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Prof. Ing. lvan Vanicek, DrSc.
dnes oslavuje sve “oficielni 17 narozeniny*

Vysokoskolské vzdélani a profesionalni praxe Prof. |. Vani¢ka je spojena s katedrou
geotechniky FSv CVUT Praha, v Gzké vazbé nejen na Prof. Myslivce, ale i Prof.
Zarubu, Prof. Bazanta a Prof. Straku. Zde byl také jmenovan profesorem pro obor
mechanika zemin a zakladani staveb. Jeho vyvoj byl také ovlivnén zahrani¢nimi
stazemi, napf. v UK na Imperial College u Prof. Bishopa (1975-76), kde ziskal
védeckou hodnost DIC.

Vyzkumna c&innost byla silné spojena se zemnimi konstrukcemi pfedevsim
dopravnich a vodnich staveb, s environmentalni geotechnikou (vysypky, odkalisté,
skladky, podzemni ulozist€) a také s problematikou vyztuzovani zemin s pomoci
geosyntetik. V poslednim obdobi byl zodpovédny za dlouhodobé projekty
Ministerstva $kolstvi ,Udrzitelna vystavba“ a za projekt ESF (GA CR), b&hem kterého
byly monitorovany a ovéfovany nové metody méfeni a starnuti konstrukci v metrech
v Praze, Londyné a Barceloné.

V pedagogické cinnosti Prof. VaniCek kompletné rozpracoval predméty jako
Mechanika zemin, Environmentaini geotechnika a Zemni konstrukce. Z témér 20
skript, u€ebnic, monografii je mozno uvést — Mechanika zemin v roce 1982, Vznik a
chovani tahovych trhlin v sypanych hrazich 1987, Geotechnika a Zivotni prostredi
1991, Sanace skladek, starych ekologickych zatézi 2002 a predevSim novou
monografii ,Earth Structures® ktera byla publikovana v nakladatelstvi Springer 2008.
VSechny tyto publikace maji silnou vazbu nejen na vlastni vyzkum ale vyznamné i na
konzultadni a expertni &innost, at' jiz prostfednictvim FSv CVUT tak pres vlastni
konzultaéni kancelar.

S ohledem na dne$ni zaméfeni seminafe lze vice rozvést aktivity Prof. Vanicka
v oblasti vyztuzovani zemin, kdy prvni vyzkum zapoCal vroce 1976
s bezprostfednimi  prvnimi  praktickymi  aplikacemi. Byl spoluorganizatorem
spoleénych polsko-némecko-eskych seminafl na prelomu osmdesatych a
devadesatych let, vysledky vyzkumu a praktickych aplikaci publikoval na
vyznamnych zahrani¢nich konferencich, EC SMFE Helsinky 1983, IC SMFE Rio de
Janeiro 1989 resp. Istanbul 2001. Pro Ceské drahy zpracoval podklady pro aplikace
geotextiii a pfedevSim pro vyztuzovani zemin (1997), zpracoval prvni verzi TP 97
Geotextilie a jiné geosyntetické materialy v zemnich konstrukcich silni¢nich staveb
(1997). Problematiku meznich stavu vyztuzenych zemin pokryva monografie z roku
2000 ,Vyztuzené zeminy — mezni stavy svahu, opérnych konstrukci a mostnich opér®
a v neposledni fadé také posledni zminéna monografie ,Earth Structures®.

Zapojeni do profesnich a védeckych spole¢nosti Prof. Vanicka je spojeno predevsim
s Ceskou geotechnickou spoleénosti CSSI, kterou zalozil a fidi od roku 1991 a
s Mezinarodni spole€nosti pro mechaniku zemin a geotechnické inZenyrstvi
(ISSMGE), kde narodni komitét fidil v obdobi 1997-2009, odkdy je ,Vice-president
ISSMGE for Europe®. V roce 2003 usporadal v Praze Evropskou konference SMGE a
nyni zodpovida za veskerou ¢innost ISSMGE v Evropé (33 narodnich komitétl, ca
8 500 clenu).

Organizatofi se pfipojuji ke vSem gratulantim a preji Prof. lvanu Vanickovi kromé
dobrého zdravi i mnoho dalSich profesnich i osobnich uspécha.
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Vyztuzené zemni konstrukce a EC 7

Prof. Ing.lvan Vanicek,DrSc.
CVUT Praha
Fakulta stavebni

Katedra geotechniky
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Eurokdéd EC -7

EC - Navrhovani stavebnich konstrukci

EC 7 — Navrhovani geotechnickych konstrukci
CSN EN 1997-1 — 2006 - + Narodni pfiloha — nyni
proces upravy

Mezni stav poruseni — ULS - ultimate limit state

- 1. Mezni stav

Mezni stav pouzitelnosti — SLS — serviceability limit
state — 2. Mezni stav

Pro kazdou geotechnickou navrhovou situaci musi
byt proSetfeno, ze nebude prekrocen zadny
relevantni mezni stav

vaniceki@fsv.cvut.cz 2
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Schéma Eurokodu

‘ Zisady nayrhovani konstrukei EN 1990

Zatizeni konstrukei EN 1991
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* Geotechni konstukee EN 1597

* Zemn konstukee -2z jabo zibadad stavsbad materal
#* Geotechniks bonstukce - ko podiodd — nterakce se svichnd Konstruked

TAB 1. Sehéma Entokodi pro navehiovani stavsbnich konstrolzci
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Clenéni EC 7-1+ EC 7-2

Cast 1 Obecud pravidia Z JKousen zikIadové pidy

I'%’ vaniceki@fsv.cvut.cz
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3 Geotechnické kategorie

Navrhovini geotechnickych konstrukei
3.GK

atemalivai ustanove a pravidia
ik prickom

'ﬂ; vaniceki@fsv.cvut.cz 5

Systémy vyztuzenych opérnych stén, Praha 29.2.2012

Mezni stavy poruseni

o EC 7 rozliSuje 5 zakladnich pripadu

« -EQU -rovnovaha

« - STR - konstrukce

« -GEO - poruseni ¢i nadmérné deformace
zeminového a horninového prostredi

- UPL - vztlak

- HYD - poruseni hydraulickym gradientem
prosakujici vody — povrchova a vnitini eroze

5
'% vaniceki@fsv.cvut.cz 6
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Nejistoty — riziko spojené s navrhem konstrukce

Ocelové

1/1 000 000 z celého objemu
Nepiimé metody

konstrukce 3-5% E, 04, 0,
k?)it;?s ll/fe 5-10%
e 10-20%

Zemni konstrukce N;syp (zemnik) cca50% | Eyp, @, C, k

e

vaniceki@fsv.cvut.cz
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Reseni meznich stavu

O 4 zpusoby ovéreni meznich stavu

« - Vypoétem

« - SpInénim dosud béznych uznavanych opatieni

« - Experimentalnimi modely; zatéZovacimi zkouskami

« - Observacni metodou

0 Pro vypocetni metody
« - 0Oddélené — analytické metody; extra ULS, SLS

« - Spole¢né — numerické metody (MKP)

« -Semi- empirické

vaniceki@fsv.cvut.cz
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Vyztuzené zeminy

o Kapitoly EC 7-1:

Y

> 9 Opérné konstrukce

> 10 Konstrukce, kde k poruseni mize dojit

4 Nasypy, odvodrnovani, zlepSovani a
vyztuzovani zakladové pudy

vztlakem nebo gradientem prosakujici vody

v

v

11 Svahy, celkova stabilita
12 Nasypy dopravnich staveb, nizké prehrady

vaniceki@fsv.cvut.cz
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EC7 - Navrhovy pristup 1, resp. 3

0 Pro zeminy

- tg (@) =tg (@) / Yine

Gy = Ck/ Vmc

o Pro vyztuhy

T
T, = i
EC i F;()mp : Fenv : F;nat i F;)A\'t
|@ vaniceki@fsv.cvut.cz 10
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Stupen bezpecnosti x mezni stavy

o Klasicky pristup — jeden stupen bezpecnosti,
stability
F+15

o Pristup dle meznich stavi — rozdilné dil¢i soucinitele
spolehlivosti vztazené k:
* Material v,
* Action ( zatizeni, sila) y;
* Resistance (odpor) y,

I@ vaniceki@fsv.cvut.cz 1"
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Navrhové pristupy

| DpA1 | DA2 | DA3 |
Comb. 1 Comb. 2
A1+M1+R1  A2+M2+R1 A1+M1+R2  (At1*or A2+)+M2+R3

Ya=1 Ya=1 Ye=1.1-14 =1

=1 Tw>1(1,1-1,4) p=1 T >1(1,1-1,4)

Ye=1,35 Ye=1 Ye=1,35 Ye=1,35" or 1+

Yo=1,5 Ye=13 Yo=1,5 Yo=1,5" or 1,3+

 Kde dilci soucinitel yg je aplikovan na stélé nepfiznivé ¢i pfiznivé
zatizeni a y, na proménné nepfiznivé zatizeni

* U pristupu_DA3 se aplikuje *na vnéjs$i zatizeni a *na zatizeni od zeminy

lw vaniceki@fsv.cvut.cz 12




Systémy vyztuzenych opémych stén, Praha 29.2.2012

Typy vyztuZzovani

o - geosyntetika — nasypy - zdola nahoru
0 Plo$ny prvek — vyztuz
0 Rozptyleny prvek — vyztuz

o - hiebikovani - zarezy — z vrchu dolt

o - ostatni — (nap¥. vrstva z cihlo-vldkno-betonu)

|@ vaniceki@fsv.cvut.cz
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Celni lic

a Interakce

=Zemina

=Vyztuha
=Celni lic

a Celni lic

*Spojeni s vyztuhou

I@ vaniceki@fsv.cvut.cz
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Poddajny celni lic

m vaniceki@fsv.cvut.cz
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Celni lic z betonovych prefabrikata

OPrefabrikaty
=Malé

=Velké

m vaniceki@fsv.cvut.cz 16
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Velké prefabrikaty

aTechnologie

m vaniceki@fsv.cvut.cz 17
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Navrh zaloZzeny na experimentalnich modelech

0 Modely v méfitku 1:1 — realné modely

m vaniceki@fsv.cvut.cz 18
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Navrh zaloZzeny na laboratornich modelech

Laboratorni model — sledovani pomoci stereofotogrammetrie ¢i
odstredivky 0

A ——

B

vaniceki@fsv.cvut.cz
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Navrh zaloZzeny na observacni metodé
o Monitoring na vyztuzené konstrukci in situ — zpétna vazba

vaniceki@fsv.cvut.cz 20
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Mezni stav pouzitelnosti - deformace
o Deformace svisla

geosynthetic
a

gy -
pul out —
membrane effect

without reinforcement O o
75
ot
b
h

N WL«
IR R
ov<ovt
with reinforcement O I =
l/jF

oz
O S W DSOS}
l2
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Mezni stav pouzitelnosti - deformace

