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This research aims to investigate the behavior of large bored piles of 2.6m in diameter
and 80m depth of the Rupsa Bridge, Bangladesh. Three case study of large bored piles which
induced exessive scttlement and show less capacity than the designed load of 22000KN were
investigated. In addition, a method of rehabilitation of those failed tested bore piles was also

investigated to reuse the failed pile based on pile load test data of and laboratory experiments.

In the Rupsa bridge project.three tested piles were carried out. The first tested bored pile
(TP1) show the exessive settlement at the designed load due to a long period about 100 hours of
pile boring with bentonite slurry of 4-5% intensity. This long boring period with high intensity of
bentonite slurry,a thick layer of cake film was induced on the cohesionless soil pile surface. This
caused a significant reduction of load capacity. In boring process of the second tested bored pile
(TP2), although the bering period and the intensity of bentonite slurry were reduced to 70 hours
and 3-5% with mixed polymer of 0.08%, respectively, the capacity of the pile was not improved.
This is because thick cake film can be induced based on laboratory experiment within 24 hours
and the polymer can not penetrated into this thick cake film. By this reason, the boring process of
TP2 bored pile was later improved or temedial Successfully by using toe and skin grouting
technique with result in high B-parameter. The TP3 tested bored pile was then constructed with
pre-installed base and shaft grouting technique successfully in both'sand and clay layers. In sand,
[-parameter was higher than the test pile in Bangkok, and o-parameter was also higher than 1.0
due to shaft grouting effect causing compaction of clay layer while the shaft grouting was not

applied in bored pile in Bangkok.
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- Sand content not exceeding 1.5%

- pH :8-11

- Fluid Loss  : Not exceeding 50 cc

- Mud cake : Not exceeding 3 mm
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{ o ] [ . <
@151Qﬁ 3.4 UFAAIUHITEAUUDN Strain gauge VDUFTUVNLIENATOU TP3

No. Strain gauge elevation (m)
SGl1 -88m
SG2 -81m
SG3 < TSN
SG4 -70 m
SGS5 -59m
SG6 -54m
SG7 -46 m
SGS8 =40 m




Water level +0.00
-6.8m
-11.0m _— Pile top Loose sand
N=10
-18.8m
Very soft clay
N=2 -22.8m
Stiff silty clay
N=12 -31.8m
Very stiff silty clay N=22
-35.1m ——— Endof casing -34.8m
Medium dense silty sand N=25 -39.3m
-40.0 m _ SG8 I
Loose silt
| and clay N=8
-46.0 m _ SG7
-53.8
-54.0 m _ SG6
Hard clay
N=30
-59.0 m _ SG5
-62.8
-66.0 m _ Upper O-Cell Dense silty sand
N=34
-70.0 m _ SG4 -71.8m
-75.5m _ SG3
Very dense silty sand
N=42
-81.0 m _ SG2
-85.5m _— Lower O-cell
-88.0 m _ SG1 Pile Tip -90.5m

{ o ] o <
JU7N 3.28 LAAIAWNUITEAVVDY Strain gauge T UTVINIENATOU TP3
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3.1.3.4.3 ManagaUMaIsuimiinuss Ntz TP3 1ag3s O-cell

< A, o W o 3’ o
Tugndungnaaou TP3 1 193smsnadeuassuinminusinn
9 as . 2 & ~ 1 as . .
#2875 Osterberg cell testing (O-cell) FUTUNMITNATOUNUANAIIINIT Conventional static load test
< a & o a o <
TagmInaao U UIUIZTNATDU TP3 A1875 O-cell UM IAAHT Load cell ad'l1/luaudy
o ] a < ] < 3 1A o 1
912 2 MR UINAUlaea T (-85.5 m) LAY FYNNANUFAUVY (-66 m) FaaisuiImIneadg

] IS 09;1 1w dy
Tagazuiamsnadouilu 2 Guaoulvaiqasil

Stagel : (5319 ANUAUIYU O-cell A1 ONILHIAT Ultimate end
. . . . . < 1 1 d‘ Y g’ @ =
bearing capacity 1t8¢ Skin friction capacity Ve at@nINaINa1d Taaio l¥iminludesvan
I~ 1 1 a a va A Y oy ) = I 1 [ @
21000 KN @ ninaauatenanisanauaziie Iiiin 11 23000 KN iedudiuarangadaas i

9 v
Yszana 50 Tadwas asnnuudIReAmeANALoen aaaaslugili 3.29

Stage2 : H1a991NAA8ANNAN 1Y O-cell AIA1IIUNUALAIVIADY

Tamaulu o-cell éuu Tasiidla O-cell a1 1A udasziiie 111 load annsodeligau

v
Y

R Y o 4 A& AN Yo o =
Yt 1d siatitiloazn Skin friction capacity Vo UAUUNAIUNAN dunTENa MG 23000
° a Y 4 s el ' < 4 . .. .

