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Abstract: The chloride diffusion coefficients, compressive strength, and water absorption rates of fine
aggregate concrete cover blocks of Bar-wrapped Cylinder Concrete Pressure Pipes (BCCPs) were ex-
amined under standard curing (s), low pressure curing (0.7p), steam curing (ZS), and steam-low
pressure curing (Z0.7p) to study the influence of curing methods on BCCP’ s resistance to chloride.
The influence degree of each factor was compared using grey correlation analysis. Results show that
the resistance to chloride ingress of concrete increased with the increase of curing age and the chloride

resistance of concrete with single mineral powder demonstrated the best performance. The utilization
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of high sulfate-resistant cement will reduce the chlorine resistance of concrete. At early stages, the re-

sistance to chloride ingress of concrete cured under low pressure (0.7P) and steam (ZS) was higher

than that cured under standard conditions (S), while over time, this trend reversed. Furthermore,

0.7P will not damage the interior of steam cured concrete (Z0.7P), but will improve the compactness
of concrete. Therefore, the chloride diffusion coefficient of concrete is S >0.7P>ZS>Z0.7P prior to
14 days of curing age, while it will change to ZS>>Z70.7P>0.7P>>S after 28 days. In addition, curing

air pressure and humidity have the greatest influence on the chloride ion permeability of concrete, fol-

lowed by curing temperature, and curing age has the least influence.

Keywords: BCCP; concrete; curing method; chloride diffusion coefficient; mix proportion; correla-

tion coefficient
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1 KEWEZNLZERS x4 MARELTESLE
Table 1 Main chemical composition of cement Table 4 Mix proportions of fine aggregate concrete
AT % BV (kgom™)
2 P.O42.5R P.HSR42.5 Syl 1D 2F 3M 4HS
SiO, 22.06 19.10 7K e 405 405 405 405
CaO 59.61 64.57 IR Y/ 70 105 — 70
MgO 251 2.40 ) 35 — 105 35
Fe,O, 4.19 6.00 wh 710 710 710 710
AI;O; 5.96 2.89 far 1121 1121 1121 1121
K;O‘ 0.90 0.67 I K 5 6.12 6.12 6.12 6.12
50, 371 - K 150 150 150 150
Na,O 0.32 0.33 T A H AHS BT B9 7K P8 i 28 J2 2 B0 6 R 5k /K U8, I 4 b et
SrO 0.16 0.17 D
®2 ARMEBHEIEE 13 FREH
Table 2 Main performance parameters of cement Wi T UL RIS TR (D) BFEF K 24 h
25 P.042.5R P.HSR42.5 Je A AR HE TR 47 % FR 47 (IR 202 °C LI E =
B Je e T 95% ), FH T2 8 iy X HL 41, 92 R S5 (2) B8 4 Y
Yk /min 177 230 24 h 5 AT 0.7 R R R 5 MR F= 4
29 /min 238 273 (IR 2042 °C {8 BE 25 60 %) , JH A4 i JL (9 1K e
3 dPUJRIRIE /MPa 29.9 29.5 RIEFR 30 0.7P; (3) B 47 5¢ WM Jm 17 28 15 5%
28 d HUJE# [ /MPa 51.1 50.4 P, 0E BCCP R Z W # MR 7 X id b ZS;
3 d P s g /MPa 5.7 5.8 (4) IR e AT R 55 97, ] T AL BCCP
28 dHLHT 3R IE /MPa 8.3 8.1 T e JE b DX A= 7 R B T A B PR 8532 Sl 20.7P

R3 TUBEREELERS

Table 3 Main chemical composition of the mineral

admixture AL %
x5 IRSYR L)
Sio, 49.3 31.15
CaO 4.32 40.08
MgO 1.16 7.19
Fe,0, 6.26 0.69
AlLO, 32.18 14.28
K, O 1.81 0.53
SO, 1.35 2.52
Na,O 1.27 0.70
SrO 0.12 0.08
MnO 0.80 0.03
P,O; 0.48 0.04
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Table 5 Chloride diffusion coefficient (Dgpcy: 10™”m’/s)

and compressive strength of the concrete under
different curing methods(e : MPa)

