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Introduction.

ThisChapter lisan! f LIKI 6 SGAOFE SELX FYylFGA2y O02@3SN) 02y O0SLJia
and Strengtheningf Brick Houses after the 20801 Mmp DNER Yy A y 3 S yals@yiveNEnK lj dzI 1 S & ¢ «
overview and insight about the several aspects of these induceticraakes. It all started hundreds

of millions of years ago with(@echsteinkalt layer covering the Carboniferolayer, locking up the

methane gashat were emitted form that layerWith thecurrentgas exploitation came the small

earthquakes affectingens of thousands of houses in the province of Groningen.

Thisbook orseries 0fL2 documents with technical advice was developed for secondary vocational
educationin Groningerfrom the end of 2012015,to educate young professionadsd building
inspedcors. Theearthquake problenand seismic repaivas unknowramong the building sectan

The NetherlandsA large demand for earthquake educated craftsmen was expectael education

of many stafffor the retrofitting of housesvas imminent.It had to beprevented that there would

be casualties among the populatiblecause othe continuedsmall earthquakes such as the 16
August 2012 Huizinge earthquake with a PGAg 0.085 (Richtear®l®hany houses needed
reinforcements Theoreticallydrgerand more frequenshocks wouleéventuallyoccur if the natural
gas would be continuoushndcentrally extractedn large quantities.

Structural repair costs have mounted rapidly since 2012 estimated cost of seismic strengthening
for the province's more than 250,000 buildings, accordingxaggeratedNPR9998:2015 (calculated
in the end of 2013 with a PGAg 0)4®ould be in the tens of billions of eufog&fficient repair,
strengtheningrenovation and new construction methods were necessarndjtwithin the Dutch
building tradition.Training ofmanycraftsmen from low to high had become an urgent matter.

In 2015, a major difference arose between the concept of 'safety’ of the NPRBASRjuideline
(Eurocode 8 mear-collap®") and the wishes of the population on the other side (‘'safe fad-free
living"). This document outlines a dozen chapterthat technical poblems can be prevented,
removed,or resolved in various ways. Economic, political, emotidirancial,and personal reasons
played asignificantrole in deciding which methods would be used, where and vihen

In early 2023 the Parliamentary Investigative Committee Earthquakes Geonmgsented its 2000
pages report about the (mis)management of the gas exploitation in respect of the population of
Groningen, from whom many felt as being unjust treated by the NAM and subsequent organizations
that dealt with the repair and strengthenirg the houses and the compensations they received.

ThatParliamentary @mmittee and report did not deal with the technical aspects of the retrofitting,
nor the misleading PGA or Richter estimates that were presented in 2014 to the population.
Although hey received timely the Dutch version of this information, it was not acted upon.

The first chager of thisbookwith the AZ list of explanationsndicates a few of the aspects related
to the PGA mismanagemeahd ®nsequencesbut the 11 other chapters deal with the practical and
technical issues about cause of (earthquake) damage, strengthening and repair.

Ing. Sjoerd NienhuysApril 2023

1 This PGAralue was alreadgnd 2013 not realistic and arbitrarily defined at 5X the Huizinge earthquake.
2The reinforcements were planned to take pldoem the epicentre outwards, public buildings first.
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FromAccelerometer to Zechstein

Some definitions were taken fromww.Namplatform.nlor www.Wikipedia.nl, whichin turn quote
other sourcesand possibly explain thentowever, that information is in Dutcln somecases,
background information is givemhenthe context with the Groningeinduced earthquakes is
required. With Internet searghhe words areusuallyexplained in a tectonic context; however, there
are significant differencesith induced earthquakes.

Most explanationssome drawings or photograptase taken from other source3hs
avoids that tle readermustsearch irthesemany other sourcesSome terninologywhich isrelated
to the Groningen situatiohasbeen expanded or simplified for claritgeverakpecific definitions
{with number code} have been taken from the National Practice GuidghtfeR9998:2015

The firsttest buildings weraeinforced according to the firgreatly exaggeratedeismic map of the
NPR9998:2with PGAg 0.4ZThesecond seismiblPRmapwas published in 2015 with PGAg 0.36
for the epicenter Later, in2017, amore comprehensive NPR9998:2017 lagain a new seismic map
with a maximunPGAg 0.19. la later version of the map of tHdPR9998:2018 the PGBgcame

0.13 Inthis 2018version the increment of the realistic maximum earthquake was at least 50%. As
from 2020 theNPRannex map was replaced byseparate KNMHome Webtodl with the latest
PGAvaluesper exact location, including the influence of the upper 30fraoil layersin 2021 the
maximum PGAg of 0.Mas indicated witha return period of 47%ears still about 50% higher tima
the reality. In 2022, the 475 years were reduced to only 95 years because sfexglitation would
be finished withinl0-20 yearsThe frequent changesf the maximum PGA were not properly
explained to the populationandhave led to a lot ofmistrust andmisunderstanding.

Sientistsworldwide havdimited knowledgeabout induced earthquakes that originate at a depth of
only 3 km, for example due to mining, gas extractmriracking. listead they use the calculation
methods, extrapolations and uncertainties of much deeper tectonic earthquake8Q kén deep)
that are the result of the continental drift of the earth's cruhat is very different from compaction
in a relatively thin layer cdandstone; hence the weir@013PGAcalculations of the KNMI.

The large difference between the reality and the 'theoretical future (scientific) projections'
has led to great unease andceertainty among the populatioaf Groningenwho in the meantime
had to deal with alsortsof building damage anstrongvaluedevaluation @ their homes. The 2015
2018 approactof cosmetiaepairof the wall or strengthening tgorevent future earthquak damage
has not sufficiently calmed people down.

The need to minimize energy consumption ang-€@issions is becoming increasingly important in
connection with the climate, but also circular constructidhermal insulation must be improved and
the use of materials in the built environment must be minimized through reuse and recycling.
Structural einforcing a buildingsorequiresmaking it moredurable andsustainable.

For a sustainable retrofitting a good understanding of the existing sitoatis essential

3 Free version to be downloaded fromttps://www.nen.nl/npr-99982020-nl-278147

4 KNMI website with actual vas:https://seismischekrachten.nen.nl/map.php

5 In reality the extrene high PGA could not be explained at alithis was the result of theoretical calculations

basd on tectonic models, extrapolated in time and faraad additionally increased because of thecatled

uncertainties. The latter was an argument to continue extensive research (financed by the NAM)

6 The reduing of the FGA on the later NRRiaps was interpreted by some public action groups as a means of

the NAM to minimise the repair or strengthening of the buildings, thus economizing expenditures. The issue

KSNBE ¢l & GKFd GKS bla 2yteé gFyidSR (i 2tectric@@thglaked)? f £ | LJA S C
while the population did not want foundation settlement or cracks in their houses.
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Acceleometer, Seismometer

An accelerometey seismometer, orwvibration meter is an electronic measuring device that can
register and measure acceleration. It is used, among other things, in seismology to measure the
vibrations of the earth in the area close to the epicentre. The electronic vibration meters indicate the
movement ofthe ground or building in three directions. Horizontal in the x direction; horizontally
perpendicular to it in the Y direction, and vertically in the Z direction.

Locatie meter bij de fundering = Location of meter near the foundation.

Eenbeweging diagonaal omhoog beweegt 3 sensors samen = A diagonal movement upwards, moves 3 sensors together
Groen Zas verticaal = Greemzctor vertical

Rood Xas en Blauw-ds horizontaal = Redvéctor and Blue -Yector horizontal

Locatie meter bij de fundering

Figurel. An oblique movement in a horizonta
plane gives a deflection in the x and y

coordinates. An oblique movement upwards
therefore gives a deflection in all three x, y and

Een beweging
diagonaal omhoog
beweegt 3 sensors

z coordinates. The degree of deflection is also e /
determined by the direction of the eaghake, »
the mass and height of the building, the - P il o
location of the vibration meter and the elastic ./

structure of the building.

Groen Z-as verticaal
Rood X-as en Blauw Y-as horizontaal

A vibration meter that is located at the top of the free soil will only display the pulses of the
vibrations caused by the (elas)isubsoil. A vibration meter in a building will also display the building
response and continue to vibrate for longer.

Thecolouredgraph below represents a vibration from a meter bolted to a foundation. After the high
peak (red), the continuing smallgibrations (blue) are the movements of the building that return to
the foundation (response) through the elasticity of the building.

When a vibration meter is placed at the top of a high and elastic building, it will register the long
reverberation or swaying of that high building. Vibration meters in both the foundation and the top
can then be compared with each other to evaluate the elastic behaviour of the building.

Figure2. Left:a single y_auis o
backandforth pulse ' '
from a foundation
vibration meter.

Right a more complex | — -
movement of a building X .
that also gives a ' '
different elastic
(response) back to the
foundation.

A building on concrete piles, or with concrete foundation beams condetbeeach other, will
vibrate much longer than a buildinghich has been constructed on undisturbed soil and with a
masary foundation. Amasonrywith cracks will absorb the vibration to some extent.
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Buildings with stronger foundations such as reinforomehcrete sladbeam structures can sustain
more damage at the top of the buildiighimneys).

Vibration frequency affects the level of damage to a brick building; a low frequency (< 10 mm/sec.)
has virtually no influence. A high frequency with a vibrattrength of > 30 mm/seand however,

has a major impact on the building and often results in damage, in combination with other factors.
The vibration frequency of superfici@ km)induced tremors is quite higlsuch as in Groningen

The reverberation of the building influences the foundation. If the foundation is too waakot

wide enough this can lead to settlement. The interaction here is complex, especially for foundations
on firm or undisturbed soibnd on elastic soil types. TI#Rvibration guideline from 2017 does
provide agood indication aboutvhat buildings built after 1980 should be able to withstand without
any damage, but that does not apply to pt845construction.

An accelerometeiis also called aibration sensorSeealso '‘Seismometer'. To accurately capture

building vibrations, the accelerometer must have a high Hertz value (5005kzple meters often

have a 100 Hz registration that only registers a position every 1/100th of a second. Accelerometers of
500 Hz araised to analyse the short duration induced earthquakes in different directions.

Figure3. In the province of Groningen, hundreds of accelerometers haye
been attached to the foundations of buildings since 2014, which send
signals of the three types wgibration (X and Y = 2 horizontally

perpendicular to each other and 1 vertically = P) that are transmitted vja &
network with a central measurement room are connected.

Each quake is mapped precisely with direction and strength.athelerometer measures the three
PGAs (two horizontal X and Y and one vertical Z) as the most important Yatuéstermining
earthquake strength They only register when several meters go off at the same time, so not when
someone slams thdoor ina home.To prevent avibrationmeter from also registering the slamming

of a heavy door, a vibration is not transmitted until it is detected by three nsetdAM has also
installed several pairs of depth geophones (borehole gauges) that measure ground acceleration at
depths of up to 2 km.

There are other measuring instruments such as tilt meters that can measure the tilt of a structure
very precisely. Thescan provide additional information such as the subsidence of a building. By
measuring differences in angular displacement over a longer period, and the vibrations, one could
establish whether the vibrations have caused subsidence or uneven settlemeffibsiridations.

These tilt meters are used in Amsterdam for the Metro construction, for example, but a number have
also been installed in Groningen. As a test since 2017, the NCG has installed several tilt meters, for
example in dike bodiés.

7 Seemap: http://rdsa.knmi.nl/opencms/nirrsm/.
8 https://www.rtvnoord.nl/nieuws/181057/NationaalCoordinatorGroningenstart-proef-met-tiltmeters
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Figure4. Registration of
sensed (by people) of an
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The P shock comes up first,
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between the epicentre and the i 0,0
meter, the registration is _'05

different.

Aspect ratio

Ratio (number between the length and the height of, for example, a shear wall. Letugthidth

ratio or the ratio between a span and theitkness of a structure. The ratio is used IRY¥S
inspection to quickly estimate the proportions of structures such as window piers, free wall lengths
and heights of chimneys. If these parts fall outside the recommended ratio, their strength must be
calculated, andhe structurepossibly reinforced.

Figureb. The ratio of the wall piers in this building (red
outlined wall pier on the rightidth/ height= 0.2 and
therefore very weak. Byiountingstrong constructive glass
panels in thevindowframes, thenewratio including the
adjacent wall piers beenesw/h = 08 and about 4X as
strong.

In the assessment of chimneys that stand onrthaf base,
a ratio ofw/h = 0.5 is already risky because there is no
connection to the underlying masonry due to the lead
flashing.

For example: a window pier w:h025 is already a risk a
PGAg > 0.1. A fregtanding (loose standing) brick chimne
measuring w:h < 0.1 can already pose a risk at PGAg > 67F

Baseisolation

The principle ofBaseisolation is that the building is structurally disconnected from tbever
foundation (base) in such a way that the horizontal earthquake movements of the ground are not
directly transferred to the building above. Rollers or series of stacked metal/rubber plates are used
The method is frequently used for large buildingsl @amonuments in earthquake zones and is easy to
apply to new buildings becauss additionalfoundation desnot have to beconstructedunder the
existing building.

9 https:/iwww.knmi.nl/over-het-knmi/nieuws/aardbevinebij-smilde-drenthe
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Intertie van gebouw =nkertia of building. Belaste hoeken of vervorming = Load=atners or defomation
Gebouw blijft op dezelfdelpk staan = Building remans standing on the same location

Fundering = Foundation Grond beweging = Ground movem®&ntbbele fundering = Double foundation
Vering uitgetrokke = Sprirextended &fing ingedrukt = Spring compressed

Beweging fundering = Movement foundation Verplaatsing van lagers = Displacement of rolbearings
Verplaatsing onderste fundering = Displacement of lower foundation = Gebouw = Building

Kogellages of rubbers = Ball bearings or rubbers Statische toestand =Static position

Vast in de grond = Ffirm in the ground Principe van Basisolation = Principle of Bagsolation

Figure 6The rollers

A . - Vering Vering
with springs, rollers '"ﬁ o wigetrobkon (e ingedrukt
in a bowl orubbers e 1 D\/V‘;
ensure that the L J | S—"ewar s | »

building returns to Beiasto hooken Gebouw bift 0p ki
Verplaal
the center of the St e A °,,,_,,"'—H| I e
g
Gebouw

support.

S L J
Because the building | »r r I l
Fundering Statische toestand

mass has an inertia, / . i
‘ast in de grond
the ground moves e

“ "
together with the RSO bewigng S A i
lower foundation Principe van Base-isolation

separately from the
building above.

The building experiences only a small lateral ldae to the spring action andill haveno tilting
effect. It therefore receives very little strefsrceson the connections between walls and floors or
roofs. The type ofBaseisdation depends on the building mass and thegaximum horizontal
displacement of the maximum earthquake. In the induced earthquak&aroningen, the horizontal
displacement is very smalat( PGAg Q. about 1 cm) compared to tectonic earthquakes, which
someimesare decimetres.

Figures 7Left Government monument Zeldenrust windmill (Interpboto by R. BakkeY) at Westerwijtwerd.
A windmill is well constructed to withstand vibrations from all wind directions asdahifexible timber upper
structure that is not affected by small earthquaké&dight:design of the Basisolation under the windmill.

0 See article with photograplttps://www.dvhn.nl/groningen/Eerprimeur-rubber-beschermtmolen
Zedenrustin-Westerwijtwerdtegenbevingen21036894.html
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Placing thisvindmill on aBaseisolation was mainly a technical exercise or test to try that system
rather than a neasure to protect the building against the earthquakes. In principle, the entire
windmill vibrates when thdarge bladesrotate, whereashe thick stone base of the buildingvsry
solid, while the wooden superstructure is flexible.

Baseisolation for the province of Groningen requires a very smooth running system that only has to
ONARIS F avyrtft €FGSNYt Y28SYSyid o6F wmn YY i t
the too high NPR9998:261(with PGAg 0.36) this would be a maximwh 3 cm horizontal
displacement

A Baseisolation usually does not absorb the vertical vibrations or load of the ground on the building.
Because Dutch housing is designed for vertical loads, no extra reinforcement is required for the small
vertical shock. However, ertical vibrations do cause settlement in the ground avith that for the
foundation and cafuoes therefore lead to cracksn the walls An important condition ofBase
isolation is therefore that there must be absolutely no settlement of thendation.

In 2014, several buildings were considered Baseisdation because this would be cheaper than
reinforcing the entire building, or because monuments should not be seismically reinforced on the
outside or the inside. For example, a new primary school building was built on rubber Basiks
isolation. Schod or other buildings where many people congregate (building class, consequence
class CC3) require higher security (safety) than residential buildings, which ecedrding to the
seismic building coddgsgherearthquakeloads are calculated for this typd CC3.

The costs oBaseisdation are relatively very high for small and low buildings compared to high
buildings because of the necessary double foundations and to prevent any subsidence of those
foundations. It is much more expensive to constrBete-isolationfor existing buildings than for new
construction For houses of few storey@metimes several times more expensive than the entire
building value.Chapter 5 takes a closer lookBd#seisolation

Behaviourfactor {Eurocode 1.4.2.6}

The behaiour factor is &pressed in ¢peing the &ctor to reduce the forces according to a linear
calculation based on the deformation capacity of the structure.

GEDRAGSFACTOR
GEDRAGSFACTOR = BEHAVIOUR FACTOR
Doosvormig gebouw, ongewapende Doosvormig gebouw ongewapende Gewapend metselwerk in alle dragende
bui . . buitenmuren en/of / muren met versterking
uitenmuren en/ofbinnenmuren zijn Binaniren rond openingen

dragend = Box shaped building, unreinforcedzjn
external walls and/or inside walls are load
bearing.

d : dikte metselwerk = : thickness masonry
Zwak diafragma = Weak or nottize walls
connected fl@r diafragm.

7 - e

Gewapendnetselwerk in alle dragende

iy B |
t terki d p _ | /.7 hib=<15
muren met versterking rond openingen = —t —

" = > 20"
Reinforced masony in all load bearling walls ik g S
with reinforcements sound openings. q factor tussen de 1,5 en 2,0 q factor tussen 2,5 en 3,0
d = dikte metselwerk > 17 cm d = dikte metselwerk > 17 cm
zwak diafragma q=1,5 zwak diafragma q=2,5

Theearly (2014) construction of this Basmlation under the windmill was inspired by the panic of the extreme
high PGAg as proposed by the KNRI&cing the Basisolation gparently was also a mere technical resdarc
exercise to determine the feasibility of the technology (interesting job for the engineers) and at thdiszne

to placate the monuments organization.
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Figures8. Left Box shape andon-reinforced masonryThis is the Dutch standard method with g 1.5 2c0.
Right Reinforced masonmyith q factor between 2.5 and 3.0.

Reinforced masonry is mandatory with a PGAg <0.2.

In a brittle and rigid construction, thefgctor is low. With a flexible construction, thefgctor is high. This
flexibleconstruction methodor housingdoes notoccuror rarely occusin the Netherlands

Unreinforced masonry has a q = 1This factor is applied below tifeaction line in the calculation.

The higher the dactor, the greater the reduction and thstronger the building's resistance to
earthquakes.In the province of Groningen mainly the first type existén areas with tectonic

earthquakes with a PGAg > 0,2 reinforced masonry is mandatory (Eurocode)

GEDRAGSFACTOR = BEHAVIOUR FACTQREDRAGSFACTOR
Omsloten metselwerk van alle dragende Omsloten metselwerk ; Supporting space frame mﬁﬁiﬁ
. n gewapend beton

muren = Encased masonry for all load bearipgfn 2l dragende o i in twee
walls constructie richtingen die

. o r bijdragen aan
g zonder extra muurwapening-2,5 = g de sterkte
q without extra wall reinforcement 2.02.5 H, )ﬂ ¢ vanhetirams.
g met extra muurwapening 263.0 = L =T h
g with extra wall reinforcement 2.53.0 — et 2
dikte muur = d > 24 cm h/d < 15thickness —‘:D_ = mzfl‘n“;ﬁ';
wall=d>24cmh/d <15 EE zijn symmetrisch
Supporting space frame ireggapend beton — e}
of in staal constructive = Reimfied concrete | onger extra muurwapening 2 - 2,5 q/factor voor stijve constructie 2.5 3,0
or steel construction space frame q met extra muurwapening 2,5 - 3,0 q factor voor matige buigzaamheid 3,0 - 3,5

dikte muur=d >24cm h/d<15

Met sterke invulmuren inwee richtingen de bijdragen aan de sterkte van het framé&Vith strong infill walls in two
perpendicular directions contribute tihe strength of the frame.

Ontwerp en invulmuren zijn symmetrisch = Design andhfilvalls are symmetrically positioned

g factor voor stijve constructive 2,53,0 = q factor for stiff construction 2:5.0

Q factor voor matige buigzaamheid 3,8,5 = g factor foslight elastic deformation 3.0 to 3.5

Figures9. Left. Buildings with enclosed masonry and/oload-bearing frame construction such as a concrete
frame. Right Concrete and steel structures that can deform (ductile) without collapsing have an even higher q
factor. Loadbearing structures such as timber frame construction (HSB) also have gfhigfor.

In reinforced concrete constructiofin The Netherlandskxtra brackets are used in column ends, but
not to the extentrequiredin a tectonic earthquake zone.

GEDRAGSFACTOR = BEHAVIOUR

FACTOR GEDRAGSFACTOR N .
Metalen of gewapend beton frame Metalen of gewapend Basis isolatie met schokabsorbers
. beton frame

zonderinvulmuren = Metal or zonder invul-
reinforced concrete frame without muren Metalen of
infill walls / P g:r;:zear::e
Invulmuren mogen geen extra los-geisoleerd
puntlasten op de constructie geven = ?P Zen_ plaaft

. S fundering of
Infill walls may not cause additional Eip et

loads onconstruction

Bags-isolatie met shokabsorbers =
Baseisolation with shock absorbers
Metalen of gewapend betonframe los
geisoleerd op een plaat fundering of

balkenframe = Metal or reinforced ggg;}:g s ;f:iﬁc(ggaj ;‘:3_5 )
concrete frame, separated byabe Invulmuren mogen geen extra q factor kan hoger zijn dan 5
isolation and p|aced on a slab puntlasten op de constructie geven

foundation of beam construction
Gelaagde rubberen en plaatstaal + lood schokabsorbers =ddagidsber and steel plates with leathockabsorbers.
g factor kan hoger zijn dan 5 = g factor can be higher than 5
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FigureslO. Left. Metal frame or reinforced concrete buildings that do have structural or rigid infill walls can
be calculated with an even higheffactor.

Right A building on a basénsolation has the highest-fpctor. With an easily moving roller constructigrwill
scoe higher thanwith a stiffer rubber block or sligg construction.

The load factor of the building dBaseisolation depends on the stiffness or resistance of thBase
isolation elements. With a higHidingresistance, thisoad factorcan still be PGAg 0.03.

BENG. Bijna Energie NeutraBebouw

Almost Energy Neutral Building3.he relation betwen the former Erergy Performance Category
(EPC) and thenew BENG standards are indicated in the table below. See also Chapter 12
Sustainability. The documenNTAy y n n Y H n M g1t 1 ¢ gited therintexpiétatiort of the new
BENGstandard? 1, 2 and 3, which apply from 1 January 2021 and concern the amount of energy that
a building may consume per unit area per year. With new construction and major renovations,
buildings must comply with this standard, whereby the insulation of the outer shell is an important
factor®. 1 f a2 &SS W{daAalGlIAYylIoAfAGEQ

For BEENGL: Outer shell divided by living area for grodhdS @St Rg St t Ay3a I ! f ak! 3
Structural modifications suchs seismic reinforcement must follow this standard, whereby the

reinforcement constructions must not cause any heat leaks. Adjusting the building to prevent cracks

while insulating are also major adjustments.

