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Tab.1 Mix proportion and mechanical properties of concrete at different structural regions

Hy ki< TREE+ SRR (kg *m™) Hh FHK S/ Yk e/ TREE T PRI/ MPa

KR HHREIK ik 5 ~25 mm BEA BR/ % (kg-m™) mm 3d 28 d
LT 385 80 696 1 085 0. 65% K45 186 180 31.6 52.8
ARG 370 70 685 1110 0.58% A45 212 220 32.4 54.6
LR 480 0 688 1 070 0. 62% A4 215 215 33.2 53.2
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Fig.1 Vertical crack at working platform
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Tab.2 Carbonation depth of structural concrete at the working platform

N PSS s 2 brifE AN .
W Z TR
1 2 3 4 5 6 7 8 9 10 2z IRz

4.0 3.5 4.0 4.0 4.0 1.5 1.5 0.5 2.0 2.0
2.0 2.0 2.0 3.0 2.5 3.0 4.5 3.0 2.5 2.0
4.0 3.0 6.0 3.0 2.5 4.5 4.0 4.0 4.0 3.0
0.5 0.5 2.0 2.5 2.0 2.0 8.0 8.0 7.5 6.0
2.0 2.0 2.0 3.0 2.5 3.0 4.5 3.0 2.5 2.0
. 2.5 2.5 2.5 3.0 2.5 3.0 4.5 3.0 2.5 2.0
T 1.68 63.60 % 2.65
2.0 3.0 3.0 3.0 3.0 3.0 2.5 2.0 2.0 2.0
2.0 2.5 2.5 2.5 2.5 2.5 2.5 2.0 2.0 2.0
1.5 3.0 2.5 1.5 2.5 2.0 1.0 2.0 3.0 2.0
1.0 1.5 3.5 2.0 4.0 3.5 1.5 2.0 1.5 1.5
1.5 1.5 4.0 2.0 4.0 4.0 1.5 2.0 1.5 1.5
2.0 1.5 3.5 2.0 4.0 3.5 1.5 2.0 2.0 2.0
N 1.0 1.5 0.5 1.0 1.5 1.0 2.0 1.5 2.0 1.0
A AN PR 0.22 18.33% 1.20
1.0 1.0 1.0 1.0 0.5 1.0 1.5 1.5 0.5 2.0
1.0 1.0 1.5 0.5 0.5 0.5 1.0 1.0 0.5 1.0
B 5L Rk 0.13 14.94% 0.87
0.5 0.5 1.0 1.0 1.0 1.0 1.5 0.5 1.5 0.5
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Tab.3  Surface chloride ion concentration and diffusion coefficients at the working platform

0.2

BRE R A7 1’19/ a KA TFIRE % FTMAE TV BRE (107 em? +s7")
3 13 0.076 8 1.048
AP 13 0.2353 5.468
b e i 13 0.637 2 3.174
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Fig.2 Chloride ion content distribution of

concrete at the working platform
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0.40, LKA ZE Bl X KT X EE 1 7K i FL /.
3.4 RRtIWEES=E

TAEF-EARGE (KA AR P (KA ARSI IX ) SR (KR X)) 25 TR EE L & sk 4 . AT
PRUETRBE 86l 5 S AN A R M, RAX IKAAR B X KT X ZE R TREE 0k 5 5o 3 AMRE S SF-3MH. AFE 4
AL, RAIX KOS X 5 KR IXEROSF- YR EE 085 50 1. 668 ,4. 263 F1 5. 324 kg/m’ , #H [R) BURE IR
R R NE KT X SR AR B X > RAX, KR KR EE - ELAT H R X IR A 28 31 X8 K a7+, 32
B TR N XUREE T RR L filifg K A3z 2K dh S8 F IR0, MR B B B R EE 1+ N, R R
AT it B ER Gy, S BOK T X TR 075 12 1 TR X IR AN 28 3 X TR 4 el o ' o R (TR - ik
i AORR B ) Aol AT D, KA 72 Bl DX RITAC A DX 238 3 A7 Y 9 - ol 7 o 2 6 o RS T L ) TR 6 - ol 5 i
AKTF 3.0 f3.5 kg/m’ B FR.
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Tab.4  Alkali content of concrete at the working platform