FEP AT
FePiE

S 0.7P 78 70.7P
iy Deen 11.4 8.8 6.6 6.2
P 25.3 28.7 42.3 40.8
. Dy 7.8 6.6 5.6 4.7
P 28.6 32.6 48.1 50.2
" Dien 4.3 4.3 4.6 3.9
P 43.8 45.6 50.7 53.9
Dye 2.6 3.2 4.4 3.6

28d o
P 55.6 54.3 53.8 56.2
Dye 2.1 2.8 3.7 3.1

90d RCM
P 63.5 58.2 56.8 57.3

A = BCCP 47 2 1 T A M 45 24 A A iy
R T2 0 FE &, BCCP AE 4R P2 f — IR R
N R TR A & FE TR Bk 1, 36 T 6, X 2F, 3M, 4HS =
T C Lo VR 36 - 1 SRS 19 ORI P 5 B R K
AT, 25 35 0 WL AR 6 R 7.
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Table 6 Chloride diffusion coefficient (Dycy:10"°m’/s) and
Compressive strength (o: MPa) of the concrete
with different mix proportions

Fedp AT

fic & L SR e
S 0.7P 7S 70.7P
’s Dyen 3.2 5.3 6.7 4.1
o 47.9 458 522 536
2F
00 Deen 2.0 2.1 3.1 2.6
o 60.2 59.1 57.3  56.8
Dye 1.9 2.5 3.6 2.9
28d RCM
o 56.7 543  52.6 554
M D 0.8 1.1 1.5 1.3
- . . o] .
90d RCM
o 65.1 60.8 583  59.6
Dy 4.0 4.8 5.2 4.6
28d RCM
o 56.3 53.6 554  56.6
4HS
Dien 2.6 3.1 4.5 3.9
90 d

o 62.7 60.9 59.2 58.7

R7 AEELREETHRKRE

Table 7 Water absorption rates of the concrete with dif-
BAL:
IR 1D 2F 3M 4HS
%1F 28d 90d 28d 90d 28d 90d 28d 90d

S 6.3 48 6.5 45 6.1 39 58 4.1
0.7p 6.7 56 69 50 6.1 44 6.3 52

A 72 61 74 62 66 49 6.8 55
20.7Pp 7.0 6.0 7.0 58 63 45 64 56

ferent mix proportions
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AL R AR KU BEAR TR BE LA S TR AR ®8 WEBXRESMIEMBEE

