57% 4o 17 S-S D | A = SO SO Vol. 57 No.9
2025491 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Sep. 2025

PRGN E M T E IR EEN/KS NFERRE

G S S S S R 3 ) S Y A
(1. 3T 5 TR g R 2 A TR T S2 86 2= (dbat Talk k=), dbat 100124
2. RN AR R R AR A PR AR, & I 5181123, Hhgedt i A BRA &, db 5T 100041)

W OB MTHEEHENEAK TS RE RGN EREN I RPN RZ, I REHTEEEELETFHENE K
Enlg RAGSERLHEERRBRAS 4 FEFEENEENEEM 2 FEAN L EAEE R MENEEHTO AT H S
EAMERE, AREGEEROIGEEB UG AN EEERNEALE RN ARREI T AEESE, REER
F R AR E G D ERE ARG R AN EEEEATE I RGHERELEN R TR
TR REEL TR & HEERAR XN A WE T RN HEREN RGN B, YRk 2 R LR
W B, 35 BB A R A R K IE] B A KR 3 K A LR A T A A ok e [ AT R R AR o B KO Bl R

KER, M TEER  GEEROIGEBRD, EEWE A hFHEE

HESES . TU476. 3 SCHRPRAERD: A XEHS: 0367 —6234(2025)09 —0130 - 10

Experimental waterproofing and mechanical properties of
liner-reinforced diaphragm wall joints
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Abstract; Diaphragm walls, as water interception, seepage control, load bearing, and water retaining structures,
have many applications in deep foundations. To improve the waterproofing and mechanical properties of diaphragm
walls after joint cracking, four-point bending, and waterproofing tests were carried out using high-density
polyethylene corrosion protection liners on four pieces of wall with reinforced joints and two pieces of wall to
compare with unreinforced walls with joints. To study the damage pattern, deformation capacity, load-bearing
capacity, and waterproofing performance of walls before and after reinforcement with high-density polyethylene
corrosion protection liners and reinforcement planting. The experimental results show that the diaphragm wall joints
reinforced with corrosion protection liners can significantly improve the bearing capacity and waterproofing
performance, postpone the concrete cracking, and increase the ultimate deformation capacity of the diaphragm wall
joints. According to the “load-deflection” curve at the joints of the wall, the bearing capacity of the wall is divided
into the initial cracking stage, the crack development stage, and the damage stage. When the wall reaches the
cracking stage, the joint leakage problem must be considered quickly. As the water pressure increases, the
waterproofing performance of the joints before and after corrosion protection liners decreases under the same loading
conditions.

Keywords: diaphragm wall; high-density polyethylene corrosion protection liners; joint reinforcement;

waterproofing ; mechanical property

BEE ST RPN S (TR BUROROSE w1 M Bt T A R0, {EL[) I b 3%
“HUZERE ") TE P MRS R RS ST TR AR SRR K BOHLAR L IR I, A e A s 1 Hb i
MR IZ BN, TAR R MR R KR B LN A LB K A 1] R I T e A
FER R et R E SR B o R T, &

