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Figure 1.2-8 Composites Pile
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Table 2.2-1 Survey Item

Survey

Principal

Survey ltems

1) Geotechnical Investigations

Survey of Ground

Overview of ground, structures
and properties of soil layers and
General study of design and

construction

a) Survey of geography and geology
b) Boring, ¢) Sampling, d) Sounding, e) Laboratory Testing, f) Rock Testing

Survey of Groundwater

Study of construction methods and

working procedures etc.

a) Underground water level, b) Water quality test, ¢) Pore-water pressures

Survey of Toxic Gas and
Oxygen-Short Air

Study of construction methods

a) Type of gas, and its emission, b) Emission of oxygen-short air

2) Survey of Construction Conditions

Survey of Existing |General reference material for| a) Design documents and construction records from typical construction examples

Information design and  construction of| b) Records of experiences from persons concerned and opinions of experts
substructures

Survey of Surrounding

Environment

Study of the effects of construction

works on environment

a) Present buildings, noise levels, vibration levels, ground movement, water level and quality in
wells, traffic conditions, etc.

b) Existence of special environments including forests, riverheads and hot springs

of

Environments

Survey Working

Understanding various restrictions

and conditions on construction

works

a) Working area; working space; width, alignment, and traffic restrictions on access roads
b) Locations, amounts, and procedures for disposal of excavated soil and stabilizers
¢) Location and availability of electricity, water supply, sewerage, etc.

d) Location, type, and scale of adjacent structures, buried structures, cables, etc.
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Figure 2.2-1 Negative Friction caused by Consolidation
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o) Liquefaction Assessment
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Table 2.2-2 Geographical Ground Conditions in terms of Probability of Occurrence of Liquefaction

Probability

Geographical Ground Conditions

(A) High

Active riverbeds, Dry Riverbeds, Areas Filled or Reclaimed at Coastal Areas,

Lakes, Marshes and Rice Paddies

(B) Moderate

Alluvial Lowlands and Tablelands with Shallow Ground Water Tables

(C) Low

Plateaus, Hills, and Mountainous Lands
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stable soil liquefied soil

Shaking and

Loosely packed grains Shaking destabilizes

of soil are held together the soil by increasing the

by friction. Pore spaces space between grains.
are filled with water. With its structure lost,

the soil flows like a liquid.

Figure 2.2-2 Liquefaction Image
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Figure 2.2-3 Damages caused by Liquefaction
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Figure 2.2-6 Geotechnical Fearers on Mountain Areas
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Figure 2.2-7 Landslide

Figure 2.2-8 Aerial Photographs

BF-15




:?aaf;;: Q- :738336'?33000: ec\;c\)ooogeao:[éé: (GEOTECHNICAL
INVESTIGATION)

QO Ideogeqy
Q N < < < N ° [e] (o] °
OPO§POI0PIIIICHII00D: GAYONIFVSIDORECOI QIR CLONUY| 0I0I:IG|:F20:0) 30:
@ogcg:qloSepogé @Smoqlwéu
078§5:0pIEsIB000: ©6:005(5¢: §4]:[9600pS 3(03|e0r003E:07(g¢: (Preliminary
Survey) §cf sggmec\?cooor%é:ory)@é: (Principal Survey) o%o% Design process <§c°:39é
< < <
Qelel=ealely Teb]
Q) L@ ec\;moo%é:mo@é:qp: (Preliminary Surveys)
oéooo:ooéeam(f)eé:e:?spﬁol e@cgoqp:sﬁ a%@§:qc«3mg§qp:<ﬁ ogﬁsﬁ §c§‘ foundation
o c . ¢ . c ¢ ¢ : : Q < ¢ ¢ 0
Fq|:F200: 6g:]|00q§! 0ae design QO3§$&¢ principal Survey 3032008|9056$0)
390305 0%3.98@:173 araaucf)egm&qp:qﬁqg omoequmo%ézo'y)@é:qp: (Preliminary
Survey) o% Q?éeeooéqeéu
R-J° mcﬁﬁsaa'?:@lcqeooo oa&?é:ogoa%&p ?(730)63:6"0:0’3 ecx;coo[éé: (Survey of Existing
Geotechnical Materials)
N < @ ¢ ¢ [o] < o C NS o 00
C\?oc§:§ce§spsﬁ 00D00C&E DPO§PO:0PIIWVCEP ewo?oquc@cm@mqp:@ Q01§72
e < <. oe. . o__ Q. Q e . . @ Me . ..8 Q8
QOPO§|$3F20RM0! ﬂ[g.oao, PO §PO:0PIIIF II]PCOMQ:| ooooe@gqp.§§ GOMC:NC
C o C O(e < C (o] < < <
eooogqp:@q ﬂ@:oaozsraqlmsrammqucrf COQOVI30$: 006!
¢ ¢ C [N CO~N < [} < : .
- CQQOC§:9CECHEPY LOICPW:EAD sgesoomsraeooo)?z?sﬁ design drawingqp:
N < (o] < < Q Co < <
- OQOC$:IQCEHEPOY  WOICH  GOROODCODIVRIOECIOqP:I  borehole  ¢odoe:gp:!
penetrometer qco§q|o: L?cf: GM(EQ?&GQ:SDGO&S@@[({P:
- oegeosc@quzl acid sulphate soil s@g)qxfu@e@(?qul survey sgqlcf)sgcocﬁeno:§<§ 905
ooéqu:
- @c\)easagsucﬁagco(ﬁqp:
- emoé:méeocﬁc’gqp:

BF-16



- C\)O’Sﬁol (13’)@33080339(\)0&038@ GSOOOSQQJ(YSS&C\)(TSQP:
- GGOO%&I@U?O?CD ?C(Z: 3961839@086{]0:

Q-J-) 96c§:9E Bmega0rn:03 [Boncecyann 0§:06(5¢: (Site Reconnaissance)

: . [9) < < < To Q S < 0
Site Reconnaissance a?oagep G@QI®§O[§)CGO l G[§OO’3:| GOQPOOOD’J:QIO:G\ (L)QDODOOfO)

Q<

O < Q O o < N NN < < <
qr.):()?GC\?C\DOGjI G@GS’Q’.)(DCQOGﬁ URGSDG:?%(XJO:O? ([)G(S’.)@(T)@CD@CS @0&38" UJ®§82
c O N < < < < Q < cCOo < ’] ° < T co¢C
33’.)3@98(?603’.) G(\?C\DOOD&«%:(DG@%O{;C:?.OD 33§30§20{|Cﬂ MO:01E00 G(T_HO('DGO %(T) (034
[o] co¢C ° < < (o] O < NS < Q Oo¢ <
Eﬂ'.):l %G@m?C:G@QE{PZ%C‘, 39[502(20003%3&”03(7? GO’]CSOO@CSEQ’.):@C‘I 3&@0?03(7)0@612?00
< < ¢ ¢ < < N NS < <
G)G:ODOGC\?C\)OGGF 0?0C§2®8qp:33%>m @C@C@CZ @0&)8"
< < N

- Q?OC?Z@EO% @0308(1%@(9000(\?0@02@030 OéQD(S:C%CYSC\Dé:&ﬂO:GDG@G’DG@I O’%.q\lgq

cWOM (S 808 (ep] :Oé é() O’SS@G 33(1)0:(060" 0)(7803 3082 :OCC} 08
0pg¢aRcap ooeprocad(ojgiedases 2 $ep:(03:qp: olag

- 91 @B088:1 elg[oB:apbedigpiaacgod ocduogepiqfesé m(gricdedqed ofesond
q4p: a5i§cq Pelges

- ofgedTeGeamcs eoS[38: oqi SegocdSrqp: sefGoocs

- BqoSsogoimeBamesercSiyp:

- peosie(C:B4:q0q§ardalodgp:

- ccoaoncBiomeq:  spStopgpidlapd  ooSofiogdmecl  oB88088Saqp:  (poeoi
ofGoonraccT B80SEE: cqB:aacdl 880S[EE: w0sqS:co8:9050g8B8: appdodyp:
@ofoo(se)

- fgmegancon: 2600805038 10me00000[¢:

- 8oq eqpi:eq [gdeq Begm00iqp: 33[go:00070000: B 4G M0§OYYIIGP:

- 0086071 2097006010508 3¢j:300: 9058zt (6o 3308 3|:3001gEI0RS
clgecmonien qod50[0¢ o36m40303 pa§c§carpd)

- ®fgriecpledesqupl opSmelgmasqpicd 9o300%:q8  (RUedN GaRPodayi(adiqp:
§lesgS:1 coqpodariqp: eolagodes(gd:i gopdap:§leé: mofoolsé)

BF-17



22 38m eeganodE:ompgp: (Principal Surveys)
N 00¢ N o C

Foundation GDCYOJO’D 32620: 0)0) G?C ogoosnoogiogc C\?G’DOGODO G@@(SSQG@S’B&?QP:I

O’D@G&)O(TJGCFG’BG@GDG§({P§Q URG§@O@OODO)?O‘)QJUSQP Oc?) c%csﬁsaogoo [(:.)I.C\?(S

. . C < < (o] N <
(o] Pr1n01pal SU.I'VCy %C GODU?O«?_IG’BO:@Q GIB’QO('YJO']O?° O']OCOD&II

(©) og§ops:on:sc: (Boring)

() egoomemqpadon: §esneom0dur(sc: (Sampling)

R)  QooEaRE: 33:(0|g) 03E:0m(g¢: (Sounding)

(G) ©205306:205(8¢:qp:

(9)  empPadaxigp:an: 08:00606650:(5¢:

@)  elgemndeqmegacs 08:05038:0:8¢:

(Q) 0§ 006:8E32:03 06:005(g¢: (Loading test)

(©) op8goadlep 06:008gpeg 03¢:0m(a¢:

@) 803260005§eo0  @dcdegqpisé ca0058qE  [0oSeornnSeso0pd G000}
600c03E:0m[eS:4p:

< <

Principal Survey QSQ(&&Q@@O@@OQ pOLO (f’f Q Q.q—oogé@oom:o?oaén

BF-18



A. Scheme of Surveys:
The extent and test procedures (test procedures and
conditions) should be decided in view of various factors
including bridge type, construction procedures, field

conditions, design calculations, and characters of surveys.

L

B. Implementation of Surveys: - Additional
‘ surveys
should be

C. Review of Survey Results:
+  Examination and modification of measured values ‘

*  Evaluation of groundwater, ground layers, and

conducted, if

necessary.

geotechnical properties, and review of foundation types

and design calculation procedures, when necessary.

L 4

D. Evaluation of Geotechnical Parameters for Design

Figure 3.3-1 Flowchart for Planning Principal Surveys

9-0-0 Boring and Sounding (Standard Penetration Tests)
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Figure 3.3-2 Boring Survey
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Figure 3.3-3 Standard Penetration Test

G(Y{P(YS@QOS@$GODOGQCQO€{P§ %Cc: G(T{IO(YSO)OSC\;?‘QJE:O%Gﬁ ’390??][: ODO’SGGP(YSS{Q_P: G[:(YJOCE

C

SPT value [e}é:eo:oaé: oaeoooé?paéu on%@o%eoao @036189]’.)2088 Blow @eqsgog<ﬁ§§

< N

§00Ce 0edan(Dn: S005a3058J0503 Ga0eagPyPe§:o6(8: N-valueod (GEsoéonoopSi

o

In-situ vane shear test a30opSen clg[03:eN shear strength (38men:(s¢ eolé:opdig

C < <

0m0gR) 03 esqpars 0305§0503E:00q88E0R §p5:c06:(6S00pSH Portable cone

BF-20




penetration test, double-tube electric cone penetration test .§cf Swedish souding

§é:qp:0$ﬁ G@@:Gﬁ GOG(T{Pﬁ?C(: OS(SCDé:ﬁ(TOE 068@20382(7)06]$ 390.;?2[;)'_&380" Qﬁ‘?é:
C\)é:qr):(’ﬁ? @@O:?é:(ﬂ'):?é GO]E:O)(Q)Gj(Ué: QC(WJSCDSQO;?:@lQDéII O)g):&)(.c)ﬁ qéaoSQI(VS

SQC\C?)OS 0)(5:03888? Gr?STDI 39:?(73%[’3:?(3 OGSSCD(Q)GES 39@(3398613908(730%(? Q’.)UJ?US a'?:

< < <
(60520000

2. efgooo:§980 comondungé: (Sampling)

Procedure of SPT

qumo%ézcrx)ﬁqp:?é: eoor(ﬂ%o)é:a)f)ﬁafaeﬁl:eﬁ[:c%:nogdg G[éc?ﬁc?ocr?: (Specimen) q§q$
e@oao:q;?qoemoog@é: @lcqé@wéu e@%ﬁoo?:qp:cfe disturbed :féeo?crg undisturbed
Re) @q):@e3egSG ¢ 25 §¢ ¢ Q9 ofepd [goooomradp) 0Pe:
eoo%éa%oé:wﬁﬁqussog(ﬁ 3ad:(08Ecloopdi

G@-?(ﬁ-?’)GCDOOS%GéG'? qup: oopé GGQ’JOSG(%@OWGQQJUSQP:?(E (ﬁ(ﬁéq@éll

tripod or shear
leg rig
sectioned rods

steel bore hole liners
in short lengths screwed
together —
shell

boss for rod connection or
lug for lifting rope

Cheshire
auger has
12 10 22
helical
turns at
the cutting
end

3 top
openings
for 1
extracting |
H soil

H sample

Figure 3.3-4 Samples Figure 3.3-5 Sampling
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Figure 3.3-6 Unconfined Compression Test
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Figure 3.3-7 Tri-axial Compression Test
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Figure 3.3-8 Mohr's Circle
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Table 3.3-1 Groundwater Survey

