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= Design codes for reinforced walls - status
» |nfluences by type of geogrid and stiffness of facing.
» |s an reduced earth pressure also valid for stiff full height panels?

» Test-setup of KWS-Wall

= Results and conclusions
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Design Codes: CUR 198 NGO, KIWA Apeldoorn, 2012-11-29 I
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status 09-2000
necessarily not in line with EC7

Civieltechnizch Centrum Uitvoering Research en Regelgaving

198 K ies i ..
iseloidhnichanter Rt currently under revision

Taludhelling steiler dan 70°
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Design Codes: BS8006
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BS8006 lines out, that the partial factors in EN 1997 (EC7) have not been calibrated for
reinforced soil structures and thus can not be used without any national annex.

B5 BO06-1:2010

BS! Standards Publication

Code of practice for
strengthened/reinforced
soils and other fills
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Design Codes: EBGEO 2010 NGO, KIWA Apeldoorn, 2012-11-29 =
NAUE
e.g. German EBGEO
Recommendations for
Design and Analysis of Earth
Structures using Geosynthetic
Reinforcements - EBGEO
Eurocode 1 Normative Handbook (blended text)
” Actions on Structures available 2012
E? — —_— — _— — — _— _I
E] EC5 ece || EC 7-1: EC8 EC9
R I| DINEN19971-1 | !
| | Geotechnical Design | |
I -General Rules [
I| National Annex: I
| |
I DIN EN 1997-1/NA I
- = = = — — — I
1| DIN1054:2010 ]
| Supplementary | EAU
Rules to I
1| DINEN 1997-1 : EAB
L — | — | | — ____J
|
DIN 4084:2009-1 -
Soil — Calculation of | EA-Pfahle
Embankment Failure [...] |
— EBGEO
Fmst& Sohn DIN XXXX
Merkblatter
DIN YYYY
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Design Codes: EBGEO 2010 NGO, KIWA Apeldoorn, 2012-11-29 = |-\----..
NAUE
Applications
Reinforced Slopes . Base courses in
Retaining Walls .
road applications
——— l
o
. Embankments on soft soil Reinforced footings
Base courses in
railway applications \
N
R S S S S .. / N
L] /z
« 7
N /7
\V 4
N
- .. . . Veneer Reinforcement
Bridging mining voids & sinkholes Load tran_sfer platforn]s (LTP)
over piled foundations
‘;ﬂ:BEHMIJE
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Design Principles NGO, KIWA Apeldoorn, 2012-11-29 E‘ I_,\_,-"'--'*'-_,...,_
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Two-Part Wedge VS. Tie-Back Wedge
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Fioure 7.13 Distribution of forces in a reinforced retaining structure (example)
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* The geogrids are acting together with the soil, the stress in geogrids is deformation-depending.

* Inone sliding plane, usually several layers are crossed. Therefor, it is an statically over-determined
system.

* Resulting, the earth pressure distribution is indifferent.

*  Design methods working with earth pressure distribution in sliding planes (Tie-Back Wedge Method; e.g.
used by BS8006 and CUR198) require the assumption of an earth pressure distribution. Field
measurements show significant uncertainties.

* The results are checked by Two-Part Wedge Method (BS8006).
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Lateral Stress on Facings
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Facing Systems

NGO, KIWA Apeldoorn, 2012-11-29
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The requirements for the connections to the facings depend on the classification of facing as given in EN 14475:

- rigid facing systems

- semi-flexible facing systems

- flexible facing systems

without rigid connections)

(wrap around method)

Paneele mE volier Saundhe

Paneele mE tellwelser Sauhdhe

Sockelemante, Formsteine

rigid

| o—
("
e
| =
Umschiagmethode
|zescnwsinie Stanigitter
semi-flexible flexible

(e.g. full height panels, block elements with rigid connections)

(e.g. gabions baskets, steel welded grid elements, block elements

according to DIN EN 14475 - Execution of special geotechnical works - Reinforced fill
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Lateral Stress on Facings NGO, KIWA Apeldoorn, 2012-11-29 E‘ Pﬂ
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Definitions\give_n bi/,PIN EI\JI'-ISO”14475:
Execution of special'geotechniical wokks —
Reinforced fill p
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Facing Systems
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Lateral Stress on Facings NGO, KIWA Apeldoorn, 2012-11-29 =
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- semi-flexible facing sYstems % ',-_

(e.g. gabions baskets, we det grid elements,! -

lections)

block elemehts

Definitions given by D
Execution of special
Reinforced fill

Facing Systems
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Lateral Stress on Facings NGO, KIWA Apeldoorn, 2012-11-29 E‘ D—*—g
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Zarnowca SK

gid facing systems

).

(e.g.-full height panels, block elemfnts with rigid cénnectlons)

Definitions given by DIN EN ISO 14475:
Execution of special geotechnical works —
Reinforced fill
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NGO, KIWA Apeldoorn, 2012-11-29

