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Theoretical study of longitudinal connection for

rubber floating slab track of subway tunnel

XU Qing-yuan, FAN Hao, MENG Ya-jun, ZHOU Xiao-lin, SHI Cheng-hua
(School of Civil Engineering, Central South University, Changsha 410075, Hunan, China)

Abstract: A coupling dynamics model of subway train, rubber floating slab track and tunnel was
established, its corresponding program for coupling dynamic simulation was developed by
MATLAB software, and the calculation result of coupling dynamic simulation program was
verified by ANSYS software. With the developed coupling dynamic simulation program, a B-type

! was taken as an example, when it past through rubber

subway train with a speed of 80 km « h™
floating slab track on tunnel with 3 kinds of floating slab lengths and 5 kinds of rubber
stiffnesses, the influence of longitudinal connection form of rubber floating slab on the dynamic
characteristics of coupling system was calculated. Calculation result shows that longitudinally
articulated floating slab has little influence on the dynamic characteristics of each vehicle
component, the maximum wheel-rail force, the dynamic characteristics of rail, the dynamic
characteristics of rubber mat, and the dynamic characteristics of tunnel, and the influence is less

than 10%. When floating slab is longitudinally articulated, the vibration acceleration of floating

slab decreases significantly, but the maximum positive bending stress of floating slab increases to
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a certain extent. When the length of floating slab is longer and the stiffness of vibration-reduced
rubber mat is lower, after the floating slab is longitudinally articulated, the maximum fastener
tensile force near the joint of two neighboring floating slabs decreases significantly, and the
decrease amplitude may exceed 80%. When the length of floating slab is 1.25 m, it is not
necessary for the floating slab track to be longitudinally articulated, but when the length of floating slab
is 5. 00 m and the stiffness of vibration-reduced rubber mat is less than 0.01 N « mm *, the floating
slab track should be longitudinally articulated. When the length of floating slab is 31. 25 m, the

floating slab track should be longitudinally articulated if the stiffness of vibration-reduced rubber

2013 &

mat is less than 0. 02 N « mm™°,
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Fig. 1 Dynamics model of rubber floating slab track and tunnel
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Tab.1 Comparison of calculation results

IR E gl B | ANSYS % iF
BB R RS ] B/ (me 572D 24.612 24,551
A o) 0 R ) N B/ (e 577D 3.236 3.227
TR R B [ I/ (m e s7%) 0. 387 0. 386
xR K B 1] Fy /kN 98. 365 98. 472
LI R B ) IR/ (me s %) 285. 711 277.042
TR AR R 1) I/ (me 7 8) 9.183 9.505
I T e A 5 1) o B/ (me sT2) 0.033 0.032
ML/ (KN« m) 28. 532 27.961
LK E J7 /RN 43.392 13.848
T EAR 5 K YN 1 R )/ MPa 1.043 1. 064
142 15 £ £ K U 1] % /7 / MPa 0.027 0.027
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Fig. 2 Time-history curve of vibration
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Tab.3 Parameters of floating slab track and tunnel
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Mgk B RIS A RS 800 3R 2 (b at g ik it Ly | PR BRI [ 1 e 48 B/
BetR I, ZR T E LRE M B E) . ik B A5 % m 3 1 7 5t (N+ mm~9)
BATHE R 80 km « h', TR EARHIE S KIE S 1 0.005
WFE3, IEITHRLFEL,HEP L2 mKEERS 2 0.010
X W LA BUR P2 B 5. 00 m KIFBAR N ’ A I 0- 020
1 0. 040
o [ MR TR R VR AR K L 31,25 m KIFBEWRS % - p
0. 060
etk 5 S M B IF BRI, — 3L 30 B LA, p 1.25 oo
AR T ELE R ILF 5~7, 7 0.010
R2 WEBEIESY S B o 020
Tab. 2 Parameters of B-type subway train
9 0. 040
S8 Hfel 10 0. 060
TR ke 41 860 11 0.005
% n) 3R o i / kg 7 358 12 0.010
il\xj— g/kg 1 780 13 %r’ﬁ]llﬂﬁ‘ﬁ 0.020
AR R B/ (kg + m?) 1 400 770 14 0. 040
15 0. 060
%ﬁ%"i%%m Ji/(kg m?) 2 320 5.00
16 0.005
— RN/ (Nesem™ 1) 1 300
17 0.010
—ZREMAIE/(Nem D) 1 384 000 I8 Ty 0 020
ZRMEME/(N s m™) 25 000 19 0. 040
ZREMPIE/(Nm ) 355 000 20 0. 060
B2 2 /m 1.15 21 0.005
AR E P/ m 12.6 22 0.010
S S S , 23 YA 11 7] W 0. 020
T B e SRR TR B AR B -RE G R S K ” o
HEATIROE 5 AR OR LI 4 IR RS o
B A A LG 45 1 BT R e K. A S | oo
K55S B AR BUAE 2 B AH 2B 17 ¥ 0 B i 27 0.010
VAR UEITES N TANEWIRCE: ¥ 83y N A A e 1] 28 Yh 1] ez 0. 020
4 05 50 0V AR K I 45 B ) b B AE 29 0.010
B A ] B AL 30 0.060




