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A Study on the Comparison of the Backfill Leads Obtained by the

Marston-Spangler s Theory and by the Finite Element Analysis
for the Metal-Polyethylene Composite Pipes

A |l 3"
Chung, Jin - Ho

Abstract

Variations of backfill load on the metal-polyethylene composite( MPC) pipes buried in various
trenches backfilled afterward were investigated in this paper. The backfill leads obtained by the
finite element method{FEM) were compared with those calculated by the well-known Marston-
Spangler(M-S) theory. The reliability of the finite element analysis used in this study was
examined by an in-situ test for the buried pipe. The backfill loads and deflections on the real-size
pipe buried on-site were measured while increasing the backfill height. In addition, further
investigations were made for the variations of the backfill loads as a function of several important
parameters such as the backfill soil type. backfill height(<4.0m), diameter of the pipe(B.<1.0
m), and trench width(<3.0 B,).

It is confirmed that the M-S theory predicts reasonably well the backfill loads of the MPC
pipes when the design value of ¥, p is zero. The finite element analysis results suggest that
values of kg ( =kp) of the M-S backfill soils be 0.13 and 0.15 for the SC and SM soils in the
Duncan soil model. respectively. The load ratio, Wys/ Wy for a narrow trench varies negligibly
with the backfill height but tends to increase for a wide trench. The ratio increases with
increasing diameter of the pipe for a narrow trench while decreasing for a wide trench. It is also
found that the ratio generally decreasea as the degree of compaction increases and SM soil
exhibits larger load ratio than that of SC soil
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Table 2.1 Range of k¢ value

- 2
k# and kg |Soil type

Min. 0.1924 {Granular materials without cohesion
Max. 0.1650|Sand and gravel

Max. 0.1500 Saturated top soil

Max. 0,1300|Ordinary clay

IL/Iax. 0.1100|Saturated clay J

3. 85eA Tl

3.1 H4& X228 CANDE

CANDE(Culvert ANalysis and DEsign)
(VittesE-1981)2 vl d oA Fzahy 1 A
& 9 Aee zeodesy §BTE
Az Y = o =3 GUYY &
4, A8 §9 & 313 2] VA BFe) A
(A I FEARv)y T HI23e=

WEME TENE 91



Table 3.1 Characteristics of Pipe

Type of Pipe | Meterial Stress-Strain Models Design/Evaluation Criteria Design Output
Corrugated | Linear : yieldhinge theory: Excessive deflection: List of requried
stee] bilinear stress strain thrust yielding: gage thickness
elastic bulking" for each standard
steel corrugation size
Corrugated |Linear : yieldhinge theory: Excessive deflection: List of requried
aluminum bilinear stress strain thrust yielding.: gzage thickness
elastic bulking' for each standard
outer fiber strain rupture aluminum corrugation size
Reinforced Concrete cracking and Concrete crushing. Required steel
congcrete nonlinear compresion.yielding | stel yielding: area for double
of steel reinforcement concrete shear circular or
stress;crackwidth, elliptical reinforcement
0.01 in. wall thickness
Smooth Linear Excessive deflection. Wall thickness
wall outer fiber stress.
plastic elastic bulking
Basic Linear No design, No design.
L analysis only analysis only

Table 3.2 Capabilities and Limitations of CANDE Solution Levels

Characteristics

Level 1
{ Elasticity }

Level 2
{Finite element
with Auto mesh)

Level 3
{Finite Element
with User Mesh)

Pipe shapes
Soil zones

Stress-strain models
for soil zones

Installation type
represented

Symmetry conditions

Load repressentations
of soil

Load representation
of live loads

Pipe-goil interface

Number of input
cards®

Round
Homogeneous throughout

Linear:overburden
dependent

Embankment

Double symmetry about
vertical and horizontal axis
Incremented overburden
Equivalent overburden
Slip; no slip

5 to 10

Round: vertical ellipse.
horizental ellipse:other*
in-gitu: backfill:
bedding: packing other®
Linear: overburden
dependent: fully non-~
linear

Embankment:trench:other®

Symmetric about vertical
axis

Incremented overburden:
gravity load construction
increments{5)
Egquivalent overburden:
strip loadinga

Slip: no slip: friction:
separation

6 to 11

Any open or closed pipe
section

Up to ten different =oil
zones may be defined
Linear;overburden
dependent: fully non-
linear

User defined configuration

Arbitary boundary
conditions and symmetry
Incremented overburdin.
gravity load construction
lifts, up to 10 max
Equivalent overburden:
strip loading

Soip: no slip;friction:
separation®

50 to 500

.

92 ¥i4% HSW - 19985 108

Level 2 is provied with a “porthole” that allows selective modifications and inputs to canned mesh.
Interface model for Level 3 also applies to soil-soil intetfaces.
Computer excution time is typically 10 to 20 times longer for Levels 2 and 3 than for Level 1.
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Table 4.1 Properties of MPC pipe used in analysis
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Fig. 4.1 Schematic diagram of the metal-
polyethylene composite pipe

[ Modulus(kg/cm?) Moment
Norminal ;i . Section Average
. High densn:q of Area .
diameter Steel . L 2 moedulus diameter
plyethylene | MPC pipe inertia {em*/cm) .
{(m) plate X i {em’/em} {mm)
plastic {em*/cm)
300 184x10° | 84x10° | 21x10° 0105 | 1080 0.194 310.8
600 184x10° | 84x10° | 25x10° 0610 | 1943 0632 | 6194
800 | 184x10° | 84x107 | 26x10° | 1236 | 1456 1000 | 8230
000 | 1sax10® | saxio® [ szexi0® | reot | zei6 | 1142 | 10262
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Fig. 4.4 Bilinear stress-strain parameters for a pipe
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Fig. 46 Finite element mesh used in analysis for in-
situ test

