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Fig.1 Structural diagram of existing anchor rod assembly
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Fig.2 Finite element model of stop-grouting plug
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Fig.3 Mechanical performance curves of compounds of
outer parts of stop—grouting plugs

R B FE DAL AL R A SR AR R G K
TN ZE R s A T AR AR v Bl T D K
FL R NI T, P 2 ) A i AT e R 2. 2
GPa, JAFALEA0. 394,

HR R 1k 5 FE 09 A 50, 15080 rp A1 58 55 Py 58
FRGFE S 2E 55 P 58 D) S A 2E 55 D 3% FL ST 42 ik
SR 3 1) Ay S ik, 2l 1 7 1] SR 5 R

SO0 o 15 B A PR T S S EE AR, KL b
A At Xk 8] (4 EE A I

VASNIE (U4 71%) b2 i ) b4 [ (7
4rpar @) b AT AT O R A B E B R IR
ARTE TS T 1) oo JEE T 1)) 4 e KA A 1 77,
M S S Ay i Rl N7 A T A S ) A AT B R
Sl 52 3 H K fre/MELE SCOR SR T B8 fe /N
1 1

B4 IEREMIE
Fig.4 Outer part of stop—grouting plug
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Fig.5 Maximum contact stress distributions between outer parts of stop—grouting plugs and mortar holes under
mortar pressure of 1 MPa
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Fig. 6 Contact stress distributions between outer parts of stop—grouting plugs and mortar holes under mortar pressure of 1 MPa
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Fig.7 Curves of minimum contact stresses between outer
parts of stop—grouting plugs and mortar holes as

variation of mortar pressures
/NT0.3 MPalt}, &1 Z€ 15k} g 2 PR RE X A1 9K 5
5L de /N2 i R T LT 5 5 XS 10 5 e
13k #) 1 MPalf, EPDM60 1 EPDM704h %€ 5 fib
WAL Fe /N2 il v 77 JL T AHAE, 29°50. 50 MPa,
IMEPDM40 4k %€ 5 1 3¢ £ 1) fe /N2 il g 77 °70. 65
MPa, ¥ K 730%, 4% K JJKT0.1 MPa,
NR405}E 50 I LI e/ MEfil v ) KT EPDMAZ
BE, BN R T8 R g B . NR40OSMIE S
IR AL B /N Mk N T () B3R R T (x) 4G

(a) EPDM40

(b) EPDM50

J101 MPalif, B T HE AL &, EPDM404M%E 5
PR ZE FIER AT 1 B K2 fl 2 67 AR SE N RIS
FE b 3Tl T HERALAL , R ik
JIETH02E N 3R 15 B FF B2 b7 L SR FE N SR
AT -5 48 FF 5] 19 422 il 7 1 K F1. 0 MPa; EPDMSO,

EPDM60 FIEPDM 704 %€ 55 [N ZE FlR T 19 e K2
fik . 3 A3 A0 2 PN e T Y LR, B A FE N RS
BT I 2 7 10 ] A1 FE 5 PN SE R AT [A] 1Y) %%
B TSN E ST AT B, BRI R
1 MPa, EPDM40, EPDMS50, EPDM60 1 EPDM70
S FE 55 PN ZE FVR T 1Y) dpe R A2 i 7 T 18 B AR R B
JNEL A3 X B A2, 35211, 009, 1. 4344110 993,

in Contact Stres

219¢+00
+1178e+00
+11137¢+00
1096+

+1.055¢+00
+1.014¢+00

(c) EPDM60

(d) EPDM70

(e) NR40

E8 WREN MPaTIERENESHNEMHETRKREME NS
Fig.8 Maximum contact stress distributions between outer parts and inner parts of stop—grouting plugs and anchor rods under
mortar pressure of 1 MPa
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Fig.9 Contact stress distributions between outer parts and inner parts of stop—grouting plugs and anchor rods under
mortar pressure of 1 MPa

1.506411.014,1. 510F11. 003 MPa, ] WLANE KK}
F12EVERE X AN SE 5 P ZE VR T 1) o R4 fnk 17 77 e
MEFEA K, I B 5% TRM KR 1. Mk & ob
FE M BT, SNFE 5 P E BT I B A ik 1
Ty KA S NG INEI9IR P LA Y, 44
K ET1h 1 MPalt, 40 ZE P 3 187 55 B[] 0442 A 1
JIEBRR T 1.0 MPa, [H A FE PN 2 15 B T 1 422 f
RAE T AMIE N R 2% B PERE

MEI8FN9IA ] LU ), NR40FI FE P 3k [T Y
KAL) AL T P8 2€ 1 3R 105 A1 FE P 3R T %) 422 fik
2, e KA fh N 7 S5 FAR RN S5/ IMEL A3 31 R 3. 729 1
1. 126 MPa, 7£ N %€ [ R 10 LA 19 40 € N R IR
a1, B KAl N A T A0 SE SR FE 2 i L 3
KT 1.0 MPa, %f b 3% 1) %% 35 1 1% 75 41 2 N R T
SR FE B R R, AFE PN SRTHT )T S A 2 Ak 1
TR, FWIHNE N R 5 N ZEBAT HE AR
F ik

S E 55 PR FERR AT 15 B T ) e K A2 i g g
KT HME GHP I AL S KA J7, WIS E
PR ZEFHAR AT TR] 14 25 B B AT 5

13 FEANFE 5 PN ZE RN FT 1) B /)N 2 ik 1 ) i
I T Akt 2 an #1107 o

M B 107 Lk & 4, EPDM40, EPDM50,
EPDM60 fIEPDM704} %€ 55 [N ZE 1 48 AT 1) 15 /)N

04t
i3
02+
0 0.2 0.4 0“6 0.8 1.0
IR T1/MPa
HRE3,
E10 IE3RFEHNESHNEMHEITR/INEMMN F15E
IR E N B934k dh 2k

Fig.10 Curves of minimum contact stresses between outer
parts and inner parts of stop—grouting plugs and
anchor rods as variation of mortar pressures
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Design and Optimization of Compound for Quter Part of Stop—grouting Plug

XIAO Mingging', WANG Kejin®, CUI Haocheng’ , YANG Haibo®

(1. China Railway Siyuan Survey & Design Group Co. , Ltd, Wuhan 430063, China; 2. National-Local Joint Engineering Research Center of
Underwater Tunnelling Technology, Wuhan 430063, China;3. Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: A new type of stop—grouting plug with sealing and exhausting functions was designed, and
numerical simulation analysis of the actual working state of the stop—grouting plug was carried out using
the finite element method to optimize the compound of the outer part of the stop—grouting plug. The results
showed that as the hardness of the compound for the outer part of the stop—grouting plug decreased, the
sealing performance of the stop—grouting plug was improved. Taking into account both sealing performance
and cost, it was determined that the outer part of the stop—grouting plug was made of NR compound with a
Shore A hardness of 40 degrees.

Key words: stop—grouting plug; out part; compound; sealing performance; optimization design; finite

element analysis



