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Experimental study on performance deterioration and pore
structure development law of aerated concrete under negative
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Abstract: In this experiment, by comparing the compressive strength values and internal pore structure of five
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different aerated concrete test blocks at different ages under the conditions of negative temperature curing and
standard curing, the development law of the compressive strength of aerated concrete is analyzed based on the
(=5 °C) curing condition, and the range of less harmful pores under this condition is further clarified based on the
relationship between the pore size and the pore water; and the inherent lack of strength of aerated concrete is
analyzed from a microscopic point of view. The experimental results show that the continuous (=5 °C) curing has
an obvious restraining effect on the growth of the compressive strength of aerated concrete, and the strength is
less than the standard curing test block at the same content; under the same curing conditions, the strength and
content are affected by the air-entraining agent. There is a negative correlation between them; based on the
negative temperature curing environment, the high content of aerated concrete will reduce the compactness of
the concrete due to the increase in the number of pores in the slurry, which will affect the compressive strength
of the concrete to a certain extent, but it will cause the resistance of the aerosol to the negative temperature
environment cannot be ignored. In order to analyze the balance between the negative temperature environment
and the amount of air-entraining agent, the pore structure development law and strength growth system of
cement-based materials under negative temperature are used to ensure that the compression the strength of
aerated concrete is low and the pore structure is relatively optimized. Under the premise of finding the content of
aerated concrete under the condition of negative temperature (=5 °C).

Keywords: acrated concrete; air entraining agent; negative temperature curing; compressive strength; pore

structure
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Table 1 Fine coarse aggregate particle grading

A LR 28 i 2D IR 2% T
i fLFLAE /mm BFfiA /04 AL /mm SR/ %
31.50 0.00 4.75 4.00
26.55 7.60 2.27 21.30
19.10 38.10 1.21 39.90
15.88 52.40 0.62 60. 70
9.75 85.10 0.32 79.80
4.79 97.70 0.17 97.90
2.33 99. 50
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Table 2 Parameters of entrainment agent

JE T - S
IR 5 min JE A % W RFRE
pHE  WE/%
i /mL i /mL /%
6.3 0.67 59.2 54.8 90. 3

1.2 RELERAEL

283k Z2 YO PRI 2 B A LG, B0 IR A R bR o SR
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Table 3 Comparison of changes in vertical displacement

of system beams
K/ KR/ WA/, BT/ AR/
KM He , ‘ , ‘ /%
T kg/m?) kg/m?) (kg/m?) (kg/m®) (kg/m®)
0.38 146 381 1058 868 7.5 45.7

*4 FHMNBHELIHRFEINE

Table 4 Test values of concrete slump of each group

SIMBLE Y P& /mm PR /m
0.00 185 460
0.05 185 460
0.10 190 485
0.15 195 500
0.20 205 525

Ja BB ABRE SR 3 2= (20£ 1) CiEAT FR 4

FRE R (—5 C)FR 4 AR TAESE W5 | % IR
Bl AR o 4% B 4% B T RS BLAE o9 4t 5F
—5 CHAMHAT R AT TSR0 1 d AL,
TR SR AP W AE 3 d J5 AL (R 1 (8 90 4 57 47 31 B
7 85 O R — B, TR B 1 e S5 N g A LB,
1E—3 CHFR Y A0 rh & B 1 i AR 2 56 I
FERI 3 dJE , BUF W BE IR 3 d 5 T B 4k 2 5%
1) IR AR B 58 USRI TAE
1.4 REWARRFZE

IR B SN A TR B A R AL f
Tk (— 5 “C)FAR HE 237 W Bl 245 25 A8 F AN TR 51 =05
B (0.00%.0.05%.0.10%.0.15% .0.20% ) %}
TR BE PR IREE L4548 1 B 52 e S ARk 22 5

2 EAR I M DX B 3 52 B A% 0, AU TR B A
P, 1 3 v B RE ALK Y 5 2, 8 IR R — O
WAE IR IR R A 3 24 h, DL iR B R . TR
SERLJE , BB AT AR ST EE PR ABD AR A T
P R AT RE ke A b o AR b I R AR Ak AR 5
FEAFE] i R I AE 15 min 58 AL .

