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Abstract: The main beam of a Arch-beam fixed arch bridge
acts as a rigid tie rod to balance the thrust of archs, but it also
has the adverse effect of structural stiffness decrease. This
has limited the application of this type of arch bridge on high-
speed railways. In order to solve this problem, this paper
proposes a new arch bridge. The method is, first of all, to add
10 rigid diagonal bars between each ribs and the main beam to
form 11 triangle structures with the main beam and the each
ribs segments. As far as possible, the arch ribs and the main
beam are equally divided by triangular corner points so that
the line stiffness of the arch ribs and the main beam are
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improved. Secondly, according to the original structure
displacement envelope diagram, it is guaranteed that the
triangular corner points fall at the position of maximum
displacement and the mid-span of main beam so that the
weakness of arch ribs is strengthened. Studies have shown
that the overall stiffness of the new arch bridge can be
significantly improved under the condition that the material
increases little or even the same. In this paper, the fatigue
and temperature responses are also discussed in detail, and
finite element analysis shows that the structure also has good
adaptability to fatigue and temperature. And the superior
stiffness characteristics of the new arch bridge are particularly
suitable for high-speed railway bridges.

Key words: arch-beam fixed arch bridge; high-speed railway;
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Fig.1 Xijiang Bridge
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Fig.2 Dingsi Bridge
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Fig.3 The effect drawing of presented bridge
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Fig.4 The side view of presented bridge
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Fig.5 Structure of presented bridge
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Fig.7 Displacement envelope of arch ribs
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Fig.9 The cross section of arch ribs (unit: mm)
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Tab.1 Parameters and amount of steel of members

4 RimER Rk HuRR REREsE/ m B ER/m? BRI/ m? FAR/t

o R HERFHLD FaR Q420 ZEAST 10. 784~20. 136 8.076~11. 494 1. 554~1. 790 14 617. 4
R H: A HF pgid] Q420 BT 0.159 1~0.180 2 0.127 1~0.152 2 0.127 5~0.175 1 2044, 7
i B 7% iR RHTT 2.552X1075 5.104X1075 0.017 9 786.7
Fg TR Q345 BHIT 6917.9
B FaR Q345 PHIT 1.199 8 1.189 5 0. 408 2 003.0

EEBIEAT, ERNBEETESERILE 2 X
B 10 B R R R BRAE LERT A sCHt
¥F 5 KBk 116, 6 mm, XF BBHEFF A 354, 2

mm, A2 FRIEZE R T 67. 1% M 4HE
IERAT, EERRERBEESHIHR 73. 9 mm
222.8 mm, M b Z FRIE AT /66, 8 % ; 7E M 2,
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Tab.2 Structural deflection of the example in 2.1.1

HE Fa-BE B2 51 Xt FRHEFT A SCHEA AR/ % AE
I FRBEXHEE/mm 354. 6 116. 6 —67.1 504
I F PR /mm 222. 8 73.9 —67.0 504
m F R AR /mm 354.5 116. 3 —67.2 504
il 1/4 B4b 8 FTFHRE (Y3 E) Z A/ mm 602. 0 630
500 RERANENL R 8.5t mm ™. HILA UL, 4%
400 SCHTIE IR ] T R0E WA 2 BT AR B ST
£ ool 2.1.2  FAE A R B AR SCHE SR 5 % BB HEAR I
§ Xt e
 200¢ B AR SCHERF AN BRHEPR R 5 HL 3ok 1/5,
100k HERhEE YR 4R, A ARIE S+ R A AR 1], X
FRHEFFHERD g2 2 044t FAREAE R WM AHF. 4%
Hal  ASI @A B, ERWESANR 2.4 T ¢
B 10 FERERMBILL FEEEAER T - A SCHEM 5 X7 BHEF 2 R 5
Fig. 10 Comparison of displacement of main beam a3 R REN . ERRES [ 1E

between presented bridge and contrast bridge

HAEMERT  FiE FREARBEE 5514 116. 3 mm
354, 1 mm, M tb Z FRIE AL WA 67. 2%.
Ah, FEMERAA WAERT X BB 1/4 B Ab 352 1
THREE (A XHE) Z F1K 602 mm, i A SCHEVE 7E B R
I O T B AR RN, ERAFFE L, A
SCHERF 1/4 Bab 32 1R HE (B XHED Z FIAESE
T

