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different inundation risks for N
different regions

safety assessment for all
known failure
mechanisms

Macro-stability, failure
planes through dike and
sub soil is an important
failure mechanism
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Assessment method: division in reaches

Every dike ring consists of reaches: dikes, dunes, civil structures

Each reach can fail by various failure mechanisms.
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Regulated safety assessment

« Repetitive assessment (each 5 years), in order to find

and improve weak reaches/sections.

* All relevant failure modes are -t & &

considered e

?'.m-mmm
+ Current standards are based
on assessment of single
reaches/segments and single
failure modes

* New standards (under
development) will be based on
the annual system failure
probability
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Reliability of Flood Defense Systems
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Assessment method: Failure mechanisms

levees civil structures

\
wave overtopping and overflow structural instability

wave overtopping and overflow revetment failure

inner slope failure heave and piping incorrect closure structural failure
’/_/_\LV—‘ — * m

dunes

dune erosion

collision heave and piping

¥
W

Models describe these mechanisms in terms of geotechnical, geometrical,
material, hydrological and geographical data.
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Bergambacht
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Uitdam
(2011-2013)
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Bergambacht test; Stability during uplift

river dike
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Validation model
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Top view failure
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ome measurements and analysis

Displacement profiles
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Uplift safety

Average uplift safety
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Conclusions from Bergambacht test:

« Uplift is dominant in engineering practise
and has large impacts.

» Is uplift a serious or fictive problem?

Uplift is an important failure mechanism,
shown by centrifuge tests and field test

 Ifitis a serious problem, how to design a
strong dike —

The analytical model is developed and
validated by centrifuge and field test, so made
available for dike design; Lift Van method

-.:_::::;
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Second Field test, the IJkdijk stability

test




After events in Stein and Wilnis push from sensor technology.
However:
Which sensors are useful?

At what location?
Length of period between warning and dike failure?
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Test set up
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Stage 2: excavation to 1 m below ground level

Stage 3: complete excavation soft soil layers

Stage 4. raising water level in sand core to 2/3 sand core height
Stage 5: filling sand core completely and filling containers on top

Test procedure
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Depth: NAP m

Sub soil conditions
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® location pore pressure transducer
® location borehole
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Second Field test, the IJkdijk piping

test




Piping / backward erosion

Initiation often observed,
failure due to piping rarely observed

......................................... : « Small-scale experiments
=  Medium-scale experiments
€ phenomenon «  Multi-variate analysis

« Centrifuge experiments

» Full-scale experiments

1];-*' :
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Full-scale experiments

2 basins for 2 sand types, 4 tests

B!

lengtedoorsnede B-B’

Testnr. | Sand type Monitoring equipment Objective

1 Fine sand Low disturbance techniques Validation of model and process /
Testing monitoring techniques

2 Coarse sand No additional monitoring Validation model and process

3 Fine sand No additional monitoring Validation model and process

4 Coarse sand High disturbance techniques Testing monitoring techniques

30 september 2016

Deltares



: o e — —

Building the IJkdijk |

Deltares

30 september 2016




Observations: Backwards erosion - seepage

30 september 2016



Observations: Backwards erosion — sand traces
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Observations: Backwards erosion — seepage wells

No visible sand transport, but boiling of sand. A Clianye 1s nuuceu ni uie

pore pressures
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" Observations: Backwards erosion — sand producing wells

Sand transport does not stop!

30 september 2016

Water pressure
reduction caused by
channel formation
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enlargement
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visually.
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Next, either breakthrough or only settlement
of the levee, causing a re-start of the
widening proces

Bnet™ k3
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Observations: failure of levee

SLAPFE LAGEN

ZAND
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Observations: failure
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Third Field test, the Uitdam

experiments
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High safety levels for dikes in The
Netherlands requires a regular check on
stability regarding the latest insight on
extreme water levels etc.

A 30 km long dike near Amsterdam does not
fulfill the required safety level. However, the
origin of the dike is more than 800 years old
and closing the direct connection to the sea
(1932) reduced max water levels
considerably

The calculated stability does not match
engineering judgment.

Uncertainty in the peaty subsoil contributes
strongly to the low, calculated, stability factors
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5 field trials

Due to safety reasons tests on the real dike were not allowed
Instead tests at the toe of the dike

Aim is finding operational shear strength of peat and finding relation with
field probe tests and lab tests

Test is based on remotely, stepwise filled containers in combination to
concrete slabs for foundation and pre-loading

Test 1 and 2 Test 4 and 5 Test 6
2.35m
| _container 7 concrete slabs , 0.52m 0.5 m
25m|l~ ] "_concrete slab ; 0 - 2L - i
——=1 ===
\

= container

2 extra plates % 10 extra concrete slabs
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haracterisation test site

Biological background peat:
mainly sedge — reed

Von Post classification: H2 - H3,
meaning that the peat is
undecomposed (H2) or very
slightly decomposed (H3). Plant
remains are identifiable and no
amorphous material is present.

Water content 750 — 1200 %
Loss on ignition 85 %
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« bulk density
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Execution test1 & 2
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Finding Failure mechanism
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Observed Failure mechanism

Failure is reached in each
test

The failure mechanism is
established by excavating
trial pits and displacement
measurements

Brittle behaviour is observed
in test 6, ductile in tests 1
and 2

Test 1 container Test 2 cantainer
cracks \ secondary cracks cracks \ secondary cracks
f‘—f’ )\ | \
peat 1T P peat ,lr | — — depth before
[ 1/ failure
|/ !
I org. clay |
[ pPEAL |
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clay i clay |
) inclinometer
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sand bags

1
:
| crack

contginer

, ;"7\/ jlv ;

crack )
container

1 L
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Failure rate

Test5,sp 2
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Analysis %‘ mx displacement

test s, [kPa]
1 7,4 .
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4 (13,2) 1 |
3 8,5
6 12,6 / 5,5 test 6

container

5.5% — 99% 08% container 20.5% 10.3%
T 82.5% 93.5% m : ‘

\//1/55/

51 '3:%3 e RROKRORRKCE

\/
\\\I”‘ -

la
<

| o m | test 2

5m
) g Deltares




Comparison field test and CPTu data

th Nb

Friction sleeve
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Lessons learned from the tests:

O

3 field trials related to dike stability are discussed
Each test has its own research goals
Together the tests and analysis provide experience

verall Summa

The uplift mechanism is realistic and design
software is developed and validated, input for
further development for partial safety factors

Modern sensor technology for dike stability
assessment / forecasting is tested and monitoring
procedures developed

Piping rules are checked and improved

Relation between available shear strength in the
field and lab. / penetrometer tests validated with
special focus on low stresses / peat

The validity of design procedures is tested for small =~ .

regional dikes Deltares




