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- Instrumentation : Inclinometers -{{Z${XF&: MWFEMX

- Formula used for slope and forces caleulation 3 & i+ H AR
- CASE HISTORIES /738 HER

- CONCLUSIONS ##

FiveCASEHISTORIES

F b P 45 F L
Piles in Landslides Area 53k X FKIHH

=(1) piles used for protection of excavation &4 At

°(2) piles used for foundation of bridge abutment #F¥5r& Hnt i
>(3) piles used to increase slope stability in landslides area,

TR 0 v 3 X S A A A

=(4) piles used for protection of embankment near failure due to
reactivaed landslides  #t7E &35 BFIR RARBIH IR

<(5) piles used for protection and substitute of bridge foundation
in landslides area  tEEERH X HFRETPIIF 5B R 1R A

Hi1E : 2018 £ 10 B 17-19H
R : B II B A SV (ERHZER IR 307 )

BACKGROUND &%

Inclinometer &MY
Inclinometer System JRMYREZ:
ean inclinometer probe &MYk

econtrol cable and |4 P ﬁa
-an |nc||nometer readout unit.
WL (
m
L'

An inplinorpeter system includes :
— MM RZE

sinclinometer casing M &1&

Inclinometer 4%
inelinoreter Prebe mmurrlund iN BORED PiLES

Bored Piles in Landslides Area 33 X 857l
sCommonly Used %

-Failures of NATURAL SLOPE & MAN-MADE SLOPES
RARBEIE B N\ RHH IR
oFor Protection of Excavation JN{R{F I

Seldom Measured for Their Actual Performance

1R/ 45 B AT B SEBR R I

PILESINSTRUMENTATION
RN E

MAINLY USE INCLINOMETERS
FEERARRHX

{1 L0 AL P I Y s

2018410 B | October , 2018




2018 +=[&

SUPER PILE WORLD

BEiRADET RS (N )
M LEEIT

Example where Inclinometers needed
R E AR L5

1. Movement is ussually relatively slow izahl i SHE

2. Sliding plane not known (might need more than one)
WHEN TR CA) 3 B —

3. Embeded in piles (or other structures) to measure

behavior of the piles
BRAME (B S )+ LB AT
4. On going operation of highway, railways etc 2AB%. ZREF&1IE S

5. Excavation in Urban areas 3k i[i FF4%

=1 PILES USED FOR PROTECTION OF
AVATION (SOLDIER PILES)

) SOUVEREIGN TOWER andGKMTOWER
L SouthJakarta FHEMNIE

: Excavation 12 m, Boomm dia bored pile, ¢/c 1.6 m
T{aam, HiBoommMIE FLEER, c/c1.6m

CASE 1 PILES USED FOR PROTECTION OF
EXCAVATION (5OLDIER PILES)

&
CiputraTOWER Jakarta FEfnis

Excavation 12.5 m, Boomm dia bored pile, ¢c/c 1.2m
#Haz.5%. HEscoRKEFL MR, cfcaam

FreeStanding A3

FE : 20184 108 17-19H
M WERGIBE RN AP (ERTRRR AR 307 )

Slope tdy/dx
Momen : -El day/dx2
Geser 1 -El day/dx3

dyldx = (y,,y -y, 28x
d2yidx? = (y,,, - 2y, + ¥, ) (5X?
dPyfdxd = Viez = 2¥p0y + 2,4 - Vil (25%)°

CASE 1 : PILESUSED FOR PROTECTION OF
EXCAVATION (SOLDIER PILES)
Interpretation of slopes and internal forces of boredpiles

LM PR R Py

Measured iy [Wsr

ey 1
R I

—— Back analysis B4 | | | '\II| I . {‘l}'
I A

GKMTOWER ' ‘ T

SouthJakarta BSFEANIA |

Excavation 11 m, 8comm dia ! ” l
| ;.

bored pile, c/c1.6 m

cfc1.6m "
Soil Nailing at 4 m below

Ground Hi T 4R ADKI 4T

FF¥12m, HR8oo mmeTLMEHE, ’ L |

CASE 1 PILES USED FOR PRC
EXCAVATION (

CiputraTOWER
Jakarta FEINE

Excavation 12.5 m, 8oomm
dia bored pile, ¢fc 1.2m
#flaz.5K. EHBBooM NS H WA,

cfcizm

FreeStanding TR
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CASE 1 : PILES USED FOR PROTECTION OF
EXCAVATION (SOLDIER PILES)

" Interpretation of slopes and internal forces of boredpiles |
G FLIRE SR () T2 30 P9 7 ft e |

lwm T |

| | = o= -.x
[ | 4 [

' | A= o=t
| j | I

Excavation 12.5 m, eoomp'