Survey items

Survey methods

Survey on

groundwater

Measurement of

groundwater table

Groundwater table measurement using wells and

boring

Measurement of

pore-water pressure

Pore-water pressure measurement

Measurement of flow

direction and velocity

Water temperature, specific resistivity, tracer

measurement and velocity measurement

Water quality analysis

Hardness, specific resistivity, various chemical

analyses, pH

Survey on aquifers

Distribution area

and thickness

Boring, electric prospecting, electric logging,
groundwater logging

Permeability

Pump test, permeability test

Physical properties

Grain-size test, measurement of void ratio, electric

logging

water table
ept

|
2

Figure 3.3-9 Groundwater Survey
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Figure 3.3-10 Measurement of Pore-water Pressure
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S

Normally carried out by
specialist contractors
urrent ow Ao Balance achieved
he ter level sto
Through Earth Current lines :roepl;:é, ;'hxsmsthgs
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Figure 3.3-11 Electric Logging Figure 3.3-12 Pumping Test
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Figure 3.3-13 Loading Test

0.0.8 Survey of Toxic Gas and Anoxia Air
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Table 3.3-2 Laboratory Tests

Survey Methods Types of Survey Soil Types Samples Survey Survey ltems
Methods Locations
1. Boring 1. Rotary boring All types In situ 1. Soil properties, strata, thickness and
2. Auger boring Clayey soil, sandy soil depth, groundwater table
3. Wash boring Soft clayey soil, soft
sandy soil
2. Sampling 1. Core tube sampling All types Disturbed(D) In situ 1. Sampling, RQD (Rock quality
Soft clay soil, sandy soil Designation) (rock)
2. Fixed piston types | Hard clayey soil Undisturbed(U) 2. Sampling
thin walled sampling | Sandy soil
3. Denison sampling Clayey soil, rock U 3. Sampling
4. Sand sampling U 4. Sampling
5. Foil sampling U 5. Sampling
6. Triple tube type U 6. Sampling
sampling
7. Block sampling U 7. Sampling
3. Sounding 1. Standard penetration | Sandy soil, clayey soil, | D In situ 1. N value, sampling
test (SPT) soft rock
2. Vane shear test Soft clayey soil 2. Shear strength
3. Static cone | Sandy soil, clayey soil 3. Cone bearing capacity
penetration test
(CPT)
4. Swedish sounding Sandy soil, clayey soil 4. Penetration resistance
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Survey Methods Types of Survey Methods Soil Types Samples Survey Survey ltems
Locations
4. Soil and rock | 1. Geophysical property | All types uU,D Laboratory 1. Grain-size, consistency, density, water
test test content
2. Unconfined Clayey soil, rock U 2. Unconfined shear strength, modules of
compression test deformation
3. Tri-axial compression | All types U 3. Cohesion, angle of shear resistance,
test (including modules of deformation (Capable of
measurement of measuring small strain on specimen’s
strains on specimen’s side)
side)
4. Direct shear test Sandy soil, clayey soil | U 4. Angle of shear resistance, modules of
deformation
5. Consolidation test Clayey soil U 5. Compression index, coefficient of
consolidation, yield stress of
consolidation
6. Supersonic Rock U 6. Supersonic propagation velocity
propagation test
7. Creep test Rock U 7. Creep coefficient
8. Wetted decay test Rock U 8. Degree of wetted decay
9. Cycle tri-axial shear | Rock U 9. Shear modules, strain-dependent,
test damping ratio, dynamic
Poisson’s ratio, cyclic shear strength ratio
5.  Groundwater | 1. Measurement of | All types In situ 1. Ground water table
survey ground water table
2. Measurement of pore- 2. Pore-water pressure
water pressure
3. Measurement of flow 3. Flow direction and velocity
direction and velocity
4. Permeability test
4. Coefficient of permeability
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Survey Methods Types of Survey Methods | Soil Types Samples Survey Survey Items
Locations

6. Loading test 1. Plate bearing test All types In situ 1. \Vertical bearing capacity, coefficient of

2. Horizontal loading test
in bore

3. Shear friction test in
bore

4. \Vertical loading test of
piles

5. Horizontal loading test
of piles

6. Pile pill-put test

=~

Block shear test
8. Quick loading test of
piles

subgrade reaction
2. Modules of deformation

3. Modules of deformation, cohesion, angle
of shear resistance

4. \ertical bearing capacity, axial spring
constant of piles

5. Coefficient of subgrade reaction

6. Pull-out resistance (or Tensile bearing

capacity)

Cohesion, angle of shear resistance

8. Vertical bearing capacity, axial spring
constant of piles

~
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Figure 4.1-1 Geographical Investigation
Ultimate Bearing Capacity
R, = U‘Z Litei + qa* Ae
S Rkl B
R, : Ultimate Bearing Capacity (kN)
4 : Perimeter of Pile(m)
L, : Thickness of Soil Layer {m)
Tei ¢ Friction ratio of Fach Layer (kN/m?)

Sand Layer : 5N (< 200) *
Clay : “C" or 10N (<150)*

g, * Bearing Power of Support Layer (kN/m?)*
(Calculated from “N")

A Bottom Area of File (m?)

* Depend on construction method

Figure 4.1-2 Calculation of Bearing Capacity
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Figure 5.1-2 Process Chart Example (2)
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Table 5.1-1 Items for Execution Program

Items Contents
Survey for construction planning - Confirmation of design books
- Legislation

- Geotechnical condition
- Survey for situation of construction

- Existing structures

Scheduling Manpower allocation
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Material supply plan
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Scheduling for details

Quality control plan - Organization
- Requirement for quality
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- Planning for test pile

Safety plan - Safety control plan

- Organization for Safety control

Environmental consideration - Vibration, Noise, Waste

- Groundwater pollution

Other - Gas emission, etc.

9.) 96c§:005008: (Work Record)
c C [ C ° O o C (N [N [N C c
02p568000566): 096 §:006903:03 [§1¢e05(000:00pS rEc§:905008:a0p5 Superstructure

< < < . c o0¢C O¢ < ¢ ¢ < Q
U)&GSU)O‘DGGF?Q foundation 302 [(:)L[(:)C@?:&)G:GQSC\POGWJCG]ﬁ’CQUO)(D 39@61:@:6030

@qﬁs&;mcﬁ@éeme@o@ emcﬁe@g@o']sgauﬁqucﬁ eq:ogé:sj ?050043:39@5 236z
aoé:ooo:qeén
(@) C\?80$:qusaeé§§ méec?spl saemoésaooéeogeaooég(ﬁeoao agqsggoqp:sﬁ

@6@%’3:?(&: U)éGSOO(YSOPlsﬁ @Géqp:l S’DG('DOCQES’BCDéGGS eaooég(ﬁqeé: C\?SC$2

Oéqp: I

BF-37



(J) ©2005005505¢p:1 layout diagrams qp:sé substructure qp:@l structure drawings
gp:a¢ clgagoqp:en outlines gz

R) wodmesnaimBepiesqqeriges Goiogel §o:ea0a8§SgSiqp:i Gs0a0dcpSeRy
$p5:006:qp11 3200z [06p3 03 L0RIPIgPI§E B3P

(§) esmacdcSeqiapdegigp: Bgiq)gn

Q) oorSo.§:0q|éa$ésp géeaooéacﬁql(ﬁqp:§c§ c;oo:sggeTwSmézﬂézeqz o%éc;aooéaors

qjcﬁc{p:u
©) 0?5c$:cx?8eaooéc§oésgogéz eoTGo'](rgm.%éoaé: og:@o:@é@éqp:?cf O?c%;@)c%;
eaooég(f)qlcf)qp:u

Q) qéc@:@é@o\%:o\%:sﬁ Q?50$:90500§:q_p:n

o3y < < < < < N N < < < <
(6)) U?C:U)’J@@G@:GH(D ?O’)U)@L’Q{I’J:?Q (\?OC§2§CS’BO’°)CS OG:ODOGH(DQP: I

(@) m(ﬁmogcqéeaooéeém?écéqu:‘?é @)@808%:035:@&? Q?50$:qp:3908(5 o
eaooéogo:qeé (carry over) cﬁgqéq_p:

cpdcdime0§aiéiopd  [sdecloBionndeseonomclgmesa?  of9imims  Bleéeoqs
e30003090640p5¢ 650205095(B:qpqpicgS godorsiqp: [0p3(opddd (Glpoom:leSiared
¢2:036:69:098:663(0gqP:0} 0220900880081 GEregapgoS 0ScrncpdeEepy
Q0C§iqPiRag0d  qPigRR0Y|:00036ep0dg [§5e000pSI 3gI03O0390306:¢p:E:

0 N~ Q. 0¢ N N < < < C 9¢..9¢ NI
O.BO?QBODG:OO@:OBG@OOC:OOO:@C:OO& GQ@OOOD@[@COO@?:ODG:Gq:C?OC§:qp: 3’30800

lo]

< N

coé: sseq:cﬂc\?ooéu o%e@oé: substructure oolo_geaoocrsepogél Qﬁsraa$:§orgc cw|o
ooo:oo(fga% C\?8c$:905m§:q_p:o$ eq:ogé:ooo:@:l qﬁc%:[@:e@:ogo:ooée@ocﬁogémé:
ecncﬁeog0308$:03§:ooo:qeén o:%sgoa test pile saa?[g)Lej o)é:oof)ﬁ C\?f)o']ool $0105 R)e

(©) 3203 ssaﬂOqup: 2006 qé:sﬁ Séeeooégcﬁ(?qlo:§§ s@cr\)@orgqcrgqco§qp:0$o'] 9050052

ODéQ)OZﬂGéII

BF-38



. Sheet _|_of_!
Pile Driving Record
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< —
Pile Type: M&&Qaa._ Tip Oiam. (in): _L&”2_ _ Butt Diam. tin:ll /2
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Hammer Make and Model: _L2¢/weoa_ DHo" 23 Type: h Eng esel
Max. Rated Energy (ft-ibs): /L [C  Ram Wi (bs): 2,140 Rated Stroke (1t): /O 57
Cushion Type: /4 woxt Thickness (in.)/Oepth(tt): _4./Q, /. __ /. __/__
Design Load: L35 'all- _ Calculated Capacity:__486 ______Factor of Safety:_ 2.6
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12 “ 32 | (2) |s2 72 92 112 |
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1916= | T [ae] 59 | 79 | 99 | 119]
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(Depths ) 1* 2 a" - 5" 8" > 8" 9" 10" RL
*E=Energy (Kip-1t.), 8= Blows/min,, H=Stroke (1t.), ( )=Estimated, # =Setting
Figure 5.2-1 Pile Driving Record
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Figure 5.3-3 Static Load Test
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Figure 5.3-4 Typical Setup for a Reaction Frame

(J) osoncoconSewoc: (Weighted Box or Platform)

o$oo§eé 0OEWC: (© 929 0% test pile eoTogé Cribbing o%eo?og 39@0: piles gp:

. C cre < < C C < < < C C <
(test pile moeoc@::naeyaoo 02080C0DY ) GG GAOIM MO0 CQYMD 0ICEOII

Cribbing Support

Driven piles, drilled shafts OL%GO?OS micro-piles qp:sgogorg oé:oo&pogél cribbing
support & 39$a? (39035:00059?3:) qjcﬁ§o@§wl3_5 test pile (?@ogGODI reference beam
G:ﬂ(f)o%é? @9«5@0 @@é:a{?: 0060 (Q Som) 200! o%eo?ors reaction pile § cgie0
(saqjéqu:eo']&@&) 39030035 Gs?qulqeén POPIIPECO: | eﬁlzegs?o% (%ej@:cm
(o] < oC N . N [ S . .
POPIFCO)  UPEePdIl 0pc:odepogc  Test pile qlm‘?f)@c‘?g cribbing supports
Q ° < N (o] o C < < C < N . .
sﬁs%:eqqumt?o@c@o: FPOPOIPEOIM)  OPC:OMEOROI ©6:200690006PRC!  cribbing

e@)ocf [gsogeooo foundation stresses 09]? mocgugsﬁ.ssorgcrgl cribbing support §.cf: test pile

(o] o ¢ O < <
/reference beam system 39[:0’)0: 390803980:0? qp:qp:ooo:ﬂqﬁs C\?S’BO&D&II

