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Shortcut

Fyp = —Fp_q
(Third law of Sirlsaac Net

or

Transferred to soil reinforcement:

“ The grains have to be kept in place”.

Prof. Dr.-Ing. Georg Heerten, 2004
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Reinforcement, separation and flltratlon of
unbound granular layers .. ;

” Combigrid® / Secugrid®
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Accepted applications

Constructions on weak subsoil:
Miiller-Rochholz, J. (1999):
Verformungsverhalten von
geosynthetischen Bewehrungen
Temporary Roads im Gebrauchslastbereich

Making use of Membrane-Modell with more or less empirical
modifications (Giroud-Noiray, Giroud-Han, etc.), the
reinforcement shows significant deformation.

—PES-w —PES-Gitterx ~ —PE-Gitter x
g 2 — Aramid-Gitter r

ength, normalized [%]

ULS normalized to
100%

EN ISO 10319
with fine-strain-
measurement
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Road surface

Asphalt

layers
Y granular layerg

Subbase unb

Formation

educed deformation

Subgrade

(surface level, cutting) T

Soil improvement
(if required)

! . e A S 1 ’
= L E L o - 3

- -
BAUSERATUNG

©2016 NAUE GmbH & Co. KG - Vollmert: Reinforcement of road pavements - Trondheim 07. July Nufesspee,  [@ENTNy o i o] 8 cioaummiTN




NAUE
Analogy to the binder course — BoukiesseV 0.012
= + = Bauklasse Il 0,01
— — BauklasseSV ® 0,008 S
tension- and compressionzone due to bending I ’\\ 0.006 <
I ) , S
| ”L,‘\ 0,004 3
0,002
- 7 I\
o - — 0
= 0,002
0,004
2500 34 4.000 time
______ e e [ms]
e
®
tension
&
. |4
[=2]
£ |
£
c
[
m
Lompression P
© 20,00 ) SINTEF 8 10 oo

NAUE~ s Approach

n 2004
EXper'ence from 2006 plate load testing on Glyben
applications with ,large* sl RrE ERES T VAL
deformations 2009 plate load testing insitu

reinforcement response insitu 2008 Altenberge
kowledge of stress and deformations, 2008 Skandinavienkai
relevant for Geogrids in classified roads

: 2012 T |
Variation and testing to €Xtract systematic effects s v e
7 depending on the type of construction ;

Systematic laboratory testing @relevant boundary conditions for
verification of reinforcement benefit

2011 - 2012 HTW
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Reference projects

for basic information on
reinforcement response

insitu
N
NAUE

www.naue.com

OuU Altenberge, K50n

e

weided PET

ogrid
recuara e 81

Jwelded PET

30cm Ibbenblrener sandstone 0/100 freiburg
10cm Bbenblrener sandstone 01100
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Zander for BK SV
on binder course surface:

- 0,005 %
trafficing onrasphalt

strain [%)

-
)
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Development of strains accumulated plastic strain
bottom layer
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Testsites since2004a MONtana | § USA), Tostedt 1 & 11 (D)
Montana | ntana ll | Tostedt | | Tostedt Il
2009 2014 2012 2015
Task
Product-Comparison X X
BCR /LCR-values X X X
Validation of design-concepts X
Conception
Testsections 12 17 8 8
Length [m 15 17,4 15 15
[Axle load 1/2/3t 53/78177 50/79/7,7 7.8/10,1/10 7,8/10,4/10,3
Total load [t] / Ny~ 3 20,9 / 0,88 206 / 088 279 1 241 285 | 266
Filterstability Formatic 1 vs. € drodynamic X
Separation / Filtration Functic en Products 1 X X
Different Product — Groups X X only Secugrid/ X
Combigrid
[A Number of reinforcement layers n X
A Stiffness at constant product structure X
[A_Construction height X X X
Reduced variabilit X
CBR of subsoil/formation? [%] 1,80 1,649 1,79 2,179 2,06 1,33
Construction height h, [m] 0,28 0,414 0,639 0,2 04 0,65 05 0,65
y 9 products
f road pavements - Trondheim 07. July WarbesSpee., @ SINTEF & 17 clonvmmiTon
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Extract systematic effects

ZM

Tostedt |

Variation of only one parameter per time
using different stiffnesses of the construction

Secugrid 30/30 Q1

Combigrid 30/30 Q1 151 GRK3
Combigrid 60/60 Q1 151 GRK3

ngth per test igri mc{lo-- g
section iqri "
Combigrid 151 GRK3
15m _’| - 2
Secuw “RK3
= Combig.

ce
Whreinforced)

trafficing

—=>

10m

T
ho
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ho

[m]
Z Jan, 1200 > 800 > 1200
[kN/m]
nGe_ogrid 2 > 1 1
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© 2016 NAUE GmbH & Co. KG - Volimert: Reinforcement of road pavements - Trona 07. July NorGeosge, ‘@D SINTEF & 18 cioaumTiTON

Extract systematic effects
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f construction

course, section 1.1)

Reinforcement response in
(E,»,OK ToB > 130 MN/m=, 4 icing

MS 3x .
left wheel
rigth wheel > T RIS et SSCITIEIEICIEIRIEY SRR IETEIEERE P ey o sy T
trafficing 100 cm
z I
[kN/;”i’ 1200 = 675
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Reinforcement response in a stiff construction
(E,»,OK ToB = 130 MN/m?2, direct trafficing of base course, section 1.1)

Exemplarily:

0,16 250

0,14 +

0,1
0,08

0,06

strain @ truck-pass [%)]
vertical stress [kN/m?]

