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Abstract: To obtain the analytical solution and calculation method of the reasonable arch axis of through arch
bridge, the dead load action mode and the differential equation of the reasonable arch axis were established, and the
analytical solution of the reasonable arch axis was determined. Based on the analytical solution, the dead load ratio
of main arch was defined. Based on the rise-span ratio and dead load ratio of main arch, a quick calculation method
of the reasonable arch axis was obtained. The reliability of the proposed method was confirmed by arch bridge
design specifications, engineering cases, and related research achievements. The results show that the dead load
action mode of through arch bridge can be equivalent to the combination of continuous uniform dead load and arch
dead load, the reasonable arch axis is catenary, and the corresponding arch axis coefficient is determined by the rise-
span ratio and dead load ratio of main arch. The fitted functional relationships between the arch axis coefficients
and dead load ratios of main arch under different rise-span ratios are a linear correlation, and the determination
coefficients are greater than 0.99, indicating that the fitted equations are accurate. The rise-span ratios of through
arch bridges are between 1/3 and 1/8 in engineering, and the range of the corresponding arch axis coefficients are
between 1.000 and 1.792. The common rise-span ratios range from 1/4 to 1/5, and the corresponding arch axis
coefficients range from 1.000 to 1.465. The calculation results are in good agreement with the statistical results of
arch axis coefficients of engineering cases, indicating that the calculation results are reliable. The common dead
load ratios of main arch range from 0.1 to 0.5, and the corresponding arch axis coefficients range from 1.102 to
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1.364. The calculation results are close to the value ranges in the arch bridge design specification, which proves the
rationality of value range of arch bridge design specification. When the dead load ratio of main arch is less than 0.5
and the rise-span ratio is less than 1/7, or the dead load ratio of main arch is less than 0.1, the arch axis coefficient
is close to 1.000. As a result, the quadratic parabola can be used as reasonable arch axis. The reasonable arch axis
equation can be obtained quickly by the look-up table method and simplified formula method. Compared with the
mature research achievements, the deviations of bending moments, eccentricities and sums of squared eccentricities
of main arch cross-section are within 5%, which proves the correctness of the solution method in this paper.
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coefficient; dead load ratio of main arch
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Fig.1 Structure composition and dead load transfer path of

through arch bridge
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Tab.1 A statistical results of 10 arch bridges

5 ZER AR EEim Megeim | REEH | At Wi £ WREREERmM | ERAER G R
1 FAE TR Bt AR 46.0 18.0 1/3.0 | R ST IR A 4.0 0.119
2 PR e L B 75.0 18.0 1/5.0 4% 74 A R e - 2 4.7 0.176
3 HAE TR L L 95.5 224 1/4.5 4% 734 TR L A 7.1 0.316
4 PR R BE L A 100.0 55 1/5.0 4% 72 A R g A 41 0.251
5 PAE AT 118.0 39.4 1/4.0 F2 -V A & A 6.0 0.110
6 B TR T 136.0 115 1/5.0 M4y IR A5 8.1 0.352
7 AR LT 150.0 235 1/4.5 Hr4em A TR - A 8.0 0.431
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Tab.2 Calculation results of arch axis coefficients
K
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13 1/4 1/5 1/6 ur 1/8
0.0 1.000 1.000 1.000 1.000 1.000 1.000
0.1 1.068 1.042 1.028 1.02 1.015 1.012
0.2 1.138 1.085 1.057 1.041 1.031 1.024
0.3 1211 1.129 1.086 1.062 1.046 1.036
0.4 1.286 1.174 1.116 1.083 1.062 1.048
0.5 1.364 1.220 1.146 1.104 1.078 1.060
0.6 1.444 1.267 1.177 1.126 1.094 1.072
0.7 1.527 1315 1.208 1.148 1.110 1.085
0.8 1.612 1.364 1.240 1.170 1.126 1.097
0.9 1.701 1.414 1272 1.192 1.143 1.110
1.0 1.792 1.465 1.305 1.215 1.159 1.123
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Fig.8 Statistical results of rise-span ratios

3.3.2 HIREF Rt Al R AL AL

ARG T 100 AR A HE A R
SERWE 9, WTLEH: FALXERK m 4T
1.000~1.543 2 6], fEASCHHEARTEHE A m A
1.000 CHERNZE N —Rmze) mIHMrcE S A
54.7%; m < 1.364 MM EE SR 91.5%; m <
1.465 MRS N 91.5%; m<1.5 MIBtHECR

dTEEN 93.4%: m < 1.792 #LMr R 5 BN 100%.
8




RG], SRR TR m AT
AR E & RS . A, A m 5
L Z MR ZHBATIUE, GRIE (. m 5L
RIE REUR? N 0.4105, IR 8 LM R FE L2,
HEAR Eom 5 L BIEAHK KR X2l THME
FEHER, B 2 WK, T m B A KGR
K, Hk, m &bEE L RERmIER. T80
m N 1.000 FIHEMF, P80 50~137 m, HHr
T2 A% EE AT 100m. TREHFN TiHE
8, BERR/ING T A SHE FIHLA2R 22 R A — kil
Mk .

