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Executive Summary

Experiment Krewerd is a multidisciplinary work that involves structural engineers, architects, and researchers
from social sciences. The aim of the project is to test an innovative method in the village Krewerd, to better
understand if the strengthening process can be speeded up.

The project was coordinated by Hanze University of Applied Sciences Groningen. Two professorships
(research groups) actively participated: Earthquake Resistant Structures, led by Dr. Ihsan Engin Bal, and Living
Environment in Transition, led by Dr. Elles Bulder.

The Experiment Krewerd idea was first brought to the Technical Committee meeting at NCG by Otto Wassenaar.
Dr. Bal presented the idea to Technical Committee members on 29" of January, 2019. After the approval
and encouragement of the Committee, NCG gave green light for the project. Following that first step, the
concept of Experiment Krewerd was established in September 2019 by lhsan Engin Bal, Otto Wassenaar and
Fons Verheijen. The administrative and legal preparations took almost 10 months. The first engineering works
started in June 2020, and the first visit to the village, accompanied by the structural engineers, took place in 10th
of July 2020. The rest of the engineering works were completed only in 5 months despite the summer vacation
as well as the strict Corona measures.

The simple idea behind the Experiment Krewerd is to use engineering intuition and judgement instead of
complex numerical models. Experienced structural engineers were selected for this purpose. 3 experienced
engineering firms, BORG, EconStruct and Zonneveld, did the structural engineering works.

Apart from the structural engineers, each house was assigned with a designated architect. The architect played
an important role for explaining the strengthening advice to the residents, receiving feedbacks and transferring
them to the structural engineers. Future applications of similar nature should certainly include architects as
mediators.

Kitchen table discussions is the backbone of the Experiment Krewerd. Moderated by Hanze, these discussions
put together the structural engineer, architect and the owner. This setup increases the acceptability
of the strengthening advice tremendously.

Due to the intuitive nature of the structural engineering works, there was a certain level of subjectivity in
the strengthening advice. It is explained in the report how to address this in future projects and how to decrease
the subjectivity.

The cost of repeating the same project for a single house is estimated to be around 18,000€ including
management, technical works and the social studies by Hanze, work by the structural engineers and the work by
the architects.

The social study showed mixed feelings among the residents. Although there is a positive vibe due
to the engineering and the architectural works that are completed, doubts exist regarding the
actual application of the strengthening.

A similar approach can be used in other villages with similar or higher number of houses. Preferably
villages that are in the periphery of the high hazard areas can benefit from the speed provided by
this method.
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PART A

A Daring ldea for Earthquake Resilience:
Experiment Krewerd

Dr. ihsan Engin Bal
Ben van Rein

Dr. Eleni Smyrou



1. Introduction

Krewerd is a small village in the North-East side of the Groningen Gas Field (see Figure 1). It has 45
houses in total, 2 of which are included in the P50 risk zone and will therefore be assessed by National
Coordinator Groningen (NCG). The rest of the houses are not in the priority list and will not be

evaluated within 3 years, according to the existing plans of September 2019.

Figure 1. Krewerd on the map

It has been made clear by NCG that the usual engineering process, that includes all sorts of engineering
calculations and procedures per NPR9998, cannot be followed in Krewerd. This is because the available
engineering capacity is being used by NCG at its maximum, for the prior aim of accelerating the

assessment and strengthening works in the P50 region.

This project is prepared for presentation to NCG as an experimental project at Krewerd and is based
on an initial document prepared by Fons Verheijen!, a supportive document prepared by Otto
Wassenaar?, as well as a meeting that took place Between lhsan Engin Bal from Hanze and Otto

Wassenaar in September 2019.

1 “plan Constructeurs” by Fons Verheijen, 17th of June 2019.
2 “proefproject Krewerd” by Otto Wassenaar, 27th of August 2019.




One of the important issues in the Groningen earthquake problem has been the trust, in other words,
the approval of the people on how the problem is addressed. The deep distrust to the institutions
renders efforts ineffective even though some of these efforts are useful and brought up with good
intention. The inhabitant phycology is thus an important parameter in success. In order to measure
the response of the inhabitants to this experiment, a social study was conducted in parallel. The people
in Krewerd were interviewed before and after the implementation of the technical works. Only from
this point of view, Experiment Krewerd is unique in the world literature where an intense

interdisciplinary work was implemented.

The work Experiment Krewerd was done within the Hanze University of Applied Sciences Groningen,
Research Centre for Built Environment NoorderRuimte. The technical side of the problem was
addressed by the Professorship Earthquake Resistant Structures, while the social study was conducted
by the Professorship Living Environment in Transition (LiT). This was possible thanks to the
interdisciplinary nature of NoorderRuimte where the issues related to built environment are tackled

from various aspects.

Last but not the least, the actual implementation of the technical part of the project was done by skilled
structural engineers, who were experienced in seismic strengthening. Cooperation with three
companies in that matter, BORG, EconStruct and Zonneveld, proved to be very smooth and successful.
It is worth mentioning that a large portion of their contribution to this experiment was self-funded,

with the idea of social responsibility towards the Groningen region.

1.1.Seismicity in Krewerd

The seismicity in Krewerd is reported as relatively low as of June 2021, and will decrease in the coming
months and years. The PGA for 475 years return period is 0.0085 for T4, 0.077g for T5, and 0.063g for
T6. In order to have a very quick but rough understanding of the meaning of these numbers, one can
relate to the 2012 Huizinge event where 0.08g PGA was recorded. 2018 Zeerijp earthquake, on the
other hand, created 0.11g PGA in the epicentre. The T4, 5 and 6 are the production periods which are

defined as:
e T4:01-10-2020 to 30-09-2021
e T5:01-10-2021 - 30-09-2023
e T6:01-10-2023 —30-09-2029

The seismic hazard maps for the Groningen gas field for 475 years return period (10% probability of

exceedance in 50 years) are given in Figure 2.