0 Deformace vodorovna — rozdily pro hiebikovanou sténou a
sténou vyztuzenou geosyntetiky

Soil nailed wall Geosynthetics reiforced
soil retaining wall

22
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Vyznam vodorovné deformace

O Praktické priklady
— stara kamenna zed' a za ni vyztuZzena zemina
— Loukov - nadrz a a obsyp z vyztuzené zeminy pro snizeni

zatizeni

23
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Vyznam vodorovné i svislé deformace

0 Mostni opéra € < 0,5 %

24

m vaniceki@fsv.cvut.cz
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Vypocet celkové deformace vyztuzené zemni konstrukce

TRNTT T miume ;v B Loukov 1
“loukov2  "269 16,0408 GEOSYNTETIKA

Loukov A
loskovAz 252 160408 GEOSYNTETIKA

vaniceki@fsv.cvut.cz 25
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Mezni stav poruseni — unosnosti, stability
o Unosnost vyztuzeného podlozi

| o S o | A |

4

O Stabilita vnitini — pretrZeni, resp. vytrhnuti vyztuhy

smykova plocha

m vaniceki@fsv.cvut.cz 26
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Vyztuzeni — eliminace vzniku tahovych trhlin

Cracks

transverse - outer

transverse - inner

Sypané prehrady, hraze — vyztuzeni tahové oblasti

m vaniceki@fsv.cvut.cz 27
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Vyztuzeni - eliminace tahovych trhlin

Factor of safety

Critical slip surface
F=2.1 i

= Tension

Failure zone
(plastic})
Depth of excavation 9.3m

Zemni svah — nasyp — geosyntetika, zarez hiebiky

m vaniceki@fsv.cvut.cz 28
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Mezni stav poruseni — opérna zed’
[ 7777

0 Klasicka tizna opérna zed
- posun
- preklopeni
- tnosnost v zakladové spare

o Kvazi - homogenni tizna zed’
z vyztuzené zeminy
- nutno prosetfit stejné moznosti

m vaniceki@fsv.cvut.cz 29
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Vyztuzeni - eliminace tahovych trhlin

Vyztuzena opérna sténa

m vaniceki@fsv.cvut.cz 30
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Preklopeni méritelné — ca 14 cm

m vaniceki@fsv.cvut.cz 31
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Trhlina za vyztuZzenou opérnou sténou

Rozdilna deformace pod patou svahu a pod koncem vyztuzeni

= O
Side restricion C ~—_
~—
lm —
_____ ~—
< t (—
40z
 ~—
= _? = = | o=o:Ko U
reinforcing elements.
i &nﬁwmmem g |- —€— —
ng e e
Jo @ e 'm | _m
_____ I
_ lg<oeko _ |l | geoike | e - e
[ ! ] ! L ! = etomens—H L -
f S b .
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Malé prefabrikaty
Pisa? Blok KB Blok Blok Ladenna

vaniceki@fsv.cvut.cz 3
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Mezni stavy poruseni
vnitini stabilita

pretrzeni vytrzeni vybouleni

|@ vaniceki@fsv.cvut.cz 34
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Mezni stavy poruseni

Vnéjsi stabilita
posun preklopeni unosnost podlozi  celkova stabilita

I@ vaniceki@fsv.cvut.cz 35
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KB Blok
Nové spojeni

m vaniceki@fsv.cvut.cz 36
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KB Blok — Nové spojeni

Im vaniceki@fsv.cvut.cz 37
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KB Blok — Noveé spojeni

I@ vaniceki@fsv.cvut.cz 38
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Zemni konstrukce vodnich staveb
mezni stav povrchové eroze

o Preliti koruny hraze za extrémnich pratoku
o Citlivost dana vyznamem 3 D efektu

m vaniceki@fsv.cvut.cz 39
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Aplikace protierozni matrace s ozelenénim

WL

I’ﬁ vaniceki@fsv.cvut.cz 40
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Povrchova eroze

VyztuZeni pomoci vrstev cihlo-vliakno-betonu

Saved volume
of earth structure

m vaniceki@fsv.cvut.cz 41
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Modelovani povrchové eroze v laboratofri

m vaniceki@fsv.cvut.cz 42




Systémy vyztuzenych opémych stén, Praha 29.2.2012

Velkorozmérovy model povrchové eroze

D POVODNEMI

g E

= | 0CHRANA PRE

m vaniceki@fsv.cvut.cz 43
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Protipovodiiova hraz vyztuzena vrstvami z
cihlo-vlakno-betonu

vaniceki@fsv.cvut.cz 44
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DEKUJI ZA VASI POZORNOST

Podékovani: Prispévek vychazi z nékterych zavéra
VZ MSM 6840770005 Udrzitelna vystavba

m vaniceki@fsv.cvut.cz 45
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Walls
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ADAMA Engineering, Inc.



Prof. Dov Leschinsky

Dr. Dov Leshchinsky has served a professor of civil engineering at the University of
Delaware for nearly 30 years. Prior to joining the faculty in Delaware he worked as a
geotechnical engineer with the Association of American Railroads in Chicago. At the
University of Delaware he has conducted research on slope stability, soil reinforcing,
geosynthetics and dredged materials. The National Science Foundation, US Army
Corps of Engineers, Federal Highway Administration, Delaware Department of
Transportation, and private industry have sponsored various research projects he
has conducted. His main research thrust interfaces between theories and their
applications to practice. Much of his work has focused on comprehensive design
methods for reinforced steep slopes and walls as well as geotextile tubes. He has
well over 100 technical publications and has advised about 30 graduate students.
Several of his design methods have culminated with the development of user-friendly
computer programs (FOSSA, ReSSA, MSEW, ReSlope, GeoCoPS). These design
tools are used worldwide.

Dr. Leshchinsky has been involved with advanced geotechnical consulting for the
past 20 years. Governmental/State agencies (e.g., FHWA, DSWA), geotechnical
outfits (e.g., URS, WRA, MACTEC) and geosynthetic manufacturers had retained
him as a consultant. Recently he has participated in two complex and large projects
involving soft soil (i.e., Woodrow Wilson Bridge in the Maryland side of the Potomac
River and Cherry Island Landfill in Delaware). As a consultant, he coauthored the
design manual “Guidelines for Geofoam Applications in Embankment Projects,”
published and sponsored by NCHRP. He co-developed an NHI short course on
Slopes and Embankments. He has been co- teaching short courses on MSE Walls
Reinforced Soil Slopes (through the University of Delaware, Akron University, as well
as via other sponsors around the world), Shallow Foundations, Slope and
Embankment Design (through NHI; these courses are offered to State DOT’s), and
Geosynthetic Reinforcement (GSI).

Dr. Leshchinsky served on various editorial boards (e.g., ASCE Journal of
Geotechnical Engineering; Geotextiles and Geomembranes; Soils and Foundations).
He has also served as expert witness involving failures of geotechnical structures. He
delivered the 2008 Martin S. Kapp Lecture and is the recipient of the ASCE’s 2010
Martin S. Kapp Achievement Award.
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Prague, Czech Republic

Successful and Unsuccessful
Design and Construction

Practice of MSE Walls
(i.e., Geosynthetic Reinforced Walls)

Dov Leshchinsky
University of Delaware

ROADMAP OF PRESENTATIONS

PART I: Successful/Unsuccessful Design
N Introduction

B Basic Design Parameters

H Overview of Design

B Common Omissions in Design

PART II: Successful/Unsuccessful Construction
H Overview of Construction
B Common Errors in Construction

Reinforced Soil in a Nutshell

B Soil: Strong in compression, weak in tension

B Reinforcement can carry tensile stresses

B Soil + Reinforcement = Structure strong
under both compression and tension

B Analogous to reinforced concrete




Basic Components:
Reinforcement, Facing and Soil

Reinforced Soil

Reinforcement Retained Soil

Facing

o

Common Facing Systems

Precast concrete panels (wet cast)
Modular blocks (dry cast)

Gabions

Welded wire mesh

Timber
Shoftcrete
Vegetation

||
|
]
]
B Cast-in-place
[ ]
|
[ ]
B Geosynthetic: wrap around, geocells

Small Blocks (drycast)




Placement of Small Block

FHWA Requires Unreinforced Concrete
for Leveling Pad Construction

Minimum 12 hr cure

Curves are Easy to Construct




Integration with Landscaping...
e X E; b5 g - -

Multitired Block Walls




I-25, Colorado: True Bridge
Abutment

Wetcast Blocks Can be Produced

Wetcast Segmental Facing Can




Full Height Wetcast Thin Facings
are Installed

Full Height Wetcast Thin Facings are
Installed

“506-

Gabion Facing: Sikkim, India
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Gabion Facing: Albania (highway
to Kosovo)

’1..

Wrapped Around




Wrapped Around — before shotcrete

27

Final Appearance




Vegetated Face (US)

Facia: Wire Baskets




Facia: Wire Baskets

Reinforcing Elements

B Stress-Strain Behavior:
- Extensible (soft and ductile; ‘compatible’ with
soil; mainly polymeric)
- Inextensible (stiff; ‘incompatible’ with soil;
mainly metallic)

H Geometry:
- Grids
- Sheets
- Strips




Galvanized Ribbed Metallic Strips
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Geotextile Reinforcement
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ROADMAP OF PRESENTATIONS

PART I: Successful/Unsuccessful Design
N /ntroduction

N Basic Design Parameters

H Overview of Design

B Common Omissions in Design

PART II: Successful/lUnsuccessful Construction
W Overview of Construction
B Common Errors in Construction

Does reinforcement work like magic
(i.e., does not satisfy statics)?




