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Static influence and damage classification on 32 m simply-
supported box girder of the high-speed railway under pier
transverse settlement
YU Cuiying™, YANG Qinjie™, LUO Wenjun™, MA Bin?

(1a. School of Science; 1b. School of Civil and Architectural Engineering, East China Jiaotong University, Nanchang

330013, P. R. China; 2. China Railway Second Bureau Group Co., Ltd., Chengdu 610013, P. R. China)

Abstract: Due to the uneven transverse settlement of bridge piers caused by the parallel construction of existing
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and new high-speed railway lines, a CRTS [l slab track-bridge system static-coupled model was established
using the ABAQUS finite element analysis method for a commonly used 32 m standard double-track multi-span
simply supported beam bridge in high-speed railways. Considering different settlement types and settlement
amplitudes, this paper studies the force between layers of track structure and the deformation law of rail surface
caused by the uneven settlement of piers in the transverse direction. On this basis, the static damage
classification and maintenance suggestions for the uneven settlement of single and double piers in the transverse
direction under this type of bridge are proposed. Based on this analysis, static damage classification and repair
recommendations were proposed for single and double-pier uneven transverse settlement of this bridge type.
The results have shown that the uneven settlement of the pier in a transverse direction has the greatest influence
on the vertical irregularity of the rail surface, followed by the distortion and the horizontal irregularity, and the
deformation extremum is easy to appear at the top of the settlement pier. When the unilateral settlement of the
pier in the transverse direction of the bridge, the settlement difference between the singer pier of 10 mm, 15 mm
and 20 mm, its damage classification is rated as Il , Il and IV . It is necessary to pay attention to the bilateral
settlement of the pier across the bridge, and the damage is more serious than the unilateral settlement. When the
settlement difference of the transverse direction reaches 20 mm, the transverse tensile stress of the self-
compacting concrete layer exceeds the tensile strength limit of C40 concrete, and the track structure has the risk
of cracking. It is recommended that the uneven settlement in the transverse direction of the single and double
piers should be limited to 10 mm or less for daily maintenance and that adverse settlement of 15 mm or more
should be avoided.

Keywords: high-speed railway; simply-supported box girder; pier settlement; transverse settlement; stress and

deformation; static damage classification

BF A A e o Bk % AR G0 0 B S A AU
“LAATR AT 7 0 S e K K 2 R R b &7 2
DA B3z 0 R o Bl 2 AT 2 R A 4R R 4 42
R B AN A B R R A B R E
SEnh By B AR AR S UURES M BB S 2 [ &
FNT R 3[R 1 1 7= A= SRR N A8 T, 1117 52 i 3
S5 0 JLART T8 A0 F0 32 3 A8 T, K DA 5 5% i) i
TR W RO AT G e A M R E ET

M2 5 R R R ) B S TR B R BUE
A ARG AT T A OGS BRIEEE RO R T R oT
A 2 TG AR L TE A A7 S8 1) U5 R R A AR T 1Y A BT
WS 56 FR I A ST AT BROCEE AL GG IE T A M L B
RIS T A DURE R A L X TCRE LA
JRG 3B A 9 J5E 225 AL B, 45 810 AT S0 AR ik RS A Al 4
(5 1 G % o Malena U4 Hy — 3500 7 3000 B
VBT 150 A SR A7 11 7 2 R 1 R R B AR 1) 0 v
F 58 T A7 BT B8 X 00 P 1A 5 4 1) S i . ) £
RN A A7 B R ) PR X CRTS 1 R % i JL
A I 285 (1% 308 FH e S i AT ASS 280 43 AT A BT A 5 L A
M AR T X BT AR TE RS2 . BRI TR AR 22 1
CGEHE RN OK B i £2 EAF | CRTS 1T 8 A 28 JEHE 5L
T8 ST AT BR T AR AL BF 5 IO 38 5 0 R R 25 S TR
NE AR R YN 7 AT . 1 R AR AR
57 CRTS 11 #9  3% Az =X TG A 38 -4 2 ) 24

R BIF 58 A R X455 %0 92 AN B dn i &z 1 A8 8
(R 52 e B, 42 8 7 By Lk 0T AR TR it o