It should be noted that the seismic hazard has significantly decreased in the Groningen region in the
recent years, based on the decreasing production rate. This is because the seismic hazard in case of

induced seismicity is directly related to the production rate.

Figure 2. Seismic hazard maps of the Groningen gas field: for the production period T4 (top left),

production period T5 (top right) and the production period T6 (bottom)

1.2.Aim and Scope of the Technical Part of the Project
The seismic assessment is the initial phase of earthquake mitigation works on individual structures.

The assessment includes definition of the as-built situation, determination of the seismic hazard level

and the code-defined seismic resistance. The engineering work, that often takes between 5 to 6 weeks,




or several months in specific cases, determines whether the building in question is “compliant” to the
code (NPR in the case of Groningen) or not “compliant”. The whole procedure is cumbersome, time-
demanding and requires a lot of expertise in the specific field of earthquake engineering, that is in

limited supply in the Netherlands.

There have been several attempts, mostly by the NCG, to accelerate the entire procedure of
assessment and even strengthening. These attempts are still on the theoretical level and have not been

realized as of writing of this report.

If the usual and uniform seismic risk mitigation procedures applied today are compared to the
proposed approach, as shown in Figure 3, it can be immediately seen that the reduction of the risk in
time is the main advantage of the accelerated approach. The principle idea is to “do something” fast
and based on engineering judgement, and yet still take time to complete the whole assessment process

with the usual way.

Figure 3. Schematic representation of the seismic risk mitigation process and comparison of “uniform”

and “accelerated” processes

If any house is chosen as an example, as shown in Figure 3, the house owner is already 7 years
(taking 2012 earthquake as a starting point) uncertain about the safety of his/her house and would
wait at least three more years before the house is assessed by NCG. This is the usual process, where
the house is fully assessed according to the norm in effect, that is NPR9998 in this case, and after that
a full strengthening operation must be conducted. However, in the meantime, an unknown number

with unknown size of earthquakes will occur, exposing the owners to a total uncertainty.

In the Experiment Krewerd approach, however, an engineering judgement is used to come up with
quick yet reliable strengthening measures. It is known that, especially in case of masonry brick

structures of high seismic vulnerability, even the very basic and first level strengthening steps do




drastically increase the seismic resistance. Structural engineers used basic strengthening suggestions
based on expert judgement and experience with these kinds of houses and earthquakes. The idea
stems from the very simple assumption that the similar houses and similar vulnerabilities require
similar solutions. The drawback of the proposed method however is that it lacks quantification. It
means that the engineers involved can judge that the proposed strengthening is “safer”, but this would
be a qualitative evaluation without being able to provide how close the strengthening is to
complying the NPR norm or to what extent, numerically, the safety has been increased. This
is the trade-off of speed and is explained to and agreed with the house owners in order to

manage the expectations timely and correctly.

It should be noted that, the proposed procedure makes the NCG procedure even easier. It means that,
when NCG visits a house, there will already be a certain strengthening applied on the structure.
Inspection of the structure will already be detailed enough to start an NPR9998-based assessment
procedure immediately. Furthermore, the second phase, that is the NCG procedure after the suggested
procedure, will be cheaper because a part of the total strengthening will already be applied on the

structure.

Usual NCG Strengthening Process

NCG Process / 3+ years time & construction time

unknown size and number of earthquakes >

AT TN

Ahouse in Assessed and
Krewerd, outside strengthened
of the P50 region house

Experiment Krewerd Process

Short time
“some”
strengthening with
engineering NCG Process (now easier, faster & cheaper)
___l_“_d_g_e_’l’_e’ff____________,___,___________________,___,____,___,___,___,___>
A house in Semi-strengthened Assessed and
Krewerd, outside “safer” house strengthened
of the P50 region house

Figure 4. Schematic comparison of the usual assessment and strengthening process to the proposed

simplified process
1.3.Pilot Project Structure and the Work Steps

The Experiment Krewerd has been implemented on several fronts simultaneously, in an

interdisciplinary fashion. The details of the interdisciplinary workflow are explained below.




A Project Advisory Team was in place as shown in Figure 5. The team has meet regularly following the

project process and relations to the NCG.

As suggested by Fons Verheijen, each house owner was assighed to a designated architect, an
important addition to the Experiment Krewerd. These architects were responsible with bridging the
engineering decisions and the owner requirements, as well as informing and keeping the owner in the

loop. This approach has worked very nicely in the Experiment Krewerd.

Earthquake Resistant Structures Research Group, led by I. E. Bal, had planned to involve also students
from Hanze, but the strict Corona measures which were taking place during the implementation of the

project, did not unfortunately allow involvement of the students as much as it was planned to be.

The Experiment Krewerd required a proper management of expectations among the inhabitant. This
is reason why a social aspect, that focusing on “communicating the humans” in a non-technical way,
with a different language than of architects and of engineers, was also needed. Research in the field in
recent years shows how the lack of communication can corrode even projects that start with positive
intentions. This is reason why the Research Group Living Environment in Transition of Hanze, that has

vast experience in communicating with the citizens in the earthquake area, played a role in this.

A group of expert engineers, from 3 different and experienced companies, worked for proposing

strengthening methods without using any computer models and complex calculations.