Table 42 Nonlinear hyperbolic model parameters

used in analysis for in-situ test
Rf Kb m

0.491 ugl[zrs 016

In-situ soil | 2.25 o.ol

Backfill soil| 215 | 0.0 {331 0.712441[0.13[0.87{?52

bedding soil|1747| 00 | 330 | 00 | 95 [029]075| 53 |056]
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Table 4.3 Measured versus calculated earth pressure
at crown and spring line

Hefem) [Overburden Crown Spring line
or pressure  |Meagurement; FEM |Measurement| FEM
load(ton)| {t/m’) (t/m%)  [{e/m)]  (v/m®)  ((t/m)
10.0™ 0.20 0.40 0.24 - 0.27
41.0™ 0.88 1.10 1.02 - 0.47
71.0™ 1.55 2.80 1.84 - 0.63
103.7™ 223 2.90 265 - 0.74
10.0% - 6.20 5.67 - 0.94
12.5% - 6.70 7.59 - (.98
15.0" - 8.10 8.591 - 1.03
17.5"" - 9.40 942 - 1.10
20.0"" - 10.60 10.1 - 118
250" - 12.40 9 - 1.40
300" - 13.80 11.8 - 1.95
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Table 5.1 Size of finite element mesh in Fig 5.1

{Unit:m)
B,/2
B. B, B HB HI HF H H/B
B, B, B;
1.25B- 0.338 0.194 3.24 0.15 1.36 4.0 5.67 1.75
1.50B: 0.465 0.233 3.24 0.15 1.36 4.0 5.67 1.75
1.75 0,543 0.272 3.24 0.15 1.36 4.0 5.67 1.75
031 2.00 0.620 0.310 3.24 0.15 1.36 4.0 5.67 175
2.50 0.775 0.388 3.24 0.15 1.36 4.0 5.67 1.75
3.00 0.929 0.465 3.24 0.15 1.36 4.0 5.67 1.75
a=20cm| 0.710 0,355 3.24 0.15 1.36 4.0 5.67 1.75
1.25B:« 0.775 0.388 3.35 0.15 1.24 4.0 5.86 .75
1.50B- 0.930 (0.465 3.35 0.15 1.24 4.0 5.86 1.75
1.75 1.085 0.543 3.35 0.15 1.24 4.0 5.86 175
0.62 2,00 1.240 (620 3.35 .15 1.24 4.0 5.86 1.75
250 1.550 0.775 3.35 0.15 1.24 4.0 5.86 1.75
3.00 1.860 0.930 3.35 0.15 1.24 4.0 5.86 1.75
a=20cm| 1020 0.510 3.35 (.15 1.24 4.0 5.86 1.75
1.25B- 1.025 0.513 3.56 0.15 1.41 4.0 6.23 1.75
1.50B- 1.230 0.615 3.56 0.15 1.41 4.0 6.23 1.75
1.75 1.435 0.718 3.56 0.15 1.41 4.0 6.23 1.75
082 2.00 1.640 0.820 3.66 0.15 1.41 4.0 6.23 175
2.50 2.050 1.025 3.56 0.15 141 4.0 6,23 1.75
3.00 2.460 1.230 3.56 0.15 1.41 4.0 65.23 1.75
a=20cm| 1.220 0.610 3.56 0.15 1.41 4,0 6.23 1.75
1.25B- 1.288 0.644 3.81 0.15 1.64 4.0 6.67 1.75
1.50B. 1.545 0.773 3.81 0.15 1.64 4.0 6.67 L75
1.75 1.803 0.901 3.81 0.15 1.64 4.0 6.67 1.75
1.03 2.00 2.060 1.030 3.81 0.15 1.64 4.0 6.67 1.75
2.50 2.575 1.288 3.81 0.15 1.64 4.0 6.67 1.75
3.00 3.090 1.545 3.81 0.15 1.64 40 6.67 1.75
a=20cm| 1430 0.715 3.81 0.15 1.64 4.0 6.67 1.75
Table 5.2. Standard hyperbolic parameters used in finite element analysis
RC
Stand (Jﬁf) (df&.) (?e:.) (t/(r}nz) K n R K om
AASHTO
Silty Sand 90 2.00 32 4 0 300 025 0.7 250 0.0
SM 85 1.92 30 2 0 150 025 0.7 250 0.0
Silty Clayey Sand 90 2.00 33 ¢ 1.46 150 08 0.7 75 0.5
5C 85 1.92 33 a 0.98 100 06 0.7 50 0.5

RC = Relative Compaction

Y. = Unit Weight
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Table 5,3 Backflll loads calculated for in-situ test
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712 ez AFE T, ke (=kp) TS
0158 H-g31ed Fakich

Backfill load(t/m) |
Backiill Marston-Spangler theory Finite
height
(em) Yu'D element
1.0 1.0 -1 -0.2 -0.3 -0.4 analysis
w-C Ww-1 w-C W-C W-C wW-C
10.0 0.420
0.180 0.177 0.177 0.177 0.177 0.177
W-C w-1 W-C Ww-C W-C w-C
41.0 0.924
0.784 0.726 0.675 0.675 0.675 0.675
Ww-C Ww-I w-C W-C w-C WwW-C
72.0 1.370
1.458 1.276 1.120 1.120 1.120 1,120
W-C w-1 wW-C wW-C w-C WwW-C
2.230 1.838 1.530 1.530 1.530 1.530

W-C : Wide trench-complete ditch condition
W-1 : Wide trench-incomplete ditch condition
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