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Abstract. For the levee strengthening project Krachtige 1Jsseldijken Krimpenerwaard (KIJK) a study has been
done to examine all buildings along 10 km of levee. These buildings are an important factor in the design stage,
because of its sensitivity to deformations due to the natural compaction of the soft deposits (creep) and the
potential effects of the levee strengthening. This paper covers the quantification of building settlement due to
natural subsidence using InSAR. Research is performed in the city archives to establish the characteristics of
the buildings, such as the foundation type. Although the city archive is well organised, it is not complete. The
building data density is substantially improved using InSAR information. This enhanced data set is a key factor
in establishing an consistent assessment of the risk of damage for the different levee strengthening alternatives.

1 Introduction

Since January 2017 the assessment of safety for primary
levees in the Netherlands should comply to the WBI2017
(MIM). When a levee does not comply to the WBI2017
a levee strengthening project is initiated by the Water Au-
thority. An important factor in the design process of such a
project are the surrounding buildings and structures. Build-
ings are exposed to natural land subsidence, caused by creep
of soft layers, the drying out of peat or oxidation. Changing
water levels and loading of the levee might cause additional
effects leading to more subsidence and possibly damage the
buildings.

This paper covers the assessment of building settlement
and the risk assessment of additional settlement for differ-
ent levee strengthening designs. The case study for this risk
assessment was done for levee strengthening project KIJK.
The 10km long KUK (Krachtige IJsseldijken Krimpener-
waard) project is located next to the river Hollandse IJssel,
in the Krimpenerwaard near Rotterdam, the Netherlands (see
Fig. 1). The Krimpenerwaard is an area with soft Holocene

deposits with ongoing subsidence. The levee is densely pop-
ulated with buildings originating from 1650 till present.

The building settlement rate differs for each building de-
pending on the foundation type and -depth, the age and con-
dition of the building. Also, the potential risk of damage for a
building due to additional soil displacements, depends on the
foundation type and the condition of the building. The objec-
tive of this study is to perform a damage risk assessment of
all buildings located within 40 m from the crest of the levee.
This study uses InSAR data to determine the building settle-
ment rate and, by combining other data sources, determine
the buildings foundation type with certain probability. Us-
ing settlement characteristic and the foundation type, the risk
of damage can be determined for different preliminary levee
strengthening designs (IB KIJK, 2017). This risk of damage
is an important factor for choices made in the design process
and determining the most favourable design alternative.

2 Analysis method

The analysis starts by filtering the InSAR data (Skygeo,
2017) on useful data points that match the buildings. Data
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Figure 1. Location of the KIJK project (aerial photo 2016; © Nationaal georegister).
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Figure 2. Example of InNSAR measurements.
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Figure 3. Data availability.
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of AHN3 (Current Height Elevation, third data set, AHN,
2019) and BAG (Basic administration Addresses and Build-
ings, 2019) is used in this process. Also, multiple municipal
archives are searched for drawings of all buildings. This data
is used to establish a correlation to determine the character-
istics of the buildings that lack archive data. The objective is
to create a complete database of the foundation properties of
all the buildings.

The additional land subsidence due to the levee strength-
ening is calculated for different designs using the FEM (Fi-
nite Element Method) code PLAXIS. The established dif-
ferential horizontal and vertical soil displacements are com-
bined with the foundation type to assess the risk of damage.
The risk of damage can be determined using the limiting ten-
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Figure 5. Distribution of pile materials over time.
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Figure 6. Foundation types before and after data analysis.

sile strain method (Netzel, 2009). The objective is to mini-
mize this risk of damage by optimising the designs.