C A W98 K 2 2% 18 B slURH SR 3 & B AR 1 5
UG E  IUAE 1) AN 2450 10 I X M 0 A5 Y
SR SESE b BE A Rk I 0 I i 2 R A R R 1
PR RS WA 458 L AT S H 2
%, oy & A BR A R GRE0E OIS 35 5 TR 390 04 B 1)
DURE . Witk , 235 DA A B ) DR R F 58 0 42,
QR R R T 32 mARERT R (R KN 32.6 m)
K H ABAQUS # 57 CRTS I 8 iz =X JC #E #138 -#r
YRR AL, 25 AR K SUBOAS [] 2 B 0 R o 42 I
LT S5 R 7 R R e, DY) O B A LR MR R UL 4
Tl o0 5 4 A A8 B A R R SRR R BRI AR

1 tEFEE

1.1 EXRREiE

1) % 1 3 4 FH V-5 5 7t e e A 2, BT
IR A5 R L BREE s T AR I

2) PR G et i) M B K, oK T T I T 4 R X R
9 525 B AR 5

3) 0 0 S AR 1 2% s Ry SR MR SR AR 2

4) BRUTREIIA , 5 e [ e A A S80S -
1.2 HEERERETHESEETREINE

MR AR B 1) AN B ST R B, 5 00 R AT



156 K5 xR ¥E AL FROP FE L)

% 46 %

AR AR 60 0 5 R AR 3 AR R AR TR 1 AL AR, B
TE 1) 70 A8 0 DR — DA AR, A7 A U e A it 22 1 5
A 0] A28, F A SR BE )= DR IMT ™ RS A 2 9] 2
4505 B Bt PR A8 AR AR R |, 5 2 A fk iy L e e A
0] T A% 3l , 645 A1 AR BUIE AR b7 B0 Rl AR I
I A0 0E 1 B BAE A B R0 PE R B 36 R A
NEEZ.

2 HE-HR-BENERRTHER

2.1 BRTHEBET

L 5~32. 6 m b5 il BULL 87 32 924 o 19 2 S A BR
JCARE T FF b B 258 O CRTS LAY 24 50 B 28 JE HE
Mol , EE B BIE R B % IR EE 2 DL A AR
AL, 18 F AR HE 60 kg/m B, L C3DBR 3244 #LoT
B, 04 ] Cartesian #L % 51 JC A1, 4114 152 [ (W1
& R 30 MIN/m, 45 2 v X6 52 )88 i #5248 R FH Spring 3
AT AR SR 6 MR U B 1 o Bl i
By, PR ME SO AT B R [ E YN B 1) 2 ) SR
U 25 K SR R AR A LA SE BR R H 4% C3DBR 324 i
JC AR . AH AP B TE AR B S TR B 2 A TE] R
BIHL0. 07 m, AH 48 JiS J3& A [8] FE 24 0. 02 m; HLIE Az Fi
H %5 SR BE )2 ) T BE A i PE AR R B 0. 55
%% SRR JRE Al SR 2 B) 43k 8 Ol TIE 96 % %
firl o SRR S R Sy B B O o TR L VS AR A
i AR S 8 1) A A T, AS ] A e R H DL 1L, A R T
BERLAN P 2 T 7, b Rk 2 30RN 3 88 2 BB 43 501 L
FK1IMEK2,
2.2 EEIGIF

Sk 5 IE A R T AR AL A BT AT M D SCEk[1910
3~20 mm 1) 5L 1) TR T 00 A AT 56 IE , 41
Wl B 35 MIN/ my, TR LA S A il o 35 5 18 i) A7 8 A
L, IF 5 UURE 5 mm B A g AT 25 2R 04T X, an sl 3
It 7, AR B AR R B PR R DT (E S SOk (B B KR 25 R

1/2 1A 1/2 T1-TIA

610 610
1145 265 44 25 102 265 45]

1 11

==

90

>
-
5] 170
65{ 130 |55 |2
=]
200 |50]
250

v,
50, 179 118 |65
250 250

E1 #HREEE

Fig. 1 Cross-sectional view of the bridge
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Table 2 Parameters of bridge bracing

