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avoid material failure by testing




Who Is responsible

Menschliche Fehlhandlungen (human errors)

40 %

Flanungsfiehler Ausfibrungsfehler Materialfehler Adwendungsfehier Werfall und sonstige Fehle
Guelle: Prilmgenewuchire Wndels/ TvmmfMorgan

Design construction material application
40 % 30 % 15% 9%

Prufingenieurbtro Windels/Timm/Morgan in Gerling Ing.-Letter 1/00




Example of a desaster(design failure

Asi era como lucia antes el cerro de Bairoa donde hoy se
construlle el proyecto

Ave. Bairoa




Example of a desaster

Entonces empezaron a preparar los terrenos, afectando la
gseguridad de los vecinos por contaminacion y por ruidos.
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Grrrrrri!!

Ave. Bairoa




Example of a desaster

Luego comenzaron a construir el mure con bloques
individuales agarrados a una maya de pldstico, a vuelta
redonda del cerro que conceptualmente se veria como sigue.

Grrrrrrl 1!

Ave, Bairoa




Example of a desaster

Al final tenian una meseta para construir los edificios del
proyecto y asi lo hicieron.

Ave. Bairoa




Example of a desaster

SE COLAPSO PARTE DEL MURO PONIENDO EN PELIGRO LA
SEGURIDAD Y LA CALIDAD DE VIDA DE LOS RESIDENTES
ALEDANOS AL PROYECTO

Muro
colapsado

Ave. Bairoa










Concrete Is brittle and
sensitive to

flexion,
splitting tensile stress
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Brittle failure
of concrete




8 Silicon against broken concrete







Announcing

fatal

failure

concrete blocks initiate
the collaps

— = ——
T T e

= e — o

=t _-._.l.-..-;—:_




It IS not failure of the
geosynthetic




Final fatal failure

not of the geosynthetic!
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Exceeding deformation limits
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SECTION THROUGH MORNING GLORY
SPILLWAY AND TUNNEL
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Source:
_ K.Legge




Design of Reinforcement

Fq= Fi /A 2A2AA A0y

F, Design Force of GSY
Characteristic strength of GSY
Reduction factor for longterm (creep rupture, creep)
Reduction factor for damage during installation
Reduction factor for connections, seams, joints
Reduction factor for environmental exposition

as weather, chemistry

Reduction factor for cyclic loading

y Partial factor of safety (1.1...1.4)




Characteristic strength F,

—mean-1,645 Stddev® &




Characteristic strength F,
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High Strength Geosynthetics

normalised by

100 Fi
Fm

deformation
measurement by
clip on gages
with very high
accuracy (nor-
mally used for
elastic defor-
mation of steel

Deformation

@® Aramide-k knitted grid
@ PES-x extruded grid
® PVA-k knitted grid
@ PE-x  extruded grid
® PES-w  woven grid
® PP-w  woven fabric
@ PES-k knitted grid
PES-nt-k new yarn
knitted grid
©® PES-w woven fabric

%




A, —longterm creep

EN ISO 13433
1000h creep as index-test,
mostly 10 000 h requested




nominal strength
35 kN/m

~—8—ultimate tensile strength
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A, —longterm creep rupture

| ! EN ISO 13433
I! l one value in the area

I of 10 000 h requested




Earthfall B180
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A; — connections, seams, joints
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Environment A,
Chemical resistance




A: — cyclic loads




dynamic
loading
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Spider web
graph

5 x 92146/0° / L2O/SL  (Type 1A)

common for - ”’92‘25’“5”“'92'45'“0“?.,.,#LIMSL |rr,rpagq1 el
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plastics (FRP)
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Labormessungen
Herold et al. 2006

H=400m
L=3,00m
f=0 bhis 36 Hz
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Large scale labtests by Herold
& Pachomow at the BTU
Cottbus

Calculations from strain to
Force lead to

R =0,66




Auersch et al.

