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2. Physical model tests Enabing Deta Lt ;

Delta Flume Deltares (300 m length; 9.5 m depth; 5 m width,
irregular waves up to Hs =2 m)

Asphalt plates, from Lauwersmeer dike, age 50 years, (8 x 0.5 m?)
thickness 15 - 25 cm.

On sand bed, with variable phreatic line.
Wave loading in steps of 2 hours; two test series
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- Asphalt in series 1 Ei!-};es
S

had better quality
and was less damaged
than in series 2.

Density of sand bed in

series 2 was typical for
dike (proctor 90 -100);
nd series 1 was less

o

8 asphalf plates cut
from dike:

15 - 25 cm thick;
and area 8 x 0.5 m?
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Test Series 1 and 2 Enabling Delta Life ;

Low phreatic line (both test series):

* 3short duration tests (H,, =1 m)

* 3tests:H ,=1.6m; 1.8 mand 2.0 m (2 hours each)
* A few large single waves

High phreatic line (h; = level):
* First series (better than average asphalt quality)
* h;=SWL, H_,=1.6 m (large damage after 1 hour)

e Second series (less than average asphalt quality)
* h;=SWL-0.6:H_,, H ,=2.0m

mO0’ " 'm

* h;=SWL-0.2:H,,, H,,=2.0m

mO0’ " 'm

* h;=SWL, H_,=2.0m (large damage after 16 min.)
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Enabling Delta Life

Failure at high phreatic line

Bar with 25 g e | ”"‘l{ A T

Wall of flume pressure
sensors

'/ T~
After test T10A
Slope 1:3,6

>

asphalt



Low phreatic line; laser images

Only surface coating was

Serie 1 se, damaged
na T09 (verschil t.o.v. voor T01) na T20 (verschil t.o.v. vogf T11)
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* Small deformation after 6 hours of wave action; no major damage.

* 6 hours is the typical duration of wave attack on the Lauwersmeer dike.



Verloop van druk op het talud (max. 86.9358kPa) - 2e golfklap

Modeling (phreatic line is low): «|
Single wave impact:
1. Abaqus

Druk [kPa]
N
o

Pressure
on slope

Enabling Delta Life

S

Linear elastic ™

sandbed

2. Analytical formula’s
Fatigue under storm conditions:
3. Model Wave impact ol
(de Looff, A.K., et al., 2006. Proceedings Aol —-

ICCE 2006. San Diego, CA.)

Input 2 and 3:
Asphalt: thickness, E modulus, Poisson’s
ratio, fatigue line; subsoil: modulus of

subgrade reaction

(de Looff, A. K., et al., 2011. Proceedings of the Coastal
Structures

2011 conference. Yokohama.)

Wave action: slope angle, triangular load,
statistical distributions of factor of
impact, width and impact position

Main features input 1: pressure
distribution as measured; linear elastic
sand bed

|
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log(number of loadings)

I I I I L L
16 17 18 19 20 21 22

X-coordinaat [m]

Fatigue data for new asphalt

log (humber of loadings)
until failure of asphalt

1,2

log(tensile stress)

= rangue data

——fatigue line basea on 5% log(sigB)

A flex strength ——fatigue line based on average log(sigB)




Input modelling




|nStru mentation Enabling Delta Life -

+6.10 m

old asphalt from the

Lauwersmeerdijk
concrete:
similar stiffnes
as asphalt
+3.66 m >
+3.28 m "
\ e total stress and pore water
- 9& pressure transducers
e TS \drainage: regulation phreatic line
te dummy {2-=="" ™~~~
concrete dumsy S steel plate Groove for glass fiber
slope \
24 =Y

Glass fibers measure asphalt
strain at distances of 2.6 mm
over 8 m length.

asphalt

sand
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Typical wave attack with phreatic line low ;
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Serie 2, golfklap 2, T15b (t0 =1916.687 s, t, = 1919.336 s, L=t = 19°

overzicht van golf
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CUMULATIVE PROBABILITY
[%] OISTRIBUTION-GAUSSIAN SCALE

999
99

RANGE OF DISTRIBUTIONS
FROM FULL-SCALE MEASURE-
MENTS WiTH REGULAR WAVES
(SEE FIG.4)

15 X ‘IOI'4 Calculated strain at different depths - sand 40 MPa, 2" wave impact
. T T T T T T T

g0 |Measurement
Deltaflume

0.5[%0 i % 4

Standard in
Wave impact
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Strain [-]
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@ "RST CASE ESTIMATION
UP T0 Ky 2-20 M

FIELD MEASUREMENTS
A BOLKE AMD RELOTIUS. 1974 ) oo
20.M0V. 1969, K <0.70 K od ]

(AFTER FURRBOTER. 1971

d-eps-p1
d-eps-p2
FIELD MEASUREMENTS : ~d-eps-p3 7
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RELATIVE IMPACT PRESSURE p[g. g'HM Length along the asphalt revetment sample [m]

Series2  paasurement Abaqus Abaqus Analytical
Strains  at bottom (in strain  at bottom under maximum strain at maximum strain at
[um/m] gauge) strain gauge bottom bottom

—
T
&)
[ < 0O 0

Impact 1 14 (12) 47 120 159
Impact 2 24 (20) 120 125 140
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Conclusions and recommendations Enabling Deita Lfe ;

e Factor of impact mostly lower than in standard model
High phreatic line:

Failure within 1 hour of wave attack, mechanism uplift, no
liquefaction

Low Phreatic line:

e Asphalt strains are up to factor 1 to 5 smaller than expected
from Abaqus modeling

 Dynamic effects play a role: a shorter impact duration has less
effect.

* In total: gain of an order of magnitude in time till failure
(Miner’s sum) might be possible.

* Further modelling is foreseen:
- dynamics
- visco-elastic asphalt
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