Year Rewall Recroof Refloor Thickness | Reglass | Energ | Points | EPC BENG 1 | BENG 2 BENG 3
construct| m2K/W m.K/W m2.K/W insulation m2.K/W ylabel | score | Calculatiofactor kWh/rh KWh/rayr kWh/rayr
per year | fossiel renewble
0,0 0
10, 30cm 5161 | 0,1 ¢ 15 0 >50%
8,0 28cm 4150 | 0,2<EPCO0,4 ¢ 30 0<50 > 50%
6,5 17 cm 0,4 <EP€O0,6 ¢70 30<50 > 40%
4,7 6,3 3,7 15cm 0,6 <EPCO0,8
4,5 6,0 3,5 13cm 1,2 0,8<EPC1,1
2,5 2,5 1,3 8cm 0,6 1,05 <EPC2
2,5 2,5 1,3 8 cm 0,5 © 1,418
1987 2,0 2,0 1,3 5cm 0,5 D 1,82,1
1982 13 1,3 1,3 3cm 0,5 D 1,82,1
0,7 1,0 0,3 2cm 0,5 E 2,124
= 0,43 0,86 0,17 2,42,7
0,35 <2,71

Overview of the development of the Dut¢hermal insulation standards, the energy label, the EPC
valuesand the BENG requirements. Where the EPC is a dimensionless number (without kWh or
joule), BENG does look at energy consumption, namely in kWh per square floetesurfaceper

year.It also sets anaximum on the amount of energy a building needs for heating and cooling.

Themaximumenergyuse of buildings ha been reducedver the years, starting with the oil crisis in
the years 19741973 andit became increasingly strict as more importance wasated to the
environment and C@emissions from heating the buildings. In 2020, approximately 40% of national
energy consumption will be related to construction (including transpamfrastructure, and
demolition), with almost 1/3 beingnecessary for heating and cooling buildings.

11 See:https://www.gebouwenergieprestatie.nl/app/uploads/sites/8/2020/01/NTA_8800_interpretatiedocument _20200106.pdf
12 BENGhttps://www.duurzaamgebouwd.nl/artikel/201812 1hengis-veranderdmaarwat-betekentdat-nu-echt?
13 See ao: https://www.bouwwereld.nl/bouwkennis/beneyereistgoedeuitvoeringvanisolatie/
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Better thermal insulation of the outer shell of the building is therefore a key element in sustainable
construction.Insulate, insulate, insulate!

Because the province of Groningen has beanasea with ashrinking population and economic
decline for decades, the residents invested little in the built environmeRtlatively little new
constructionwasrealized compared to theest of the country As a result, a large proportion of the
homes have poor maintenae, poor thermal insulation and the renovation costs will be on the high
side in addition to the seismicetrofitting. Building fnancing models for sustainability must be
adapted to thissituation

Biogas

This is mainly (>60%) methane gas 4jCébtained through the fermentation of manure from
livestock, agriculturalvaste,and residues from the food industry. It is important that manure and
urine remain separatedtherwise Ammoniac (N#Hnitrogen deposits being detrimental for the
nature) is geerated. The wet mix of urine and cow manure magt disappear into thelarge
underfloormanure cellargfor the watery mix), which are commonly constructed in The Netherlands.
The fresh manure must be directly fed intahe biogas reactor or bidigester. This way neither
Ammoniac, hoMethane will be emitted into the atmosphere.

Other gases, water vapor and elements must be purged out beforebibims isupgradedand can
be added to thenationalgas grid*.

Figure 2. Internet photo. Biogas installation from
www.Host.nlwith two largegasstorage
containers. The biogas must be purified and can
burned for energy (at night when there is no sun)
or can be made into LNG for trucks.

CH 21 x as damaging or insulating asZ®
global warming. When you burn 1 x £binly 1 x
CQremains andhe heat or energyln that case
you remove 20 x Glgmissions.

When the Groningen natural reserggpiresand
biogas production has been developed for alt bio |
industry farmers a substantial supply of biogas cah
be supplied to the grid.

1 n 2013,the NAM did not want to reexamine the option of having biogas produced by the many livestock
farmers in the provinces of Groningen and Friesland, because five years earlier a cost calculation had been
made that did not provide NAM with any large commerciatattage. In the meantimédyowever,by 2013, the
biogas productioniechnology had improved and become cheaper with osmosis technology, but again the NAM
considered it not profitable enough and it would require long time developnvétit farmers Although itwas

clear in 2013 that the Groningen natural gas reserve would expieelimited number of yearghere was no
intention to supplement the natural gas wighurified biogas. The livestock sector remains a very large factor in

CH and NH and CQemissios andtherefore global warming. By 2020 the many years (y2@rs of warnings

by the European Commissipexcessive N&Hemissions from the large cattle farming industry (mixing urine
with manure and fertilizing the grass fiejddbecame a critical politidd issue (obliging farmers to close
business) This could have been avoidedaif livestockfarmers would havaimely converted to biogasThe

fossil energy industry had no intention to minimise emissions or consider climate issues. It speculated until
2020 that large amounts of lowost Russian natural gas would be available, which would be far mor profitable
for them than bothering with a reorganisation of the strong cattle farmers section in The Netherlands.
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Boreholeseismometer

This kind of accelerometds placed a few hundred meters deep inside a borehole muadtes it
possible to register weaker earthquakes than with instruments on the surface. These weak vibrations
are also called micrgibrations®.

In the provwnce of Groningenseveralborehole seismometers have been installed at a depth of
approximately 200 nio prevent the influence of vibrations on the upper soil layer. In addition, deep
seismometers have been placed at a depth of 3 km, dowmthe gascortaining sandstone layer.
These boreholes have 15 seismometers over a depth between 2800 m and 3200 m. The exact
location of the origin of the vibrations in the sand layerfault linecan be determined with tbse
instruments It was confirmed by these belnole seismometers that the tremors come only from the
gaseous sandstone layer and not from the Carboniferous below. With more measurements it was
established that there are also light (ngerceptible) vibrations coming from the soil layers above

the Zeclsteinsaltrock/stone.

Figuresl3. Due to the deep location, surface vibrations (bottom noise) are avoided. Soil compactor in the street.
A piling installation can still be felt by people up to 500 m (photo ArsaAppingedam new construction).

Building Directive

On 1 August 1902, byé¢ Pierson Parliament the housing law of 1901 was declamidghkihe basis

of municipal housing estates in The Netherlandibe first Building Directiébecame effective in
1992 by which all technical specifications becasimilar for the entire country.On 1 January 2003

an updated version of the Building Directive became active. The newest Building Directive 2012
refers to the standards of the NEN frdime Standardisation InstitutdNormalisatielnstituut) and the
EurocodesThese replace the standards NEN 6700 to NEN 6790.

Since January 2015 the increaghdrmal insulation standard€EPC = 0,4re applicable, which was
not obligatory for reconstruion. Per 11-2021 the new BEN@orm is applicable for new
construction which iéinked to anEP®f<0,2%.

Brick masoned buildings that were constructed according to the Building Directive 2015 will hardly
suffer any damagdrom the light earthquake shocks up ®GAg 0,lexcept forterraced houses

15 Generally, for every 10 micro vibratiotigere will be one small vibration of about two times the strength of

the micro vibration. For about 10 small vibrations there will be one medium vibration and so on. This is called
the GutenbergRichter constant. Measuring the numbend sizeof these smi vibrations (cannot be sensed by
people) it can be estimated when a one grade langbration may occur.

16 Souce Wikipediahttps://nl.wikipedia.org/wiki/Bouwbesluit

7 S&B: https://ondernemersplein.kvk.nl/nieungebouwenmoetenvoldoenaande-beng/?gclid=EAlalQobChMI2uGrhf337QUN3ChOvVgbeEAAYASAAEQKPPfD_BwWE
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haven extralarge front and rear windows and very narrow pierhis type of buildings only considers
the latest standards fostorm loads.For a block of 5 to 7 terraced houses, the stdoad is very
limited on the small head, while earthquake forces are fully applicable indicgltions.

Windbelasting op de kopan een enkele woning is bijna gelijk aan de windbelasting van eereriftiee windoad at the
head of a single house is almost equathie wind load of the whole Imof terraced houses.
Aardbeving belasting is viermaal de enkele wonifigarthquake load is four times thaf a single house.

Figurel4. The wind load at the head of g ~ WINDBELASTING OP DE KOP
single house is approximately equal to van een enkele woning is bijna gelijk
the wind load at the head of a block of § i
to 7 terraced houses.

The earthquake load on the head of a
block offour terraced houses is 4X that
of a single house.

Aardbeving
belasting is

vier maal de
enkele woning

Amaximumstorm load on &0 n¥ headfacade is approximateB0 tons. A cubeshaped terraced
house weighs about500tons. A PGAg 0.1 means an earthquake load of 0.1 x %33 t) =150t,
so approximatelyhree timesthe storm load. According to the building standard, a block of 4
terraced houses is also designed for a storm resistan8@ tdns on the short end, it will receive
approximately600t perpendicular to the row of facades tife 4 houses. Because of the partition
wallsbetweenthesehouses, these constructiomsn easily handle thabad perpendicular to the
long facade, but not to the short headlthough the storm load on the head is ol t, the
earthquake load in th lengthdirection is 0.1 x 4 X500t =600t.

These houses have large windows front and rear, without internal walls on the ground floor. These
are not designed for thisarthquakeload and therefore run a high risk of damage and falling over
(like a card house). Thousands of such houses exist in the Groningen province.

Building typology

Building typology is alassification of the buildings that have a similar structural and strength
structure with a similar horizontal resistance and behaviour during an earthquake. In Groningen,
twelve main categories have been identified, with subdivisions according to ti&roation period

and according to the type of foundation (dinm groundor piles) or the type of floor diaphragms
(flexible or rigid).

Terraced houses and canabusesbeing built side by sidebelong to the weakest categoriesf
building types, parthydue to the lack of transverse wallerraced house with large windows and
havingrelatively heavy concrete storey floors have femno piersin the front and rear facades, but
extra earthquake load due to tise heavy floors. Thed960-1970 buildingsare therefore a extra
weak category. Olgre-1940buildings with wooden floors without rigid connecting floor diaphragms
are also among the very weak constructions becaugiout the floor diaphragmshe wallswill be
loaded perpendicular to their wall plarfand fail)

The classification is derived from the Engli$® version for UReinforced Masonry (URM)
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URM | Building Period | Floors| Image of frequent present Groningen housing. The oldest
description have the most damage.

1 Standing free.| <1920 | 1-2
Flexible timbe
floors, half
brick (12 cm)
inside walls.
Exterior whole
brick walls 22
cm

About 10% of
the housing
and with most
of the
earthquake
damage

2 AsURM 1. <1920 | >3
fiMansi ¢
Attic in use

Flexible timbe
floors, half
brick (12 cm)
inside walls.
Exterior whole
brick walls 22
cm

About% of 3 .
he housi T 3 -
;nil vf/)iﬁcjr?rmgost RILLE - I | UH‘ ]H ”-

of the R ] h'; HH
2a AsURM 1. 5
fiMansi

As 2, but ofter
classified as
monuments.

Including the
6heado
of the large
trussfarms.
Some of these
are masoned
with clay
making them
extremely
vulnerable

Left: Monumeatl &6 h e
farmbeing placed on Base
isolation as option to avoid
further damage.
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URM | Building Period | Floors| Image of frequent present Groningen housing. The oldest
description have the most damage.

34 | Freestanding | 1920 12
or tweunder 1960/70| and
oneroof. >3
Flexible timbe
floors, half brig
(12 crpinside
walls and
wholébrick (22
cm) exterior
walls

High chimneys
from period
1930 are an
additional Hig
riskobjects

56 | Free standing| >1960/7| 1-2
or tweunder | O and
oneroof. >3
Reinforced
concrete floor
stiff diaphragn
Less damage,
but large
buildinanass.

910 | Terraced 1920 1-2
houses, 1960/70| and
Timber floors, >3
half brick (12
cm) inside
walls. Whole
brick(22 cmpr
cavity outside
walls

11 Terraced >1960/7| 1-2
houses with | O
large windows
front and rear.
Few or no
inside cross
walls.
Reinforced

In the above list, onlya few main typologies of homes are indicated, but in 2018 a total of 60
different typologies were identified (vatians of the 12 basic types), of which very detailed NLTHA
calculations and Reinforcement Advidew ! We& (made in 2020. ThedRAs were financed with
government fundsut still not available to thgublicat the beginning of 2021.

From older housé® the wooden floor beamsre usuallynot well connectedto the walls or only
every other beam. It is common for only some beams to be joined by liead ends to the walls

8 Many homes are sometimes adamantly stated that no amplification is required at a PGAg < 0.05, which is the
NPR seismic amplification limit. This is incorrect; typologies 1, 2 aocdnladlso be damaged by the Groningen

type of short earthquakes and repeated earthquakes of that PGA value, while these shocks can cause the
chimneys of typology 3 to fall off. Variables such as foundation quality, soil type, damage or damage and
renovationcan be the causes
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and notat all to the parallel sidewalls. It is also possible that floors of adjat rooms are not
interconnected so that the building diaphragm is interrupted.

Floors made of concrete elements have been usedirshssince 1953. These formeryrigid floors,

but if they are not connected to each other or to the side walisy do rot creatediaphragmsThey

are alsoheavy structures so heavier loads during earthquakd$isdesignis especially a risk for
terraced houses if these buildings hamene orfew structural transverse walls. Schools or higher
residential buildings are nancluded in the table above and have a higher behaviour factor g (more
victims in case of collapse) and must therefore be calculated with a higher load.

Houses built after 1980 are mainly stacked buildings with their own typical problem of a lack of
strong connections between the floors and lehdaring walls. Many floors consist of separate
elements that are not sufficiently connected to each other and do not form a diaphragm.

In hausesbuilt after 1985, wider cavitieg the outside wallsaare used in annection with thermal
insulation (10 cm instead of 5 cm), which improves the strength and stability of the walls. Due to the
wider cavity, good wall ties increase the resistance moment of the wall slightly.

In houses built after 1990, glued saliahe blocks are regularly used for the inner walls, so that the
inner loadbearing walls can have a higher compressive strength thasonedsandlime bricls. This

is because with brick joints, only the compressive strength of the joints is decisive, and theajaint
seldomfilled with mortar across the entire width of the brick. The glue quatifysandlime blocksis
usually much better than themortar masonry quality.

When a house needs to be seismically reinfordestrofitted), this may mean that extensive
measuregnust be taken, especially on the lodmkaring walls ando make floors as diaphragm$he
load-bearing walls of the outer shell must then lmso adapted to the thermal standards in
accordance with theurrentbuilding regulations.

Figuresl5. When internally reinforcing an exterior wall
with a timber frame construction (with tensile joints on
the inner cavity wall), thermal insulation in accordance
with the latest building standard (BENG 4.7.KAW) is
also requied. The thermal insulation will hide the
reinforcement construction, but the rooms become a littlg
smaller.

thick thermal insulation and brick slips can then be applied, whereby the upper storey can have a more flexible
plastic or wooden facade claddinghis way the houses do not become smaller inside, exterior finish is more
expensie than interior finishings.
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With a major renovation, the requirement will b@s of 30 June 202Xor generating a minimum
amount of renewable energysuch as solar panels or heat pumps.

The obligation arises from the EU Renewable Energy DirectiveDI I(Rdirective. This stipulates that
European member states must prescribe a minimum amount of renewable energy for major
renovations that include the heating or cooling installation(s).

Buizen met
glycol
—?#

Warmtegeleidend A
metaal |-

Afbeelding: Q - roof

Figuresl6. In addition to PV panels, there are also salater heaters Photo left. These supply approximately
50% of the domestic hot water requiremdmit may not be very effective during the clouded winter

Right. Thermal PV panels (PVT) are connected to the heat puungder the PV panels are radiators that
absorb the air temperature and use that to upgrade the inside temperature.

Centrally coordinating plan development for each housing typology can, in theory, save a lot of costs
and speed up the process of strengthening and making it reeséainablé®.

Capacity desigmethod {Eurocode8: 1.4.2.7}

Design method that ensures that the ndeformable elements or the rigid parts of the structural
section are stronger than the flexible or deformable or dissipative elements.

When aflexible structural element (the wooden roof of a building) gives way under a load, that load
will be resisted by the inflexible, rigid pae.g., brick masonedable end)The nonflexible (rigid)

part may not collapse, otherwise the structure will cpBa. The flexible sections will give less
resistance to the load than the rigid on@sd absortpart ofthe forces). When combining different
stiffnesses, care must be taken that no damage occurs in thdlagibleor rigidelements. Thus, the
rigid elenment, such as brickhasonry will always receive most of the load and will therefore crack
first when the load exceeds the bearing capacity

When using different constructivistructurally supportingbuilding materials with different
stiffnesses, anavith non-structural infill elementsgamagemust beavoidedby means of dilatations
or soft joints For example, large steel trusses of a large barn that are filled in between the rafters
with brick (cracksre guaranteechere), must have flexible joints bewen steel and brick.

19 Althoughrepairs ofearthquake damages are paidr by the NAM there are only subsidies for sustainability
measures. This causes the NAM to be very reluctant about financing ttlese costsand it also resisted to
mount a longterm sustainable home improvement housing fuidey said it was not their busines$jlost of

the house owners howeveare not able to finance the additional costs for making their buildings more energy
efficient or sustainable. Homeowners should be ablectl on other funds to realize both activities
(improvement and sustainability) simultaneously and to a sufficient extent. A building fund could be created
from which sustainability of homes can be financed, which is only repaid when the home is sold.
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A stiff brittle brick wall will soon crack in an earthquake, but that does not necessarily mean that the
wall loses its loadbearing capacity. When coverifglastering}that (inner) wall, the finish must be
elastic (slightly movablpanelling or fiberglass plateso that the crack does not become visible

again in the event of a new shock.

Gewapend beton = reinforced concrete Stijf en bros = Stiff and brittle Baksteen = brick masonry
Stalen kolont, Steel column Verbonden =onnected Kracht = force
Vervormbaar wable to deform Aardbeving ®arthquake Kleine vervorming = smaleformaton

Grote vervorming = largdeformation

Figurel7. Sketch of a feade. The | pissipatief ontwerp
rigid brick wall has only half the
ductility of the reinforced concrete
column.

The steel column can deform twice
as much as the concrete column.

vervormbaar

Gewapend beton A.

)

Mﬁ-
3 iif en bros Stalen
’ T kolom

T Tl

. . —
When calculating thenaximum Baksteen
permissible horizontal earthquake T
force, the loads must be distributed AN 3
_ _ - verbonden Aardbeving <& grote '
in accordance with the stiffnesses. vervorming

The stiffest elements receive the
largest loads. In the above case, the masonry should be connected in a flexible way to the reinforegel concr
construction.

This is important when reinforcing brick facades with metal portals. A building may be strong enough
against collapsing, but the brick walls can still crack at maximum load if the stiffrregbddatations

have not beerconsidered Ina facade with wide and narrow window piers, the widest piers will

absorb the most forces. Thikbenomenonis furtherexplainedin Chapter 6.

Circular building construction

For a more sustainable society it will be necessary to waste or degrditeashaterial as possible.
Buildings must be designed for an optimum reuse of matevidlen the (economic) lifetime of the
building expire®. It distinguishes mainphases.

A 1:3, the productionphase.

A 45, the constructiorphase.

B 1-7, the usephase.

C1-4, the demolition,and processing phase; and

D, the environmentabenefits,and burdens beyond the boundaries of the buildfhg
Chapter 12 Sustainable housing elaborates on the issue. Retrofitingaged buildings must
consider these concepts. Investing large amounts of materials and funds in a building that
economically may not last very long is very wasteful.

The supporting a@ construction of a building should last fotamg period (aleag 200 yearsy. The
built-in elements such as partition walls or a rstnuctural outer shell for a medium term (00
years). The installations with mechanical parts that move and require maintengsCgears.

20 See RIVM: clear determination of the circular building concept and the environnimnlding performance

as point of departure https://www.rivm.nl/bibliotheek/rapporten/20170128.pdf

21 Seehttps://www.rvo.nl/onderwerpen/duurzaarondernemen/circulaireeconomie/circulaitouwen

22 Many buildings in the Netherlands have existed since the 17th century and are therefore >300 years old and
are still in use because they were well built with large dimensions so that these buildings could also be used for
other functions.This is not the case with 1960s or 1970s terraced houses (material destruction).
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Technicalristallations should also be designed to simply replace components that wear out quickly,
rather than replacing the entire unftommonly in 15 yeajsThe personal furnishingshould lastat
least20 years. So not a differetmew/stylishkitchen everyl0-15years.! f 82 4SS W{ dzA G} Ay | ¢

Crackgin masonry)

When assessing building damage in Groningen, the location of the crack in the walls andckhe cra
size are included. Slight crack 0.3 mm is rarely visible in photos, unless in a white plastered wall.
Moderate cracks of 0.3 to 3 mm are most observ&d.

Light cracks and moderate cracks have no structural consequences in brick masonry for the
building strength.Heavy cracks of > 3 mm often run far and can be accompanied by shifts in the wall;
this percentageletectedis very low, but clearly visible, and can have structural consequéfices.

For buildings built between 1920 and 1940 and buildibgilt after 1970, hardly any serious cracks
occur at a PGAg 0.1. Buildings fronbefore 1970 have many moderate damages to the exterior
facades. However, in houses buifter 1970, such as serdietached houses, there more moderate
damage to interiorwalls because of the rigid construction method amdhforced concretebeam
foundatiors. Buildings built ofirm ground(usually pre1l940) have relatively high levels of moderate
cracking, especially in the foundations duevaaticalsettlement.

Figurel8. Crack at the support/connection of a lintel tha
issupported on the inside wall of the cavity wall
construction Most cracks around window and door
openings are building related and the cause of poor
construction details, often combined witghit settlement
in the foundation. Vibration frorheavytraffic or an
earthquake can make them wors.

The three main causes of the cracks are:
(1) Buildingelated causes (construction, thermal, construction defect) and foundation settlement.
(2) Earthquées, which often result in foundation settlement.

(3) Earthquakes with lack btiildingstrength in the two horizontal directions and lack of connections
between floors and the walldloor diaphragm

Existingsoil settlements can be aggravated by all earthquake vibratiams] with thatexceeding
existing stresses in the masonry and legdio moderate cracking. For less than 75% of the damage,
it was usually possible to clearly determitiee cause. In most damage cases, there is a combination
of factors such as building dinm ground (no pile foundationsuneven foundation deptticellas),

23 Extensive reports have been written about crack formation in Dutch housing. For example the PhD report by

llse de Venthttps:// repository.tudelft.nl/islandora/object/uuid:e9a3a2f36b54b22-alf4
6511f3543f6e/datastream/OBJ/downloads { & NHzOG dzNJ € 5F Y 3S Ay al a2yNEé® ¢KS
book mainly deal with the cracking caused by tlagtlequakes and increased by earthquakes

#¢KS {.wX {GAOKGAY3A . 2dzg wSaSIFNOK OhNHIYyAalLGAZ2Y 7
AY YIFAa2ySR gLtfttaz mprcé oO0{ OKSAdzNB2NXAYy3A Ay 3ASYSGas
(Steuren in woningen, 1969). Also see the research report by Witteveen en Bos about the NAM cracks.
https://www.nam.nl/nieuws/2017/namzoektoplossingdeelschades
zuidlaren/_jcr_content/par/textimage.stream/1510311678487/efc5414fe61f9117ea8445febc94cha8fcbf0a76/
rapd-bijlageverzamelervan-informatie-ii.pdf

2 NJ .
f RS
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construction period, agéover 100 years old has more cracksttlement in peat or clagsoft elastic
soils)and construction errorgby construction or later by owner)

Until 2015, NAM did not recognize the cracks in the foundations caused blggeakes(wrong
understanding or financially motivated)n practice, this meant that about 25% of the damage
reports required further investigatioby other parties and reportingnd lengthy(costly)discussions
arose about the NAMirective about compensan?.