One important aspect is that the Experiment Krewerd procedure follows a line outside the usual path.
This is reason why it is an experiment. This means introduction of liabilities for the participating parties.
The liabilities were transferred to NCG in this project, a legal procedure that has taken an unusually
long time because of the sensitivities around the project. If the same method is applied elsewhere in

the future, the duration for overcoming such legal issues will obviously be much smaller.
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Legal Team

Earthquake Resistant Structures Group
Living Environment in Transition Group

Bureau NoorderRuimte

Figure 5. Project administration and implementation structure

The simplified engineering approach was conducted as below:

i)

The Experiment Krewerd approach requires inspection reports of every single house. These
reports usually have structural data for the houses, including structural drawings, connection
details, reporting of damages, and some insights regarding the materials.

A group of expert engineers, with experience in house seismic assessment and strengthening
in the Groningen area, study the existing inspections and decide whether they require
additional information.

The experts work on the strengthening possibilities. While working on that, they also make
use of past studies by NCG in an empirical way. On the basis of the information and their
experience in strengthening similar houses, the experts made an engineering judgement. As
a result, a best guest / advice for strengthening the houses were obtained. The methods to
be used in strengthening proposals were based on GMC (Groningen Maatregelencatalogus).
The Designated Architect was involved in the process from the beginning and keep the Owner

informed.
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iv) The proposed strengthening advise is discussed in the house, together with the owner,
architect, structural engineer, and Hanze representative. This discussion is a must in order to
align all the parties and get consent of the owner.

v) The proposed strengthening solutions of the experts, liaised with and approved by the Owner
and with the Designated Architect, were then turned into construction drawings.

vi) The construction plans approved by the owner were submitted to NCG, then a budget
estimation was provided.

vii) Some more communication was needed among Hanze-structural engineer-architect-NCG in
order to clear all the details, align the proposed solutions with the NCG standards, and

estimate the costs correctly.

1.4.Consistency of the engineering results

The three engineering companies were left totally free to decide the strengthening advice. This was
done with the purpose of monitoring the differences among the proposed solution in this experimental
level. If the same method to be applied to any other location, the participating engineers can be briefed
to agree on certain methods and limitations to decrease the level of subjectivity.

A detailed list of engineering measures per each engineering firm are presented in the next page. In
overall, there is a certain number of strengthening measures that are suggested by all three firms in
almost all the houses. These are related to wall and floor connections and their integrity. Then there
are also strengthening measures which are preferred by a specific company; which is valid for all three
companies. This brings a certain level of subjectivity to the proposed strengthening solutions.
However, it should be noted that this level of scatter is also valid when the engineering firms propose
a full NPR-based strengthening solution as well. In future applications similar to Experiment Krewerd,
measures can be taken to decrease the level of subjectivity and obtain relatively uniform strengthening
proposals, if preferred. However, it should be consulted with the engineering firms first if this is the
most appropriate way to go ahead.

In order to cross-check the engineering solutions, 2 strengthening proposals were randomly selected
from each company, and sent to two other companies to ask feedback. The results are shown in Table
1. It can be seen that there are some comments from the companies to each other, but these
comments are rather minimal. In the first comment (first row of Table 1) the engineering company
consulted the architect and the owner and revised the strengthening proposal. In the second comment
(last row of Table 1) the engineering company, Hanze and the architect looked at the report and
concluded that the information provided was sufficient. This cross-check exercise means that a first-
level review of the engineering judgements can already provide a good and concise set of
strengthening proposals.
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Table 1. Cross-validation of the engineering works by the three engineering companies involved

Test Test Test Test
Company Company Test House #1 es es es es Test House #6

House #2 House #3 House #4 House #5
Checking | Checked

- Better to use HSB
instead of clamp

walls
- Why to replace the
Company Company first floor, because No
283 1 the house has comments - - - -

monument status.
- Do not suggest to
replace the roof, due
to monument status

Company | Company No No
1&3 2 - - comments | comments - -
Question is raised if
Compan Compan the drawings are
pany pany _ _ - - com’\rlr?ents enough for the
1&2 3 architect to do

his/her work

1.5.Time spent for the project

The time spent for this project by Hanze is also reported here. Please the time reported here includes
only the technical works (i.e. works by Hanze Earthquake Resistant Structures group) and the structural
engineers. The time spent by the Hanze social team (research group on Living Environment in
Transition) is not reported here.

The time spent for the project can be used as an indication in planning the follow up applications. It
should be noted however that the next project similar to Krewerd would take less time because some
of the problems, both legal and technical, are already solved at this phase.

It can be seen in Table 2 that the actual strengthening advise work took place from July to November
(5 months) despite the difficulties due to the Corona measures as well as the issues raised because of
the experimental nature of the project. The cost calculations took place a very long time, 7 months,
but this is also because such an approach was never tested before and many things had to be done for
the first time.

Table 2. Time frame of the Experiment Krewerd (technical works only, does not include the social

study)

2020 2021
jan |feb [mar |apr [may [jun |jul |aug |sep |oct |nov |dec [jan |feb |mar |apr [may [jun

Preparation, contracts & assignments
Inspections & Strengthening Advices

Visiting and informing residents with architects
Architects Preliminary Designs

JBG cost calculations

1.6.Costs per house

The costs of Experiment Krewerd have also been reported here, dividing the overall cost to the
number of houses. The costs are categorized in 3 categories as shown in Table 3: i) Cost for Hanze for
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coordination, technical work and the social study, ii) Cost for the engineering works, and iii) Cost of
architectural works.

The cost of engineering works are reported in two different sub-categories “Realized” and “Actual”.
This is because the cost of the engineering companies for doing this job was almost double of the
available budget. As mentioned earlier, the three engineering companies, which are BORG, EconStruct
and Zonneveld, still wanted to continue the project and self-fund the rest of the budget as a social
responsibility act. It is reported here both costs in order to make projections for future applications.

