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Research and application of high frost-resistance concrete
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Abstract: [Objective] This study is to acquire high frost-resistance concrete used in cold northwest ar-
eas. [ Method) This paper macroscopically analyzes the capabilities (compressive, tensile strength and
frostresisting property) of concrete with different W/C ratios and admixtures. Aiming to acquire high frost-
resistance concrete,the research not only optimizes the volume of admixtures and fly ash,but also provides
a good mix proportion of high frost-resistance concrete. Through measuring the slump,air content, strength
and frost-resistance ability of this concrete,the paper testifies its practicabilities for application in hydraulic
engineering. [Result] The study consequence revealed that,based on the W/C ratio 0. 45,added 0. 2 g/kg
air entraining admixture,5. 0 g/kg water reducing admixture and 200 g/kg fly ash, the concrete has good
compressive strength capability 33. 8 MPa, high frost-resistance ability 300 times. Through testing applica-
tion of this concrete in hydraulic engineering,the practicabiliyies satis{y the demands of concrete C30F300.
[Conclusion) With the W/C ratio 0. 45,adding 0. 2 g/kg air entraining admixture,5. 0 g/kg water reducing
admixture and 200 g/kg fly ash into ordinary concrete,its strength and frost-resistance abilities fully satisfy
the requirement of high frost-resistance concrete which is applicable in the construction of hydraulic engi-
neering in northwest cold area.
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Table 1 Main indexes of La-Sa P. O42. 5R cement
5 45 B [H] /min PR 5 i/ MPa o i £/ MPa N
Setting time Compressive strength Bending strength a4/ % TGEAE G )
V] 5k (2873 Fineness Soundness
IR kol 3d 28 d 3d 28 d 8 (Boiling)
Initial setting  Final setting
150 260 30. 4 58.5 6.3 8.8 8.8 &M Regular
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Table 2 Different W/C ratios mix proportion of concrete based on the volume 0. 3 g/kg of air entraining admixture

KK LG W/ % IG5/ (kg e m™) K/ (kg e m™*) KR/ (kg e m ) giEKE/ (kg e m ) HEER/ (kg m™)
W/C ratio Sand rate  Air entraining admixture Water Cement Fine aggregate Coarse aggregate
0. 40 30 0.113 150 375 578 1 348
0.45 30 0.093 150 311 600 1 400
0.50 30 0.084 140 280 609 1422
0.55 30 0.076 140 255 616 1438

1.2.4 it ak#BEeysme @855 f ok
FB RIS A 2R S PURE R IR EE LS
Fb o H R 3 L K U A i R B AR K, S B TR Y
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Table 3

Effects of different W/C ratios on concrete capabilities based on the

volume 0. 30 g/kg of air entraining admixture

28 d i JF /MPa

AN [7) VR il O B 3 i e/ 06

Elastic module of different

N Tr) O ) 2R R

Mass loss rate of different

) R AR/ 28 S .
KK H:‘ BHEE/ &5 Eﬂ/A Rzg strength freezing-thawing cycles freezing-thawing cycles
Ww/C mm Air — — o
ratio Slump content B 5 )52 B L5 52
Compressive  Tensile 50 100 200 225 50 100 200 225
strength strength
0. 40 70 4.7 38.8 3.7 94. 3 89. 8 82.2 69.7 0.8 1.5 3.9 1.7
0.45 75 5.1 36.5 3.3 95.5 92.1 90. 3 87.1 0.5 1.0 2.8 3.4
0. 50 65 4.5 34.3 3.0 94. 4 90. 8 80. 3 70.4 1.8 2.6 4.8 6.1
0. 55 60 4.2 31.5 2.7 93.9 88.4 76.8 — 3.2 4.7 5.8 —
F4 FEASISFEBEIRELEEENZ N
Table 4 Effects of different volumes of air entraining admixture on concrete capabilities
SR 28 d B L/ MPa B
(g kg b N P Ry strength SRURBIKE yepepen v gemn/%
Volume of air YHi B/ mm & U/ S PR e i Max number of Elastic Mass loss
- Slump Air content KL iR > ILALER B freezing-thawing - oo
entraining Compressive Tensile cyele module rate
admixture strength strength
0. 10 55 3.6 44,4 4.1 200 89. 6 3.9
0.15 55 4.0 41.6 3.9 225 83.7 4.1
0. 20 65 4.5 38.5 3.6 250 85.1 4.6
0. 25 70 4.7 37.0 3.4 225 85.4 4.4
0. 30 75 5.1 36.5 3.3 225 84.1 4.5




226 PHALAR MBI 22 4R CA R B O %36 &
2.3 EAKFIZEEXE R LIRS FEREAE /K e i A28 1 DL T Wb K B DT 5 2 e

REE PR S SR EA K 0mH5IE
e B RKOR LA B e R W SR B
KR IS R TR LR . A
WF5T 2B, VR BE 135 3 28 d 1 AR, 2K U8 /K 1k Ik
AU KRR 20 260 T 2 43K 43 K 22 DA B4R
BAFAETIRBE LB 25 1R B 10 B0 ok v 4
JEH . PRI S RS KO B Lk 2 K T LA DR 2 T g
+as B i B A K A B IR B BT OR R RE .
P 2.2 WIAESR S R AT AL, KK Sl 0. 45,8 A
0.20 g/kg BIHI GG » 050 23K 2 Pk 55 96 F300
H s ol LR R AR K H ) . B IRK R Eb A
PR 7K B A28 in KK e 5 55K U 2 AS 728 3
DK R 2 Fdn k. mE A B K e 7 K e — . K
U FH ARG, 7K S5 25 Bl 22 18 o DR O AR 5 3] B
KK L B, B2 K i ieAs , — AN BR
L Ja & N E RS £ PR T AT dr k.
TR 7K ) 2 ek 2 YR ¥ A K e e TS R A

TR LG B Y 8 B0 32 TR e E PR e AR .