Difference In Stress Distribution

Flexible facing

semi-flexible facing
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Lateral Stress on Facings NGO, KIWA Apeldoorn, 2012-11-29
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Relation between vertical stress and lateral stress

e L ——e— Berg et al (1986) in: Carroll (1986) 4,7m
¥ ‘ — 1 —_=m— Christopher et al (1994) 6,1m dH=0,75m
0,90 —— Ho & Row e (1994)
L —>— Ho & Row e (1994) FEM
0,80 | e — % Knight & Valsangkar (1993) 6,0m dH=0,6m
: : —e—— Knight & Valsangkar (1993) 1a nach Enb. 6,0m dH=0,6m
’g 0.70 7 Matichard, Thamm & Sere (1994) 2,8m dH=0,5m
€ K Matichard, Thamm & Sere (1994) 206 kN/nm?
E R Nakajima et al (1996): 8m; dH=0,5m (unteres drittel)...1,0m (obere zw ei Drittel)
E'_:, 0,60 L Simac et al (1990): 6,1m; dH=0,6 (unten)...0,8 (oben)
E i Simac et al (1990): p=40 kN/m?; dH=0,6 (unten)...0,8 (oben)
9 0,50 L ——o—— Taijiri et al (1996): panels; 6,0m; dH=0,9m
.GC, Tajiri et al (1996): blocks; 6,0m; dH=0,5
N o) 0.40 r Thamm et al (1990): 3,8m; 0,8m (unten)...1,0 (oben) mit kurzer Sekundérbew ehrung
% ! - -+ -= - Thamm et al (1990) 280 kN/m2
—_ R ——&—— Tsukada et al (1998): 8,0m; dH=0,5m (unteres drittel)...1,0m (obere zw ei Drittel)
g 0,30 L 1 Tsukada et al (1998) (nach Erdbebenlasten)
S : ---A--- Zanzinger et al (1999): p=314kN/m?; 3,5m; dH=0,5m
c 0,20 ‘ Bathurst & Hatami (2006): FEM; 3,6m; dH=0,6m
——¥—— Bathurst & Hatami (2006): FEM; 6m; dH=0,6m
0.10 ——e—— Bathurst & Hatami (2006): FEM; 9m; dH=0,6m
—+—— Cho et al (2006): 11m+10m; dH=0,4...0,6...0,8m
Cho et al (2006): 16m+13m; dH=0,4...0,6...0,8m
0,00
0,00 0,10 0,20 0,30 0,40 0,50

Pachomow et al. (2007)

Facing Systems
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Lateral Stress on Facings NGO, KIWA Apeldoorn, 2012-11-29 EIPE
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Calculation of connection strength of Facing vs. Geogrid
Correction Factor 1 h l
Ng Ngq
o— — ——a
. j"_ ~—\° 0 0.4 H
<h<04H <h<H
— H
rgid 1.0 1.0
semi flexible 10 10
flfx_lb_le 1.0 10

eah

- T : 2
To conservative for rigid facings ~ EBGEO (2010)
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Interaction of Geogrids and Soil NGO, KIWA Apeldoorn, 2012-11-29
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Large-scale tests - Results

4,00
[ ™ Variation given by
3.50 A Il stiffness and structure
of geosynthetics for
3.00 semi-flexible facings
250 Ty Variation given by
. stiffness of the facing
2,00 (semi-flexible

and stiff facing)

height of wall [m]

1,50 ————— —

B GTXPEC55F (PET)
1,00 4 GG GX55/30 F (PET)

X GG 50/50-30M (PVA)
0,50 + GG S55/30-20 (PET) |-

= GG 40/40 Q6 (PES)
0,00 . !

Pachomow et al. (2007)
0 20 40 60 80 100 120

deformation of facing [mm]

-

BAUBERATUNG
GEDEUNSTSTOFFE

Lars Vollmert -

© 2012 NAUE GmbH & Co. KG - Current Development of Geosynthetic Reinforced Walls — Research and Engineering Practice Linked to EC 7




N

Installation NGO, KIWA Apeldoorn, 2012-11-29 = |-\_:_-'--,_._
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Significant changes of the static system from production

to final stage expected

Prototypeof panel facing variation of static system during installation
SAEIATING
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Test setup of KWS-wall

Horizontal strain of geogrids
Vertical strain of concrete

Axial strain of temporary prop

lateral movement on top

Secugrid® 120/40 R6
precast in panel

Secugrid 80/20 R6
placed on site
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@Q DMS 6 :f
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geotextile/
geomembrane smooth-mooth/
geotextile

Al
DMSlO;;

NGO, KIWA Apeldoorn, 2012-11-29
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/ geogrid conected by friction
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Installation of the wall and backfill NGO, KIWA Apeldoorn, 2012-11-29
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Bottom friction NGO, KIWA Apeldoorn, 2012-11-29

fined friction' =4
nalysis approagli
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Impression from site NGO, KIWA Apeldoorn, 2012-11-29
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Installation NGO, KIWA Apeldoorn, 2012-11-29
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Construction Steps
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Results — strain development at the connected geogrid-layers NGO, KIWA Apeldoorn, 2012-11-29 =
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NGO, KIWA Apeldoorn, 2012-11-29
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NGO, KIWA Apeldoorn, 2012-11-29
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Conclusions
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= Designing reinforced walls, the Two-Part Wedge Method is an easy to use and safe-side
approach using basic static principles.

» The facing is the most sensitive and most expensive part of the structure. The stress on
facings depends on the stiffness and shall be taken into consideration.

= |n comparison to the measurements, results given by classical active earth pressure have
not been found to represent the reality. EBGEO takes this results into consideration.

= For the combination of full height panel and Secugrid®-reinforcements with high secant-
modulus as used in the tests shown here, the laboratory one as well the in-situ one, the
design is still too conservative. The difference is at least between 30% and 40% and
therefore in line with the current status of research on reinforced soils.

= A correction factor n, 2 0.7 would be acceptable also for full height panels from the author’s
point of view for stiff reinforcements in the future. To find a general approach on this, the
validity range and details for execution have to be defined and discussed.
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