KN 39imstla O-cell Araraiie lihuiinaie hlgilaedn die a1 Skin friction capacity o4
< (] A Y oy o = <3 [l @
ndudIuUY naziise liihmiingaga 11ds 34000 KN aiivaiunatangadasiszanm 5

a A 1 < 1 A % d?’ a A [ ~
Uaatuas U vNaINUY ma@umﬂlu'lﬂﬂizmm 33 HaaLtuag muﬁm‘lugﬂ‘n 3.30

< < 1
INNANTITNATDULF UVNLIENATDL TP3 Ll,ﬁmel,ﬁ)mu’nmi

@ < A [ ] 3| ' 0
Y5v139nun eI n912A183% Shaft and Base grouting lamaiiluiniweladlusdianin Faazii

Y H
mstfulgsnumwanidndsi 1 lumsdearamidumsyaduiiiasse 1
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Lower O-Cell Gross Load (KN)

- 10 . 6 e e
ARSI 0 5000 10000 15000 20000 25000 30000 35000
~ 18 . 8 C R R PP
Upward top of O-cell
-22.8
Doward base of O-cell

-31.8
348 Very stiff silty clay
-39.3

€

E

<

[
-53.8 %

Q

<

=%

0

[a)]
-62.8
-71.8
-90.5 =60

1 o v w oy @ <
‘llﬁ 3.29 UAAINANITNATDUN AT UUINUNUDIUFT UVNLRIENATOU TP3 Glu Stagel

Qo
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-10.6

-18.8

-22.8

-31.8
-34.8

-39.3

-53.8

-62.8

-71.8

-90.5

A
A
A
//////.L‘MS& CE Ry
A
A
A

Very stiff silty clay

40

5000

Upper O-Cell Gross Load (KN)

10000

15000

20000

25000

30000

74

35000

35 1

30

25

20

15 A

10 A

Displacement (mm)

-10

T

T

T

T

T

T

Upward top of O-cell

Doward base of O-cell

L 2

L 4

L 4

L 4

-15

{ o v w g’ o [
Eﬂﬁ 3.30 UAAANANITNATDUN AT UUINUNUDIUFTUVNIRIENATOU TP3 1‘14 Stage?2
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M13197 3.5 uaasagdeyavosudunaaeunamualulasams
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Total duration of Maximum Settlement at
Type of pile load Settlement at Method of pile
Pile No. pile load test design load 2200 Type of slurry
test maximum load (mm) improvement
construction(Hours) (ton) ton (mm)
Static pile load
Test pile No.1 106 3400 268 631 Bentonite 4-5% -
test
Static pile load Bentonite 3-5
Test pile No.2 70 2200* 328 - -
test %+Polymer 0.08%
Test pile Static pile load Bentonite 3-5 Toe and Skin
70+Grouting 3300 8 14
No.2(i) test %+Polymer 0.08% grouting
Osterberg cell Bentonite 3-5 Base and Shaft
Test pile No.3 83+Grouting 3400 = -
testing % +Polymer 0.08% grouting

*Note Test pile No.2 was stopped due to exessive settlement

SL
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ax a d Y o w a d
3.2 Uﬁﬂ"li'J!ﬂi"I%ﬁ!!ﬁ$m®ﬂ1ﬂﬂ1uﬂ1§3!ﬂ§1$ﬁ

a a o 3 o & a 1o
'J%ﬂWi’JlﬂiWw’ﬂu"UuiglluﬂWUJ‘L!GB]}@\WHTUWE]GIﬂ'iillfniE’f\‘lﬂ1811!5\‘l@ﬂiJLLu'JLLﬂu@ﬁ’E)ﬂﬂ'ﬂiJ
< $ o a 3 3 <
g vUNATOU Gd]f\‘l')!ﬂ'ﬂgﬁmlﬁﬁnﬂﬂﬁﬂﬂﬂﬂ Vibrating wire Strain Gauges (VWSGs) 310UUNIY
a J 1 1 <3 { 1 3 a
ffﬂ1J1iﬂ'JLﬂi1$WTiWﬂWWH'JfJLLi\HﬁEJﬂTHUﬁ@Uc] i@ UVY  (Unit Skin Friction, ﬂ) NuaazyuaULL

1 ~ <
Meus UMl ae@ il (Unit End Bearing Resistance, q,) 19

3.2.1 MIHSINNUINUIAY Vibrating Wire Strain Gauges (VWSGs)

v A
MIWEILINNY o gafiinEaeas VwsGs  ild laemsiim

9

ﬂ??hlﬂ?ﬂﬂﬁ%ﬂqﬁmﬂ VWSGs 1A HaINausaeil

P, = (AE,+AE) x &,

= [As(n—l)ﬂ-Ag]Ec X &,

= (AE)p X &,
Taen
L A o
P, = UIIANLUILAUNYANAAAY VWSGs NIz i
491 A Y o =
A, = NUNHHIAAVDIADUNTA
491 A Y o < A
A, & NUNHAAVD IR AN T Y
491 A Y o [
A, = NUNHUIAAVD T UV
n = E,/E,
E, = daradn JugaaueInounIn
a a [V < a
E, NN E pandaan lygaauaunanasy
[ = 4 < . . .
(AE)p = mﬁﬁwguﬁﬁuaammmu (Equivalent Pile Stiffness)

= Ao 9 .
& = ANuATeANIAlda1n Strain Gauge
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3.2.2 Msdszanamus aaeaMuUMUII VAT UTN
3.2.2.1 FuUAMTHE?