‘CiputraTOWER
Jakarta MBI

FreeStanding B3Zz || |

dia bored pile, ¢/c 1.2m |j | | i t | |
2 Haz25%. BZ80oRENK | 17 Ik K | |
HHALEEAE, dciom ‘ ‘ || |

CASE 2: PILES UNDER BRIDGE ABUTMENT

Thefailures of BridgeAbutment and

PileDamage H A1}

f3 : 2018 £ 10 § 17-19H
MR ER-IBESNP D (BRHXEXFUIRHE 307 5)

CASE 1 : PILES USED FOR PROTECTION OF

EXCAVATION (SOLDIER PILES)

Interpretation of slopes and internal forces of boredpiles

[y —— ————

e !
ClLLL
‘,- 158
| .

{
CiputraTOWER ! i
Jakarta FEfHIX [
Excavation 12.5 m, 8comm ¥ | gl
dia bored pile, c/c 1.2m ‘ i |
25K, HRBooEK : 1 i g i |
GHILEAE, c/caam
FreeStanding #3230

CASE 2: PILES UNDER BRIDGE ABUTMENT

During installation of driven piles = failuredueto slope
movement = designchangedto haveyom span 2>
Installation of inclinometersintobored pile
LB A S RO R ARSI B RNy 70m
ORGSR e oo

] LT e
-, [ i

‘l-

Pileswerealsochangedinto bored pile 1200 mm length28m
WHCAR 21200 mm. E28mibds L EAE

CASE 3: PILESTO SUPPORT LANDSLIDES

Cracksweredeveloped 440t :

201810 A | October , 2018 [EE}
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| Semarang-Solo HighwaySection - Paket Ii
7ESta 5+500 —Sta 5+750 Semarang-Solo HighwaySection - Paket IT ff)
WP AT

Lembor Mapekarg dam Semmrars, Thonden dk, 1996)

N 1 (ATA 5000360) AA
!H?.INON!TE 1, . s Currmntrs Dy | rm )

Pemantausn
Incinoeiote|

W MR

e

L IVAD e Vih Vo

Reactivated Old Landslides where plane of failure is
bondary between clayshale and breccia

Failure Plane deeper than whatwas expected

P T S R B 0 ST

Back Analysis to give residual shear strength

e B T TR A U R SR

After 7m cut > SF=1.1
TmylEE> SF=1.1

iI#% - 8% | Nanjing - Jiangsu
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Wil lebyl BrOg

Proposed methed by soldicr piles and ground
anchor, FS =1.52

YRS AT R IR, S = 1.52

—  Soldier pile 61500 clc I 75m L=45m
HEEHI00 cle D 75m L=~45m

struction

“ Slope stability problemsiZ1 3 ¥ 52 isl

Unsuitable fill material £+ 105 4 #6004
" Soften when contact withwater > 8
Reduce Bearing Capacity of boredp
EMK RO E ST R R RS
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IDENTIFICATION OF OLD § NN =5
LANDSLIDES S8R5l ... e

Installation of Inclinometer at P4 and P6

{5Py A POZETAH Result of inclinimeters 14 and 16 14 Hl I6B4MY SR

fa:r'x und calluyisl
| =

geoed clayshili

4
iHi

Diredtiai uf ”
masminent | G

Installed 11 APRIL 2011
Broken 11 May = 9.2 cm

bt river
s hroken

SR

S Mesemant by

INTERPRETATION OF INCLINOMETER READIN(
S PO

Interpretation of inclinometer reading with projections shows m
different direction of upper and lower sliding mass @1

=N

Valzg et

Mebriy aned collintnd ===l 1 [iition el iypcealiding i~ | o oy ohreio a0 i e kA1 R

£l the el o groond water g

| Drectipn of ower fnststide |
i B | PR 1
i el

Weailpred elapahinly
M fEaEme

m iI% - @@= | Nanjing - Jiangsu
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ASSESSMENTOF BRIDGE FOUNDATION
STABILITY BY FINITE ELEMENTANALYSIS

Additional Geotechnical Drillings

2D FE Analysis at pier 4

RN F16.9cm -
Displacementon soilifigem-
el =

M |

Mode ofpiledisplacement

Use Predetermined sliding plane,
back analysis to obtain the residual friction angle

Result of analysis

FaktorKeamanan ‘

Pengupasan
Pengupasan gupas?