How does it work? Use limit state
basic concepts

H Active wedge is formed

B Tensioned reinforcement
is anchored in stable soil

u /f reinforcement is too
weak, it will rupture

B /f anchorage length is too
short, it will be pulled out

Soil-Reinforcement Interaction:
Pullout Capacity

Pullout Capacity = Ability to resist design tensile load
with a prescribed margin of safety

Idealization

B Reinforcement elements are placed in a
regular pattern to produce “2-D” structure

B Stress transfer is continuous along the soil-
reinforcement common interfaces




Stress Transfer Mechanisms

B Friction:
- Along reinforcement surface:
Steel strips, longitudinal bars in grids
and geotextile sheets

B Passive Resistance:
- On transverse reinforcement surface:
Geogrids, bar mats and wire meshes, and
“ribbed” steel strips

Frictional Stress Transfer Along
Soil and Reinforcement Interfaces

‘Skin’ frictional resistance is a function of roughness
of surface, soil characteristics, and normal stress:

Pullout
Force

Passive (bearing) Resistance

Passive resistance is a function of the thickness of
transverse members, grid opening dimensions, soil
grain size and particle shape:

Passive Rassive

- Pull -
Resistance ullout Resigtance
Force
[

[

Frictional
Resistance

Pullout Force N /;:rictional
Resistance




Pullout Equation
Pr=F x a xo,xLex?2

a = correction factor for stiffness effects
F* = pullout resistance factor
o, = effective confining pressure

Le = embedment (anchorage) length

Conservative approximation for a
using geosynthetics:

tan ¢

tan cI)peak

For geosynthetics use a = 0.6

For metallic use ¢ = 1.0

Value of o with continuous reinforcement has small effects
on final layout of reinforcement

Pullout Resistance Factor F*

Pr=F xa xo,xLex2

- F' is nondimensional factor related to
frictional and passive (bearing) interaction of
soil and reinforcement

- The term (F a.) is commonly known as C,tang
(C; = Interaction Coefficient) in geosynthetics




Factor F" and Pullout Test

B F* is determined from pullout

tests k_

B Pullout devices are large to
reduce end effects

'./

v

B Test is labor intensive and } ks - 4 \ \
-t

results are relevant only to
materials tested ezl

- r
B Empirical correlations are ‘ r
acceptable in practice '
s

Pullout Device

Field Test Might Be Beneficial for
Metal Strips




Empirical Relationships for F*
(AASHTO) — Default Values:

Front-End Pullout of Block Walls

B AASHTO and NCMA :
provide procedure for
‘pullout’ at the front-end
of the reinforcement

B CRu and CRs parameters
quantify the connection
strength

B Both parameters are
function of confining
pressure between
stacked blocks

Connection Strength Test (SRW)




Connection (cont.)

Geogrid
/ Reinforcement

SEGMENTAL RETAINING WALL

Connection Strength Data (SRW)

Break:
CRU = Tc-ult/ Tult
Pullout:

CRs = Tc-pulloul/ Tult

Coverage Ratio Rc

BR.=b/S,

B R, = reinforcement
coverage

B For geotextiles, R, =
typically 1.0

B For metal strips, R, =
small, typically 0.067

B R, = convenientin
calculations




Select Fill for MSEW (AASHTO)

Sieve Size Percent Passing

o w@asm | oo |
- Plasticity Index (Pl) should not exceed 6

- To insure survivability, maximum grain size should be
limited to 19 mm (experience)

- Free of organic and other deleterious materials

Consequences of Using “Poorer”
Reinforced Soil

B Decrease in ¢ — Increase in horizontal stress and
poorer load transfer — Stronger and longer
reinforcement

B Increase in Pl — Increase in construction and creep
deformations, poorer workability

B Increase in fines — Poor drainage and increase in
porewater pressure (major cause of walls failure)

M Increase in fines/Pl — Increase in corrosion

Reinforced Backfill: Electrochemical
Properties (AASHTO)

For Geosynthetics (pH only):




Geosynthetic Polymers

H Polypropylene

B Polyethylene

N Polyester

HPVA

B Each polymer has different properties

(e.g., creep, degradation, strength per unit
weight)

Ultimate Tensile Strength Tult
Wide-Width — Nonwoven

Ultimate Tensile Strength Tult
Wide-Width — Strong Geogrid




Ultimate Tensile Strength Tult
Wide-Width — Strong Geotextile

At the beginning of the test and 2 minutes later

l

Is Tult Test an Index Test?

B Test is conducted at 10 - 20% strain per minute
B Such rate does not reflect realistic loading

B Polymers behavior is time dependent

B Hence test can be considered only as index

B To apply its results, corrections are needed

B Besides, is a width on 8 inches (20 cm) reflective of plane
strain field conditions?

Effect of Specimen Width on
Measured Tult

Tult

Geogrids & Woven
Geotextiles

N ¢ Plane Strain Tult
Geotextiles
— Wide-Width Method ASTM D4595

20cm
Width of Tested Specimen




Creep Test Setup

Schematics of Creep Behavior

Creep
Rupture

Tertiary creep leading to rupture

“Equilibrium” (insignificant strain
accumulation under sustained load)

Time (log scale)

=
=
8
~
)
&
s
s
=
73

Creep Reduction Factor - RF_,

B T(creep rupture) = Tult/ RF_,

B Tult = Short-term strength as determined from wide-
width tensile strength test

B T(creep rupture) = Sustained load rupturing the
geosynthetic at the end of designed life of structure

B Duration of creep tests is at least 10,000 hours
(400 days)




Range of RF_,

Polymer Type RF,,

Polyester
Polypropylene
Polyethylene m

Geosynthetic Possible
Degradation Mechanisms

H Ultraviolet light (UV not a problem for short
exposures)

® Oxidation (HDPE, PP)

B Hydrolysis (PET) (need wet and warm
environment)

B Environmental stress cracking (HDPE)
W Temperature
M Bjological

Durability Reduction Factor — RF,

B T(ultimate after loss to environ. effects) =
Tult/ RF,,

N L oss dependent on susceptibility to attack
by microorganisms, chemicals, oxidation,
hydrolysis, stress cracking

B RF, typically varies between 1.1 to 2.0




Installation Damage: Aggregates
Size + Contact with Truck Wheels

Installation Damage: Proper
Installation

Installation Damage: Proper
Installation




Installation Damage Reduction
Factor — RF,,

B T(ultimate of damaged geosynthetic) =
Tult/ RF,,

B Damage is related to particle size (gradation)

H Tests for specific products can easily be
made

B Typical values of RF,, range form 1.05 to 3.0

Long-Term Available Strength for
Geosynthetic

Ta = Tult/ (RFcr x RFp x RFp)

T.x < T design=Ta/Fs

ROADMAP OF PRESENTATIONS

PART I: Successful/Unsuccessful Design
H Introduction

M Basic Design Parameters

H Overview of Design

B Common Omissions in Design

PART II: Successful/Unsuccessful Construction
W Overview of Construction
B Common Errors in Construction




Stability Analyses: Dimensioning
and Strength

H Internal Stability
- Strength, Connection, Pullout
- Analyses Determine Strength and Length
B External Stability
- Bearing Capacity, Direct Sliding, Eccentricity
(Overturning)
- Analyses Determine Length
H Global/Compound
- Slope Stability Analysis
- Analysis Determines Strength and Length

Reinforcement Stress-Strain: From
Steel to Nonwoven...

Steel (wire grid)
Steel (strips)

Geogrid or high
strength woven

»
4
=
[7)
)
=
7]
3
~

Nonwoven

Elongation

Effects of Stiffer Reinforcement

W Stiffer reinforcement retains larger lateral pressure
due to lower mobilization of soil strength

B Design accounts for this phenomenon
B Geosynthetics (‘extensible’): K = K, = tan?(45° - ¢/2)
B Metallic (‘inextensible’):

- near surface K = (1.5 to 2.5) K,
- at 6 meters depth K= (1.0 to 1.2) K,




Calculation of T

max

(extensible)

D
hd
o
+ S
L
» VI
.
A
«
L3
D
S - Tmax
tri,
.
2y
-
L
-
A

< \o=45°+ 42

Internal Stability: Strength

B Geosynthetics: K = K,
B Compute o, at the slip plane
Bgo, =K, o,

u Tmax =0y Stri

— Tltds = Tattowable 2 Fs Tmax AR

Internal Stability: Available
Connection Strength Data

Break:

CRu = c-ull/ Tult
Pullout:

CRs = Tc-pulloul/ Tult




Internal Stability: Connection

BT, ..equalstoT

connection

M Calculate pressure
between stacked block

B Check connection for
pullout and break

B Prevailing value is lowest

Pullout Length

I . Fs

Le=—T"—"+
20, F a R,

Internal Stability: Pullout

B Pullout resistive length is
right of the slip plane

B For each layer check:
P,/ T,..2Fs

B Minimum length provides
sufficient pullout

resistance + be connected
to facing units to ensure
front-end stability




External Stability: Bearing Capacity

B Reinforced zone treated as
coherent mass

B Reinforced zone should
yield Fs based on Meyerhof
eccentric load equation

External Stability: Direct Sliding

u Sliding resistance:
calculated based on
weight of mass and
friction angle along the
sliding plane

u Sliding resistance /
Horizontal thrust of
lateral earth pressure 2
prescribed minimum Fs

External Stability: Eccentricity

H Length of reinforcement
must produce e < L/6

B Eccentricity and
overturning are

equivalent




Global/Compound Stability

Use slope stability analysis for reinforced
slopes to ensure the reinforcement is long
and strong enough to prevent rotational and
translational failures extending behind the
reinforced soil and/or below

Final Layout

Length of reinforcement is a synergy of all
analyses. The longest required length at
each elevation dictates the required length.

ROADMAP OF PRESENTATIONS

PART I: Successful/Unsuccessful Design
H Introduction

M Basic Design Parameters

B Overview of Design

B Common Omissions in Design

PART II: Successful/Unsuccessful Construction
W Overview of Construction
B Common Errors in Construction




Bottom of Wall Elements (design
stage)
B Leveling pad: PROPOSED

- Critical element for [ - |

preventing 150 mm x 300 mm
misalignment of joints  FSNESEP-ATH-FINS
- Gravel pads are not

STANDARD UNIT—

recommended
- Need tight vertical

g..kwa‘

tolerance (1/8-in over
any 10-ft run)

Bottom of Wall Elements

%. Hence, it is ‘not st

usually occurs durin,




NOTE: Water can fully mobilize
connection strength

NOTE: Water can fully mobilize
connection strength

NOTE: Water can fully mobilize
connection strength




Drainage and Sources of Water

Good drainage is Surface Water Inflration,__
essential to the proper
performance of a MSE
wall Retained fill

Two types of drainage
Internal
External

Foundation Soil

Drainage (cont.)

Basic rule: Allow unimpeded flow of water
through the wall and/or collect and remove
water before it enters the zone of influence
of the wall

Effects of poor drainage:
Increase in lateral pressure due to build-up of
hydrostatic pressure or decrease in effective
stress
Internal piping (migration of particles)
External erosion at wall toe, edges

Drainage (cont.)

Effect of fines:
For free drainage, the fines should be less than 3
to 5% and non-plastic
Higher fines content may lead to seepage
pressures and potential destabilizing effects
Common reinforced soil backfill criterion is to
limit fines to 15%. This is not a free-draining
backfill and therefore additional drainage
measures are necessary.