Measurement on railroads

Cause of dynamic loads dynamic load/ Ratio min F/
Static load maxF

Traffic under ideal “m
condiions | | T

Unevenness of wheels 30 bis 50 % 0.66 bis 0,77
Shock loads
200 bis 300 % 0,33 bis 0,50




- single wheel 180 Hz
- wheelcouples ca. 8 bis 12 Hz

Freq uen Cy - Frequencies > 65 Hz not measured in soil
- maximum of deformation in soil < 20 Hz

-u-sslu I:rnfhl ' m-p}_m“'wm ; Gerstberger et al. 2003
o=

and voided sleepers

magnitude of void [mm]

position of sleepers




Loading parameters

Number of load cycles N

frequency f f<10 Hz




Materials under investigation

uniaxial (anisotrope) biaxial (isotrope)
Geogrid Geogrid

| et | cG2 | 663 | Ge4 | G

--mm
pitch [mm| 80 | 100 | 40 | 50 | 160
o | % | 72 | 77 | 72 | 96 | 106




Creep rupture curve to determine loads

The maximum
sustainable static
load for the test-
duration

was selected

as upper load




Cyclic testing

Load cell

Capstan clamps

Servo-hydraulic
actuator






.Strain measurement, clamping




Clip on strain gages

INSTRON
max s: £+ 5 mm
e<20%

HBM DD1
max s: + 2,5 mm
e<10%




Low creep,
very low

change in
stiffness

GG1-PET




Lodd strain hysteresis GG4-PP during 10E7 cycles

Re m arkable N=4'10° N=610° N=810° N=110’
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High initial
creep,

change in
stiffness

Zugkraft F [N]

Dehnung € [%)]




Loa:d strain curve before and after 10E7 cycles

Zugkraft F [N]

2. Maximum
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Beginn der Einschniirung

Auswertung

Referenz
=10*

Zugkraft F

Dehnung [%)]




Load strain curve of GG5-PE
before and after cyclic loads

Low creep,
very low

" Referenz
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Temperature distribution
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Tensile tests after 10E7 cycles to determine Ac

0
102,02% 99.12%

O
ML,

Restzugfestigkeit

B Referenz B nach 10N7 LW
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100 % B = Fy




normalised by

100 Fi
Fm

deformation
measurement by
clip on gages
with very high
accuracy (nor-
mally used for
elastic defor-
mation of steel

Deformation

@® Aramide-k knitted grid
@ PES-x extruded grid
® PVA-k knitted grid
@ PE-x  extruded grid
® PES-w  woven grid
® PP-w  woven fabric
@ PES-k knitted grid
PES-nt-k new yarn
knitted grid
©® PES-w woven fabric

%




Design of Reinforcement

= F /A AP A A Ay

If you have tested all values properly,
you can exclude material failure and
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Repair of Mudslide in Gondo
Simplon Pass — Switzerland

Desaster 10. Oct. 2000:
10 houses washed out
13 casualties

Felix P. Jaecklin
Dr. Sc. Tech. ETH,
Dipl. Ing. ETH










High
Risks for
Rockfall
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H=20.40

14bk. 00 kFa.

Tieback,
Compound
Direct zliding
Bizhop's circle




Seinschicgeretr 5.0¢10.0m
300
e 000 K4

0y

™

3
e Wuezalpfahle 250 kN
8

oy

/ ; } 1845
] o]

1378
2.0 554 L] 478

Y]

R4

20,40

.80

-
e s e A s mn e e s e g o
iy ' ]
_:.14 ¢ e e e gl e e ot e i e e e e
Lre s (j......_._....,zz
-, e e o e s A i e v e e g
;

— s ik
€ [

VR

abey
N

L)
ety

T e

o
- el
el
5245 - -
) R R £
1 b el !
‘kl " A gita tag it EY S el ALY T -y PAATPHLR Y HEY
<1 D L L L T R T L L R S Tt A R T R )

RS
]
/ \_@__ungm Grainage W 150, min. g !

1490 l













Properly tested values,

Good engineered design

safe structures
with geosynthetics