1 = < 3 a
ﬂTil]531!TmﬂWLLiQLﬁEJﬂ‘ﬂWLléﬁu"IQIINGU’ENLﬁﬂﬂmiu%uﬂumﬁﬂﬁﬂglﬁuﬂ

v J 1 1

Tuziveannuduiiugszyianea Adhesion Factor (o) fiUA1 Undrained Shear Strength (S,) ¥
a Jd w ] 09/' a %
o TasmsiasizinauInuuonsudeaniuaudie (Unit Skin Friction, f) Tududumileads

quNT

oa = f/S,

9
v A =

U A & H ~ E4
A1 f 1u%uﬂumum"ls?fi]mmﬁamimﬂmmmumuﬂuﬁmﬂﬁumﬂiu

[y 2 A o = a A =t 09/1 A a gl ] <3 1
AN NVNNTZAVANNANATIVITN NS deunilasyuan TﬂEJ‘anwmmmuﬂmmmmﬂmm

a

' A T o [ ' 3 a ~ 1 ong 1 g s A A Y qﬂjl
ATYNNUUY a1UITUAN fs G!mfuﬂumumgmamuum;ﬂu 2 NI AD ﬂim‘nmmmuiu%uﬂu

a va A o)

~ 1 :/’ @ @ 3 A A 1 ~q Vo A A A
WUSUAASFUNANUINIIUANN (Fully Mobilized) 1 f nlwmiuiune £ NYAIUA 9NNTUAD

Q

e

9 S a ~ ' &F o o =R A wa ~Aq Yo A Y A a
ﬂ’J’nJ!ﬂubluG]fuﬂulwuﬂ’Jllﬁagsﬁquu’lﬁ’JUluﬂqfﬂﬂjﬂﬁ a1 f ﬂiﬂfﬂ?ﬂlmﬂﬂﬂ1ﬂ’ﬂuLﬂumﬂﬂﬂm

Q S

9 4
gaga lududuunasFuvpENATeL

1 3 a = 1 YAy Y
A1 S, Tusuauiiersoulddinldvinnisnaden Unconfined
0 3 Y .Z a o @ oa/‘ a i
Compression Test dnmaumasaaeatuan dmsuFuaumtiond (Stiff Clay or Hard Clay)
1 9 1 Qa: dyl d' 9 :JI a = "9 o
LIRS 1ﬂﬂ1ﬂﬂ1 SPT N-Value M9UA1 N Vlulﬂ*mﬂﬂ'l‘iﬂﬂ?fﬂ‘ﬂ SPT Mﬁvuﬂumua’ﬂmmm

m3slsuud
3.2.2.2 ¥uUN58
3 a Yy < &
mstlssnumusudganuauinve aatn luguneezaue lugl
v o d 1 J .. K2 A T W o v =
YOIANVANNUTIZHINAT Friction Factor (B) FIUAWMNY ktand  fuaudsaniuniely

a a ’ v a Jd o '
dsezdnina (¢)  TaowiAl B 9IAMTUATIHNAVIINHUOUTUTFEANIUAIUGIG (Unit  Skin

Y
Friction,f)) TuF¥uns19AUA1 Effective Overburden Pressure A4aNn13

s vi
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J 09/’ 9 a o A a dg’ (7
A f Gl‘LlGIf‘HVIi']fJVl@I%"Iﬂﬂ1§’)£ﬂi'lgﬁll'i\i@TiJLLu'J!LﬂlﬁﬂLﬂﬂ"’ll‘LlﬂTfJGluGl'J

< A 1Y) = a A = 09)1 a a 3’ o < 1
uIuNsEAUANNanAsUTRaNIMsasuudastuay Taennsaunihminvosaninlunaas

[ - ] o @ 1 09/’ 1 09/' 1 A A A A Y 091} 1
FRNNUUY @1UIUN Tugunsreuaazsuntadu 2 nsal Ao nsal Aanuaulusunseuaas

]
=1

3 o @ 3 ! 1 o { a va 3
FURMUIAIVUWANN (Fully Mobilized) A1 £ NlFfwimde £ Nyadlia dnnsdinennuAulusu
9

S

]
va v =

Y v 9
neuaazduiagl ludegadla m £ Aldduanemanuduinadugegaludunsonaas

Q S L)

Y
FUVUENATO

4 1
A ¢ Tudunsrodumiildannnsmlanudiuiseniom ¢ fu

A N fl5undifosnnkaves O, Fuduelag Peck Hanson & Thornburn (1974)

[ > I~ ] o ] 5 qgj
M O . 1WA Effective Overburden Pressure o mtmmﬁmmwu

NIPANITAN

3.2.3 madszanaminsamymunilaenanda
3.2.3.1 nsalaenduvigalusunse

v o 1
sziauelug v nNANRUTIZH 19 Mobilized Bearing Capacity
[ 1 = aAa R . a J o ]
Factor, Nq ﬂUﬂWHﬂJLﬁ&ﬂﬂTuﬂWﬂiuﬂi%ﬁWﬁNﬁ ((I)) F¥3f11 Mobilized NCI IUAITICUNAVITNHUIY

Y ~ < o
LLﬁ\‘lﬁ"l‘H“VHUVI‘]JanJLﬁ"IL‘U‘JJ (qE) ANAUNIT

Mobilized N, = q,/C,

1 1 I J { o
MO, 1uA1 Effective Ovérburden Pressure Nszaunmuanilale

< 1 v > 3 I A v o ' T ' b oA
Wy dauaagy. O udunsadumnldannsanuduiusszuiaw. ¢-dus N AdSuud

