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Fay it AHE B AR HE R ) (GB/T 50476—2019) 45 i S /2 100 4F-fif FH LK, TR BE 1 58 B G A R AT
C30, KIS TR KA AR S IX H R TR EE 550, AR50 T S35 FH R B 4 9 C30 HTREE L.

RIGKIE R P-O 42.5 B rERRER KV, BA KRR F 28 TGO, 4kt KR (T IX hwb), #l
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Tab. 2 Circulation mechanism of test group

v oeinl R oEiv)
Iy RIS RTT AL R T W R RTT AL R T
i /b i Il /d i /b FTa)/d
1 7.2 2.8 1 6 3
2 14.4 5.6 2 36 14
3 21.6 8.4 3 72 28
10 72.0 28

[T TR IR 2 2, SR IE IR R BT ], A LA BT A8 B i B X A T e 1= 25 A= s g, LA D B
W3k 2, 2% OK TIREE LI I0AURE ) rhoK A BRiE AR OGS 2 B8, FE R EE UL h LSS 6 . 36, 72 h 2
TGRS AT BT A5, P REE iU T 5 AR THi Tl . 275 3R [4,12-14] T AGRR AL A R BLHL T
B R SEBR T AR SRR B O Y S FH AR B, Fe 2 FH R T EE 401 72 ht-filk b 28 d X 45 KIS [i] 100 45, 10 iUk
REE+ L
1.3 RWothEE

KK T BBRIE B i AR AT 00 o iR 80t A rh, YREE P v BRI ALE R 3N 1200 t/min, A5
TEANBRRAR 25 R EE 1 51 72 he TRBE R AR ALIXIS 7RI (2042) C L AHXTEE A (70£5)% .
CO, MR (20+3)% [Z51F T oAl 28 do iRXBS A FE il o 5 AL TR B S TR 58+ TR PERRIR AL FERE .
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Tab. 3 Depth of concrete deterioration

s FALRE /mm
24 5 el
g B2 B Bt3 [ B4 =]
FEERR AL IR ) . 10.2 12.4 14.4
R i /4 0.9 7.7 0
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. %Eﬁzﬁ?ﬂﬁﬁﬂ/’i 0.7 8.7 12.9
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Fig. 1 Variation curve of concrete deterioration depth Fig. 2 Cumulative porosity-pore diameter curve of concrete by

MIP method
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ZHRSCHR [16], #5 3 FPFLAR Y R B F AL (d<20 nm) . D E L (d=[20, 50) nm) . A FLFL(d=[50,
200) nm) MZFELAL(d=200 nm), Horh DR ZERRA . B EALBRR S 5 LB BOLE 4.

F4 MIPENREBRTFLBRERGER
Tab. 4 Results of concrete porosity test by MIP method
LIRS 1%
BB Al LR/ % BB/ %
d=200 nm d=[50,200) nm d=[20, 50) nm d<20 nm

WG B B 2.79 0.91 0.67 1.18 60.10 5.55
FMEER6 hifk3 d 2.82 1.22 0.84 1.28 60.18 6.16
FHEIR36 hiefb14 d 3.12 1.18 1.12 1.53 74.57 6.95
R EEHT2 k28 d 3.83 1.70 1.26 2.13 67.15 8.92

2 4 W] 0L, TRBE R AL BRR S IREE 1 32 2 0 4 AL ) A 34 AR OGPk, IF ERRIFLBR AT 1Y
LR AR A — 3 TREE LIRS R AT JLFLAE N 60.1 nm, K I EE 36 h ik 14 d i Al JLfLIE
74.6 nm, f 0] JLFLAR SRR TR X Ul TR EE 00 % 100 o R AE AR AL A EL B . B FLBR A
5.55% ¥4 & 8.92%, VRHE + R IMFLBARFIG K, IREE 25 LT 3G, IREE - iy 2 FE L5 A F 1L L Fvy
I, X T2 T BB - A AE PR IR B - IO FLAS P R IR, LI T TR BE 1= P A RELAL L B3]

P 4 & TREE £ PN 0 TR B 32 B SR Y 22 9 L (d=200 nm) , FF HK AL =9 1 1a] B2 FL (¢=[20, 200) nm)
AR TR 538505 T 7 1) B T T LALAR A B AR OC I o Bl 45 AR TRl 3, VR RE 1 S AL BR AR K, TEHE K
fL (d<20 nm) 5 /b F G AL (d=[20,50) nm) Y £L B A4 B 3 B0 o 4 BECIE B B8 0 0 AR 27 B8R 23
(International Union of Pure and Appliced Chemictry, TUPAC) b 1K [ 44 L B 22 - 5 FL AR 20 207, 18] 4 v
4 BB R T 50 nm B RSFLTE 45 A A v i o5 AR RR - B L 43 78.74% . 79.22% . 77.99% il
76.13%, X115 CO, TEIRSEE i 4 i el AHOCHFFEN 3R, CO, 7EIREE L rh i HoH B 5 1R &
FALBRAHIG . FLBRRIE RSt CO, B HCH B, SEIM R EE 951, Pk, FeTm BBt -t AL G A R4l
TRBE T B SR, BRI TR

FHH d <20 nm d=120,50) nm B&& d =[50,200) nm
B d = 200 nm—=— SILBRE
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Fig.3 Concrete pore diameter distribution
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Fig. 4 Porosity and pore volume fraction in different periods
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Fig. 5 TG-DTG analysis of concrete in different periods
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®5 TGAZETHEN
Tab. 5 Quantification of TGA method products