SR R K,0 &t/ Na,O &H/  0.658K,0+Na, O 1/ 45 s (Am 5 it/ W/ Y
(ug 'mL7") (ug 'mL7") (ug -mL7") ug (kg -m™) (kg -m™)
1-1 3.374 4.043 6.263 587.523 1.395
1-2 3.374 4.043 6.263 466. 344 1.107
— 2-1 5.785 5.391 9.198 831.646 1.975 | 668
2-2 6.267 5.840 9.964 723.602 1.718
3-1 6.267 5.840 9.964 833.110 1.978
3-2 3.374 4.942 7.162 772. 600 1.835
1-1 16.872 18.870 29.971 2 638.292 6.265
PRI 2-1 10.123 11.231 17.892 1 655.134 3.930 4.263
3-1 6.749 8.536 12.976 1.092.255 2.594
1-1 9.159 19.543 25.570 2 506. 863 5.953
BRI 2-1 5.785 14. 826 18.633 1.971.746 4.682 5.324
3-1 4.821 18.870 22.042 2 246.891 5.336

3.5 WEHERPEEE
TARF G AT TREE LA R RS ST IR 5 A 6.
F5 ITETFAEMRELRGRPREE

Tab.5 Protective layer thickness of structural concrete at the working platform

4 b MR E
f . AR/ o D, S K D, Dy D./Dy
s X 1 2 3 4 5 6 7 8 9 10
32 25 25 36 30 30 30 35 30 30
32 34 37 33 34 34 37 36 32 38
1-1 32.00 4.37 1.595 25.03 30.00 0.83
32 33 30 34 37 36 37 32 34 30
i 30 25 30 30 30 30 30 30 30 30
o 45 41 30 30 47 48 26 26 24 25
26 28 30 27 29 30 34 27 28 30
1-2 30.55 6.01 1.595 20.5 30.00 0.70

28 26 25 24 23 24 30 29 32 32
30 31 34 28 29 30 30 37 38 31




58 KoOF Kk B OB ¥ W 2013 4F 10

| MAEHE/ mm
fas X 1 2 3 4 5 6 7 8 9 10

D S K D D

ne nd

Dne/Dml

41 45 40 53 42 40 42 40 48 52
51 55 56 47 50 40 54 30 56 52
1-1 46.13 6.60 1.595 35.60 50.00 0.71
41 49 54 38 39 51 40 42 50 40
40 39 40 45 43 57 45 54 55 49
56 49 52 53 49 55 60 54 48 45
54 54 51 52 48 60 66 52 55 58
1-2 50.85 8.37 1.595 37.50 50.00 0.75
59 53 45 42 40 43 44 39 63 37
56 41 67 50 44 58 59 56 28 39
49 53 57 60 56 51 51 54 57 55
48 52 52 50 42 56 48 50 45 45
1-3 50.98 5.04 1.595 42.94  50.00 0.85
59 44 56 56 45 49 50 50 41 53
52 55 55 52 47 42 60 43 47 52

46 48 45 57 48 45 57 43 42 41

7 43 50 45 47 55 56 35 45 45 42
1-4 46.48  5.56 1.595 37.62 50.00 0.75
il 40 41 53 55 58 45 49 56 42 45
[T 46 40 49 45 43 42 47 42 40 46
1 4 48 47 38 42 45 52 50 46 47
43 48 37 39 50 55 40 57 55 47
2-1 48.98 8.54 1.595 35.36 50.00 0.71

60 38 41 49 50 54 57 56 55 60
60 35 36 49 55 58 55 56 54 53
55 54 56 53 50 55 56 53 54 54
2-2 47 49 47 41 49 43 53 54 52 51 49.6 4.92 1.595 41.7 50.00 0.84
51 50 50 40 30 56 49 56 50 30
53 58 56 50 50 50 61 59 53 55
37 34 70 59 56 56 71 58 52 48
51 49 38 43 43 57 57 40 31 62
3-1 45 34 45 49 66 69 42 47 48 49 51.27 9.79 1.595 35.65 50.00 0.71
26 28 30 27 29 30 34 27 28 30
28 26 25 24 23 24 30 29 32 32
30 31 34 28 29 30 30 37 38 31