-
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Mechanical response of a r cement layer to trafficking

Comparing different typeg

014 fom !
(unpaved vs. 8 |
constructions vs. ve

012 |

strain [%]

we find always the same mé
response of the g to atr

with a comprg
strains while

8 9 10 1 12 13 14
time [s]
Example for unpaved construction
Just the magnitudd
differs.

-0,08|
| [—owsm)
s 3

0,01
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0,06L
0,04

0,04 U

-0,02

strain [%]

nny!
100 105 110 115 120 125 130

time [s] Vollmert, 2016
Example for paved construction
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Extract systematic effects
 EEEEEEEEEEEEEEEEEEEE———————————————

Some main conclusions
= A certain stiffness of the overall construction has to be bl

ensured for proper long-term-performance (E,, > 60 MN/m?) “lemm ' E
on weak subsaoils in case of direct trafficking. ’ =

= Significant lateral shear stress is induced to the
reinforcement by rotating principal stress and lateral driving
forces.

= The total construction is deformed in different directions,
crosswise as also in longitudinal direction.

= The strength-strain characteristic of the reinforcement (e.g.
stiffness J [kN/m] at small deformation) as design value as
well as the distribution of the stiffness within the construction
is of most important influence for the performance of thg
construction:

Constructions with distributed stiffness (two layers
bottom and middle of the construction) outperform
constructions concentrating the same sum of stiff
only one layer @ bottom)

Vollmert, 2016
-
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Extract systematic effects = Dmﬁ

NAUE
Some main conclusions
Significat and unexpecteg ult:
4-power-law ng for unpav pads neither for unreinforced, nor for reinforced conditions

.8
Ny equivalent 10 t axle passes
4-power-law based on AASHTO-ra® Ly normative axle load 10t
i axle load
fatique model (Yoder & £y equivalent fatique factor
&g strain by 8t-standard axle pass
strain by load
Jd Design Load J e e
[ ! i ol
51 157kN/m? N
mﬁiﬁ‘—‘————————\(a—“"““‘—’ ]
] — — : H
5t 8t 10t 10t
8t st

typical test conditions US and elder UK trials typical trafficking conditions EU i
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Extract systematic effects
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Some main conclusions
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= A stiff product structure providing interaction with the grain
structure is essential and can be provided by rigid and
welded bars. Radial stiffness as well as apperture stability
modulus can be used for characterisation of product
stiffness, added to the requirements of harmonised
standards.

= Neither systematic test on triaxial test-apparatus, nor site
trafficking tests did show a better performance of multiaxial
product structures compared to biaxial product structures.
In constructions with pronounced deformations the ultimate
tensile design strength becomes important as additional
factor to provide the required robustness of the construction.

= At weak subsoil conditions, missing separation (leading to
fine grain contamination) can superimpose reinforcing
effects.
Therefor, direct comparison of test results of grids
without separator and wovens are missleading
(due to underestimating grid performance).

Vollmert, 2016
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iffness and product structure

Element test by ziegler, Ruikeg 1250 Lasn
Jacobs (RWTH Aacheg G Secugrid®

=134 kPa

= jf discrete shea
developed, the
deformations are
concentrating @

N de=70 %
|Secugrid®|

f- = -----{(Secugmd@
characteristics and —
distribution of crossbars)

Comparison of shear planes @ &, = 7,0 % (Jacobs, 2015b)
= shear planes are more

distributed by cross-bars

= the shear-zones are
doweled by the stiffness of
the longitudinal bars.
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Reinforcement benefit - Triaxial testing with cyclic loads

Scaled tests at HTW Dresden

= geogrid Secugrid 30/30 Q1,
geometrically scaled to
1:2,6

= CU and CD-tests according
ASTM D 3999-91
DIN 13286-7

= finally decided for tests with
realistic stress history for
both samples:
DIN 13286-7 modified:
2 Hz, ;=45 MPa,
increase of deviatoric
stresses @ 10000 load cycles

-
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Summary

Interim conclusions:

ads, the unbound granular layers are subject to
strains, which

= remain sma evant by the number of load cycles N due to

2 (deformed) reinforcement induces a permant lateral stress
state to theggrai onfinement).

= The distributed 3
reacts more efficiently"

e.g. double-layer) reinforcement (e.g. at the Skandinavienkai)

Thus, although the elastic parameter are mainly influenced by the granular material itself, the
critical accumulated plastic strains can be reduced efficiently by distributed
strengthening of the granular materials by geogrids even in very stiff conditions.

Assuming that membrane action is required to gain positive effects, is obsolet for geogrids with
stiff product structure and high tensile stiffness.
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