A related problem was that most homeowners could not finance the additional costs, or the costs
resulting fromdamage cause by their own (poor quality) building constructirurther problem is
that the costs for thermal insulation of the building coaldo notbe financed by them

After severalsmall earthquakes, NAM recognized in 1993 that building damage could be caused by
earthquakes and a damage settlement was setimdl994.Before the largest earthquake of 16
August 2012 hit Huizinge, 1100 claims had already been comperf8aBetause of the unfamiliarity

with the quality and strength of Groningen housing in relation to the induced earthquakes, many
different studes were started to clarify this. Finally, alding vibration guideline became available in
2017 which indicated that buildings should be ablenithstand light tremors to a defined extent’

The results of this guidelineere widely disputed becauseracks by earthquakes were legally to be
compensated by the NAM.

This glossargeliberately does not address the legal issue of the burden of proof or reversed burden
of proof and other political or social measures.

Compaction

The natural gas reservoir consists of slightly porous sandstone and is located at a depth of about 3
km under a 1 km thickealinglayer of salt roclkand another2 km thick layer®f soils (together 670

bar pressure from aboveDne bar is the atmospherressure or 100.000 | ' Par% 100Pa.

Per nt surface of the earththe atmospheric pressure &bout10.000 kg.

When a hole is drilled to that sandstone, the natural gas spurts out under very high pres&ye.
extracting the gasthe gas pressure in the sandstone reservoir decreases (from 350 bar in 1965 to
<60 bar in 2020), the grains of tandstonerock are compressed by the weight dfet overlying
layers. This compression is called compaction (squeezing).

Themore gas is extracted, theuther the internal gas pressure drops, the greater the compaction
becomes. It depends on the porosity of the rock and the thickness adahdstondayerhow much

the compaction will be

The greatest layer thickness and greatest porosity was measured under the municipality of
Loppersum (includinghe villages ofTen Boer, Zeerijp and Westeremddgingthe area with the

most and strongest earthquakshockg. When compressed beyond the resistance of the elastic
compaction, the sandstone layer will suddenlyush (causing the earthquake much like a
rusklbiscuit suddenly collapses under too much pressure from a flat hand.

25 Most ofthe damage expertthat were hastily recruitedn the years 2012 and 2013 had little construction
background, and no seismic knowledge at all, which is why mamageclaims werechallengea by the haise
owners In fact, earth vibrations have already been measiiyecause ohatural gas exploitation since 1975,
which did affect buildingsespecially built on soft soils

26 These repairs were rather cosmetic and were requirgdin after evergarthquake as no reinforcement was
applied Becausef the suddershortageof craftsmen, the costs of the repainsultipliedin 2012 and 2013.

2T https://www.building.nl/uploads/fckconnector/bbb3c9abf69-4al-ad0695a88aeca916/3016759984
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Figurel9. In this graph othe
internal gas pressure from %
2019 the pressure per e

measuring point (grey or a0 A
green dot) is indicated®
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In August 2015 rock samples were taken from the 3 km deep gaseous sandstone layer. These
samples have a length of 30 m with a total length of 180 m. Drilling to these cores is done with a
derrick and a hollow drill head, like tiienctioning2 ¥ 'y NRX fLIL & RKSaS ydzOf SA 4
their possible compaction.

Oppervlakte = surface Druk = pressure 2 km grondlagen = 2 km soil layerZechstein zoutsteen = Zechstein salt rock
Onderliggend CarboonunderlayingCarboniferous ~ Na alle gas extractie = after all gas extraction,

Elastische compactie = Elastic compaction Grond druk 670 bar = soil pressure 670 bar

Figures B. To make a Na alle gas Grond
comparison, you can load extractie druk
ruskgbiscuitsunder two Elastieche compacte 670 bar

masses more heavily. A
reduction in pressure in
the sandstone correspond

to a greater load from ,
above. With extra I
pressure, the rusks are 3 L .
slightly compressedntil Poreus zandsteen met breuken
they crush

= = 5

Impression of the grain structure in the sand layer that is compressibl
By compressing the cores in a laborat@ywas done in the sandstone [s
layer, one gets an impression of the elasticity of the sandstone layer @il
at what pressure iwill becrushedcausing an earthquake shock)

In 2015, NAM took &ew soil samples from a depth of 3 km for testiig
Cultural heritage

The province of Groningen has a lot of cultural heritage in the form of old farms, mansions, churches,
rentier houses, characteristic buildinggindmills,and industrial buildings. The preservation of those
buildings is an important part of human identityistory, experience, and pride.

28 Seehttps://www.nam.nl/feiten-en-cijffers/gasdruk#iframe=L2VtYmVKL2NvbXBvbmVudC8 aWQ9Z2FzZHJlaw
29See hitps://www.nam.nl/nieuws/2015/gesteentemonstengan-3-kilometerdiepte-uit-groningengasveld.html
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The seismicetrofitting (to the extent of the very high PGAgf)these buildings is complicated when

it is not allowed to makeisibly changes on the outside of the building. In some buildings, changes to
the interior are also not desirable. Many of these buildings were built before better building
standards were adopteth 1901 and are seismically weak in constructitmthat case, he

retrofitting requires ext@siveinternal structural reinforcements such as portals and floor
diaphragms, after which thkistoricinterior must be restored.

Figures 2. The determination of what is and what is not cultural heritage, and to vdnal these buildings
should receive special conservation treatment, depends in part on the building owners, officials and institutions
dealing with history and architecture involveéebr several monuments Bais®lation was adopted.

Chapter 3discusses the chimneys that can be replaced in a simple manner by lightweight imitations
(and removed internally), so that the roof and building load is considerably redddes waythe
building is relatively strongewithout the risk ofa heavy brick dmneyfallingoff.

The masonryfoundations of these old buildings are ofteonstructedon undisturbed soiland are
subject to settlement over time, which can be exacerbated by the earthquakes. To preserve these
buildings, an improvement of the entire fodation is then necessary, about which more details are
given inChapter 4.

Chapter 5 explains thBaseisolation method in detail, buthis is an expensive method for lerise
buildings, unless a suitablew-costmodel for Groningen is produced logallThe high costs of the
double, stronger foundation and importdgiaseisolationsystems make itrmexpensive operation.

CVW, Centrum Veilig Wonen, Centi@ Safe Living

After the earthquake of 188-2012 in Huizinge, the direogsponsibility and involvement of NAM in
the building damage settlement process resulted in many reassessnaehitsation and conflicts,
which became increasingly tirensuming and expensiv€he cost of the reporting and arbitration
became hree timesas high as theostof the actual repairs.

The dissatisfaction of the population with the MAontinued to increase. Thattise reasonwhy (in
2015 the CVWin Appingedam was establishdd place the entire process of damage reporting,
inspection, assesnent and supervision of the implementation of the wall repair at a distance from
the NAM2° Technical staff from NAM consulting contractors were listed under the &vw.

30 This action, however had limitedfect, because the NAM paying for all the repairs had given (not disclosed)
guidelines to the CVW that did not comply with real earthquake damage assessment (no foundation damage
was approved)to minimise the repair costs. The resulting arbitration, asbe paid by the NAM, caused that
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The CVW handled more than 75,000 claim files, carried out 12,000 inspections ardings;it
supplied 5,000 reinforcement recommendatioafout 950 housesvere strengthenedover 3,000
houseswere made safer (and a multiple of them removed fréop-heavychimneys), 200 temporary
houses and countless schowalsre assessed, strengthenegghd constructedvillage hallsvere

placed on Basesolation includinghurches and other buildings. (Source: CVW website).

The CVW carried out the thousands of inspections and assessments on the same basis as the NAM
used to do. However, with the same procedures, with financing from the NAM and therefore also
with the large number of arbitrations. One of the problems was thatNAM, and subsequently the
CVW, did not acknowledge the foundation damage as a result of the earthquakes.

The CVW stopped on 31 December 2019. The National Coordinator Groningen (NCG) is then the
implementing organization for earthquake damage and treatment in the province. Some of the
approximately 140 experienced CM@¢hnical stafemployees also transferdeto the NCG.

In a later stagethe NCG realised only the retrofitting and strengthening projects and a new
organisation, the IMG occupied itself with the lighter repairs.

Damage State.

Damage Statés the level of damage to a builditig

Thefollowing values are defined internationally (Antam FEMA code):

DSO0Damage Stat®: ND = No Damage

DS1Damage State:1 Not structurally. Building magmainoccupied,|lO = Immediate Occupation
DS2Damage Stat. Light damage)L= Damage Limitam. Support structure of the building is not
in danger.

DS3Damage State 33D = Significant Damag@tructurally the building is at risk with the repetition
of a similar earthquake. Substantial structural improvements are required.

DS4Damage Statd. Very heavy damag®C = Near Collapse Ultimate Limit State.

DS5Damage Stat®. Collapsed This ersion hasot been sketchedbelow.

The PGA specified in the NPR9998 is the maximum tremor value after which DS4 is the result.

Theinterpretation of these damage situations and the NRRichindicates the amplification level
up to DS4 at the maximum earthquakelue (in the epicentre), leads to a difference of
understanding between the engineers who had to calculate with that NPge s1615, and the

population that does not want any DS1 damage atall

The following five damage statesare defined accordinghe Amercan HAZUS FEMA 2058d the
European Seismological Commiss{&MS) 1998. The NPR9998:2015 only analyses the first 3 DS,
because with the highddamage Statemost buildings will be considered as economic loss.

massive funds were spend on thick reports, rather than on repairs. This again resulted in widespread
dissatisfaction under the population.

B¢ KS FTOONBOAFGAZY I NEhGONECHUSHS thieRssumedingai hudeDthay rEight. & I &
collapse with future earthquakes. Based on the actually light earthquakes, it was unlikely that any houses

would collapse, unless these buildings already had serious structural deficiencies. The safety of the population
was nevern risk, but the unsafety was strongly promoted by the media as a key issue.

32 For detailed explanations with images and photogragdes https://www.iitk.ac.in/nicee/wcee/article/0705.pdf

and _https://ec.europa.eu/echof/files/civil_protection/civil/act prog_rep/peadab.pdf

33The lage conflict in the province of Groningen is that the population want darfegge housingThis is

totally different from the NPR concept of Ne@rllapse being adhered to by the NAM
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Geen schade = no damage.

Zijvleugel geeft onregelmatige plattegrordSideway building extension causes irregular building plan.
Ongewapend metselwerk en flexibel houten vioeren = I&inforced masonry and flexible timber floors.
Lichte schade Eight damage

Hoge schoorsteen kan er af vallekigh chimney can drop down.

Haarscheuren in baksteen op zwakke plekkdtin cracks in brickwork at weak locations.

Lichte structurele schade = ligstructural damage Tweede graads = secogdade

Scheurerin veel muren binnen en buitenGracks in many walls inside and outside.

Ook kleine schoorsteen kan afvallelso a smhchimney can drop down.

Geen schade . Lichte schade . Lichte structurele schade Tweede graads
4 Zijvleugel geeft Zijvleugel geeft URM DS 2

URNERSD onregelmatige URMDS 1 Z onregelmatige

plattegrond plattegrond

- —
AN |
W) ﬁ

Hoge schoorsteen Haafgbheuren in baksteén Scheuren in ;/eel muren binnen en bluiten.
kan er afvallen op zwakke plekken Ook kleine schoorsteen kan afvallen

Ongewapend metselwerk en flexibele houten vioeren

Figure22. These three: DS1, D&%l DS3 are in the NPR. Mainly DS1 has been shown in the province
Groningen. The necessary seismic strengthening according to the NPR i®ta Phegartial collapse.

Left below.Gematigde structurele schade en zware schaderaamstructurele onderdelen = Moderate structural damage
and large damage to nestructural elements. Flexibele kap = Flexible roof construction

Haarscheuren worden groter = Tiluracks are beoming larger.

Topgevel kan eraf vallen = Gable top mdl fa

Aansluiting muren kunnen barsten = Connections between walls can break.

Rightbelow. Zware structurele schade en zeer zware rsétucturele schade = Largéructural damage antleavy non
structural damage.

Zonder verbindingen valt een baksteen gebouw uit elkaar = Witbonhections a brick house will fall apart.

Bij een onregelmatige plattegrond kunnen de uitstekende gebouwdelen extra schade oplopen = Wittregudan
floorplan the protruding building aaponents may receive additional damage.

Door een grotere flexibiliteit van houten vloeren en kapconstruabigistaan in een stijve baksteen constructie extra veel
barsten = Because of the lager flexibility of timber floors and roof construction, ari@ddihumber of cracks will appear
in the ridged brik masonry.

Gematigde structurele schade en
zware schade aan niet-structurele onderdelen

DS2 only exists

Zware structurele schade en zeer zware niet-structurele schade
URMD 4

in Groningen URMD3 q
) » Haarscheuren worden groter Zonder Bij een
Wh.er? the Flexibele L\ verbindingen onregelmatige
bwldlng has kap ' \ m : vallteen " @ . Elattegrodnd
/ V-4 baksteen S | 4 unnen de
been erected SV gebouw — L5 litstekende
according to old uit elkaar gebouwdelen
. & extra schade
standards or if £ oplopen

serious
construction = ‘
e Rl = ey ; =L,
errors wee ~ VR Asnsluit Door een grotere flexibiliteit van F ‘ o
made = A kf::el:: 'gfrsr?:r:e" houten vioeren en kapconstructies ontstaan in een stijve

Topgevel kan er afvallen baksteen constructie extra veel barsten.

The NPRreinforcement requirements definghat the (partial) collapse of a building must be
prevented, becausavith collapse,there could be more fatalities than the (arbitrarily) determined
risk of 1CP. This is the 'safety criterion’ that has been establishedHe new building.
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The NPR regulatiorspecifythat at the maximum PGfor the specified areg the building@ust Does
Not Collaps&Near Collapsstate), or the DS4 statugs reached That is excluding chimneys or top
facades thatmay fall off. If you want to strengthen weak houses (uneven foundations, large
windows, narrow piersunconnected timbeifloors) so that there is no longer any cratkmage or
settlement damage at a PGAg B.(INPR after 2020manyserious technical reinforcememheasures

will still be necessary. Those reinforcement measures to prevent cracks Wil beore extensive
and expensivéhan just seismic reinforcement for old brick hougesavoid collapse)f cracks are to
avoidall together, the best option is to place the building on Bessdation.

If you were to reinforce a buildingased ona PGAg 0.36 (maximum earthquake version $3¢PR:
2015), then you would probably not suffer any damage with an actaghquake type Huizinge
(PGAg 0.085), because that reinforcement value is 4X asakigte maximum forceln brittle brick
buildings it will remain very difficult to prevent light cracking in the brick facades.

¢ Kdza Z reinforceingnk (0 G 2 LadBgs &tya fow RGAg 0.05 or PGAg < 0.1 is not necessarily
strengthening less to prevent collapse at a PGAg 0.36sihart reinforcement so that foundatien
and wall repaistake place in such a way théttey do not crack again.

A new problen? for the citizen withhousedamage was developed early 2021 because of the thousan
StrengtheningAdvice(SA that were calculated by the engineering companies

These SA@ were created with the NLTHA method and basedfasntoo high 2017NPRPGAvalues®.

According to thoseld SAQ, the reinforcement cost®uld bemany tens of thousands of eurpsr house up
to over 100,00@uroand millions of euro$or monuments. If the citizen accepts thedes, thenof coursethe

house is reasonably strengthened witlaegelyreduced risk odny damage.

However, if the citizen has the uee reassessed against the latest NPR9998:2020 PGA valu
reinforcement will be needes it will not collapse)and that citizen can gmd euro 30,000 himself. In th
case of light earthquakesjamage will still occurexisting damage can increase, earlier cosmetically
repaired wall sections can crack agdimthat case, however, the damagssessment antepair procedureg
must startall over again.

Digphragm

The diaphragm or floor diaphragm is the connecting floor element in a building that connects all
load-bearing parts (inner walls and the inner side of the cavity wall or the brick outer wall) of a
building. Thefunctioningof the continuousand all sidesannectedfloor diaphragm ensures that the
walls cannot come loose from teefloors. Installing a floor diaphragm (improving the connections
of all floors to all walls) is especially important for the first floor; this is often the attic floor imis®mwv
houses

With a rigid floor slab (reinforced concrete floor)or horizontal disk (diaphragm)during an
earthquake, severakalls are loaded perpendicular to their plan®erpendicular to the plane of the
wall it has very little resistanceh@& horizontalforces resulting from the building massd the floor
are transferred to the side walls, which are then loaded in the plane of those. Whbsstiffest walls
then take the largest loadSeeChapter 9.

¥eKAA ol a 0SOFdzaS 2F GKS yS¢g NB3IdzZE FGA2ya GKFEG gSNB LN
DNRBYAY3ISYQ oal yF3ISYSyid I 3INBESY Swnibar2020ivithiagfcementS gbauy 3 D NER y A
expenses, indemnities and reimbursements.

BThemakigofad Qa F2NJ I aAYLI S K2 dzaereprdditedion e Eagis oSotE H 1 dn N
seismic data from the NPRap. Theyhad no relation wih the latest seismic maps tfe NPR, because based

on the real seismic values nothing would collapse.
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Figures 23.Top sketchWith an earthquake, the basis of a wall
suddenly moves with the PGA. The mass of the wall has an inertia,
represented B a force. When this force is perpendicular to that
wall, it will try to push over that wall. ¥ 1
The pushing over of the wall is prevented by arftbat is et

1 HORIZONTAL FORCE
MAXIMUM 20%
OF TOTAL MASS

connected ¢ the top of that wall. Tht floor must be connected to

side walls, to transfer the building load back to the foundation. u.:ﬁ ‘G—mn oo

=
PRRPENDICULAR TO A WALL

Lower sketchight. When the earthquake force is in the length
direction of the wallthat wall can
easily withstand the force.

However, when the wall is made from| |
loosely piled blocks, the top blocks m3
fall off.

Leftsketch Lack of a diaphragm will
cause the topsidefaunsupported wall | o sene
to break outside their plane. ROOF ILODR D HRA

Verplaatsing van 2 etages = Displacement of two storef&age hoogte = height ofaiy.

Veel overdracht = large transfer (of forces). Weinig overdracht = Little tranGiemd beweging ground movement.
Verplaatsing > 2x de horizontale verplaatsing van de 1 etage = Displacemembriz@rtaldisplacement 1st floor.

De krachten van de vloer worden overgedragen naar de zijmuren parallel aan de grondbewEgifprcedrom the floor
are being transferred tthe sidewalls, parallel tahe ground movement.

Muren vervormen in sterke matewalls deform in great extent.

Probleem van een flexibel diafragma

Figure 24A rigid diaphragm will vorplaatsxg van

. 2 etages :
transfer maximally the forces from ~a | e i verplaatsing 2 etages
the floor to the sidevalls that are = ngide T N, S e
parallel to the ground movement B S S g -

and strong in their plane.
A flexible diaphragm will deform ' ‘
strongly in its own plane and will etage | | weinig :

drach
greatly stress and deform (crack) | hoogte SregRes

the front and rear wall.
Grond- ‘
beweging

Aflexible diaphragm is a (floor) plate or disc that has a horizontal deformation over its length that is
twice the horizontal displacement per storey height (orange).

verplaatsing
> 2x de
horizontale
verplaatsing
van 1 etage

de krachten van de vlioer worden overgedragen
naar de zijmuren parallel aan de grondbeweging

Aridged diaphragm is a verydijed (floor) plate or disc that has a horizontigformation over its
length that is at most half the horizontal displacement per storey height (for example, a reinforced
concrete floor).

A stiff diaphragm is in between a i@yand flexible diaphragm (elements with idgand through
screwedplating suchas plywood).

In the vertical plane, the floors must NOT be stiffer than the connections to thedeadng walls or
columns. If the floors or diaphragms are stiffer/stronger than the columns, this will result in an
increased load on the columnstime event of an earthquake, just below and above tluged floor,

where the maximum moment zone already exists. This can endanger the columns if the load is too
great. When the walls or columns give way, a building will collapse, not when floors collapse.
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Te stijve vloeren = Too ridged floors ~ Ductiele vlioeren = Ductile floors

-
Ductiele vloeren

Figure25. Left. The wrong design/situation with ridged floors and flexible columns)(red
Middle. Good design/situation with strong columns and flexible flgblse).
Right photo With the failure of columns, the entire buildindlwbllapse and the building will pancake.

Dilatation of a building

Buildings with an irregular long floor plan or other long wings on a buildingith different

flexibilities of the building sections (large truss farms and churchasdt be dilated to prevent

undesirably large stresses in the event of earthquakes. Buildings with L, T, H, X and U shapes must be
checked for these aspects.

Figures 34Large timber truss farms have
stiff masoned front buildings and must be
dilatated between the different masses
and flexibilities of those masses.

Lack of dilatations between building parts
caused a lot of building damage in the
province of Groningen

Left. Elongated buildings or
buildings with side wings
without dilatations can suffer
major damageat their inside
cornersin the event of tremors.
Dilating extensionsr sidewings
preventssuchdamage.
Right.Example of cracks in the
inside corner of an L shaped
building. Mregulerity

Ductile

The capacity of a material or building to withstand repeated and irreversible-etastic
deformations, while maintaining a very large portion of its maximum Jcaying capacity or
resistance. Thbéestknown material is metal which can withstand even higher tensile force beyond
the elastic limit See thdensile diagram of steel.
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Due to the norelastic deformation, a large part of the earthquake load will be absorbed. In
reinforced concrete structs it is important that the combination between the tensile strength of
the steel and the compressive strength of the broken concrete is maintained as long as pdssible.
achieve this, many close positioned reinforcement bars are located around the nraxmmment
areas, that will contain the broken concrete is the maximum resistance of the concrete has
exceeded.
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Figures35. (Internetphoto) Ductile columns of a parking garage. The earthquake load on these columns was
much higher than thealculated strength. Ductility is achieved by both the material used (bendable steel) and
the way in which the reinforcement forms a basket in the maximum moment zones, so that the concrete
remains within the basket and does not lose its compressive fumcti

Designing buildings in tectonic earthquake zones continues to pose unknown risks. By designing the
structures ductile, total collapse will not occur in the event of too helaag (than the design) or
repeated shocks and failur@he basket construan in the maximum moment areakeeps the
broken concrete in place so that it can still absorb pressure.