3 Analysis of InNSAR data and other sources

3.1 InSAR (Interferometric Synthetic Aperture Radar)

The InSAR data consists of a large number of height mea-
surements for an object, i.e. the building. Every eleven days
the satellites pass the project area and scan the surface of
the earth, for this project three year of data has been used.
The measurements do not contain an accurate measurement
of the level of the location but do give an accurate difference
of height over time. An example on an individual surface
point is given in Fig. 2. InSAR data is generally available
on reflective points on the surface of the earth, such as roads
or buildings. The location of the buildings is relatively accu-
rately known using the BAG data (BAG, 2019). The height of
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Figure 7. Types of levee strengthening, left to right, 1 to 4.

a building and the surrounding ground level is known using
the AHN3 data set (AHN, 2019). Both data sets have been
used to filter out the InNSAR data points that are on a build-
ing. All measurement points that are more than 3 m above the
ground level, based on AHN3, and within 2 m of a building,
using BAG, are linked to that building. With this procedure
one or multiple measurement points are found for 90 % of
the buildings in the project area (see Fig. 3).

3.2 BAG

The building administration, BAG, does not only give the ac-
curate location of the buildings, but also contains a lot of reg-
istered municipal data. Some basic properties of all buildings
are included, like the address, the function, building year and
special properties such as a listed building or “monumental
status”.

3.3 City archives

The local city archives proved to be well organised but
far from complete. For 56 % of all buildings valuable in-
formation was available, ranging from drawings to calcula-
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Figure 8. Categorized risk due to dike strengthening with groundworks for buildings with a shallow foundation.

tions, which resulted in information on construction materi-
als, foundation type, material and depth, reconstructions and
miscellaneous.

3.4 Visual inspection

Visual inspections have been performed to get a better under-
standing of the area and the structural status of the buildings.
A photograph is made of every building from public terrain
to be included in the database

4 Combining data

The objective is to obtain building characteristics for the re-
maining 44 % of the buildings for which no archive informa-
tion was available. The building settlement rate is known for
90 % of the buildings, while for 42 % of all buildings draw-
ings are available. For 52 % of those buildings with draw-
ings, the foundation type is given in one of the drawings. A
distribution of the settlement rate versus foundation type is
given in Fig. 4. The foundation type is categorized in shallow
foundations, pile foundations or unknown. From the graph it
can be concluded that 72 % of all buildings that have a shal-
low foundation settle at least 2mmyr~', while only 12 %
of buildings founded on piles settle at that rate. 88 % of all
buildings on piles settle 1 mmyr~—! or less.

The data shows that there is no 100 % correlation between
the building settlement rate and the foundation type. An im-
portant factor could be the technical state of the foundation
as wooden piles deteriorate in time and possible other fac-
tors, such as reinforcements, which could have had impact
on the building during the period of measurements. The dis-
tinction is made to consider all buildings that settle more than
2mmyr~! to have a shallow foundation. All buildings that
settle less than 1 mmyr~! are considered to be founded on
piles. This is a safe assumption in the design process.
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Figure 9. Flow chart of the performed analyses.

The data shows that it was not possible to determine the
pile type only based on the building settlement rate. But
there is a correlation between the pile type and building year.
Wooden piles have been used in the past but have been re-
placed with concrete piles in the last couple of decades. Us-
ing the graph in Fig. 5 it can be stated that most buildings
build after 1980 are built on concrete piles.

Using the two derived correlations a foundation type and
material can be defined for all buildings where the archives
lack information (Fig. 6). This is important input for the de-
termination of the risk of building damage.

5 Ground deformation caused by construction
works

There are multiple methods for strengthening a levee, see

Fig. 7. Clay can be added to the crest and the slopes to in-
crease height and stability (1). To narrow the strengthened
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Table 1. Results, minimal distances to levee strengthening

Risk of damage
Location Foundation = Design solution Severe, Severe, Moderate, Light, Very light, Negligible
in relation  type (Conform constructive  functional functional esthetical  esthetical
to dike Fig. 7)
Distance between building and works till (m) ‘ Distance from (m)
< Shallow 1 3.0 - 35 - 9.5 9.5
k| foundation 2 - - - - 1.0 1.0
5 4 6.0 - 8.5 - - 8.5
=
= Wooden 1 9.0 - - - - 9.0
%’ piles 2 18.5 - - - - 18.5
° 4 22.5 - - - - 2.5
c:: Concrete 1 - - - - - -
piles 2 - - - - - -
4 - - _ _ - —
g Shallow 1 12.0 - 13.0 17.0 18.0 18.0
B foundation 2 10.0 - 13.0 15.0 16.0 16.0
]
o Wooden 1 13.5 - - - - 13.5
'x .
= piles 2 12.0 - - - - 12.0
Yt
%’ Concrete 1 6.5 - - - - 6.5
o piles 2 6.0 - - - - 6.0

levee profile retaining walls can be installed at one or both
slopes to increase stability (2). Also, a single retaining wall
can be installed in the crest to ensure both stability and
height (3). Or the whole levee can be moved inland or out-
land when sufficient space is available (4).