TGRS SCER [ 21-22 1R 98 &5 16 — 3L B B ) & Table 8 Initial data for grey correlation analysis
BUAL IR 38 R T AL 3 5 1D A H 40 BB BRI . 3 g D BR WURSRSURERE WM SR
AL T P HSRAEA B HURK 2 , 2650 fs i BY, EY X% X X BX
, ) 1 114 253 100 97 3 20
C3A W&, —BERREM T 4 %0, R H S 3 1 19
S a L ek F 2 S 2 7.8 286 100 97 7 20
gh A RE S EET , B W I A AL K X Rl 45 ok il 5 L3 438 100 o7 " 20
o JCTE AR R R AR - IR A A AR T IR BT P i B AR 5 2.1 635 100 97 90 20
6 8.8 287 70 70 3 20
=+ . 2. 2
3 HMERREMSH Lo
8 43 456 70 70 14 20
X . - 9 3.2 543 70 70 28 20
B AT MT AT AL, FRPIE I SRR IR YR R " s sse 70 0 0 2
YE RE A A gk VLY o S BT T g R M T N ’ o
R RESEHSIRELHAE TFBEE 4R 1 66 423 100 o7 3 60
HE 1 P TR S 1 05 e R L AR K B R 5L 13 46 507 100 97 14 60
FHIE A K A5 R4y B 2 0 S T R B 14 44 538 100 97 28 60
FLHE 5 B 5 H OGR4 7 K @ S Bk A, PR AN 15 3.7 568 100 97 90 60
BRI 58 - 0B T R B ) TR SR M TR e
- . I 17 47 502 70 70 7 60
TR AL S B 43 B 7 0 — Bl R 3 A R &R G2 5k
RREHEEZ AR EE AT B o L L. 0 0 om o
i o J  FETER 19 3.6 526 70 70 28 60
N X2 g R R B o AR PRI 45 1, v %
N - - " .\ 9 5115
20 1R B U 10 8 T R B D B £ ERIHES
. Table 9 Mean image of each sequence
BE 1 3E R 2 H 50X, (k)] k=1,2, -+ ,20f,{X, rrr— Z Z Z Z Z
— 7 D 1 2 3 4
(B)| k=1,2,--+,201, L 20 M ik B 9 S PR 2 P SR ! Py 05'/4 15 116 01l o0
CO)V o ME R BT ANX, (k)] i=1,2, =+ ,6; k=1, 3 0.86 093 1.18 1.16 049  0.50
-, 201, iR 5% P AR K UL AR 8. 4 052 118 1.18 1.16  0.99  0.50
B R R (3) % 22 8 rh B HE AT 1 (8 Ak Ak 5 042 135 1.8 116 3.17  0.50
MR BIBES T, AR IR, 6 L7506 082 08 011 050
~ 20X (3) 7 131 069 082 084 025 0.50
X(k)=——— (3) 8 0.86 097 082 084 049  0.50
DX (k) 9 0.64 115 082 084 099 050
o S ‘ o 10 056 123 082 084 317 050
KW RBL, (BB RR AR (4), KRB 7, 1 131 090 118 116 011 150
Egi+%:%ﬁﬁz\ﬁ(5)o [ﬁ:(k)ﬂ:ﬂ r/rﬂgi+%:ﬁ7£ﬁllf)l 12 112 102 118 116 025 150
(B)Fl 7450 13 092 108 1.18 1.16 049  1.50
Ly= 14 08 114 118 116 099 150
min min | X,, (£)-X, (%) He max max| X, (£)=X, (%)) 15 074 120 118 116 317 150
— — 16 1.24 087 082 084 011 1.50
| X0 k=X, () e fax me‘X”(k%Xf'(M 17 094 106 082 084 025 150
(4) 18 078 114 082 084 049 150
1 @ 19 072 112 082 084 099 150
r’)’:?o; Lpi(k) (%) 20 0.62 122 082 084 317 150
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WA 2 O P B BOR R A R A= Xy () —
X (k)| A18, =] X, (k)= X, (k)] (k=1,2,+,20; i=

1,2,3,4) R WP I EHR NZSF 7 5 4 1H
Xt 2E TR AR LR 10,

®10 ESEFISLEFIIHESHATERE
Table 10 Absolute difference of the mean image between

the reference sequence and comparison sequence

B Dp Ap A Dp Ay A, A A
1109 111 216 1.77 0.64 062 043 0.04
2 037 039 1.30 1.05 057 055 0.36 0.11
3032 0.30 037 0.36 0.25 0.23 0.44 043
4 0.66 0.64 047 0.02 0.00 0.02 0.19 0.68
5 076 0.74 2.75 0.08 0.17 0.19 1.82 0.85
6 093 091 164 1.25 0.21 023 0.50 0.11
7 049 047 1.06 0.81 0.13 0.15 0.44 0.19
8 0.04 0.02 0.37 036 0.15 0.13 048 0.47
9 018 0.20 0.35 0.14 033 0.31 0.16 0.65
10 0.26 0.28 2.61 0.06 041 0.39 1.94 0.73
11 013 015 1.20 0.19 0.28 0.26 0.79 0.60
12 0.06 0.04 087 0.38 0.16 0.14 0.77 0.48
13 0.26 0.24 043 0.58 0.10 0.08 0.59 0.42
14 030 0.28 0.11 0.62 0.04 0.02 0.15 0.36
15 044 042 243 0.76 0.02 0.04 1.97 0.30
16 042 040 1.13 0.26 0.05 0.03 0.76 0.63
17 0.12 0.10 0.69 0.56 0.24 022 081 0.44
18 0.04 0.06 029 0.72 0.32 0.30 0.65 0.36
19 0.0 0.12 0.27 0.78 0.30 0.28 0.13 0.38
20 0.20 0.22 255 0.88 0.40 0.38 1.95 0.28

HEA 5745 5, A, 1 /1 min min | X, (8) —
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2.755 A, 1 8 ME min min | X, (%) — X, (&)] 4 0.00,
) i k :
7 {2 max max | X, (£) = X, (k)| 1.97,
i k
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