BF-42




J) Pile Support
Driven piles qp:agogcrg support pile q_p:o% Test pile 9[§§Go>| Reference beam
es]cﬁo%éq_p:? [(:9OSG®I sac?é:ec}: 00 60 (9 Som) 2O o%eo?org Support pile 5 C\}:§cf Test
. ° C ° C N N C < C O C
pile § ooz colé: 00 aP:00 (I]|Ciqp: eo']c:[éc:) FPOPOORC CHEPJ|OON &0
(%ej@:ea)o 3303033@0:(7% oRqeéu Drilled shafts o%eo?org micro-piles qp:s'aogéﬁl
support pile qp:cr% Test pile 9@5@@ Reference beam qucﬁor%éqp:?@ogeo)l 39§é:sx°?:
0060 ( 8om) czlopel O%GLQOS Reaction pile § cd:00 30 (mqé:qp:eo']f::[é&) 085
< C O C O Q (o] < . < ¢ ¢ .
C§EPY|ORO N §OQ||:32§ 0D er@:eooo 3200360:0) vpqepoll Test pile q|m§o@c§g pile
supports &\ sggza{'?:qlcﬁ?o[gé@o: sacgosaeo:(fg’ o%é:oooqeén
Load beam §<§ transfer beam qlo:dc?’ m$oo§c75®oq|l50gc°: G@%@@O:wél pile 390305
design load &) S eoo% é%éq&%fﬁecﬁoé @lcqﬁooo:qeé@ét&l @o%eoTcooeé: deflection
< < : (o] ° < < < < < < . o¢c ¢ O
QpPzo0pocOPd:1 jack o) 3990:98 0PO300: 0D 33@79 [gmoog deflection &) Q9 PIC§$: N
eecqﬁcxﬁqo']n Weighted box o%eo?ors platform GOTO% Design load @ G %
39§éa?§ooé load qp:sa@o% C)Oé&l$l G@@:l D1 ('fg$mqo§| cql oa@o (pig iron) ooaéf
< (o] ° oc <
0QpO:gPIO) seoqz[gﬁcoo@u
Reaction frame §| load beam eoTogé load transfer beam qp:or% o@ao(ﬁooo:@&e%’pb
sracxgorgooéooo:ooéu Load beam &) bearing e§qujo:ogé smﬁooc?,: (stiffeners) g ooécﬁ
(*] C < T N C . . [ (o] ° < <
QP32000011 CQ§MIE 6MRRody (excessive bending) &¢ jack op 3a0:9¢ CQO>6a00
B8 ng 8afiemparpdees] ram extension o303 0x0uSe§meogad Gogs
eo%@eooo:eofamé:l beam ogé truss & C\?f)eaooésucﬁqj’tz ooéfogé:eo:sﬁ, cx%@é%éoaén
eéw@f cribbing gaeaccé e@ql(rgf?o@éeoTo% oa(fgeep(rgeoao (‘3:3:;0:038c e@@:eﬁ bearing
. C N < : C ocC < cC o¢Cc _¢e ° <
capacity oo eeoqpcxgc?qo% Test pile &¢ 0pC:0g0g04P0pC @@oc@czl ogjqu@c:
e[c}ogeoTeo qo’] I

BF-43



Load Application
System

~ Dead Load

Construction Mats, Steel Beams,
y or other suitable material

7

12 in. x 12 in. W Load Beam ||

(300 mm x 300 mm)
Timber Cribbing

NN

N T

ISUSHSHSHS

VISHSHUSY //Q«/@%S% IS / ¥
Min. distance stated in 5 '_ Min distance stated in
Section I.A.2. Weighted 1IN { Section II. A. Primary
Box or Platform Reference Beam System
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Table 5.3-1 Load Test Result

Time after Pile Maximum Applied Maximum Pile Head
Test Pile No. Installation Load Displacement

(days) (KN) (cm)
1 13 3,122 1.7
2 20 3,558 2.4
3 15 3,447 1.6
4 33 3,447 2.4
5 23 3,781 1.6
6 6 3,105 2.2
7 30 1,512 14
8 24 1,014 0.5
9 17 3,612 2.6
10 6 3,558 1.7
11 9 3,959 2.4
12 10 3,167 2.0
13 84 2,384 1.3
14 10 2,891 4.1
15 30 2,535 1.3

< < <
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le]

I3 . . . e N <
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Figure 5.3-8 Deflection of Pile Head during Static

Load Testing of Pile No.6.

Figure 5.3-9 Distribution of Load in Pile No.6.
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Static load tests o¢) §39.§05| test pile §o']or3 (09) mqgjé Davisson's criteria a2¢ failure
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Figure 5.3-10 Deflection of Pile Head during Figure 5.3-11 Distribution of Load in Pile
Static Load Testing of Pile No.14. No.14.
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Section ILA. Primary System
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Figure 5.3-12 Distribution of Load in Pile No.14.

Figure 5.3-13 Static Load Test

Figure 5.3-14 Static Load Test
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Table 5.3-2 Reported Items for Test Pile
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Figure 5.3-15 Test Pile Report for Driven Pile
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Figure 5.3-16 Test Pile Report for Driven Pile
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Figure 5.3-17 Test Pile Report for Cast-in-situ Pile

9.9 Pile maqpSaseoy: (Pile Quality)

Table 5.3-4 Inspection Items on Factory

Steel Pile Concrete Pile
Material [A Standard (Ex. JIS), Size A Standard (Ex. JIS), Size
Chemical Component Performance
etc. Compressive Strength

Tensile strength of PC cable
Result of Bending test
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Steel Pile Concrete Pile
Appearance|No defect No defect

Shape |Diameter Diameter
Length Length
Thickness Thickness etc.
Curve
Edge Etc.

Other  |Nondestructive test on welded part Confirmation for mill sheet (cement, PC cable, etc.)
(X ray 1 time/10 connections) Particle size distribution of aggregate
Confirmation for mill sheet

Table 5.3-5 Tolerance for Steel Pile (JIS A 5525)

Items

Tolerance Contents

Dimension (D)

Edge of Pile

+0.5%

Thickness (t) |Less

16mm

(Designed)

than| D <500mm

(+) Not specified
(-) 0.6mm

500mm
800mm

(+) Not specified
() 0.7mm

800mm
2000mm

(+) Not specified
(-) 0.8mm

More

16mm
(Designed)

than | D < 800mm

(+) Not specified
(-) 0.8mm

=

800mm
2000mm

D (+) Not specified

(-) 1.0mm

Length (L)

(+) Not specified

(—) 50mm

Lateral bend (M)

Less than 0.1%
Length (L)

of

Flatness of edge (h)

Less than 2 mm

Squareness (C)

Less than 0.5% of

Dimension (D)
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Table 5.3-6 Tolerance for Concrete Pile (JIS A 5372, A 5373)

Thickness (t)

Length (L) Dimension(D)
= 600mm + 0.3% of Length (L) | (+) 5mm (+) Not specified

() 2mm (=) Omm

700mm=D <1200mm (+) 7mm
() 4mm

RADIOGRAPHY TESTING
SOURCE
WELD

FILM

Figure 5.3-18 Nondestructive Test
(X-ray Test) Image

Figure 5.3-19 Nondestructive Test
(X-ray Test) on Welded Part

il

Transverse,
Cracks

Longitudinal
Root Crack

J/)))J) )>

L _x/

D)

ongitudinal Root Crack

N Transverse Cracks

Figure 5.3-20 Defect on Welded Part

Figure 5.3-21 Result of Nondestructive Test
(X-ray Test) on Welded Part
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(©) ;gsaed (Concrete)

AASHTO 63305@05&7_](739 cgé‘}mqo% slump qp:o/% emtﬁogée@%@ooo:wéu

Dry placement gp5:c08:qp:opé 6.0 - 9.0 c0de
Casting removal §p5:c08:qp:0p¢ .0 -90.0 CON06
Tremie (g§ec00:0003 §p5:006:4:03¢ .0 - 00.0 056

c.C

s§?§:om:ooé og$:emo§:eﬁ$og§ Jg?o?looé‘eo']é:ooé :fasf|$39c°3§:39[§ozsaog§: S v0de
oocfx%ooé slump loss 091? gcfe@lo% o$39@ﬁ$39§8:39[§0:3908cr3 Slump 39§é:a°?: G conde

Q%SQ(SODéII aaéqléswom gé@lo']m slump life 093 retarders §<§, mid-range water reducers
(o] . 0 o¢ S
0% 3:(0|g) op:§Eo0pS
Table 5.3-7 Quality Criteria for Concrete
Item Criteria
Unit cement quantity More than 350 kg/m?3
wi/C Less than 55 %
Slump 180 — 210 mm JISA 1101
Nominal strength of concrete 30 N/ mm? JIS A 1132, JIS A 1108, JIS A
5308
Air content 45% * 1.5% JIS A 1116, JIS A 1118, JIS A
1128
Chloride content 0.30 kg/m? JISA 1144

Figure 5.3-22 Testing Concrete on Site
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9.5 03p5ea0005¢ 03mesms(e¢: (Construction Accuracy)

Pile Gmocﬁcqémﬁaoéspogé 0802|9$m$ﬁ§e®q$390805 oo%eeo:saooé[c}meé asqlorg
qpeeo pile q_p:sﬁ G§sp08(q|§g| ogézeooézﬁl 39(7?_]05 (e§spogéoéog$:ecuo§:eow pile

[59030']00) orcﬁ @é@ooéu @LD: §.9-© <§cf @LD: 6.0 ogc°: @[méog$:ecuoc°:: pile §cf:

e§spogéocag§:em5:eé pile  gp: ooéeaooorgspogé C\%saooa@ OOMYO§M$
(Accuracy) q_pzcr% Gcog[g)ooo:wéu

N

Pile §0S00530308 ca003saB[:mafmess pile of oopSesepoiaonScond: ooy
Giomigemogos wespdlgi oBeossolSeisfiapSamnic ofgSemsd odmiqed
[B8(8: SaeSdlon base plate o3 300:GjqpS1 cBE3:eqpecvomasmcon:d:E3agS 008
w%qaze@ocf: G@OOO:G&C\?_]O:&-E ewcﬁeepcﬁ@éeoooegpogé survey :390305 control point
ooo:eﬁqep_gu

Table 5.3-8 Accuracy for Pre-cast Pile

Displacement from Designed Pile Center

D/4 and Less than 100 mm (Choose smaller)

Pile Inclination

Less than 1/100

Table 5.3-9 Accuracy for Cast-in-place Pile

Displacement from Designed Pile Center

Less than 100 mm

Pile Inclination

Less than 1/100

Excavation Diameter

More than the designed diameter

Figure 5.3-23 Measurement of Drill Core
Position

Figure 5.3-24 Survey for Drill
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92.6 0§03 coS:0p3e(gagraan: odeso:300p5(0)[8¢:

Pile ooéeeooorgeq:ogél pile ooé o$cr$oo§:ep§e[§cgoo% GGPOSI eesporg ©0650: s'aooé@[
0§ oBSeegc3mSaloopdi Pile 0xpSeanaSgafSiepSad test pile cpdcs: esoolgoSoon:
GOD’SQ)é: pile méc@:qé:gsaogcﬁ o$ ooézepé e@cgooci’) ®§eao:33mé[§lqeéu 3.305@03
(foundation) o3p8ea05(co: pile 0oad:gq|C: 8303056 0p8spd:0p00me(g3es4q: MP(0:8E
cloopSu

SPT-"N" Value (blows/ft)
0 10 20 30 40 50 60 70 80

=04 J
- Light Brown Fine Sand (SP)
10 Wel Rounded
15 . Approx 4 % fines Content
\ Sat. Unit Weight = 120 pef
20 -
€ 2 o ity F
£ . Well Rounded
g 30 Approx. 17 % Fines Content
35 ‘--— - Sat. Unit Weight = 118 pef
L} e e i
St =@ - Drillec DisplacementPiig|
N (18-inch Diam.) ~
¢ 0 £ o \
I ss i Very Angular ™ ' )
\ Approx. 2 % Fines Content N
60 Sat Untt Weight = 134 pef S e ,’
RS ~ =
7 ~ - = -/ = it -
Pile Should Reach This Layer (basically)
Figure 5.3-25 Support Layer depend on Figure 5.3-26 Excavated Soil Condition

Geotechnical Survey

928 20503&:(6¢ pile &l §E(@g320: 0Ses0:(aE: (Sonic Integrity Testing (SIT))

(2) Sonic Integrity Testing &) sselgdaeonoep:

Pile head e0lod op(eécoqadeorngpdicoé:(sé stress wave (320303E:) 6903 0cE(gs
cole0a0pS ( §.0— o) &3 stress wave 0005 pile &) ea0056(ga3 356N :d(0§4s: (¢) (96
B:08: oqposfopl§:  pile head 80§ BheopSerposeornaps G gyl o8
0§058: [08§0pS§a5a05 cvopqpe(3os [sdecTovooopd Pile head & 0305603
acceleration transducer (5§ 03&:000 oloopSi o3 acceleration o3gopS:(8:  velocity
206050 (V) [0 cwS[coopSi Pile 0o895S: 8&i pile head o3 op(sé mgpSiad: o (036
R§o3(6: qrore00d 02§[G0p3slgod c02as a0l 2 @ Gt evdgeonio0pd@ 9. -ye)
com0deo3s: @ g Bavioogsopclo e8:a5gmepiaasay: soaligiadpduy e
§&a0pS
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olg8ofoSenrmafasd pile cwcSey 0ySdy seposorsear wfgeinaf: (1) o3
o3&:0mqepd1 Stress wave velocity (¢) o8 a8aopdaes| (L = ¢.T/2) a2 pile &) aoqp: (L)
03 5gIE5&E0R5I B@g)§ (1) 3305 cepadoopdaesad(l) o L= c.t/2 g¢ [08EoopSn Pile
5¢ olg[03:[030: goSaenie(o3nd eamonSelsy [0§copSod(ose (toe reflection) S veocm
00088381 oBorfGeges oBovmcod gprenqincgod B38:oxafoops signal o saoyeS
aepdn  Signal ®qo3Ggqpie Pesga0podep:} edoeodeudpiad filter 2209:(g)q
oS

Figure 5.3-27 Sonic Integrity Test by MOC Engineers

T=2L/c

A > Time

v
Depth

Figure 5.3-28 Stress Wave Travels
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Blow 1 15 //T— Toe reflection
Peak B _|
value ﬁ\mm!s] [m] | —— | Indication pile
blow length
1§.2 12.2
Wave ] /\ | _
velocity \\/ L/ Filter value