Drainage behind wall face:
Precast panels

VERTICAL WIDTH
~OF FILTER CLOTH
480 mm

187) (TYP
EQ( WTYP)

Drainage behind wall face:
Modular block units

N

GEOTEXTILE FILTER (IF REQURED)

Drainage: Internal drainage in cut
situations

PROVIDE BARRIER
OR COPING

TOP_OF FINISHED SLOPE SPECIFIED
FOR COPING DETAIL 15O MIN.

REF, T0 SKT.

L

BACKFILLes
PRECAST CONCRETE

son_stasiLizing
ELERENTS (TYP)
FACING PANEL (TYP.)

EMBANKUENT BACKFILL O

690 x 600 KO. 5T
COARSE AGGREGATE

600 MIN.

152 am © PERFORATED PIPE

5T AGGREGATE
ORAINAGE BLANKET

FINISHED
OUD

152 am © PERFORATED PIPE
I CEOTEXTILE
7[ks neawteen v oeston
N 0.7
BOTTOM OF CONCRETE

CEVELTRG PAD




Drainage: Internal drainage using
geocomposite drains

Drainage: Internal drainage for
walls subject to inundation

Drainage: External drainage

Swells and overflow sills

Geomembrane barriers

Pavement permeability

Grades at toe and ends of walls




Drainage: External drainage
swales and overflow sills

8" LOW PERMEABILITY
IMPERMEABLE 4" CONCRETE
OR ASPHALT LINING
COMPACTED INFILL
E GEOTEXTILE
AGGREGATE
SEGMENTAL
UNIT

ToPSOIL
8" LOW PERMEABILITY
soiL
SWALE LINED WITH VEGETATION
\ (GEOMEMBRANE (OPTIONAL)
COMPACTED INFILL
DRAINAGE GEOTEXTILE
AGGREGATE
SEGMENTAL
UNIT

Drainage: External drainage
geomembrane barriers

30 mil (min)

Cover in Geolextie
(Drain to end of wall

Drainage Layer
75T A 25

Geome ep e nt I
delcmg 4

of MSE wal

Specifi
Backfil

Drainage: External drainage
pavement permeability

> Undesired detail: Feeds
I|p water into reinforced

(High




Drainage: External § R,
drainage steep I
grade at toe and !
wall ends — cannot
compact properly

and water can

easily erode soil

cover

Internal Details: Horizontal
Obstructions

Collapsed utility

Internal Details: Horizontal
Obstructions




Internal Details: Slip Joints

£
J

M 2 FRONT FACE
T T e mm

OF WALL

Internal Details: Wall Curves

Aesthetics: Many possibilities




Aesthetics

H Easy to get carried away
B Remember you have to construct the wall

B Often wall construction tolerances do not
meet aesthetic tolerances

Trying to match MSE to C.I.P.

Trying to
match MSE
to C.I.P.




Matching MSE to C.I.P.: Use
column as separator

'
—

Global/Compound Stability

Shop N’ Save Supermarket —
A Good American Name...




Field Visit: December 2002

Field Visit: December 2002

Field Visit: December 2002




Bishop Analysis: Safety Map

Spencer Analysis: Safety Map

F: Range

»2.07
. 1.93
191
1.83

[
167
159

151
1.43

135
.

FLAC: Max Shear Strain-Rate (Fs=1.20)




Use of Safety Map: General Example
Problem — Effects of Water

0.5 m (1:4)

5.0 m (2:1)

Homogeneous soil:
gamma = 20 kN/m*"3

S, phi = 28 degrees

Unreinforced Dry Problem

Critical slip surface
coincinding with face
of unreinforced slope

\.

Reinforcement for Dry Problem using
Circular Arc (Bishop)

Long-term design strength, Tltds = 10 kN/m
Length of reinforcement, L = 6.0 m




Seepage into Design of Dry
Reinforced Slope

Redesigned Reinforcement for Water

Long-term design strength, Titds = 23 kN/m
Length of reinforcement, L=12.0 m

Trace of critical circle = ab

Installation of Drain

Prefabricated geosynthetic drain
intercepting ground water flow

Drain is located 8.0 m back from the face of the slope




Redesigned Reinforcement + Drain

Long-term strength and length of reinforcement:
Layers 1-6: Titds=15kN/mandL=8.0 m
Layers7-10: Titds =10 kN/mand L=6.0 m

Trace of critical circle = ab a

ROADMAP OF PRESENTATIONS

PART I: Successful/Unsuccessful Design
N /ntroduction

B Basic Design Parameters

H Overview of Design

B Common Omissions in Design

PART II: Successful/Unsuccessful Construction
B Overview of Construction
B Common Errors in Construction

Placing
Wall Fill




Advancing fill on




Inconsistent Tensioning Method

But better than
no tensioning

Rake used to pull and hold the
geogrid taut

ROADMAP OF PRESENTATIONS

PART I: Successful/Unsuccessful Design
H Introduction

M Basic Design Parameters

B Overview of Design

B Common Omissions in Design

PART II: Successful/Unsuccessful Construction
W Overview of Construction
B Common Errors in Construction




Crack may be a
result of point
load from piece of
gravel fill not

swept off top of
underlying unit.

along a 10’ str:




Don’t use sheepsfoot rollers on top
of reinforcement

Improper geogrid installation: Grid too
low + gravel in block is not at geogrid
level + orientation of grid.




B e f‘. Unacceptable with metallic

= reinforcement as well...too
much vertical skew!

i .

What is wrong here?

Nice wall, but one month after end
of construction...




Exhumation:
Geogrid Layout

Unreinforced Sector

Conclusion: ' /
Reinforced wall
without ;
reinforcement
will fail ...




Thank You
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Designing MSE Walls following EuroCode7 -
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|
Definitions
NAVE
Eurocode 7 moves away from:
Working Stresses
Overall Factors of Safety [n]
to:
Limit State Design Approach
Partial Factors [y]
o
Definitions ﬁ%::ﬂl,__
NAUE
Actions (E) Resistance (R)
as the sum of loads of constructions and Materials (M)
N
Definitions SHES
NAUE

Limit State Design
Ultimate Limit State (ULS) Serviceability Limit State (SLS)

©2012 NAUE GmbH & Co.

Designing MSE Walls following EuroCode7 -
Vollmert et al. 2
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Retaining Wall Systems - Prague 2012

— o

The

Actions

As the sum of the
load combinations
have to be known

or to be estimated
on the save side

L~

—

©2012 NAUE GmbH & Go. K

N
Definitions ==
NAYE
Limit State Design
Ultimate Limit State (ULS) Serviceability Limit State (SLS)
[
N

‘to-design the required
Resistance

of the construction to meet
the limite states.

2/22/2012

Definitions

Design

Testing for ultimate stress Designing with partial
factors of safety

i,

I

Geogrids in Contact to Soil

Loading In-Situ

2

1 é_ :

3 2 «f

] I

|
Definitions
NAVE
= Ultimate Limit State STR ]

Internal failure or excessive
deformation of the structure
or structural elements (e.g. 3
geogrids), in which the strength
of structural material is significant
in providing resistance

= Ultimate Limit State GEO

Failure or excessive deformation
of the ground, in which the

strength of the soil or rock is
significant in providing resistance

Others:
EQU : loss of equilibrium

UPL : failure by uplift \.
HYD : hydraulic heave

Designing MSE Walls following EuroCode7 -

Vollmert et al.
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EuroCode 7 & Design-Approaches

S

=M
>
s

Different sets of
safety factors in EC 7
depending on

Design Approach

©2012 NAVE G

Eurocode 7 requires to ensure that

Actions (E;) < Resistances (Ry)

To ensure reliability of the design, Partial factors are applied to:

- Actions (Loads): A

- Material (Soil):
- Resistances:

M
R

1 2 ]
Combination 1| Commnauon 2 | |
Actions Miarerial Aetions or efects) | 5
procerties & rastances o
s
| |
aemer Jazemper Jaiowmems s

Design Approach

Standard values in EC 7, definitions in National Annex (NA)

|

2/22/2012

EuroCode 7 & Design-Approaches

; e

=M
>
s
-

Partial Safety Factors for limit states GEO/STR

Parameter Sym- | Action Matenal Resistance factors
bol | factors factors.

AT | A2 | M1 [ M2 | R1 | R2 | R3 | Rd
Permanent | Unfavourable TG 135 | 10
acton (G) ['Favourable o | 10
Vanable Unfavourable o 15[ 13
action Q) I'Favourable N T )
Sheanng resistance (tan ¢) 1y 10 [ 126
Effective cohesion (¢) i
Undrained shear strength (€,) | 7o 14
Unconfined compressive Yo
strength (g}
Weight density (1) Y, 10
Beanng resistance (R,) Ry 10 14 10 | (10)

Sikding resistance (R,)

Eanh resistance | Walls Tre
(R,) Slopes

Pile resistance

©2012 NAUE GmH & Co. KG

EuroCode 7 & Design-Approaches

; e

=)
-
=
-

Design Approach
adopted for slopes

[ N
DA2
DA3
DA1,DA2&DA3

Unconfirmed

Designing MSE Walls following EuroCode7 -

Vollmert et al.
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EuroCode 7 & Design-Approaches

Limit State STR, Design Approach 1 (Combination 1) = A1 + M1+ R1

P
Y
P

; e

=M
>
s
-

2/22/2012

EuroCode 7 & Design-Approaches

Limit Stata STR, Design Approach 3 = A2 + M2 + R3

7.
Y
P e

Sip & FSeyy & additional partial safety factor of 1.4

Geogrid LTDS is calculated using FSc,

; e

=M
>
s
-

EuroCode 7 & Design-Approaches

How does BS 8006-1:2010 treat Eurocode 7 ?

BAITISN STANDARD

Section 1: General

Code of practice for
strengthened/rainforced
soils and other fills

i

e

|

NAWE

5800612010

Designing MSE Walls following EuroCode7 -
Vollmert et al.
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N
EuroCode 7 & Design-Approaches =] Q-:.-:

Example: Reinforced Slope (BS8006)

Internal Stability Analysis

BS8006:2010

Geogrid LTDS

2/22/2012

N
EuroCode 7 & Design-Approaches ==
NAVE
Comparison to Global Safety-Concept (old)
n=R,/E;=1.20>1.0
. <131.5®
b
T
I,
N
EBGEO 2010 SHES
NAUE

Recommendations for

Design and Analysis of Earth
Structures using Geosynthetic
Reinforcements - EBGEO

urocode 1

tive Handbook (blended text)
Actions on Structures 12

! 2

1| DINEN 1997141
1| Geotechnical Design
}|__-General Rules
1
1
1

National Annex:

DIN EN 1997-1/NA

DIN 1054:2010
Supplementary

EAB

EA-Plihle

bl EBGEO |

DIN XXXX
(oo ]

ules to
DIN EN 1997-1

DIN 4084:2009-1
Soil - Calculation of
[

Designing MSE Walls following EuroCode7 -
Vollmert et al.
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N
EBGEO 2010 ===
NAVE
Applications _ O
Reinforced Slopes Retaining Walls Base courses in

road applications
- i

N .

