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Experimental study on frost resistance of manufactured sand concrete
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Abstract: [ Objective] The study deeply explores in the frost resistance of manufactured sand concrete for
road engineering, and to analyze the mechanism of different influencing factors on its performance.
[ Method ] First, a four-factor five-level orthogonal experimental design was applied. Then, steel slag and
silica fume were introduced as composite mineral admixtures. Two factors were considered, i.e., the
manufactured sand contents replacing natural sand, and the stone powder content. Finally, the influences of
these factors’ reasonable admixture on mass loss rate and relative dynamic elastic modulus of manufactured
sand concrete under freezing-thawing cycles were systematically evaluated. The significance of each factor and
the interaction effects were quantified by means of apparent analysis method, range analysis and variance
analysis. [ Result] The stone powder content is the most significant factor affecting the frost resistance of

manufactured sand concrete. The stone powder content could be appropriately increased to 9% — 15% to
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optimize the frost resistance of manufactured sand concrete. The factors affecting manufactured sand concrete

frost resistance are ranked in order from strong to weak as stone powder content, silica fume admixture,

manufactured sand substitute rate and steel slag admixture. In application of composite admixture, the

reasonable control of each admixture is the key to improve concrete frost resistance. The total amount of

composite admixture is controlled within 40% , of which the amount of steel slag is not more than 35%, and

the amount of silica fume is about 5%. Then the frost resistance of manufactured sand concrete reaches the

optimal state. [ Conclusion ] The high activity of silica fume significantly improves the interfacial transition

zone performance of concrete; while steel slag enhances the frost resistance of matrix through its filling effect

and potential hydration capacity. In addition, the appropriate adjustment of substitute rate of manufactured

sand can further improve the volume stability of concrete, thus enhancing the frost resistance.
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Table 1 Basic performance indicators of cement
. . . . BELS I ]/ min YUK 5/ MPa PedriR )/ MPa e
B/ (g em™) HAREBY (m « kg ) Pk At 3d 28 d 3d 28 d T
3.3 385 205 265 26.3 48.7 6.4 8.5 =i
F2 HEIRSRAR TSR
Table 2 Performance indicators of manufactured sand and natural sand
f6hr  FUHEE/ (kg - m ) HERHE/ (kg-m ) MBEH/(g-kg ')  JEEE/% AR % R % i AR
Bl b 2828 1748 1.2 20.2 8.4 — 2.7
PN 2 665 1 650 — 16.2 — 2.7 2.2
x3 HAERIEREIER
Table 3 Coarse aggregate performance indicators
B BRI/ mm FMHFE/ (kg » m ?) HEFRBEE/ (kg » m ) fLER/ % JEFHE %
0~5 3 080 1 640 46.75 10. 24
5~20 2 965 1675 43.51 11.77
R4 HERUFERS (BAL:%)
Table 4 Chemical composition of silica fume (unit: %)
M2 Ay Si0, AL O, Fe,0, MgO Ca0 Na, 0
i b 96. 56 0.29 0.09 0.10 0.14 0.08
x5 WBUERS (BAi:%)
Table 5 Chemical composition of steel slag (unit;: %)
&Sy Ca0 TFe, 0, Sio, TFe MgO Al O, P,05 TiO, S0, Na, ON K,0
Irigiigugad 45.56 17. 45 11. 85 11.6 7.62 3.52 1.02 0.75 0. 40 0.13 0.10
1.2 #LEIRGREE L RRX S 6 EXEHKTF
1.2.1 B&t Table 6 Orthogonal factor levels
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5 50.0 18 50.0 15.0
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Table 7 Test result of frost resistance performance indicator for each group (unit: %)

i 25 WL IE3F S0 Y Rl 3 75 YIRS
as ! ’ ¢ ? PRk R Mgk gitn B Mg RS X gk

1 100.0 6 20.0 5.0 0.07 99. 88 0.11 99.71 0.21 99. 69
2 100. 0 9 27.5 7.5 0. 10 100. 20 0.07 99. 86 0.17 99. 86
3 100. 0 12 35.0 10.0 0.63 89.92 0.84 78.04 0.74 62.33
4 100. 0 15 42.5 12.5 0.53 92.49 0.69 80. 37 0.75 62.42
5 100. 0 18 50.0 15.0 0.16 73.65 0.21 31.48 0.62 8. 65
6 87.5 6 27.5 10.0 —0.10 73.97 —0.10 30.13 0.54 7. 64
7 87.5 9 35.0 12.5 —0.10 95.40 —0.07 94. 40 0 93.98
8 87.5 12 42.5 15.0 0.42 95.85 0.46 90.29 0.53 83.22
9 87.5 15 50.0 5.0 0.17 96. 62 0.30 95.42 0. 60 95.03
10 87.5 18 20.0 7.5 —0.10 62.21 1.87 47.01 6.01 21. 40
11 75.0 6 35.0 15.0 0.48 93.94 0.48 92.44 0.54 89.76
12 75.0 9 42.5 5.0 0. 05 93. 69 0.11 93. 65 0.26 92. 65
13 75.0 12 50.0 7.5 0.21 92.02 0.32 93.02 0.43 92.27
14 75.0 15 20.0 10.0 —0.05 91.56 —0.05 80. 11 0.53 72.34
15 75.0 18 27.5 12.5 0.31 94.32 0.21 86. 87 0.37 75.07
16 62.5 6 42.5 7.5 —0.11 71.65 —0.14 51.89 0.21 35.31
17 62.5 9 50.0 10.0 —0.04 75.87 0.03 60. 01 0.63 39.77
18 62.5 12 20.0 12.5 0. 88 76.34 0.95 62.55 0.95 52.0