46 48 39 54 48 52 58 57 55 58

63 59 47 43 49 54 41 45 50 42
1-1 47.3 6.67 1.595 36.66 50.00 0.73
45 49 48 45 53 54 47 45 42 40

l;i 42 41 36 39 42 45 49 35 40 47
i 46 45 42 40 43 52 46 37 45 35
2-1 dod e AT e sl s 300 44.53  5.63 1.595 35.55 50.00 0.71
50 40 40 53 41 60 47 39 40 40
50 50 40 40 45 40 57 36 40 40
F*6 ITIEFAEMRERINGRIPEEEIREE
Tab.6 Thickness measurement of the protective layer at the working platform
WgS  FEE/ mm S K D, D, D,./ D,y VEEAREE XSS AL AR AT A 4 R )
izt 31.280 5.190 1.595 22.765 30 0.770 3 A
ARG 49. 180 6.970 1.595 38.050 50 0.760 3 AL
B 45.920 6.150 1.595 36.110 50 0.720 3 Al

TE:D, RIS R R ERHEE; D, = D, - KSy;D, NIREE LB ZIREE P BIME D, RS- O )2 R BRE K iR gL )2
JEREAMHIE ZBUN 16 < n <24 B K = 1.645,n = 25 N K = 1.595;S,, 5 5B A0 00 5 AR40 2 R b 2%
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F 5 F6 IO, AR ZEA TR BRE A= AN [ I o 00 A5 £ 4 J2 J5 B2 ) 8 B 16 R 23 ~ 48 mm, ZK 37 A8 By IX.
4 23 ~71 mm, 7K IXHH 35 ~63 mm, KX KA X KT X S5 F TR EE + B P32 5 BE bR i 22y
5.19,6.97 f16. 15, KAz AR Sh X TREE - XA AR 2 5 B8 L R A IKORIK T IX IR BE -+ HAA BT K sh . X RA
X KBRS X IR XA RIS TR BE - B O AP 2 8 B AT -1 5 R TR RX KA AR Bl X KR IXTR
BT AR AR R R BE S Sy 22.77,38. 05 F1 36. 11 mm. KX IKALAEEH X KT X IR EBE 40 5 7 3 )2
D../ D, FHMEST 280,77 ,0.76 F10. 72 BRI ZIREE D, /D, AR AR RAIX SR AS B XS 7K R X
T8 3 A T R A2 VR B A A X6 25 A A A it A i D A o AR AT A, 435 DX 3R A %o 4485 4 TR R - A i K
PEATRZMR 7K DX TEEE L AN AT O 3 )2 IR B s/ | G 32 8 Tt R /K DX 25 R T it T o i AN BARL BRI
TR RE T, BB KA 2= B VR FH

4 % #
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T45 €O, LRI M EOR A AW A A O 572 2540, Tk IXEE AR BE 1 DR O A Ll ik 1) A BR AT A
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Tests and evaluation of structural concrete
durability at Ningbo marine wharf

ZHAO Hui'®, ZHANG Ya-mei’, MING Jing
(1. Architectural Engineering Institute, Jinling Institute of Technology, Nanjing 211169, China; 2. School of
Materials Science and Engineering , Southeast University, Nanjing 210001, China)

Abstract ; In order to study the influence of environment factors on the structural concrete durability, the durability
properties of concrete at different structural regions of the working platform of a marine wharf in Ningbo are tested.
The test results show that the carbonation depth and the characteristic value and designed value of bar protective
layer thickness change from high to low, namely those in the atmosphere zone are greater than those in the water
level fluctuating zone, and those in the water level fluctuation zone are greater than those in the underwater zone.
The change in the apparent chloride concentration and alkali content of the concrete is: that in the underwater zone
is higher than that in the fluctuating water level zone and that in the fluctuating water level zone is higher than that
in the atmosphere zone. In terms of the apparent chloride diffusion coefficients, the fluctuating water level zone is
greater than the underwater zone and the underwater zone is greater than the atmosphere zone. Concrete in the
atmosphere zone is much exposed to CO,, which results in deterioration of the protective layer thickness. The
combined action of chloride ion with CO, erosion leads to deterioration of the protective layer thickness in the
fluctuating water level zone. The limitation of operation time and bad environment lower the ability of reinforced
protection, and a faster steel corrosion and the deterioration of the layer thickness can be found in the underwater

zone.

Key words: environmental factors; structural concrete; durability; inspection and evaluation