Brick is a brittle or nowluctile material and will crack if overloaded. This is especially the case with
the sudden shorshocksof the Groningen eakhquakes, but tis hasno constructive consequences
when for cracks < 2 mm. To prevent this kind of damage, dddgeisolation or excessive
reinforcement is an option. Alternatively, trdamagedbrick wall can be insulated and-oéad with a
slightly flexble material such as wood or glued brick slips.

Figure36. Brick slips can be produced in many
(including classic) designs and gluedhtermal
insulation boards. By adding them with a slightly
flexible component adhesive, the lebdaring
construction can move slightly without this being
visibleby cracksn the outer facade.

Retrofitted houses will be well insulated and shov
no more cracks in #ir facades.
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Dynamic independent unit {Eurocode 8: 1.4.2.10}

Part of a building structure that is directly subjected to ground motion and whose response
behaviour is not influenced by the (response) behaviour of adjacent units or building structures.
Buildings with a highly irregular floor plan should be dilated each part of that building should be
calculated as a separatsndependent)unit.

Dynamic independence is a fancy term for a dilated construction. Unequal building parts (high and
low) oradjoiningbuilding parts with unequal stiffnesses must be ablenove independently of each
other during an earthquake. This is because the height of a building influences the vibration
frequency of that part of the building.

" [
KOP-HALS-BOERDERIJ Stijf metselwerk

in kopgevels

Scheidingen maken om lange
gebouwen in onderdelen
op te splitsen

Flexibele
houten gebinten
spanten

Structurele scheidingen
in zones waar van verschillende
flexibiliteit in de constructie sprake is

Baksteen villa

Figures37. Left: By dividing atraditional headnecktrunk farm building into three parts: the house, the
intermediate piece and the barn, each part has its own dynamic independence. In this way, damage between
the differently shakinduilding components is preventethe different parts with their different stiffness can be
calculated as independent units and each reinforced in its own way.

Right: This traditional headtrunk farm built as fullyconnectedmust be disconnected behind the head of the
more flexibldarge-trussbharn to prevent damage to both buildings.

The (old) bick headhouse(Figure 37 righthas a different height, mass, rigidiignd functionfrom
the largetimber trussbarnwhich is a very flexible and hollow constructidris shedwill therefore
move differentlyfrom the mainheadbuilding during an earthquake. The old house eaantuallybe
placed onBaseisolationwhen it 8 a monument, or it must be considerably reinforaddoughout
Chapter 2. Shape of buildings.

Earthquakes

Earthquakes are ground tremors caused by sudden shifting or sudden deformation of rock imasses
the deep underground. The sudden shock movements occur along fault lines in the earth's crust, tens
of kilometers deep, where continental crusts press agadash other andguddenlyshift by which
tensions are release(ectonic earthquakes). Fault lines also occur in the naturatgasaining
sandstone layer 3 km deep under the province of Groningen and the North Sea. When pressure
differences arise in thatesidstone layer because a large amount of natural gas is extracted quickly
on one side of the fault line and not in another zone, an elastic compression is first created in the
sandstone layer. When this deformation exceeds the compressive strength indhat the

structure of the sandstone pulverizes with a shock that vibréatesll the surrounding rock& At the
earthsurface, people often hear a baagd when strong enough can feel the vibrati®@ecause the
natural gas in the province of Groningereidracted by humans, these quakes have no natural cause
and are calledihduced earthquake®

36 Seehttps://en.wikipedia.org/wiki/Elastieebound theory
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Zoutsteen = saltstone
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Zandsteen = sandstone Geinduceerd Groningen gas extractie Elastische
Grondlagerr soil layers ;f;‘:l‘:'e"de 3 km Vewgg{gﬁ
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Elastische vervorming
pletten = elastic
deformation compaction

| zoutsteen 1 km
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Figure 38Induced earthquakeThe rapid extraction of natural gas from the porous sandstone causes a local
pressure reduction gidethat sandstone layer on one side of a fractordault line The upper pressure remains
the same and causedastic compaction of the sandstariEhe carrying capacity of the sandstone layer is
reduced because of the lesser int@rgas pressurédue to theconstant weighof the 3 km soil layers, the
sandstone is suddenly crushed when ¢benbinedcarrying capacity is exceedéstone + pressurgtausing a
short shock wave. The samdl lead to smalbkoilsettlements above the tagh salt rock layeof the Zechstein

All rocks are little elastic.Along and thin piece of marble or granite can bend slightly. When the
deformation due to pressure or bending has reached the elastic limit of the material, it will break.
Thisreleases the buittp tension The vibrations released duritige fracture propajate as shock
waves in thaock andsoil in all directions. One shock oftaiggersimmediatelyother shocks. In that
case, the earthquakeontinues andeels longer. Because the shock causes the building to vibrate,
most (elastic)structures willcontinue to vibrate for a while, making it seem to the peoplsittethe
building that the earthquake is lastimguchlonger.

Seismometers can record these tremors or earthquakes on the Earth's surface. The KNMI has set up
many measuring stations across the cow#f. The vibration signal can be graphically displayed as a
seismogramSeismometers have been placed in boreholes deep under the earth's surface in
Groningen to register theghter (induced)earthquakesaused by thgas extraction from 6200 m

thick sandstone layer
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Figures39. Left Depth lines/contours and measured locations of the shofigpocentersilonga fault line®,

Right.The main and aftershocks of the Huizinge(B-2012 earthquake. These show thatthe next four days
manysmall extra bocks/settements occur all arounithe main shockThesesmall settlements (shocldsat

cannot be felt by peopjealso occur above the tough salt rock lagayout 1km thick) and affect theground

level. These smaller shocks/vibrations, however, do have an impact on the soil surface and can negatively affect
the build environment, causing cracks in brittle masonry.

37 To better measure the effects and characteristics of the earthquakes dozens new measlinisgyere
installed by the NAM, KNMI and the TNO (Independent Netherlands Research Institute).
%8 Source: De Groene RekenkamiBne Green CalculatdRetail of registrations ovehe entire gas field.
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The deep placement of seismometers prevents interferefnom vibrations at the earth's surface
(pile-drivingfor new buildingsheavytraffic). Since 2014, vibration meters have also been installed in
the foundations of a few hundred homes in the province of Gronifyénfew3 km deep vibration
meters have also been installed. The KNMI network consists of borehole geophones (up to 300 m
depth), accelerometers and broadband seismometers.

Aardbevingen in het Groningemsgyeld =Earthquakes in th&roningen gasfield

Aardbeving in het Groningen-gasveld

153°.00
153°.00

® soam<ao ® 20am<30 ® 10M<20 1010
Faults at base Zechstein level Faults at base North Sea Supergroup level

] @ spanning op breuken R

Wrong |mmage of sh Iftlng |n the Sandstone ]ayer‘ Figure 10 Scismicity of the Groningen region (from Van Eck et al., 2006).

Figures40. Left: Example of anisrepresentatiorof the fault shifting processsapresentedn various
publicationsand by the KNMabout the origin of thenducedearthquakesThis image is copied from tectonic
earthquakesThis image suggests that the underlying Carboniferous laypeisising upalong the fault lines.

This is not thease, only the gas containing sandstone layer is compacted/crushed.

The image also suggestsatithere is subduction over the area the sandstone is pressed upwards.

Right: Already in 2006this detailed map was made of the then known fault lines in the sandstone layer, which
extend below the North Sea and probably connect all small gas fields to some Betegdirch shows théte

fault lines come from the Carboniferous and contihigiherinto the sandstone lagr. The Carboniferos,

however,is not pushed down, only the sandstone layer is crushed

Earthquakes in the Netherlands

Soft peat soils and elastic clays react very differently to earthquedi@pared torocky soils. In

elastic or soft soil such as peat, lelagting earthquakes can have acalled¥l OO S fefeltidij A 2 V
in the case of quicksand, can catgé A |j dzA ThisliGuifidatioBdpe3 not occur in the Netherlands

due to the short duratiorof the induced shock@naximum a few seconds). For the same reason the
acceleration effect does not exi§tSoft soils slow down and absorb the short sharp Groningen
shocks a bit; the latest PGAg card takes that into acéaunt

There is ncestablisheddefinition in The Netherland®f what constitutes an earthquake and what
constitutes a tremor. In generabne can say thavibrationsare those that arenot directly felt by
humans (Mw <2.4 or PGAg <0.04) dastingshorter than 1 second. When the shocke &arger, the
surface vibrations and building resonance will last longer and will be felt earlier by people. However,
both tremors andvibrations do influence foundations and can cause damage.

391n a later stage also tilheters have beefitted to buildings with other measuring options and functions
40When in 2013/2014 the extreme high PGA was proposed, the option emerged that an acceleftaan
could be possible, requiring also substantial strengthening of buildings remote from tbherdie.

41 The estimated annual settlements are about 1 to 1,5 cm/year. In the centre a subsidence of 60 cm has
occurred in 50 years since 1970, the beginning of the gas exploitation.
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Figures 4. Above Map KNMI earthquake$9001996 |&
with tectonic and induced quaké®p of the map)
Right aboveJan Timmers LR with a cresection of
the Peel edge fractureelow the main rivers in the map. Tectonic earthquake Roermond.
https://www.deurnewiki.nl/wiki/index.php?title=Peelrandbreak

Photofrom after the earthquake 1:84-1992 in Roermond where the ground sank lodafiy0 cm.

Despite their relatively low magnitude, on the Richter scale of up to 3.6 (PGAg < 0.1)-itthdugasd

earthquakes are strongly felt. This is due to their shallow hypocentres. These induced earthquakes rarely last
more than a fraction of a send, but buildings on the surface vibrate because ofcthg and peat solhyers

and their own elasticity. In fractures that are mainly in the sandstone layer, such as in the province of
Groningen, the subsidence differences at the earth's surface vathb# only millimetresWhen in a brick
masoned building onegpt of the foundation settles 2 mnthena 2 mm crack will occur in the brick wall, being
very visible in plasterwork.

Between 2012 and 2015, foundation damage was b#metyacknowledgetf by the NAM. & clarify

the type of vibrations that can cause building damage, a Vibration GuidelindZBR* was drawn

up in 2017. This Vibration guideline states that buildings can withstand a certain amount of vibration
without sustaining damagédowever, such statement applies to new buildings, not-§€arold.

42 Thiswas initiated by the NAM who wanted to exclude foundation damiagiémit expenses. Also when in
2014 the identification and inspection was carried over from the NAM to the @AMIuUmM Veilig Wonen,
Centre Safe Housing) the apparent NAM instruction was to disregard foundation damageauBieid serious
miscontent d the homeowners and resulted in many arbitration cases, all to be paid for by the NAM.

43 SBR. Stichting Building Research. Report developed in 204 ieBhof the report was that tremors under a
certain value were not subject to financial reimbursement or repair as common buildings would not be
affected unless these were already in a poor state of maintenaridee effect of that guideline was that
damage claims outside the sandstone/géisld or the province of Groningewould practically be excluded
from financialcompensation, this being the objective of the NAM. However, many centuridsrickibuildings
with weak foundations can still suffer earthgke damage from light tremorand settlement The disputes
about repair and financial compensation continued despite the-8BRL7 guideline.
https://www.building.nl/uploads/fckconnector/bbb3c9abf69-4a11-ad0695a88aeca916/3016759984
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The soil consists of various layers oNdaK > & dzOK & GKS 3l & S 2 dz& by Rai
top of whichasealingd £t G fF&@SNJ 6Fmnnn Y GKAO1OEZ YR 2y G2 L
By extracting natural gas, the internal gas pressure decreases locally in that sandstone lapeg, cau

it to be compressed; this is called compactidhis will lead to subsidence at the surface, which will

take place very gradually over the entire provirafeGroningenand will not be felt. Thisubduction

is precisely measured annually with the aidsatellites becausé& does have a major influence on

the groundwater levelcanals, sewerage systems and dtkes

Opperviakte met dorpen Qurfacewith villages.Gas spuit er onder hoge druk uiGas isxpulsed under high ggssure.
Geen scheuren No cracks. Schokgolf door plotselinge verpigjtporeuze zone = Shock wave by sudden crushing of the
porous layer. 670 bar druk = 670 bar pressure.

Gas spuit er onder hoge druk uit
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Buildingsat the epicentre experience most the vertical shoch impact.

Buildingsthat are more than 3 km horizontally from the epicentre experience therborizontal impact from

the shocks.The toughsalt stone layefevels out the settlement over awideraréa. a SG Gt SYSyid 2F F c.
takes place over the entire area over Beyeas, corresponding to the compaction in the sandstone.
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Earthquake resistant {Euro code 1.4.2.22}

According to Eurocode 8, buildings are earthqued&stant if the chance of casualties due to partial

or complete collapse is sufficiently smallThis does not mean that no damage will occur. A building
designed to withstand the theoretical maximum earthquake will JUST NOT collapse at this theoretical
maximum earthquake, if built or reinforced according to the calculations.

However, the buildingvill then be in a 'near collapse' situation. In such a case, the building will

usually not be economically repairalffe.

The assumed risk in¢hiNear Collapsgsituation (tectonic) is 1:100,000 or 20This means that in
100,000 buildings, one buildirfger year)may still collapse with fatal consequencEsr Groningen
provincewith > 200,000 buildings, that would mean > 2 collapses per year. Howetlegn average
of 4 peopleto stay in a buildingt meanspossibly8 casualtiesdeathg per year. Tk question is
whether you can also apply the same (low standard) for indeesethquakes becausthese are

“AE a2 asSS GKS YI L) 6AGK W{dzoRdzOGA2y Q Ol dZaSR o6& (GKS &KNJ
4 For new construction (>1992) thiskis 1:100,000. For buildings after 2012 the risk is 1:10,000 being larger.
“%Insomecases, thals33Sa A2y ¢l & YIRS Ay DNRYAyYy3aASYy (GKFG GKS 0 dzA
earthquake the occupants of the house would be able to evacuate the buildingérbiefore it would collapse.

This, however, is a totally wrong interpretation of the seismic code. Moreover, in the case of the induced

earthquakes of Groningen the orsecond shocks or earthquakes would not allow the house occupant to go

anywhere duringhe earthquake Running outside would cause aie@isriskof falling gable elements
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deliberately caused bthe commercial gasxplorationcompany’. A smaller risk standard of $#0as
applies to the Dutch seawalhd dikeswould bemore logic andh lot safer.

Earthquake resistant does NOT mean that there will be NO damage at the maximum g@xkthe
contrary, it meansimost collapse@disoexcept forfalling gableopsor chimneys, because
(according to the code) they are still allowed to &aild cause fatalitie?eople who try to run out of
their homes when the earth shakesan be hit by falling debris from facadé<Gable ends falling into
the street caused th most fatalities during the Christchurch New Zealand earthquake

A car smashed by debris on Manchestor S1, by Struthers Lane

Figure43. During the earthquake of February 22, 20
in Christchurch, New Zealand, the tops of storefronts,
fell into the street in the middle of the day, killing ’
dozens of people.

Running out of the house during an earthquake is
rarely a good idea.

During the very short, induced tremansGroningerof
one or a few secondthere is no time to leave the
house.

Phtagraph by lis MoGragec 6 Saptamber 291, ropradused evuriscy of The Prous, Christshareh, New Zsaland

A newbuild home built in accordance with the 2012 Building Decree wihstand 30% to 50%
higher loads than for which it was designed. This is because most construction standards for
materials have a margin of safety built into them. The material standard often corresponds to the
lowest value of a large series of testytrihe average. When calculating reinforced concrete
structures, there is an extra safety margin on top of the material strength. Metal construction parts
and the reinforcement in reinforced concrete are ductile (tough), so that they can still absorb high
loads after deformation.

. . . L Nimm?
Evenredigheidsgrens = proportional limit 100}
Elasticiteitsgrens = elasticity limit Vioeigrens = liquefication limit
Breekpunt = point of separation
i
. . . . : breekpunt
Figure44. Tension diagram of steel. From architecture book. L e

Thecalculation standard is the proportional limit of the steehere
the elongation has the same % as the increase in tensile. force
This proportional limibf 200 N/mn? is used in the calculations, 200
while the elastic limit is up to 230 N/nfttHowever, after
deformation, the steel can still withstand a load of up to
approximately 350 N/mr) almost twice the calculation standard.
To a lesser extent, this phenomenon also occurs with other building
materials.

vloeigrens of 0.2 %-rekgrens
elasticiteitsgrens

spanning ©

evenredigheidsgrens
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rek g = ?— x 100% -

4T The overarching issugere & that under current law in The Netherlands it is not allowwith the realization

of works, such as gas exploratidn)cause damage to properties of others. Causirigntionally bodily harm

to citizensbecause of collapsing houses is woisHectively meaning that the NAM may not continue to

extract gas with theesult of very heavy earthquakes that can cause collapse. In that respect, to suggest that
the earthquakes aareach the extremd®GAstrength as predicted by the KNMI is irrational.

48\With a tremor of < 3aconds it is impossible to realize there is entor and after that escape in time from

the building. It is more safe to find a strong corner in the building or dive under a strong table.
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Because earthquakeesistant renovation can be an extsiveand expensivéntervention, it can be
decided to reinforce at least to the strength of the 2012 Building Decree or to 50% of the NPR
9998:2020, whichever yields the highest reinforcement. This is based on the above insight, that the
new building standard is stronger than the net strength requirement.

To be able to make such a decision, it is necessary that the net material strength in the building is
known, and a good analysis of the existing construction is made. The latter is défiduttostly in

old building4®. Each construction period in the Netherlands has its own construction method or
typology;postg I NJ K2dzaAy3d Aa (Kdzi RADGARSR Ayi(2 of201a 27

During themany years that these older houses were inhabited, renovations were carried out and
parts were added according to different building standards. Cracks invariably detween old
construction andextensions when they are not properly dilated, while open kitehean weaken the
entire building structure against seismic loads.

By studying in detail a few similar buildingarfietypology) from a certain construction period, it can

be determined with reasonable certainty what the building strength is of all thaslelibgs in that
typology category, and what needs to be improved on such a building to make it earthquake
resistant create or strengthen.

Based on this concept, detailemhlculations,and reinforcement recommendationss{rengthening
Advice of 60 housig typologies have been made by TNO since 2018, according to which the
damaged homes could be repaired strengthened However, the 2018 PGAlueson which these
calculations are based are still very high and the content of thesemmendations $AQ) werenot
accessible to the public at the beginning of 2621

Earthquake resistant new construction

This is the design and construction diletmain supporting structure and the rest of the building
according to existing earthquake code or guidelinbs Eurocode 8 indicates this. TRSrocodevas
translated into Dutcht in 20132014 into the NPR 9998:2015. However, the earthquake zomiith
PGAg was based on the 2014 assumption about the theoretichfreatly oveestimatedmaximum
earthquake strength.

Atfter all, theforcesof the shocks are related to the method of gas extraction. Ifghe extraction

method and speedcthanges further, asxtractionwas first spread in 2015 and then reduced several
GAYSa 02AS06Sa wHnmyY aGc¢lk L) Ot2aSR Ay wHnon 2NJ SN
duration and frequencyThe NPR9998:2015 hdwetefore been amended several tintés

49To calculate this approximately with the NdmnearTimeHistory-Analysis (NLTHA) method, a home is
extensively aalysed and calculated, which can cos2 &eeks and more than EUR 15,000. On that basis, a
reinforcement proposal can then be made (another EUR 5,000). At a maximum quake PGA, the building will still
tear very heavily, but just not collapse.

50The reason Wy these calculations were not made accessible to the public was not given, adding to the public
mistrust about these calculations. TNO operated here as a commercial entity, requiring payment. Using higher
seismic loads than in reality willake a buildirg stronger than required by theeal seismidorces;it will make

the risk for craks smaller, although this is very limited wiidgedbrick constructions

511t was unclear whytat Eurocode 8 was translated and improved upon, because the code was fully adequate
for the light earthquakes in The Netherlands, besides all technical personnel such as engineers who would be
working with thatEurocode &ould perfectly understand the ghish version.

52The latestversbn of theNPR i$\PR 9998:2018+C1:2020 (i@lid can be downloaded free from:
https://www.nen.nl/NENShop/Norm/NPF99982018C120261.htm
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Figue 45. Example fromHome Webtool NPR9998:20%8.
Instead of periodic changes, since 2020 the Home Webtoo
NPR9998 has been used to determine the-R@#s, which
shows the expected maximum PGA lpeation with
horizontal and vertical factors for 95, 475, 975 and 2475
years®*

For a return period of 95 years, the highest PGAg on this W
tool as of May 2020 is = 0.085 inding theground factor,
and equal to the strongest earthquake onA6gust2012 in
Huizinge with Richter magnitude 3.6.

Since the sharp reduction in gas exploitation, the highest
earthquakes are <Richter 3.6 (PGAg 0€9.1).

In the peripheralareasoutside this mapthe PGA can be < J ;
0.05, at which point seismic calculation @longer jot -
necessary.

Actual map on https://seismischekrachten.nen.nl/map.php

TheNPR9998:202(and the linked Design Guidelines for Earthquake Resi§tanstruction are no
obligatory instructions. Alsdhere is no obligatory legislation tohat respect®.

If one were to assume thexistingstandard or legislation, the supporting structure of the building
must comply with the applicable Building Decree 2012 (with amendnoéduly 2013 for storm
load). That is considerably less demanding than the NPR9998:2020.

The maximum PGA wasd 2013 establishel °° on PGAg 0,4Being5 Xthe Huizinge earthquake.

In 2015this waslowered to4 Xthe Huizinge PGQGA0,085, becoming PGAg 0,36.

The Building Decree refers to the Eurocode 8 for earthgweksstant construction, but the
Eurocode 8 also refers to thaational annex(being the map) Thislatest national axnex with the
earthquake zoning map can now be foumadl the website.

Earthquake resistant reconstruction

Earthquake econstructios’ or retrofitting of the main supporting structure in accordance with the
Design Guideline for Earthquakesistant Buildings must be basedtba NPR9998. The zoning map

of the province of Groningen was replaced in the September draft version NPR9998yalmdp

that alsodefines the upper 30 m. This upper layer of soil, including the groundwater, determines the
acceleration of the earth's surfadeecause ofa shock in the hypocentre; the shear wave velocity
(Vs;30). The calculation valuedll differ per location and therefore per soil type. The latest
NPR9998:2020 with the Home Webtool C1:2020 is now implemented as a mandatory calculation
method. The latter NPR also remains on the high (conservative) sidésatependent on the
development of the remaiing (gas exploitationactivities in the subsoil.

53 See! https://www.nen.nl/media/PDFjes/Achtergronddocument NPR_9998 webtool module 7 -0@20pdate 202201.pdf

54The notion that theoreticalalculations have been made for 2475 yedrsstrates the tectonic origin,

because gas exploitatida already reducedill befinished in about 20 years at the most.

5 TheNAMand theNCG however, demandéthat engineers calculated with &se highseismic values

%¢ KS @EadilRhe® A& dza SR orSalthlddatitns vereluselit dvas gu@gested that first a 2,5
Xsafetyfactor was applied (2,5 X PGAg 0,085 = PGAg 0,2125) and after that multighi€dfor extra safety

because they wertHot very sure about anything The result was 2 X 0,21 = PGAg 0,42.

5 Theterminologis @ | NIi Klj dzt 1S wSaAraidlyid wSO2yaidNHzOGA2yQr { I FSNJ
the Minister of Economic Affairs on 18-2015 by means of a letter to the Groning#ti§cussiorPlatformQ
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Figured6. The accompanying soil map of the
province of Groningen and the surrounding are
indicates the most important soil types.

