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Abstract: In order to obtain the quantitative calculation method of steel corrugated pipe culvert deformation
under high-filling, and the calculation method for determining the rigidity and flexibility of steel corrugated
pipe culverts, on the basis of considering the interaction of compression deformation of steel corrugated pipe
culvert and its side soil, the problem of relative stiffness of culvert and soil is discussed. On the basis of
considering the moment of inertia of the section parameters of steel corrugated pipe culvert, starting from
analyzing the calculation method of soil relative stiffness coefficient of culvert in the specification, it is
assumed that the horizontal distribution of filling earth pressure inside and outside the top plane of the culvert
is the same, the side filling has a certain elastic resistance to the lateral deformation of pipe culvert, by
introducing Spangler culvert soil interaction model, the calculation formulas of deformation and culvert soil

relative stiffness coefficient of steel corrugated pipe culvert is derived. Meanwhile, based on considering the
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linear increase of the compressive deformation modulus of culvert lateral soil, substituting related parameters,
and the calculation value is compared with the field test value. The result shows that (1) when steel
corrugated pipe culvert changes with filling pressure, the deformation calculation value rule is consistent with
the measured convergence value; (2) using the theoretical calculation result of culvert soil relative stiffness
coefficient can approximately determine whether the pipe culvert is rigid or flexible. By theoretical
calculation, the studied field culvert is determined as a flexible culvert, which has also been tested indirectly
by the result that culvert top vertical earth pressure coefficient is less than 1, therefore, this is not only a
supplement to the specified formula, but also provides a new method for determination of the rigidity and
flexibility of steel corrugated pipe culvert; (3) through the transformation of culvert soil relative stiffness
coefficient formula, the settlement difference +8& between inside and outside soil column on the top plane of
the culvert is essentially the same as the culvert soil relative stiffness coefficient ,, therefore, =+§ can also
be used to determine the relative stiffness of pipe culvert, this provides another feasible method for
determining the rigidity and flexibility of culverts.
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Fig. 1 Schematic diagram of standard waveform of

steel corrugated plate
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Fig.2 Schematic diagram of structure calculation model
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Fig.3 Schematic diagram of Spangler pipeline
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Tab.2 Pipe side soil resistance coefficient K,
B/(°) 40 50 60 70 80 90
K, 0. 055 0.061 0. 066 0. 068 0. 069 0.070
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Tab.3 Bed coefficient K

a/(°) 0 15 30 45 60 75 90

K, 0.11 0.108 0.103 0.096 0.089
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Fig.4 Field photos of steel corrugated pipe culvert
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Tab. 4 Changes of relative stiffness coefficient of pipe and

soil when pipe wall thickness keeps constant and

pipe diameter changes

BREELE 6.5 mm M H A%/ mm
i BRI 250 500 1 000 2 000 2 750
REOTAAR
1 =X (7) 0.2929 0.036 6 0.004 6 0.0006 0.000 2
2 = (8) 36.8053 4.6007 0.5751 0.0719 0.027 7
3 =x (17) 38.5556 5.4192 1.2771 0.7594 0.713 8
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Tab.5 Change table of relative stiffness coefficient of pipe and soil when pipe diameter and wall thickness of

steel corrugated pipe culvert is changed

E, =200 000 MPa, E,=12 MPa BEJE/mm

EEReS HLARXNERBOHE A B/ mm 5 10 50 100 200
1 250 0.133 3 1. 066 7 133.333 3 1066.6667  8533.3333
2 500 0.016 7 0.133 3 16. 666 7 133.333 3 1 066. 666 7
3 #® (7) 1 000 0.002 1 0.016 7 2.083 3 16. 666 7 133.333 3
4 2 000 0. 000 3 0.002 1 0.260 4 2.083 3 16. 666 7
5 2750 0.000 1 0. 000 8 0.100 2 0.801 4 6.4112
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Tab. 6 Change table of relative stiffness coefficient of pipe and soil when pipe diameter and wall thickness of
reinforced concrete pipe culvert is changed
E, =30 000 MPa, E, =12 MPa BEJEL/mm
EEReS B LAY N REO TR A FHHEAR/ mm 5 10 50 100 200
1 250 0.020 0 0.160 0 20. 00 160. 00 1 280. 00
2 500 0.002 5 0.020 0 2.50 20. 00 160. 00
3 = (7) 1 000 0.000 3 0.002 5 0.3125 2.50 20. 00
4 2 000 0.000 0 0.000 3 0.039 1 0.3125 2.50
5 2 750 0.000 0 0.000 1 0.0150 0.120 2 0.961 7
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Tab.7 Changes of relative stiffness coefficient of pipe and soil when pipe wall thickness keeps constant and pipe diameter changes

IFBEELIE 6.5 mm WP ECE B/ (mm? - mm )
150 x50 200 x 55 300 x 110 380 x 140 400 x 150
G HIAREROTA AKX FEERE/ mm
2428.6 2875.4 12 978 19 740 22 841
250 31. 086 36. 805 166. 13 252. 675 292. 367
500 3.8858 4. 600 6 20. 766 31.584 3 36.5459
1 X (8) 1 000 0.4857 0.575 1 2.595 8 3.9480 4.568 2
2 000 0.060 7 0.071 9 0.324 5 0.493 5 0.571 0
2750 0.023 4 0.027 7 0.124 8 0.189 8 0.219 7
250 32.671 38.555 171. 622 260. 67 301.51
500 4.683 6 5.419 1 22.053 33.184 38.289
2 £ (17) 1 000 1.1852 1.277 1 3.356 3 4.747 17 5.3858
2 000 0.747 9 0.759 4 1.019 3 1.193 2 1.2729
2750 0.709 4 0.713 8 0.813 8 0. 880 7 0.911 4
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E7 FEXEERBEGEZIE
Fig.7 Force diagram of flat buried culvert without

loading reduction

(R ——

B8 HBEXEERREZIE
Fig.8 Force diagram of positive buried culvert

without loading reduction
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| ki

E9 LEEXERREZNE
Fig.9 Force diagram of positive buried culvert with

loading reduction
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