19 62.5 15 27.5 15.0 0.49 73.71 0. 66 65.55 0.32 36. 09
20 62.5 18 35.0 5.0 0. 80 70.77 0.96 61.09 1.38 37.73
21 50.0 6 50.0 12.5 0.37 68. 05 0.53 24. 64 0.65 14.78
22 50.0 9 20.0 15.0 0.17 95.34 0.31 93.76 0.35 90. 97
23 50.0 12 27.5 5.0 0.11 93.91 0.21 91.26 0.31 85.58
24 50.0 15 35.0 7.5 0.07 74.48 0.10 50.76 0.91 32.80
25 50.0 18 42.5 10.0 —0.11 49. 05 —0.11 26.74 1.05 10. 44
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Fig.1 Curves of mass loss rate and relative dynamic

elastic modulus

PP BT R e Be A IR B I AR e 1, BB, 58 5,
6, 10, 16, 21, 24 LKA AYAEXT Bl A S AR B [ 22
60% LT, PR

23t 75 WORRMEA I, BURE &84 BHLH
REE U, R IR, e, Hix
AR AR R AUE, RN EL, B, HIR
B RIBEIN , eI R 2% ik i s P
HWE TR, PEBURRI RN, X RREE
RAFE = E 23, A PR A 52 21 P
M, BUESE, 56 17 ~20 23R A0 A X o0 285 A o o
2 60%LLF

23 100 IR RE A 5, BB 2 &84 BHLH]
R EE -, R R e AR TE A it — 20
Jal, SRR SR R R, BT RUR R KRS N, 7E
AL 100 R RGP PG 0T, TR BE il ny 1k g
SRR, EREIBE L HR, W ENH
BEFRITE ) SRR SR R R, T O R KR
i, ERZ, FE 150 IR IR 5 250 IR ARG 3R 5

1,2, 7,9, 12, 13 AR FAR T F250 ()% @
SR, HIHE R 250 IR RAE I AT
2.2 BREBEALERSN

2o 100 WIRRE G, #rRXmAmE G5
BRLHI DR BE L O W IR R AR B R RN, g 1
YA b 734 45 181 3R 08 TR B b O VR M 1 1Y L A4 i) I
ICHNAERAE, DFFER TR 75 R RRAE A 1%L
P, PR 22 3 vk X 4 AR AE 25, 50, 75 IR
FAIE BRI 114 o S 458 2 S8R X 2l SR 4L i 25 R R AT
T3 o 25 URVR BG5S 40 2% SR RAR X 3l sk
R IEINER 8 Fin, Hob, K, ~ K 25l m 4 I
FACE T REIME, R FoR A — R AR KT
FARPRAIN 22 . R A B 1 PR 2% ML i) b TR 5 - R
FLPEER S Y S R, R EBR, SRUZIN &R 1
WK, Rz, WEEWE/N, mE S M, 58
BRLHRI IR EE L AE 25 YR BIE R 5 B BT 451 2k 5
MR N R RE R R RE)/NA B, D, A, C; H
X gl AR B B 5 R P AR 3R B R BN B,
A, D, C, [RIBEAT LIRS 2 A8 5 R LH i R EE 1+
TE 50 YR 75 YCUR BTG PR AT S B 25 52 Wi TR 28 52 0
RERENRFY , 4550055 9 FioR

xS 25 NERMBERERERKRMEXZEEEERE

(FAfL: %)

Table 8 Mass loss rate and relative dynamic elastic modulus

range after 25 freezing-thawing cycles (unit: unit)

B R R A Bl AR A
B C D A B C D

K, 0.30 0.14 0.19 0.24 91.23 81.50 85.07 90.97
K, 0.06 0.04 0.18 0.04 84.81 92.10 87.22 80.11
K, 0.20 0.45 0.38 0.07 93.11 89.61 84.90 76.07
K, 0.41 0.24 0.16 0.40 73.67 85.77 80.55 85.32

K 0.12 0.21 0.17 0.35 76.17 70.0 81.24 86.50
R 0.35 0.41 0.20 0.36 19.44 22.10 6.67 14.90

®9 BREXWEEIF

k=t

Table 9  Order of various factors’ influencing degree

EfsZ N Bk e A AR Bl A
25 YR VR RAE A B, D, A, C B, A, D, C
50 YRR ARG B, C, D, A B, D, A, C
75 ARG R B, C, A, D B, D, A, C

N T VAR 2E X S 545 A R LR D IR BE £ fE
s, XTI 22 0, 25 UVR LG P4
TP MR 10 Frs, Hop FEBE, RV
MR, A B AL TR EE T 78 25 IR Rl G
HJe A B 0 G AR R DR 3R 0 AR R BN
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Table 10 Variance analysis result after 25

freezing-thawing cycles

" \ wEE
izt FEW EHM HmE By o W
FECF
A 0.38 4 0. 10 1.58 0.27
R B 0.47 4 0.12 1.93 0.20
KR/ % C 0.16 4 0.04 0. 68 0. 63
D 0.53 4 0.13 2.19 0.16
A 1 518. 66 4 379.67 4.71 0.03
*‘EXQLZ% B 1511.25 4 377. 81 4. 69 0.03
A
- C 158.30 4 39.57 0.49 0.74
w/%
D 671.74 4 167.94  2.08 0.18
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Table 11 Degrees of various influencing factors

S 9%,

VRAMIEER/ R B ARk R FEXE Sy A A
25 D, B, A, C B, A, D, C
50 B, C, A, D B, A, D, C
75 B, C, A, D B, A, D, C
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Fig. 2 Influence of manufactured sand substitute rate on

concrete frost resistance
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Fig.3 Influence of stone powder content on concrete frost

resistance
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