SR FE RIS B LT , S
BN FAE I KIR BN, B =38 3 i, BRI BB P

AT A SCHES R F RN 122. 5 mm, Xf i #E
PR 354. 2 mm, A L2 T RTHAS TR 65. 4%0; 78
WERAEGNERT, WERRKEE SN NN 77.6
mm 1 222. 8 mm, §ij Z 2T 65. 2% ; 78 fif 2 40
AUERAT, BHE&RREE D5 R 122. 2 mm
354. 5 mm, Hi & AL/ 65. 5%. WA, I E F 3
I B A 4% B W] o BRBEAT A 40 2% [ 2 “ W7 AL, g
HAER K, AR SCHEF I 2 f - 2 IR TR 7 Y, I {E A
TN, BRI 11 firs.
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Tab.3 Structural deflection of the example in 2.1.2

A I PE R AL X BT A SCHEBE ARk % HYE
I FREREEE/mm 354.6 122.5 —65. 4 504
1 FRERPEE/mm 222. 8 77.6 —65.2 504
| FRERPEE/mm 354.5 122. 2 —65.5 504
I 1/4 BAb 3 FTFHE GXHE) ZHl/mm 602. 0 630
o - AR v 4R 5 R 45 0 R B ) R 0 A
£ “1sof 2.1.3 RRBRTAI KN
2 Dol HBFGERE S R AT L A SO VR B 4
- P15 6 5% W2 1 R ZESE09) 2. 1. 2 5 OBl b
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A WFRORD 50 B TR B T T R R B R 1/4 B

11 FEHBaLE

Fig.11 Displacement envelope of main beam
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Tab.4 Parameters and amount of steel of members

WET 64.8%.60.1%.64. 9% ; 245424 408 m A,
A58 60. 5% .60. 3% .60. 9% ; #5424 506 m A,

Hotk 408 m 5 312 m B
WEB/m? R/ REE/m? JIR/c 40k 65.4%.65. 2%.65. 5%. A4b, HEEEREES R
X RRHERRHEAD 1.325~1.972 115165 0.958~1.287 5 976.9 A LB ™ AL 522 16 7
ASCHEARHERD  1.310~1.760 10 763.5 0.925~1.085 5 370. 2 HOZE L 2R AT ’X]L““ﬁ%ﬁm*gﬂﬂﬁﬂ?ﬂziﬁ R
mﬁ{ﬂﬂ: 0.072 770. 8 0.089 6 750. 7 'H& 9¢iﬂtﬁﬂ“%2‘:$§ ’ ﬁé% Fﬁ%%'fé B(Jilg‘j(9 *ﬁ
B 0.017 9 509. 3 0.0179  291.9 R, EEWNEFEEHE TR, B&mE 12
Ex2) 0. 324 5 604. 2 0.324 42904  poo
s 0. 408 833.7 0. 408 577. 2 )
x5 2.1.3 FEGINENRRE
Tab.5 Structural deflection of the examples in 2.1.3
N 408 m R 312 m R
as FfFsER XRBER AN BRI RO B
I FBEKEEE /mm 219. 8 86. 9 —60.5 176. 8 62. 2 —64.8
Il FBEKEEE /mm 138.9 55.0 —60. 3 111.9 44,7 —60. 1
il FBEKEEE /mm 219.5 86. 8 —60.5 176. 6 61.9 —64.9
ilf 1/4 B4 3 FHE (XHE) Z fl/mm 361. 2 296. 1
400¢ T % RREEAFBERD B KN 1R 93. 6 MPa, 48 SCHERF
0 % 99. 9 MPa, 52 JFUR W B I, 2 IR T W
£ BT AR 25 1 1 3G s i 5| A ; 7850 427 2R AE
& 2000 FF 1 & LA 85 KB F1 9 56. 0 MPa, 2% SCHERR X
i ™ % 24. 2 MPa AT 56. 8%, 3 E IR A SCHE
BRI BEAS K, 38 BRLRS 30 far 5 | ke AR AR T AE X s/ )N
goo 350 400 450 500 550 %*6 HEERAXEATEER
B3t /m Tab.6 The maximum stress of arch ribs
12 SRR T A SRR R : MG AR R/
THRI 93.6 99. 9 6.7
REE= 320 k2 THI 56.0 24.2 —56.8
Fig.12 Comparison of displacement of the main beam THI 141.5 118.2 —16. 4
between the present bridge and the contrast THV 141.5 118.2 —16.4
bridge under live load 160 -
! 140 - . 5 AT
FH T L BE 2 B A A 3G R AR S AT (i R 12— RN
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T B — B 5T A ST i X 4 R R B IR ) 20¢
0