Table 3. Cost per house for technical and social studies in order to conduct the Experiment Krewerd

| Engi f h
Hanze, Research Centre Structl.fra r_1g|neers r°f“ the Designated
) Engineering Companies .
NoorderRuimte ; Architects
Realized Actual
5,463€ (Technical Research)
2,605€ (SOCI?I.Rese?rch) 2 488€ 5,712€ 5,550€
336€ (Administrative)
8,404€ (Total)

The cost of strengthening has also been estimated for each house. As of writing of this report, all cost
estimations were submitted to NCG and the costs were approved by NCG for approximately half of the
addresses. The average strengthening cost, including direct costs, indirect costs, overhead, risks and
profit for the contractor, is 297,000€ per house. A detailed list can be found below in Table 4.

Table 4. Total strengthening costs estimated for the 40 houses in Experiment Krewerd

House No Execution Cost Direct Cost Coordination, General Costs, Profit and Risk, etc. Total Approval by NCG
1 € 110,077 | € 34,056 | € 101,288 | € 245,421 |Approved
2 € 159,182 | € 47,668 | € 174,428 | € 381,278 |Approved
3 € 104,367 | € 32,169 | € 101,072 | € 237,608 |Approved
4 € 176,950 | € 45,713 | € 150,141 | € 372,804 |Approved
5 € 181,182 | € 44,682 | € 152,479 | € 378,343 |Approved
6 € 85,467 | € 26,243 | € 79,516 | € 191,226 |Approved
7 € 288,412 | € 70,805 | € 221,000 | € 580,217 |Approved
8 € 98,593 | € 31,779 | € 110,975 | € 241,347 |Approved
9 € 139,079 | € 36,981 | € 123,353 | € 299,413 |Approved
10 € 181,687 | € 49,506 | € 152,350 | € 383,543 |Approved
11 € 99,149 | € 30,925 | € 89,458 | € 219,532 |Approved
12 € 57,022 | € 18,218 [ € 71,950 | € 147,190 |Approved
13 € 160,485 | € 42,691 | € 142,108 | € 345,284 |Approved
14 € 387,327 | € 100,928 | € 308,751 | € 797,006 |Approved
15 € 171,080 | € 47,637 | € 146,081 | € 364,798 |Approved
16 € 156,875 | € 46,462 | € 135,671 | € 339,008 |Approved
17 € 156,625 | € 41,104 | € 137,703 | € 335,432 |Approved
18 € 110,546 | € 34,896 | € 93,104 | € 238,546 |Approved
19 € 141,724 | € 39,645 | € 118,148 | € 299,517 |Approved
20 € 90,849 | € 29,677 | € 94,650 | € 215,176 |Approved
21 € 251,510 | € 79,130 | € 203,190 | € 533,830 |Approved
22 € 97,445 | € 29,711 | € 100,735 | € 227,891 [Not yet
23 € 91,948 | € 29,436 | € 119,859 | € 241,241 [Not yet
24 € 72,814 | € 26,546 | € 84,194 | € 183,554 |Not yet
25 € 96,928 | € 28,360 | € 83,689 | € 208,976 [Not yet
26 € 106,633 | € 31,078 | € 93,435 | € 231,146 [Not yet
27 € 91,574 | € 37,255 | € 107,836 | € 236,665 [Not yet
28 € 107,064 | € 39,878 | € 114,156 | € 261,098 [Not yet
29 € 137,910 | € 41,614 | € 116,342 | € 295,866 |Not yet
30 € 121,519 | € 35,615 | € 102,921 | € 260,055 [Not yet
31 € 83,462 | € 24,085 | € 79,671 | € 187,208 |Not yet
32 € 94,350 | € 28,224 | € 83,746 | € 206,320 [Not yet
33 € 127,771 | € 34,274 | € 121,283 | € 283,328 [Not yet
34 € 104,845 | € 27,522 | € 94,326 | € 226,693 [Not yet
35 € 138,510 | € 36,228 | € 118,372 | € 292,110 [Not yet
36 € 57,286 | € 17,359 [ € 62,145 | € 136,790 |Not yet
37 € 94,891 | € 28,202 [ € 83,019 [ € 206,102 |Not yet
38 € 191,342 | € 55,519 | € 184,340 | € 431,201 [Not yet
39 € 188,354 | € 50,643 | € 147,733 | € 386,730 [Not yet
40 € 107,853 | € 30,696 | € 96,158 | € 234,707 [Not yet

Average € 135,517 | € 39,079 | € 122,534 | € 297,105

dard Deviation | € 63,562 | € 15,895 | € 46,741 | € 125,157
CoV a7% 41% 38% 2%
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Please note that the house numbers are given arbitrarily in Table 4 for privacy reasons and they do not
correspond to other house or address numbers that are given in this report.

1.7.0ther Observations by the Hanze Team of Earthquake Resistant Structures, and
Recommendations for Future
1.7.1.  Preparation Phase

The preparation for the Krewerd experimental plan was based on the project plan written by Ihsan Bal,
reviewed by Otto Wassenaar, and the associated budget prepared by Hanze.

With the help of this basic data it was to become clear how the contract with the National Coordinator
Groningen would be established and also how the contracts with the planned engineering offices
would be shaped.

The first contract with NCG in particular took a relatively long time. It largely had to do with hedging
legal risks. The long-term contact between the lawyers of both the National Coordinator Groningen
and the Hanze University of Applied Sciences on has taught us that, where appropriate, we can limit
this process to just a few weeks. It has been an important part of our learning process during this
project.

After the agreement between Hanze and the National Coordinator Groningen was concluded, a start
was made on recruiting the engineering firms based on the planned working method. Within the basic
principles, three different engineering firms have been chosen.