WA 2024 -05-07; A EH: 2024 -07-03; MEE % BHA: 2024 -08 - 02

P48 B & Ml : hitps://link. enki. net/urlid/23. 1235. 1.20240731. 1702. 004

E£WA: ERARBEEL T FIWHE (52378470) ; B B R FH= A4 EPR (M IX) GF 5235 H (52220105011)
EERA: PPkl (1986—) , 3 RIS 01, 2k 0l

BEMEE: 5k b, zhangbu@ bjut. edu. cn



59 1

PR, AF AP0 T SR AR K-S T P e S - 131 -

H Tt T K S 255, 25,
b5 28 o R R MR KO LR A | e i TR E
P HEEICUE B IR K LA Y R G
TR ARSI s e SR SR e A BRI A L
XoF Mt 32 358 AT 00 TR Lk 7K A 3 RS i A P e e
R, BT, 5 048 0 18 77 vk A 1 i 4
AR RS ORI AR A O, R A 1K
T ER AR B R ER B KRE, B
P ETFAZ X 2 H B8 T 11 1 3 % 2 4 R BRI
TG it , SR FH R LA o R W B 3 2k T3 % b i
BRAEAEVEAT IO GR , A7 R0 & T T Hh % B 4k 1k
IR 5 M8 A5 ) A 6T T 4255 YU BT PR e 52 5% A o
o i TRRE T e D A G SR D 3% S
AR H YRR R SCPEIEGE Shy F  A R S5 A4 fin
A 2R, 1 g 8 1) L 5 40 (10 AR 3 g 5 1 % [ 2
A8 T3 B 5 2T 4 348 ik S ARORS U Jon [0 90 5 VR ot
RGBS AN R TR g 7K ST 1) B 8 £ 4 1 5k 9 )
X 61 22 32 25 PR R R s i), S 25 SRR B T
R AT DA R R 0 32 25 7 3 ) /NS B 5 2%
VR S G JE T 4/ R A T TR 9 - R 0 A
REHEA TR, 0 i 1 3 50 T2 7 S ] 4 747 1 AR
TR REETE R | I BE AR TR AR 2 T i v A O 1
SEILCHA | JRCTET &/ AR 7 o [ 3K 6 2 8 Jon s LT
i | W R 2 7K 3 7 2 4R Gong 45
T A AR I AR L M BR TR | X R 1A 4
S I T 1 42 4% B 0 6T B K RE T S e AT T 2R
A, 1525 S 3 I it 25 422 4 5K T et TN 2 48 7 A ) 4
T, B4 BB K BE 7 58 3 A s Dimaio ' 24 T —Fb
TH: S22 6 1 B JE PR 47 46 £ ( corrosion protection
liners, CPL) AR BE I3 22 4% DA K Tl Ak A= 77 1 ik
P BIE T ikt # 2L R AP 1918 M RE ; Loganathan
SEUOTHE CPL AR b4 T — S k2 5 S
FIREE + 5 HDPE 8¢ PVC % #3752 5 (10 &2 & 18
S, 38 BT 3 R S o HE 7K R ) 2 B
BT T 0l A S AT AT L AT X CPL
[ A (R BR E8  RA HEAT  RULE J7 356 , B
FEHBELEIN ) i RN ) 25 i T A AR e AT o, 2
SR CPL [ )5 A 2R AR T 3 A B 10 H2 4% K
i, BA BRI P e BE  #h2R i  R T ek
R I A HE S AR R IR VO
M 5 RO AT A X EA DN400 R 28 #4541t
KA TE MR BB BT R TPk
LR , 15 CPL J7 i il Wl 35 48 w4 a8 22 1 bt
P B IRETT

AR SCHFF 0 Aol 2800 [ 7 4 SR Z2 1k 1) v 2 38

IR AR5 A T ) AR R RIS I 2 2 5]
AL, 38 3b X6 SRR H AP S 5 e R [y kAl
FRE S 5 784005 A, R FE ORI 70 AR B S5 1%
T 2 (] P 225 B, ol St 48 5 SR AT Jl— 3 1, LA
IR E IR AR I T dE B B B EH 107k
G5 T S H S mBECK L R AR, BB AS AT AL &
AR ERE S (BB IR R R S R Pl X e 2R
TN BRI, B R AR DL R WA R 5 5 1
Dy 1) 4k B0 [ 5 Hi 3% 355 1) ) AR Re i SRR X
IR AICH 5 D0 45 Bl /> ek A A7 o A A 5 2 ) e
7] i b 3% 2 4 Ak 7 K P R %) e 3 $ TR AT
W%

