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Abstract: In order to calculate the vertical earth pressure on pipelines more accurately, 10 influencing
factors were summarized. By altering structural parameters such as trench slope angle and trench
width, different burial methods of pipelines were considered. A total of 50 orthogonal numerical test

models were established, using 10 factors with 5 levels each. The correlation between vertical earth
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pressure on pipelines and various factors was evaluated through orthogonal numerical test, and the
variation patterns of vertical earth pressure under the influence of highly significant factors were ob-
tained through single factor analysis. The results showed that there were a total of 6 highly significant
factors, listed in order of significance from greatest to least: the pipe-soil modulus ratio, Poisson’s ra-
tio of backfill soil, trench slope angle, undisturbed soil elastic modulus, overlying soil height, and
trench width. Among these, trench width and pipe-soil modulus ratio were positively correlated with
the vertical earth pressure coefficient, while the overlying soil height, trench slope angle, undisturbed
soil elastic modulus and Poisson's ratio of backfill soil were negatively correlated with the vertical
earth pressure coefficient. The study provides a basis for calculating the vertical earth pressure coeffi-
cient and for pipeline deformation and stress analysis.

Keywords: vertical earth pressure; buried pipelines; numerical simulation; orthogonal test; single-fac-

tor analysis
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Fig.1 Schematic diagram of analytical model
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Fig.2 Comparative analysis of theory and simulation
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Table 1 Numerical calculation parameters

[19]

B '??TTE“,O/ BRI E/ AL NEEM e/ WIKkMe/ FERII/ JEIRNTIe/ RAFdXe/
(kgem *) MPa v ) ) kPa MPa (mm X mm)
Bk 4 1840 10 0.3 15 0 15 — —
[l 31 + 1600 5 0.35 30 20 — —
X804 i 7 850 210 000 0.3 — — — 550 1016 X 20
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Table 2 Overview of numerical simulation
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Table 3 Levels of orthogonal test factors™"
o 2K
Y % 1 2 3 4 5
A b KR E H/m 1 2 3 4 5
B B R F d>X<¢/(mmXmm) 1016X18 1016X20 1016X22 864X 20 1219X20
c TS 98 B/m 2.5 3.5 4.5 5.5 6.5
D WA a/ (%) 0 30 45 60 90
E 75 LB E /MPa 50 100 150 200 250
F JFAR + E,/MPa 10 20 30 40 50
J [l 3 YA AL L v 0.25 0.3 0.35 0.4 0.45
H [l - Py R A 0/ () 20 25 30 35 40
I [ + 6 2R ) o/kPa 10 15 20 25 30
J BRI E/E, 1000 10 000 20 000 42 000 80 000
F4 EMERLENEZIRER
Table 4 Orthogonal test of vertical earth pressure on pipe top
®_¥S A B C D E F G H I J K K |[|[®ES% A B C DETF G H I J K K,
1 1 11 4 1 1 1 2 2 4 3 1599 26 11 2 1 2 4 1 4 1 2 1 1511
2 1 2 2 3 5 4 5 1 5 5 5 1.201 27 1 2 3 4 1 2 5 3 4 3 2 1177
3 1 3 3 2 4 2 3 5 1 2 4 1356 28 1 3 5 3 5 3 3 2 3 1 3 1.149
4 1 4 5 5 3 3 2 4 4 3 1 1438 29 1 4 4 2 4 5 2 1 2 4 5 1575
5 1 5 4 1 2 5 4 3 3 1 2 1.052 30 1 5 1 5 3 1 4 5 5 5 4 1.387
6 2 1 2 5 4 5 5 5 4 1 3 0885 31 2 1 3 2 5 1 2 3 5 1 1 1174
7 2 2 3 1 3 1 3 4 3 4 5 1.519 32 2 2 5 5 4 4 4 2 1 4 2 1.397
8 2 3 5 4 2 4 2 3 2 5 4 1574 33 2 3 4 1 3 2 1 1 4 5 3 1701
9 2 4 4 3 1 2 4 2 5 2 1 1.356 34 2 4 1 4 2 3 5 5 3 2 o5 1.203
10 2 5 1 2 5 3 1 1 1 3 2 1488 35 2 5 2 3 1 5 3 4 2 3 4 1.381
11 3 1 3 3 2 3 4 1 4 4 4 1.39 36 3 1 5 4 3 5 3 1 5 2 2 1421
12 3 2 5 2 1 5 1 5 3 5 1 1554 37 3 2 4 3 2 1 2 5 1 3 3 1.512
13 3 3 4 5 5 1 5 4 2 2 2 1273 38 3 3 1 2 1 4 4 4 4 1 5 1.001
14 3 4 1 1 4 4 3 3 5 3 3 1421 39 3 4 2 5 5 2 1 3 3 4 4 1391
15 3 5 2 4 3 2 2 2 1 1 5 1.013 40 35 3 1 4 3 5 2 2 5 1 1.258
16 4 1 5 1 5 2 4 5 2 3 5 1319 41 4 1 4 5 1 3 3 3 1 5 o5 1.232
17 4 2 4 4 4 3 1 4 5 1 4 1.025 42 4 2 1 1 5 5 2 2 4 2 4 1444
18 4 3 1 3 3 5 5 3 1 4 1 1177 43 4 3 2 4 4 1 4 1 3 3 1 1477
19 4 4 2 2 2 1 3 2 4 5 2 1.564 44 4 4 3 3 3 4 1 5 2 1 2 1.028
20 4 5 3 5 1 4 2 1 3 2 3 1273 45 4 5 5 2 2 2 5 4 5 4 3 1.272
21 5 1 4 2 3 4 5 2 3 3 4 1.219 46 5 1 1 3 4 2 2 4 3 5 2 1312
22 5 2 1 5 2 2 3 1 2 1 1 0.730 47 5 2 2 2 3 3 4 3 2 2 3 1271
23 5 3 2 1 1 3 2 5 5 4 2 1489 48 5 3 3 5 2 5 1 2 5 3 o5 1.261
24 5 4 3 4 5 5 4 4 1 5 3 1.223 49 5 4 5 1 1 1 5 1 1 1 4 1.08
25 5 5 5 3 4 1 1 3 4 2 5 1488 50 5 5 4 4 5 4 3 5 4 4 1 1311
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Table 5 Range analysis of vertical earth pressure coefficient on pipe top

TR AR A :
A B C D E F G H I I K
K, 13465 13.066 12.762 13.798  13.147  14.080  14.046  13.344  12.994 10.142  13.006
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ks 1.239 1.292 1.372 1.229 1.297 1.297 1.175 1.304 1.301 1.401 1.281
R 0.129 0.063 0.105 0.151 0.022 0.145 0.230 0.039 0.043 0.398 0.050
H# EK 5 7 6 3 11 4 2 10 9 1 8
HES 0.107 0.027 0.071 0.131 0.004 0.124  0.329 0.012 0.014 1.124 0.017
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Table 6 Variance analysis of vertical earth pressure

coefficient on pipe top
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Fig.3 Curves of the relationship between vertical earth pressure on pipe top and significant factors
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