rate

O O OO OO
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Treatment
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PRI BE Test stage

Relative dynamic
elastic modulus/%
~N 00 O O

X B A

KK B B Test stage
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b. HF B A

b. Relative dynamic elastic modulus

. Initial: RN THHART, TR
Note: Initial: Indicates that the specimen is in the initial state, the same below.
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Fig.3 Mass loss rate and relative dynamic elastic modulus of
concrete under different working conditions

IG5 IR RE A 5 MRV 15 B 2 R e 1 5
TR SR AT X 20 3 2 A B2 A i 58 155 3K 3 Y8 e A EL W
RN, W0 S-0 fE F-C LOLME 3 AN P iR ks A 4
P PR BUR RGN 1.0%, FHX B3P R AR 1.8%,
1M S-40 £ F-C TOLHES 3 A h R A 11 Y s o &
BURFIGIN 0.6%, HIXF SRR T 1.0%, XK
Ja SR AR P RO 22 KRt 22 T A A A A A
ANFRECE, R AR I Py 4G ) B SH T A 57
HBAZ AR U, AR YD BURDRLAR 2 /N T @ b, £



164 Ll THE2AH (http:/www.tcsae.org)

2019 4F

TR LR FE T, XERVD LE RARTT D T8 5 ik N iR
P 22 FLEE R, T2 (5 PR 50 4 ) 50 5 v 2 VR e 1 % 52
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Rl PUbRALBE S A 3 ARSI B .
2.2 HEHAHIR

IR, #ZREFEHR (nuclear magnetic resonance, NMR)
B AR RAF TR AEE LR 5 W A 8071 e R
TR AR IR AR AN, IR 45 SR o 0 T s
o TERZKMTWAGE, 205 F MR fL K
4, NMR G I K A SR 2 AL R
FLBR AR, T DASKAS SRR AN FLBR /> A7 25 2 505

Kl 4 A& HRFLRE R . i 4 RI, B
D B AR K AR (1 B 8 n, LB BE B S B,
F-C Tl 4 AR EE L M)A FLBREE 2 08 1.8%- 1.7%-
1.6% 1.2%, 4 ZH AR FL B FE 3 76 VR LA 25 ) 38 i BH 2,
MAERRAAE F JE AR, ARV 45 5 2 LI R h 22
AR /N, X 5 ST R A R AR T 2 A AR A
—8, PR RIS AT, RERE IR AR TR R K 4
FH 2 A VR 5% - P 30 5 K BECRELRES , S5 Ak 1) s B0 O 8 ok
T, s RALBR N, fEmLE AR C-S-H Bk
2 B TR F i 0 7K P AR BE SR AR AR (R K B R, AR
2 SRR W FLIR R NPT, By LR B M Bl
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Fig.4 Porosity change of concrete under different working
conditions
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Fig.5 Four-component pore distribution under freeze-thaw
cycle-carbonization coupling
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Effect of aeolian sand content on durability of concrete under
freezing-thawing-carbonization coupling

Shen Xiangdong, Zou Yuxiao, Xue Huijun, Li Genfeng
(Water Conservancy and Civil Engineering College, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract: China is one of the countries with abundant reserves of acolian sand in the world. Aeolian sand is widely distributed
in North China. If the material can be taken locally in the construction of the project, that is, the aeolian sand can be used to
replace natural river sand as fine aggregate to prepare concrete, which can not only promote the development of the
construction industry, but also slow down the sand damage and benefit the environment. According to the actual service
environment of concrete in the agricultural water conservancy projects of cold regions, the river sand was replaced by aeolian
sand, and the concrete samples with different acolian sand substitution rates were prepared. And they were used as the research
objects for the freeze-thaw cycle-carbonization coupling test. An analysis was conducted on the damage process of aeolian
sand concrete under the influence of freezing-thaw cycle-carbonization coupling. The relationship between the pore structure
evolution of concrete and its durability was discussed by nuclear magnetic resonance instrument. The internal damage of
different treatments concrete were analyzed by measuring the mass loss and dynamic elastic modulus of different periods of
concrete. The test results showed that under the condition of the same number of freeze-thaw cycles and carbonization time in
each test cycle, the damage caused by freeze-thaw cycle-carbonization was greater than that of carbonization-freeze-thaw cycle.
With the increase in the number of freeze-thaw cycles and carbonization time, the concrete mass loss rate significantly
increased while the relative dynamic elastic modulus greatly decreased; when the replacement rate of aeolian sand increased
from 0 to 40%, the initial porosity of the concrete decreased, and the mass loss rate and relative dynamic modulus change in
the test decreased. So the porosity of the concrete could not be used as an indicator in this test to accurately evaluate concrete
durability; the pore distribution of concrete at different time was measured by nuclear magnetic resonance technology. The
internal pores of concrete were divided to gel pores (0-0.05 um), capillary pores (>0.05-1 um), less harmful pores (>1-10 um)
and more harmful pores (>10 um). Through the correlation analysis between the evolution of four kinds of pore proportions
and the porosity and the relative dynamic elastic modulus of concrete, it was found the proportion of gel pores and less harmful
pores in concrete had a dominant effect on its porosity and relative dynamic elastic modulus. When the ratio of gel pores to
less harmful pores was 5 - 25, the change of the relative dynamic elastic modulus and porosity were not more than 1%; and
the change of the relative dynamic elastic modulus and porosity of the concrete were change obviously when the ratio of gel
pores to less harmful pores was 0-5; The addition of aeolian sand improved the pore distribution of concrete, and the aeolian
sand concrete with an aeolian sand replacement rate of 40% showed a good resistance to freeze-thaw and carbonization. This
study can provide a basis for the research and application of aeolian sand concrete in agricultural water conservancy projects of
cold regions.

Keywords: concrete; durability; porosity; freeze-thaw cycle; carbonization