This map from NPRO17 with the shear wave
velocity Vs;30ndicatesthe soil types down to a
depth of 30 m.

The green and light gen areas (clay soils) in the[, -
NPR map give the highest valdesVs;30 and
therefore also for the PGAg.

The purple, firmer soils give a lower value for thq Sl
Vs;30, which means that the quakes are also leg# e =
strong and can last shorter. ol

P “—‘v* . b e
LT da2yfteé GKS OdzZNNBYyld wnmu .dzAf RAy3d 5SONBS g2 dA
reinforcements will usually be required for old buildings from before the 1992 building legistation

meet the standard value of the NPR9988

With alarge reconstruction or renovation are magidry sustainability and durability measurements
necessary’. In The Netherlands, per January 2021 the BENGis applicable Bijna Energie Neutraal
Gebouw= Nearly Energy Neutral BuildindheBENGspecifies a maximuranergy use of 25 kWhh?
usable floorsurface per year of thbuilding. See also undeBENG.

To seismically reinforce a 1970s terraced house in the province of Groningen of (201dwvalue <
€ MANInnnoabduRe b wddby/s Y @ ordy$he nf@BdniRed walls bigig
Ayadz I § SRd 50/000FnRyR Be indedled Itof furtheer insulate this houseof, windows,
ground floor, heat pump and make it more sustainable @wrding to the 2021 BENG standard. The
homeowner will oftenNOTbe able to afford these extra cost® make the housemore sustainable

in the long term The hous®nly becomes strongef’.

After these interventions, the resulting building (without laimd2015 will then have a market value

2T f € wMpnInnni: SKAOK A& gKeé RSY2ftAGA2Y YR Y
the current economy. The resulting material destructipndemolition and rebuildingnd extra C®
emissions ardlogical in terms of the national sustainability ambitson

(s}
&\

Older buildings from before the turn of the 19@@ntury are sometimesnonumentlisted buildings

and often may not be modified on the outside. To strengthen monuments according to NPR9998,
lengthy approval processeapply, and little modifications may be made to the wall construction.
Usually this leads to the costBaseisolation.See the Chapter 5.

58 Sirce 1965the modekbuildingrinstruction 192 of The Netherlands Municipalitie¥'¢reniging Nederlandse

Gemeenten was reviewed. Among others the wihahd factor which is determining for building strength

59 See for new built: http://atriensis.nl/nieuws//459/strengere_eisen_isolatie_nieuwbouw_gevolgen_bij_renovatie

50The NAM company didan feel responsible to provide the additional finance for makingsthigouses

sustainable as they felt that their responsibility was limited to only strengthening the buildinghéAsame

time,i KS& KIR SEGNI OG§SR T2NJ 2JSmdgensoih leadingfa binkidglandamNR Q& 2 F ¢
cracked houses. This attitude is typical of large exploration and mining companies operating in a capitalistic

world, where they do not feel responsible for the environmental damagiedeteriorated circumstancefo

the population once the mining resource has been exhausted.
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Buildings built before 120 and built onfirm or undisturbed soibften have high windows andyith
wooden floors, are seismically very weak structures. This means that considerable reinforcements
must be applied, starting with the foundation, the lchdaring walls,the making of floor
diaphragms, up to and including theof structureand the chimmeys. Even if an aesthetic value is
attributed to the building (for example, in the case of a protectedvn-view or municipal
monument), thisvasconsidered economically unprofitalfie

The most buildings do not need to be reinforced if theyust meet the Near Collapse rating
according to NPR. The NPR, with the Home Webtool vauesstill conservative in 2020 with
between 50% and 100% above the true value. When gas exploitation igestopo greater shocks
will occur than the 16 August 2012 in Huizinge (Richter 3.6 with PGAg 0.085).

Figures46. Commorterraced housewith and
without wide windove and smalpiers in the
lower facades and without momemesistant
floor-wall connections in the longitudinal
direction of the building blogkelong to the
weakest building categories.

Good reinforcement methods are available fo
all types of buildings, but econderfactors
play amajorrole in the decisiomaking.

These two older buildingperiod 1800pare seismicallyjamong the weakestonstructiontypes.

Left. The ground floohasvery narrow window piers and high windawgis type of towrbuilding has no
interior crosswallsfor stabilitythat can absorb the transverseismidoad.

Right.This old farmbuilding fronthousewas purchased by NARhd the occupants relocatdshsed @ the

2014 very high PGyalue The norcement masoned walknd other aspects considered; it was deemed that
the building could not survive several PGAg > 0,2 earthquake ghatk®uld occur in the next five years.

61w 9 O 2 o/pRofitablells used in the conte of a similar building volume and user function that can be
realised fortthe sameamount of moneyThis does not apply for important historic buildings and central
governmentmonuments.With theseeconomiccalculations thedurability or the C@emissions areisually not
calculated. If they were, repair retrofitting and recycling would rapidlyrtoee economic.
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Formonuments and iconic buildingareinforcement budget of 150%f the repaired value was
applied forthe demolition and reconstruction costd he lowmarket valueof the existing building

was notconsidered as it was usualiyreadyvery low, meaning thenarket value before damage.
Seismic rerofitting according to the NR PGAvalue costs far more than the market value after
renovation unles# is possible to apply a chedype ofBaseisolation method.The required and
necessary durability improvemestich as thermal insulation mustill be added to the budget.

There weredifferent viewsgopinionsabout thecosts of the reinforcement process, the procedures to
be followed or the regulations of the NG@d IMG these viewdliffered widely &2

Earthquake resistantstrengthening

This is the process of strengthening an existing building in such a way that it can withstand the
theoretical maximum earthquake without partial collap®eér Collapsestate). The earthquakes
must not cause manuman casualties (norm ¥ because ofhe collapse of building parts or the
entire building. Preventing cracks is not part of $ti®ngthening as is laid down in the AG17 and
GKS 9d2NPO2RS yI 020K GKS o6l aira wAY K SA D t wkpSpNS k2 N
elastic concept. This concerns the entire building including the main supporting structure, the
primary construction components, but also the secondary componétnddso covershe secondary
componentssuch as heavy chimneys ertending gable tops aboviacades These elements
demandfirst attention because they cdfll in the event of light earthquakes or shokJ hesehigh
placed building featureare calledHighriskCelements OnlyBaseisolationis an adequate solution to
prevent damage to old weaknd brittle brick housesThe principle oflamagefree livindQas desired
by the population, usually requires more extensive and therefore more expensive reinforcement
than seismic reinforcemerglone, or the application oBaseisdation, which greatly reduces the
earthquake forces on the secoffdpper)foundation of the buildinéf.

Pamagefree’ for the brittle brick masonry buildings built on solid grouisdalmost unfeasible as an
objective unlessone has reinforced masonry throughout the building. This hasMistsin The
Netherlandgor two- and threestory buildingsand isvery difficultto implement afterwards.

Scheuren = cracks

Figure47. Effect on a weakrickhouse
without and withBase soldion.

The whole building is cracking around
all openings (danger).

Due to theBasesolation only light
forces are exerted on the structure
above (safe).

Chapter 5 takes a closer look at the
theme ofBase isolation.

Base Isolation

Scheuren

62 See https://www.nationaalcoordinatorgroningen.nl/binaries/nationaabordinator
groningen/documenten/rapporten/2020/06/24/criticaleview-over-de-benuttingvankennisin-de-
versterking/Critical+review+Benutting+van+kennis+in+de+versteibdifg.

83When highrisk elements such as a chimney are removed, includidgcingthe building mass or making a
dilatation, the risk of damage is immediately reduced. Relatively speaking, this strengthens the building
However, itdid not countasbuilding reinforcementccording to the administration (mistakenly) few

thousand houses were improved in 2014/2015, but officially the administration counted only a few buildings
that received inside large metal support struots. This created the impression that no progress was made.
64 The population of Groningen does not want any damage at all, and certainly not reinforcement to just the
Near Collapse principle. The difference between the legislation (Near Collapse) atahiage' isot clearto
most residents. The additional problem is that the stiff and thin brick constructiofisemNetherlands are not
earthquakeresistant at all and immediately suffer crack damaajsowith smallershocks
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Befae reinforcing the building, first an analysis must be made of the current construction and the
quality of the foundation base (ofirm soil or on piles). Many old buildings often do not have
construction drawings availablaJsoover timeinternal modifications are often madeOn the basis

of the structural analysis and the NPRquirements a proposal must be made thahould be
discussed with thewner andapproved by the Municipal Building Authority. In the case of large
modifications,the building must be made durable as well with the appropriate thdrimsulation.
When it is a listed monumenit requires approval from the Monuments Authority.

The various sustainability aspects must therefore be included in a renovation plan, stingraal
insulation of the entire outer shell. When a building has a significant inherent defect, the costs of
repairing that inherent defect will have to be discussed with the oiner

In the case of seismic strengthening to the very high NPR9998R0GAYr for crackresisting, many
houses cannot accommodate for many monthe houseownerand requires temporary alternative
shelter (additional cost). All in all, strengthening a building against earthquakes or making it crack
resistant will often take mre time and costs than demolishing it and erecting a sustainable
(insulated) and stronger new building (lightductile, such as timber frame construction).

Gouncil houing built during the first 25 years after thé&/orld War Il were not insulated and hae

small internal dimensions. Even if they have been fitted with double glazing and cavity wall insulation
in the meantime, the combination of seismic reinforcement and preservation according to the high
standards and economy dhe current society isfar more expensive than demolition and new
construction.

When 15 cm of internalvall insulation is applied in a house with small bedrooms, the bed can no
longer fit Along stairs kitchen and bathroomwalls taking 15 cmoff also causes problems:or
houses hat were built in later periods it may be possible to remove the entire outer shell of the
cavity wall and replace those with a new well insulated wall, thus not affecting the inside dimensions.

Figue 48. ThesuburbOpwierde
Zuid in Appingedam.
Demolishment 0233houses for
rebuilding. e e e
Photo: Gea v Loon,-8-2020. e A S P [ 1 o :1]
Dagblad v Het Noorden. 1) 'l !_ !
[__j — ’_7":—,—,3

According to the building standards, new constructions angomaticallycalculated with asafety
margin (part of the material strength valugyvhich means that they are approximately 30% to 50%
stronger than the breakinpilure point of the calculaed value. For tectonic earthquakd# the

USA, New Zealandhe maximum PGA is also an estimate witkaédy margin. For the retrofitting
(seismic reinforcement) of existing buildings, tectaromesoften require that buildings that are too
weak (high risk of collapse at the maximum PGA) be reinforced to 50% or 2/3 of the desired standard
seismicstrength. T&ing the safety margins into consideration, the building will reach the Near
Collapse strength. This will substantially reduce the rdtiofy coss for thousands of buildings.

85 A building frombefore 1900was built according tmone ordifferent standards than todaymhis is not an
inherent defect (legal term from the insurance world), but the buildingihake meantimenot beenrequired
to conformto the neweror currentbuilding standardsThe NAM declined to pay for inherent defects.
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Elasticiy

Each material has a certain elasticity that is expressed by the elasticity module or the Young module
(within the elastic zone). When the maximum elasticity of a material is excequdanent
deformation will occur. In the tensile diagram of steeinforcement barsthe elastic limit is 200
N/mm? and the very high modulus of elasticity is 220 kN/nifigure 44.

Baked byicks (hard grey) have a very low modulus of elasticity of abou84&N/mn¥, andthe softer

red masonry brick of only-7 kN/mn?. Brik can handle very little elastic deformation; if deformation

is slightly toolarge it will therefore crack or break. In a brick building that is already under tension
due to regular settlement under the building, a short impact from an earthqshloekwill cause a

crack This is the reason why so many new cracks appeared in the Groningen earthquake zone; many
buildingswere already under tension due to old settlements in the foundations.

A building that has a high degree of elasticity, such as timbendreonstruction Timber Skeleton
Building or the steel frame construction of an agricultural shed, has a highlug® and therefore
absorbs well the forces of the earthquakes. Rigid infill material of brick masonry with blast furnace
cement mortar does not have that. That is why cracks invariably appear between the flexible frame
and the rigid infill walls. See alsGamacity mode. Old buildings that are built with softer and
deformable lime mortar will not show any cracks with small deformatiorisnin).

Figures 8. Along the steel columns of thiteel truss
chicken shed, the joints in the brick have cracked
becaug ofdifferent elasticities between the steel frame
and the rigid brick infill wall
In such a construction, the different materials must be
RAfFGSR FNRBY SI OK 2 indg&ivedd
constructiveeffectwhatsoever.
See also undeZapacity mode.
{ dzOK & Rho¥Wévet Bcuried extensive claims ang
arguments anctostlyprocedurss.

By dividing up the very large end
facades of old farm barns
(separation at the stable doors)
and making the tops of those
facades in flexible sheet material,
cracks due to settlement or
movement of the flexible roof
construction argrevented.

66 For a detailed explanation of thew@lue seeBehaviour factor.
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Epicentre

An epicentre is the place on the earth's surface directly above the earthquake source, the
hypocentre Since the epicentre is the point on the earth's surface closest to the focus, this is also
the point where the verticatarthquake waves are felt most strongly. At a horizontal distance from
the epicentre that is further than the distance from the hypocentre, the vertical movements become
smaller, but the horizontal movements can increase and slow down. In Groningen thiss rtieat

the strength of the quakes beyond 5 km from the epicentre gradually decreases.

Figure50. The 0.5 km to 2 km (average
1 km) thick Zechstein salt layer is too
tough to undergo fractures.

The Carboniferousyerbelow the
sandstone reservoir does have fractures,
but the rock layerdoesnot movealong
those fracturegluring adisplacement or
an earthquakdn the sandstone layer

In the province of Groningen, the
epicentre is about 3 km above the
hypocentre. An edéinquake takes about
one second to travel this distance.

Breuklijnen in het
poreuze zandstoon

.

Bron Namplatform

Every earthquake has its own epicentre that can be determined very accurately with many vibration
or seismicmeters. The largest earthquakes occur in the region of the municipality of Loppersum,
with Ten Boer, Zeerijp and Westeremden. Further away from a@p&entre, the vertical PGAg
becomes smaller, but the horizontal PGAg can continubketdelt far away in the soft soils. In the
outer areas of the earthquake area, it is therefore possible that new damage is identified, while this
is no longer the casa ithe central area because everything has already cracked.

Emergency measurements

Measures that have been or will be taken to prevent the risk of collapse, or to prevent worse damage
to a building. In some situations, the need is identified throudgkMe&s pEVS (Rapid Visual Screening

or Extensive Visual Screeninghe most important measures are shoring up structures or buildings
to prevent walls from falling over, and cordoning off the walking area around the building so that
building components cannoafi on people.

In the province of Groningen, emergency measures were often taken at old farms because the
wooden roof constructions are very flexible and push away the stiff brick side walls in the event of an
earthquake. Emergency measures are aised in old homes, including the placement of scaffolding
and props isidethe building to support floors that lostheir wall connection Another emergency
measure is evicting the residents. This may sometimes have to be done legally by the local
municipdity, at the behest of Bilding Supervision Authority.
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Figuressl. Left
Barrier around a
high-risk facade
construction.

The flexible roof
provides no support
(but does provide
additional load) on
the already large
mass of the high
top facade.

Right: Struts of an
old bad side wall.

EVSExtended Visual Screenihg

Abbreviation for a nofdestructive but comprehensive investigation of the safety of buildings in an
earthquake zone. This FERIAnethodology of house inspection was introduced by Afumnd
slightlymodifiedfor the inspection of the buildings in Groningen

ThisEVS 4 the followup examination after &Rapid Visual Screening (RVS) detected likely faults.
Based on thi€VS$it canbe determined whether measures need to be taken to improve the seismic
safety of the building. In the province of Groningen, these studies were carried out by specialized
agencies and the former Centrum Veilig Wonen, 22030, the CV\F.

This EVSinvestigation can include requesting construction drawings and a comparison between
drawings and construction. A photo report is often a standard element in more complex situations.
With an EVSdestructive testing is usually not yet dorseich aghe opening of constructions (ceiling
floor, digging up along foundatiohs

In Groningen, a EVSwvas used as standard for public buildings such as schools and, if possible, the
connections of the structures were examined. Télaborationwasdecided becauspublic buildings,
where many people gather, must meet higher security requirements than private hdpeeslso
Importance clasand Consequence class.

Fault areas

A crack in the rock along which (due to pressure differslmcenovemensin the earth's crust) two
rock massesr layershave shifted relative to each other.

67 TheNational Earthquake Hazards Reduction Program (NEHBR) Ra G KS FTSRSNI f I28SNYYS
reduce the fatalities, injuries and property losses caused by earthquakes. Congress established NEHRP in 1977,
directing that four federal agencies coordinate their complementary activities to implement and rimeih&a

program. These agencies are: Federal Emergency Management Agency (FEMA), National Institute of Standards
and Technology (NISTNational Science Foundation (NSF) &h8. Geological Survey (USGS).

58 Arup is the major engineering firm appointed by M 2012(after the Huizinge earthquake) prepare a

plan for earthquake damage assessment and make proposals for seénfitccement Many homes have

been analysed and extensive calculations carried out under Arup's leade®strip.of the photos andraphs

of the reports arencorporated into this book.

89 The CVW was established in 2015tfw claims handling processeparate from the NAM. On January 4,

2020, the Temporary Groningen Act estabdidithe IMG instead of the CVW
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The tectonic earthquakes originate along sedault planes thatcan shift further. These faulareas
existin the million years old Carboniferougda)) layer and conthue into the 200 m shallow gas
containing sandstone layeirhe sandstondayer under Groningeirs about 50 km wide across the
province.lts relatively small thickness results in the many fractlageas

Figure52. The 2014 KNMIAM map shows théargest fault
areas in the gaseous sandstone lay@utside the Groninger}.
gas fieldthere are manyother small gas containingareas,
about 1700 in total. The red numbers are the locations of fhe)
largest shocks up to 2012. In the above shadstonereservar |{{"
positioned (seking) Zechsteinsaltrock there are no fracture{i {
planesor faults, andno shocks occur there. ‘

Recent maps are much more accurate and show many njore
fracture planesn the sandstone layer

Flat bowl shaping

The very slow and gradual subsidence of a large laeeause ofompaction andgoil subsidencever
a large areaAs a result, the earth's surface forms a very flat bowl relativehéooriginal sea or
groundwater level The final depth of tat flat bowlis equal to the subsidence map

If the maximum subsidence ov&b km is equal to 200 mm, then the angular displacement or tilt of
buildings over 10 m is only 0.2 mm (both 1/1800This is hardly perceptible for a buildifigand

does not affect load pagéirns in a building. Subsidence daerBuencethe groundwater level. Strong
bowl formation also occurs in areas of salt exploitation. Although there can be a demonstrable tilt of
buildings, it has no effect on the building strength.

Figure53. Abuilding that is [ Effect komdaling

perpendicular to the n y . q - 0 0
contour lines of the JITTYILLY LI TR T NIV ERN UL T T
. . Doa|d g e
subsidence will sink more ==
on one side than on the Ll — | e =
other. —————d i ol
Gebouwlengte 25 m daling 1mm daling 0,5 mm

Also seé8ubductiogand@2 Y LI O A2y Q | yR W{SGiltAy3aQo

Flexibility of buildings

The ability to undergo deformations while keeping thaterial or material strength intact. Because a
building deforms during an earthquake, the earthquake force is partially absorbed by:

(1) The materials of the structure itself are elastic (steel or wood)

(2) The connections between the construction parts are tidasteel)

(3) The connections between the structural parts are moveable (slightly loose or ductile).

" This is measurable thi a tilt measuring device. On several loings such devices are placed to detect
rotation away from the vertical position.
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Flexible structures have an increased behaviour factor g, which increases the building's resistance to
earthquakes. Stack construction often has some lfiégi due to the weak connections between the
rigid prefab elements (concrete slabs).

In earthquake areas these connections can be purposely designed to be slightly mavdhbtgile
Allowing the joints to deform ductlgives the buildingsome flexibility, even if it consists dtiff
concrete panels. If this flexibility é®nsideredwith the preci® NLTHA calculation, it will appear that
the building is more resistant to earthquakes than if it is only calculated aligtid his mainly applies
to tall buildingshaving many connections

Figureb4. Dijkzicht flat in Delfzijl. Photo
RTV Noord.

A detailed NLTHA survey was done on the,
seismic strength of this and other :
apartment buildings. Due to the
assumptiorof somewhat flexible
connections between the elements, the
building turned out to have a reasonable
strength.

This is a&onsequence class CC3 building.

An interesting example of a building with rigidinforced concrete construction elements and
somewhat ductile or loose connections is the Dijkzicht flat in Delfzijl (photo above). d&tizited
NLTHA measurements of the actual structure and very detailed calculat&mssiming possible
movement in the joints)the building's resistance to earthquakess estimatedo be greater than
the simple static calculation indicated.

Foundation on firm sdi

WCANY &a2AfQ A& YSIFyld (G2 0SS dzyRA&aAGdzNDBSR O2YLN Ol
of the foundation base is calculated, based on compression tests, but in the past mainly on
experience with neighbouring buildinghdgks of the eaiiquakecreate alditional foundation load

and can causeertical settlement, especially igoft soils.Firm soil foundationgare preferably built on
undisturbed sand, but this is rarely the case in the province of Groningdthen houses are
constructed on the softeclay and peasoils, settlement of foundations is more likely

With a foundationis madeon wet soil, the groundwater can be squeezed out from under the
foundation, causing this foundation to sink and causing cracks in thevisaitk'.

The foundationtechnologyon firm gounds has beemperiodicallyimproved by reinforced concrete
slabs and integrated beam constructions andater periodseplaced by pole foundations.

Ontwikkeling funderinger Development of foundations

Houten vloeren = Timber floors Getrapt metselwerk = Stepped masonrySpouwmuren = Géty walls

Strokenfundering = Continuous slab foundation  hout of gewapend betonviloer = Timber or reinforced concrete floor
Gewapend betonvloer = reinforced concrete floor met isolatie = with tiermal insulation

Betonnen systeemvloer = concrete prefabricated floorStroken en balken foudation = skabiip and beam foundtion

A 2mm subsidence of one side ab@ckfoundation onfirm soilwill create a 2mm crack in tharickwall
above. With foundationshat are not level, such as witartial basements, these cracks almost always occur
from foundation to the roof.With strong foundation slabs and beams, the loing may it.
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Figuress5. Top.By applyindgoundations on strips and beams, 3 )
fewer cracks occur in the foundations, but possibly higher in the® €™

building €onstruction period4970s and 1980s).

Above Calculations involve the mass of the soil besides the foundafioandations omndisturbed soilsnust
be laid widewith higher building loads.

Right. With a smaller load under windows, foundations are subject to negative moment forces.
https://docplayer.nl/64563105ellema2-onderbouw_voorwerkindd-20-25.html.

Foundation on a platform, platformfoundation

Full slab foundation under the entire buildirgpmetimesknown as 'balanced foundation'.

Aanleg platform funderingen Isolatie en
ap 9 afwerking Negatieve
- vioer

wapening

!

+ — -

F\kassingen
maken

Verwijderen orn de 406

houten vioer

\;—w,—g.

/. Uitgraven l / WGy OSSN
“ totvaste | \ Lxchtgewu:ht . .
grondsiag | schuimbeton | draging
600kg/M3  \eriiest functie

Figuress6. Photo and sketch of the construction of a platform foundation in an existing building. By making a
fully loadbearing plate under thentire building, the ground pressure is reduced even more. See also Chapter 4.