Reducedriving force by excavation . Bukit Bukitdan

Of upper hill _FiFFE0E 1 No.Pier | Borpile
P-04 1.43 1,53
P-05 1.43 1.63
P-06 1.43 1.64

Additional bored piles for protection
Of existing foundation  Jg{R{PTAT HIETT I £ 044 FLMHERE

Assessment of Bridge Foundation stability
by finite element analysis

- ——

=M~ (]

BEADZIER (1) Rl : 2018 £ 10 B 17-19 0
S| e : BT E SN (BRHRERUIRE 307 £ )

ey
= e | e ot || nm
] 1T f I L | )

M A BIE BB,

Use Predetermined sliding plane, AT EIR A I S«

back analysis to obtain the residual friction angle

Maximumbendingmomentonpiles 1! |- 37 K & 41

Deformasi
No.Picr Horizontal
(em)
P-04 158 |
P-05 12.7

Momen Theseforces shall be
Maksimum .
i) compa.xredto pile
: Capacity
135 TR 5y 87 5 B B AR AR AR L
142

17.6

RSN 0

se sufety factor by =0,1

DESIGN FOR

ROTECTION OF THE BRIDGE

Keepwatertableaslowaspossible {4 fF/& T A (KK 4
Reducedrivingforce(byhillexcavation) /b Bz J (L i) L2 4
Installationof protectionboredpilessurrounding theexistingpiles{#

2018 €10 B | October , 2018
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CONSTRUCTIONAND MONITORING [Eagilag] @

Cutting of hill
A EIE _

%
Installation oifinclinometers o Monltorlng Inklinometer
e R e e o 10 inclinometers

i . ——— were installed
= T BT 1M IRHK
= ra— Only 8 inclinometers
; give valid data

B RESME R

Estimasi Gaya Dalam pada Borpile Perkuatan

Manitoring Inklinometer

i Peasrzt =l xA‘.\m:-:hr-
E e ) Im»l.( mn||m| . ) e e 1 Comtn)
=== t J il y ¢
; [ - b | p |
E o | |5 o[- 2 2,
s e RIS by
° | | l I I_l_! it | I I Movementof pile head from 1y | Wil WPz &
L R 10 L 1", » inclinometers wf { =) | f A
" - ~ - e T
. ———— l*ﬁdﬁ{ﬂ! RHUB RIS AL | - h | ] 5
| Raln intensity in the area ol 1" Shaar
| lﬁﬂhlZEFJB% 575 Deformatian Slope Mot

m iI% - 8% | Nanjing - Jiangsu
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DEVELOPMENT IN 3DANALYSIS

3D MODEL ENABLE MOVEMENT

IN DIFFERENT DIRECTION
SHRMARAI I BIRGES]

nw sk mes

1090 4TRBAA GORA TTY LADES S8 10THA AN

wyom

Conclusions

there should be sufficient deplh where the piles are fixed

SHILE S A TR R R A A, AT RERIAT RO IOEh E R .

+ Based on inclinometers and olher data, the failure plane can be detected,
. furthermore if the inclinometers are embedded into the boredpile, valuable
information can be obtained, not only the safety and the plane of failure, but
also the estimated forces acting in the boredpiles. This information has been
used to assess the safety and performance of the bored piles and condition
for further stabilization Work. iR #tRIAH (X i €1, TTLA KB GETLIEHE B BEIK T
A F RN GSILAEE NN, OO ARSI AN B T ELMEAT A b (S0 6L e
BEM) % AR, LARGHILRERERE (N S i St B BT TP LA
MR PE, At — b R85 REMSENE A (.

Conclusions

* The finite element analysis is capable of simulating back analysis of the

landslides mechanism and shows the additional (primarily lateral) load on the

piles were still wilhin {he safe range of pile lateral capacity. However, further

movement might cause subsequent damages and hence additional action shall

be proposed At present many new piles have been consiructed with
clinometers embedded in the piles to monitor possible further movement.
F PR ITAE 95 BB IR L RIR AT, 45 R IA4E L RN
(EERME) FERATERERK TR INZLEBEA.
R, MBS SBUTEMOIR. FEl, BHAZR W
TEEEBF . B, 2 cRFNMERMRECH
R 2 TR SRR, SRR A G R AT M.

The used of bored piles to contro! slope movement is effective, however '

BE: 2018 10 §17-198
AR BRI AN (EFHERK LR 307 §)

Results of 3D Analysis

(W] At m
IDATA] LEST 1hin . Lo-Ewa= by, 414 X1)

Conclusions

.
During construction or following the remedial action, inclinometers can be

installed inside the bored-piles to be monitored for long term. This will help the
understanding of further movement and 1o ascertain the stability and safety of
{he slope and embankment.

FEME TSR B2 fo, BIRMOTH R LR, 31T
KR, EABIT T RIERIA R RIRER, JHiEasm
SRR th M R .

Thank you for your kind attention !
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