Len_gth B — | Amplification
axis 13.9 121

Site B X — Zero drift
name V\ /r/ correction

173 0 2\ 4 6 8 A0 12 14/ 16 [m1/ type
SITE 14032-acc 3800[m/s] 3 exp:20 té
Pile ID | TPHET6 _Mon Feb 09, 2004 V2
Program
- Version
Date of
Testing

Figure 5.3-29 Result of Three Hammer Blows

N

Pile & %5@9 o>§:a>5q|<73qco§qp:o% g@ézgcﬁ@o@& (Pile integrity testing analysis) 03&5

. . o ° '] < < x
one - dimensional stress wave theory o) 39@@9003:0 20pon Impedance sge@oczsacoqp:

G@ocf o?é,@)$iqjo:@95@oT[§): pile 0850% @q%mé%rgaogogo:wp_gn 95:0%0% 905030:@: 3
@5:805@90@5: cx?f)qooéu ?éﬁ (Z) 0% 939005013909]_)5: e@%@%éwéu

Z=A J (E.p)

N N

GC:oRC

A = cross sectional area

E = modulus of elasticity

p = density

A, E Bo0ndS p qp: 058581 B8e01 0o8cma3e) B8e0 aldos:adB8:a[m08 95gmGos:
N N cOo ¢ N C C T (N

F20OQP:© o?‘%[;)‘?eaoosmﬁooo) @oeo Q6RO
N cOo ¢ N C oc¢C c [

orﬁ[(:)c?snmaooﬁ [c:meo).%ceoao sae@oc:qc:qp:?o -

e  Pile canndas (Pile toe)
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),

o sgo%ézsama(%éqasge@o&sacﬁ (Dimensional changes)

o ¢[g[03:0loCq (Soil inclusions)

. sgcﬁcrée@oéz (Cracks)

o sc;aoorgeﬂo: (Joints)

. (rg$mq<§39qé39eogz e@oé:cﬁ@é:qp: (Variations in concrete quality)
o e@cgosge@nézsgcx\) (Variations in soil layers)

e Reinforcement aracxg.§qp:coao piles gz (heavily reinforced piles)
Sonic Intergrity ®§:0383fs§ 33()0%3900054{;0:90

C N N [0} Q00C C
e Impedance e@oc:mﬁ F26A0:IIGP0) 6D §c@c:n
e Pile sssucczz (diameters) qps oo@é:[(}é: o%:ogo:@éu ecqpc?é:ogo:@é:(ﬁ 903§
oc¢ C
§c[§c:u
o ¢ . o < (o] Q00C¢C C
o 360R:32Qm Pile googosgp:op 625 §c[§czu

o ofgB:mspS:c080l08g03 0x8888B:

. O C o o (o] Q00
L] Reinforcement cover e§sp390?m Q:ﬂ:ﬁ(’? 20 ‘?

On

B

On

HI

On

*  Pile can05e(g 30y:303008) 30003 6a3§&<(E

Pile Shaft qp:op¢é [goSeomndg§sé: (Discontinuities in the Pile Shaft)

Pile cross section (o%e(J?OS) pile material ch%ooquqp: G@Oé:d}@é:l [5)05900005 aC:
%’poésasﬂ oﬁ@%ﬁp (reflections) @95@0T33é (Q .20 §<§ (3 §-272) I on%o?é@$ﬁqp
B8ecTo0p88[BS [BoSeomnSy [Basanns 50503 808 0305505880051 Bor§Es

o _¢ cC .0 < N . . O o < . . <
enoooooga@@c:oo@ plle Cross section Ue:C\)Oﬁf O%G(ff(f) plle material 3961&396382

dpie0og1 G0qRARqP:a} p34(gegaopdi

BF-64



Reflection bulb

Time

t=2alc

Time

A J
Depth

Time
t=2alc
»  Time
[+
a
v
Depth
Figure 5.3-30 Reflection indicate decrease in the
pile cross section

Figure 5.3-31 Reflection indicate increase in the
pile cross section

®R) =9|05[0g c9Sc&:05 (Signal Processing)

o) Signal Amplification

9
% < < <
B§copsgosacscrnnd

0 N
0

o,

Q<

sraqloo@)ﬁ (signals) qp:320: linearly O%GO?OS exponentially sgoq_lﬁqlqoo@u

<

0503053303 (Appendix ogé@éoq) oaé pile integrity testing qco§qp:ageoT :3903$ cgé:
o] O < < < < : (¢]
29 OOPYIP0RMD GC:1) COPIRC:ODMqepOIl Stress wave gps Pile c;ssoooe@g; :3'.9csoT:>1?°

c O

amplitude ecqrgo:nogo:@é:s@o: G@ﬂé:%éﬂ$ Pile 08505)0 o?&oooq

<

Velocity at Pile Top

Time

Signal before
amplification

I Time
1-
1000x

Time

Signal after
amplification

T B IR S

Toe
reflection
not visible

mplification

e e B S
v

Toe
reflection
visible

Signal after amplification

Figure 5.3-32 Signal Amplification
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J) 2ge5[0gqp:0’ egpeg et cpesoné(sé: (Signal Smoothing)

Pile o853a$:§ [(Z)ogemocﬁﬁqu o%eo?og pile 33035:? m:@éobeqpé:qp:oaé orc?’é:ooo

cCOoC

fosaH~lob) saqjcrg[gﬁq_p:sﬁ Gwo?cqlq)a)%o$ (global shape) 3ao: Q:s?éoobc%coog @&_ﬁ:
[6€ o24(G3q050059qp:a} cgosegosaspbi G:maqud(ggqp:el g0} (p23C a8 eqp

< N

egnes'aof: (smoothing) [c}méq@éu Smoothing C\?S@E:G@ocf @ogemmﬁ§qe§éoaé »
qlcrgsacocﬁeﬂoz ecﬂocﬁa"?:ago:%éwé agqlorgcfécoé: ooéogtvsoé:oo:qeéu ssqorg@{

(signals) gp:3a0: G@(ﬁ@@:@ggocﬁgé:e?@&?é ooc°:[<:)[§c°:: @lcqéoogssaﬁogc smoothing
Q0[g:07 2§&3:0¢ ccprqepdt

o - Reflection
| | of serious
defect near
pile top
110 | 1
13 0 25 5 7.5 10 125 15 17.5 20 [m]
SITENO SITE 4000[m/'s] 1 exp:20
PILE 2K Wed Mar 28, 2001 V7.0
Figure 5.3-33 Unsmoothed Signal
10.3 | I 155
- \/—v\’\’_/—’—’\/\/-ﬁ .
924 15.5
| — Al .
‘ | Information
\// about defect
got lost
11.0 15.5

173 5
SITENO SITE 4000[m/s] 8 exp:20 B
PILE 2K Wed Mar 28, 2001 V7.0

Figure 5.3-34 Smoothed Signal
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(§) 8eooocomamadiep 3gi05(0aqp: (The Characteristic Signal)

G@@:sﬁ sféago:c;@oézcx\)@&.?é: Pile & [c:)orgeooocrggf(r% g@oz%éq$saogcﬁ test pile ¢ SIT
sgq_]crg@ﬁcﬁ q?80$:§533088: oaéeane[éoao:sae@a@ec?@ orlgéeoao pile qp:o% or‘[%cﬁm:

C < L . cC Oo¢C ¢ ¢ < [0} < e
[c}pa@o? 0p90002:00 characteristic signal &¢ §C:00poocs0:00N (0 characteristic
. < . c O . C . C < C C C o¢c ¢

signal 20pS site a0pC:q) piles qp:csﬁ qQle:g| signal eao5copd:600C:I ©0:200¢ ©OPCd
ea:qlcﬁooo:eooo reference pile @ SIT signal Goagcnézeoooéz @é%éwéu Test pile ¢
signal ooé Characteristic signal §<f: [§o:§oze§c\3_|§ 98¢ (impendance) e@oé:cﬁ@é:
9$039_|ooé pile 39035: 99¢ e@oé:q\)@éze@ocfoao@o%@: cx?écsc?:gé G@@:eﬁ 8eoooo

commoe@aé:c\\:@&eu?orgwé a%ooa:qeéu Characteristic signal ogé e@oé:cﬁﬁeﬂoz
(S

o
< e, .S QQoo¢ ¢ CeNRR.,9 ¢ ¢, ¢ ¢ 9__ ¢ <
eeogoqc\\)‘_]c GQGC(DOC:GIC:GGO:OO .%cqs? woeg@e:om@oao§:®®q C\?GDOOO@II
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25 na |28 ‘ 180
A% YA P I fa VAN
Imm/sl \/ Iml Imm/sl v Iml
3.2 14 24 ‘ N 18.0
a6 3 |28 ‘ 182
JAWN | er ™
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4000[m/s] i1 eXp:50 e 4000Im/sl p:a0 1e
PILES Thu Sep 16,1999 V6.1 PILES Thu 30 1ﬁ 1999 V6.1
35 183 23 | 182
—a | er— T | - /\_,—--._.__,.__ \ I
Imm/sl Iml Imm/sl Iml
39 182 25 ‘ 18.0
| \ \W
32 182 a1 185
A | N AN ‘ |t
43 0m?.§l 9 15 10 l%ﬁ 15 115 523 225 llg 43 0 lﬂ%l? a 15 10 ::2 5 16 115 ﬁzll 225 llg
/sl exD: [m/sl exn
PILEG Thu Sep 16,1999 V6.1 PILE7 Thu Sep 16, 1999 V6.1
11 18.2 24 16
[ PavaN } JaViam = oV
Imm/sl \/ Iml Imm/sl v Iml
26 19 20 116
l’\ A~ /\\
J : il
25 } I~ 1n9 26 e 16
413 llngwﬁﬂ 15 10 ﬁﬁ 16 1158 gllil 225 lll“ﬂ 453 [1] M%I?I-lﬁl 15 10 ':u L5 16 '" L] zll 225 lll“ﬂ
: eXp:
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P } ——— N\ I A~
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Figure 5.3-35 Example of piles constructed by a similar installation method, in the same ground
conditions, of similar age and having the same length.
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Characteristic Signal

38 1.9
Imm/sl Iml
Signal of pile 29
|
113 25 5 15 10 125 15 115 20 225 ml |
SITE SITDEMOWIN 4000Im/sl 11 exp:20 te
PILE29 Thu Sep 16,1999 V6.1

Figure 5.3-36 Example of a SIT Signal corresponding with the Characteristic Signal

14

Imm/sl

1/3
SITE SITDEMOWIN
PILE38

Characteristic
Sional

111

Signal of pile 38

25 5 15 10 125 15 115 20 225 Iml
4000Im/s] 11 exp:20 e
Thu Sep 16,1999 V6.1

Figure 5.3-37 Example of a SIT Signal deviating from the Characteristic Signal

() 28g05¢cadqs cod:pg8gindqp: (Interpretation Guidelines)
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ODO)?(TJOf]II C\?OC@:@CODO)? Q?GO?(T) plle G?OOBUDODOE? ({l@:gj characteristic s1gna1
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I o . o e . [N Q< <
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*  GORUPOY (Deviations) @oeo o0 arae@oc:araqc:qp:crf 00§0:C0POE3IC V0§
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200 s'acgc?[écoeo:m@e@u Cross section 95350506055 03¢0 ep_ou Pile & esaoooe[: 36 orl>§
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[0§§05905¢ §eomepSevrodali

o [868EcyC characteristic signal ¢ pile length o8 a005¢05qepdil

*  Pqo[ogeeniay:0} 30hi(g: pile 028qqC:Be0305 BEGISeEBqupds
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@) :8¢ypuSgéadse: (Interpretation)

28¢p0SgSa8epogs a0 6 50838 coSBE3005

Class 1, Pile OK

Class 2, Pile head problem

Class 3, Discontinuity ooé pile shaft @ nominal impedance 093 G(Rl?@]&?&)éll
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(The nominal impedance represents normally the impedance at the pile top)

Class 4, Pile gp:00p5 0309§:00051

Class 5, Pile gp:00p5 qpScg§:00951

Class 6, 036p5¢ [36e§00p51 08360705 pile & cazoade(ge reflection ool
Class 03695)¢: 8320305 QoS §6804)0:03 632005038 c@3{Goo0:20pS

11.5 ’ 12.2
[mm/s] [m]
142 —W\’\mq/ﬁ- 122
129 -\|F/\'—’\I¥—‘A—/————V_¥A bt
[ 2/13 0 2 4 6 8 10 12 14 16 [m]
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Figure 5.3-38 Class.1 Pile Good, Length OK,
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Figure 5.3-39 Class .2 Pile head problem,
Class 2 Possible reason, crack, necking, low material quality.
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PILE 40 Mon Feb 09, 2004 V7.2

Figure 5.3-40 Class.3 Reflection from discontinuity at 1.5 m from the pile head. Possible cause,
crack, necking, low material quality.
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SITE 14032-acc 3800[m/s] f:3 exp:20 te
PILE 19 Mon Feb 09, 2004 V7.2

Figure 5.3-41 Class 4. Pile too short, reflection at 10m, should be 12m.
Possible cause: made too short, broken, heavily cracked or serious necking at 10 from the top.
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PILE 81 Mon Feb 09, 2004 V7.2

Figure 5.3-42 Class 5.  Toe reflection too late.
Possible cause: Pile made too long, lower material quality, pile younger than other piles
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PILE 93 Mon Feb 09, 2004 V7.2

Figure 5.3-43 Class 6. No clear toe reflection
Possible cause, large friction, deviating material properties at pile toe
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Figure 5.3-44 Example of Pile Top with Sound Figure 5.3-45 Example of Placement of
Concrete Transducer
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Figure 5.3-46 Example of Placement of Transducer
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Figure 6.1-1 Construction Procedure of Cast-in-place Pile
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Figure 6.1-2 Rotary Excavator Figure 6.1-3 Shaking Excavator

Table 6.1-1 Standard of Rotary Excavator and Shaking Excavator

Maximum Machine Rotary/ Vibration Torque
Diameter (mm) Weight (t) (kN*m)
Crawler Type 2,000 62 — 96 1,180-1,860
Rotary
Stationary Type 2,000 25- 87 1,060-4,400
Crawler Type 2,000 24-54 620-15,70
Shaking

Stationary Type 3,000 14-15 1,110-1,390
L L L |
SR [ M — M — I — I — !