1) 5 JB 05 < AR A IR 8 + 4 B ) 24k e il 50
D EARMEY (GB/T 50081—2019) "Ik 47 b 1 57 J5 1A
TR BE 3 e bt o o B 0 o AR O 3K 5 3 E 1
i 32 471 25 A AN [ 51 20500 45 41 ) TR B el B ik AT
17 /-1 01 1 0 e e 5 00 3 (3t 6 01 91 4 A 990 B 3 4>
IR PR AT 3 I, W 3 7 L BE S LA T d o —
WA v e 3 112 d 2 17 IR ) .

2) FL&EH ;>R FH Auto Pore TV 9500 il £L 4% ] i
O FL 25 1 o a0 i o ok 330 B D R RE R T U
AR PR AR K B o R O BE S ECE TR B TR
W R 80 CHYMEAR il g 24 b, BE 5 58 U5 2 20 2
25°C. AR EFRME N (740.5)g. il 45 TAHE5E
Jei AT 4 I L ARG 0 3t R s 3 3K 0 B

2 HBWERKETH

2.1 AEFIEETESISFBERRELEBETH
I H B B1~B5  F1~F5 4 51 %5 7 A5 74 35 37



% 34

KA, F HERAB(—50O)FRPELTEARE LR SIAILEHE R XD 183

FMF SRR (—5 OFP F M4 T ARG TR B
7 (0~0.20%) , Hod, 0k KB 51 K519 3 b
JiIE2E

1 (a) (b) 43 51l A 4% 8 191 5 b 3% 40 7 20T
AN ] $8 AR B - B o AR AR A L, 4 BT AT
L, AE bR E SR 7 55 1 RN AR 2 IR (— 5 CC)FR 4P SR 1
A — 40 A TR bR SR Y 2 B1>B2>B3>
B4>B5,F1>F2>F3>F4>F5, {H ¥ # 3 4 7 =
LMK MR IRAE, MERPRET &
% i 20, K AR R T iR 28 28 d, 70 1 5 R 34 2 B
AN ) B 2 e g Kt 5, 2 28 d B, B1~B5 4t
JEOR R BT RH) T 112 d W 158 B 1 74. 5% ~
T7. 3% s FEEE R (—5 O FF P AT iR E & RAF
TEH S 50 8T 1 AR TR A B S K R A7 B
il , 28 d Bf , F1~F5 1 o Bk J & B AGR B T
112 d % W58 BE 19 65. 6 0~T77. 2% . 7 [7] #% 11 4H [
IR FNAB W, 5 22 070 I IR S5 1 TR TR 5 AL
KRR UE SR A IR EE LR 73.5%~83% , 1
56 d i, M F 51 S50 B B iR E £ AR (—5 03 4
FFF 0 58 B R R AR B AR E IR 57 A5 1F T TR BE 15
FEM 80%0~83. 2% . Al WL, ¢ Lkt ik R A BE X T
TR BRE 1 % 5 3 R R A A R AN R Y 5 e 1T 3K R A
I B 5 W) A 5 B O Jre LI A Ry b 3 SR TR O R
Tl I 4500 N LK Ar T IE A B f ok, g B
BREANGE . LigE 8 o 7o 8h g 5 R E e
Pl , BB I B 0 42 5 K A 3 43 - i 3 i AR T
L R SR — B L REAR T KA T iE g
1, 7K 53 5 K U6 UK 1] 9 Al 48 Y KRt 32 3105 e
AT 8 T 7K U 7K Ak o 3R ) BRI, 2 5 3K f i 5
P TN ISR RN EZ — ik, 2
5 2 970 R 5 ) 3 43 7K U 3 A Rk B4 L B R K 2
B 25 LUK, () B R D T SE PR 2 5 K Ak O Y K
O3 XA —E R EE LS 1 KAk RN Y R AR
e 28 52 W0 7K e b R 5 B R R