42

B

I B2 F

£[:8

2013 #F

x5 IRI1I~10HELER

Tab. 5 Calculation results of conditions 1-10

T 1 2 3 4 5 6 7 8 9 10

X e R [ N/ (m o+ s72) | 29.091 | 28.470 | 27.080 | 23.201 | 21.182 | 29.291 | 28.788 | 27.634 | 23.977 | 21.800
T i) B AR K S T JNGEE /(mo e s2) | 2,713 2.863 2. 965 2.903 2. 940 2.671 2. 826 2.931 2. 875 2.919
TR R/ (m+ s2) | 0.353 0.353 0. 351 0.351 0.351 0. 352 0.353 0. 351 0. 351 0.351
KL /KN 102.465 | 101.724 | 100.431 | 98.528 | 97.065 | 102.571 | 101.995 | 101.059 | 99.011 | 97.596

B9 KA / mm 5. 846 3. 639 2. 485 1.921 1.689 5. 845 3.613 2.479 1.906 1.677

B I/ (m e s™2) 289. 629 | 289.138 | 288.891 | 287. 637 | 287.363 | 289.902 | 289. 413 | 289. 206 | 287. 714 | 287. 408
FER K MHE R/ (m - s™%) 9.778 9.753 9. 604 9.404 | 10.106 | 7.632 7.342 7.452 7.387 8. 589
% 58 J5 RN T BEE / (m e s 2 0. 035 0. 049 0.093 0.176 0.217 | 0.034 0. 050 0. 094 0.176 0.224
R IEZ 4/ (kN « m) 26.164 | 22.710 | 20.804 | 19.134 | 18.407 | 25.220 | 21.903 | 20.141 | 18.620 | 17.949
g5 KR 1 /kN 29.637 | 30.863 | 31.221 | 31.403 | 31.720 | 31.925 | 32.879 | 32.863 | 33.008 | 32.756

R R F1 /KN 2.123 1.618 1.623 1.648 1.676 2.142 1. 640 1.655 1.706 1.733

TR B AR B K E 25 T R )/ MPa 0. 065 0. 068 0. 069 0.070 | 0.071 0. 095 0. 096 0. 096 0.094 | 0.092
MR S5 K E B 1/ MPa 0.026 0.028 0.031 0.035 0.038 0.025 0.026 0.029 0.034 0.036
R KA H / mm 5. 144 2.789 1.531 0.877 0.632 5. 004 2.631 1. 445 0.843 0.596

£6 ITRI~20HEZER
Tab. 6 Calculation results of conditions 11-20
T8 11 12 13 14 15 16 17 18 19 20

X R R I N/ (m o s72) | 24,612 | 24.446 | 23.598 | 23.139 | 22.733 | 22.833 | 23.021 | 22.228 | 23.105 | 22.363
B A K S AN/ (m» s72) | 3.236 3.165 3.139 3.074 3.043 2. 925 2. 929 2.840 | 2.825 2.910
BB R B ) I/ (moe s 2 0. 387 0. 360 0.353 0.352 0.351 0. 407 0.374 0.361 0.353 0. 352
B ) /RN 98.365 | 98.489 | 98.345 | 98.310 | 97.399 | 97.321 | 96.979 | 97.175 | 98.104 | 97.527