£
A I S A T i
§ 10 lsssssssst————L——————_ L __ L I S ]
S ' L 1 i
30 -~ T T T T T T
g & | |
7 20 AR R e - Fm———————— |
o |
3 ___Fietar_yf_xsaﬁatef_ _________ i
l |
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Diameter (mm)

Figure 6.1-4 Standard of Rotary Excavator and Shaking Excavator
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Figure 6.1-5 Casing Tube.
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Figure 6.1-6 Edge of Casing Tube.
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Figure 6.1-8 Size of Hammer Grab
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Figure 6.1-10 Survey

Figure 6.1-11 Excavation
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Figure 6.1-12 Confirmation of Excavation Depth

Q) 0§Boo:epdmagnad §6(6|Soy (Embedment to Support Layer)

Casing tube O% ooéogf::es?oéssogéz oé}ooé:eéaacgoo% ®5eao:39mé[§m@éu
orR:ooo:a)ée@oao:o% 8(%8:0880]038?336@39&??(5@9860I %8§é:o§oa$ésp [Feblev%)

c%é:mﬁqco§qp:§q@o§eo .?t&o?éqeéu
e@o;z:eése@$i$: (speed) §cf: torque cr% oo%eao:samé@lqeéu

BF-83



el

10

a1

s B el e B i b .

\padrpene ™ T ]

14 } I, é
{

50 1 3 .ﬁ
1 F [ - —-:‘;‘ | a ]
s 4 1R
o0 ﬂ {
. !
o B i
1.0 %'1,,, :
110 t 4 2.
1.0 q._.‘ e — ' 3
B0 T e "‘“T 1 -=Ili'§‘_“ T n% :
o e =um
|

anak 5] 8 5
vo

Lo

0 10 a0 23 40 50 &0 ] 500 1000 1500 0 100 20 300 400 500 -1000-500 D 500 1000

Geotechnical Condition Torque Penetration Resistance

(N Value) (KN *m) (mm / Number of (kN)
driven times)

Figure 6.1-13 Construction Record
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Sand

Figure 6.1-14 Boiling
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Figure 6.1-15 Support Material
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Figure 6.1-18 Diameter Figure 6.1-19 Alignment

[Placement]
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Figure 6.1-21 Fixer

Figure 6.1-22 Wire Connection

) RsmgecyScs: (Concrete Work)

<

Pile sraogors crg$mq¢§o% csqessocﬁogéem&oaécg%mq@s@o%& gc%ézgla?ﬁqeéu

Table 6.1-3 Concrete Quality

Item Criteria
Unit cement quantity More than 350 kg/m?
wi/C Less than 55 %
Slump 180 — 210 mm JISA 1101
Nominal strength of concrete 30 N/ mm? JISA 1132, JIS A 1108, JIS A 5308
Air content 4.5% + 1.5% JISA 1116, JISA 1118, JISA 1128
Chloride content 0.30 kg/m? JISA 1144
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[\

Tremie or% 05@8::?(5@08@3305 e‘?qu]qeéu 08$(’)0610§®0% P§POI80: Jgooo @lﬁoé
e:?qeéu

Figure 6.1-25 Flange Type Tremie Pipe Figure 6.1-26 Screw Type Tremie Pipe
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Figure 6.1-27 Socket Type Tremie Pipe

Tremie 093 casing tube :x%eo?ors stand pipe &) 085038 08$:ooo: qeéu

Figure 6.1-29 Tremie Pipe 2 m Buried to Concrete
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Q) Pile Head Treatment

< < N

eemoé:ooé (73$mq033980539§5:0% ocﬁgp:%&ﬁ pile @ ogoogc (g§mq§cr$ (%sjecooc‘;:
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Figure 6.1-30 Pile Head Treatment
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Figure 6.1-31 Pile Head Treatment Figure 6.1-32 Cover on Top of Rebar
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6. J  Earth Drilling Method and Reverse Circulation Drill Method
6. .0 oopSesonndy 324656 (Outline of Construction)
(o) Earth Drilling Method

Tgpbico6:038 qsgoloCelgage [Goqieo? x0gadq: Stand pipe o 330p:(geopS
$05§jC:e000 elgogog elgloB:op rotary bucket of copag) oproopdi cgS: (Goqeode
0709084 stabilizing agent % 5203:(|o0pSH Bucket 309816 op:c0n:ear eg[oSiqp:o3
al5q03g0[gSe0Tof ggapodoopSi

-
1
[

Figure 6.2-1 Earth Drilling Method

(J) Reverse Circulation Drilling Method
gﬁ‘?é:mézogé Stand pipe 0% e@[(:)cczeoTogé ooéaoéooéu e@@:@o: méec?wé: F2090:
(rotary bit) @5 orR:ooéu orazcsfoé 035:06?3?1 eqsﬁ level (Bentonite level) 0% ogf::s@[c}é
000553?1 Gqcsﬁ level (e@eagoorgeq level) cood 39§é:sx°?: J 8o (%[écfes?esmé 08$:ooo:
@5:[(:95: ogé:%élqp:@[ecqe@qé} moc@tﬁooo:ooéu 0305905000: G0 39530'300032303 orlg:@:
20p53a81 0p:00nieon G(g(03:qpiecancy 03c:ade eqq:a3 reverse circulation method
C < C < (o] < Cc NC 1.0 <
[c}g Q40076 €01l 39]),690 @e@sae§qp:ogc opC:o0geq@en: stabilizing agent 00099

<

oi’?:%éoa@u
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Figure 6.2-2 Reverse Circulation Drilling Method

G.J.J 0Swogep:qp: (Machineries)

orpSesonoSeqrocSiogeprapiad  BquoogpreguSepogsi pile o 303Sim0006p:
(dimensions)i coSc§:g800S0§:0qSmacBames | cfdooniamaEmacs! cpSc:igs contagepos
n&iqSiaqiad pile of 328000 303E:m0006pia¢ coSesondqoSp: (functions) o3
algeopSaaspdeonpy maoo:opmqudqpia? [Golgpadd eoveooedesoi(S: egiqodqepds
Cast-in-place pile o>pSeaon0Seq:gnSicodionsasadorsaand eGonioons §oSicodiqp:
og¢ @0elg93:(s¢ A(0ri[rrgi(p3000208 oopiesoaadeq: welgaes @q]iop CFody)
aRi{gie07 $p5:0pmyiqlg 4p:ae(gRi0loSego0pdi eln3g Bayi{g|ear eddogep:
4P 005038 00nqpras c&:038h ag&GEoogama (features) qpisd 0o50005e ogS:oqSe
Slat s2ea:(d3:0lops

() efgop:005 (Excavation Machine)

o) Earth Drilling Method

Earth Drilling §é:m§:3903<73 e@o&:o)oc‘;ogé Kelly-bar cr% 08$:q|lf)ceo§:§§ooé:

< O < (o]

C\?@foop_gmglonl 800@ oos°1030 (rotary drive and press) o]oéwéu Kelly-bar &\

< (o}

393:"3:038?1038 bucket o rotary drive §\cf: press on o?sj c\?@f@én FOOS5GIIND

O < <

G&C\?_PZGQ)@(S:OB [E)I_C\?OQDQ I

BF-93



http://www.tungfeng.com/wp-content/uploads/2013/03/rcd-small.jpg

Figure 6.2-3 Excavation Machine for Earth Drilling Method

J) Reverse Circulation Drilling Method

. . 11 < < C o < C N . <
Reverse circulation drilling §pd:c06:03Ca0:0009 c@oa:a)mqp:ogc power engine &¢

pump o% o']occzooéu Power engine ooé e[écra:eé: drill bit cr% méoorScc»ooéu Pump ooé

° < [o] < C o C < < < N : < O
Q4p: (slurry) §¢ 660200p00030:90C:604)§ CPOG0OCPOI Power engine ¢ pump o

e@@: coTogé aaofiéqlooo:emamfnzaom: (Suction type) c}é: power engine, pump .§<§

G@OR:ODé drill o%o% eoqézmé:ooo:eooo sraefl[:sam: (Uplift type) uacj %’paéu Suction

type 039_5_ og)étﬁéorgcﬁq (%e?)e(mézg$wéaaogcﬁ mo?:qp:oaéu

Rotary Table
; Rivers Machine

Slush Tank

Sanction .Pufﬁp

Bit

Slush Tank

\ Water Pump

Figure 6.2-4 Suction Type

Figure 6.2-5 Uplift Type
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Table 6.2-1 Standard for Suction Type and Uplift Type

Suction Type Uplift Type
Diameter (mm) 600 — 4,800 1,300 - 4,200
Pump Power (kw) 45 -55 55
Maximum Torque(kN*m) 41.2-98 47-78.5
Slime Pipe Diameter (mm) 200 - 250 190 - 200
Size of Excavation Machine(t) 6.1-15 11-16.5
(J) Bucket and Bit
o) Earth Drilling Method

39@@5390:[;9&: C\8$OR:OOé bucket §<§ gpqé csogejp:oap_@ bucket orc3> 390%:@'_@“ chopper

bucket (?é: rock bucket o%ﬁ G@@:G@G@G@G:?(v%q%os«j @a}:@)[wéll
Table 6.2-2 Standard for Bucket

Type Soil Condition Excavation Diameter (mm)
Drilling Bucket Sand, Silt, Mud, Gravel 800 — 3,000

Slurry Removal Bucket | Sediment Slurry 700 - 2,900

Chopping Bucket Rubble, Stone, Gravel 400 - 2,000

Rock Bucket Rubble, Stone 500-2,000

/4

g e N '{Rotation — &

Rotation

IR

\'*’ -
- &=,
Excavation Cutter Slurry intake

Figure 6.2-6 Drilling and Slurry Removal Bucket
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J) Reverse Circulation Drilling Method

e@@:@e@@e@;eﬁgméﬁ 32090: (bit) 0% Ga:qlcﬁoocfoaéu

Table 6.2-3 Bit Type

Bit Type Soil Condition Reference

General Three wings Mud, Silt, Sand, Gravel
condition

Four wings
Special Conical Soft rock
condition

Roller Soft rock, Hard rock

Three or Four axis | Mud, Silt, Sand, Gravel

Q) Stand Pipe

ogé:%élqp: @loq_@&q oooogogsﬁ stand pipe qp: ssoéz@lsﬁ 0%3950']wéu
- Stand pipe &) 320305 (diameter) 20p5 ¢[gop:qEpd3MRVSNS 08§0- 00 8807

3[03: qepd
- Stand pipe & e320056(g00p5 02p5(866§00p8 §age (mud layer) o3op¢é © .5 Sorenyd

$8(815esqepS
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co¢C < < < Q C . (o] Q
- G§OQE0CECEINTDPIV0 33616:@000']00 (00 eoooc;oqpo']m) Stand pipe 03 00607

< N < C < [ C < C “1: [N
2§00 0OICOPIRPC 002V gﬁs@@@:}ae@qu:ogc e@ gm@c: (boiling) ¢ ODORU06$
o ¢ C o¢ <
0QOPMS CROMCHERII
4 Bentonite Leve][
0.5m < |
== = f LA+
T < L: A+B
{ A2.5-C
p Ground Level B 4
Ground Water ol |~
20ms |
[ I =
v '
DS T — l
e 1

IE HT!’ it

Figure 6.2-7 Stand Pipe

(¢) Hydraulic Jack

Hydraulic jack orc?’ stand pipe ooéogé:sﬁ?é ego?ogeﬁsgogorg mo%:@loqooéu Hydraulic

NP

jack &\ tgé:csaooéqé (capacity) oopé stand pipe [éléoaéfc?ocq?: ogeepcf)ﬁsgeoTogé

o

:Dcf)eepo%ﬁ ﬂ(ﬂooén Jack &\ capacity q?p_gzcﬂoo cg$mq§cm§:[§>:wéc§ocﬁ§ stand

pipe orc?’ a@oqo&%éeén
Table 6.2-4 Hydraulic Jack Type

Type 1200 1750 2250 2750 3250
D mm 1,200 1,750 2,250 2,750 3,250
Weight T 7.7 8.4 9.4 10.1 18.0
Press capacity kN 1,000 1,000
Pulling out kN 3,600 4,800

capacity
Stand pipe size | Minimum 800 1,300 1,800 2,300 2,800
Maximum 1,200 1,750 2,250 2,750 3,250
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() @[gr:00dugep:qp: (Other Machinery)

Table 6.2-5 Other Machinery

Machinery

Point of Consideration

Slash tank

About 1.5 times as excavation hall

About 1.2 times as slurry

Support crane

Used for machine
Excavation etc.

settlement,

stand  pipe,

Hammer grab

Used for stand pipe settlement

Inner diameter 150-250 mm

Driving pipe
Length 3.0m
Water pump Used for slurry circulation
Sand pump
Tremie Inner diameter 200-300 mm

Length 6.0 m

6. .0 oopSesonndes: (Construction)

NN

@) oﬁwéep:oo(‘;aoc[éc:

(Machinery Installation)

o) elg[o3:en bearing capacity of odeso:30005[0)[8¢:

(*]

J) Pile & 33@(500&1030% ecx;cooo%é:ooo@é:l 903:»0:[&:)8:

00¢ <

’] < (oY . S
3@c:opcoloopgaaoc:  pile @
< O c O o C
FPPOOLIVMJIDM) PGP OPC:0M
Q Q : O < < <
[9: 0005 pile 07 02050CqedlN
o:orSoo%ep: qp:eﬁ oaorgeeporgﬁ
[o] N < . (o]
Qo0 3oged offset point op

Outer line

Ruler

C © Pile center
# Circumferen

O Offset point

C§EPERON  DODLOSEP:  QpP:
c$ePqo0R2 3§03 FIRO33
oo%eao:agooé@lqeéu

Figure 6.2-8 Survey
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Q) e[8op:00n:0003 3240503 0des0:3200p5(0|[8¢: (Confirmation of Excavation Depth)
09:000:00p533§0503 300p5(0]q§320305 03E:00006680:00p5 MB§urogP:03 35s0Eqed!