In order to get an indication of the anticipated costs, which have already been budgeted with the
project plan, it has been decided to have the relevant offices draw up a budget. To this end, extensive
consultations have taken place with the engineering offices with the aim of informing them as
extensively as possible about the intention and scope.

A total amount of €102,000 was available for all three engineering companies, but the offers greatly
exceeded the budgeted amounts. It was then decided, in internal consultation, to ask the engineering
firms to conform to the budget.

One of the engineering firms contacted for this work, ARCADIS, did not make a decision on that issue
on time and later pulled out and decided not to participate in the project. The consortium of the
engineering companies was then made, with a reduced budget, by BORG-EconStruct-Zonneveld.

Finally, on July 10, 2020, Hanze and the engineers were ready in the village for the first inspection.

1.7.2.  Implementation Phase

During the implementation phase, a start was made with the reinforcement recommendations based
on the EVS reports, as made available to the team by the residents. This was because the preparation
of NCG n privacy issues, tob e able to share the reports with Hanze, took a very long time.

In a number of cases it proved advisable to obtain additional data beyond the reports via an on-site
visit.

All strengthening recommendations were available in mid-September 2020 and were provided to the
Bouwmeester and his architects after checked by Hanze University of Applied Sciences. The
strengthening recommendations were discussed with the residents in the presence of the architect,
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the structural engineer and the Hanze University of Applied Sciences in the period from September 7,
2020 to October 12, 2020.

From that period on, the architects worked on their preliminary design, which takes into account the
wishes of the owners, in relation to the strengthening. The result of this served as the basis for the cost
calculations that would be carried out by the calculation bureau JBG from Groningen.

At the beginning of December 2020, all preliminary designs were provided to the calculation office,
which started processing all data in January 2021.

The data is currently being discussed with the relevant residents and 21 calculations are in the
possession of the National Coordinator Groningen for approval.

This period takes quite some time, because the architect is looking for consensus with the resident
concerned.

1.7.3. Recommendations

In general it can be said that considerable time savings can be made by following an approach like in
Kreewerd. The pilot project has shown that the method can work faster and more efficiently, in almost
every phase, than the classical method of seismic code-based strengthening. There are some lessons
learnt by the Hanze team, which are presented here:

- For a thorough project plan, it is useful to involve the project manager as soon as possible in
the process. A detailed form of a project plan creates opportunities for a more accurate budget
and a detailed planning, because the project manager establishes contacts with the parties
involved earlier and seeks coordination. This Pilot has shown the financial importance of such
an approach.

- Definitive contract with the parties is very important to start the works. The Pilot has made it
clear what the form of a definitive contract with the parties should look like. This applies to
both the contract with the client and the contract with the executing parties. With regard to
the Pilot, this saves months of time.

- Because a number of engineering firms are now familiar with the procedure, it is useful to
involve these parties again in a future project. They can now handle similar workload. By
registering the actual hours, we have now been able to accurately determine which amounts
should be involved. These are of course not related to the costs of the engineering firms based
on traditional calculations.

- Central coordination and control of the preliminary phase are crucial. Hanze Research Centre
for Built Environment NoorderRuimte was largely in the lead in the preliminary phase and was
seen by the residents as an objective organization.

- The choice for the large number of architects may not be advisable in the future. One of the
consequences of many architects is that the method is more difficult to apply, which has also
influenced the overall planning. Architects are, however, seen as more valuable and objective
than a resident counsellor of the National Coordinator Groningen. One of the residents
expressed this as well.

- The research of the research group Living Environment in Transition from Hanze,
NoorderRuimte, provides a detailed overview of how residents experience the process. This
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creates a steering tool for the future from objective observation. It is recommended to have the
entire process mapped out, so that a good picture is created of not only the pre-phase as has
now been established, but also the implementation phase, which is of course crucial for the
residents. A parallel social study should always take place, may be in different forms in the
future, to monitor the acceptability of the operation among the residents.
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PART B

Organization and Progress

Ben van Rein



1. History

On July 10, 2020 a group of people gathered outside the Village House to welcome Hanze and 3
engineering companies, represented by either their CEQ’s or a high staffed employees. Church bells
were ringing and the village organized a small party to welcome the first engineering inspection in the
village. After a few years of preparation the moment had come that the forefront of the Experimental
Plan Krewerd were present for the start of a short process that would shine a light on the required
strengthening advices for the individual house in de village.

In the weeks thereafter and throughout the summer holiday period, the engineering companies were
busy making their concept VA’s (strengthening reports).

2. Incomplete EVS reports

One of the first actions to be taken by the engineering companies was to assure that the EVS reports
were checked on a possible lack of information. In 4 cases we had to visit houses in order to complete
the information needed to construct the VA of that building. The owners were very cooperative in
those cases.

3. The making of the concept VA’s

One of the contacted engineering firms, Arcadis, pulled out in June 2020. This required quite some re-
arrangement in the planning. The haste and deadline in the planning was fueled by the fact that the
village plan should be adopted and requested in early October in connection with the merger of the
municipalities of Delfzijl, Appingedam and Loppersum as of January 1, 2021. In that case it should be
known whether significant changes would be made to the village face as a result of the reinforcement
recommendations. This concerned possible demolition and new construction of buildings. The first
indications were that there was no reason to assume this. It turned out that every building in the village
could be provided with a strengthening advice. In mid-September Hanze took the position that no
demolition and new construction would take place on the basis of constructive considerations in the
concept VA’s. In addition, it is indicated in the trial that NCG could make the decision on such an option
based on the potential cost aspects.

Hanze made the planning for the house visits and shared them with architects and structural engineers.

After Hanze had checked the data supplied, the draft strengthening recommendations were
subsequently provided to the architects. The intention was to discuss the draft strengthening advice
and the possible residents' wishes with the residents in the presence of the architect and structural
engineer under the supervision of the Hanze project manager. It was important to explain and
motivate the strengthening advice as simply as possible, so that the residents would feel confident
about giving their consent.