110991NHAYBY O, Fudlelay Peck Hanson & Thornburn (1974)
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3.3 Msnageunuudiasdluresfiiams

o dy 4 o Ao a . ;g ) <
upvusraesildwedntneiladeniinlding Fim cake Fuiluaunglumsildiauiy

A o v w g’ v 9 Y o Y v 1 = Y A @ A
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o U @ 1 ] @ < .
1’]1ﬂ15ﬁﬂ‘1§1 ﬂWElGlfglj‘l]i]%EJ AN LU AUAU mummmmﬂmwmmvffwﬁumm Bentonite

3.3.1 1UU91a09M3 1Ak 11 V09 Slurry TuFunse

o J
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' 1 < [ { ¥
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4 @ 3w I A o ’ dAa 2 2 =
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=

o Y Y usJ‘ = [ oy 4‘ I Y A dy
dnnigermaliuianniudawansviir we 1 alsannuiulunia
a d'9/ a0 1 U I % 1
AUNADINT (UA19YILH I 10-15%) 11azININITHINIAYBIAIDENNI Y

Y
vssanswaslunseanszuenud whimsuasansie 1ninialSuasues
n518lunsaed WEMIAIANUHUIUUYRINT Y
Wiauaniavesd1ssnuuatesn1nlAun Marsh  Funnel Viscosity, Unit

Weight of Slurry, pH of Slurry 9140103311403 API 13 B
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JAANMUNUIVDY Film  cake laslsesiiie luunazalieg1a wieunumny
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a d a av
Wan1aneaay MsAneriNataze N eNansIvg
~ a 4 a A a d? dy 9 9y
MiNnzInsIen nganssuuazamgvedilymninavululasanmsi aeelsns
a d < z
AATIZHIINTYALATNANINATEUVOUT UTUIIZNAT VI 3 AuLazKamsnadoy Ty
9
Woulfiamsdsznounuasse 11
4.1 MInagoUE NI NATOUAUNT (TP1)
< <3| <3 Y 1A o 1 1w oA 9
UL TP A E UMD NATIUAULI NDENA N UINDUDAING (MP6) Tag]Hn1s
Y
NAAPUMAIFUIIMINUITNAIABIT Conventional static load test A1UNINTFIU ASTM D 1143-81

d! A v Q'l Ad' v dy
%QuﬁﬂHmZIﬂﬂﬂﬂqﬂﬁ1uﬁ1iNﬂ 4.1 a3

{ o o <
@HﬁNﬁ 4.1 L!ﬁﬂﬂﬁﬂ‘]&lﬂwIﬂﬂﬂ’JVlﬂ‘UENLﬁW’UNﬂﬂﬁﬂU TP1

Parameter ': Description
Pile size Bored pile diameter 2500 mm
Pile top elevation +0.15 m
Pile tip elevation -74.85 m
River bed -10.83 m
Actual pile lenght 75.10
Designed load 2200 ton
Max. Tested load 3400 ton
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Y
v W

Y v
Tagvunoumsnaaevsz l¥imassimineu Cycle fano 114

Preload : 0 --> 45 --> 0 ton

Cyclel :0-->550-->1100 -->1250.63 --> 1399.41 --> 550 --> 0 ton

Cycle2 :0-->550-->1100 --> 1650 --> 1700 --> 1920.16 --> 2200 --> 1650 --> 1100 -->
550 --> 0 ton

Cycle3 : 0-->550-->1100 --> 1650 --> 2200 --> 1957.36 --> 1101.84 --> 1650 --> 2200 -->
2750 --> 2800 --> 0 ton

Cycle4 : 0--> 1100 --> 2200 --> 2750 --> 3000 --> 3300 --> 2750 --> 2200 --> 1650 -->
1100 --> 550 --> 0 ton

Cycle5 : 0 --> 1100 --> 2200 --> 3300 --> 3400 --> 0 ton
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Load(KN)
0 5500 11000 16500 22000 27500 33000 38500
-10.83 m -50 1
Medium dense
-16.80 m silty sand N=25
-150
Loose silt

N=5 -250

T

-33.0m é

Medium dense 5

I
-40.0m uniform silt N=14 £ -350

&

Very dense uniform fine sand
N=47 -450
-60.0 m
Dense uniform silt -550
N=29
-74.85 m Pile tip
-650

~ o &£ qy I ' )
qﬁjﬂ‘ﬂ 4.1 UAANANITINATDU Load-Settlement UBIUTUVY TPI“]Nslsb'?ﬂiﬁ%ﬁ"lfl!‘i_luiﬂlluﬂcluﬂ”liﬂi’)’diﬁ
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4.2.1 HaMsnNATaLMAZMTUATITHEAIG UV TP1

0o w w 3} o < { < 1 I~
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[ g‘ Y] Y Y A =1 1 ~ < ] = a
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& a 1 a A g’ @ 9)4' I 9 @ 1
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0 -
Non Grouted vs. Toe Grouted (Silom) -SP
Soft Clay
104 Load (ton)
0 1000 2000 3000 4000
| 0 . , , , . ,
20 Stiff Clay
.10
£
-304
£ 20
Dense Sand 2
' L 30
-40: %
Hard Clay = 40
]
-50 n
50
-60- Toe Dense San 60 - -
grouted = Non-Grouted Pile - Dia. 1.5x60.0m
Non A Toe 5 Toe Grouted Pile A - Dia. 1.5x55.16m (3 Stages - total 2000 Itr|
grouted grouted \, 1 * Toe Grouted Pile B - Dia. 1.5x60.0m (3 Stages - total 2000 litr]
B e L
N, AL} L /

