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Only 20 % of construction costs visible
(Monitoring since 1979)
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DISPLACEMENT A [mm]
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Design of retaining
structures after
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SCHEME OF GEOTECHNICAL CALCULATIONS OF SAFETY FACTORS

CONVENTIONAL ANALYSIS
Input parameters - SF, =0 | » Output of analysis
Load(s) Factor of safety
Resistance |
soil strength, unit weight, ......
B | v
0 | ShearStrength | 1.0 ~Facior of safety
ANALYSIS ACCOUNTING FOR UNCERTAINTIES
Input para;n;cters —_— IS * =Pf(1‘:x : (())] —————p Output of analysis
Load(s B =k Probability of-failure
Resistance (P¢=P [Load > Resistance]) Reliability index
soil strength, unit weight, ...... ‘ - Parameter(s) which cause failure
Model uncertainty :
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Shear strength/100 Factorof safety




ROCKFALL GALLERIES
WITH BACKFILL
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Collapse due to sliding slope



—~— Misuse of semi-empirical design
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Cut and cover system for highway tunnel in steep/unstable slope




Theory of creeping pressure E_ ¢,

profile

f creep velocity Ecreep > E,

CREEPING

FORCE POLYGON

RETAINING WALL
—  OR CAISSON
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Tied back crib walls instead of
embankment in unstable slope
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CRIB WALLS (inclined)
Asymetric silo pressure within the soil fill

SILO PRESSURES p,, [kN/m?]

HlGHWAY » \' \ 20 %0 60 80 100
T
—
0 kN — Lors
Ar=1%0 = EXTENSOMETER, w2
PRESSURE CELLS \,,MEASURING 09/%
{
SITUATION OF
PRESSURE CELLS:
front (o]
o 2

DEPTH z[m]

51200 é/\ ~.
=, TNl |
¢\ o

RESSURE CELLS

=

_7-40



et o ' Crib walls (tied back)
o In steep, rugged terrain

road ?
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5= 25-37 m
I°= 8m
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Crib walls of max. 43m height (locally tied back)




E—E— Highway bridge

1 = In steep unstable
) R . slo pe
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PRESTRESSED ANCHORS
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FOUNDATION OF BRIDGE PIERS, MASTS, etc.
IN UNSTABLE SLOPES

CREEPING SLOPE

CREEPING
SLOPE
original position Xo
\ X1

PROTECTING
STRUCTURE final position
BRIDGE FOUNDATION (end of design life)
PIER (socket, cassion)
] L BRIDGE PIER WITHIN SHAFT
1 B 1

Protective shell “Buttonhole solution*



PRESTRESSED ANCHORS

T,y = 1000 - 1200 kN
IA= 20-32m

*’——'F‘hh-..‘.
o T e

PROTECTIVE SHELL
AROUND BRIDGE PIER

HIGHWAY - AXIS

=
I(

!ill

ll!\

m w

/{\(

¢ SOCKETS
with toe bell
ANCHORED shotcrete
ELEMENT WALL ~ (reinforeed)
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CREEPING SLOPE (800 m high)
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36m high protective shells uphill the bridge piers
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SECTION
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725 1475

TOTAL LENGTH: 1079 m
? ?
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B 2 R

L 80,0 L 435 , 435 ]b 435 , 435 , 435 | 435 ;380 t
] T

) 160,0

«— H=160m —

mica schist,

schistose gneiss : “-\_\_A,,_ = /:/ creeping mass mica schist,
(weathered) thrusted NgS =t river gLl "{f/ (with tension cracks) schistose gneiss
mylonites S | KRS Wa \"I- S' (weathered)
sliding mass railway tunnel
(squeezed)
SOCKETS
(depth < 36 m)
| | / \| I i : ‘
b — = SES e b
o | | — = ﬂ\ fﬁ
ANCHORED WALLS
T, = 1000 kN ANCHORED RIBS
GROUND PLAN h<77m

(against transversal slope movements)

"SECOND EUROPE-BRIDGE,,
In unstable terrain: monitored since 1982






4/ carstic limestone
with mylonites
(low residual shear strength)

unstable slope
earthquake zone

SHAFT EXCAVATION

FOR SOCKET:
depth =45m
diameter 23x18m

Sockets (caissons) in carstic and seismic zone



VPP
% Seismic zone

(7,5°R)

HIGHWAY ALONG UNSTABLE/CREEPING SLOPES

More than 75% of the highway run on bridges



SEMI-BRIDGE
separated lanes

!

Reduction of cuts and
embankments
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750-1200 kN

40-70 m, A,

Extensometerbohrung [mufite
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PRESTRESSED SOCKETS
ANCHORS L

| = 40-70 m, A, = 1000 kN

(d=15-20 cm)
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(Monitored since 1979) Z mica schist

s e

) < TN NSNS 272m ]
{ unstable colluvium
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Steep slope in limit equilibrium (F~1,0)

22m high anchored wall (monitored since 1978)




Required anchor force T

=1

to gain a safety factor of F
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Friction an
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Extreme influence
of friction angle @
on required anchor
forces.