G@OR:OOO:ODé 33(38: one hall 038 s:@é:sf?: G G§epR o%é:moo)o%c;so:qeéu

- /]
T bl

Figure 6.2-9 Confirmation of Excavation Depth

¢) Stand Pipe gp: esepg)[sé:
Stand Pipe & settlement
Bogdodgfesnt 86
983(6¢: 20pS pile 02690

&  oopdesonndy  oBmy

?«§(’D$ﬁ §°1G0)G€1: 3908(73

[o] C <
ofofed  meq:0l  oloogSi Figure 6.2-10 Settlement of Stand Pipe

Stand Pipe @\ ooée:?sp

N < c o¢ < : < o C < .
PEMA§S ooe:eo)oc:gfsfa%saooo:o% cross point q_p:@g CCQQXD0DC:0 §opoll Stand pipe

[N

@0pc:g Hammer grab @é e[éorazspogé 39§or333é stand pipe emcﬁe@ o% escqrgqo']u
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9) Rotary Machinery gp: csepg|8é:
cpplgelgop:o0pe ©03qp:ap stand pipe ¢
BeoSES:  efeoqemos  apepgees
GE:08 33061 § (stage) eol op¢ con:qEPS
G5 SeoliBiosey woqmeonis

N < <
G320C C\POGO:G].G@II

[ .
()) egop:(eS: (Excavation) Figure 6.2-11 Settlement of Stand Pipe

0) $6[8[gS:390: cmoazuS[gé:
- C\g$ogzooo:eooo ogé:obﬁeq (Bentonite) e @@éwé c;[éc;amcf)eqoocg J 8o

Sals¢ egqepds

[ cOoC < < [o] . o . 0
- CGEOOEOCECEDE$II0RM 0pC:00q)6¢) (Bentonite) & Specific gravity 0p 0.0 J-0.00

0'0)8 08$:ooo:qeéu

- Water
g - Bentonite

Bentonite Bentonite

. Water

.

Water-impermeable Coat

1) Bentonite infiltrate to wall ~ 2) Mud particle fill up space 3) Water-impermeable coat
of soil particle. can be f ormed

Figure 6.2-12 Prevention Hole Wall from Collapse

) opSeseps 038:e0n8:g (Position and Inclination)
- efgqo3se(58o0pd endcgepiqpia} cob:00:§Seant eoaaypqepdi
- Stand pipe of oopSegapad BS:censigatarpS Bogesose §/ 6§ odesor 20958
Blaeady
- clgopioop) 2[e§44:07 0460007 B:q|086qepn
- olgopiegopmRaaS: clgopiondqp:a} eayeoneeag(odps esqupds
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Figure 6.2-13 Drilling Position Survey
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[G1§E0p5n leé efgopioopmmledgdioteopS: elgomimcfgmesal ¢oopi[d: oB§ipBopd

GSOOC 6168"

o]

le]

Zo]

0§03 coé:ep3e(gagnd Pile :0: §8[g|GoSeofsé: (Embedment to Support Layer)
3200p5(0)000:6000 0§ 06:8E00pS elgagomacdeqpadeaat or:qepSi 09:000:00p5 3240503
[o XY < CQ:

OD‘DG&) crama[g)[q‘§ssogm O?C ooooo@mqwoqp (Tl) 030&30616&" GEOR (00} 03839(%
one hall O’o)C 3’3§838Q2 9 G§6TD WCZO‘)OO‘DG&):GI@&II

Excavation Depth
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Figure 6.2-14 Measuring Point for Embedment
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<

Figure 6.2-15 Measurement

[y

9) 03E:4600p5(88ea0E cpbesond(aé: (Hole Wall Stabilization)
ogé:oc\)fﬁ quﬁ level or% c@cmcﬁeqoocrg ssc?é:d?: J 8o (%cj@é:&?cmé 08$:ooo:

<

< < C C NO < (o] < < . C o N
§epol e@oa:@o:ga@ogc: 0RC:00§)eaF26)PI32699:0) 00es0:§epVIl Pile 00009:0pC 324p5:
0: G @f; o>a°>eao:qeéu
o;‘)e@,?é: eoqp(rSG@ (permeability coefficient larger than 10-2cm/sec) ogé qu%éogo%

<

%5039_53308(5 ogc: S élmé[_glée§e®q$ mcgogcméacﬁﬁqu C\?(Sooo:qeéu

‘Water

Bentonite Bentonite

Bentonite
Water

Water-impermeable coat

Leaking water Water-impermeable coat

cannot be formed

Figure 6.2-16 Hole Wall Stabilization
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Table 6.2-6 Bentonite Quality

Silt, Mud Sand Gravel
Base Bentonite % 2-4 4-6 5-8
) ) material CMC % 0-0.1 0.05-0.1 0.05-0.2
Mix design -
Support Leaking
] o % - 0-05 0-1
material inhibitor
Viscosity Sec 20-24 22-30 25-40
) Filtering water ml 10-20 =15 =15
Properties — -
Specific gravity* - 1.01- 1.02 - 1.03 -
pH - 9-105 9-105 9-105

* Attention for affection of Sedimental Velocity and Replacement are needed as below (Table 6.2-7) if more
than 1.05

Table 6.2-7 Effecting of Bentonite Quality

Water Height Specific Viscosity Filtering Water | Sand Content
Gravity
High | Low High | Low High Low High | Low | High Low
Wall Collapse | © © O ©
Prevention
Sedimentation * © ©
Velocity
Replaceability * © O ©
© : More Effective,
O : Effective
Table 6.2-8 Comparison between Bentonite and CMC
Bentonite CMC

Viscosity, ~ Specific  gravity, Effected by situation Stable

Filtering water

Sedimentation velocity Slow Fast

Deterioration factor Lot Few

Recycle Not easy Easy

Material Lot, but low cost Few, but high cost

Waste Lot Few

Cost Low High

CMC: Carboxymethyl Cellulose
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8) ogS:eamnaSafgmn: [G5S0pS yScs:es (Bottom Processing)
Gop:Be:cpSesondBiegocs cp§maSmapSmeagisd B§0588eo0n odi 48: (Slime,
suspended sand) oaopSmgpSqp:c pile & cxocSafe vuSprao§edaepdn Slime gp:
§leglont [030:8661001 0g§qB20pS 0§00d:onpdsaago (support layer) of 9§9§00§ 0
cep388SenSeunosdli
Pile oopScaonoSpmaps: opSicamaSaam: [B3SR&:S mefsmxBS primary &

secondary 03] 3506 | s0¢(6¢ cpSesondqepdil
Q) opé:eanndelg [0)0S[EE: pScs: vcoemeoé (Primary Bottom Processing)

B0 B8: 0pSc§i(B:8:{8:04005 3BSqp: 0B dapit 4fiqpicd 60Sqpre) opS:eaans
G@O"l’) 00063250C oo%glézeq:o?éqeéu Qﬁcgﬁc&@és@ogo% hammer grab o%eu?org G
(bucket) orc?> mo@:@tgéooéu

T
2| - 2 1 T @ l 2 @ ]
1 = ) T s
avl
Figure 6.2-17 Bottom Processing by Grab Figure 6.2-18 Bottom Processing by Bucket

Figure 6.2-19 Removed Slurry
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Figure 6.2-20 Slurry Sediment

(Secondary Bottom Processing)
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ﬁ[éé:qj@:e‘?oog (rg@cnqogemocc::@é: e@lo?f) 8 slime am?éo%é[éc: 39@[%39&70% or%c::ooo
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Figure 6.2-21 Measurement of Slurry Sediment
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Water - Water ~_ {7= Air Water\j _=-——Sanction Pump
-~ <o : 3
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i,fWater Pump
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.=~ Tremie Pipe

Figure 6.2-22 Secondary Bottom Processing (Slurry Removal)

Q) dmmsmadcyScs: (Reinforcement Work)
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ooo:qeén
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ssa$: Q- @Lméag$:smo§:mé PILE (PRE-CAST PILE) qp::;aogors
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Qo Pile o% %cﬁogéooé qaé: (Pile Driving Method)

0.2.0 onpSesonndeq:aqpoon:g|od (Outline of Construction)

%cﬁogé:ooéq;é: (Driving Method) oRooé @looéoﬁ:emoé:ooo:ooé: piles qp:o% 3(%5:
ogéoooggogooo:wé 39:;;(600553&% Diesel hammer, drop hammer, hydraulic hammer

< ¢ o ¢ < < N < < < . : (o] N <
oooqq[(}g QOO09C: 0D §pO:c0e:(wopoN Steel pipe piles qp:0) 0005905 COD:EI0D

S8 vib h <9< . S Q.8 <, 9Q < [P .
32$000Q Vibratory hammer ¢ §02593C:00p0§p0:C00:000: OO0l Qﬁs@ac?,ogc water jet

le]

< < (o]
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Figure 7.1-1 Pile Driving Method
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Figure 7.1-2 Vibrator

n.9. ) oopSesonndes: oaduogep:gp: (Construction Machineries)

(0) Pile §oS038:005 (Pile Driver)
Pile §05005 (pile driver) o3 hoisting devicer base machine ¢ leader o6 §op5:000:
< . L. . o - N ¢ ¢ [ ° < . <
20pon Hoisting device 03 pile qp: s90p€$8¢ 6560398 sgo?:@loa&ou Base machine 20pd
C o¢c ¢ C C < : o _¢ < < O < ¢ .0 <
LIsalTaH T [aw aHeb aHeVal Yelo T czlopten) [gwoo@u Pile Q0003C:epogC 00m|0§mM$94c06)§
guide oleoon leader 03 sgoéz@loap_su
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Figure 7.1-3 Suspended Pile Driver Figure 7.1-4 Three Point Supporting

Pile Driver
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Figure 7.1-6 Vibratory Hammer:

Q) Cap and Cushion
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Figure 7.1-7 Cap and Cushion

BF-110




(¢) Follower

< . C N _O . O (N[~ (o3 o¢c ¢ ¢ o ¢ C <
Follower 00p0 pile cap 0209039 pile o) [g@go 00§:000:8CE)$&S oracsﬁ QO09C:00p030:

o% pile 98:13 m:e@oé:eo:%éq$ ooéeaooo&? eﬁq@éu o§e[c2n§ follower or([% pile §§
° IL o ° 1

oraéeooo material | oreéeoao cross section qps mo@:@loaéoaéu ec@eegpéoaoeooo

C < < Q O o < . <
sge[éaae§e[c2nq 3961&336082%08 GUE&GO&O fOllOWCI'O? O?SlOD&S’DS'] Cross section Q_ICZ

Q < C o N < . < N C C <
0&@6061§ Gg:q&)&?:gq@@ll Inner Excavation Method OJ@ ODCD?O)G)O:GODOS’B§(’DO§C

ooéaoéooo:ooé: Hollow Pile &\ 39@01(73085 C\3$9Looé:sj pile og&{pzsaog ore:oaé

§é:co§:[§o§@: qé:ogéaad?:[c:)poao follower oaé 339@:(%3:085 gcfec?eoao 39@9']3:8

(hollow) Qé[;so%ooé:a)éu a%@ow qé:o% [590500$:cj G@@:qucﬁ) QBSORQ%O?O&%EG@Q @5
ooéu Follower ogé Gmcﬁoqssqlﬁqp:cr% ooéogé:oé:oo:qeéu

o)
J
Q)
$)

9)
©)

< < . < < Q < <
32g|C:0p0 pile ) 32g|C:&G 0PPOADGIORDI

< < . < N < < Q < <
cogoac:g (stiffness) 20pd pile structure 6oGodC:98¢ 0PO0COIN
:a'acq_lozoo@Q sgqézeﬂéaﬂozooé:cﬂn