Due to this design, the buildingasscauses a low, fully distributed pressure on the ground and the
risk of settlement is greatly reduced or avoided, and thus also crack fanmbecause ofany
settlement. This slab foundation (sometimes on foam concrete) can be added to existing buildings by
constructing it with encasemeninto the walls at regular intervals and installing a ldmghring
concrete floor with negative reinforeeent in the concrete floor along all walls.
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In case of weak foundatiorend/or soft soilsand the need forseismicreinforcement the method
mentioned above is sometimes used. This is an excellent reinforcement method for reinforcing old
brick buildings vih foundationson firm groundsthat show local subsidenc&he technologyloes

not protect the structure above against the horizontal loads of an earthquake. Additional wall and
diaphragm reinforcements then remain necessary.

Belasting van gebouw = Loafitbe building  Bdasting = load Negatieve wapening = negative reinforcement
Vervorming = deformation Positieve wapening = positive reinforcement vervormingslijn = deformation line
Tegendruk of draagkracht van de gromter de plaatfundering = reactive pressure by the soil under the platform

Bij een plaatfunderin zit de belangrijkste wapening bovenin = with a platform foundation the most important reinforcement
is in the upper part of ta plate.

Oude fundering heft onvpldoende draagkracht = Old foundation has insufficient bearing capacity

Muur met ingeklemde betonbalk = Wall with sandwiched reinforceatoete beam.

Belasting van gebouw Belasting
negatieve
wapening

=it
—Verommg_— =

positieve wapening

vervormingslijn
—— —— v J

£

= il Muur met

I
NN N N | ;
* f ' \f . *\ N ingeklemde
Tegendruk of draagkracht van betonbalk
de grond onder de plaatfundering

_ Bij een plaatfundering zit de belangrijkste wapening bovenin

Oude fundering met onvoldoende draagkracht

Figuress7. Left. With a concrete beam, a negative moment is created wbaded andclamped in a wall. Here,
'negative’ reinforcement is applied (red). With a slab foundation, the load on the building is all around along the
edges of the floonmeaningthe reversdoad of an elevatedselfsupporting concrete floor. Negative
reinforcementmust then be placed in the entire top of the slab foundatiRight Application of foam concrete

after foundation repairhttps://vandijkmaasland.nl/expertises/schuimbeton/woninauow/

Fragility curve {Eurocode 8: 1.4.2.15}

Diagram orgraphshowing the probability of a certain degree of physical damage (cracks, collapse,
subsidence) as a function of the strength of the earthquake.

Each type(typology)of building has a different vulnerability diagram. Based on measurement and
observation, the level of damage after an earthquake can be determinesef@ralbuildings of the
same typeafter which avulnerability diagrantan be estalished. Thizan then apply to all buildings

of the same type. In 2013, the NAM consultant Arup estimated the various vulnerability diagrams of
different types of buildingbasedon the data available at the time

According to the diagram below, atRGAg of 0.42 from 2014, only 50% of the-p820 houses
would have almost collapsed, including the lase workers' houseghere isno difference with twe
storey houses).The estimate in 2014 was thahousing frombefore 1920 >80% would have
completely ollapsed. These graphs were made in 2@034 of different types of housing typologies
and compared with the earthquake of 1992 in Roermond. However, the available information on this
Roermond earthquak&vas limited.Since the induced earthquakes are smiathan PGAg 0.lhese
types of graphs therefore give \gery unprecisepicture of the situation. However, they suggest
correctly that with PGAg 0,4 most houses will partly collapse.
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Figure58. Arup 2013 vulnerability diagram of pre
19200n firm soilbuilt dwellings withwhole brick 1
walls and large windows or narrow piers and
wooden floors without diaphragm function. The left
grading scalés the portion that is damaged at the
PGAg value below

URM: Pre 1920

The black line of DS1 (light damage) in this diagram
already rises at PGAg 0.05 and is about 10% at
PGAg 0.1. However, this does not correspond to
reality, with >50% of the pf&920 homes in
Huizinge having damage at PGAg 0.085.

Pr(DS >= DS)

The vertical PGAg 0 érshould therefore already
start at the beginning of the black line ANtz
black lineshould be slightly steeper.

For the seismic (preventive) reinforcement of those typical buildings with standard structural
solutions, a vulnerability diagram is a tretical contribution to the decisiomaking process.

Figures59. Left. (Photo Internet, by Fundg Old farmhouses are among the most vulnerable buildings in the
province of Groningen, because they are often built with loam and lime mortar, have high windows, lack of
floor-wall connections, high heavy chimneys ofteaiblewooden rod construction. Tay are connected to the

large and flexibletimber trussshed. In addition, some of the buildings have a partial basement, which results in
differences in foundationsettlement. Because no dilations have been made between the head building and the
so calleddecKbr between theeckand thewunkQ 6 f I NJA&Y wikl ta@pait at those connectionThe

large barnshedhas its own seismicharacteristics angroblems.

Right Terraced houses with allindow facade. Without internal structuravalls, these types of buildingsill
collapse during an leftight direction earthquake.

Gas field exhaustion

The depletion of the gas field was the objective of the 2007 extractiontplahe NAMandthe first
version of the 2013 extraction plgafter the 2012 earthquake at Huizinge)

Based on the data from the-88-2006 and 36L0-2006 earthquakes in Westererad, natural gas
production was rduced after which there were no more major earthquakes for about a year, and in
2007 it was believed that an exploitation level of appnuately the 45 billion ni/year would not
yield significantly higher earthquakes thR®Ag 0.1 (Richter <.4j that periodthe building damage

or repair costs were manageable.
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After the new earthquakes in-85-2008 (Zeerijp) the natural gas production was agettucedand
the effect of that last earthquake and the earthquakes after tivate assessed.

Figure60. The 2007 extraction Productie Groningen gasveld
plan in which the planning of
natural gas production is
indicated up to 2040, with a
possible extension to 2050.
From 2022 it would no longer be
possible to run at maximum
capacity due to th@ressure
reduction’?

-
o
o

1 Productie
Huizinge 8-12 schok

A
Productie groei\

miljard Nm?®
388888388

60 6 70 75 8 8 9 9 0 05 10 8 20 25 N B
jaar

Gerealiseerde en verwachte productie van het Groningen gasveld conform het winningsplan|
(2007). http:/Awww.nlog.nl/nl/reserves/Groningen.html|

Due to the lack obccurrenceof larger earthquakes after 2006 and 20@8hin one year, he gas tap
was opened further after the Huizinge earthquake in 261 2tudy that effect as well.

Based on these three gas tapntrol actions, it could already be concluded in 2013 that it was
unlikely that the PGAg valuesuld exceed 0.1%= 50% stronger than Huizinge 2012production
were not increased above the level of 2012 (45 billicYyear) according to the original winning plan
2007.However, to maximise profit, the 2013 gas outpds increasedo 59.3 bcm?”?

In the planning 2007, unti022, the pressure fide the gas reservoir would have dropped
considerably, which would reduce tlieternal gasflow’. With theexistingnumber ofgasextraction
points it would not be possible to produce at full capacity. A plan must be made to close all
productionlatestin 2050. A gradual reduction from 2022 until exhaustion is the result.

Due to the increasing building damage and growing resistance from the population, it was decided in
2015 to phase out gas exploitation earlier and to stop it completely sooner, although the SodM did
consider the option otontinue to produceat a very lowlevel after 2022€.g.,< 10 billion ryear).

With such a low production, the quakes will not exceed the perceptible level (Richter 2) and the rest
of the natural gas with a value of > 100 billion euros can still be extracted.

With the 2@1 knowledge ofthe reservoir and the effect on the buildings, the exploitation can be
distributed and controlled in such a way that the earthquakes are not felt by people (below the PGAg
0.03), with storage in the summer in Norg and in the winter into the gas network.

2Based on this plan,na with the knowledge that the earthquake gradually become larger with the lower
internal gas pressure, and with the 2012 knowledge that earthquakes larger than PGAg 0.1 (or Richter 3.6)
were not acceptable to the populatiort,was very strange that theNdMI projected in 2013 earthquakes up to
PGAg 0.42 (5X the acceleration force) or Richter 5.6 (100 x earthquake force).

73 An annual fluctuation was allowed for the gas extraction. During the interviews by the Parliamentary
Commission Earthquakes Groninger2D22 it transpired that the NAM decided to increase the gas extraction
to get as much gas as possible within their agreed period of more years. This in anticipation of the notion that
there were plans to reduce the gas extraction. Alsecause former @s reductions (after the earthquakes)
showed that a new similar earthquake would only occur after a full year.

4 n addition, the strength and frequency of the earthquakes would have increased with about 3% to 5% per
year reaching approximately PGAg 0,322022, a strength being totally unacceptable by the Groningen
population and most likely causing the first collapses for houses that were not timely strengthened. The very
high likelihood of massive juridical claims would make gas exploitation beyoridrizdgrofitable.
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In that case, ¥ 2070 there wilthen be fullexhaustionwith minimum building damage and zero risk
for the population(meaning no collapsé).

Ontwikkeling van de PGA in het Groningse gasveld
PGAg{g08-2012 ~ S:0120189
Huizinge Zeerijp b
LO =
0108 E et 50 mird [ /ir £
e [+ %
0,08 g 40 mjrd| nifr | 2
- 2
"5’ - 3 S
0,05 s 30 mjrd{m’/jr )
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Figure61. With the year 202 knowledge of the subsurface and the relationship between gas extraction and
earthquakes, it is possible to extract the remaining natural gas from the Groningen field with suliicgthtof
time without causing earthquake damage.

Whether or notNAM (including the government) magroceed tothe gas fieldexhaustion in the
future therefore depends on the manageability of the exploitation and vibrations and whether the
houses have been sufficiently and correctly repaired or reinforced in the meafitiththat cannot

be guaranteed,old damage can still recur at lower earthquake values. It also depends on the
knowledge of the population of Groningen about future tremors and the low risk they run. Newly
built homes do not suffer from the vibrations anywdmt it is thereforeall aboutthe older buildings
whether they have been reinforced in tinexd made sustainabl€.

GBB. Groninger Bodem Beweging

The GBB was created on 6 November Z0@&h as aim: Standing up for the interests of people who
are directly or indirectly harmed by gas extractioom the Groningen gas field.

Before that, there were already concerned citizens who had joined forces. More than 4,000 families
support GBBnitiatives as member&% of the affected populationittps://www.groningergrond
beweging.nl/gbb/Via theirBasbevingen Portabf the GBB you will find esihsive information

about gas extraction and its consequendatps://bevingfeeling.nl/gasbevingen/

The GBB has been an importatayerin the creation of awareness of the population and focus on
the negative social and financial impadf the gas exploitation

SWith such a massive income, the sill occurring building damage can be repaired and muchegiora(
economic deelopment).Sustainable housingll cattle farmers on biogagroduction newrailway lines, and

the clearing away of theold extraction pipes.

"6 The threeyear delay caused by excessive testing and the frequent lowering of dkémumPGA value by

the KNMIicomplicated the repair and strengthening programme, because the NAM was of the (economically
convenient) opinion that sengthening only was required according to tNRP9998 regulation which specifies
the noncollapse strength requirementThe population, however, did not want cracks and uncertainty about
future shocks. They also did not want the devaluation of their prgpe

"7 Decision making, however is since 2021 not only a matter of calculations, but mostly political and about the
acceptability of the population and their trust in the NAM decisions.

8 After the earthquake oZeerijp8 May 2009. The force of trearthquake was 3.0 on the Richter scale.
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Groundwater

Groundwater is the sulurfacewater inside the soil and is therefore not visible untibne starts
digging. The helg of the groundwater level can vary and depends on where we are and the amount
of precipitation. Factors of influence include the height of the area, the presence of adjacent open
water, the distance to a ditch or drainage and the permeability of the(soil type). With a high
groundwater level in sandy soils, severe earthquakes lastiagy secondg€an soften the soil and
cause it to lose carrying capacity (does not occur in Gronibgeause quakes are too shprith a
lowered groundwater level, copaction can occur in peat (due to oxidation). Ground vibrations and
different types of soil under a poor foundation can eventually cause differencdsuimdation
settlement. These dferences insettlementusuallyresult in cracksf brick masonry

Daling grondwaterstand = Lowering of ground water level Zware kopgevel = Heavy head facade

Onder gedeelte gebouw veenlaag = Under part of the building a peat lay@kken fundering = subsidence foundation
Gedeelte van veendmt droog en oxidert en compact hierdoor Part of the peat fd$ dry, oxidises and compacts
Daling = lowering  Scheuuren = cracks

Figure62. Example of partial

subsidence of a long building | Daling grondwaterstand Gedeelte van veen komt droog en
. oxideert en compacteert hierdoor

because one side of the

building rests on a driedut

Zware
| kopgevel Scheuren
peat layer. ,"I'HHH | \ M“H L
Themassive end wall of this

. . —— l l a4 &8 o « 9.7/
type of shed causes great Qi R (g “pe—

pressure on the ground and " 'WWW, l-*—vv——vv- —
will then sag in relation to the | Onder gedeelte gebouw veenlaagje Zakking fundering

(poorly) founded low side wall.

When the groundwater level drops for a long period of time, peat layers that have dried up can
oxidize and shrikcausing subduction @he surface. As a result, buildings that stand on that dried

out peat can sag. Because peat sometimes occurs locally, this type of subsidence also occurs locally.
The subsidence in the province of Groningen causes an increase in the groundwater levekedompa

to the ground levelThis high level can be restorgalvered by pumps and weirs.

Also see: Subduction and Settling.

Figure63. At this historic end house of
this farm in Garrelsweecracks
appeared in the foundation and
basement in 2006 and 2012 due to the
earthquakes. In combination with the
already occurringand subsidence and
the resulting increased groundwater
level the groundwater ran into the
basement.

Finally, in 2020, thisld building was
placed orBaseinsolation, a job that
wasnot completeduntil the end of
2021.
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HAS Helical Application System

This abbreviation HAS (Helical Application System) is common in damage reports and refers to the
bonding with an epoxy mortar of stainless stepirally formed (helical) reinforcement barsthe
horizontaljoints of thecrackedbrick masonry Theseconnect the wallsectionson both sides of a

crack and increaser introducetensile strength in the planef that wall. It is one of the most

effective methods of light structuraleismiaeinforcement. Also: Spiral reinforcement, stainless steel
stirrupsandribbon joint reinforcement.

Figures64. A stainlessteel spiralshaped(helical)wall reinforcement is glued into a deeply milledrizontal
masonryjoint. Thehorizontaljoint is then fully glued and finished. Given the light tremors in the province of
Groningen, this is the mogetlevant andmportant method for wall repaiand strengthening

Right The longitudinal reinforcement above the lintels is interrupted hehés Mmeans that with a new
earthquake there will be a new crack between the ends of the reinforcement. In the early period after 2012, the
method was often incorrectly applied.

For fismicreinforcement it is necessary that thirizontaljoint reinforcenent continuesall around

the building and not just a small piece to the right and left of the crack. In the initial phase of
building repairs in the province of Groningen, short piecesmfal (helical) reinforcementvere
often used to keep costs low.yBcorsistently connecting all inner and outer waltegether and
connecting thdloor joiststo the walls(making diaphragmsmany buildings can be made sufficiently
seismic resistangnd largecracking can be prevented.

There exist severgompanie$’® that implement this systenor have it licensed by contractors or sell
the necessary materials. When the foundation of a building is good and only light repair ofswalls
required without large scaleseismic repair or reinforcement, costsnche kept low. More in Chapter

6 Reinforcing walls.

High-Risk Elements

The removal of highisk elements from a building, or from building componeriss important.
Scuring these elements prevents them from falling off the building in the event afaathquake

and cause damage\n initial identification of these higtisk components is done by means of Rapid
Visual ScreenindRVS§Y°. When a potential problem is observed during a superficial examination, a
further analysis follows by meaas Extersive Visual Screening (E\?3)

Removing a heavy brick masoned chimney from a flexible timber roof is also removingraskigh
element. In seismic terminology this is strengthening the building.

70 See https://www.abcadamas.nl/ and https://www totalwall.nl/nieuws/de-herstetmethode-vantotal-wall-concept.html
80 These methods are adopted from the FENDYy slightly modified to suit Groningen circumstances
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E 3
Hoog risico
elementen

Geen hoog risico
elementen

Figures 59. Highisk elements include heaehimneys on a flexible timber roof structure, balconies wedged into
brick walls, and spandrels or fratanding gable ends that sit on buildings and above sidewalks. While falling,
they can cause casualties in the public spada&ldle and right Buildingwith highrisk elements: heavy chimney
on a weak roof, wedged cantilevered balcony (red), and a building withesehigh-risk elements (blué}.

HighRisk Buildings

Buildings can be identified througm&RVS or EV&ach type of building, in combination with the
strength of the earthquake zone (max. PGAg) has its own risk profile. Heavy mezzanine floors pose a
high risk because they place great loads on the walls; light wooden floors ariesksgss

Figures 60Left. Heavy concrete floors
(high risk, red) and
Right. light wood floors (low risk, blue).

Wooden floors in combination with
narrow window piers can pose a high risk
if they do nothavean especiallystrong . - .
reinforcedaperture. Lichte vioeren

As one of the riskiest buildings, the terraced hougstacked construction methodyith large
window frames in the facades and heavy concrete floors can be regarded as one of the riskiest
buildings. The ground floors with large window openiags consideed weakfloors. If there are no
transverse walls inside terraced houses that can absorb the earthquake loads in the longitudinal
direction of the building block, these are very risky. Strengthening these buildings can be done, for
example, by adding strgnportals, strong constructive glass panels that sit tightly in the window
frames and transfer the floor lodtom the storey in the plane of the facadeallsto the foundation.

Figures 61.Left: Soffweak ground
floor (shops, ¢rraced hous@swith a
lot of deformation (high risk).

Right: Strong ground floor due to a
reinforced portal with less horizontal
displacement (low risk).
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Figure 62. The town hall in Leermésia highrisk
building because of the extra narrow window piers
(width/ height=<1/7) and the lack of lintelsver
the full length of the facader the presence of a
connectingfloor diaphragm.

By replacing at least one window in each side wit -
a structurally strong glass panel, the piers are
structurally widened.

It is not always possible to see from the outside
whether a building has a higfisk profile. Studying
the building plans and the construction method

then providesnoreinsight. Similarisks are often

present for similar buildings.

Hypocentre

The area below the epicentre where the earthquake originates; also knowineaseart The focal
depth of a tectonic earthquake can reach tens aisk Recent major earthquakes in Christchurch
(New Zealand) and Nepal had their hypocentres orgyl5 km deep respectively, making the shocks
at the epicentre extrastrong

The hypocentre of Groningen earthquakes is very shallow at 3 km. For relativelyesmthquakes,
they are therefore strongly felt compared to tectonic earthquak&gure 50.

The total energy released in the hypocentre in all directions is expressed and measured on the
Richter scale. Because all earthquakes in Groningen come fromathe 3 km depth, the Richter
valuescan be compared with each othdsut not with the Richter valuesf tectonic earthquakes

The accelerating ground motion at the earth's surface (the PGA), combined with the building's own
mass, determines the earthimke load on buildings and is measured in three directiongo
horizontal axial perpendicular and one verticalhe amplitude of each of the three movements
(horizontal X and ,Yand vertical P) is the amount of horizontal or vertical acceleration of the
building's foundation.Thevibrations felthave to do with thebuilding response. Arlastic building

may longer continue to vibrate.

IMG, Instituut Mijnbouwschade Groningernstitute for Mining damagen Groningen.

On 3101-2018 it was decided to set up the Temporary Commission for Mining Damage Groningen,
which, as an administrative body, would be allowed to decide on applications and compensation for
mining damage completely indepdently and without interference from the NAM. Damage that was
and would still be caused by soil movement that was the result of gas extraction in the Groningen
field and thevillage ofNorgunderground gas storage by the NAM.

Minister Wiebes (Economic Affairs and Climate) took the Groningen Mining Damage Decree in
consultation with the regional administrators in Groningen. With this decision he responded to a
long-cherished wish of civil stety organizations and the region to bring the claims settlement under
'‘public control'. The start was March 19, 2018. Then 13,476 reports came from Centrum Veilig
Wonen (CVW, centre for safe housing), which handled claims under the previous claimslp®@foc
those 13,476, approximately 12,500 damage reports were not yet procéssed.

82 The following information wasdded since early 2023.
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Immediate occupancy, 10

Although minor damage affects the quality of life and the value of the house, this does not mean that
the building's strength is reduced. Onlytire case of cracks larger than 2 mm should the integrity of
the (masonry) construction and the connections be examined. Minor building damage, both
structural and norstructural, can occur during a small quake or one that is larger but occurs at a
great dstancefrom the epicentre This may apply to the lowest form of building damage (Damage
State 1, DS1)The buildingafter inspectioncan be immediately occupied.

In such a case, the vertical and horizontal strength and stiffness of the building are still intact. Brick
walls have then lost their tensile strength at the location of the crack, but tihegd wallshave

never been designed for tensile strength. Althbugpinor repairs are necessary, the building can
remain inhabited (direct occupation or use). However, if the repairs are only cosmetic, they will
reappear in a similduture quake.

More than 98% of the buildings in the province of Groningen fall inte ¢htegory and theraas no
risk of collapse for the residents.

In buildings that already suffered damage before the perceptible earthquakes (PGAg 0.03 = < Richter
1.5), this damage will often worsen with other and mérequentintangible earthquakes that can be

felt by humans. Foundations aolid groundon the prindgple of equilibrium have been subject to
settlement since 1980 due to the light vibrations thautd not be felt. With the palpable quakes
(PGAg >04 = > 2.4 Richter) these settlements and cracks will increase.

To reduce the pressure differences insitlee gas reservoir, spreading of the speed of t@s
extraction has been appliegince 2014. However, the further the depletion of the gas supply
lowering the internal pressure in the sandstone layer, the more often sudden compaction occurs
with a resultingquake. By extracting the gas more slowly, the frequency, strength and number of the
guakes can be kept low.

In 2022, more claims for physical damage will have been processed than received (45,800 submitted, 58,500
settled). Ateuro 362.5 million in 2022, the total compensation awarded for physical damage, decrease in value
and immaterial damage is higher than the implementation costs of euro 224.6 million for those schemes.

For example, theeporting costs for all schemes together are now euro 0.62 on every euro of reimbursement.
Last yea2022)it was euro 0,43 on every euro. F20220n physical damage, thereagspend euro 0.72 on

every euro. In 2021 this was euro 0r&portingexpenses on everyugo construction Howeverjn 2022the
implementation costs for handling via customizatimare rising relatively quickly, to euro 1.42portingper

euro compensatiorby construction

83 Because the KNMI predicted very large earthquakes with a PGAwhsit5X larger than had occurrél
Huizinge without indication the specifications of that calculation, the residents became nervous/seactd
psychologically stressebout the projected collapse of their building3GAg 0,42 (= 5X Huizinge PGAg 0,085)
or Richter 6 to 6,5Although people can continue to live safely in their homes, even though there are cracks in
the brick facades, many residents have become anxious because of the exorbitant forecasts about future
earthquakes between 2015 and 2018, whicve since been revised.
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Figure®63. Numerous cracks arise froimet foundation due
to small settlements in foundations eolid ground. These
cracksextend to the windovopeningson the ground floor. |
These areerycommon even without earthquakes
especially in brick buildings with cellaFhese cracks are
aggravated by (earthquake, traffic) vibrations.