Z,

4 “"%
U7 4.@“ nﬁ&mmm@ﬂmm Soft base AT
/ 1M1 Gro wﬂmamm

Gross settlement | j 7231 484.@ 602.07
Permanent settlement 68.25 257.27 478.57 587.28 617.95
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4.2 MINATDUITVTHIZNAADUAUN 2 (TP2)
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Parameter Description
Pile size Bored pile diameter 2500 mm
Pile top elevation +0.15m
Pile tip elevation -78.85 m
River bed -15.00 m
Actual pile lenght 79 m
Designed load 2200 ton
Max. Tested load 3400 ton

Y
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Preload : 0 --> 45 --> 0 ton

v v 1 dy
WA Cycle Aane 1Tl

Cyclel :0-->550--> 840 --> 878 -->915 --> 990 --> 1025 --> 1100 --> 1500 --> 1650 -->

1900 --> 1995 --> 2200 --> 360 --> 0 ton

Cycle2 : 0 -->2200 --> 1650 --> 1100 --> 550 --> 0 ton (*)
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A1519N4.4 uamwamimﬂﬁwmmﬁu TP2

Gross settlement 292.5 327.8

Permanent settlement 282.3 318.9

8.9

Recovery rebound
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-15.00 m
Medium dense
-16.80 m silty sand N=25
Loose silt
N=5
-33.0m
Medium dense
-40.0 m uniform silt N=14
Very dense uniform fine sand
N=47
-60.0 m
Dense uniform silt
N=29
-78.85m L1 Pile tip
A
51N
U

4.4 UFAANINANITNATOU Load-Settlement “II@QLE"HL%M%R TP2 Gdﬁﬂ%ﬁ”liazmﬂ(Bentonite 3-5% and Polymer 0.08%)11.!?715?1"&’)?{%}1\1
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Load(KN)
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4.3 MINATOUEVININZNATOUAUT 2 1183910 Grouting (TP2(i))
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Strain gauge elevation (m)
No
Sonic logging pipe Skin grouting pipe

1 -30 -30

2 -42 -42

3 -56.5 -56.5

4 -58 -58

5 -63 -63

6 -75.5 -

Y
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Preload :0-->90-->0ton

Cyclel(*).: 0'--> 550 --> 1100 --> 1650 --> 2200 --> 0 ton
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Cycle2 :0-->550-->1100 --> 1650 --> 2200 --> 2750 --> 3300 --> 2750 --> 2200 --> 1650
--> 1100 --> 550 --> 0 ton
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-30.0m

-35.0m

-42.0m

-56.5m

-58.0 m

-63.0m

-75.5m

Water level +0.0
-12.70 m
Medium dense silty sand
N=25 -16.80 m
Loose silt
N=5
S1 and G1 l
-33.0m
g Medium dense
End of casina '} ['* yniform silt
N=14 -40.0 m
S2 and G2 !
Dense uniform silt
N=29
S3and G3
S4 and G4 -60.0 m
S5 and G5
Very dense uniform
fine sand
N=47
S6
Pile tip -79.0 m
-82.0m
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Load(KN)
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-15.00 m
Medium dense
-16.80 m silty sand N=25
Loose silt
N=5
-33.0m
Medium dense
-40.0 m uniform silt N=14

Very dense uniform fine sand

N=47

Dense uniform silt
N=29

Pile tip

Settlement(mm)
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Load(KN)
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a d
4.3.1 Nﬁfni‘ﬂﬂﬁf’)U!!ﬁ$ﬂ1§3!ﬂ§1$ﬁwﬁ!ﬁ1!5ﬁu TP2(i)

g7 4.6 uag 4.7 neraalififiudni Cyclel oW load 11t 22000 KN Fafly
ﬁymﬁﬂmmﬂaammu diunIAfIaaes 8.2 Sadmasuaznedieimiinoenia iy Rebound
nduliifeusziian uazilol¥ load 1A 33000 KN Ty Cycle2 wazanimnin 3funa 24
FTue infungadraaiion 14 dadwas Lu,agu,ﬁaaﬂfwﬁﬂminﬂaaﬂ o5 Rebound A1 11.7
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Pile head settlement (mm)
Cyclel (Retest)
Description Cyclel Max load Cycle2 Max load
Max load
16500 KN 33000KN

22000KN
Gross settlement 3.07 8.28 14.02
Permanent settlement = 1.00 2.31
Recovery rebound F 7.28 11.71
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0
-5
-10
-12.70 m
Medium dense
. -15
-16.80 m silty sand N=25
-20
Loose silt 25
N=5
-30
-33.0m
H Medium dense F33
uniform silt N=14
-40.0 m
-40
-45
Dense uniform
silt .50
N=29

-60.0 m

-78.85m =

Very dense

uniform fine sand
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Microstrain

-50 -100 -150 -200

T T T

Elevation(m)