< < < < < ° oc ¢ o¢ < < [o] < <

Sleaploalclenleloatenl Ecloaleatest saa?:[;)ﬁcq@ CE260COIC:H OGO
Pile §cf 08&?@000 qjcﬁ§o@5wé quoegoe'?qeéu
Pile s‘ﬁcﬁe‘?oésaog& pile ¢ cxgogogo:@é: eeﬁemﬁ guide oop_S oocf:oocgooé
qpofaepds

BF-111



Quter Diameter QOuter Diarmeter Vil Outer Diameter

é‘_ : { Vil S ] | i_
Vil l 1 j] E l m 5 L
g = :
= t 2 5
V.: —t— — ':: % ::::J_"‘“‘ t; :§
5 5 3
B g &
= g o
g 3
o &b
[E} 7 '
5,%; J syl 1 e
I i

Inner Diameter - 20

Guide

(mm}

Inner guide type ]
Outer guide type

Steel pile Concrete pile

Figure 7.1-8 Follower

Auger

>
Pile Driver
" Follower

Figure 7.1-9 Follower

BF-112




0.0.9 oopSesonndeq: (Construction)

©) [08joo&[oEsoé(aé: (Preparation)

J)

<

Pile U)éGm(’fSGq‘;C\?(SC$:QP:(Y3 GUJ:SQ%GPOS(D&:QE:QO?(E GOL)E?JO@O G&)’.)ég(’fc)%éq

< < C_ S (-Q e, .S e e ¢ Q < <
OOp_DGSO’.)ODGGl:GO)U)CSC @looc@caocoogagoo?:qp: Q?OGSOOCQG@II

< <

BBEwSes:qpa0g0’ 28m0SyES: (Amrangement of Working Ground)

Pile §oSog&ienSocSapre aBaSecTadoqeqposarnS8am: (grounding pressure) 2308
gjopSes:qpiogS 0.1 ¢ 0.2 N/mm? s2038:§o0pon de(03¢ cpded:goelglocar of8am:
qP:c} S3Sapdfia [gSeCgopdqepd

Piles qp:a00: a00828c0908B&: (Temporary Storage of Piles)
pSeaonoSeicrdedigions Piles qpiod axuBo3eapSannSaas] sagepud§eon dqpos
BE:009009056§ Piles gpaanncSogs eceoiob: (sleeper) qpio3 ooecgSear mogmmeo:
(68 eso00:on0n com§eadi Piles qpr 908S6nS 25803 alg[Seh bearing capacity &8
0080§:0q8e§uel smefumesypimcdogaoads 05605qend

Figure 7.1-10 Measuring Ground Pressure
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Figure 7.1-12 Survey for Pile Position
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Figure 7.1-13 Pile Hanging Point
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Figure 7.1-14 Hammer Selection Procedure
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Figure 7.1-16 Hammer for Concrete Pipe
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Figure 7.1-17 Pile Position Survey
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Table 7.1-1 Accuracy

Displacement from Designed Pile Center D/4 and Less than 100 mm (Choose smaller)

Pile Inclination Less than 1/100

@) =[8:0005(g¢: (Finishing)

Test pile qm§q_p:033@e[§éﬂ pile 39§c75 (pile depth), dynamic bearing capacity (rebound
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§o503¢:9 q000§qep33g]§03 205905893 (GoSapSH

Changing condition, pile,

‘ Driving
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Reaching NG Meet design OK Pile can be added
support layer? length (another pile)?
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OK

Considering design, condition,
> . NG | .
bearing capacity, | Desigh change
Is it safety, appropriately ?
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Stop driving

Figure 7.1-18 Finishing Confirmation
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1{ AEK WU, |

R, == +
3 \ QUE]_ E_i'"
where
R Allowable bearing capacity (kN) of the pile
A: Net sectional area (m”) of the pile
E: Young’s modulus (kN/nr’) of the pie
l: Pile length (m) used for calculation of dynamic end bearing capacity
as shown as Table-C. 17.10.1
l: Length (m) of the pile driven in the ground
[ Length (m) from the pile top end to a hammering point
L Length (m) from the pile top end to a point where rebounding 1s
measured
U: Circumferencial length (m) of the pile
N - Average N-value of the pile periphery
K: Degree (m) of rebound
eo, ef  Correction factors of values in Table-C. 17.10.2. However, Wxg/Wp
1s the weight ratio of the hammer to the pile, and if a follower 1s
used, Wp 1s the sum of the weight of the pile and follower.
Table-C. 17.10.1 Correction of Pile Length
Value of eg | Value of [y
epn=1 I
1 = €0 = er !T !?’H p
eo<ly/l [
Table-C. 17.10.2 Connection Factor
Pile type Installation method €y e Remarks
. . Pile-driving method -
Steel pipe pile Boring and final driving L3 W/ e | 0.25
PHC.RC and SC | __ Pile-drivingmethod | 2.0 Wg W | 0.25
piles Boring and final driving 4.0 Wg/ Wp | 1.00
Steel pipe. PHC. g 13| o 5 Applied to
RC and SC piles Pile-driving method (1.5 Wa / Wp)™ | 025 hydraulic hammer
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Figure 7.1-19 Rebound Survey
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Figure 7.1-20 Rebound
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pile r?cf steel concrete pile ooo%efll:e‘fn:cﬁ ooé‘eoéo']ooéu Qﬁ@é:mézsﬁ m%woﬁqlcﬁgn
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Figure 7.2-1 Pre-boring Method
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Figure 7.2-4 Capacity of Auger Driving Motor
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Figure 7.2-5 Stirring Rod
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Table 7.2-1 Excavation Speed

Soil Excavation Speed (m/min)
Silt, Soft mud, Soft sand 05-4
Hard mud, sand 05-3
Hard sand, Gravel 05-1
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Drilling Record
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Figure 7.2-6 Excavation Record
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c\?&%éooéu C\8$OR:G S 39[§$§$:0% test pile ooéeaooogﬁqngqp:cﬁ sae[éé@: 08$:@°
qeéu
Table 7.2-2 Accuracy
Displacement from Designed Pile Center D/4 and Less than 100 mm (Choose smaller)
Pile Inclination Less than 1/100

Prism
Total

Station - Monitonng system

T -——

Inclination

Figure 7.2-8 Survey of Drill Core Position
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Figure 7.2-9 Survey of Excavation Progress
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Figure 7.2-10 Excavation Record
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Figure 7.2-11 Excavation Record
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The water-cement ratio, W/C, should be about 60 to 70.

Compressive strength: Foot protection 628 > 20 N/mm?

SwTwge i
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e vTvee

Y VYV
i

.

- e

Foot Protection

T |
Pile Periphéry

[

Fixi‘n'g

Pile Periphery Fixing 628 > 0.5 N/mm?

Figure 7.2-12 Injection of Foot Protection Fluid and Pile Periphery Fixing Fluid

(9) Pile cgepgjoon:g (Pile Placement)
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Figure 7.2-13 Pile Placement
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Foot Protection
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Figure 7.2-14 Foot Protection
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e:{aomogcecso[c:)ooo:a:eu ocsooaooo@c:cqoc:y CROOCYMIGHOP 63NN pile o)
stand frame [<:9c°: 08$:ooo:qee°u

Table 7.2-3 Welding Size

Pile Diameter Throat of fillet
(m) weld (mm)
300 8.0 Support
350 8.5
400 9.5
- U
450 10.0 Edge Plate
— _
500 11.0 \ tn
Edge plate \ —
600 120 Throat of Fillet
700 13.0 /{ Weld (mm)
Support
800 14.0
900 10
1000 16.0
ti
Figure 7.2-15 Welding Figure 7.2-16 Holding Flame
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QR Jackin Piling Method

0.9.0 0p5650005¢ 38649)|S (Outline of Construction)

Pile o Jack 2:(3§ copSogSioogs gaSicoSioop af§0o:03 eon:cf opfick: egoqprennnps
pile 305005 (displacement piling) §p5:008:(6a0p51 ©07$:0 6005 ©A5EE:0 adan
oR§qd pile o3 hydraulic pressure o3 03:q) e(g(08:0093 8agé:cloopdi
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ofeoqig: s §oolg 29391 pile 0280 SaqpaSieasiangS voSodiogsd wumerod

< < < < N (] N . (o] < N < c N OO
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< c o ¢ ’] . S Q co ¢ O c O <
CY)OSDCC\?(T)O(T) Pile & 39§:03®Q(T)? G@ODO:QJO:O? GUDZUJ(T)O% G&C\{P:GOGODOG'O’JOC'

gaqéﬁoﬁé@:eoao Structure qp:eoTogé oo(f)eepcﬁﬁ or)ogoi_)or)ogqa [(jsogeoT%éoaéoroe ooé:
ogé:oé:m:qeéu Qﬁé:mé:@é Pile o%(f)spogé sfaqéan'?: e@c@:o&éotﬁ@é (pre-boring
machine) [(:98 e@@:qp:o% 0030905[(3): @lmésso:@éooo:oaé 33(%5:(?03%30$3am05038

gaeo']cﬁo']ooé: pile (pre-stressed spun pile) or% hydrostatic machine @é ooéaoéooéu Pile

o ¢ ¢ < C C < C N [N < o C O

QO§$320300 force MGHPMPORC CREMDEIPICOQ$RE FEPOTIEIY: FD6IY|MI§|0
< < : o _¢C < < < < < < [\ e o _¢¢ :

€1§320R00 pile QOO0 ©M3/P§0 0RC CI0OCOTVDY (9390:000[(:99 (hydraulic pressure

gauge) emé@éo@é:mq@éu

Figure 7.3-1 Basic Procedure of Jack in Piling Method
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Drilling Rig Machine Work Piling Machine Work

Step 1 Step 2 Step3  Step 4 Step 5 Step 6
Drilling A Piling
Machine A ' Machine
_ il i
Bentonite 1% I
! 1
=
2
=]
Z
|
_E ]
Y [~ = = ‘B
=] 8 [
= = o =
. =
= = =
= g 2
) ) -
= =
y 2
— L
= o
Driling cutter 2
Z
i <
Spun pile /

Figure 7.3-2 Basic Procedure of Jack in Piling Method
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Preparation works

Surveying of center point

Drilling work

Bentonite slurry

Excavation work

Checking of borehole depth

Pile handling and storage

Hydroulic machine setting-up

Installation of pre-stressed spun pile

Jointing of piles

Figure 7.3-3 Basic Procedure of Jack in Piling Method

Q-R-) Ultimate Bearing Capacity and Friction

(o) Ultimate End Bearing Capacity Intensity

33@89? o$ mé:%égé: (Ultimate end bearing capacity) 093 ogo%q_lcﬁqaogé e‘ﬁorSog

On

<
OO@
Q

000qu
0. 9 < Q

Q."_:O’l) On? ooe:ooa

[e]

pile or}o%oé Q26 ogé @)ooo:ooé:sgo%& ogo%qcﬁ%éooén Qogé qd §c§ pile
cqpoSes003 Biel N o§8:3etmgiicd coSGoopdn o

N
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c@cgoobo% pile §o§[§l§o§e§wé 390?p::§§ pile & @qlézcisﬁ function @8 e@g@ooo:@f::
6820051

KN/m?
300
‘.’
)I
’/
200 L
,/

aq ,
N &

100 o

- In Case of Open-end Steel Pipe Pile
, -
,/
oL’ |
) 10

[ Equivalent Embedment Depth to Supporting La}'erj

Pile Diameter

Figure 7.3-4 Evaluation Chart for Ultimate End Bearing Capacity Intensity

(J) Friction Capacity
Pile 005905@52 §é:m§:§§ G[éa)ozs%ﬁlzsso)ozeoTogé @Eooéej pile q|c75§o[§)c°:eoTcgé
I < co o o . . . . o
Q0OICEPOOQOD§EID FQ:a0: 99320; (maximum shaft resistance intensity) o) @oo:
< N <
e eXeple cswo@ooo:oopju

Table 7.3-1 Maximum Shaft Resistance Intensity (kN/m?)