10 Legenda

Figures4. Thes NAMplatform
graphs® about the number of quakes
< Richter 1,5 shows a reduction of
shocks per 2014, both in number and
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84 https://www.nam.nl/feiten-en-ciifers/aardbevingen.htmi#iframe=L2VtY mVkL2NvbXBvbmVudC8/aWwQ9YWFyZZNamIu
8sFor 2020 seattps://iwww.nam.nlffeiten-en-ciifers/aardbevingen. html#iframe=L2VtY mVKL2NvbXBvbmVudC8 aWQ9IYWFyZGJldmiuZ2Vu
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The SodM shows in her adviE®f April 2017 that the number of shocks that were larger than
Richter Mw 1.0 has decreased since the interventions after 2013. Due to these measures, the
'immediate occupancy' and use of buildings in the province can remain aighthere was no
increased risk of collapsewhile repairs andadjustments have been made to the strength of the
most fragile buildings.

After the 2006 and 2009 earthquakes, NAM reduced gaduyxtion so that the number and strength
of the earthquakes was lower for a year. To see what would happen with the number and strength of
the shocks, the NAM increased the gas extracitio2013".

Because natural gas extraction continued and was asee immediately after 2@, both the
number and strength of the shocks therefaksogradually increasedis a result, the gas pressure in
the sandstone layer dropped extra quickly, causing extra compaction (and shocks).

In 2017, the SodM recommends @ther reduction of gas production of 10% to a maximum of 21.6
billion m*¥yr. On 10 Sept 2019, Minister Eric Wiel{Esonomic Affairs) reported that before 2020 gas
extraction must be reduced to below 12 billior®/gr instead of the previously planned 15.9 billion
m?¥yr. The ministeralso stated that the gas tap of the Groningen gas fiduld be closed in
October D22. The resulting reduced gas production for the Netherlands has, among other things,
stimulated better building insulation standards to be drawnfip

Importance factor. Building classification. {Eurocode 8: 1.4.2.11}

This is indicated by factorl (ganma), by which the load is multiplied at higher or lower importance
of the building structure compared to the standard. This classification roughly corresponds to the
importance classes of NHEN 19981. The more important a building is, the greater theltiplier.

Importancefactor wm
Consequencelasses (=C€) New building | Reconstruction and
rejected buildings
CC1A.Small risk and small or neglectable effects such as wit a b
agricultural buildingswithout human occuption.®
CC1B: As above bwith human occupatiao. 1,3 1,2
CC2. Average risk of considerable consequences, housing o 15 1.4
office buildings
CCa3. Large risk of large consequences, important buildings, 1,7 1,6
stadiums, public buildings (schools).

a. For CC1A the earthquake loads are not supposed to be determining. If required, the importancd fa€k@ can
be used.

b. For CC1A the earthquake loads are not supposed to be determfrriequired, the importancg& I O (i 2 MNalcan m
be used.

86 Seeannex to: https://www.sodm.nl/onderwerpen/aardbevingegroningen/nieuws/2017/04/18/XXXXXXX
87 Thisshowsthat the NAM wadollowing/experimenting with the gas preare and its effect on the shocks.
88 To prevent the Netherlands from becoming too dependent on Ruggiaimports. The Paris environmental
agreement also demands less &nissions. Buildings muttterefore be better insulated, because existing
buildings are one of the largest energy loss items (consum3@89 of today's society
89 See http://www.stufib.nl/images/bestanden/presentaties/verg%2070%262011003-2009%20(TU%20Delft)/stufib 11 maart 2009 ECO Braam.pdf

and http://wwwe.stichtingibk.nl/wp-content/uploads/2013/12/iBK2014-04-Definitie-Risicoklassé .pdf
%0 With a large nmber of cattle in an agricultural building it can be defined as consequence class ®C1B w
importance class of respectively=1,3and i1 MmXn® ¢KSNB A& y2 RSTFAYAGAZ2Y 27F
political attitude isthat cattle requires more proteatin and wellbeing.
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The multiplier increases the safety of the building. This is important for buildings where many people
or animals may be present, and in combination with tectonic earthquakes, beasitisdectonic
guakesit is not possible to say with certainty how strotige maximum earthquake will be.

Appartement buildings such as with a communal entrance, having maxitwo storeys of three
floors are categorizednder CC1BWNith four floors these appaement buildings are CC2.

Buildings and installations that have an important function during and immediately after an
earthquake also have a high category. Communication equipment is one such example. Also,
installations that can cause a lot @himageg.g.,chemical installationsith hazardous substances.

Not only is the safety factor CC increased, but for many buildings the risk factor is also reduced from
10° to 10° (= safety factor increased), such as for chemical companies and sea dikes. Large
residential buildings, accding to the list above, also have an incredgactor, which means that

they must be made stronger.

W
|

o

ol \m wide

Figure5. Left: CC1B, three floors. Middle: CC1B three floors. Right:CC2, four floors
In the middle picture there are four floors, but the bottom floor is not inhabited (garage boxes), therefor only
threefloorsapply with CC1B qualification.

Induced earthquake

Induced earthquakebave been recorded in the province of Groningen since 1986 and are caused by
the relief of stresses in the deep subsurface that have built up during gas extraction since 1963. Due
to the pressure drop of the gas in the reservoir rock at the location ofghe extraction, the
differential stressin the surrounding rock is so large that sudden shifts occur along existing fracture
lines Many vibration meters have been installed by the KNMI and the NAM.

The methane gas (GHose from tle underlayingcoal seam a few hundred million years ago and was
trapped in the porous sandstone because of the deposited and closing rock salt layer (Zechstein) on
it. As a result of gas extractiogaspressure drops sidethe sandstondayerand compadbn of the
sandstone occurs, resulting in soil subsidence and bowl formatitime surface

With uneven and rapid extraction of the natural gas, taken over the entire Groningen field, pressure
differences will arise in the sandstone layer (the reservdW)th a reduced internal pressure, the
sandstone can or will suddenly be crushed.

Sudden vertical shifts can then occur along the many existing fault lines; these are earthquakes in the
hypocentre. Subsequently, small settlements also occur in the dvetgeen the fault lines and
above the salt rock (usually not perceptible to humard).these shocks are therefore induced by

the extraction of the natural gas.

Induced earthquakes are significantly different from tectonic earthquakes. Seax#mple, the
Figure under 'Duration of the earthquake'.
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B2.1) Geologische doorsnede vaat Broningen veld Seological cross section of the Groningen field.
De onderstaande tekening geeft de geologische doorsnede weer van het Groningse veld in een sbqrawdoost
oriéntatie (zie Figuur B2 voor structuur kaart)The drawing below indicatéke cross section of ther@ningen field in a

northwest¢ southeast orientation(see Figure B2 for structuraap).
NB. Verticale schaal = ongeveer 7 x horizorgaleaal = NoteThe vertical scale = about 7x the horizontal scale

Figure66. Deltares report.
Section from Winningsplan 2013:
Vertical is 4 km, horizontally 50
km.

From Warfum NW (left) to Oude
Pekela & (right).

From the top down:

North Sea = clay soil deposits;
/I £ OF NB 2 d2km &itkyt
Shaded = Zechstein rock salt
RSLIaAla
Pink = Slochteren Rotliegend
al yRal 2 y-800 ¢ tickr
also called the 'reservoir rock’
Greybelow is the Carboniferous
layer =coal bearing layer and the
rest of the 40 knearth crust.

A

B2.1) Geologische doorsnede van het Groningen veld

De onderstaande tekening geeft de geologische doorsnede weer van het Groningen veld in een
noordwest-zuidoost orientatie (zie Figuur B2 voor structuur kaart).

thikd G 2

Figuur B1:

Geologische doorsnede van het Groningen veld. Zie sectie A-A’ in Figuur B2

NB: Verticale schaal = ongeveer 7x horizontale schaal

The main differences betweerdtonic earthquakes and induced earthquakes are listed below.

# | Tectonic earthquakes Induced earthquakes (Groningen)

1 Caused byaturamovements of largetonic eart Causd by peoplebecause of mining (gas extra
plates (continents) away from eachastheward] Groningen), large water reservoirs, consaieiitity;
each other. heavy traffard bombs.

2 Derive from gre&pths15 km to 80 km Are superficial, oBligmin Groningen

2a | Vertical displacement and deformatibnwfnecte| Only compaction of the sandstone reservoiro
and massive earth lagtasting at great depth. movement of the underlaying carboniferous rock

3 Tectonic earth shelves continue to Hmatda | Nohorizontal displacement from contineftassh
cmyear

4 Becaus of great depth, large spreadingaovete| Because of shallow depth, small but viol&satasit]
areaFelt over 50 to 100 km. less horizontal spreadifthe shock waves.

5 Horizontal movementg to 50 cmand locall] Mainly small subductioriscm.
possible large subduddi

6 Vertical building movements can be feweta| Vertical moments aren mmsSoil collapse is ve
¢ m&ail collapse can be in meters and deep q slow and over lime dueompactiand slight surfa
can occur. bowl formation over many kms wide area.

7 Soil and landslides in the mountains and blo| No visile changes, apart from slow surface sub
rivers and breaking of dams. causinglange in (ground)water levels.

8 Duration of several seconds gpvteral minwgén | Duration of faactions of secoridghe hypocentad
the hypocentperevent oftenone single shok.

9 Earthquakes longer than several seaondausq No long andcontinuing vibratiorand no soil
liquefaction of wet soils. liquefaction

10 | Long duration horizontal vibratamsauseertical Vibrations areo shorto cause amplification in
amplification of the shock wave over longer di soils.
depending on the soil structure.

11 | Within days and weekany large aftershothat| Only fevemall aftershocks which are not perdayp
usually are less strdng can cause further colla humans.

92 No counting the postlsoch reverberation of the building due to the soil movement and elasticiyy.
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Tectonic earthquakes

Induced earthquakes (Groningen)

of already damaged building

12

Aftershocks are large and freqtieattly after th
main event and cauwsdradamage and collapsg
weakened buildings

Aftershockare tiny (not perceptible) lrardly caus
progressive dage.

13

Appear periodically and haithe periods in betwg
in the same arekhis varies from dozens of yea
over 100 yearFor exampl¢he lage Kathmand
earthqualsappear every 75 toygars

Appear weekly monthly and ye@pgnding on tk
human activity. The earthquakes will increase in
and frequency with the lowering of the inter
pressure.

13a

After very large earthquakes the cycle
GutenberRichter constasitirts again from zero.

After small earthquakes the GuteRiohitgr constal
for that hypocentre st
continueThere is an overall limit to the constant.

14

Worldwide lot of knowledbas been accumulal
and international building regulations have
developed.

Less international knowledtgnelol and dependent
mining tyg Reason for excessive uncertainty mal
the calculations.

15

Seismographs register earthquakéside.

Additionaleismographs are added in Groningen.

16

Mw or Richtevalues of the earthquakes from dif
areas and ardOTrelatedor can be compared
each otheor for the PGAalues.

Because all earthquakes in Groningen originat
depth of 3 knmthe Mw or Richtevalues can b
compared to each othert, not with those values 1
other earthquake areas.

17

Detailed construction information is available i
or the language of the apuanidireelyavailable fq
everybody.

No Dutch language information was available u
and after thhtrdly available for citi2Zéns.

18

Active promotioof construction knowledge
legislation about seismic resistant construction

In Groningen, by the NAM or govermmgniblic
promotioof seismic resistant construtkadnods

19

Seismic knowledge required for all architeq
engineers as well psactical training at vocati
schools.

Hardly any techical education availablenly
commercially for HBO at the Groningen urflé@it

20

Simplestatic calculation methgeiserally applied
common housing dobuildings.

Very complicated and expensive calculation n
used for all buildings, also when such was nat re

21

Training material for low litesach as 3D drawirn
are freelgvailable

Drawings and calculationshareavailable for citizeg
Commercial earning modéufiness.

22

Generally, no insuramcginst earthquake dam
Commonly emergency aid by national and inte
organisations.

Causer of damage is bydaliged to compensate
damage Lengthy eguments about what earthq
damage is and what not.

23

Limitednsurance against collapse is possible w
building is constructed according to the seismig

Long juridical and expengrocesses can be resu
fromdifferences between hil assessment report

24

Acceptation by populaéisrfaith about damagel
victims and large economic losses. .

No acceptation by the populafiomore damag
Demands for economic and emotionahsatigns.

25

Population istefivisibly glagbout the aid supplieg

Population remains suspi@bosit the measureme
and demands more compensation.

26

Psychologicalcceptatioby faith Normal mournir
period fahe deeased

Traumatic developmertiecause the sociolog
problems, fears, stress and economic d#mage

27

When it appears that buildings were not adg
designed according to the seismic codes, impr|
of the inspection or adaption of the code ma
Also, building contractors that were at fault du
construction period for not following the seisn

may be prosecuted.

Whernin 2016 it was concluded that the maximu
PGA was far too high and subsequently was low
need for seismic strengthening was also reduc
was an argument for the NAM to limit the nu
building strengthening. This caused wide
discontent among the population.

92When the information wagroduced by me in 2015, that information was not made readily available by the
NAM. Moreover, the technical dege in Groningen did not wat to use that information, mainly because their
training structure was not adaptable, and they argued that the curriculum was not yet certified by the Ministry

of Education. Only in 2022 (7 years later) some limited techmif@innation was released by the NCG to
contractors (possibly partly based on my 2015 information), but not widely promoted.

%1n the absence of proper government support (including finances, loss of pensiortetomgtress, anxiety
and exhaustion can result with consequent health problems.
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Due to the large number of differences, the two types of earthquakes cannot be properly compared.
Images from the press of major tectonic earthquakes (Mw 6 or 7) are therefatreepresentative
about what could be expected in Groningen. The 202122 Chistchurch quake isalso not
representative bushow the effect on residential hous¥s

Figures67. Left This buildingis in the DS4 (just failed to collapsempletely. Middle. This building is in thBS5

(collapsed) phase, while they were built seismically resistant according to the code.

This earthquake wallw 6.2 and deptlofonly 5 kmandorl mp 1Y f2y3 12yS gAGK tD! 3
PGAg 0.17 horizontally at the epicentre. In the citylfitshe PGAg 0.08 vertical and PGAg 0.07 horizontal,
comparable to the 1498-2012 Huizinge earthquakbut much longer in duration.

This2011 Christchurch quake lasted only 10 seconds and caused soil sofigiguifying)in some
locations. The total economic damage was estimated at >20 billion euros. Buildings that are very
similar to those in the province of Groningbnt complied with the sismic code; 20,000 buildings
damaged and 10,000 beyond repair; 50,000 people moved. Almost half of the 186 victims were
caused by falling debris from gable ends in the shopping streets.

In an induced earthquake in Groningen there is usually only a sbagig, or on 1608-2012 in
Huizinge a double blow with a period of < 1 sec8tithe Christchurch quake was >10X as long as the
Huizinge quake with a comparable PGAg in the city centre. The longer duration is therefore one of the
reasons why the damage was great.If one would get at least 10X the Huizinge quake directly in
succession, it would be comparable.Groningen the quakes were > | year apart.

In New Zealand, new construction must comply with the seismic code, but the quakes in the
epicentre (15km outside the city) were significantly higher than the maximum PGAg value stated in
the New Zealand cod®lost likely the seismic map will be adjusted.

When determining the building strength in Groningen using the NLTHA method, the building is
usually calculated with a greater shock strengimd each time based on a single shock. Thig

shock therefore indicates the initial building strength. When new shocks are released on the
damaged building, that building wilk initially be weaker angrogressve damagewill occur

Inherent defector construction fault by owner

Inherent defect is theranslationof a legal concept/terminologindicating that the root cause of a
damage to a building is not directly external, such as an earthquake, but is mainly due to the actions
or inaction of the building owner. For example, if therizontal tensile beamsin the large roof
trussesof the bansare cut through (to make room for higigriculturalvehicles), thesidewalls get
extrasidewaypressure from theafters (this wasregularly encountered).

94 See for more datattps://www.britannica.com/event/Christchurclearthquakesof-20102011
% people claim that they have felt the earthquake for several seconds, but that was including the reverberation
of the buildings tley were in.
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In the event of an earthquake, the outer walls can then be pushed away and codlafeséoverto
the outside The primary cause of the collapse is the sawing through of the trusses and not the
earthquake™.

A building erected before D2 no longer complies with currenR015 building standards, but
probably complied with the themrevailing building practices of that tim&he first new building
standards were fronil901. Building regulations do not oblige the owner to reinforce the building
according to the latest standard. If damage occurs in a severe dteqause othe older biilding
standard, this will not be regarded as an inherent defect by an insurance comparyNAM
followed this principle and strengthened many old burilgh

Figure68. In this converted garage, the contractor ha
removed the tie rods from thieusses to create more
space inside (own construction error). The roof load
and the arch push the side walls outward causing th
arch to split and sa@ the middle If the arc islready
under tension, an extra vibration from an earthquake
can cause #argercrack.

The primary cause of the crack is the construction
defect (inherent defect).

In terraced houseswith large windows front and rearthe front and rear facades on the ground

floor have windowswithout anyshear strength in the plane of th&ing fagade of the building block

Only short inside cross walls may provide some resistéhoeeone who has removedsaallinner
load-bearingcrosswall between the living room and kitchen in such a terraced house to create an

open kitchenweakens thenorizontal longitudinal resistance of the entire buildinigpck Without an

earthquake, the building will remain standing, but an earthquake in the longitudinal direction of the

block can cause significant cracks; even collapse risk of the entirSe¥ . dzZA f RAy 3 5 A NB OG A ¢

The legal question is whether a home with its own defect must be repaired by the person who
OFdzaSR GKS SINIKIjdzZ 1S 6G4KS b! ad 2 Nh grirchlgkh8NJ A G )
Municipal Building and Housintnspectorate should not have allowed this internal renovation and

change to the supporting structure of the buildinglowever, building inspection was/is often
inadequatein the provinc&’. Thehouseowner iscorrectwhen stated that the cracks would not v&

appeared if there were no earthquakes. However, the NAM also, when it is stated that the building

was considerably weakened by theenovatiore  thi@ownerwith making construction faults.

9% Most conflicts and counteassessment damage reporsd arbitration procedurelave arisen on this

theme. Light tremors revealed not only subsidemfdéoundationsbut also old construction errorShe NAM

tried to make a fair assessment andt financially reimburse or repair damage that was old or caused by the
building owner or a former building contractor. The house owners argued that the damage would not have
shown without the earthquake®lthough the NAM promised since 2012 generouspensation, they

became ight-fisted about compensations, while the gas exploitation had generated over 400 billion euros of
profit. The large costs of arbitration that were the resuls,\aell as the time delay in repairs or strengthening,
caused widesprad discontent,and costed three times more money than the repairs. After 2020 it was decided
by parliament toreallygenerously compensate the inhabitants, causimgany-fold increaseof the overall

repair and compensation cost as compared to just repairing all the damage since 2013 in the first place.

97 Practice was/is that the inspectionagten not informed about owner directed constructions. The
administrative capacity does nekist in a rural area to monitor all activities.
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Figure69. Left: If the floorwall connections of the storey floors are not momstiong enough to withstand an
earthquake load in the longitudinal direction of the building block, and there are no internal transverse walls
that can withstand loads, the block can collaps ahouse of cards.

Middle: Small nside transverse wall of a house after the 1992 earthquake in Roerrddmeh this wall would

have been removed by the creation of an open kitchen, probably the house would have collhpsEdcrack
formation is typial of an inplane wall overload (shear).

Right Houseafter an earthquake in ItalyEarth movement to the right causes the // cracks, earth movement to
the left causes th&\ cracks.

During building inspections after earthquakes, inherent defects are regularly found. It is also not easy
to indicate exactly whether a subsidenef foundation caused by earthquake shocks)crack
formation is due to an inherent defect. In some situasothe first (older) cracks are the result of
settlements, which in themselves can hawany different causes. They malsohave been caused

by the lightearth vibrationsin the past that were not sensed by the house owner.

For the assessment of earthckmdamage several options were possible:

Fault Type | Description Responsibility
Unsound (re)l 1A Poorly executéetonstruction in companigith other | Inherent defeéit the
construction buildings that were realised in the same environme| expense of the owner.
period.
1B Properly maintained building, built in accordance w| No inherent defect

regulations and customs applicabld€n®)thastruction
the time, but must now be regarded as unsound du
progress of the quality of the building regulations.

1C Renovation or extension without approtag fBaritding | No inherent defestsothe
Inspectigrbut not addressedtogy Building Inspectimn | case when the extension H
change or demolish andexisting for more than 20 | defects.

years(Barred).
Deplorable | 2 Structural defects in a building, or the condition of g Inherent deféctobe
state of such a nature that the government would order rep{ repaired ate the expense ¢
building the Housing Act. the house owner.

(near ruin)

Obijectively, the root causes of many damages are primarily due to old building codes (1B) and then
due to inherent defects. Those weaknesses have come to light through the earthquakes. In case of
reasonable doubt, a second earthquake expert can be corsu#ted an additional structural and
foundation investigation may be necessamechnical testing or rpbing wasl/is also possible. The
above regulation was defined by NAM after many (expensive) inspections andpections of
buildings and irresolvable oflicts with building owner&,

% Jnitially (sincethe first damages ir2000), NAM had stated that it shoulgenerouslyallocate damages to
earthquakesto prevent conflicts of opinion. However, due to the execreasing costs of the insptions, re
inspectionsand mutual argumentation in the event of doubt and a clear inherent defecthe opinion of the
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For example: Aew extenson wasbuilt years after theold main buildingand hasa different
foundation than ttat under themain building becausehe new foundatiormust comply with new
building regulations. Bothfoundations were constructed in accordance with the build
regulations applicable at the time. Due to subsidence, vibrations or an earthquake, a cra|
occur between the old and new part. All structural engineers know that new foundations on
ground will s¢tle somewhat, resulting intensions and cracks in the masomtyove Hairline cracks
or larger along the connection between the two buildireye normal in this casg A structural
solution to prevent this is an expansidilatation joint between the older main building and th
new extension. However, Building Inspectiomas not checked the drawings and the executi
or it has seen or acceptdtie drawings it isnot considered an inherent defect (1C).

No financing structure was set upat even in collaboration with the governmett) for repairing
the inherent defect or making the home more sustainable (insulating, generating enefy/)a
result, many buildings experiengescaffolding and prog$. The images of the struts wengidely
used in the press as negative imagand pointing out how important the damage was.

(Foto: RTV Noord/Goos de Boer) Een huis in de stutten (Foto: FPS/Jos Schuummian)

Figuresr0. House in the strutgropswith side view and front view. The large damage above the double door in
the middle indicatesa structural problem related to the high windows, narrow piers between the window
frames and the ditribution of the inner walls, with a lack of a continuous connecting diaphragm under the roof.
These are architectural aspects from before 1920 and haveingpto do with inherent defects, because that
was how people built at the time

In refection 2021 After the NAM making megarofits from the exploitation of natural resources it
would have been far less costly to just repair all damagesiding the secalled inherent defects and
including the upgrading of the houses (thermal insulation), than the realised situation with all its
juridical dealings. In early 2023 it was decided to overcompensate the inhabitants of the province,
adding toadditionally high costs.