AT XoF 2 Aol #0001 6] 5 5 A e 4 1% 3 s
Fr— 2500 5 245l IR FE AN R K R A TeA
KA BT A48 34 B e K R T i 3k
ZEAE T M2 01 58T R AL, Ak 43 g 2 i 1]
Je M 8 R P A b 1) g 2 P BE IR A = L B
I8 Ji5 (4 B 7K 1 BE
1 RBBEA
1.1 X Egit

H4E GB 50367—2013 TRHEE 1= 4544 i [ 5 1150
FEYSF GB 50108—2008 ( M T 48 B 7K 5 A #E
) N AR T 3 RIS M i SR 5 R AT 4
BT, Hrp 1 2 B ARG I A 48, 1 28 Ml B RS I
SRR B 1 2l 3% 35 A A B A 9 e, 43
XF LR U SR 400 815 1) T 24 P e R B KRR . b
SURESnW G =¥ N N o ) m,ﬁﬁi 1 m,r% 0.5 m, T
PR JE BErIE 206 2 R Hh % 35517 B A 1 Ak,
FEAEBE AR A A 22255 WA 1 E K AR, i 65 A R
SERBEIE 1 (a), R T X AR E 5 XN HE
B B 7K 5 71 % P Ag, B+ DW1-Unpaste , DW2-
Unpaste Ay 1 3% 38 A< SR O [ 45 it , 48 S 328096 X) Jif
4 ;i DW1-CPL ,DW2-CPL A BLTHIAS I 2 A% H
[ ;314 DW1-Steel , DW2-Steel A HL T} 3 A% % b ik
BRI R R E R B LA 1 (b) o
FHER D8 % 5% 1B RN % M 5% 3 B4 4 Al
5T, LI I D8 % B A S8, b e b
Bk A K e HO R - HO VAR 400 mm, 8
300 mm, EHRE 10 mm, FEAE 16 mm, FBFL5E K,
Jo SR, GRS e M SR TR BE 1=, I BE Hb ik IR
B YRR S, PEAT 5 5e % 555 0 A T 46
FU, OB e BesR , Hoh J5 U8 e 5% /K SE i #8421
T L, HGERA R S LA 1 (e) o i
ISHWEL,



- 132 - 72 (S D A = = $57 46
HEYR Bk
PLGEHERE PSRk L H400x300%x10%16 Ja beHh RS
| V\\ 2 44T
a “4:_ —— 9 . 4 e '-| -
: 4\ a R PR . a <
« A‘A ’A' N R ‘4 o 4.' . 4'4_ :
2 s a4 G BaEkE ;_
) " 4 «4 ag Fd,. 4 . S :
(a) HERE MK R~ R E
AR WK NN
+ \ N B
) Hh RS
g /
7 -
(b) Hh 3% 55 0 B~ =
. <y HAYR Bk
K555 $20@200 B P It 2k 2 HAO0X300x10%16
e . 3. '. <
. Ph @as o "4
',‘4- cd R i 1. -
S AR R Ca | msen
: ’ e 4 Al TN
~d4 q . . ) a A
| ) » | | BN
2 RN . v - T F e, 4 a . -,
500 J60] 200 | 200 | 200 | 200 R@50 |60] 200 | 200 | 200 | 200 K0
I 1 | | | TETT | | | | 1
(c) HuERERAFEL B~ =
HA7: mm
E1 HhEEmEaE
Fig.1  Diaphragm wall reinforcement construction
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Tab.2 Mechanical properties of steel bars
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Fig.3 Diaphragm wall reinforcing material
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Fig.4 Diaphragm wall reinforcement process
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Fig.6  Schematic diagram of experimental measurement device
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Fig.7 Unpasteed corrosion protection liners specimen damage pattern
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Fig.8 Corrosion protection liners anchorage specimen damage pattern
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Fig.9 Damage pattern of anchored specimens of corrosion protection liners with reinforcing steel mesh
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Fig. 10 Diaphragm wall joints corner-moment diagrams
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Load-deflection diagram at Diaphragm wall joints
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