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Mechanical Principle and Properties of
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Abstract: For railway bridges, the increase of span will
lead to the decrease of bridge stiffness and the overrun of
beam end angle, which limits the development of super
long-span high-speed railway bridges. In order to break
through this bottleneck, a super long-span new truss
bridge is proposed. The structural system has good
mechanical properties and its stiffness is much higher
than that of the arch bridge, which is especially suitable

Wk H . 2021-10-25

FEETH 70 A R (R AB18126047) 5 1 G B 9 I K 5 TR & A H N L E R G s I H

(2016ZDX0001)

S—VEE . W AL(1963—) 53 W5 0L, Tl B ST 5 1n A Br R 45 FHT A &R o E-mail: guxiexiaoli@126. com
WIETEE : BBV (1973—) , 3, Bz m G TR 4, W7 ) RS AR R R

E-mail: 270933087(@qq. com

for railway bridges. In the new system truss bridge,
inclined rods with a large stiffness are set at the angle of
the truss to effectively restrain the line displacement of
the main girder, and double trusses are set in the middle
as well as triangular trusses are set on both sides, so that
the structure has a better flexural capacity, stiffness, and
stability. In addition, the bridge is mainly steel structure,
which can be prefabricated and assembled, Therefore the
construction is convenient and fast. The structural form
and mechanics principle of the new truss bridge are
described. By using the finite element software Midas/
Civil, the structure of a 650 m half through span reduction
truss bridge is analyzed and studied. The results show that
the strength, vertical stiffness, beam end angle, stability,
integrity, and dynamic characteristics of the half through
span reduction truss bridge satisfy the requirements, and
it has better mechanical properties and economy than the

traditional arch bridge.

Key words: high speed railway bridge; new truss bridge;

finite element; stiffness; beam end angle

BOHTARAR B B AR 5 R e S A i BEOR
SEOC A A RE AT R AR AR L T A i
PO R R R AN DSR2 VA diDEE s r a2 g W LAY
TR0, SO R IR SR I, HLAE 2 A AL
fe s AR LSRR BUR 0 , A AL A 1R REA R
IR4h#4 A E L Pl AR 2k 200 2988 B
(T AR AR SR A it T8 SR ) S T
—E MBI, Z IS TE B AT DHE AT, i
AR 4l 365 P45 22 Bt T BRI, A Tl S
e At TR DR AT AR B2 I T
PR

> RAN S

=

5



552 [l o K 2 2 MCH 9K BE 2% O

51 %

Wi o 4K B A o ) v R R, 6 v R R B A T T
DS e it A %) B SR A M A R ok v R B AT 2
1 I B R G v 2 #R [R) A2 2] 1 )2 00 . FU
0T R AR AT R B R B Sk e A SV A
TG R E BRI, T2 TN s T et g
1B FEFE AR VPAN AR 5 SCHR [ 13 1T X4 22 [ 45 HEA 1
FH T 15 A B ) 32 SR B AN 2 () R, B T — g
e L2 [ S5 U NI BE ) A R 5 SCRiR [ 14 JRRFE R
5 BEAT RN BE AR TR A il B A A, ARG TR S i ik
5% 9 Vit il £ | G FA A A VA 356 T A 5 4 it 5 Sk
15 1E HAATSY 1 e R B AT 0% i A o 1) AL, 22 13
TN K i R v R SR AT R e e A A RO
55 SCHRL 16 | T st e W T, THE 0B 13— 31
A e TR BT T AR R PTRE R

RIS R AR A DU AR A 2 1Y) Al
b BRI BE K G £ 0 A T ik B BRIIE SR, i
VO ST AR GEAE I T A DG 9 AR D, BT I,
PR — T3 5 K A28 e R B R B AT A (LR
TR R AR SCHTARMT ") M 4544 1 28, Bl 1 o, 4544
FEH R ARRIERFT (L ABLA'B 4}
BR) —ARACEATEA L . TR IKEAT SR FT
EIE R EIATAE BB CC 5 RHER | 3222 AER 73 S ST
FEAEL N = ML ABE X A'B'E’ ; 540 1o 3% $EA4T
BFGH K& B'F'G'H' ¥4z, JE S HINIE K, 6 1k
PEGF BB BIMT SR o A SO T iR G5 1 ) 22 i
H Jf 8 o A R T4 Midas/ Civil 4381 650 m il
MIZEATT A5 NI L B £ (o3 2 )Rt Sk
B, IS R AR 15 g R HESr
FTXF L

s U R

Ry SRR A

i B~ TB- DT B
AT A R mie g i
=i

Bl AXHEFEHMGETEE
Fig.1 Structural arrangement of proposed truss

bridge
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Fig. 2 Schematic diagram of span section
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Fig. 4 Schematic diagram of double truss formation
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Fig. 5 Schematic diagram of formation of triangular

trusses on both sides
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Fig. 6 Schematic diagram of transforming point

connection into truss connection
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Tab.1 Member parameter and usage of proposed truss bridge
o i Ak AR /m* G RE/m* e/ m’ JHE/t
. Q345 3760. 000
FHER iy . 3. 0¢ .5