NAM), the inspection costs ramery high these werecostsfor the NAM). Part of the problem was that the
NAM had erroneously decidéatdered since 2013 that foundation damage would not be classified as
earthquake damagerlhe various unresolved conflicts regarding inherent defects left a strong negative mark on
NAM and the repair work, and delayed building repairs or replacement newtreanion. The buildings that,
whether-or-not necessary, remained iproppedup scaffolding, and are shown in every news article about the
slow recovery activities, caud@n additional negative image in the presmsd to the public

9Theissue withtheNa ONARGSNAI gl & GKIG adzOK ONI Ola ¢SNBE R
SFNIKIdzZ 1S® LyadSIR 2F 2dzad NBLI ANARY3I GKS o0dzAf RA
concept, millions of euros were spent/wasted on repaatsl arbitration (3/4" of all expenses).

100 A proposal was madgy me)to create a building fund to finance the additioraljustments andecover

the additional expenses at the time of sale of the building. However, the NAM felt it would not want to enter in
the building market and longme fund management as it was primarily an energy company.

101 Severaprops were not necessary but wereeeted by the houseowners to stimulate action.

SSYSF
y3 A
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KNMI, Koninklijk Nederlands Meteorologisch Instituut

TheRoyalNetherlandsNational Institute of Weather, Climate and Seismology. Making knowledge,
data,and information available at KNMI is a core activity. The KNMédvasalseismographs iithe
Netherlands and studies the different types of earthquakes. The institute is an agency of the Ministry
of Infrastructure and the Environment. The tasks of tiNdvK are laid down in the KNMI Act.
www.knmi.nl KNMI does not provide information about structural or seisstiengthening

The KNMI is jointly responsible for determining the eartHggatrength contour map associated

with the Eurocode 8 and the Dutch translation, tRER9998. Because the KNMI could only study
past data regarding the determination of the PGAg threat map an@@i& productioninformation
provided by the NAM about the planning of future gas exploitation, and because there were many
uncertainties, the first PGA map can be calletremely conservativé.e.,with very high PGA value).

710

© KNMI

Figures71. Left The first KNMI PGA map fra2014 with a PGAg 0.42 in tlepicentre.Right the secondnap

from 2015 with PGAg 0.36. These very high vakere determinecased oruncertainties and NAM's wish to
continue largescale gas extraction until the gas field is exhausted. The vafu2320 can now be found on a

Home Webtoohttps://seismischemacht.nen.nl/map.phandis specified pepne kmlocation. The KNMI makes
earthquake strength calculations according to the Richter scale based on its own data. From this the PGAg loads
are calculated, which are then given an imaentalfactor for the uncertainty

If a new shock were to occafter 2013 in the order of magnitude of 16 August 2012 in Huizinge
(PGAg < 0.1), the population would react strongly and put pressure on politicians to take other
measures to prevent multiple shocks. of that order of magnitude. This correct assessment was
already madgby me in 2014 and confirmed in 201%. Additional $iocks with a similar and lesser
magnitude since 2014 resulted in widespread discontent and political measurements that obliged the
reduction of the gas exploitation.

The largely exaggeratednd not explainedPGA values of the KNMI maps were the cause of
increasing feaand stressamong the populatiorof Groningenand extensive research activities by
the NAM that delayed the repair and strengthening activities.

102 This is exactly what happened after the earthquake of 8 January 2017 in P&y 0.116 with Richter
Mw 3.4). The ground acceleration of this one wgaghtlygreater than that of Huizinge, but was judged to be
less strong, because it was only a single shock and had less reverberation from huildings
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Moreover, excessive strengthening of many buildimgss realised,and hundreds of houses were
planned to be demolished as these old buildings would not withstand the enormous PGA predictions
of the KNME3

Lateral Force Resisting SysteirFRS

The collection of shear walls, lodgaring walls, portals, and columns, and connected by
diaphragms, which together provide resistance to earthquakes. Bhikling system can be
calculated in a fairly simple waysing the LFR&nd provides sufficient certainty for the building
strength because the calculationsclude the usual margins. This is especially the case withisaw
and rigid constructions. For elastic or flexible higge buildings (+10 floors), the elastic absorption or
ductile deformation idere not considered

The LFRSalculation method is thelassic calculation method for the strength of a building. It is
assumed that the earthquake exerts a horizontal force on the building that is related to the mass of
the building (PGAg 0.1 = 10% of the mass). These horizontal forces on the buildinguatedad
according to the applicable earthquake code according to (a) the mass of the structure, (b) the
importance factor, (c) the construction type or the behaviour factor of the building, (d) the type of
soil, (e) the height and (f) the irregularity oftlbuilding.

For simple buildings with few floors, theLRFStatic calculation is sufficiently accurate and can be
completed in ashort period The supposedly 100% precise NLTHA method takes weeks and can cost
15,000 euros for a small buildiAg.

If a typology is used, a similar building of the same typology can deviate considerably. With the
calculation with a PGA that deviates 100%, the result of that NLTHA method is then at most 30% or
40% accurate, and therefore no better than the fast, cheagicLFR$®alculation method.

Liguefaction {Eurocode 8: 1.4.2.19}

Liquefaction is thedss of strength and stiffness in moisture in Aoympacted but saturated sandy
soil, due to vibrations and the associated reduction of effective stress and beapagityaof that
soil. With partial softening, there is still part of the grain tension left (pressure on the sand grains).

Water overpressure consists of temporary extra water pressure in the pores between soil particles,
which can be caused by rapid shestress changes during an earthquake. Due to the low PGA,
combined with very short vibration periods and few wet sandy soils, soil softening does not occur in
Groningen. This is only possible with PGAg > 0.2 and long vibration periods of tens of seconds.

In the top 10- 15 m of the soil in Groningen, sand packs can be found that are limdbe
groundwater and on which foundations are made with piles, but these sand layers are well
compacted and do not give rise to softening. However, it is possiblepiteafoundations that are
overloaded by earthquake vibrations penetrate deeper into the sand layer.

103 A separate document was gpared by me, pointing out the wrong PGA map predictions by the KNMI.
Available orwww.nienhuys.infosecond page.

104 This method was extensivelged in Groningen, while the PGArgmeters were wrong, but it provides a
generous income for the companies who were able to apply the complex NLTHA method. The quoted
argument was that the NLTHA method was more precise, which in fact it was not because of the wrong PGA.
Furthermore it was totally irrelevant for the low rise and stiff masonry brick building.
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Figure72. Example of softening of sandy soll
causing the water to rise and lose the soil's
carrying capacity. Protracted and severe 2011
NewZealand earthquake. =
Because the tremors in Groningen are only shor
softening does not occur, but settlement does.

Moment-resistant frame

This is a building structure that resists horizontal forces because its components such as beams and
columns resist elastic bendingithout permanent deformation After the load, the loadbearing
structure returns to its original shape. A momessistantmain support structure with elasticity has

a higher gfactor than a rigid box structure. Beams andurons structures that permanently deform

(but do not break) under overload are called ductile. Atde building has a higher-factor than a
momentresistant structure.

Magnitude of Intensty

This is the measure of the strength of the earthquake, ugledpressed as a number on the Richter
scale or as moment magnitude (MMS; also written as Mw). There are different magnitude scales, but
they are not easy to compare.

The magnitude is based on the moment of the earthquake, which is equal to the rididity Barth

multiplied by the average subsidence of the fault and the size of the area that has subsided. The

MMS scale was developed in the 1970s as a successor to the Richter scale. The MMS is now the
primary scale used by the United States Geologicaleyy(USGS) to measure any major earthquake.

Similar to the Richter scale, the MMS is a logarithmic scale. With an increase of 1 point on the Mw or
WAOKGSNI a0FtS8s (KS SINIKIljdzZ 1S A& F fondarthduake & G NR y -
strength indication, whiclecannot be directly comparedavith the PGA for theseismic buildindoad.

'y SIENIKIdzZ 1S wA OK {tfexdfora ®0x asostrdddamourft of anérgyHind theA &
SLIAOSYUNBO Fa Fy S| NIK IjLagppédrSm)Woweveritte NRIGA farce atdtte D! 3 F
epicentre on the building is about 2.5X as strolge PGA force is the determining factor for the

building. The total energy of an earthquake in the hypocentre goes in three directions and is
therefore 31.6 timesas strongwith one whole point increnent of Richter or Mw{Eurocode 1.4.2.1}

and {Eurocode 1.4.2.3}.

The big problem (for the Press and the public) of the KNMI Rigiderationsis that the
PGAforecasts from 204 indicated that the earthquakes couléach a strength of Richte
6 and higher It was indicatedhat Richter 4.6 is 10X as strong as Richter 3.888012
Huizinge) A quake of Richter 5.6 would be 10X higher than Richter 4.6, this wou
about 100X stronger than Richter 3.6.

At the same time the Press showed worldwide devastating earthquakes of Richter
more, causing fear among the population about imminent collapse of their houses.
That fear was real, based on the Richter 5.6, but that Richter 5.6 was totally unreal.
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Althouch the KNMI always indicadethe past earthquake strength in Richtethey are not a good
indicator of the building damagd.he actual PGA ofast eartlquake could only be found through
detailed internet search on their websit®.

Richtescde (energ). Description in the Epicentre a_ PRGA
1-4 Light earthquake Type of induced earthquake in the province of Groningen. <0,1
46 Moderate heavy quall Reinforced masonry is obliged according to most of the earthquake codey > 0,2
> 6 Large earthquakes Does not exist in The Netherlands >0,3
Scale of Mercalli Description of the experience of people.
l. Not felt Only detected §gismometers 0,01
Il Barely felt Only felt under optimum circumstdfices 0,02
Il Weak Felt by some people. Vibrations as by traffic. 0,04
V. Moderate strong| Felt by many peoplérations as by heavy traffic. Rattling of doors and win¢ 0,06
V. Stong Generally felt. Suspended articles will swing. Sleeping peopip will wake | < 0,08
VI. Lightdamage Schrikreacties. Voorwerpen in huis vallen om. Lichte schade aan minder | <0,1
VIL. Schade Panic. Damage to many buildings. Chimneys break down. Waves in pond < 0,15
VIIL. Largedamage General panic and damage to builtfiegjs structures are partially destroyed, < 0,2
IX. Destuctive Many buildings and foundations heavily daimdgeegtound pipelitesak. 0,3
X. Extremely Destruction of many buildings. Damage to daikssa@talind displacement| >0,4
destuctive cracks in the earth

Mercalli intensity is determined retrospectively through damage observations and surveys; the
emotional value therefore plays the leading role here. The intensity depends on the magnitude of the
guake, the soil conditions and the distance and depth to the hypocentre. This data is displayed on an
intensity map.

The different scales such as Richter (Energy, Mw), EMS (damage) with Mercalli (feeling and damage),
and the PGA zoning of the Eurocode @ nbt coincide. All PGAs (acceleration) of tectonic and
induced quakes can be compared, regardless of the depth of the hypocentre; that is why they are
listed in the Eurocod8 and the NPBR998

Groningen hypocentrum op 3 km diepte = Groningen Hypocentre at 3 km depth
Waarschijnlijk maximum bij maximum gasextractie = Likely maximum at maximum gas extraction

Groningen hypocentrum op 3 km diepte 2(})32R1 NPR 2015
0,05 0085 0,144 0,2 0,3 ;é 0’4g£ 0,5
P o - —0 —
Huizinge 16-0-2012 7 8-01-2018 a

PGAg Schaal Hictgo >( ocrp 4x HuizE)wge 5X Huizinge
; 1,0 28 3.0 34/\3s 4P 5,0 6,0 7.0
Richterschaal ongeveer RS ol Prognose in 2015

I 11 I v VvV Vi VII VIII IX X X1
EMS schaal ongeveer lzlfc:%rt licht ma“ig aanzienlijk zwaar zeer zwaar  verwoestend

waarschijnlijk'maximum bij maximum gasextractie

Figure B. The P@&is strongly influenced by the depth of the hypocentre andytibeindlayers. Thdogarithmic

Richter scale only has to do with the strength of the earthquake (+1 point = 10X as strong) and cannot get very
largein Groningerdue to the relatively thin sastione laye(max 200 meters)The Richter scale has little to do

with ground acceleration. The Zeergprthquake(8 January 201, Richter 3.4)herefore had less force, but a
largerPGAg0,116)than the Huizingearthquake(0,085 Richter 3.6)The Mercdi and EMS scales abeth

based on feeling.

105Because the Richter scale is logarithmic, for most people this could not be properly understood.
106 For example, during the night when in a relaseqdet position. Duing the day, when people amoving,
they will not detect thes. However, these light quakes do have influence on constructions.
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Only the PGA of the quake is indicative of the building damage and is therefore stated in the
Eurocode 8 or theNPM®998, not the Richter scalelhere arefor each shockhree PGA values;
vertically, radiallyhorizontallyfrom the epicentre and the S wavhsrizontallyfrom right to left also

from the epicentre (snake motion).

The Richter scale is used for earthquakes in Groningen because all earthquakes originate from the
same 3km depth and are therefore easy to comp&ely the PGA is used in calculations.

Main construction{Eurocode 8: 1.4.2.23}

The main or principal carrygnconstruction. The principal building structure or assembly of structural
members (primary seismic elementfe failure of which results in damage disproportionate to the
cause.These are the loatiearing wallscolumrs, and floors, with their connectits. If some of these

parts fail, the entire building will be dragged along and the collapsing building will cause considerably
more damageA rigid and brittle main supporting structure, suchlkaik masonry, will crack when
overloaded and can themollapse suddenly For structural or seismic reinforcement, the main
structure must therefore be reinforced.

Maximum earthquake

The maximum earthquake is thétheoretical) maximum possible earthquake in a certain area,
calculatedbased ordata from the past and adjusted on the basis of risk calculatibhe strength is
AYONBFASR gA0GK G2ftSNIyOSa FyR dzyOSNIIFAYyGASa
Groningen for periods up to 2475 years (design mod€Bnstruction @signs are based on this
maximum earthquake value, so that the buildijigst does not collapg This design value does not
prevent the building from cracking.

When the risks cannot bdearly defined, aradditionaluncertainty percentage is applied. The more
uncertainties, the higher the maximum earthquake PGA v&lue

The theoretical probability of that maximum earthquake occurring is 2% over a period of 50 years, or
10% in 47%ears and is indicated in the N#9®8 However, to determine the probabilistic maximum
earthquake, you alsmusttake the Dutch socipolitical context into account; that was NOT done. It
was already clear with the Huizinge earthquake ofAL@ust2012, that earthquakes stronger than
PGAg 0.1 would not be tolerated sogiolitically-legally. Below a PGAg of 0.05, according to the
NPR®998 no seismiceinforcement would banecessary.

The NAM was stillegallyobliged to realize all repairdiowever, they wre not legally obliged to
prevent damage.Legally they could not (indirectly) kill people because of generating larger
earthquakes through gas extractidimat would cause building collapse

Whenthe future earthquakes or shockse not stronger than theHuizinge earthquake (PGAg = 0.085
or < 0.1), hardly any seismic reinforcements are necesaacgrding to the NPR999&owever,
many cracks will continue to appear with small shodksnceother structural reinforcements are
desirable for this to preventgrtial collapseof the oldest and weakest buildings

107 This was the basissue withthe KNMlIcalculation of the super high PGA for Groningen in 2013. On the one
hand, NAM wantedo extract all the gas from the ground at an accelerated paceteattpresented the KNMI
with the most extreme scenario.rthe other hand, it was not known (exactly) what the effect would be of the
complete exhaustion. Several uncertainty factors werels¢al, or multiplied together, resulting in the very

high NPR998map figuresThe legal or social aspects of this high PGA were not considered.

Repair of Brick Houses after the1202015 GroningenducedEarthquakes
Chapte 1 Alphabetic explanations and Terminoldggrthquakes Groningen Sjoerd NienhuysApril 2023



72

Soil and foundationettlements can also still occwith the small earthquakesr vibrations which in
turn can lead to cracks in those foundations and higher up inntasonry work Theexaggerated
reinforcement advises (madie 2018 basedn the very high PGA values) mauill possiblyprevent
the additional damage.

Measuring network

With the seismological measng network of accelerometers and borehole seismometers, KNMI and
TNO can register earthquakes finle NAM, both on the earth's surface and at great depths. A few
hundred accelerometers have also been placed on the foundations of buildings in the province of
Groningen. By linking the information from the deep measurements to the measurements at the
earth's surface, it is possible to determine the relationship between these tdawever, the
seismographs on the foundations also show the building response (renation) for the different

types of structuresThe vibration characteristic of those buildings can therefore be determined.

2012-08-16 Huizinge M=3.6 2015-09-30 Hellum M=3.1

Figures 4. Expansion of
the measurement
network of the KNMI
(red) and TNO (blue)
since 2012 up to and
including 2015. Thanks
to the large
measurement network,
better data can be
collected, and accurate |
maps can be made.

NAM (Nederlandse Aardolie Maatschappij)

The NAM was founded on September 19, 1947, as a commercial partnership of Shell (25%), Esso
(25%) and the Dutch government (50%). The Shell manages on behalf of Esso (ExxonMobil). This
establishment was the direct result of the discovery in 1943 of anigdil hear Schoonebeek. In

1959, gas was found near Slochteren. Until 2014, NAM produced approximately 75 percent of the
natural gas extracted in the Netherlands, from many small gas fields and from the Groningen gas
field. NAM's contribution to Dutch petleum production is approximately 25%.

According to the law, NAM (Shell and Governmentiw.nam.nl) is liable for damage caused by
induced earthquakes. In the period up to 2015, NAM was involved in the interpretation and
implementation of earthquake damage dossiefstom 2014 this massive activity to handle
thousandsdamage reportsveretransferred to the CVWE,

The NAM (concession holder), together with EBN (Energie Beheer Nederland B.V. = 100% Dutch
state), Maatschaisroningen and GasTer¢@ansport company and trading company for natural gas)
together form the ‘GasgebouwGas building)the Dutch organization for extraction and distribution

of natural gas

108 The transfer of these activities was deemed necessary to create an impartial organisation at distance from
the NAM. However, most NAM staffastransferred to the CVW and the directives of the NAM to minimise
damage identification were still in place such as negation of foundation damage. In a later stage the damage
identification and reimbursemenwere transferred to the NCG and later again the IMG was created.
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National Coordinator Groningen (NCG).

Hans Alders was appointed by decree to direct the NCG in 2015 by the Minister of Economic Affairs
because of the gas extraction and damage problems in Groningen, with the task of examining where
reinforcement is needed and how this should be tackled. Henéal the NCG organization and
withdrewin 2018.

This decree was amended on 17 June 2019. At that time, the NCG was the forerunner of an
implementing organization that was responsible for carrying out surveys, assessraadtghe
structural implementatiorof the reinforcement. From 1 January 2020, NCG will be the implementing
organization for the reinforcement ta¥k.

On 20 May 2019 the ministerial appointment of the NCG and IMG are adjusted.
On 11 September 2019 the NCG and the TCMG sign a cooperation agreement.
In 2023 the first yearly planning was presented by the third NCG, Regina Bouius Remersma.

Natural GasGroningen

The Natural Gas isfassil energy source (Methane =/ Hhat was crated 353280 million years ago

by the accumulation of a more than hundreds of meters thick layer of plant remains in swamps. The
digesting plants, which were deprived of oxygen, produced methane gas through batlasia.
happened all over the world’he &rge amount of methane caused a very strong warming of the

earth climate, resulting ina lot of desertification and sand drifts for millions of yé#tsThe digesting
plant mass wa# the Groningen and North Sea arf)gt covered by a 200 m thidand layer,

through which the methane gas also escapddder the sand layer the thick layer of plant fossil
remains were gradually compacted into a Carboniferous layier flooding by the shallow

Zechstein Seand evaporation of the seawater aboatore km thick salt layedeposited over the

sand. This locked the methane gas inside that s&ndlly,200 millionyearsonward atwo km thick

pack ofother soil layers such as sea clay and saowkred the salt layer. Theressure oriop ofthe
sandstone ose to 670 bar.

Figure75. (Internetphoto). Artist's
impression of the type of vegetation a few
hundred million years agavhichis the
source of thenethane and thdormation of
coal and oil. That is long before the existeng
of the dinosaurs overtebrates.

Due to the great pressure of thesk km salt rock and 2 km earth layers and the resulting high
temperature, this lower plant materidtelow the sand layehas slowly turned into coal. Thimal
layer lies beneath much of Europe.

109 hitps://www.nationaalcoordinatorgroningen.nl/oveons/instellingsbesluit
110 Methane gas is 21x more potent greenhouse gas than The effect was very strong global warming
resulting at a global desertification of thertla, melting of the ice caps and rising sea levels.
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The escaping methane gas remained trapped in the sandstone undeetiimgsalt rock layer. The
pure natural gas (mainly methane) is odourless, hifjlaltpymable,and deadly if inhaled. The natural
gas can be mixed with methane gas {Clitom biodigesters and with hydrogen gas (from
overproduction of electricity). These mixtures will increase in the futwten more biogas is
produced, and windmills or solar panels have excess of electric power.

See alstttp://nl.wikipedia.org/wiki/Aardgas

Nederlandse Praktijk Richtlijn, NPR9998 (Eurocode 8)

The Eurocode 8 indicates the calculation method for earthqgiurakestant construction. This code
applies throughout Bwpe and has a map appendix per country that indicates the maximum
earthquake per region in that country. The Eurocode 8 is again based on the American ACl 318
and subsequent refinements with better calculation methods for tectonic earthquakes. Thé Dutc
PracticalRegulation orGuideline (NPR999&ar) is primarily a translation of the Eurocode 8. This
translation is notessential for mosengineers; they caerasilyuse the EngliskanguageEurocode 8.

For professionals who are not skilled in constructaord mathematics, the NP#®98is a difficult
document to understand (240 pages).

The NPPRrovidesfour different calculation methods for buildisgOf these, the static method is the
simples and good for common constructions such as 4@se buildings. The NLTHA is the most
complicated and suitable for higiise buildings (> 10 floors).

The attacled national seismic map indicates theaximumearthquake risk$or each country.

The firstKNM map of the NPR9998:2014 indicated the extremely high PGAg = 0.42 value

The NPR9998:2020 indicates the PGAg per location and the recumpeniogl via a new Home
Webtool https://seismischemacht.nen.ihap.php . For a site where the PGAg is <0.05 with a return
period of 95 years, no special seismic strength calculation is required.

Before 2012 the NAM haddrrectly) estimated that the maximum earthquakecause of the gas
extraction would be about RicherBcorresponding with a PGAg of about® After the Huizinge
earthquake the NAM requested the KNMI to make new calculations.

Figure 76This old 2014 Arup
threat indicatestheir estimate of
the maxmum earthquake at 2.5 X
the Huizinge earthquake with
PGAg = 0.22 in the epicentre area
between Ten Boer, Loppersum an
Appingedam.

Legend

[ The Groningen gasfield
Hazard map, V2 [g]
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At the same time the KNMI B 0.12
H N 0.14

produced_a map with about B 016
double this value. B 0.8
uidhorm - 0.20

N 0.22

In 2018, when th&NMllowered

their PGA value for the third time,
the maximum limit value of PGAg k
=0.13 would only be reached in | gosen
the core area ofhe region
(municipality of Loppersum and Juidlaren
south and southeast thereof).

Wl“
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