IR KA/ mm 5. 634 3. 480 2. 429 1. 889 1.681 5. 667 3.443 2.371 1. 850 1.667
RN/ (m - s ) 285. 711 | 285.861 | 286.763 | 287.682 | 288.419 | 287. 486 | 286. 878 | 287. 118 | 286. 741 | 287. 369
T B AR K/ (m o s™ ) 9.183 9. 287 9.197 9.944 | 10.475 | 7.328 7.510 6.875 7.877 9.117
B% T8 fe KM EE /(e s7%) 0.033 0.053 0. 091 0.171 0. 230 0.033 0. 052 0. 092 0.173 0.237
B R IE 24/ (KN » m) 28.532 | 23.657 | 20.584 | 18.698 | 18.065 | 25.773 | 21.474 | 19.098 | 18.538 | 18.339
e R IE 41 /kN 43.392 | 40.008 | 37.331 | 35.497 | 34.395 | 39.578 | 37.828 | 36.735 | 35.561 | 34.430

B R PL 1 /kN 13.204 | 7.658 3. 607 2.317 2.112 4. 645 3.230 2.501 2.099 1. 969

TR B AR S K IE 5l 3 7/ MPa 1.043 0. 860 0.693 0.559 0. 488 1.275 1.178 1.017 0.774 | 0.648
B4 B3 KK ¥ 1/ MPa 0. 027 0.028 0.030 | 0.032 0.033 | 0.026 0.027 0.028 | 0.029 0. 030
R e KA %/ mm 5. 306 2. 808 1.519 0.799 0. 549 5.226 2.708 1.403 0.733 0.507
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(2)%FF 1. 25 m J5 BUAREE VF E ARG . 77 B AR
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S KRBT T R BE 5 T B AR T AR BN B A AR K
KRF G FE /N s I e KA B i R
KRR BE A 0,005 N« mm*, F1 7 e KAL)y
BRI 84 00 5 TR BRI 8] BEHE X 5. 00 m
AR VR B AR TE R e R R A
1. 25 m R RUAR EIF B AR PUIE A 31. 25 m K ARUAR fi
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Tab.7 Calculation results of conditions 21-30

T 21 22 23 24 25 26 27 28 29 30

X R R [ N/ (m s s72) | 24.449 | 23.698 | 23.022 | 22.482 | 21.403 | 24.985 | 24.825 | 24.716 | 24.646 | 23.322
B B B K A ANGE S/ (mo e s 2) | 2,949 2. 996 3.017 2. 982 2. 940 2.853 2.924 2. 986 2.971 2.924
ZE AR R N /(m« s72) | 0.355 0.351 0.351 0.351 0.351 0.374 0.357 0. 350 0.351 0.351
KA I /KN 99.106 | 98.604 | 98.064 | 97.537 | 95.595 | 99.715 | 99.676 | 99.620 | 100.017 | 98.437

5 KA /mm 5. 249 3.432 2. 440 1.862 1. 666 5. 200 3.298 2.327 1.817 1. 655
BRI/ (m e s72) 287.824 | 288.104 | 289.321 | 290. 656 | 292.497 | 289. 385 | 289. 461 | 290. 463 | 291. 467 | 292. 106
TR BRI/ (m - s™ %) 10.060 | 10.236 | 10.578 | 10.169 | 10.359 | 8.749 8. 804 8.713 8. 550 7.749
% 3 5 KNG/ (mo» 5™ 2) 0.032 0.063 0.101 0.198 0. 262 0.035 0. 060 0.102 0.182 0. 255
W KRIES 4/ (KN » m) 26.229 | 22.680 | 20.414 | 18.821 | 18.259 | 24.383 | 21.209 | 19.723 | 18.568 | 18.172
i i K 1 /kN 41.046 | 40.106 | 39.552 | 37.654 | 36.147 | 37.333 | 36.557 | 35.912 | 35.447 | 35.166