S Y@ E/(N/m)  BERREE/(N/m) BRI/ (N/m) Y/ N-m?) e /(kN-m?) e/ (kN-m?)
GD 6.0>10° 6.0>10° 7.5X10° 1.0x10° 0 1.0x10°
zX 3.0x10° 6.0>10° 7.5X10° 1.0x10° 0 1.0x10°
HX 1.2x107 1.5X107 7.5x%10° 1.0x10° 0 1.0x10°
DX 3.0x10° 1.5%10 7.5x10° 1.0x10° 0 1.0x10°
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Fig. 5 Schematic diagram of bridge and rail numbers
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transverse direction
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Fig. 12 Nephogram of transverse stress peak of self-
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Fig. 15 The rail deformation curves under the settlement

difference of a single pier between 15 mm
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Table 4 Damage grade classification of uneven settlement of bridge pier in the transverse direction (recommendation)
P8 AR CPUE ARSI/ mm) IEiE
-t [R(IS K- Eiillii} Hr 41 it I (R s I CH RS [T Colf B ) IV (BR 3% 200 km/h)
2 7 2 2 <1.5 1 —
4 9 4 3 <1.5 1l —
7 12 6 5 1.5 I} —
8 15 7 6 >1.5 I\

T o b0 ST Ay TR 0 5 AT T L BV SZ K A 10 m DA BI04 0 R 2R 5 3 1 2% 1 L T S T 80 75 PR A9 410 PRAFE 1.5 mm ™,
K5 BHENEAARHATNETREBSRGITRREBEL

Table 5 Damage grade classification and proposal of maintenance under the uneven settlement of the single pier in the

transverse direction

] \ ) AN 0 A/ mm . o N
R Rl ZEMBCRE /mm A T /mm — Uit g Yeis 9% &
Lt A% 7K Hi i
5 0.86 4.50 0.95 0.48
) 10 2.16 9.77 2.16 0.84 Il Il
iR e yiUnl 0
15 3.30 14. 80* 3.26 1.34 Il Il
20 4. 40 19. 90 4.36 1.66% I\l I\ Jo; 77 8 R
10 0.97 9.74 1.11 0.54 Il Il
. 15 2.08 14.71% 2.20 0.96 Il Il
P AL 2 5 : :
20 3.20 19.93%* 3.29 1.34 I\l \]
25 4.33 24.89% 4.39 1. 80%* v I\ ;77 48 B
15 0.93 14. 76% 1.15 0.53 1l Il
) 20 2.29 19. 82 2.24 0.96 v I\
P 3 10 ) )
25 3.15 24. 86% 3.33 1.41 J\l I\l
30 4.22 29.96% 4.43 1.73% I\ I\ 7 7 PR

T <7 5 DAy el MLV A Ml 2 M, 5 A A e S B A 1) o 1z e PR T

R6 WHENEAHATETREBSRGITRRLEBEWL

Table 6 Damage grade classification and proposal of maintenance under the uneven settlement of double piers in the

transverse direction

\ . . IS I 04 A/ mm ] o .
455 25 Y MBS/ mm AW /mm — - iR HBER B
[ #t A% K- it
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XU T 4 0 )
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XU T 5 5 ‘
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WA 6 10 : ;
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T 5 0 i ML A

4 %

<l
o

1)k H ABAQUS, #5377 % & ) A3 4]
VUK BB TE - 2 -5 A BR T AL, 2 T BB AN
XU B 1) AN 2 2] O Rl 28 LR CRTS T2 A

VEO 22 8, o5 VA S % S TR RE A 16 ir BT g R B T

X OCAEPE 4544 52 71728 Wi,k WA A 1o T 22
X SR R b R ) B )R R B R Y R A )
B UURE 2235 8 20 mm I, 38 SR BE LR 1] 47
S ML BRAEL BE5R 77 AR T 2R

2) il 3 BT o BB AN B ST ULRRE AT L 48 R TR

v El
bI3-2

IS4
o



%2 REEFHRKIE 32 m B ARG AR TR A R e BB R R 163

SECUT R 22 5 0T AN ST (B LR AR K AL )
A R SR R o FRISLTL R INF , AH AR TAL T AT 2 ) i
LWL R B HEI G, b (R BE A R e TR 22 1Y OR
M4 s AT LR LABRBE P F U8 3, W B w1
JK P A A S B AN S5 XD R I, P T e
Xt N F 25 58 T AZ TE LUK P AN S A 3 R 48 0
155 B0 TR AN ST MR S L A 5 BT R 2R

3)HET A BRIT Oy HAS AL, LU S BUIE AP
PR M L 55 5 TR UIE 45 H A2 ), T R R AT 1) 1
B AR VLR SO RO AR T 32 m
2 05 TR SR W S U 0 S M M B L