N FRE M 3 I Rt R ST R, DL 2. 1. 1
5 BB R ) FEE A A BR T A AT SR BGX LA 12
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2.2.1 G55 EE ROIR B R 53 A
TERMPRET . Z LT 4 ANl T o454
AT R B B R e 1 43 A
OQIARL.BE+ZW;Q LA I, I EREE;
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Fig.13 Comparison of stress of arch ribs
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PeAaE M S8 LT AR Lk A E 1k T o HEA5 2R L
7.8, —FKFE M4 R R L Xt FRHLAT B T SR
FEVER BN 13. 98, ASCHEBT IS MEE RECH13. 87,
R T WP BT B 5 in 4 R AR T 1 4
T R R 7 b, B B K — G MR E R BN
31. L ASCHEBF A 70. 90, BXAT# KM K. % &
JUT AR I B 0 DT 45 R R W, BT E A E T B R
B 12,29, A SCHARNIA 13. 22, AT R R E
HRIBIIINART B

x®T —EBREITEER
Tab.7 Calculation results of category I stability
s X MR HLAR A 3CHR
B gmiis EAMAEMRK RRES WIMRENRN

1 mEAMEXHR 13.98 TAMERFR 13.87
2 MANE SR 20. 52 TSN SRR 19.91
3 MAMERFR 28.06 TAMERFR 26. 29
4 MIMNRRFR 30. 66 TN 3R 29. 27
5 TENRIER 31.31 TS E TR 34.10
6  MSMEXNFR 37.25 TSN SRR 41. 55
7 TEHNIEXNFR 39.55 TAMERFR 44,03
8  MIMNRIIFR 46. 25 TN 3R 49,76
9 MNRMFR 48. 95 TS E TR 51.52
10 TWAMEXFR 49. 90 TN A FR 58. 82
11 WS FR 55.31 TSN E X FR 60. 41
12 TAMEXFR 57. 90 TN 3R 68. 00
13 WHIEXFR 63.11 TS E TR 68. 72
14 AN IR 66. 81 TP R VR 70. 90

®8 FRILMEKMHBEATHEER

Tab.8 Stable calculation results considering geometric

nonlinearity
nof B A SCHER AR/ %
12. 29 13.22 7.5

B B4 30 1 e 7 L R BEAE HEAT AT, 45 OR
W2 9. ATEE RT3 BRI 0. 232 5,4
SCHEBF N 0. 236 1, ¥ 9 TSP EXT FR IR 305 5 & B IR
KA N HRSI AR 0. 655 8, AH LR i 4R 3h
PR T 123, 306, W] WA SCHURT 9 3 1 R A5 2
AR

R BHAHMTHER

Tab.9 Results of dynamic characteristics

e XTHRERES XTEREUME O ASCHMRRES AUt
1 TSN EXTFR 0.232 5 TSN EXTFR 0.236 1
2 TP S KT FR 0.293 7 TSN EXTFR 0.348 8
3 T4 E X FR 0.317 2 T Y IEXFR 0. 655 8
4 T Y IE X FR 0.572 1 TSR FR 0. 668 3

2.2.3 NIRRT K AT HIBEST 234
ABFERIPERAT K 0 AT 55 1R, 76 15 2 A%
BT ERIL VR » TR A ) e R R R ) e

55 07 FIWEAE , Z5 R LR 10, THE L5 R LW RIMERHT
I KBRS 63. 2 MPa, H B HTHE, S Ak
L F1 % 42. 6 MPa, i BUEE S AT B TR, B A 5]
14 . SRR R BB shir BAL RER T &
HBRE R 32 RES (B R s B ) 24
AEFTEEKR.

® 10 HMEMATR ARG E LR

Tab.10 The results of stress and stress amplitudes

RItERHF R KRB RItAHTRRE  RIMEAHTFR
R 1 /MPa N #1/MPa & & /MPa
A SCHER 63.2 42. 6 74.8
I KJER $742.6 MPa

B KH B /763.2 MPa
B 14 RIS RS
Fig.14 The stress state of rigid diagonal bars

WP AT 98 55 B J1 W@ 4 74. 8 MPa, #K 4 TB
10091—2017 & 3. 2. 7-1, v 7 g E 6 J2 B0 S 0 =2 19
% 5% 259 B F1 18 (109, 6 MPa) , T JE 37 957 1 B 5
SR AR Ik o BR HEATR A AR SCHERT 09 58 m AT ok
N SR B4 B 53. 0 F1 52. 2 MPa 4b, HA4 B FF R
T3 WEAEL B A%} REHERE K g s>, BRI, A SCHERR B
FF AR AT 35 240800 , (B R RIE B 5 B & e i 4 » HLai
T T AR AT 5 4% G BEBR AR ), B AT A W 4 AT
RAE,