PLAE 7 d 400 43 DU R 0, gk A R SR 4 A5 0 AN )
SISMB NS  ARMERPFM0T KRBTSR
Lm0 IR ZH B, 28 d VR BE 0 o R 5 R
#0.05%.0.10% .0. 15% .0. 20 % VR % + 1 1 38 B
M 1.19.1.37.1.75.2. 38 4%, 56 d % A Bt e 5% & 43
S H A A P R R A 1.18.1.37.1. 74,2, 38
s R U (—5 O FR P 44T, i1 9] 28 d ¥ TR
W 0 P R SR EE R AL 1. 22,1, 55,
1.98.2. 53 4%, Al FE , 7% 1 56 d B 4T 1 588 5 43 1) X
Ni1.15.1.38.1.73.2. 324% . Ty &4 T ,28d

40
&
=00 e
B A
2 s R
y r Lo e
B8 ; "/-‘ /.”' R i
- P4 o
Y r_',—
10+ "../" —=—BI B2
— 4 B3v- B4+ B5
28d 56
0 . , )
0 30 90 120

60
A/
(a) BRifEFRI 261

- —=—Fl-&-F2

28d 564 —4A-- F3-v- F4-¢- F5

(I) 32) 60 9{) ]é{)
i Hd
(b) i (—5C)FRP &

B1 RBEIMERESSISHTBEXRME
Fig.1 Relation curve between concrete compressive

strength and Air-entraining agent content

%W, F2 41(0. 05 %0 )M B %45 1 1) 56 ik o) i 4 58
JE R 17.8% , 1 F3.F4 F5 441 % 51 < 5 15 & 1
T 0.05% J& , AH & RT — 4l B 5k TR R 21.4% .
21.6% .21.8%,56 d B, 5% & AH X 3% fify % B 41, F2
H(0.05%)%8 B F & 13.1% , 1 F3.F4.F5 451 K
16.4% .20.5% .25. 3% , #HXF T 28 d #% 1] 2% 41 Fr Xf
N5 b F2~F4 & 4k B R [ 48 8 5] <)
X e ) A S 4 P ) S — R T T RS s A v
FA AT ,28.56 d B IR, BE & 51 S0 5 B Y
i, A X B X 4L, B3(0. 10% )5 # % 13.2%
F113.5%,B2(0.05% )R Z , M X B3(0. 10% )4 , ik
He B4(0. 15% )58 £ N BE &8 I A%, M1 (0. 20%0) Bl & 51
SRAB BN, BS SR B R R R B, L b iR
FAP ARSI R B o 0. 05% 0 F 2 20 X 58 13 & A
N MAEARHE R A B T 5l AR B R
(0. 1% )% B3 2H 58 B 22 5% W /)N

RN OELE i I o W A el T RS Wil k2 =8 U S
LGN B S B SR AN A bR I SR A S ik
S BT A5 A X A AR DG M 5 3 e X LR [ 3R
J7 AT AL, PR R B T 2T TR B e R S K A
PR R R A, B A I AR BE bR
SERFEE P AT A TR TR A iR R KR 51
5 0 8 22 G TR O - e O R R R S A ) S
TR EE P R X B | SR 4B R 00 38 0 32 ¥ ek



184 K5 xR ¥E AL FROP FE L)

AN KR O 22 Ry S AR B T IR BE A R
LN T BB S KA W Y T A R R 3
TR BE - B LB A0 R, AT R0R 3 5 TR /D 5 T A A2
B fif 2, LB B T S 5 7 A B B4, BT
Wep AL TR R A 110 e AR 3