-70
N=47
7 i
Pile tip
-80
—e—5500KN(Cycle1#1) —a— 11000KN(Cyclel#1)  —m—16500KN(Cyclel1#1)
—@—22000KN(Cyclel#1)  —A—22000KN(Cyclel#2)Min —ili—22000KN(Cyclel1#2)Max
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Micro Strain
0 -50 -100 -150 -200
0 . : :
5k
-10 +
-12.70 m
Medium dense
.15 |
-16.80 m silty sand N=25
20 F
Loose silt
eS|
N=5
-33.0m
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-40.0 m E
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>
o
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Dense uniform
silt

N=29

Very dense
uniform fine sand

N=47

Pile tip

-80

—0— 11000KN —&— 16500KN ——22000KN —@—27500KN —&— 33000KN (min) —il—33000KN (max)‘
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Micro Strain
- 50 0 -50 -100 -150 -200
0 . : : ‘
-5 |
-10 i
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. -15 |
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-20 i
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25 i
N=5
-30 i
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N—r
uniform silt N=14 g
-40.0 m 40 | 5
©
>
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L
-45 i
Dense uniform
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-50 i
N=29
-55 |
-60 |
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uniform fine sand -65 |
N=47
-70 |
-75 |
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Micro Strain
1 I 50 0 -50 -100 -150 -200
0 T T T T
-5 i
-10 i
-12.70 m
Medium dense
-15 L
-16.80 m silty sand N=25
-20 i
Loose silt
25 i
N=5
-30 |
-33.0m
7 I~ Medium dense -35 I
uniform silt N=14
-40.0 m -40 |
-45 L
Dense uniform
silt 50 |
N=29
-55 L
-60 i
Very dense
uniform fine sand -65 5
N=47
-70 i
-75 |
-78.85 m Pile tip
-80

—&— 22000KN(Skin/Cycle1l#2)min —&— 33000KN(Skin/Cycle2)min
—— 33000KN(Skin/Cycle2)max —@— 22000KN(Sonic/Cyclel#2)min
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Axial force(KN)

_ 0 -5000 -10000 -15000 -20000 -25000 -30000 -35000
0 T T T T T T
-5 F
-10 F
-12.70 m
Medium dense 15 b
-16.80 m silty sand N=25
=20}
Loose silt 25 |
N=5
-30 |
-33.0m
Medium dense 35 | .
uniform silt N=14 %
-40.0 m 40 | o
©
>
@
45 | W
Dense uniform
silt
_50 -
N=29
55 |
-60 |
-65 |
Very dense
uniform fine sand
-70 +
N=47
.75 K
-78.85 m Pile tip
-80
—e— 5500KN(Cyclel#1) —a— 11000KN(Cyclel#1)  —8— 16500KN(Cyclel#1)
—@— 22000KN(Cyclel#1) —&— 22000KN(Cyclel#2)min —l— 22000KN(Cyclel#2)max
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4.13 193 Depth-Axial Load U84 Load Cycle191 Strain gaugeblu‘lfllﬂ Sonic logging




-12.70 m
Medium dense
-16.80 m silty sand N=25
Loose silt
N=5
-33.0m
Medium dense
uniform silt N=14
-40.0 m

-78.85 m

31

Dense uniform

silt

N=29

Very dense

uniform fine sand

-10

-15

-20

-25

-5000

Axial force(KN)
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-10000 -15000 -20000 -25000 -30000 -35000

T

T T T T T

N=47
Pile tip
-80
—e— 11000KN(Cycle2) —&— 16500KN(Cycle2) —&— 22000KN(Cycle2)
—@— 27500KN(Cycle2) —4&— 33000KN(Cycle2)min —l— 33000KN(Cycle2)max

4.14 119N Depth-Axial Load U494 load Cycle2 910 Strain gaugeﬁlu‘ﬂlfl Sonic logging

Elevation(m)
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Load (KN)
0 -5000 -10000 -15000 -20000 -25000
0
5 -
-10 +
-12.70 m
Medium dense
-15 ~
-16.80 m silty sand N=25
20 r
Loose silt 25
N=5
-30 - eonill
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. -35 -
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-40.0 m 40 |
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_50 (.
N=29
-55 +
-60 ~
-65 +
Very dense
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N=47 70 ¢
_75 -
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-80

—e— 11000 KN —4&— 16500 KN —— 22000 KN —@— 27500 KN
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End bearing(KN/m~2)
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300 +
250
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Skin friction(Ave)(KN/m”2)

200

180 A

160 A

140 A

120 A

100 A

80

60 -

40

20 A

22000KN (Max) |

| 22000KN (Min) |

2 4 6 8 10 12

Settlement(mm)

—e—EL-15m to -30m ——EL-30mto -42m —8—EL-42m to -56.5m —@— EL-56.5m to -58m —&—EL-58m to -63m —Ml—EL-63m to -75.5m
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14

105

SOI


nkam
Typewritten Text
105


Skin friction(Ave)(KN/m”2)

106

200

180 1 33000KN (Max) |

160 -

140
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100 A

27500KN

22000KN
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Medium dense
silty sand N=25

|
Loose silt
N=5
11 T Medium dense

uniform silt N=14

Dense uniform
silt
N=29

Very dense
uniform fine sand
N=47

Pile Tip
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Skin friction(Ave) (KN/m~2)
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200
180
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140
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Skin friction(Ave)(KN/m#2)
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4.4 MINATDVITNTHDIZNATDUAUNS (TP3)
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Parameter Description
Pile size Bored pile diameter 2500 mm
Pile top elevation -11.0m
Pile tip elevation -90.05 m
River bed -10.6 m
Actual pile lenght 79.5m
Elevation of O-Cell -66 and -85.5 m
Elevation of strain gauge -40 , -46,-54 ,-59,-70,-75.5,-81,-88 m