The engineering companies did a mutual and random cross correlation check upon some of the
delivered strengthening advices and the remarks were taken into account. These are already reported
in Part A of this report.

In the last check we also asked the engineering companies to drop the least necessary measures in
their opinion.
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4. The house visits

Planning the house visits showed the usual problems. Bringing together four different parties is not
easy, and in some cases, led to evening and weekend visits. The first home visits started on September
7, 2020 and the last visit took place on October 12, 2020.

Reactions to strengthening plans ranged from disappointment to relief. That certainly had to do with
the expectations of the people who were fed from various sources. Some people took a broader view
of, for example, Appingedam. “Will an entire neighbourhood with 1970s homes be demolished there?
I also have a house from 1970. Isn't it logical that it should also be demolished and rebuild?” Other
people listened to their neighbours or received spontaneous advice from neighbours or acquaintances:
"Reinforcement does not pay; that is just as sensible as applying plasters." Questions that kept popping
up: "Why don't you immediately repair all the damage caused by the earthquakes? Why is nothing
being done about my subsided foundation? Do | also have to leave my house during the work?”

With a few exceptions, the residents were not enthusiastic about the strengthening itself afterwards,
but they were enthusiastic about the explanations given and the way in which they were spoken to
and listened to. Their main questions were about the follow-up process and the planning involved.
Unfortunately, we were not able to provide a definite answer.

5. The exception

Throughout the process, there have been doubts about an address related to the health of the
resident. After lengthy deliberation, it was decided during the process that this address must be
included in the planning if this were possible. The NCG project manager gave permission for this and
the work was started.

Further investigation showed that an EVS report was never made of this property, so we missed
essential information to arrive at a reinforcement advice. Engineering company Zonneveld completed
the EVS inspection only in week 45.

We also worked with NCG and Econstruct to make a strengthening advice for the Village House
"Kredo".

6. The architects

At the end of the previous process and the applicable changes, the architects received a final
reinforcement advice from Hanze. The architects who needed it, have been informed about the
application of the GMC methodology to code the solutions they have chosen, so that it becomes easy
for the calculation office to discount the measures. The architects prepared a preliminary design and
distil the definitive strengthening advice and the activities to realize that reinforcement in practice.
Subsequently, they forwarded their findings in a report form to Hanze, which handed them over to
NCG and JBG after verification.

7. JBG

JBG has made the cost calculations and as requested by NCG. First a single example calculation was
forwarded to them. New issues appeared due to that action, resulting in the request for more detailed
information from NCG’s side. That was partly refused as the top of the budgets for the structural
engineers. After a meeting with NCG and Fons Verheijen, the problem was solved.
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Voorwoord

Dit onderzoek was onderdeel van de pilot ‘versnelde versterkingsprocedure’, een pilot geleid door de
Hanzehogeschool, die is opgezet in opdracht van de Nationaal Codrdinator Groningen (NCG). Het
onderzoek is uitgevoerd door dr. Hanneke Pot, Chantal van der Sluis en Sam Sportel, onder leiding van
dr. Elles Bulder, lector Leefomgeving in Transitie bij Kenniscentrum NoorderRuimte. Naast de

onderzoekers is drs. Mariélle Bovenhoff bij het onderzoek betrokken als adviseur.

Wij willen vooral de bewoners van Krewerd bedanken voor hun openhartige manier van
samenwerken, de (voornamelijk digitale) gastvrijheid en medewerking die wij hebben ervaren. Dit
rapport is vooral voor hen geschreven. Ook de projectleiders van de pilot, dr. lhsan Bal en Ben van Rein
van het lectoraat Aardbevingsbestendig bouwen bij Kenniscentrum NoorderRuimte, willen wij van
harte bedanken voor de voortdurende constructieve samenwerking en de vele plezierige formele en
informele momenten tijdens dit intensieve project. We willen de NCG bedanken dat zij ons in staat
hebben gesteld dit onderzoek uit te voeren. Daarnaast danken wij Fons Verheijen voor de
samenwerking en Karin Peeters voor de informatie over haar eerdere onderzoek in Krewerd. Tot slot

bedanken we Gronings Perspectief voor het gebruik mogen maken van items voor de vragenlijsten.

Tot slot willen wij nog Charlotte de Wolff bedanken voor haar betrokkenheid bij de eerste fase
van het onderzoek, Debora Reintjes voor haar bijdrage aan het transcriberen van interviews, Mariélle
Bovenhoff voor het coderen van interviews en Annet van der Meer en Sam Sportel die tijdens hun

afstudeerfase een literatuurstudie hebben uitgevoerd.

Zowel de NCG, als opdrachtgever, als de betrokken onderzoekers hebben er zorg voor
gedragen dat het onderzoeksdesign, de analyse en interpretatie van de resultaten van dit onderzoek

in volledige onafhankelijkheid plaats hebben kunnen vinden.
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Samenvatting

Sinds 2015 staat de Nationaal Codrdinator Groningen (NCG) voor een enorme versterkingsopgave.
Ruim 26.000 huizen met aardbevingsschade als gevolg van gaswinning uit het Groningenveld moeten
worden beoordeeld en indien nodig worden versterkt. De huidige procedure is echter tijdrovend,
kostbaar en houdt onvoldoende rekening met de wensen van bewoners. Bewoners in het Groninger
aardbevingsgebied nemen de laatste jaren steeds vaker het heft in eigen hand en bemoeien zich met
de manier waarop ingrijpende veranderingen zoals sloop en versterking van woningen worden
uitgevoerd. Dergelijke bewonersinitiatieven kunnen gezien worden als een specifieke vorm van
collective action of bottom-up movements die behoren tot een breed scala aan civil society initiatieven,

middels men het gangbare beleid, oftewel aardbevings-governance, tracht te veranderen.