) Embankments on soft soil Reinforced footings
Base courses in
railway applications N
N
N
JERTTITRTI o,
AN / 7
\ /
\ / 8 ,
S
2
<

Bridging mining voids & sinkholes

Load transfer platforms (LTP) Veneer Reinforcement
over piled foundations

©2012 NAUE GmbH & Go. KG - winwnaue.com

]
Geosynthetic-Properties by EBGEO / BS 8006 Ej ===
NAUE
Recommendations for
Design and Analysis of Earth - Short-term Strength-Strain
Structures using Geosynthetic
Reinforcements - EBGEO . .
- Short-term Tensile Stiffness
[} .
H - Creep Strain
o
- Creep-rupture behaviour
- Long-term tensile stiffness
- Soil / geogrid interaction
- Long-term design strength
©2012 NAUE GmbH & Co. KG - www.naue.com =
=]
Geosynthetic-Properties by EBGEO / BS 8006 k=
NAUE

Short Term Strength-Strain

Tensile Strength % of nominal tensile strength]

Elongation ['%]

©2012 NAUE GmbH & Co. K

Designing MSE Walls following EuroCode7 -
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Geosynthetic-Properties by EBGEO / BS 8006

Short Term Tensile Striffness

T Lo

Tonsile force F (kN/m]

100 1 .
%0+ .
o o
T
4 LTI
Wl .z
st = N
w1 <
kY 1 e o = (488 kiim - 011002 - 0)
20+ ey I
e (B AN - SGRNI0.05 - 0.00)

101 e i
04 - . . . - - - —_— +

2 3 4 5 & 8

Strain ¥ Pb)

=
;_‘

=
e
-

2/22/2012

|
Geosynthetic-Properties by EBGEO / BS 8006
NAVE
Why Tensile Striffness?
Using peak-shear-stress
of soils requires low strains!
600 h
& i
£ i
> 1
E 450 |
o |
@ 1
» |
@ 300 '
= 1
€N !
= i Dense Sand
g 150 E
< 1
] |
0 1Ly | I |
1 2 3 4
Axial strain € [%]
|
Geosynthetic-Properties by EBGEO / BS 8006
NAVE
Creep-Strain
A
Pu_ F,
o Py pu P2
£
@ Px F,
2
& Py
Py
Tensile force F, > F, > F,
>
t ty
Time t (log)
©2012 NAUE GmbH 8 Co.KG z
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|
Geosynthetic-Properties by EBGEO / BS 8006
NAVE
Creep-Rupture
100
#
2 0
;
g 0
S
E 40
B
E 20 .
1 month 1 year 10 years 10p years
0 - i A A
0° w1 0 10t 100 1wt 107
time i h (log-scale!)
Jones, 1996
|
Geosynthetic-Properties by EBGEO / BS 8006
NAVE
Creep-Rupture
100
#
2 0
1 3
g Q6/R6 (PET): 74%
V /j =1/0,74=1,36
g 0
S
E 40
B Q1 (PP):
A 33%
=1/0,34=2,98
) E .
1 month 1 year 10 years 104 years
H
0 - i A A A
0° w1 1 10t 100 1wt 107
time t: h |\‘| Jones, 1996
|
Geosynthetic-Properties by EBGEO / BS 8006
NAVE

Experts Expertise R

On Reduction Factors e AR

Designing MSE Walls following EuroCode7 -
Vollmert et al.
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N
Geosynthetic-Properties by EBGEO / BS 8006 AE:

PET (secugria) in Contact to Concrete

g zur g 1 ¥ Geok E
von Secugrid® PET in Kontakt zu hohen pH-Werten

Sehr geehrter Herr Ehrenberg,

die Gutachtliche Stellungnahme MRG 05-2005 und die Expertise MRG 16-06 basieren im Bereich der
) auf L die auch die Standardprifung nach DIN EN 14030
enthalten, aber im Umfang weit ober die M Geok E unter 7. 3.1.4.2 genannten Prafungen hinaus gehen.

Es wurden Proben bei 50°C, 60°C, 70°C, 90°C eingelagert und das bis zu 4 Jahre. Die bei 90°C
innere I g g in Wasser) icht dem Ki h

DIN EN 14030. Die Einlagerung in Ca(OH); - Losung ergibt den Nachweis des hinreichenden

Widerstands gegen aulere Hydrolyse z. B. im Kontakt mit verfestigten oder verbesserten Boden.

Miit freundlichen Graen

S N U U

Prof. Dr-Ing. Maller-Rochholz

i

Geosynthetic-Properties by EBGEO / BS 8006
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PET (secugria) in Contact to Concrete

e

o 50 100 150 20 20 300 350 400
Versuchsdauer (]

[——Kisssand 072 Ronboden = Kisssand 072 2% Zament Kessand 072 P |
|—e—Kiessand 012 4% Zement Kiessand 072 4% Weibfenkalk % 6% Zoment
Kiessand 02 &% 8% Zoment Kiessand 072 &% Weiblenkalk

|4 Kiessand 012 8% Mischbinder Dorosol

Hering et al. (zur Verdffentlichung vorgesehen 2008)

i

Geosynthetic-Properties by EBGEO / BS 8006

=
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BBA Certification

Designing MSE Walls following EuroCode7 -
Vollmert et al. 10
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2 NAUE GmbH & Co. KG - e

i \J|
Geosynthetic-Properties by EBGEO / BS 8006 slE=
NAUE
Calculation of Long Term Design Strength Rg EBGEO
Rex=Reosn/ (Aj oAy e Age A e Ag) vy
Rgoss  Characteristic Short-Term Strength (5% quantile)
120 kN/m  (Secugrid® 120/40 R6)
1.36 A, Reduction Factor for Creep Failure
(120 year design life)
1.05 A, Reduction factor for Damage during transport, installation and
compaction (Coarse gravel < 35mm)
1.0 A, Reduction Factor for Joints, seems and connections  (No joints)
1.0 A, ion Factor for i Chemical Impacts (PH 4.1 - 8.9)
10 A ion Factor for dy i (No dynamics)
1.40 Ym Partial Safety Factor for the structural resistance of flexible
60.0 kN/m
1
60.0 kN/m / 120 kN/m * 100 = 50 % Utilisation-Ratio =
IR
Geosynthetic-Properties by EBGEO / BS 8006 ==
NAUE
Long Term Design Strength (LTDS) BS8006
The design- strength P4, of a g h reinforcing el
according to BS 8006 is defined as follows:
Poes =Pc ! (fy e fo o fy)
85.7 kN/m P¢ Tensile creep-rupture strength
(Secugrid® 120/40 R6, 120 year design life, (Psrg/1.40 for PET)
105 fy Partial material factor — mechanical installation damage
(Coarse gravel < 35mm)
1.0 f. Partial material factor — environmental effects (high pH soils)
(pH 4.1 -8.9)
111 f, Partial material factor — manuf: e & extrapolation of test data
s (120 year design life)
73.5 kN/m
73.5kN/m / 120 kN/m * 100 = 61.3 % Utilisation-Ratio

Interaction of Geogrids and Soil

Recommendations for Scenario A:  Sliding/Shear (Shear-box-test)
Design and Analysis of Earth

Structures using Geosynthetic Scenario B: Pull-Out (Pullout-test)
Reinforcements - EBGEO

¥
i
3

fyp =h-ung,

where

12 NAUE GmbH & Co. KG - www.naue.com

Simply, composic astion is devctibed by the ction covflicient £, defined

Designing MSE Walls following EuroCode7 -
Vollmert et al.
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Interaction of Geogrids and Soil

Testing Pull-Out

Possible Failure Modes:

(1) Failure of material-strength
[outside test-device]

(2) Failure in anchorage-zone by rupture of
longitudinal-direction, loss of contact between

coating and grid, rupture between md and cmd, ...

(3) Failure of friction-forces around

and in direct contact to the grid

[often: Combined Failure]

2/22/2012

Pull-Out-8ox

Interaction of Geogrids and Soil

Influence of Cross-Bars

=)
gﬁ

=
e
-

t

Development of stress in front of the cross bars:

= In front of the cross bars a passiv earth-pressure

4

is going to develop [f(x)].

4

(Ziegler et al.)
= Between the cross-bars friction on the longitudinal
bars is reducing the stress.

Pullout Force K

Effective Anchorage Length

Interaction of Geogrids and Soil

Combined Interaction

front of the crossbars
= allow for higher forces at comparable anchorage length.
= Need less anchorage length at comparable pull-out stress.

higher pullout strength
S using cross-bars

Pullout Force K

Effective Anchorage Length

2 NAUE GmbH & Co. KG - i naue.com

e
e o]

=
gﬁ

=
e
-

With the same structure of the longitudinal bars, grids working with passive earth pressure in

Designing MSE Walls following EuroCode7 -
Vollmert et al.
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R
Interaction of Geogrids and Soil

NAVE
Influence of tensile stiffness

= With a high tensile stiffness, the cross bars are stressed less, more bars are getting forces.
= but the forces per bar are smaler. The safety of the structure increases.