Y
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< o oA [ ~ Y 1 @ dy
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Very stiff silty clay
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Very stiff silty clay

Displacement (mm)

10000

Upper O-Cell Gross Load (KN)

15000

20000

25000 30000

116

35000

40

35

30

25

20

15 A

10 A

*

T

L 4

T

T

T

Upward top of O-cell

Doward base of O-cell

=10 1

-15

L 4

L 4

L 4

911


nkam
Typewritten Text
116


117

a d
4.4.1 Nﬁfni‘ﬂﬂﬁf’)‘]J!!ﬂ%ﬂ1§3!ﬂ§1$1"iwmﬁ1lsﬁ3~lﬁl1$ TP3

A A 9 [ v 1 @
1n317 425 Ty Stagel Wolnnuauly O-cell d1a13 O-cell ILVEIYA?
3 dgl o 9 1 1 gz @ 1 < a <
poNIIUIAzAY  Iaemsvenedidiuaazmeiin llgdaeduiazus adeamuveududy
] 1 2 A 9 = < 1 1 A o = a wva
druanssna 5 was Gl load UDI 22800 KN ieiiudiuanlanyasdigadtamse
VD9 O-cell 1napuAIAc 1D 49.5 Hadwas Teiimangalinnudunazaaeanudusenau
1R
1ngUN 426 11 Stage2 #d991AAIBANNAUDINIIN O-cell HIA1ODN
nuanditenosq Tanuauly o-cell duulasharwsnizdald O-cell @rawegludnymey
Aa A 9 ¢ 1 1 (] [~ A o v o :} Y] < ] & A
oersziie 11 load denelifulmeduiorznageuidesmihmminveuauivdiunarsduile
Y = < 1 [ ~ . 3 2K A v 0 A
1 1oad D4 23000 KN @ ufiuaaunawngadias lilifies 5 daamas 9niudlla O-cell Ara1aiie

v o = =2 o D) o A ' IR Ao Y
v liANuAUADIUDT 33300 KN i]WI1mﬁ°ﬁqﬂiwmwmummmmmumwmmuuummgmmn
YR a A d' = zﬂ' o d? = a A 1 Y 1Y
Glﬂﬁﬂ\‘lﬂqﬂﬂ‘ﬂ@] FHDNINUNITIANDUAIVUDY 33 WaalNAT Uag O-cell "lummsn“lﬂmwmu"lﬂ
9 Y
Yy 9 [ o

i laudnasnniudedes msnaeaNusueen

a

4.4.1.1 MIANOUMISIAOUAUNNaY U TN TP3

a J { [ v Aa a 3
Tumsinsginus sy ldd@uusnasen o mdiyvazniugg

v W <

0 o o & Y A a & L & A4 o
NPTV MUY ST uADINI WL IuLLLA U aYun1e T U uRTEA LAY

i v £
% a 2

=2 &2 o Y A oA Ao @ = Y . o
ANHN 9 "]N3@blﬂinﬂlﬂ5@\31]@'3@1/]CI/'I'lﬂ'liG]ﬂGNﬂ'lﬂslu@nLﬁ'll"Uil Ulﬂllﬂ Strain Gauge Tﬂ&lmu’gmuﬂ

Y
= 2 A

9 . A a Aa c?;l L Ay Y o Y A
AN 1A Strain MAGTUIM@UINNANAAAT Strain Gauge a1t lanann 13 luunis
=& I Y . I 1 &£ Ay ] o ~ 1
Falwanay TP3  azldm Stiffress vouaUINFNUUFTRFURUGUINAI 2.65 washogly

1w < T J : 1 4 !
Casing (-11 B3 -35419%) 110U 197300-MN Hag@UTNFINANTIRFURUGUING 2.5 1wash
1ai'ldog1u Casing (-35 T4 -90.5 wa3) WAL 144900 MN Favziin 1w Idmus slunuaunuaiuay

Y
antaudusane 11



118

0
-6.8m
1 Loose sand -10
N=10
-18.8m
Very soft clay -20
N=2
-22.8m
Stiff silty clay
N=12
-30
-31.8m
Very stiff silty clay
-34.8m N=22
Medium dense silty
sand N=25
-39.3m
- -40
Loose silt and
clay N=8

Hard clay
N=30

Dense silty
sand
N=34

Very dense

silty sand
N=42 -80

Pile Tip 90 |

100 b e e
0 5000 10000 15000 20000 25000 30000 35000

Lower O-Cell Load (KN)

<
}',‘]J‘ﬁ 4.27 UEAAATIAUUUNUVBIMINATOD U Stagel UDUTUVN TP3

Elevation (m)



119

-6.8m
— Loose sand
N=10
-18.8m
Very soft clay
-22.8m N=2
Stiff silty clay
N=12
-31.8m
Very stiff silty clay
-34.8m N=22
Medium dense silty
-39.3m sand N=25
Loose silt and
clay N=8

