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INFRASTRUCUTRE PROJECTS IN 

LANDSLIDE-PRONE AREAS

(Retaining measures, structures in unstable slopes)



Only 20 % of construction costs visible
(Monitoring since 1979)



CABLE CRANE

(L=600m)



S
a
m

e
 m

a
te

ri
a
l 
(r

e
c
o

n
s

ti
tu

te
d

)!



_____
F (peak value)  - - - - Fr (residual value)



Multiple 

slope failure

slip surfaces 

progressively 

increasing

Δt = 5 years

stabilised by 

25m deep sockets

Postponing stabilizing measures may 

significantly increase the costs if the 

ground has a low residual shear strength



35 years

Creeping factor



Accelerated movement

Accelerated movement

Slower movement

Piezometer level

DATE



Design of retaining 

structures after

„worst case“ ?

Max. slope water pressure, 

flattest resultant?

Earthquake?
„Calculating to death“ ?

Semi-empirical design

with calculated risk



SCHEME OF GEOTECHNICAL CALCULATIONS OF SAFETY FACTORS



FILL

prestressed

anchors

Anchor-wall

(on filterconcrete)

ROCKFALL GALLERIES 

WITH BACKFILL



TIME t

Dh

Sliding

without

counter weight

Settlement

VERTICAL MOVEMENT Dh 

OF EMBANKMENT CROWN

HEIGHT OF 

EMBANKMENT

Failure

MISINTERPRETATION



HIGHLAND TOWER (Kuala Lumpur)

Collapse due to sliding slope



Misuse of semi-empirical design



Cut and cover system for highway tunnel in steep/unstable slope



Theory of creeping pressure Ecreep

Ecreep > E0



m(Φ) is 

multiplication 

factor for creeping 

pressure Ecreep

Influence of stiffness

of the structure}
CREEPING PRESSURE



Tied back crib walls instead of 

embankment in unstable slope



CRIB WALLS (inclined)

Asymetric silo pressure within the soil fill



Crib walls (tied back)

in steep, rugged terrain



Crib walls of max. 43m height (locally tied back)



Requires

remote control

for monitoring

Highway bridge 

in steep unstable 

slope

Decomposed, 

weathered schist 

with clayey 

mylonites



Only one 

horizon

of anchors 

drawn

(actually

7 levels)



“Buttonhole solution“Protective shell

FOUNDATION OF BRIDGE PIERS, MASTS, etc.

IN UNSTABLE SLOPES



PROTECTIVE SHELL 

AROUND BRIDGE PIER



structural
engineering

geotechnical
engineering IN
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Optimised design only 

possible if considering 

interaction



CREEPING SLOPE (800 m high)

36m high protective shells uphill the bridge piers



Sliding mass creeps aside the protective shell



"SECOND EUROPE-BRIDGE„

In unstable terrain; monitored since 1982

SECTION

GROUND PLAN



Max. height of bridge pier: 160 m



Sockets (caissons) in carstic and seismic zone

SHAFT EXCAVATION

FOR SOCKET:
depth  = 45m

diameter 23x18m



HIGHWAY ALONG UNSTABLE/CREEPING SLOPES

More than 75% of the highway run on bridges

Seismic zone 

(7,5°R)



separated lanes

Reduction of cuts and 

embankments

SEMI-BRIDGE

(Monitored since 1979)



22m high anchored wall  (monitored since 1978)

Steep slope in limit equilibrium (F~1,0)



Extreme influence

of friction angle Φ

on required anchor 

forces.

ΔΦ = 1°

 ΔT = 1000 kN/m
(forF = 1)

actually: ΔΦ = 15°
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Requires 

“interactive design” 

(semi-empirical design, 

observational method)



RESERVE FOR ANCHORS CONTINGENCY PLANS:

Filter concrete

LARGE DIAMETER 

BORED PILES

ADITIONAL ANCHORS

REVETMENT R.C. PANELS

(5.7x2.6 m)

HIGHWAY

capping 

beam

SLIDING AND 

WEATHERED MASS

Shotcrete

1. ADDITIONAL ANCHORS

(required towards the end of construction)

2. DOWELLING WITH PILE WALL

(not required since 1973)

BRIDGE PIER

(toe zone)



Local adaption of design inevitable

Hmax=65m



SITE SUPERVISION !



Large-scale in-situ 

determination of 

rock moduli during 

construction



CREEPING    SLOPE

Bridge foundation and protection in creeping slope



Self settlements of high embankments:

s = 1 – 3 ‰  for good material and high compaction

s = 1 – 3 %  for medium material and poor compaction

berms (≥ 3m) !

EMBANKMENT 

(“Green design“)

TWO OPTIONS FOR HIGHWAYS

IN SLOPED TERRAIN

Steeper embankment slope if geosynthetic reinforced fills



1980 2010

1980

2010

120m high

100m high



CONTINUOUS COMPACTION CONTROL (CCC)

CCC increases significantly the composite effect of

geosynthetic reinforced earth structures



CONTINUOUS COMPACTION CONTROL (CCC)

Measuring data along

the roller lanes indicate

the heterogeneity 

Random spot control 

mostly insufficient

Dynamic load 

plate test under 

confined site 

conditions





HEAD OF RETAINING 

STRUCTURE

Rather flexible and not stiff culvert 

in unstable slope

SLOPE DOWELLING



„slender“

dowel

r.c. SOCKET

d=6.5 m

Prognosis

Dx ≤15 cm

2011



New Anchors:

ATest = 5700 kN

Ar = 3800 kN = Tw

Progressive decrease of  (residual) 

shear strength over the years

(1.Phase)

lA ≤ 120 m

2.Phase

= 1.Phase
(contingency plan)







Δx max. ≈ 10 cm

Pier wall (5 x 8 m „dowels“, 45m deep) before planting  

SH ~ 4400 E-Locs á 100t



High absorption of traffic noise and air pollution

25 years after construction



112 tons

reinforcement
SOCKET WALL

ANCHORED WALL 

H = 10 m

ellipt. SOCKETS

(8 x 5 m)

max. depth: 45m



Combined socket-anchor-wall: greenery after 3 years



SLOPE DOWELLING:

SCHEMES OF CALCULATION



Using one theory only 

might mislead!



Intermittent pile walls

SLOPE DOWELLING

INFLUENCE OF DOWEL 

STIFFNESS!



Partial view of the anchored energy pile wall on the 

uphill side of the building being part of the 

heating/cooling system

CREEPING SLOPE

ENERGY PILES



STABILIZING MEASURES:

“Dowels“, anchors, drainage, 

backfill and toe embankment;

Limited re-alignment 

Toe embankment 

is 135 m high

13 Mio m³ sliding

CONTINGENCY 

PLAN





STRUCTURES AGAINST ROCKFALL 

Model tests:

catch fence



FORCE-TIME RELATION FOR THE FIRST

THREE IMPACTS

GEOMETRY: slope inclination

(mountain facing) 4:5



Value-cost ratio in 

percent of the non-

reinforced 

standard test



BARRIER EARTH DAM

(geosynthetic reinforced)



300 persons evacuated



CROSS SECTION

BARRIER FILLS AGAINST

AVALANCHES AND MUDFLOWS

L = 600m; H = 27m 



Geosynthetic reinforced steep embankment

(steep fill slopes to minimize the embankment mass)

"FLOATING" 

EMBANKMENT

Soil exchange

b ≤ 60°



House on r.c. box foundation

and stiffened cellar moved  

30 m without cracks

(and still moving)

New owner ?

= original ground



„OBSERVATIONAL METHOD“