Pullout Force K

L

o
Interaction of Geogrids and Soil ,..l...
NAUVE

Summary
The design of geogrids follows the same principle worldwide:
= Longterm-Strength of Reinforcement Ry, =Ry, / (A, *A, * A3 * A, *As)
= Pullout-Resistance

1 "

i s -

' 2t 2

. ! X &
Ry=0c*L*) *tang*n | .@ - A=Rypf(c *L*
| M. — tang *n)

Interaction of Geogrids and Soil

Designing MSE Walls following EuroCode7 -
Vollmert et al. 13
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| \-l|
Interaction of Geogrids and Soil =lk=
NAUE
arge-scale tests - Results
o
Larg Hoizntal bofarmaton o Front
4,00 7
3,50 350 kN/m?
3,00 . 35/35F
250 are depending.g)
pending.on
200 Structur  « 3w
- c 50/50-30M
150 tiffness of Products.,,,
Secugrid Q6 40/40
Secugrid Q6 40/40 starr
I 223
0,00 # : | 00000
‘ Wi &
0 20 40 60 80 100 120 POV
2 NAUE GmbH & www.naue.com =
IR
peri on rei walls HE=
NAUE
Deformation of reinforced walls at post construction stage
from 25a of measurement and experience by Herold
Max. horizontal deformation:
Total: Ny = 0.005 ... 0.01 * H
Post-construction: Npost = 0.15 ... 0.3 * hygy, = 0.00075 ... 0.003 * H
Max. vertical deformation:
Total: Vigtar = 0.01 ... 0.02 * H
Post-construction: Vpost = 0.15 ... 0.4 * Vo, = 0.0015 ... 0.008 * H
h - H: max. height of construction;
- h: horizontal deformation;
- v: vertical deformation
- all deformations within the construction;
- to be added by subsoil settlements;
- lower boarder for walls without surcharge,
- upper boarder with surcharge.
IR
Worked Example | =]
NAUE

Empfehlungen fir den Entwurf

und die Berechnung von

Erdkorparn mit Be hrungen
tstoffen - EBGED

12 NAUE GmbH & Co. KG - winw.naue.com

Designing MSE Walls following EuroCode7 -
Vollmert et al.
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Worked Example

Reference Project: A2 Utrecht, NL

»De Krul“
SR ] -
"|2%m Highway and Connectionrbadé‘::-_
7|18 Bridges
33.5 km Noise Barrier Walls

7L

Worked Example

|

=
=
e
-

Reference Project: A2 Utrecht, NL

Designing MSE Walls following EuroCode7 -
Vollmert et al. 15
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Worked Example

|

=
»
e
-

Reference Project: A2 Utrecht, NL

7L

Worked Example

|

=
»
e
-

Reference Project: A2 Utrecht, NL

Worked Example

Reference Project: A2 Utrecht, NL

Designing MSE Walls following EuroCode7 -
Vollmert et al. 16
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Building on weak soils using robust structures

Puncture o I ) Connections

2/22/2012

Building on weak soils using robust structures

Worked Example

”m ¥ Cross Section 1111
M

Designing MSE Walls following EuroCode7 -
Vollmert et al.
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Worked Example

;B?ﬁ

Lateral Stress on Facings

=
=
]
-

New definitions:
eg.
- Isochronous curves
- Tensile stiffness J [kN/m]

Applications:
’D - o .
- - .,

All chapters are in accordance to
EC7

N
Lateral Stress on Facings ==
NAVE
[ echy— T Drespan ] e ———
[r————
| T ——
1 Trat et e =
el oo e o
| e ] 4
| - ]
|
|
} gt panvle | - Wt el wre mean
= Parss bt e s by 11 !
:‘mw’hmnmm l'-ru;-n-n-pm--—
- PG (8§ atui Bk, et
H Skl o b s ke o
H i G o w0

- B Pt shesmegri ol prwtirs! cimcrein rl‘lﬂ-‘ammm
Lo Bk . ekt Engrentad e et s e ot
e v e T gt
b= e & ety et
B Shmm 0 2 iy
g e et 0 maeen

Designing MSE Walls following EuroCode7 -
Vollmert et al.
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Arching effect
due to geogrids I

Facing Systems

R
Lateral Stress on Facings
p——— NAWE
Mechanical Model of Reinforced Soil
(geogrids not attached)

T Primary
sliding body

77 Secondary
sliding body

(several national and interal papers by Ruiken,2010)

2/22/2012

Lateral Stress on Facings

m?£

flexible facing stiff facing

FEM - calculation, variation of facing stiffness according to DIN EN 14475

Facing Systems

Pachomow et al. (2007)

ek

Lateral Stress on Facings

\

-around method)

given by, DIN ENMSO 14475:
pecial geotechriical works —

Facing Systems

I

‘\ Utrecht, NL

Designing MSE Walls following EuroCode7 -
Vollmert et al.
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iy
Lateral Stress on Facings Q%

- semi-flexible facing systems F&%

(e.g. gabions baskets, wi

block elements \Qgt
‘ I '

nitions given by
cution of special
od fill

Facing Systems

2/22/2012

)
Lateral Stress on Facings Q&{

"'.Zarnovica, SK

4 B

gid facing systems
(e.g.-full height. panels, block elerr;nts with rigid connections)

Definitions given by DIN EN ISO 14475
Execution of special geotechnical works
Reinforced fills

Facing Systems

%

Lateral Stress on Facings

Measurement-results from literature

e Berg ot a1 (1956 m Carol (1968) 4.7
= Cristopher ot a (1994) §,1maH=0.75m

— Ho Rowe (1994)

s Ho & Rowe (1994) FEM

—a— Kright & Vasanghar (1993 1a nach Enb. 60mH=0.6m
Mathard, Tanm s Sre (1992) 2.8m dk=0 5m
Mathard, Tamm s Sere (1992) 206 kN

Simoc tal (1990) 6,1 0H=0. (uten).. 08 (oben)
- Siac otal (1890} p=40 kNP H=D.8(unen)..0.8 (oben)
Tai o a1 (1896} bocks; 6,01 dH-0.5

-~ Thammet al (1990) 280 kNt

Teukada ot a (1998) (nach Erdbeberiasten)
& Zanzinger ot o (1999):p=314KNITY; 3 5t dHEO5m

normalised height (H/Hmax) [-]

¢ Baturst & Hatami (2006): FEM 6 dH<0.6m

—+—Cno etal (2008): 1m0 GH-0.4..08...08m
Cno el (2008) 16me13m 6H-0.4..08...08m

0,00 0,10 0,20 030 040 0,50
Pachomow et al. (2007)

on/ov[-1

Facing Systems

©2012 NAUE G com et

Designing MSE Walls following EuroCode7 -
Vollmert et al.
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Lateral Stress on Facings

|

=
»
e
-

Calculation of connection strength facing vs. geogrid

Correction Factor
Mg Mg
T
gy 0 04H
<h<04H <h<H
rigid 1.0 1.0 1.0
semi flexible 10 07 10
flexible 10 05 10

Facing Systems

82012 NAUE Gt & Co.

(4

Working with Concrete Blocks

SYSTEMG
NAUE BLOCK

1 Betant
2 Blockst

©2012 NAVE G

%

Working with Concrete Blocks

HINGE HEIGHT: THE FULL WEIGHT OF
ALL SRW UNITS WITHIN H, ACT AT THE
BASE OF THE LOWERMOST SRW UNIT

Designing MSE Walls following EuroCode7 -

Vollmert et al. 21
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Working with Concrete Blocks

Vertical Load

2/22/2012

Working with Concrete Blocks

T
S

Brushing the surfaee of block:

]
Working with Concrete Blocks |
NAVE
Connection Strength / Earth Pressure [kN/m?]
0 5 10 15 20 25 30 35
0 ' f ! f f f
| 9=325° | | [T
TN~ Ily-=A19-kN/m>~ — — + — — | —| ——Earth Pressure H
Iclination = 87° ‘ i .
3 E WD N\ | tvelosszazium ||
| T \ T
= |
g e
= |
2 !
s 4+ ———-N\- -\l N L
T |
= |
3 |
Hinge Height
|
|
e N TR B
|
]

Designing MSE Walls following EuroCode7 -
Vollmert et al.
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Working with Concrete Blocks

Installation of blocks and geogrid

2/22/2012

Working with Concrete Blocks

; e

=M
>
s
-

« Pull the geogrids tight
. Ke(_e them in"position with a load

* Distribution of soil material with
excavator first in the front (facing) area

+ Distribution of seil material away from
the facing to keep'the geogrids tight

i

MSE Walls following EuroCode 7 - EBGEO and BS8006

=
=
[
-

Summary

EN Eurocodes are the standard technical specification for all public works contracts.

Most countries in Europe have chosen Design Approach 1 or 3 for slope stability design.

In Design Approach 1, slope stability is governed by Comb. 2 over the range of soil shear resistance.

Design Approach 1, Combination 2 gives near identical results to Design Approach 3. The use of Design
Approach 2 is ambiguous and potentially unsafe.

The type of reinforcing product can have influence on the stiffness and deformation-behaviour of the
structure.

The general rules given by EuroCode have to be added by National Annexes and specific Regulations
for reinforced constructions

EBGEO (Germany) and also BS8006 allow for safe design, but have to be completed for specific facing
systems.

Designing MSE Walls following EuroCode7 -
Vollmert et al.
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Thank you for your kind attention.

Designing MSE Walls following EuroCode7 -
Vollmert et al. 24
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SECTION 2

MSE - Walls for Large
Infrastructural Projects — Practical
Aspects on Design, Execution, On-

Site Quality Control and
Supervision — Large Scale Tests
and Results

ANDREAS HEROLD,
IBH — Herold + Parter
Ingenieure
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IBH — Herold & Partner Ingenieure Eaitiones

> Baugrunddynamik
[ R—————

> Geothermie
> Wermeschutznachweise EnEV
> Bautberwachung

> Software

Biiro Weimar:
Humboldistrafie 58b.
99425 Weimar

® 1493643775636
B 493643775830

Biro Dresden

B 1493512025657

Segmental Retaining Wall Systems Pocisiiess i

2"d International Conference O St

Biiro Damaskus:

2/2012 Pra g Dagasei e

® 1963113735295
B 196311332878

Dipl.-Ing. Andreas Herold

@
=

» Short overview
» Some news from the EBGEO
» Example — BYPASS ARAD
= solution / details
= implementation on site
= problems
= deformation measure t results
» Example —SOUTH BRIDGE RIGA
= solution / details
= implementation on site
= problems
= |arge scale test and results
» Cost Comparison
» Summary




connecting forces

EBGEO 1997  0,8x Faq

USA: 1,0xFgy

EBGEO 2010 Tab.7.2
non - deformable
partially deformable
deformable

Il = eaussenhau

deformable
partially deformable
non-deformable

deformable
partially deformable
non-deformable

22.02.2012
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deformable
partially deformable
non-deformable

Mg o

- Calibration factor Earth pressure angle

e
0<h<04H O04H<hs<H

N formable 1.0 1.0 X Analogous to DIN 4085
facing elements

Partially . . K 1/3 9" to 1.0 ¢’ (see [11])
deformable facing
elements

Deformable facing
elements

e Hire( N

expirience

calculation of
ground settlement

instrinsic settlement of the
filling soil

vertical deformation

horizontal deformation
shear deformation

observation method




22.02.2012

i project details:

+ 1386 m segmental block retainig walls
4 °7750 m? facing area
iy wall hight 2.5 .. 9.5m
* construction time 6 month
* total 25 Mio €

retaining walls & bridge wings

retaining walls & bridge wings
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retaining walls & bridge wing