AD=1°
- AT = 1000 kN/m
(forF=1)

actually A® = 15°

- Requires

“Interactive design”
(semi-empirical design,
observational method)



RESERVE FOR ANCHORS

CONTINGENCY PLANS:
BRIDGE PIER 1. A.DDITIONAL ANCHORS |
(toe 'zone) }\\f p (required towards the end of construction)
(00 2. DOWELLING WITH PILE WALL
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SITE SUPERVISION !
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e e TR S O\ \\‘

drainage boreholes b
extensometer

prestressed
anchors
Tw =750 kN
lA=25-32m
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N N
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mica schist
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T Tl Ty e t=225m =70 m

DESIGN

mylonites
(plastic, wet)

S
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I 360.0 m L
l 20.0 19.0

= Fin
.~

EMBANKMENTS

RETAINING
WALL ~ 73\

ellipt. cassions

430m

SOCKETS ™
(CAISSONS)

\' \ PRESTRESSED ANCHORS

~ ™. T~=600-1000 kN

FLUVIOGLACIAL

™~_ ™\ BLOCK FOUNDATION GRAVEL
™~ ANCHORED WALL
\ —\
™~ \ ) COLLUVIUM IR
MICA SCHIST S : TENSION It RN
~ SCHISTOSE GNEISS SLOPE WATER v=- .(meepmg) CRACKS R
V + + o+
(locally mylonitic) -\_ \ GNEISS-
o oF RIVER - } _ BIOTITE SCHIST
PRESTRESSED \\
FISSURED ROC Q sand, gravel, ANCHORS DRAINAGE
boulders Tw= 1000 kN BOREHOLES

r\_"\_
~_ _

=35 m

Large-scale in-situ
determination of
rock moduli during
construction




| * CREEPING | SLOPE |

‘ | (reserve for ‘
g additional anchors)

BORED PILES
(d=0.9m)

I shotcrete
|

<

58 PRESTRESSED ANCHORS |
T, = 1000 kN

CAPPING BEAM

drainage

reinforced

/ |S T il not reinforced
2:3 /
. BOX-SHAPED
: PILE FOUNDATION

Bridge foundation and protection in creeping slope




TWO OPTIONS FOR HIGHWAYS
IN SLOPED TERRAIN

SLOPE BRIDGE (conventional design)

HIGI-!-'WAY EMBANKMENT

(“Green design®)

berms (2 3m) !

village

Steeper embankment slope if geosynthetic reinforced fills

Self settlements of high embankments:

s=1-3 % for good material and high compaction
s=1-3% for medium material and poor compaction






CONTINUOUS COMPACTION CONTROL (CCC)

I BTM 05 control system with
accelerometers, micro
processor, console and printer

1.1 Printer and console options

- A BCM 03 documentation system
with screen, memory card,
reader and BCMWIN software

-t 31 . .
P . 5 . Yk | \ -
! R R

CCC increases significantly the composite effect of
geosynthetic reinforced earth structures



CONTINUOUS COMPACTION CONTROL (CCC)

km

- Random spot control
mostly insufficient

.
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HIGHWAY

.......

granular
surface drain

..:. ; o"l
9. g,oUnd.

drainage gt | £
trench non woveﬁ L sorexen RETAINING | |
— \geotextlles e R : PANELS
potential T i\ Sl'd'"g loam = — U miMi i,
slide surfaces —= ;/ 3
i o) N
eN. %{ 16,4 m] RIPRAP
_ C:_a){(ey AN (cemented)
HEAD OF RETAINING tertiary sediments slickensides g —
STRUCTURE (clayey silt to boulders) %g —
Cus N s > o >5° 2 —— SOCKETS (CAISSONS)
v ‘ 3 ' - 6,0x4,5m
oy
9 shotcrete
i d=20cm

SLOPE DOWELLING

| ;‘. Rather flexible and not stiff culvert
% in unstable slope
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Progressive decrease of (residual)
shear strength over the years

level a.A. [m] HIGHWAY A2

/

!
s | OLD SUPPORT

decomposed rock

e / ~(schistose, myiohitic
AN
__|460 / ' L potential 8 e ' .

. ’ . slip surface(s) Q ,: | o ;
=, <120m” %~ _ e
— . s //f — '/'/;: colluvium
|l New Anchors:  —< 27— ———— % RS westher !
T Ares = 5700 kN e T
o A, =3800kN=T, (contingency plan) dlameterbom '

400 | | | | | | | | | | | | | |
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AX max.=10cm

Pier wall (5 x 8 m ,,dowels*, 45m deep) before planting
>H ~ 4400 E-Locs a 100t



25 years after construction
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7|;5,0m+5,0m+ 5,0 4=

-7
———————————————— D - ks . /.// -
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g “ OR\G- 2= \-2~"5 SLIDING - MASS
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3 . 3m P SN o
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| 3 | 1 A _ - //,.” /
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(== DRAINAGE -  |<g90m
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ANCHORED WALL 55 | D . S
H=10m —
HIGHWAY
| ———-Y_
| VEGETATION
! POSSIBILITY FOR
I ADDITIONAL ANCHORS
|
g PRESTRESSED ANCHORS
- T,, =1000 kN
- 14=40-75m
| ———— EXTENSOmETER

ellipt. SOCKETS
(8x5m)

INCLINOMETER

MICA - SCHISTS .
decomposed, mylonites

112 tons

SOCKET WALL — reinforcement

max. depth: 45m




Combined socket-anchor-wall: greenery after 3 years
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Geosynthetic reinforced steep embankment
(steep fill slopes to minimize the embankment mass)
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