$40% 2 X @ B = 5 I # Vol.40 No.2
20244F 4 A JOURNAL OF TRANSPORT SCIENCE AND ENGINEERING Apr. 2024

DOI:10.16544/j.cnki.cn43-1494/u.2022021224041979 XEHS:1674-599X(2024)02-0062-09
S AR i, R DL DL, TR, A PR RS B B IR AR IE S A ik [T ]SSRk S TR, 2024,40(2) :62-70,107.

Citation: CHEN Kui, CHEN Beibei, WANG Hai, et al. Research on reaction spring stiffness of underground masonry drainage arch culvert[J].J
Transp Sci Eng,2024,40(2):62-70,107.

o TR HE K L I 30 5 I R 3R

MRiz ' TR, E A B
(kW I ks LATRFR, G KV 4101142 KV TEERR S Ek A, 9id KiF  410075;
3R TARIALLE S, Hd KV 410023)

B AR NI RHE KSR Y S 25 AN T O TR A S R S A A 4 5 R AR SRR IR
SR . AT A BT SR I B S BOE R TR M ) SN R Y R R RTS8 B i
S BRICES , 43 BT IR 1Rk iR B i3k 2R AR AR L TR 25 78 T M 42 5 R R S KR
AR LT R AR AL 08 2 ) S A s i) o IR 235 R 9 T« 000358 sz 1 L8 R 5 o T Ay 8D A OO0 St 48 5 3 34
OV 338 5 458 B %) o 0 8 2R S AT Tt e 4t B2 5 e T i 10 48 5 T 48 A 5 000 s 5 438 T e g 0 3 R b
I A 2 AR AR 7 B T TG K I S g 5 R AR 3 - 2 AN 2 R B2 L RS A kR
215 Z KR )2 AN 2 R B2 IA M Ll A R /N 5 O35k 5 11k Bl 2 i AR Rk A M £ )2
BB 2 KRR 1 R U/ 5 7 X 0 A R A N B TR A B i A R R A S A BR e vk
2SI B IR A Al R WIS R AT X EE % BT BR G IE T A B A sk i ) s I LA B
HY AT HEPE

SRR AT PRIT s B 3R B0 WA 5 1R B KR VA L

FESES:TU92 XERFRAEAS : A

Research on reaction spring stiffness of underground masonry drainage
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Abstract: In the structure reinforcement design of underground masonry drainage arch culvert, to
simplify the calculation, the original arch culvert structure and the surrounding soil are equivalent to
the reaction spring. In order to determine the correctness of the arch culvert reaction spring stiffness
parameters and explore the factors that affect the stiffness of the arch culvert reaction spring, the finite
element method was used based on the test section of Hongqiqu project. The material strength of

masonry arch culvert, and the bearing capacity and Poisson's ratio of foundation soil layer were
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analyzed. The influence of moisture content of outer soil layer and plain fill soil layer and Poisson's
ratio on the reaction spring stiffness of masonry arch culvert was considered. The results show that, the
reaction spring coefficient of side wall increases with the increase of mortar strength of original mortar
rubble side wall. The reaction spring coefficient of arch ring increases with the increase of the strength
of the original brick arch ring mortar and brick block. The reaction spring coefficient of side wall and
arch ring increases with the increase of foundation soil bearing capacity. The reaction spring coefficient
of side wall increases with the increase of Poisson's ratio of foundation soil layer, outer soil layer and
plain fill layer. The spring coefficient of arch ring reaction decreases with the increase of Poisson's ratio
of foundation soil layer, outer soil layer and plain fill layer. The reaction spring coefficient of side wall
and arch ring decreases with the increase of water content of outer soil layer and plain fill layer. The
original masonry arch culvert and the surrounding soil are equivalent to the reaction spring boundary
conditions calculated from the finite element method, then the whole structure reinforcement was
calculated. The calculation results are compared with the monitoring data. The results show that the
equivalent reaction spring stiffness of the arch culvert calculated by the finite element method is
reliable.
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Fig. 1 Distribution of soil layers around the structure
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Table 1 Table of soil parameters

B2 19.9 15.0 10 10 0.4
SMIMEZE | 200 18.0 27 14 0.4
HWAEAZE | 200 16.7 33 16 0.3
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Fig. 2 Calculation model of side wall reaction spring

coefficient
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Fig. 3 Calculation model of arch ring reaction spring

coefficient
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Fig. 4 Finite element model
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Table 2 Arch culvert structure parameter table
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Fig. 5 Side wall reaction spring coefficient-side wall mortar

strength grade curve
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Fig. 6 Arch ring reaction spring coefficient-arch ring mortar

strength grade curve
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Fig. 7 Arch ring reaction spring coefficient-strength grade

curve of arch ring brick block
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Fig. 8 Reaction spring coefficient-elastic modulus curve of

foundation soil layer
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Fig. 9 Reaction spring coefficient-Poisson's ratio curve of

foundation soil layer
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Fig. 10 Reaction spring coefficient-elastic modulus curve of

outer soil layer
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Fig. 11 Reaction spring coefficient-Poisson's ratio curve of

outer soil layer
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Fig. 12 Reaction spring coefficient-elastic modulus curve of

plain fill layer
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Fig. 13 Reaction spring coefficient-plain fill layer Poisson's

ratio curve
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Table 4 Comparison of displacement results table
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Table 5 Comparison of stress results table
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