HH 2% 5 AL ZE K Je FH o DA AN AR 5 i AT 7K
F AT ek 2D B K TR BE A SEBR KK BRI s £ 51 <)
B — WL oK B E R E SRR A
K AR TR B - ) 5 B2 B 2 DK R 48 B 04 1S 0 32 T 1
K. HWoKkF#BEH 0 g/kg #mE 5.0 g/kg B,
IRBE T MR AR iy 38. 5 MPa 34 K% 41. 0 MPa,
HUARWECH 250 WA = 31 300 WK 2 5 Bl 4 Bk 5
B R R IR EE 1 1R ARt A R R R (HR
1 e KPTUR IRER N WA 1S m . 332 PR R A9
IRFVIG S FHK Bk 20 o T B 1 1 %% S 34 s Py 3R Uit
A K A mm R DT B T TR B R Y SR R RN
U BB R 0K R oK B A R Y L R
Bl — 8 A K D AR RIHE L BT LB R BSOS T
B . R R WK R SRR Ol 5.0 g/kg, Uik
A ViR BEE 1 5 B 3k 41, 0 MPa, £ 3% 48 33 % i1 C30 2

£ 5 AREBKFEE X RE L 1468 R
Table 5 Effects of different volumes of water reducing admixture on concrete capabilities
28 d 58 FE /MPa T

W SilEZ 3 e K5 IR \ PO . .
Rt S S PO Ros strength SORRIE i) o) ki / %
(g+kg™H HW/C W& /mm  &5EH/% - = T Max number of Elastic Mass loss
Volume of water L Slump Air content ‘%Lg‘gﬁ})f *fb?ﬁgﬂl‘_ﬁ))‘ freezing-thawing e ass 1088

. : ratio Compressive Tensile module rate

reducing dmixture cycle
strength strength

0 0. 45 65 4.5 38.5 3.6 250 85.1 4.6

2.5 0.42 60 4.5 39.7 3.7 250 94. 3 2.8

5.0 0. 38 60 4.7 41.0 4.0 300 91.4 3.9

7.5 0. 38 65 4.4 43.4 4.4 300 85. 6 3.1

10. 0 0. 38 65 4.1 43.7 4.4 300 95.8 2.1

2.4 MEXRBEFERE I EHEENSIE
AMGEERNEBEE LT BNE RS S
GBJ146—90 ARuEM) T . 1T ek IK . H B — K
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Table 6 Effects of different volumes of fly ash on concrete capabilities
28 d 3% J&F /MPa o e
BIIBR KRIE g SR/ Y Rys strength BRGBUE g g/ v
1 < % ¥ /mm . ——— TN T Max number of " i
(g+kg b w/C Air BiF o Bt i o pE . . Elastic Mass
. Slump . ? A freezing-thawing
Volume of fly ash ratio content Compressive Tensile cvele module loss rate
strength strength v
0 0. 38 60 4.7 41.0 4.0 300 91.4 3.9
100 0.42 65 4.6 37.3 3.6 300 90. 3 2.7
200 0. 47 65 4.5 33.8 3.4 300 87.6 3.6
300 0. 54 70 3.0 25.6 2.7 200 84.3 3.0
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AR TR R e B0 R R iR A B R K B R Y
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5 UL AT W% B — 5 i B8 S0 0 580 . BT 8558 1 A0 i 56
AR FHZBOR B AE — 72 A S 1] PA o JE %o Jie 6 £ 1
PUARPERER W A . 45 SRR B K ) 12 8 1
I 200 g/kg WF KB HE AR5 0. 45, 7KK HE 3 R 5
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0. 47 IR &E L 105k BE 1K ] 33. 8 MPa. i KT
Fil & 300 U, REAE W L i PR IR BE £ 2R . ik
TR i DL PR AR B LB K B 4B R EL R 200 g/kg
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Table 7 Capabilities of high frost-resistance concrete
BURE 5 = 28d Hit FE 5 &/ MPa I R BRI EL PR R R/ REH/ %
Sampling mode R2s compressive strength Max number of freezing-thawing cycle Elastic module Mass loss rate
35.4 300 86. 6 3.9
1 36. 2 300 80. 3 3.7
35.9 300 80. 8 4.1
5 34.5 300 75.8 4.3
34.9 300 78. 4 4.2
3-6.
A gk \
- e [5] o 51 5 9 59 %% 04 2. K iR 0 T AL DL/ T 5144 —
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2 Bl B 35 A Ak e R L a2 Ah Ak in ] Y
HAAVER . A Reug Bt m iR BE B i

3) C30F300 & ¥t kWi B - Be & L o~ - JK IR b
0. 45K K 0.47), 51 KB & 0. 2 g/kg, WK
B 5.0 g/kg, MM KBE 200 g/kg. BLIREE LB
AB PR IE TR A MR BER, N A TF 8L 5 T
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