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Introduction
Considerations — Spangler, Marston

* Differs between kinds of Pipes

(Flexible / Rigid)
/ / » Soil is considered to have an Elastic
Column " Column behaVior
l of Seil | ofSll ¢ Fill is considered to have an Elastic
Behavior

» Only properties of a vertical column
of soil/fill affect results

! ] F
Spangler design Marston design . / Column of Soil

» Model has an exact geometry, which includes trench
angle (b)

» Different constitutive models can be used in natural soil

» Different constitutive models can be used in fill

* |t takes into account the different friction coefficients
that exist between materials.

m FEM Analysis &%
QY
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1. Traditional Design Methods.

2. Constitutive Methods

3. FEM Analysis

4. Results

5. Numerical Example — Emisario Cartagena

6. Preliminary Design Abaqus
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Traditional Design Metho

Flexible Pipes — Spangler Theory

In flexible pipes, pipe material stiffness is negligible in
comparison with soll stiffness.

oy DLKWCr"", 3 Ay (DLW, W,
El+0,061Er D 149PS +61000M,
Where,
D, Deflection Factor
K Foundation Constant
WI Live load at top of pipe (N/m?)
W¢ Dead load per pipe length
r Pipe radius
E Youngs Modulus (Elasticity)
I Inertia Modulus per pipe length ' =6%(D4—d4)
E Soil Modulus
PS Pipe stiffness (kPa)
Ms Constrained soil modulus (MPa)
D Outer pipe diameter
m Ay Vertical pipe diameter variation ﬁ%
uniandes Ay Horizontal pipe diameter variation =
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Traditional Design Methot

Rigid Pipes — Marston Theory

In Rigid Pipes, pipe stiffness is much higher than soil stiffness.
It is necessary to determinate if pipe resistance is enough to
support applied load. Pipe takes the major portion of the loads.

T V +dv)+ [ 2KuV ]dh =V +B,dh
N Ku%dh B,
i 2K
vea| BI (V+dV)+[ “ ]dh—v +1Bydh =0
Ed d
Ao,
/ dv _| 8, - 2Ku'V
LS 74 dh ;
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FEM Analysis

Constitutive Models - Elastic Model

The general expression of Hooke's Law

i = Ciam

Eim = ﬂ’aiké‘lmglm T 2#[;§i|5km5|m +;§im5klglm:|

o= Mtrlell+2us
o=Ael+2us

1 a2
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FEM Analysis

Constitutive Models - Hypoplastic Mo

Hypoplasticity is a constitutive model developed for granular
solls. It is constitutive equation should be written in an
incremental way. Wollfersdorff equation (1996) improves
mathematic formulation introducing four material constants that
depend on stress and void relation and four other calibration
constants that do not vary with material.

T =ff. (CD +£,;N||D|)

Where,
D Strain rate
fb Barotropic’s factor
fe Pyknotropy factor
fd Density factor
unig?;ldes é:%
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FEM Analysis

Constitutive Models - Hypoplastic vs Visc

1. Barotropic Factor is modified
2. Pyknotropy and Density factor are removed.

3. Void dependecy is introduced by OCR parameter

T=ff: (LD+ALND) T —f (£D+N|D|)

T=/fr (D+ (ﬁ_lN) ||D||) T=fl|D- [(—C‘IN) ||DH}

M -

Y

DIJ'

o

T= ﬁ,ﬁ (D — D") ConstitutiveEquation, Niemunis(1995)
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FEM Analysis

Geometry & Boundary Condition

Natural soif structure's Other structure's elements
elements
Ny Ny N3 N3 Ny Ny N
N
No® CPES N; N N CPE4 P=0-10-50-80- 100 kN
CPE3
Ny N5, Ny Ny N, Ny Ny N N,

—= —
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Results

Traditional design procedure

v [KN/m?] 18.20 1820 | 1820 | 1820 | 18.20 )

Bs (M) 253 253 253 253 253 M.PI We= Cd'YBd

H [m) 193 193 193 193 193 W=~ H W = —F f

W, (KN/m?) 2013 | 2013 | 2013 | 2013 | 2013 ¢ ="Ts 'L

0 (m] 1.024 1024 | 1024 1024 | 1024 -

Mp (] 1.20 1.20 1.20 1.20 1.20

(] 154 1.54 154 1.54 154 Wi— CsPF B )

LLOF [] 1.15 1.15 1.15 1.15 1.15 1= I oussinesq

L s[m] 321 321 321 3.21 321

Hint [m] 159 1.59 159 1.59 159

L z(m) 221 22 221 221 221 7 [kN/m?] 18.20 18.20 18.20 18.20 18.20

‘F"“l’m! ] MO (O N i | N o 0 Bs [m] 200 | 200 | 200 | 200 | 200

m ! .