= == — ———— e
|
|3 T =
=
+ = g
; - : I == - E
oy
& =

Secugrid 120/40 R6
Secugrid 40/20 R6

250 230°

(28. Zemenl)
ol reformed with binding materal ke cement

+109.70

+109.30

10849,

B\ 10800 w
Niorss

o o




Isometrie KB-BLOK / isometric drawing
Matstab / scale 1:10

Verbindungssiift
KB BLOK - Gravity Stone.
connecting pin

KB BLOK - gravity stone

Frontstein

facing block
KB BLOK - gravity stone

Detail / detail E1

Matistab / scale 1: 10

Detail / detail F1
Mateab  scae 11

Detail / detail D1

Mafistab / scale 1:10

22.02.2012
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1]
| LU T

T
i}

e

Verdichtung

compaction
Bereich | Beschreibung 2ulassige Lasten Arbeitsweise
Section | description admissible weight layer thickness |  working kind
of compaction

B
A

e
i

Eront
nur mit Rilttelplatte

&

dynamisch
G=01t b=0,50m

d=010m

front
only with small vibrating plate

dynamicly
Zwischenbereich
nur mit Ritelplatte

statisch
b=100m| d=020m

intermediate area

only with medium vibrating platel

Hinterfullbereich

Walze,

dynamische statische

Betriebsart

staticly

dynamisch

backfill area

compaction roller,
dynamicly or staticly method
of operation

dynamicly
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la / cross section / Schnitt Detail B - Brzz

Isometrie KB-BLOK / isometric drawing
Matab/scae 110

Detaliu / Detail / detail C

Scard  Matistab scale 1

Detaliu / Detail / detail B

Scara / scale / Mafistab 1: 10

22.02.2012
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Vedere frontala / front view / Ansicht A - A rzz 2
ot stat, 6+445 ... 6+501,025

Scars / Mafistab ) scale 1: 100

Deformation measurements

Schnitt / cross section 1 - 1
stat. 6+455,737
Mafistab / scale 1:50

22.02.2012
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hoatzontal displacement [m]
FEEEEEERAEGEREE
EE b §EE B §E

i w g
ST

—#-polnt A22-1 {lm Gvd6) —ipelnt A22-2 flam 6+455) —<polnt

12



femperary sand deposit
ity centre of
Riga City Enbanhment 7

Embanksent |
slip-roag

Aiver Dwugare

[ e

{

project details:

+ 1700 m segmental block retainig walls
+ 16000 m? facing area

+wall hight 2.0 .. 8.5m

* construction time 4 month

* total 40 Mio €

,
s

e— -
filling -
soft soil

22.02.2012
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Detail B w10 Detail C w110

() 2020

8 erushed
BN e

Bulging type 2

22.02.2012
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Isometrie - Regelaufbau fiir Béschungslehre

CONNECTION CAPACITY - TOTAL

[Dosign strongn

352020 Fy. = 1354 kiim (LFT)
553020 o= 23.16 ki (LF1T
803020 F .= 3034 kNim (LFT)

~ geagrid

8 concrete block

connection strength [kNim]

40
wall hight m]

3520207 5530207 80/3020 T — Logarifwmisch (553020 T) __Logarihmisch (80130.20 T) — Logarihmisch (35/20-20 7).

22.02.2012
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Loading [kN/m?]

additional cumulative

0

41

const.loading

41

const loadng

Dynamic, A =60 m

41( unloading)

41( unloading)

0 (no bading)

Dynamic, A*=5.0m

22.02.2012

Dynamic, A*=3.0m

Dynamic, A*=1.0m

*Ais the distance bewteen the wall facing and the outer edge of the
dynamic load

16
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dynamic load
dynamic load b= 50 kN/m*
=50k (3 times )

static loadstep 2
lo = 82 km®

static loadstep

250 200 150
horizontal deformation [mm]

—project  ——loadstep 1 —loadstep 2——loadstep 3 —loadstep4.
loadstep 5 —loadstep 6 —loadstep 7~ loadstep8

17



22.02.2012

dynamic loadstep

250 200 150
horizontal deformation [mm]

—project ——loadstep8 ~——loadstep9 ——loadstep 10 loadstep 11

18
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BHUBEE

Gabion
wall M”ESM' "A”Es'm‘ EanedGnE MSE-WALL m‘:::‘ c;-::::
System wall

Total [§/m7] 32500€ 200006 MS00€ 135006 105006 225006 175006 35008

» fast and cheap

> easy to build

»durable and robust

» tolernces and compaction could be a problem
» fexible and creatively versatile

» easy to design

19



IBH — Herold & Partner Ingenieure

Dipl.-Ing. Andreas Herold

@
&=

Geotechnik / Grindungsberatung
Tragwerksplanung /

Geokunststoffanwendungen /
pri

‘Baugrunddynamik
[ ———
a150

Geothermie
Warmeschutznachweise EnV
‘Bouiberwachung

frware

Biro Weimar:
Humboldistrafie 58b.
99425 Weimar

® 1493643775636
B 493643775830

Biro Dresder

B 4939166277322

Biiro Damaskus:
Damascus, Mouhajreen, Morbet
Nasembasha 1

Habal BDG

syria

B 1963113735205

B 196311332878

@
=

22.02.2012
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SECTION 3

Experimentalni stanoveni pevnosti
v pripojeni a smykové pevnosti pro
betonové prvky opérnych zdi KB-
BLOK a kotevni geomfrize

JIRI KOLISKO,
CTU in Prague
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Prvky XXX s geomf¥izi XXX
Vz.6,F, =22,5kN (50 kN/m)

Kritérium | Deforma¢ni » Kritérium | Deformaéni
5 limitnho | kritérium | BOPMPO | piniening | kritérium
Cislo Posunuti | zatizeni | @mm) | Petonowho | veni | 4 mm)
zkousky prvku nad
(vzorku) mn] Smykow | Smyk
zatizeni | zatizeni plochou pevnost pevnost
FplkN] | Fs[kN] Wilml | ) [kN/m] | Sss [kN/m]
1 4 135 45 045 30.1 10,1
2 4 288 10.6 045 64.0 236
3 4 255 13.6 045 56.7 303
4 4 276 14.7 045 613 327
5 4 327 150 045 72,6 333
Priimér (3-5) 4 286 144 045 63.5 32.1
6 4 437 306 045 97.2 68.1
7 4 53,1 363 1180

| Sp=97.2KkN/m

— V2.6 Fn = 22,5 kN (S0 kN/m) ||

Smykovii sila [kN/m]
3

Deformace (posun prvku) [mm]

Zavislost smykové sily a normalového zatizeni
Betonové prvky XXX s geomiizi XXX

g

E1,1797x +

£
2
=
&
i
2
g
£
£
&

[ —aarommnpozatan

—— Deformagnt kiitérium (posunuti 4 mm)

40 50 60
Normalova

70 80

2 [(kN/m]

100 110 120







Deformace | Kritérium | Keiteriom | oo | Kritérium
. stavu .o o staw
. . | (vwtazeni) pro | limitniho o .| ltimitniho > X
Cislo | Sifkavzorku | Normélové o stava pouZitelnosti stava pouZitelnosti
zkousky | geomFize Ws | zatizeni o (20 mm) (20 mm)
(vzorku) [m] FalkN/ml | vitelnosti | 9% | o patizens| PEMOSLY | Pemosty
mm] zatizeni e pripojeni pripojent
Fpe [kN] Tpe [kN/m] | Tse [kN/m]
1 1.025 10 20 323 144 315 140
2 1025 20 20 442 218 43.1 213
3 1.025 30 20 48.6 300 474 293
4 1.025 30 20 464 260 453 254
5 1.025 30 20 49.0 282 478 215
Primér 3-5 1025 30 20 480 28.1 46.8 274
6 1.025 40 20 41.7 248 40.7 242
7 1.025 50 20 443 292 432 285
8 1,025 60 20 527 326 514 318
Mezni tahové pevnost Tindx (ASTM D4595, resp. EN 1SO 10319) = 65 kN/m

Zkouska pevnosti v piipojeni - prvky XXX s kotevni geomiizi XXX
Vz. 5, F, = 40 kN (30 kN/m)

Ty = 478 kN/m

Tahové zatizeni [KN/m]

30

40 50

60

70

80 90

Deformace - vytaZeni v ose geomfize proti lici stény [mm]

100

110

120




Zavislost normalového zatizeni a pevnosti v pfipojeni
Prvky XXX a geomfiz XXX

y=0,069x + 43,2

0,718x + 25,8

-

Pevnost v pripojeni [kN/m]

»
3

5 10 15 20 25 30 35 40 45 50 55 60 65 70

Normalova sila [kN/m]










“NI KB ' BLOK

— DOKONALY STAVEBNI SYSTEM

SECTION 3
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Vyzkumny

Gstav Legislativni ramec

pozemnich | Certifikace k secifick’m i adavkim,
staveb

Certifikacni  |ng. Karel Dvorak, Ph.D.
spolecnost
S.r.o.

102 21 Praha 10 — HostivaF, Prazska 16
tel: 541 147 467 dvorak@vups.cz C E
1

Vyzkumny Gstav pozemnich staveb - Certifikaéni spolec
Kompetence spolecnosti

Autorizovana osoba 227 k NV 163/2002 Sb. ,

Notifikovana osoba 1516 uznana a registrovana EU,

NV 190/2002 Sh.

Certifikacni organ pro vyrobky a kvalifikaci stavebnich dodavatel(
Certifikacni organ systémi managementu jakosti, BOZP, EMS a ISMS
ZkusSebni laboratof stavebnich vyrobku a technickych zafizeni budov
Centrum technické normalizace

Znalecky ustav

Odborné sluzby — posuzovani vad staveb, hodnoceni zakladnich
vlastnosti staveb, vady a ovéreni proveditelnosti PD, apod.

Vlastni certifikacni znacky

staveb - Certifikaéni spolecnost, sir

Uvédini vyrobki na trh
Legislativni rémec
Evropsky systém




[CS

Vyzkumny Gstav pozemnich staveb - Certifikaéni spolecnost;s

Uvadéni vyrobkul na trh - pojmy

na trh okamzik, kdy je vyrobek na trhu Evropského
spolecenstvi poprvé Uplatné nebo bezuplatné predan nebo nabidnut k pfedani
za Ucelem distribuce nebo pouzivani nebo kdy jsou k nému poprvé prevedena
vlastnicka prava, nestanovi-li zvl&stni zakon jinak.

a vyrobky
poskytnuté k opakovanému pouZiti, je-li u nich pred opakovanym pouZitim
posuzovana shoda s pravnimi predpisy, pokud to stanovi nafizeni viady

, za ktery odpovida
podle zakona 22/1997 Sb. a ktery hodla uvést na trh pod svym jménem.
(TESCO pytlik)

ten, kdo uvede na trh vyrobek a u NV 190/2002 Sb. téZ osoba, ktera
sestavuje, bali, zpracovava nebo oznacuje vyrobek, z
nebo uvedeni takového vyrobku na trh zprostfedkuje.

ten, kdo v dodavatelském fetézci provadi naslednou obchodni
¢ginnost po uvedeni vyrobku na trh (déle jen "distribuuje").