_ Fa o350 %
sl HEpE Ca(OH), — CaCO;
WA EL 0.66 1.20
) k3 d 0.77 2.70
FEERRAL IR T
Rk fk14d 0.97 4.73
k28 d 0.65 5.18
WILRBTEL 0.66 1.20
) ARG h+iik3 d 1.53 1.32
FE R -A A IEPA I T:
g b FHBER36 b+ AL 14 d 0.64 2.96
FEMBEER72 hii k28 d 0.61 2.82
3.5 o 7 450 35 7 150
—=—Ca (OH), m
3.0f —a-CaCO, 16 14 3.0} ,,,82é8?” 16 |
a5 AR [ Is - 25| HIRE 15 .
< * J30 £ izo 4 S 430 £
L5 735 20 5 =15 PBE{205
“ 1o} . 12 R Yol . 12 R
05,»/////;::><:: R oy/ﬂ . I, 10
0Ls -/ . . . : 0 0 0 . . : : ; : 0 40
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
AL /d H ALt /d
K6 FEUERILA TGA Fe¥) s a8 il £k Kl 7 REEB-RACTEIR S LA TGA 7Y B8 5351

AR

Fig. 7 Variation curve of TGA products in surface wear-

Fig. 6 Variation curve of TGA products in carbonized group

carbonized group

TESEMERRAL Y 25 AF T, KA N 818, Ca(OH), & it Fe A AE R AL SN WY 52 0 T 2 B R Feta 3. i
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FM I -FRALTEERE I T 89 CaCOs 5 it — AL THARAPIRZS (181 7)), 32 2 DR A T 2 1 H ik
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CO, EIREE LY 12 2 75 T K Z 5200, HorP FLERARRXT COy §HER B e A 7 = (1) P iz

DY, = 1.64x 107 x ()" (1)
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+ T CO, I R BB L5 A 2 B I 48 okt B8 BRI 12

o R EI-BRACTRER 5 LA T, IR BE LY Fig.8  Diffusivity-porosity fitting curve



%3 TR, A5 FRIAEAR S AL VR A IR R 5 it A PRI 7T 81

COy RS TR HERRAL T O B 3l . A StV T, Bl et S R A 2, TR AL R 22 2%
&I, et FLASH, X I A BOR B 2 IR, A5 —E R L FHAT CO MY 8. 7R T B 40 - AR AL AR R
PR IREE L BRI AT vy o T A FH T R 45 3 1 FL 45 A S B B UR O EL BB AE TR B3 b 2 1 38 70k
A=), AR E L ALB RGN, COy BT HIA AN TR, TR e LA fb o

3 & IE

(D FEFZE N5 (A oT 2% B, 76 3R B - (LI IAE R IREE £ (L B, (e
HFEE R ALTE AR A 1E 9.3 d TREEE S LIR 15.9 mm, B FAER LK 4510 28 d TREE T
FALR 14.4 mm. R AE BRI G I 5 L SRR H LA 21 45 AL [R] 100 4F 19-F- X945 fR IR BE A 42.05 mm, 372
I TREE LI 2R

(2) FE T F VR P A A TR BE AR ALV AR R R i L I R . R IR vk AT K B, 1
VB - AR AL, CaCOs B HEFE S AL ] — /N T3 AAL I K CaCO; B i, BikIL N YY) Ca(OH), &
SEAE RN JE AT SR R R A, ik R SRR R AR A T A e Ak 0 A TRV, 8 PN R S8 A Ak i 43
75 ke, AR TR S A T A TR BRARES

(3) T SR PN i A S I o 3l 2t R R 0 WA IO FL 5 A A8 £k 2 B, 2 ThT S 40/ FH T R - LR
RBULF E TS IREE LB AT 5.55% T 8.92%, FLAE KT 50 nm #9 K AL T2 5 FLER L4351
9 78.02% . {raFLBRAXT R B =5 1) CO, § B % . R IFEUERINGE T CO, AETREE L PRI 8L

(4) B ey B M IR 6 1 28 P90 e Jr ik, A6 M i) TR AR VL b Rl ) SEPRmBaR g O, & —
PR nbeE GRS vk . AR AL SR LR 25 A (E) 4 SR Ab A R TS 6 h+hiedl 3 d XT ;45 fhist
] 10 4F . FRIAEES 36 htfikfh 14 d XA 25 AR ] 50 47 SRIETE 72 h+Arfl 28 d X545 LT TE] 100 4, #
KU T TAER, 46 TG
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Study on the durability of ship lock concrete under the action of

abrasion and carbonization

HAN Xuesong, QIAN Wenxun, GE Jinyu, HU Jiayu, ZHANG Taoran

(Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract: In the actual working conditions, the concrete of the ship lock is affected by the friction and collision of the
ship’s hull and the erosion and wear of the ship’s traveling wave during the rising water period, and is damaged by CO»
in the air during the falling water period. In order to study the performance degradation law of the ship lock concrete
under this working condition, the underwater steel ball method was used to approximate the physical wear of the ship
lock concrete in the rising water period, and the rapid carbonation test was used to simulate the CO; erosion in the
falling water period. The duration of abrasion and carbonization, as well as the alternate cycle mechanism, is
determined according to the design service index of the lock and the characteristics of navigability. The engineering
performance degradation law of the ship lock concrete is reflected by the carbonation depth and anti-abrasion strength,
and the composition and pore structure evolution of the ship lock concrete are characterized based on the
thermalgravimetric analysis and mercury intrusion porosimetry. The simulation test and analysis show that the abrasion
accelerates the carbonization reaction to a certain extent. The mechanism of abrasion and carbonation cycle is consistent
with the actual failure of the inland ship lock concrete.

Key words: ship lock; concrete; abrasion; carbonation; durability; carbonation coefficient; equivalent simulation
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