W, [kN/m] 2013 | 2273 | 3314 | 4095 | 46.16 K [] 0.33 0.33 0.33 0.33 0.33

Msn [MPa) 4.00 400 | 400 | 400 4.00 u (] 0.50 0.50 0.50 0.50 0.50

Msb [MPa) 4.80 4.80 480 4.80 4.80 Ku'[] 0.17 0.17 017 017 0.17

e o

S S!

Cd[] 075 | 075 | 075 | 075 | 075

Sc 0.85 0.85 0.85 0.85 0.85

Ms [MPa] 4.08 4.08 408 4.08 408 W [kN/m] 5478 5478 5478 5478 5478

ol 105 | 105 | 105 | 105 | 105 Bc [m] 122 | 122 | 122 | 122 | 122

149'PS [kPa) 40000 | 40000 | 40000 | 40000 | 40000 L 4 '1 '1 '1 '1 '1

| [m*m ] 0.0049 | 00049 | 00049 | 0.0049 | 0.0049 [m]

E [kPa) 24000000 | 24000000 | 24000000 | 24000000 | 24000000 b[] 0.35 0.35 0.35 0.35 0.35

Kx ] 0097 | 0097 | 0097 | 0097 | 0.097 a[] 0.29 0.29 0.29 0.29 0.29

Ay/D 071% | 080% | 115% | 141% | 158%

Ay [mm] Spangler |1 7.27 8.16 1174 | 1443 | 1622 :; : :’2 1 ?gé ?g; ?(2}:3 ?g; ?S;
b2 +1 1.12 1.12 1.12 1.12 1.12
Cs[] 0.99 0.99 0.99 0.99 0.99
F[] 1.00 1.00 1.00 1.00 1.00
P [kN/m] 0 10 50 80 100
Wv [kN/m] 0.00 9.95 4975 79.59 99 49
W, [kN/m] 5478 | 6473 | 10453 | 13438 | 154.27
F.S [ ] Marston 0.91 0.77 0.48 0.37 0.32

1 a2
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Results

FEM Results

+2.461=-D1
+E.E7d=-Dd

-1.0J0=-D2
=1.150=-D2
-1.14%=-02
-1.50%=-D2
-1.6EB=-D2

U2 Deformation for
elastic natural soill
material

Luz

+2.467e-D1

+1.132-D1 S i
-7.7E2e D8

-1.14Ee 0]

-2.618e-0]

-1.EREe D]

-515Ea-0]

-E.428s-0]

-7.63Ea-0] f t. f

viscohypoplastic
natural soil material
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Results

FEM Vs Actual design

Safety Factor: Marston Vs FEM
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Results

Bedding Base Displacement

in kN
Bedding Base Displacement (u2) - For Flexible Pipe P
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Results

Vertical Pipe Diameter Variation: Flexible pip

Vertical Pipe Diameter Variation g = 86°
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Numerical Example 2 — Emi

Geometry and materials

SECTION TYFE |

KAAQ+000 al KA 1+850
K28 3+450 al K2B 1+7450
K30 0+235 al K30 3+580

Pipe Internal

material | diameter | Thickness | Bed ﬁ
PRFV 1.8m 4.1cm 0.3m | 86°

1 a2
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Numerical Example 2 — E

Measurements — Data Validation

AGUAS DE CARTAGENA S.A. E.S.P.
ALC-06-BM-2006 - PROJECT EMISARIO TERRESTRE
Deflections in installation PRFV Pipes

Data Validation Normal Funtion

(wiw}
Pt )

-4 00% -2.00% 0.00 % 2.00% 4.00% B.00% -0.04 -0.02 0 002 0.04 006

ST — . ——
[——Fiel data Aproximation] | —Aproxiration |
Date Installation start Final section | Awerage Media | Standard
Desviation

21-02/17-03  |k3D0+708| K3D0+403 | TYPEI | 0.025%
0.028% 0.052%

(J RB
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Numerical Example 2 — Emi

Results

SECTIOM TYPE |

YWiscohypoplastic EIatin::
Model Model

Y% Deflection

Elastic | Viscohypoplastic | Installation
-0.021 0.04 0.028

1 a2
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Preliminary Design Abagqus

o =100m
500— -
00— -
[ ]
306— .
g Failure Zone Failure - Unstable
— 2.57%
2 2.48%
20— - T 2.15%
Safety Zone s 2.09%
1.73%
106— . 1.25%
L ] L ]
b4 . . ) 1.00%
. 0.65%
g_  § 0.59%
| | | | | | |
18 263 347 4.3 513 597 BE
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