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2 I
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Tab.1 Material parameters

25 JEJE h/m T y/(KN/m) KT C/kPa NPEESES &/(°)  BAERIG E/MPa HER /NN
B+ 2.8 18.9 27.3 30 64 0.29
e - 24 - - 32 500 0.22

T2 HE BRI ) TR T LA AR T it i 781 7 29 3, 575 A1 R 30 AS i in 249 9 S AR s JE TR AR, 7R A2 1
b R 0] B AR A far 2, T 2 /N AT BEAR 38 (TB.1002.1-2007 2k 4 475 180 AR 15 11 078 Y 28 , AR S0 it
T ¢0=40.257 kPa, [RIH 38 7K 32 T 50 4 g 2, AR S 0 195 J1E 1) 42 Ao 2804 AT Al S oo D7 [] 14 v 286 52 6
FRAYAG, fr 28 R/ R B RT3 AR5 (TB 10001-2016 42k [ i 3 3% B0 Y Y 5 |, 51 24 188 1) o 28 % FH
“hBE T B EE 220 kN kB O T SRk B RE LI 0.5 m, iH 58N 3.7 m, #5 EH M E N 3.4 m, it
B AR T 2R ¢,=60 kPa, EHIFEGNIE 1 B A B B A7 i, Horp & Sk Ja 3 240 A iy 2 v o0 38 [ 52 10 53t 11
B, A R B4 A ey 0 B B i I AR S o O SR AR A A ARV E FH BEEE o RAHEIEAR & 7 ) BB b
RHETEAR y J5 ) E R B o J7 I B AR A i Ay T B R AR h [EE . FEAR ST ,8=6 m,n=
10 m,»=3.7 m,
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Fig.1 Rectangular plate under local uniform layout loads Fig.2 Section diagram of frame culvert(Unit:m)

BRI

TE7R 3 b A 2 A B R B AR 2 [ 3R 3 Boos (30 MR 3) .

x2 HHEHREERERYA,,B,C,D,NE
Tab.2 Value of equation coefficients A,,, B,,, C,,, D, for loading in uniform arrangement

m HUE A, B, C, D,
1 1.520 5x10° 6.214 0x10° -4.112 1x10° 2.423 48x10°
2 -1.775 0x10* 5.435 5x10™ 2.549 0x10 2.119 84x10™
3 2.293 5x107° -6.122 5x10™" -1.621 5x10™ -2.387 80x10™"

x3 HHEEHEERERYE,F,G, H NE

Tab.3 Value of equation coefficients E,,F,,G,,H, for loading in uniform arrangement

m JUE E, F, G, H,
1 -3.721 60x107* 0 8.990 77107 -8.990 77x107
2 -8.015 07x10" 0 3.191 28x10° -3.191 28x10°
3 -3.994 43x10°° 0 8.630 12x107 8.630 12x107

VP A A 955 2 B Jrg 8 2 A 2 A AT RAT B R BE AR 4 KR S R
F4 BEMHHEHEERETEREA,,B,,C,.D, Wi

Tab.4 Value of equation coefficients A,,, B,,, C,, D,, for local uniform layout loads

m Pl A, B, C, D,
1 4.495 71x10 6108 03x10°° -1.195 95x10°° 2.382 13x10°
2 -1.490 25x1075 7.226 34x107" 1.673 03x107'¢ 2.818 27x107
3 5.304 87x10™" -5.077 01x10™" -3.750 65x10™" -1.980 03x10™"

x5 BHYKHEHRERERLE, F..G, H,NE

Tab.5 Value of equation coefficients E,,F,,G,,H, for local uniform layout loads

m HUE E, F, G, H,
1 -7.268 55x107° 0 1.755 96x107 -1.755 96x107°
2 -5.305 74x107° 0 2.112 53x10° -2.112 53x107°
3 -1.032 66x107° 0 2.231 10x10°® -2.231 10x10°®




