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o Compare the results of FEM to the experiment for the 15t Spray
Applied Polymeric Liner (SAPL) on circular CMPs.

e Calibrate the FE Model for further parametric studies.
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Load vs. Displacement Plots

Applied Load, lbs.
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Plasticity Model Elastic-Plastic .

Prager

Density (lb./in3) 0.284 0.057

Elastic Modulus (psi) 29,000,000 510

Yield Stress (psi) 33,000

Ultimate Stress (psi) 45,000

Friction Angle (°) - 32

Dilation Angle (°) - 1
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Top 1-ft Cover SO|I Properties
« Top 1-ft of soil was replaced with TxDOT specified Grade D
subbase layer which is also named as Recycled Concrete
Aggregates (RCA).
* Drucker Prager Model was used to model the soil in FEM.
Density San
Friction angle 39 degree |
Elastic Modulus 1,000 psi \:\\
Poisson ratio 0.28
Dilation angle 2

Source: RCA Properties(Araulrajh (2016))
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Description Value Unit « Simple Elastic-plastic model was used to model the
liner.
Yield strength 8,725 psi TENSILE PROPERTIES (ASTM D 638) TEST
RESULTS
Test Replheate Number 1 2 3 4 5 Mean
Yield strain 1.52 %
Tenzile Yield Strength (p=1) | 5 725 7,843 6,554 7,174 7,114 7,482
Bl’eak Strength 8 723 pSI Tens=ile Yield Stram (%) 1.52 1.17 0.90 1.03 1.01 1.13
Tensile Break Strength (psi) 8723 8657 7370 7955 3434 118
Break strain 1.69 % _, |
Tensile Break Stram (%3) 1.69 141 1.08 1.22 1.37 1.3s
- q Toung's Medulus (p=1) 991,571 Q11.052.264 | 1,198,074 | 1,346,946 | 1,181,228 | L124,016
Young’'s Modulus 991,571 psi
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FE Modeling

DelDOT

Pipe- Solid element
Soil- Solid element
Liner-Solid elements
AXis symmetric model.
Element type — C3D8R

Interaction between pipe and soil — surface
to surface interaction with friction coefficient
of 0.5.

Liner and Pipe Interaction-surface to surface
Interaction with no movement between them
and friction coefficient of 1.
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e Vertical movement restrained at the bottom.

 Normal horizontal movement restrained at the
sides.

« Symmetric boundary along YZ plane.
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FEM Results
(0.25-in. SAPL)
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6.5 in. displacement of soil over the
load pad size-20X40 in?

ODe: REDUCEDFROP.odh  Abagus/Stardard €.14

Frimary War: =, Mises
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‘Load Vs Displacement Plot (0.25 in.)
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PEEQ

{Avg: 75%)
+7.940e-04
+7.278e-04
+6.617e-04
+5.955e-04
+5.293e-04
+4.632e-04
+3.970e-04
+3.308e-04
+2.647e-04
+1.985e~04
+1.323e-04
+6.617e-05
+0.000e+00

15t plastic strain
Load-42.72 kips

Y ODB: REDUCEDPROP .0db

X
Step: Load
Increment 29: Step Time =

2 Prirnary Var: PEEQ
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PEEQ
(Avg: 75%)
+4.444
+4.074e0
+3.703e-0
+3.333e-03
+2.963e-03
+2.592e-03
+2.222e-03
+1.852e-03
+1.481e-03
+1.111e-03
+7.407e-04
+3.703e-04
+0.000e+00

Ultimate load-
44.86 Kips

2019

X
Step: Load
Increment 32: 5
Z  Primary Var: PEEQ
Deformed Var: U  Defor?
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Comparison (0.25-in.)

Load (kips)
Soil displacement (in.)
Liner displacement (in.)
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40
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Crown pressure,psi
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Fig. Pressure at Crown vs. Soil Displacement Fig. Pressure at Crown vs. Liner Displacement @ Crown
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Earth Pressure Comparlson (0.25-In.
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Fig. Applied Load vs. Pressure at crown
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FEM Results
(0.5-in. SAPL)
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6.5 in. displacement of soil over the
load pad size-20X40 in?
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PE, Max. Principal
{Avg: 75%)
g e 03 +1.660e-03
11038003 +1.522¢-03
+9.411e-04 +1.384e-03
+8.470e-04 +1.245e-03
+7.529e-04 +éégge_gi
+2. e
+8.302e-04
+6.918e-04
+5.534e-04
+4.151e-04
+2.767e-04
+1,384e-04
+0.000e

DelDOT

PEEQ

15t plastic strain

Plastic strain at ultimate load
Y ODB: littleincrease.odb  Abaqus/Standard 6.14-3 Mon Dec 23 19:43:30 Central Standard Tir

1 Step: Load
X Increment 27:Step Time = 0.9630

Primary Var: PEEQ
Deformed Var: U Deformation Scale Factor: +1.000e+00

Y ODB: nosepallow_|ittle_increase.odb Abaqus/Standard 6.14-3 Tue Dec 3

1 Step: Load
T o st s . A9 Chanen Tionsn — 1 AAA
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Comparison (0.5-In.)

Load (kips)
Soil displacement (in.)
Liner displacement (in.)
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Earth Pressure Comparison (0.5-in.)
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Earth Pressure Comparison (0.5-in. )

Crown Earth pressure, psi.

Fig. Applied Load vs. Pressure at crown
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FEM Results
(1-in. SAPL)
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Load vs. Displacement Plot (1-in.
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PEEQ

(Avg: 75%)
+4.951e-04
+4.538e-04
+4.126e-04
+3.713e-04
+3.301e-04
+2.888e-04
+2.476e-04
+2.063e-04
+1.650e-04
+1.238e-04
+8.252e-05
+4.126e-05
+0.000e+00
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Plastic Strain(1-in
]

PEEQ

{Avg: 75%)
+6.092e-03
+5,584e-03
+5.076e-03
+4,5692-03
+4.061e-03
+3.553e-03
+3.046e-03
+2.538e-03
+2.031e-03
+1,523e-03
+1.015e-03
+5,076e-04
+0.000e+00

DelDOT

15t plastic strain
Plastic strain at ultimate load

Jan 04 14:53:42 Central Standard Time 2020

ard 6.14-3  5at Jan 04

e Factor: +1.000e+00
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Soil displacement (in.)
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FEM
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 The experimental and FEM results compare fairly.

The lab test of the sprayed liner for this test is ongoing. Thus, the model

could be further improved by using the exact material properties of the liner
used in this test.
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Next Steps

« Comparison of other experimental results such as strain gauge results will be
made to calibrate the model accurately.

« Improvisation of the model to mimic the drop in the load at the first crack.
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