M Fe KLy /RN 21.199 | 12.072 | 5.550 2. 649 2.038 3.569 2.757 2.268 1. 958 1. 868

R B AR I A5 il R 1/ MPa 1.966 1.459 1.063 0. 769 0. 645 2.095 1.547 1.150 0. 855 0.715
W IR K JE Y F1 /MPa 0.023 0. 026 0.028 0. 033 0.036 0. 022 0. 025 0.027 0. 030 0. 032

M I KA #% / mm 4. 602 2.564 1.410 0. 809 0.591 4.328 2. 445 1. 346 0. 740 0.537

I — 22 W2, V7 B AR 1) B2 W] DA R AIG R AR
A B IR Bl FEARMEAE 1200 ~25 % Z 1],

(DOXFF 1. 25 m JG BRIV B AR PLIE . 77 B AR
N B I - VR A I R IE S i L ) A R R Y
0 38 i e BEAE 30 %0 ~45 % Z [A] R 1,25 m A
UGS V7 AR T T R e K I R g A (4K
/NS /NF 0. 10 MPa, 17 B8 AR e K IF 25 il B ) 46 %
Bt A Z AR 0. 04 MPas 77 B AR 8 H2 %
5.00 m 3l K B AR VR B AR HUE VR E AR ORIE S
Hh 1V 77 5 ) S5 K v AR O 1) B IS L TR AR K OE
il R 77 3 N A F 0. 16 ~0. 32 MPa 2 [8] , 3 Jin
W AR 2200 ~ 47 % Z (8], % F 5. 00 m 38 K AR
I 7 AR B TR AR N I B R R RO 55 5 i
A KN FE00  77 B ARG B X 31, 256 m KRR
JI2 V7 A A VR AR e R OE S R ) ) BN
XF 5. 00 m {858 4 B AR I T A e K OE A R )
SR V7 B AR DN 1) 02 J T MR i K I 2 N g
JIMEAE 0. 07 ~0. 13 MPa Z [a] , 3 il g B 7E 6 26 ~
12% 2 [6),

4 & i

iz FH At 57 1) Hb Bk 8] AR I R TR R
BEJ AT T ek B A 421 80 km e b
IBATAEA [A] 1 BRI BE A () AR I 48 I RE AR F
Bk b P B AR 1A 2 307 A G R GE sl hE
PERYSE R, BEFEZ I8 A0 R .

(L) P2 AR 1) B X 406 4% 318 3l o bk e

KA I8N J1 R AR AR B ) Rk L bR 3B B
TR HE R W BN B I AE 1026 AP .

(2) 1 B AR 1) ¢ H %F 37 8 AR 3h ) e A R
S TR B AR BB L T AR 3 o A R
Wi B 1 B AT L0 8 AR e KO 25 il B ) S T A —
W 35 1 385 s 38 e B S R AR K B 96, 5. 00 m
W5 K TR AR e K O il R S B £

(3) ¥ B AR 1] 5 12 %411 4 2y Iy 5 5 3
AR A B AR AR W B % U0 A OGP B AR AR AL
A AR M B2 IR V7 AR N [l S 2 5 o 2 B AH 4B 1
R R ST 104 5 IR ) A A R R 1 B AT A AT
JERT It 80% .

(4 B 24 2805 R ) 00 ) AS R o 47 111
I35 — R 10~12 KN, 75 5] 1144 224 45 e B 1)
3G HIR G  ATF 1. 25 m A DR B AR ELE R
EAACHE AT LR IGE BB X T 5. 00 m % K I
EAL AR AN EE /N F 0,01 N« mm™°, 7 8 M 4 38
TEYE B X T 31,25 m KRR B A PE
HEHMIBE/NTF 0,02 N« mm™° , % B AR 33E 75 2\ 3%
BRI ERNE R G AR KR ES A —
SR FBE RGN S A S TR B B AR i), L
SR B — 7 PR 6 0385 AV 0 AR JE B e v AR
A TR FH 0 1) 07 ) 7 AR T B RN )

5 & X Wk
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