De bewoners van het 45-huizen-tellende Krewerd, gelegen in het Noordoosten van Groningen,
zetten een experiment op om hun dorp te versterken met “gezond boerenverstand”. Het Lectoraat
Aardbevingsbestendig Bouwen (Hanzehogeschool) voorzag het plan van wetenschappelijke
onderbouwing en codrdineerde deze versnelde beoordelingsprocedure waarbij versterkingsadviezen
werden opgesteld op basis van “engineering judgement” van constructeurs die al lange tijd werkzaam
zijn in de regio. Deze aanpak was aanzienlijk sneller en goedkoper dan de gangbare berekening op
basis van computersimulaties. Daarnaast waren uitgangspunten van het experiment dat bewoners
meer regie kregen, werden ondersteund door een zelfgekozen architect en er werd aandacht besteed

aan een nieuwe dorpsvisie en de energietransitie.

Uit onderzoek bleek herhaaldelijk dat vooral de trage afhandeling van schademelding en
versterking, een gebrek aan ervaren regie bij bewoners, bestuurlijke complexiteit en onduidelijke
communicatie bijdragen aan de verslechtering van de gezondheid van bewoners. In de literatuur wordt
voorondersteld dat meer eigen regie voor bewoners zal leiden tot een toename in veerkracht, oftewel
het vermogen van individuen, families, organisaties en gemeenschappen om effectief te reageren op
tegenslagen en gevaar. Krewerd wordt in deze context vaak genoemd als voorbeeld voor hoe de
versterking wel aangepakt moet worden. Maar in hoeverre is een toename in veerkracht te

verwachten in een context die ook wel is geduid als bestaande uit bestuurlijke spaghetti?

Het lectoraat Leefomgeving in Transitie (Hanzehogeschool) evalueerde het effect van de
versnelde beoordelingsprocedure op de veerkracht van bewoners waarbij wij ons richtten op de
mentale en fysieke gezondheid en sociale dorpsrelaties. Middels vragenlijsten en interviews met
bewoners zowel voor als na het ontvangen van het versterkingsadvies, observaties tijdens
dorpsbijeenkomsten, gesprekken met sleutelfiguren, en het volgen van de projectvoortgang middels

wekelijks overleg met het team van het lectoraat Aardbevingsbestendig Bouwen verkregen wij inzicht
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in verwachtingen en ervaringen met het proces van de versnelde beoordelingsprocedure en de
uitkomsten van het versterkingsadvies, en het effect hiervan op de gezondheid en sociale relaties.
Daarbij is zorgvuldig aandacht besteed aan het contextualiseren van de verwachtingen en ervaringen
van bewoners. Immers, het deel waar de Hanzehogeschool bij betrokken was kan alleen
geinterpreteerd worden binnen het bredere experiment Krewerd, wat weer gezien moet worden in
relatie tot de huidige en historische aardbevings-governance. Om te begrijpen hoe de inwoners dit
beleefden maken wij gebruik van theorievorming rond context als crisis. De crisis in Groningen is niet
eenmalig en kortdurend, maar een langdurige staat waarin mensen leven. In dit geval is crisis chronisch
van aard en wordt het gekenmerkt door constante instabiliteit en onvoorspelbaarheid waar mensen
zich continu tot moeten verhouden. In Krewerd is dit niet alleen de bekende jarenlange ‘strijd’ tegen
de bureaucratie, maar ook de vertragingen die het experiment opliep, de veranderende
bevolkingssamenstelling en de daarmee gepaard gaande verschillende woonwensen die resulteerden

in conflicten, en de algehele gezondheidssituatie van de bewoners.

De dynamiek rond en binnen Experiment Krewerd is eigenlijk een microkosmos van de
aardbevings-governance. Bestuurlijke complexiteit en machtsstructuren traden naar de voorgrond in
een versterkingsexperiment dat buiten de gebaande beleidskaders trachtte te treden. Met de
Hanzehogeschool als neutrale niet-politieke partner aan hen zijde was het mogelijk om de woningen
versneld te laten beoordelen en te voorzien van een versterkingsadvies. Zoals gepland, nam het
daadwerkelijke beoordelen van 41 woningen een paar weken in beslag. Echter, wat daaraan
voorafging om de beoordelingen mogelijk te maken en wat er daarna nodig was om de pilot af te
ronden en bewoners duidelijkheid te geven over wat er met hun woning zou gebeuren, legde de
complexe governance-structuren bloot; structuren die samen met de corona crisis hebben gezorgd
voor een vertraging van ongeveer een jaar. Deze processen maakten ook de meerwaarde van
gevalideerde expertise voor een bewonersinitiatief inzichtelijk. De Hanzehogeschool kon druk
uitoefenen waar nodig. De versnelling zat dus niet alleen in de innovatieve beoordeling maar ook in
het doorbreken van de gebruikelijke aardbevings-governance. Tegelijkertijd blijkt ook dat de bewoners
in het bestuur van de dorpscotperatie meerdere malen een cruciale rol hebben gespeeld in het zoeken
naar oplossingen voor Kafkaéske problemen. Echter, voor de meeste bewoners was de procesmatige
versnelling weinig tot niet zichtbaar, mede door de vertragingen voor en na beoordelingen. Men was
tevreden met de huisbezoeken door de Hanzehogeschool, de constructeur en architect waarin de
versterkingsadviezen werden toegelicht, maar vond de Hanzehogeschool grotendeels onzichtbaar

door een ervaren gebrek aan communicatie over de voortgang.