TE AL BE KBS He AR 8] 19 25 48, PR B8 37
ik 2 S Ay e — 5 i) K Y K A BB Y T SE TR R SR A
ik JRE B AR, 300 7K A S B A i e i JRE I AR, K
2 T 4 g, KA AR B A2 B BRI . # A
SURIE TS AN [ B RE ST 8] 266 25 5 A8 2 L DT R
A7 7K e b RE R S R 4 R 3 5 B A I I A 1
Ko, G T R BE AN A R) A By el L B
M g JBE 14 1 AR, i1 31l 2 A ST X — ML

o3 A 2R AT A A IR BE AR AN R R A A
PFT 5 B0 B2 [ R A7 A 22 5, 1 UM 5T AR
/NS 38 22 SO, 7R A [ B0 35 v i 45 6 A [ 19 4
Mo TEARUESR AT IR BE T 3R B AP 2% 2 2
PRI A 0 R B 3 2, TR B b N AR A AR R Y AL
Bt o AR SO IR AR T SRR A ) 5 O iy
KA R g A AR R R T TR BE AL B AR R
PR 2R 3 [l i A L 78 RO 2R PR L BRAR K AR B AR
X G B TE R EE AT, BE A 0 I A BTG, K A
N Al S 2k o SCERTL2IHE % BT )5 09 R 4L
HRBELSAEXRANEE NS RPHEA K.
XA T AR B 5k — S B BeR L IR BE R
P 32 B RO R B A A, T SR 4B RS
REES D E TEAE .
2.2 AEFPEBHTEISHEBESKERLI
S AE

AR BE LA TR I R R B BN S T SR b
TR BE T N AR A rh 7K A8 78 23 R K B g, I 7T A R 25 7K
4 22 A K HE A HE b T K 7E 45 UK 23 B2 K, 24 o
B, R K 25 32 B BH A5, DA T K 09 pK R & A AR
Ao, 18 IR 5 B4 s 5 S T AR AR T 25 o A A BN T
77 e [ 20 g B2 T A B R R T R R AU
JIr LLALAR R/NAS TR, 7K B oK s AN ]

AR A 1 A5 2 A FLAR 5 L B K Y PR ROG
F N AT RAG K 1 UK s — 5 CI X R FLAR A R
AN R

20V . T,

6L=T, —27315=———""— 1
=T, N (1)

¥R 580 A (1) R SRAG KW 7K &R
— 5CHHLAR AR R/ R 24, 9 nm (A2 49. 8 nm) .

TR R, R gl (—5°C) %
PA&MT S HA/NT 49, 8 nm i, FLER 7k £

% 46 %
x5 HESH
Table 5 Calculation parameters
4/°C T,/K o/(N/m) V,/m® AH,, /]
—5 273.15 76.14x10°° 18x10°° 6.008

R MK I o th SCER[21 1A 305 Vi 5 A, i SCilk[22-23 )15 31

WA, I A 22 B85 0K, 31X B AR KR 2 5K A RO,
1M 24 FLAR KT 49. 8 nm W, FL AR H 3 73 7K 8 R 45 A
vk, TCuk B 2 5 KAC RO o 2 5 rh A AE R LAY
X EARETOELL.

it 391 2 28 d I A LA 20 A 4R Sl 2 B &
K2 s

0.100+ —a— Bl B2
*e —4—B3—¥—B4—*—B5

0075
)
E
& 0050
*®
S o)

00251 jou 4]

0,000

10' 10° 10° 10' 10°
Bl L4%/nm
(a) FRUEFRY 551
0.100 —a—Fl-> F2
—A4—F3—7—F4—+—F5
0075
o0

i
E
£ 0050
x®
LS

0025}

0.000 F

00 49810 10° 104 10
fLiE/mm

(b) fR(—5C)FPr 414
E2 SSRELILENTS
Fig.2 Pore diameter distribution of gas-bearing concrete
HY 1 2 Ca) AT 1, ¢ 2 67 3 7R 47 (— 5 °C) Al A 1
FEP AT L ] JLALAR BB 51 S50 8 5 3G i %
B SN B R AR 3 BRIEFRAP SRR,
Bk 0.05% 1Y B2 AL fL1&2 0 A e i, e vl JLFL A&
10K 26.27 nm, J& T/ FEAIL R T EAMHR,ZF
BIsI AR BLA X AR 2 Fol JLILE N
40. 28 nm, J&@ F /> F fL 3 BB, i At 41 FL AR o AR
k45 % B A B1(40. 28 nm) >B3(50. 38 nm) >B4
(62.54 nm)>B5(120. 70 nm) , 5| K5 & K T %
F0.10% J5 925 41349 1 B0 [ B2 B 45 4k, L BS 41
S AR B o
B2~B5 4 B4 &8 0.05% , i ] JLFL 12
SO AR B 0 A LR K A, B3 B B2 4 i T L
LR 24. 11 nm, B4 | B34 4% K T 12. 16 nm,
B5 % B4 £ $# fin T 58.16 nm. A b X B4 L 48