AL R syl i) 50 42. 886 43.038 2.524 18 260, 000
AR AT AR Q345 20. 494 17.331 1. 206 4392.000
IKFEFF iy Q345 8.998 5.478 0. 999 4 063. 000
=yl FIE#kIA Q345 0.155~1.911 0.135~1. 269 0.161~0. 558 14 157. 300

=AM AR #IHT Q345 0.058~0. 103 0. 045~0. 906 0.067~0. 112 926. 500
- Y KT #m Q345 0.195~3. 727 0.152~2. 753 0.197~0. 634 9 546. 300
- g2 ST Q345 0. 260~0. 639 0. 176~0. 382 0.215~0. 318 4 083. 000
P iR e+ b C50 — — 9.800 14 380. 000

AT 40 928,100 t(1. 799 tom ™ ?) , JREE L .12 810. 047 m?*(0. 563 mPsm ™~
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Fig. 8 Cross section of lower inclined leg and upper rigid inclined rod (unit: m)
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Fig. 9 Cross section of main component of beam of proposed truss bridge (unit: mm)
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Tab.2 Component parameter and usage of traditional arch bridge

¥ I g R /m* AR /m* AL/ m? R/t
HERD iyl i Q345 29.713~85. 201 30. 321~93. 552 1. 356~2. 083 20 120. 000
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- Y Fap A Q345 0.430~2.431 0.529~1. 557 0.310~0. 514 9997. 000
- T SRR Q345 0.862 0.808 0.374 4629. 000
S FIEAR A Q345 4.257 9.518 3.016 1598. 000
GYee (53] TR 22 1.018X10°° 2.036x107° 0.011 304. 000
M TR B 1 OB C50 — — 9. 800 14 380. 000
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Fig. 13 Cross section of main component of beam of traditional arch bridge (unit: mm)
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Fig.14 Finite element model of proposed truss bridge
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Fig.15 Finite element model of traditional arch bridge
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Tab. 3 Maximum stress of components under different
working conditions of traditional arch bridge

MPa

T EH BT _ SR
i &
T 1 —165.06 440.40 127.71 —93. 27 —138.53
TH I —203.07 566.39 163.00 —147.28 —179.36
THI —217.51 566.06 162.50 —177.24 —172.36
THIN —16.37 0.01 19.62 —29.96 —14.04
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Tab.4 Maximum stress of components under different working conditions of proposed truss bridge
MPa
WA Fi =AM
T AHhE KA
ETA JE fir JE DA JE
T 1 —165. 58 151. 68 —171.54 —185.62 116. 35 —135.62 158. 63 —156. 89
TH —205. 62 177.89 —200. 58 —212. 36 168. 92 —177.52 178. 26 —200. 14
TAl —180. 36 185. 45 —206. 46 —216.35 160. 89 —190. 56 185. 59 —195. 36
THLIV —21.35 29. 58 —34.87 7.98 3. 45 —35.89 33. 65 —32.56
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Fig.18 Displacement envelope of main beam
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Tab.5 Vertical displacement of structure
— T IR0, SRR 0. 65 T 2k -+ fr 2%
S I A CHTHNT LG T A SRR fEGEHERR A SCHTAAT

FRIE K TH/mm 332.903 140. 344 263. 264 66. 510 77.829 2.019
TR EH/mm 236. 525 65.776 327.043 137.578 334.778 197. 565
TR B (4EHE) 2 Fil/mm 569. 428 206. 120 590. 307 204. 088 412. 607 199. 584
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Tab. 6 Results of dynamic characteristics

Hz

s f?éﬁgﬁfﬁfﬁ (LB RAS ztijgﬁﬁgfﬁ ZL@cM;é%/rﬁ%
1 0.2160  THAMEXFR  0.2367  HEAMEXTFR
2 0.2545  WARXFR 0.3715 WA
3 0.4113  WAMNIAFE  0.3994  EAMNXFFR
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Fig. 19 Calculated mode shapes of ordinary arch
bridge
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Fig. 20 Calculated mode shapes of proposed truss
bridge
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Tab.7 Calculated results of stability

gy TR RSUBME  AOCHERIE AT
7! UL SIS~ EY YRl S-S
1 THT PN X R 8.89 TR R 13.56
2 AN EXSFR 14. 44 AN EXFFR 14. 12
3 AN TR 16.28 AN EXFFR 16.11
4 WMIEXMFR  20.61  WNREAR 1753
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Tab.8 Calculated results of rotation angle at beam

ends
P £A/10 7 rad
VA LS AR/ %
. s Aok
Zevint 3 SRR 2 ] 0. 804 0.667 17. 040
i G SRR 2 1R 0. 804 0.667 17. 040
3 Zig
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