4) T 22 K [ i, XU R 451 3 s 5 A Bt
Weg 71 B XU T o e B T e 7 5 B H IR R
B OBUBORE AT 1] AN 2 2 BLRE 4% 1 75 10 mm LN, R
e TR 15 mm K LL BRSO R T . 5 228
454 SIMPACK Z 4 8l J) 2 B4k 047 1) 4 - B T8 -
RARGES) I 2 T, BE— 20 70 B i 6 BT 1 DR
X e BB AR AT A A M AT 3 M ) S

£ % Uk

(1] BEELW] . b [ ey ik e LR RILRR R 25 A A B2 (7). v [ K
%, 2010(12): 74-77.

SHENG L M. Typical and special structural bridge of
China high speed railways [J]. Chinese Railways, 2010
(12): 74-77. (in Chinese)

(2] BRIEEE . BFBLUTRE T 9\ 3% i X 0 55 1 1 (] o) 2 4 fi

17 00 B HER 9 4 8 5 ke PE R 2 (7], £ AR 224l
2021, 54(1): 97-105.
CHEN Z W. Dynamic contact behavior between
longitudinal slab track and bridge deck under pier
settlement and its influence on train dynamic
characteristics [J]. China Civil Engineering Journal,
2021, 54(1): 97-105. (in Chinese)

[3] 28, R0, R 5 TRPUIE AL 7 1 f7 S 52 8 fm) MY

JBEPREATFELT]. kil TR 24, 2020, 37(3): 34-39.
LI Q, WU Y, WU Q. Research on the threshold of
vertical stiffness of simply supported girders considering
static deformation of track [J]. Journal of Railway
Engineering Society, 2020, 37(3): 34-39. (in Chinese)

(4] AR4RAE . AN 1 53 0 Kk X Q15 3 2 % T 0 T 45 40 5% i 4

Br0). BRill TAEZEAR, 2014, 31(3): 61-65.
ZOU Z H. Effects analysis of differential settlementon
on long-span continuous bridge and ballastless track
structure [J]. Journal of Railway Engineering Society,
2014, 31(3): 61-65. (in Chinese)

[5] PARKS S, YANG M J, GAJAN S, et al. Strength-
based differential tolerable settlement limits of bridges
[J]. Advances in Structural Engineering, 2018, 21(1):
46-58.

[6] BUIW, BAEL, AR, 5. & B8k MR Rl 250 ) B 1k

AE 1 A2 e IR AR 22 4 Y BE AR 7 )T ], b A 22 (R
Fh2), 2014, 44(7): 645-660.
ZHAI W M, ZHAO C F, XIA H, et al. Basic scientific
problems of dynamic performance evolution and service
safety of high-speed railway infrastructure [J]. Scientia
Sinica (Technologica), 2014, 44(7): 645-660. (in
Chinese)

[7] #IKTE, 5K, T F50, 55 Ba TR B 9L b X
JCHE B 28 % 2 R ma [T, Pk 3h 5 whody 2019, 38(7):
112-118.
XU Q Y, ZHANG Z, FANG Z Y, et al. Effects of
uneven settlement of pier and abutment on dynamic
characteristics of longitudinal connected slab ballastless
track on bridge [J]. Journal of Vibration and Shock,
2019, 38(7): 112-118. (in Chinese)

[8] GOU H Y, LIU C, HUA H, et al

relationship between dynamic responses of high-speed

Mapping

trains and additional bridge deformations [J]. Journal of
Vibration and Control, 2021, 27(9/10): 1051-1062.

[9] ZHOU W B, NIE L X, JIANG L Z, et al. Mapping
relation between pier settlement and rail deformation of
unit slab track system [J]. Structures, 2020, 27: 1066-
1074.