" R % E K ¥ ¥R 2019 4F

B R BOE A BB S AR RV AS AR P AT — s R A, MKz B Ak R 6 MR T I T Y =
10 m B % 43908 1,2,3,4,5,6 m B4 B R0

®6 HMEEEH,y=10 m B R AR5 4% B E MR % (x107)

Tab.6 Analytical solution of partial point deflection value when y=10 m for loading in uniform arrangement(x10~)

x M {E/m 1 2 3 4 5 6

o M {H/m 0.996 6 2.405 9 3.8517 5.058 2 5.846 3 6.119 1

x7 BEHAEE,y=10 m B _EEB D S5 E E 8RR AT R (x107)

Tab.7 Analytical solution of partial point deflection value when y= 10 m for local uniform layout loads(x10~)

x P {E/m 1 2 3 4 5 6

o M{i/m 0.779 6 1.837 6 2902 4 3.780 9 4.350 8 4.547 4

b A P ey 28 2 ke e B AT A5 2 [ B R A2 A = DL RS RS 2T AR TR TR Y B AR TR A an gk 8
TR,
#£8 y=10 m B1R L& B EEKEMBTE (x107)

Tab.8 Analytical solution for the superposition of partial point deflection values when y=10 m (x10~)

x M {E/m 1 2 3 4 5 6

o W{E/m 1.776 3 4.243 5 6.754 0 8.839 1 10.197 1 10.666 5

4 BRTERE

41 EXRKIE

1) A7 S 17 TR 5 1 W) 4 R

2) WAIRBE T ARTE ST T, HORE AT 24 DR 45 P 4 EE
42 BRIMBEHIXER

IR TR R IE ] T SR AR 1 AR TR B AR SCHE A BR IT 40 BT v SR T SR TR B R i A A AR | Rk C
H

o=Esxe (13)

Ko NN Es R A i 4% 325 00 MPa 115 ;6 SN AE
43 EMXBRITHHEE

K ABAQUS A FR ICHEUE 73 4 , 9 SR di
Ty 7R Ay (RSB R R R 2 gy R
A7 i 28 (1 78 A Aar 80 A KRy AR 389 A iy 28 (B 4 1 s
#HO)MAEH B I0 R H CDSR LA BT, TR 9 4 4
LA AT WA I 43 #7126 SR Static General
Gyl A BRTREARL N A 3 R

ik ST P 4 T s AR Y BEAT A BR ST 4 B i
B o AR R A P T A R A < - i P 1
FH— I8 43 IR0 P T A R A '
A B8] 2 T 28 00 1 0 T B TR A 188 ] A2 A = [
S E 4 iy (a) 5 (b)) TR . E3 hELBELE

H R 4 o] 7 — e A fr BAE H R 51 42 Fig.3 Boundary and load
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(a) b8 4 Fe—BEH) 4t A L 3% = 4] (b) b b B W RS 4 Ay 38 A A = A
B4 ARTIHECE(RE)EHE

Fig.4 Distribution of finite element calculation
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Fig.5 Comparison of analytical solutions and finite element values
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Stress Analysis of Frame Culvert Roof Based on Theory of Elastic
Thin Plates

Peng Tong,Zheng Mingxin

(School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, China)

Abstract: This paper quoted the Kirchhoff elastic thin plate theory to analyze the roof stress of frame culvert
which traversed the railway subgrade. Taking a certain frame culvert of national highway traversing railway sub-
grade in Nanchang as the research object, the expression of deflection was set in the form of a double trigono-
metric series which were divided into general solution and particular solution to calculate the stress of frame
culvert under the load of overlying soil and the load of train. The general constant of the general solution in the
expression was determined based on the boundary conditions of the rectangular thin plate. Mathematical comput-
ing software Wolfram Mathematica was used for theoretical calculation and the commercial software ABAQUS
was adopted to set up the finite element model. The theoretical values obtained from the calculation were com-
pared with those obtained by finite element analysis, and the comparison results were in good agreement. It is
concluded that this theory can better meet the engineering needs of precision and it is proved that this method
has good practical value in the analysis of the stress of frame culvert roof.
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