When clay is placed on the levee, the underlying peat and
clay layers are loaded, leading to additional subsidence. The
additional subsidence is different depending on design and
location, due to the changing profile of the levee and the soil
heterogeneity. It is impossible to calculate the additional land
subsidence for each individual building and all the different
design options. So, the soil displacements are not calculated
for each location or building, but for five representative loca-
tions.

The soil displacements have been calculated using
PLAXIS for five locations and for all different designs. In
these models the buildings have not been modelled. When
determining the risk of damage, the soil or greenfield dis-
placements will be imposed on the different buildings, based
on their foundation. An example is given in Fig. 8 for levee
strengthening with only clay on both slopes of the levee. On
the right side is the hinterland, were buildings are located.
It shows the vertical displacements, which decrease with the
distance to the added load. Table 1 shows the risk of damage
for different designs and buildings in relation to the distance
to the levee strenthening for the project KIJK.
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6 Assessing the risk of damage

Based on the method developed by Netzel (2009) the green-
field displacements are imposed on the building using the
limiting tensile strain method.

The amount of deformation imposed on the building de-
pends on the foundation type. The displacement of a shallow
foundation is considered to be equal to the greenfield dis-
placements. For pile foundations only a part of the greenfield
deformation will act on the building itself. The dragdown
force of the settling soil will impose a load on the pile (neg-
ative skin friction) which results in a settlement of the pile
which is less than the greenfield settlement. For wooden and
concrete piles respectively 20 % and 7 % of the vertical dis-
placement will act on the building itself. A safe upper limit
for the horizontal displacement factor is 50 % of the green-
field displacements. The percentages that have been used are
based on literature and experience by CRUX.

The risk of damage is categorized using the BRE-
classification using five levels of damage, ranging from struc-
tural damage (1) to light esthetical damage (5) or a negligible
risk of damage. This assessment has been done for 10 differ-
ent buildings along the levee for all four alternatives. The dis-
tance between the buildings and the levee axis, e.g. the dis-
tance to the levee strengthening alternatives, is known in the
database. This is combined with geometrical data (distance
between levee, construction method and building) to assess
risk of damage, as illustrated in Fig. 9. The graph shows that
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the vertical displacements decrease with an increasing dis-
tance to the levee. It shows that, for this case, buildings, with
a shallow foundation, within 3 m to the toe of the new levee
will suffer severe, constructive damage because of the soil
displacements, while for all buildings from 10m from the
toe the damage will be negligible.

7 Conclusions

The InSAR measurements proved to be able to determine
the building settlement for almost all buildings of the KIJK
project. Combining the building settlement with other data
sources it is possible to estimate the foundation type of a
building. Although this is not 100 % accurate, it gives in com-
bination with safe assumptions a good indication in the pre-
liminary design phase of the project.

The foundation type, combined with distance to the con-
struction site and settlement prediction resulted in a predic-
tion of the risk of damage for each building and levee de-
sign. In these calculations the additional building settlement
is calculated for all the approximately 1000 buildings along
the 10km of levee and all 4 design options. This risk assess-
ment has been an important parameter in the Multi Criteria
Analysis to establish the most favourable design alternative
for the KIJK levee strengthening project.

Data availability. The request for the provision of the data, as
owned by HHSK, will be treated by HHSK based on the purpose of
the request (see https://www.schielandendekrimpenerwaard.nl, last
access: 1 March 2020). To determine whether the request can be
met, the purpose must be specified with the request.
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