2.3 RIERFHRIESERRENXER

h TR RIERHTRNIE 5 EREEN
KR BAR 2. 1. 1 55 WP AT A 30 NI , Pl
WA RITIHH R R AR, S5 R PRI 11
KA 15.
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Fig.15 Trend of deflection of the main beam when
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stiffness of rigid diagonal bars change
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Tab.11 Value of deflection of the main beam when stiffness of rigid diagonal bars change

R R BRI R BE/ (107kN « m?)

8.924 7.377 6. 894 4,902 3.277 1. 380
WP R R H1 18 {8/ MPa 64.3 68. 2 74.8 93. 6 128.0 165. 4
F T HREE (HENHE) Z 1/ mm 121.5 121. 8 122. 2 123. 4 130. 1 142. 8

2. L1 W EGIRIAERT s BT RIEE 6. 894 X107 kN « m?

JEE RN » (RSB 52. X UL BA 4 RV BT B
JH A A A — R R B I SRR 4 g i I ) i O
ARARK, Hab 23 s b iy e 2, X 454 7 A= 57 T
SO 5 X WP AREAT A4 A i A, AR I BE R/ INTTTAR
RE-SHLA L ARG U IR AR, EL38 AR A AR E 1
AA Tyt R RVE R, RILERE R , WIPERAT R
JE /N ToRkTE BT ARG 1 o W 5 R 2 i F A
BHR B, HH ML R -5 S | 32 B4 4 AH DT BC A, A4
KL R B .

3 4it

ARSCHRE T — B v HE R 4 N R A A
B, ENZEHERD A 32 2 Ja13E 0 10 AR K AHT 5 HERD
KERFBILM 11 =AM, SLihfn 5 2 554015
20, JE 3R R HERD A R AR W EE. 8 S A BRIT N
AT 4 W BE AT IR 3T » ) ESF 38 XoF 540 1 3
LB I R R 3 O e R A AT o 5 4 1)
PEAT AT o 7 TR AT A5 2138 i W BT (2388 s
FAARELRY 10%0) B, RIS EER ARG 24 A 16
TRAMR S H LT ILESE:

(1) G54 BB AR W E K. Ao BB 0 B KB hy
354. 6 mm, A SCHEFF(U R 116. 6 mm, X% BRHEAF i
KAE AW/ 67. 1 %. 0] WL, AR SCHR HE B0 il s R 5K
B

(2) WA SA . I EEBERT,
HRIPEAHT SHE R E R ETERN = A 25
HEHTFASTE , A SCHERF B B B K S8 56. 8 %.
PRI R W AR AT 388 i T 485 #1428 0 B 8 1K
B A EE E B GRE S ERA S S, H R E RN
FIATE T BEHERR /N 16. 4%, ARl 4 118. 2 MPa,
J5# % 141. 5 MPa.

) REWAIER, sh HFEEWER—E K
3. Wi TSN E R B AAH R, (H RT 59 A
FaEZRECK 70. 90, B T HERINERE RECh 31. 31
FT BREEST. S Rt 3R I, & 1 AT B AR A
], (H R AT 22 T N 4R 3 B33 3R 0. 668 3, T f &
M 0. 293 7, /b2 FiEIE AN T 123. 3%.

() P IRMERE T R MR, 7 B R,
Wil &4 AT 5% 57 B J1 1 A 74. 8 MPa, K #E TB
10091—2017 & 3. 2. 7-1, %37 1 W& {16 & ALTE ML 2
FRIIRE 55 25 VF I 1 W, LA B Xt B HEATE AR SCHERR ()
5 AT BRI T IR B 4 3 R 53. 0 1 52. 2 MPa 4+,
LA AT R 7 R (L A3 xt BR AR KR/,

(5) BP9 25 SR A A [ B4 A i, 3 RS B2 oK
YERTR G B A A, X BB | KB (E R 354. 6
mm, AR SCHEBFAUCA 122, 5 mm, 7] BN BE 48 1
Sy, RSN, BIFST R W B A S AR 1 R, BB A
RE R BE.

25 LR L B R HERR (4 B AR I AR B K B 42
1 H AR M R 3l 0 et 55 1 2 e A8 Bl —
FABACRE 92 97 B0 Rt ML R, TR I 0o v e 4k e
HEFREHIE F.
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