Bewoners waren doorgaans tevreden met en hadden vertrouwen in het versterkingsadvies dat

op basis van “engineering judgement” of “gezond boerenverstand” tot stand kwam, ook al was het
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advies voor velen ingrijpender dan vooraf verwacht. Het ontvangen van het advies waarmee de woning
weer veilig kan worden gemaakt, wordt gezien als een kleine mijlpaal. Maar door gedeeld,
diepgeworteld wantrouwen jegens de overheid en de NAM zijn bewoners bijna unaniem sceptisch —
“eerst zien dan geloven” — ten aanzien van de realisatie van de versterkingsadviezen. Men verwacht
dat de NCG bewust “vertragingstechnieken” toe zal passen om de versterkingsadviezen ‘uit te kleden’.

Men anticipeert duidelijk op nog meer teleurstellingen.

Het betrekken van bewoners bij procedures, besluitvorming en het oplossen van problemen
rond versterking is noodzakelijk om hen veerkrachtiger te maken, maar kan wel gepaard gaan met de
nodige strubbelingen in de ervaren sociale relaties en gezondheid. Er zitten zowel positieve als
negatieve kanten aan het hebben van eigen regie binnen een dergelijke context als crisis. Zowel de
gezondheid als de sociale relaties hebben lang onder druk gestaan, maar de mate van druk lijkt samen
te hangen met de fase waarin een dergelijk bewonersinitiatief verkeert en de nadruk op individuele,
dan wel groepsprocessen. Na een collectieve fase met veel regie waarin het Experiment vorm kreeg
en er conflicten ontstonden, kwam een fase waarin werd gefocust op individuele woningen en werd
de bewoner tijdelijk ontzorgd met betrekking tot de governance-processen rond het experiment. De
conflicten in het dorp bedaarden hierdoor, ook mede door de Corona-pandemie. De eigen regie
bestond toen veel meer uit beslissingen nemen over de eigen woning. Indien de versterkingsadviezen
worden goedgekeurd door de NCG komt er naar verwachting weer meer regie bij het dorp en meer
nadruk op collectieve processen te liggen en bestaat de mogelijkheid dat conflicten weer oplaaien.
Problemen in de sociale relaties ontstaan niet alleen door verschillende woonwensen en culturen,
zoals uit eerder onderzoek blijkt, maar ook doordat bewoners chronische stress ervaren en hier
verschillend mee omgaan. Problemen in dorpsrelatie leiden ook weer tot meer stress. Bewoners die

een actieve rol vervullen in het experiment komen extra onder druk te staan.

Het onderzoek heeft geen duidelijke uitkomsten laten zien met betrekking tot de verbetering
van de mentale en lichamelijk gezondheid van bewoners; sommige bewoners lieten een verbetering
zien, andere een verslechtering van de gezondheidstoestand waarbij sprake was van een duidelijke
correlatie tussen lichamelijke en geestelijke problemen. De mijlpaal van het overhandigen van het
versterkingsadvies, als afronding van de Versnelde versterkingsprocedure leverde niet onmiddellijk het
gewenste optimisme op. Vanuit deze context als crisis kan de Hanze-pilot dus eerder gezien worden
als een klein succes in een jarenlange strijd om schadeherstel en versterking, bij sommige bewoners
resulterend in een voorzichtige hoop op een goede afloop, bij anderen leidend tot een nodige
sceptische houding uit zelfbescherming om eventuele nieuwe teleurstellingen voor te zijn. Daarnaast
wijst dit onderzoek uit dat er meer aan de hand is dan stress. Bestaande gezondheidsproblemen - zoals

cardiovasculaire aandoeningen, psychische problemen, gehoorproblemen — en stress, onder andere
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veroorzaakt door de aardbevings-governance en problemen in sociale dorpsrelaties, lijken elkaar te
versterken. Dit duidt op syndemische processen waarbij de context aanleiding geeft tot het clusteren
van meerdere gezondheidsproblemen, die elkaar negatief versterken waardoor de ziektelast groter
wordt dan wanneer de gezondheidsproblemen los van elkaar worden bekeken. Dit is extra
zorgwekkend gezien de significant hogere prevalentie van onder andere hart- en vaatziekten in
Noordoost Groningen. De schade van aardbevingsproblematiek voor de publieke gezondheid zou dus

wel eens groter kunnen zijn dan tot nu toe gedacht.

Het ontvangen van het versterkingsadvies op basis van “engineering judgement” of “gezond
boerenverstand” is dus een belangrijke stap is in de goede richting, maar het versterken van de
veerkracht —net als het versterken van woningen —in een context als crisis blijkt een missie van langere
adem. Versterken is hoe dan ook een ingrijpend proces, zowel voor individuele bewoners als voor de
sociale relaties in een dorp. Wel lijkt deze manier van versneld beoordelen, met bewoners in de regie,
een betere manier om de versterkingsoperatie aan te pakken dan de gangbare procedure. Belangrijk
hierbij was dat de Hanzehogeschool een neutrale, niet-politieke partner uit de regio was en daardoor
door veel bewoners als betrouwbaar werd ervaren. De Hanzehogeschool had ook meer slagkracht dan
individuele bewoners. De komende jaren kan de Hanzehogeschool dus een belangrijke rol spelen in
het nader tot elkaar brengen van burgers en overheid in de versterkingsopgave. Dat bewoners in het
gehele proces werden bijgestaan door een onafhankelijke architect die kon ‘vertalen’ tussen de
technische expertise van de constructeur en de wensen van de bewoner bleek ook een belangrijke

succesfactor.

Bij opschaling van deze methode naar elders in de regio dient er continu aandacht te zijn voor
het herstellen en in stand houden van vertrouwen door heldere