18
FERE B AR | | AR SO RS WESE| (A ci e s WA
AP RE |G R AR | LRI R R
Lol [EMmfm=1500] | % Iifim=1364 ¥ _EBR{tim=1.465
o000 o o o o
ﬁ 141
= o
ﬁ-\» 12 -
o
° Hih 2 HCF BRAEm=1.000
L0d '
o Giit¥ukE
el RE S PRI R RaB L
08 1 1 1 1 ]
50 100 150 200 250 300
MRS 2 /m
(a) srAiva
12
1.000
0.915 0.934
ool 0.906
= O06[ 0547
%
03}
0.0 |
m=1 m<1.364 m<1.465 m<1.500 m<1.792
Pl R K50
(b) BAERSAT

B9 TAXBHMRBSIER
Fig.9 Arch axis coefficients statistical results of through arch
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Tab.4 Fitting results of relationship between 4 and m under

different rise-span ratios

R a2 YE R KRG T
173 m=0.79131+0.9810 0.9979 (22>
1/4 m =0.46501 +0.9925 0.9991 (23)
1/5 m=0.30504 +0.9961 0.9995 (24>
1/6 m=0.21501 +0.9980 0.9997 (25)
/7 m=0.15931 +0.9989 0.9999 (26>
1/8 m =0.12252 +0.9989 0.9999 Q7
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Tab.3 Calculation results of arch axis coefficients of 10 arch bridges

52 B Im SEEE TR LR K A0 P 7 4k R el R A2
1 46.0 1/3.0 0.119 1.075 1.000 -0.075
2 75.0 1/5.0 0.176 1.050 1.000 -0.050
3 95.5 1/4.5 0.316 1.116 1.347 0.231
4 100.0 1/5.0 0.251 1.073 1.167 0.094
5 118.0 1/4.0 0.110 1.044 1.100 0.056
6 136.0 1/5.0 0.352 1.103 1.167 0.064
7 150.0 1/4.5 0.431 1.160 1.167 0.007
8 280.0 1/5.0 0.485 1.144 1.167 0.023
9 300.0 1/5.5 0.337 1.085 1.100 0.015
10 390.0 1/4.5 0.459 1.171 1.200 0.029
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Fig.10 Calculation formulas fitting of arch axis coefficients
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Fig.11 Flow chart of quick solution of reasonable arch axis
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0432, FWAEAR (24) WLSREBHIRE m N
1.128, [, $&ARSC7RIG R A BHLRI L 7 FE N
y = 234.375[cosh(0.0067x) —1]

422 e S EEVOR A B2
fmEGERAMMEG LS 25, ad%®
UOEATT B SRAG HHE B R EON 1.100, FL, #% T8
HAVERB IS P2 T RN
y = 300.000[cosh(0.0059x) —1]

423 HE RN TR R AR A £
R INE, RSN HEMA DN EE
BELL, HLEIRECN 1.132, Fh, AU
RAFHIHEAN LT TR N
y = 227.273[cosh(0.0068x) —1]
424  FATHHISE B 77 R A A B L AR £
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y = 0.0029%* + 43.672[cosh(0.0102x) —1]
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Tab.5 Arch axis coordinates

KPR AR Im | B A AR M | KT L AR m | R 1] A AR /m
0.000 0.000 39.000 8.010
3.000 0.048 42.000 9.297
6.000 0.190 45.000 10.681
9.000 0.426 48.000 12.164
12.000 0.757 51.000 13.744
15.000 1.179 54.000 15.422
18.000 1671 57.000 17.202
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21.000 2.316 60.000 19.081
24.000 3.026 63.000 21.061
27.000 3.831 66.000 23.143
30.000 4.731 69.000 25.327
33.000 5.727 72.000 27.614
36.000 6.820 75.000 30.000
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Fig.14 Comparison of solution results of reasonable arch
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Tab.6 Calculation results of maximum bending moments and maximum eccentricities

R 6 RABHEMZAMOETHELER

. AR ToE
P BRETIE/(N M) | HmAMROEE/mM | HREME/(KNm) | FKEOE/mM | R 5 fil/m?
ARICTT 175 -0.002 -1455.3 0.112 0.182
hRE A 345.7 -0.030 -1739.3 0.134 0.196
JEFFHUO Tk -39.0 0.003 -1415.0 0.109 0.186
BRI T % -23.6 0.002 -1429.7 0.110 0.182
Lewis?f¥ J7i% 259.2 -0.021 -1664.5 0.128 0.191
Z IR 15715 -0.136 -2785.9 0.215 0.256
R T NFRMEIT LRI R R
Tab.7 Characteristic comparison of 6 solution methods
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Fig.17 Comparison of square sums of eccentricities of arch
axis
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