Hard clay
N=30

Dense silty
sand
N=34

Very dense
silty sand
N=42

Pile Tip

<
}',‘]J‘ﬁ 4.28 UEAAATIAUUUNUVBIMINATOU U Stage2 UDUTUVN TP3

25000 30000 35000
Upper O-Cell Load (KN)

Elevation (m)



120

13U 427 lumanageuaniy Stagel Aussdugga 22800 KN i

S =R

a o ] . Y < o 1 o 1
Usgiunnusdlunuinnuasid s Strain - gauge  Aan1Fududrangaaziildmauss
{ < (Y & o o J
Aumundaredy (End bearing) 1amiy 9840 KN Faihlvmuiasusadeanmudiuiigues
I~ 1 T W [ 09/’ 1 1 T 4
EUTNE 5 a1 12940 KN §917UA1 End bearing stress 343A1AY 2005 KN/m” 10

<= ] o
EUVNNETURIUFUINAN 2.5 199

<3 o { 1 o A\
Tumanagouauinly Stage2 Awanadlugiin 4.28 Tugrwsninimaila

Al

v U I < [V 09/’ 1 @
0-cell #8191 load 92 ldamnsaneasgiarods Idaaiua uselunuiunuues Strain gauge 77

1 1w -4

A= v A qu = =2 o A £ A g9
nl WNAUNMNUFGUY ﬂuﬂi%ﬂﬂm@i‘ﬂ load 3UDI 23000 KN mnsia O-cell GINLIIE]TH load ]lﬂ
A £ A Yy 1 = [ 1 1 o Yo 1
IUGIFAN 33300 KN clmJizmuiwmmma”lﬂmmmumuan 3400 KN ﬂzm"lwmmmwma
= 9 9 3 1 £ L Y 2 ' 3
LIUTYANTUATUVNUDUFT UVNAIUNANGIYII 19.5 LUAT vl,ﬂL‘I/Hﬂ‘]J 195 KN/m Glumumwun
' A 1A Y £ A a 9 s g 1 Aa
TIUNDYVIUD O-cell AU HIUAIINYTI 554 Lil@iiﬂﬁlﬂﬂlﬁuw1uf[uﬂﬂﬁ%ﬁﬂl@\i!ﬁﬂﬂ]ﬂ%?\ﬁﬂﬂ\l
I Y [ { 1 < 1w o ] @
‘]Jﬁf]ﬂmﬂﬂﬁm‘lfnﬂ‘ﬂ 2.65 14N 3 uawaeﬁ”lmﬂaaﬂmaﬂﬁ;’mmﬂu 2.5 AT ATAUIUHUIYLUIITY
oy v 9 9y [ 1 dy D & o 2 2 . o 9 1
HTWL!ﬂﬂTLlGUNGlJfNLﬁH"llﬂJ‘]f’NuhlfﬂLﬂWﬂU 64 KN/m™ %491nHNAVDY Strain gauge i]$°lflﬂ1’iﬂ'§$1ﬂmﬂ1

1 = Yy 9 = S = Yy 9 1 Aq Y o A & o ~
Wu’)ﬂllii!ﬁ'ﬁlﬂﬂWUﬂWHﬂquﬂ “’]N?n!li\‘llﬁﬂﬂﬂ1u91u6ﬂ1\ﬂu%3\1ﬂ1ﬁL!ﬁ\?ﬂuﬂ1ﬂﬂﬁj"ﬂ!ﬂuﬂﬂ@n§'1\3ﬂ

4.9
A15199 4.9 nEAIIoLs URIANIUAUTIVE WA AZ$I9521 10 Strain gauge
Zone Depth(m) Net unit side

Load Transfer Zone )

friction (KN/m)
Zonel0 -11 to -40 Zero shear to strain gauge level 8 19.8
Zone9 40 to =46 Strain gauge level 8 to strain gauge level 7 51.7
Zone8 -46 to -54 Strain gauge level 7 to strain gauge level 6 102
Zone7 -54t0 =59 Strain gauge level 6 to'strain gauge level 5 230
Zoneb6 -59 to -66 Strain gauge level 5 to upper O-Cell 112
Zone5 -66 to -70 Upper O-Cell to strain gauge level 4 120
Zone4 =70 to -75.5 Strain gauge level 4 to strain gauge level 3 203
Zone3 -75.5 to -81 Strain gauge level 3 to strain gauge level 2 230
Zone2 -81to -85.5 Strain gauge level 2 to Lower O-Cell 211
Zonel -85.5 to -88 Lower O-Cell to strain gauge level 1 (Stagel) 339
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Very stiff silty clay

BODDDDODODD0E
SRR
BOOONOOOONOn
SRR
BOOONOOOONOn
SRR
BOOONOOOONOn
BOnONOOnOn:
S SO TN
1 EPQSCISHUARCIgY, *
S
BOOONOOOOnOnE
SRR
BOOONOOOONOn
SRR
BOOONOOOONOn
SRR
BOOONOOOONOn
SRR
BOOONOOOONOn
SRR
BOOONOOOONOn
BOOONOOOOOON

250

200

150

100

Unit Side Shear (KN/m”2)

Upper O-Cell

-755m
-81m

Lower O-Cell
-855m

U

124

—O—Zone2 - SG2 to Lower O-Cell
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Very stiff silty clay
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