% 34

KA, F BHEAB(—S5OAPESTAARE LR LILEILEMEEANEXLFR 185

W

0.05% 515 e vl JLEFLAR IR 2> T 34. 7% 551 <R B
R0, 10% B, e al JLFLARRE K T 25. 1% ;51 < H
BN 0.15% B s fe al JLFLAR R K T 55. 3% 551
FAB 8N 0. 2% B, e rT JLFLAR I K T 200% , ik
B B4l A, B 5N 45 R B, AR L e TR
B+, B AIREE R AL o B A T RO B A
b HBI S FB L 0.05% J& , &8 5 748 Ry 1)
J A5t o

FERFEE R SR ST S A ] JLLE Y
KT bR 35247 55 10 X Ry 4 d5e v] JLALAR , 20 )3 K
T 74% .91% .140% . 141.6% .135.4% . @8R, 4%
MRFLAR R 4y, SR SR 9 25 1 5 A s nT JLFLAR 3
A E AL, H b F3(0.10%) . F4(0.15%) | F5
(0.20%) 34 0 £ FfL, 45 4 v] JLAL AR AR fb B A
ShREFR YA T AR R A L, B SRR 4B R
FR 380, B oE SR R 4% 4L A L AR AR Ak R A ok
—35%.92% .24% .92% ; A il FF 4 T & 4 5 L2
AL R K —35% . 140% .25% .88% . AR &MFF
FHNBUFEREZHERBAY B RERO0.1%
B AR SR 40 2 T AR R 22 R K, B 2(b)
W] Y, 2% 2 FL AR S A1l 4 06 1 %65 7 149 o 7T JL AL
B KT VK R —5 CHE KA FLAE 49. 8 nm, FRR K
E T 97038 BR B 35 40 0 FLAR 23 A 3 A Y S R 2 Rk
F 51 A5 AR Al o 19 5

O SR S5 FIAR HESR AP 2608 F IR B 19 fL
B FBE 5 5138 B ARk & 3 s . 7EAR
WEFRP AT, BI~BS HAs | KA BENIRE LA
FAL I 2 E AL N R AL R B b 2 R A R
51.51%.32.64% .60.06% .72.93% . 82.98%, #¢
ANBMGIEF A ST, B R4 4 88 A fL IR
50% MFLJE TAH FIL w8 g <HE, AW E
M A EAL R ZFELL S TR T 18.87%  {HRf
HolR B Rk, fLaE 5 R kA AR
HE2I BB, A FAL k2 F LA afLR R
L B8] 32 i 44 n i) e # L 7E B5 (0. 2020 A A AL
H5ZFEI G2 MER T 82.98% , Hih A EH AL &
ik 48.32% .

RS (—5 C)FP &M F1~F5 H 4l
FIAGB IR EE + A FAL 2 EAL A AL IR
(9 F 6] 2 F0 43 ) R 75.24% . 58.62% . 80.23% .
85.11% .91. 65% , #H Lb AR HE F2 4 5 1F B4k B F+H T
1.46.1.80.1.33.1.17.1.101% . HEA KL E
o7 b Z FUg e I B S AR E SR AR A L,

B >200 [ 50~200 20-50 <20

32.87

18.93

100 -
B I

8

=

I

% 41.34

X dor

P |

N
27.07
12.87

0 0.05 0.1 0.15 02
Ba%

(a) BrifEFr I 26 1F

B >200 I 50~200 20~50 <20

] I I
25.39 I
17 o1 i 13.48
6.29

8 3 3

FUBARL /%

1)
=]

9.58

’ P e "
(b) ik (—5C) Iy 44
E3 aSBERELTFAERLGE
Fig.3 Proportion of hole volume in aerated concrete
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