[10] BRIEEh, #h5, BRWENT . v ol Bk B R LU KR 5 B L2 T]

B SCR (1) B TR HE B TE R Ge(T]. b B B2
(B ARBIH), 2014, 44(7): 770-777.
CHEN Z W, SUN Y, ZHAI W M. Mapping
relationship between pier settlement and rail deformation
of high-speed railway ( I): Unit slab ballastless track
system [J]. Scientia Sinica (Technologica), 2014, 44(7):
770-777. (in Chinese)

(11] BRRWE, bradfh, £ . o s gk AR UL 5 JCAE L

TH RS A AR S DX SRy e 0GB (D] BkOE AR E B
2022, 66(1): 41-48.
CHEN T H, YANG J W, WANG J H. Mapping
relationship between pier settlement and base plate void
area of the ballastless track for high-speed railways[J].
Railway Standard Design, 2022, 66(1): 41-48. (in
Chinese)

[12] MALENA M, ANGELILLO M, FORTUNATO A,
et al. Arch bridges subject to pier settlements:
continuous vs. piecewise rigid displacement methods[J].
Meccanica, 2021, 56(10): 2487-2505.

(13] AT£Lm:, 28 50, B ME, 25 . i Bk A 2 8 ) 2 B
L5 UTET TLART S 25 1 16 e S A T S R D S (). TR D
2, 2019, 36(6): 42-47
GOU H Y, RAN Z W, PU Q H, et al. Study on
mapping  relationship ~ between  bridge  vertical

deformation and track geometry of high-speed railway[J].

Engineering Mechanics, 2019, 36(6): 42-47. (in Chinese)



164 + K5 x%E L FHKOP E X % 46 %
[14] 5k M8 &, & PG, B2, 25 . 0F B E B 2 5T 0 b AT F G 0 I A 2 M [T]. 1B AR 8 K2R 2E R, 2021, 38

[16]

(18]

CRTS Il Mg s TEAEPLisE A ml g 552 me (7], 2238 32 i 1
2Ed, 2020, 20(4): 80-90.

ZHANG P F, LIAN X N, GUI H, et al. Effect of pier
temperature gradient on longitudinal force of CRTS I
slab ballastless track on bridge [J]. Journal of Traffic and
Transportation Engineering, 2020, 20(4): 80-90. (in
Chinese)

IR, L, KT, AF 2 R SR TR X A
I JUART IR A7 18 A B B2 ma [T]. BRGE TR 2l 2021, 38
(1): 91-96.

FENG Y L, JIANG L Z, ZENG Y P, et al. Influence
of the typical deformation of continuous beam bridge on
the track geometry evolution [J]. Journal of Railway
Engineering Society, 2021, 38(1): 91-96. (in Chinese)
JECH, R, BV, A G DR B AR X 4R T
1o BR AT BE TR 1 43 BT (1), BRIE AL 2 5 TR %4k, 2022,
19(5): 1187-1195.

FANG S J, XU X T, WANG T, et al. Influence of
new bridge loading on additional foundation settlement of
existing bridge [J]. Journal of Railway Science and
Engineering, 2022, 19(5): 1187-1195. (in Chinese)
ZHANG D, XIAO J H, ZHANG X. Effects of pier
deformation on train operations within high-speed
railway  ballastless  track-bridge  systems  [J].

Journal of the
2018, 2672(10):

Transportation Research Record:

Transportation Research Board,
96-105.

A0, Bk, SKZH, AL B T On )R T 1A 20

(5): 30-39.

DING Z W, MA B, ZHANG Y H, et al. Influence of
adjacent construction access load on the existing bridge
pile foundation in Nanchang binary strata [J]. Journal of
East China Jiaotong University, 2021, 38(5): 30-39. (in

Chinese)

[19] JIANG L Z, LIU L L, ZHOU W B, et al. Mapped

relationships  between pier settlement and rail
deformation of bridges with CRTS [l SBT [J]. Steel

and Composite Structures, 2020, 36(4): 481-492.

[20] 7y 8 42k 1% T HE #0038 48 BR 4R H ) : TG/GW 115—2012

[S]. dbst: v [ kaE At 2020.

High-speed railroad ballastless track line maintenance
rules: TG/GW 115—2012 [S]. Beijing: China Railway
Publishing House, 2020. (in Chinese)

LR T B ST S BRI . TG/GW 114—2011
[S]. dbat: o kil R, 2012.

High-speed railroad bridge and tunnel building repair
rules: TG/GW 114—2011 [S]. Beijing: China Railway
Publishing House, 2012. (in Chinese)

TRBE T 45 BT RLE: GB 50010—2010 [S]. dbat: i E
HEH Tl i hAt, 2015.

Code for design of concrete structures: GB 50010—2010
[S]. Beijing: China Architecture & Building Press, 2015.
(in Chinese)

[l

[

(%% A%)