[CS

Vyzkumny Gstav pozemnich staveb - Certifikaéni spolecnost;s

Volny pohyb zbhoZi

uzemi Anglie
Dovoz
vyrobku

[ o

Dovoz
vyjrobku

Vyvoz
vyrobku

staveb - Certifikaéni spole¢

Uvadéni vyrobkul na trh - pojmy

je uplny soubor
zkousek nebo jinych technickych zjisténi
provadénych pfi posouzeni shody vzorku vyrob

- stalé vnitini Fizeni
y provadéné vyrobcem v misté vyroby

- vyrobky, které predstavuji
zvysSenou miru eni opravnéného zajmu, a u
kterych proto musi byt posouzena shoda




\@. Vyzkumny ustav pozemnich staveb — Certi

Uvadéni vyrobku na trh
Harmonizovana norma

zpracovana na zakladné mandatu CEN/CENELEC

(vyjadrené tiidami a drovnémi) umoziuijici, aby
stavebni vyrobky byly uvadény na trh.
uverejnénim odkazu v véstniku (OJEU).

*SpInéni harmonizované normy se v rozsahu jejiho obsahu povazuje za splnéni
pozadavku stanoveného nafizenim vlady, k némuz se tato norma vztahuije.

\@. Vyzkumny ustav pozemnich staveb - Certifikacni sp st, s.r.o
Uvadéni vyrobkul na trh v souladu
legislativou

¢ K nému uréené provadéci vyhlasky — dva systémy uvadéni
vyrobkl na trh

— Narodni systém — plati pro vyrobky citované v NV 163/2002 Sb. Ve
znéni NV 312/2005 Sb. pfiloha 2

— Systém evropsky — plati pro vyrobky, pro které existuje
harmonizovana evropska norma — NV 190/2002 Sb. V platném
znéni

staveb - Certifikaéni spolecnost, sir

Evropsky systém

Evropska smérnice €. 89/106 EHS stanovuje 6 zakladnich
pozadavku na stavby, které maji vyrobky zabezpedit

Smérnice je do Ceské legislativy zavedena formou NV
190/2002 Sb. v platném znéni

Technickeé vlastnosti vyrobkUl jsou pak specifikovany v
pfislusné evropské hEN nebo
evropském technickém schvaleni ETA

Normy pak pfedepisuji i miru kooperace vyrobce a treti
strany — notifikované osoby (systém 1+, 1, 2+, 2, 3, 4)




\@. Vyzkumny ustav pozemnich staveb - Certifikacni spolei

NV 190/2002 Sbh. v platném znéni

¢ Posuzovani shody
— NO provede ITT, pocate¢ni inspekci SRV v
misté vyroby a dohled nad SRV a namétkové odebira
vzorky vyrobkd v misté vyroby, na trhu nebo na
stavenisti a kontroluje dodrzeni technickych specifikaci

— jako systém 1+, ale bez namatkové kontroly

vyrobk
- NO provede pouze pocatecni inspekci SRV
v misté vyroby a dohled nad SRV
- jako systém 2+ ale bez dohledu nad SRV
- NO provede pouze ITT
— bez ucasti NO

S-Certifkatnf spol

\@. Vyzkumny ustav

: : Systom (systémy)
Vyrobek (vyrobky) P i) rokazovani shod
Postup cert\EIZa ve sténach, pilfich - el
a prickich
Zalol proky kategore 1 Ve stanach. pifich B pry °
aprickich e

" Systém 2+: Viz prvni moznost bodu i) oddil 2 priohy Il ke smémici 88/10/EHS, véetné certifkace rizeni | “
Vyroby u vyrobce noffikovanou osobou na 2akiadé podatetni inspekce virobny a fizeni vjroby v misté | ¢
Vyroby i pribézného dohiedu, posuzovani a schvalovani izeni viroby u vyroboe N

Y1 Systém 4: Viz treti moznost bodu if) oddilu 2 prilchy ll ke smérici 88/10B/EHS.

Zaijistit proveddrmrrerposeres

2 acia pest

| [
|

které spadaji pod pfihlasenou sku

B —r Ty
— Pro zvoleny Tabulka ZA.3a — Ukoly pfi hodnoceni shody betonovych tvarnic kategorie | (systém 2+) ]
Zkousky jso|M y Piislusné
Obsah ikolu hodnoceni
shody podie | ™|
Rizeni vjroby (FPC) Parametry véech vlastnosti uvedenjch =
v tabulce ZA.1
Potatetni zkousky typu \sechny viastnosti uvedené v tabulce ZA 1|82 aon )
P Paramety veech viasinost uvedench
fizeni vyroby p Vtabulce ZA 1, zeména —
a deklarace vy inspaicce oo
Pevnost v tlaku s F
i Rozmérovs stabita B
Pokud ma vy rc{Im— Conthace prisrznost =i
do systému  |fsed nazikiade  |Pribezny | Parametry vsech viastnost uvedenych
) dohled, | vtabiloe ZA 1, zeiména: g
Pokud vyrobce ® o
rozsahlou doki rizeni vyroby | Pevnost v taku 83 =
Rozmérova stabita o |
E
Pridsnost

staveb - Certifikaéni spolecnos

Dokumenty vyrobku dle hEN

* Protokol o po¢atecni zkousce typu

¢ Dokument Notifikované osoby - Certifikat shody
(systém 1+ a 1) nebo certifikat systému Fizeni
vyroby (systém 2+ a 2)

Cce

©2012 VUPS-Certiikaéni spol Gnor 2012




\@. Vyzkumny ustav pozemnich staveb - Certifikacni spolei

Postup certifikace shody treti stranou pri
zakladnim postupu systémem 2+

‘Vjrobniorganizace, dresa

n

01254.CPD.00234

ENTTIS

Kategore 1 ocyyy-22 mm belonova vmice

Rozméry. éka (), &ika (mm), ik ()
Tolrance rozmér:

Kategone s

Ravimest 10mm

Rowobéznostrovin. 1.0 mm
Tvar 3 usporsdsni siupina 1 podse EN 1996-1.1
Pevnost v iaku: priméms: xx NmiT*

{(komonaloznou pochu), (k. 1)

Rotmérovs stabita: vinkostni pfetvoteni

Otiemoui tenpinos imice v suché siovs
T a uspofacin ok e uvedeno vise

\@. Vyzkumny ustav pozemnich staveb - Certifikacni spolecnt

Co znamenalneznamena oznaceni CE

Vyrobce uvadi na trh vyrobek v souladu s hEN
Parametry vyrobku odpovidaji nékteré tride

Je zajistén volny pohyb vyrobku po trhu evropské
unie

Vyrobek splni o¢ekavani kupujiciho
Vyrobek je kvalitni

\@. Vyzkumny tstav pozemnich staveb — Certifikaéni spolecnostisi




\@. Vyzkumny ustav pozemnich staveb - Certifikacni spoleéno

Certifikace k specifickym pozadavkim

* Oznaceni CE sebou nese riziko, Ze vyrobek nebude splfiovat
podminky pro bezpeény navrh a pouziti ve stavbé s

* Vyrobce pak musi predkladat doklady o splnéni parametrd,
napf. zku$ebni protokoly.

Certifikagni spol.

\@. Vyzkumny ustav pozemnich staveb - Certifikaéni spol
Certifikace ke specifickym pozadavkim

* VSechny ¢innosti provadi akreditovany certifikaéni organ
nezavisla treti strana

ACO provede pocatecni inspekci v misté vyroby

ACOQO dale provadi kazdy rok dohled nad systémem fizeni
vyroby v misté vyroby

Vysledkem procesu certifikace je vydani certifikatu a pfidéleni
certifikacni znacky pro dany vyrobek

& rtifika @
Vyzkumny dstav pozemnich staveb Vyzkumny istav pozemnich staveb
Certifikaéni spoleénost, cro. Certifikacni spoleénost.sro.

e Prioha k certfkiu &, 3013V - 11- 0233

A OVERENE VLASTNOSTI CERTIFIKOVANEHO
CERTIFIKAT VYROBKU PRO STAVBY
3013V -11-0234

H, GEOSTONE - CH,
100 et vy

1198 7.8 <1600 0’160 cyhi

T3 meA <1000 g 118D ek




\@. Vyzkumny ustav pozemnich staveb - Ce

Piiklad mozného oznaceni

Standardni &titek s oznaéenim CE

1020

FUROVK S,
v Rvnic, Provozowra Rspsie Identifikace vyrobce
1020 co0- 01002478
EN 150502007 Mostnprky Harmonizovand norma

Ramovy prefabrikat VIA RP 3c
Parametry v rozsahu povinné deklarace dle hEN

s2wwn
T2 o0t e

3 ruaniost e nawhow peciikace.
Nt Specirace: Typou podklad VI R (o 2010
Evidonénikin

e ek s certifikadni znatkou a ovéfenymi parametry
e o i s d GO 138, 951 Parametry v souladu s resortnim predpisem v tomto

piciring s Con N 550 %
) Fenie pfipadé TKP RSD

TR | Ghe o 1B By TS
Kapitola 18 TKP MD CR, Kapitola 17 TKP €D
Whinperasam v CNEV I 15
AR B s s A o <
oo iyt Kol
R e am
‘ Odkaz na akreditaci posuzovatele

Gnor 2012

Vzkamng éstav pozemnioh atavel Vyakumey Gotav pessmnich staved
Corifiatel opatemootoase, Cortifikaéni opolognost.ara.

Prioha k cetifkatu &, 1012V - 10-0221

OVERENE VLASTNOSTI CERTIFIKOVANEHO VYROBKU
PRO STAVBY

Rieder Beton, spol. s r.o. L

Protihlukova sténa FASETON

CERTIFIKAT

3013V -10-0221

e Rieder Beton, spol. s r.o. @ amae

o= Protihlukova sténa FASETON

T

e sy Casn e e s 3pe e e, s

SN
- e o P

B BT o T o T R B

Ceeere

S bl e e

. .~ (L

DA e

y ustav ich staveb — Certifikaéni spoleénost;

Autorizovana osoba k NV 163/2002 Sb.
Autorizovana osoba k NV 190/2002 Sb.
Notifikovana osoba 1516
Certifikacni organ pro SMJ, EMS, BOZP a ISMS
Kvalifikacni orgéan pro verejnou zakazku
Akreditovana zkusSebni laboratoi

Vyzkumny

ustav

pozemnich

staveb

Dékuji za pozornost

Certifikacni
spole¢nost
Ss.r.o.

102 21 Praha 10 — Hostivai, Prazska 16
tel: 541 147 467 dvorak@vups.cz

Gnor 2012