Sandy Soil Cohesive Soil
Driven Pile Method
2N (<100) c or 10N (<150)
Jack in Piling Method
Bored Pile Method 2N (<100) 0.8c or 8N (<100)
Pre-boring Method 5N (<150) ¢ or 10N (<100)

C: cohesion of ground (kN/m?), N: N value from SPT
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1.9.9 opSesonndeq: (Construction)

©) [0Bjoo&[oEaoceqiorScs:qp: (Preparation Works)
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ﬁqp:c?5q$sgog03 o%sgéaaéogé:ogoaqp:m: pile C\E(SC$:C\?(SG§OD§G§6TJOQE o°>o>é
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Figure 7.3-5 Piling Machine transported by Barge

BF-137


https://www.google.co.jp/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi-sNSRl6rbAhVKULwKHWt-Dq8QjRx6BAgBEAU&url=http://seawardmarinecorp.com/&psig=AOvVaw28Vq4yMjx-Is7MAB3mr-bj&ust=1527657793957982

() Pile el mc008¢0503 Survey [0j09S[g€: (Survey the Center Point of Pile)
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Figure 7.3-6 Survey
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Figure 7.3-7 Drilling Position Survey

Q) 0008 Casing 0o8s0&[gé: (Setting of the Temporary Casing)
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Pile ogé: ooé@éeoq$§§ ogé:cf’f mo0305q$ ooé:ogézeé Stand pipe &\ saﬂé(f’f
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Figure 7.3-8 Stand Pipe
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o) Bentonite Slurry
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Table 7.3-2 Standard Criteria of Bentonite Slurry

Silt, Mud Sand Gravel
Mix design | Base Bentonite % 2-4 4-6 5-8
material | oy % 0-01 005-01 | 0.05-0.2
Support Leaking % - 0-05 0-1
material inhibitor
Properties Viscosity Sec 20-24 22-30 25-40
Filtering water ml 10-20 =15 =15
Specific Gravity* - 1.01- 1.02 - 1.03 -
pH - 9-105 9-105 9-105
* Attention for affection of Sedimental Velocity and Replacement are needed as below (Table 7.3-3) if more
than 1.05
Table 7.3-3 Effecting of Bentonite Quality
Water Height Specific Viscosity Filtering Water | Sand Content
Gravity
High | Low High | Low High Low High | Low | High Low
Wall Collapse | © © O ©
Prevention
Sedimentation * © ©
Velocity
Replaceability * © O ©
© : More Effective,
O : Effective
< < C < oc¢ < C oo cfoc O < < <
0R$00EOEAOOCI VI $RC  0RC§8)qP: ooe[geﬁﬂeocﬁsgogoo e@nmeogﬂeoy)

: c O [N < (*] < (e] (oY < [N
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[N [N N N ° (N N C C C [*] . (N
Gq_looao[g: §ORC oogooo:sj sao?:[cj)teeu MR§MaOecaC:ac o Bentonite a¢pde
Q C [} o Oo¢ N (N
§cﬁoq_pzo]g[9: QCDAOPQP:M) 0PC0NOOG0 Ol
Bentonite agqésﬁ sgqéascog: oo%eao:wlo_ssge§@§ eq%of)@:sqo Bentonite sgqéozﬁ
ogﬁooé:aoo% etio)éo%cc::mqeén ooglorg (mortar) o']ooé: bentonite qp:ooé Additive

<

c0pS[8: GBS S5 Beoseorapiams] cS:03ma3teGod vaSqepSi

BF-140



) eleop:[8é:098c: (Excavation Work)
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Stepl: qg§0n:00503E onSaoonn:apd cg§ogo: (drilling cutter) (¢ g[03:03 opzepSi
Step2: Bentonite treatment (0095 cg§op:qepd 88C: 32405 (designd drilling depth) 3203

eepodeao cutter (8Sor:qepdN

Step3: qgopi&ioops 8380040508 eeposfes(§ GooogSn
Step4: ag$07:(8:65005 bentonite sepS (8pdogS:qepdi
Step5: cg§op:al 3050005 Je)(03:6a0 spun pile 03 003(6E 02Ss0EqepSi
Step6: 88CE:03¢ 2005605000:0003 pile el 324p56ea20¢ pile gp:ad c>ds0qepdil
9o3QI 09303C: P§03§¢ R0E:ea05 Cg§0piec:00D] P§0> 6pdgIEAS spun pile G

< <

0|O0CGOL °2(9(7)&)U) oD [}
[60Ce0epSa} ad:(g03005¢05a0p5
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Drilling Rig Machine Work Piling Machine Work

Step 1 Step 2 Step3  Step 4 Step 5 Step 6
Drilling Piling
Machine Machine
\//'
o = b
- P Y Bentonite >3 1
" =~ r |
Wl Ir 2
H |=|
2
=}
Z
<
E 2
5 ] = | 2 =
= o«
2 g =
B =
= )
= T =
= 5
i 2
D
o o
Driling cutter £
Z
7

Spun pile /

Figure 7.3-9 Basic Procedure of Jack-in Piling Method

Pier No. Working Time line
group
| Situation A | I Situation C |
| SituationD I

Pl _

1
P2 I _
P3 _

2
P4 IR
Ps )

3
P6 Legend

contmue as same

P7 4 mmmm  Drilling work ™ asPland P2
P8 s Piling work
A2 5 _J

Figure 7.3-10 Example of Sequence of Arrangement for Machinery Shifting
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Figure 7.3-11 Machinery Arrangement

() Borehole 3280503 0des0:(g¢: (Checking of Borehole Depth)

Figure 7.3-12 Checking of Borehole Depth
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Figure 7.3-13 Tank for Storing Fresh Bentonite Slurry

(@) Pile mepSaaeag:0005¢05g)05 (Requirement of Pile Quality)

@lmésgo:@éooo:wé spun piles qp:o% s@a’?z@looo:oaéu oDOqu"]o?orS pile & :3951&3@0 2
©2Q 80733 sseﬁl:eﬁl: eﬁooéu Spun pile qp:saoga% mcﬁé%éemc@ochﬁ@o 6322050]

303¢: [6600pSi
Table 7.3-4 Tolerance for Concrete Pile (JIS A 5372, A 5373)
Length (L) Dimension (D) Thickness (t)
D =600mm 10.3% of Length (L) (+) 5mm (+) Not specified
() 2mm (=) 0mm
700mm=D <1200mm (+) 7mm
() 4mm

Pile C\?50$: sraéqlc:§m§é @ @Soﬁo%ooé Pile qp: 0? C\?oc§ géo% oooSGeooécoooé
% ﬁeﬂ/ ecﬂ 06630: qe@u Pile qps @més@ché@c I cr?cogoo[éé §C océ og@é oc?’or%

@:@oq@@n Pile gp: © oocoo@saeﬂogcmé: ooooc?ooooo:oog © qeé cepPqpR: og
o%é:@l:qp: (slinging) @8 qée@oéqeéu O%GU?OS @a@:c%é:qp:ogé @&:ﬂoz (clamps)
méooo:qeén

(o]

Piles gp:03 6 0oCqs 395:6000503¢ ppSgp: (clamps) 03550C¢) sdesep (two-point) ¢

coc <

2¢&820p51 cndegeponpd: (one-point) & 6 ooéoopdaesl 6 coEee(E ([BS0pS stress

c
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https://www.google.co.jp/imgres?imgurl=http://www.gnsolidscontrol.com/images/news-oil-drilling-equipments-systm-manufacturer/07-13%20mud%20tank%20mixing%20system.jpg&imgrefurl=http://www.gnsolidscontrol.com/drilling-fluids/drilling-mud-storage-tanks-and-mixing-system-to-jidong-oilfield&docid=auoCDFFHsL-IHM&tbnid=ZhIvg6HozfwkhM:&vet=1&w=600&h=400&bih=703&biw=1536&ved=2ahUKEwi1qrr6pqrbAhUJurwKHaKKC4kQxiAoA3oECAEQFA&iact=c&ictx=1

(lifting stress) 03 @2 p5:89:00 (9oe0 co&Eeorn pile &) 3g&:0060058¢ pile 3gpdeN 0. |
3290§6000 6§epees © 0oEaEpSI Ecs:oSecybeanntal 3:(3803¢E: crane operator o
odesoiqepdi Outriggers 390:00:03 3(0pSm0 0§0005(8: 3(ooreol a3ewos efg
weoeologS ([Bgo elgapdopooniqepbi Valve qp:i alarm qpig¢ 0o30gp5:qp: 9500482
PepdopdeamadBe: §/ o§sé w3Br0ps o ca8apogs oprplogaSiqprel wewes
comSigly §/ 0§30} 0j:efG(e8 o8esmianorqupsi [B3:Boy0eS BBEo3E:BS: 9fondy

o] [o] NP < < N N < o O < <
ﬂ/ @ﬂ_ C\?OC:?:@OSC 00680233(7)&@)[61@@" 2] O'.)COD@ ‘D('D(DGIQ)O(:HO:(QC\D&! [In]e2S O

q@éll

Figure 7.3-14 Storage Condition of Pre-stressed Spun Pile Product

(®) Hydrostatic pile driver egoqp:([8€:1 pile §oSop[gé:4¢ 0oSs0é(a¢:
Pile %’](ﬁo(ﬁsﬁ 398(1)3980339(35:03 hydraulic cﬁglmo§§[§9c§ (hydraulic device system)

N < < . (o] < < ¢ ¢ ¢ N <
gpg:ooo:oagu Hydrauhc system ('7? c20:CLOE2OD (HC?GGIOJOGﬁ CRIOO)@QG:S’&O:@Q Q00C

méoorc)eocﬁ(ﬁ@: qé:wé pile or% [gs[égo qll&r%é@: e[e:a 03:0003 03050883@53 005
(o] < N <

G&Q{IO:G@@S:I winch O% G@:Cg_):(\R(SﬁT):GO@é:UB C\?OG&)OCGO:OD&II

3o

< <

omoopd X §c§ Y comzep .§1oc>oo<730% egpcqp:‘%éooéu ofée@oc? pile o%crgeﬁagogcﬁ c‘?spor%
qifedas cgodopoloops

Hydrostatic pile driver orgé GSD’.)(TSGG’S@O] 39003395:)8:@”3: o']oc°:ool:>_3||

BF-145



o) long boat r}cf short boat cloéeox occzecf’fugooé

9) 08$:am<303é: ﬁ%mqp:o']eooo Hydraulic system

0) og)oorgoo?ﬁ: (Accessory Crane) <§\<§ o ooé ooé:qp:

[}

) oo$[§$ o$390: (Counter weight)

. ¢ C C C <
c) Piles gp: 20056§320300 060> EADOPRS:GP:

Figure 7.3-15 Pressing Driver

< < N < o (o] °

Pile 320: clamping box 063% oop_sogc:eﬁ ogommq%:o? 390?:[5)[:33&3" Mechanical
. < : O OCIN C _OCre . o ¢ < (*] < ¢ O

hydraulic system 20p5 pile o) Qc@go qjloo?c@: pile QOO6pYGsEPR QO EP&OIDMOY

qoﬁ,@oej eacqp:ooéu Main cylinder & hydraulic pressure @5 pile 0% e@@:obo% 8085:

ooéu

Main cylinder &\ hydraulic system ogé onSconieom 8390:@08%@033@ 8390:0% MPa

[59(5 @oaéu on% 8330:0)&%:0% main cylinder &\ saqlézo%scae@écj load value (ton) o%

C NOC <

e@oc:coe?coa@u

Pile o3 hydraulic pressure [6¢ &[g[03:a03803C:epa3¢ pile 8o3¢:q§ Saadeorn meco:

0§0005 3g) (1B:0005 o0§(0§0§320: (Kentledge weight) o3 piling frame opé 0oSs0éqepdi

Pile 8088“1‘% 8(%5:0305903000:00@? 39@c0:o$o% eq;cﬁ%’ﬁ:e@cﬁ on% design o$or$ aoorgsj

afieg Bawo: o g0 ogpifFEh cBf:coniecdy

BF-146



Operator 20p5 00503 6§005008656003 cgepoRc BesepaopS slope 3cgs ©05e®205
c5[eS: §/ 0§ 20r0:3a8:qp:§/ 6§ 0b:6(030E:03 caogpedeso:qepSi  Pile §0o50pi00S
s counter weight qp: ege(0oS:gmogSiopd cpamnicd: codmgepoSms:ql:ad/ of
coogPodeedil Pile §odo0pieas o3 egoaqp:¢ [Qodepdaeslods:  sagiad(goy (signal man)
s¢ [B:qpSoopdoy (rigger man) pS:ed: 006600058205 00503 wgoScoé:
[3eSesqepSi 00S0fepScodiongS elgan:8Ceopedes:l level pdfEs:od [sdesays
(3:BS0p5: [§58e0:q§ soon:sBaeps:

Pile §0500p5006c§:0956a008q§320305 3pSa0e0:a30:0d:00p5 Gaabeann 06030SqpS
23Ru50gRS:qp: (PPE) 0 0o5s0Caon:qepdi Pile 3050005 005 egopéecnn ocd
35e000 20ox:3e8: Begosmr0dqp:ad gSiooticmrqepSi Pile §0500pd cpScs: oo
sl 0050305005 (machine frame) & eq0SaS level & esléadod level o3 §§p3qepSH

< < O . < < < s C ¢ < < <
@ooo@oo QD (clamp dev1ce) oooaocooo:ﬁoo@ 3900@0(7{] @0&?6@61@&" CDOOGﬁ

39@&%5&% oocrgeoooq?a)é safety belt 093 oorSaoéooo:qep_Su
< < N < < < ¢ O NP <
Operator 205 @§|05(0¢ ©693 6pSa0pdmsloge) 00503 eendsd(at: s(gpdeoli
@) Piles qp:03 s005[g¢: (Jointing of Piles)
Pile ooo%cx"?: mSaoé[@:ooée@cﬂ e@oorg pile ooo%cf?:e}é eooSspogé oeooeao%sj aoorgq
o3I
oemsocr%ooéc"eo")c]—;o 6 9.9-06 ogc°: e@%@ooo:ooé fillet weld s%fll:sram: @o%ooén o:%[;)é

< <

06U &N ssogooé end plate &\ @o?eoTogéﬁooé@: joint oorgoooco@ogé s'a@é:a??:
R 88807 §qeén oeuoeqp& (electrode) 091’) oéeoé[;)o:eﬁ Qm%oogo3§.§ cr%cr%&gesmé 8@5:
@mﬁq@éu Gc\goqlcfooé%g C\?d?emocﬁecoocrs sﬁooo:ooé welder eﬂo:orcf> s'ao?[g)lsj

cre. O < < < NS N < c N
OGLD&D(D@C:O? G&DOCQ('DQG&II OGLD&)(')O@C: C\?OC§339CT°)OO @Q00: QQ—S CYO)C G(D’)@

. . 0O Q c O <
0003600 electrical setting gp:op 9[_8’@:0?:000: ool
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WELDING|

PILE END BAND
|

PC REBAR D10(9.0)
STEEL FLANGE

Figure 7.3-16 Connection part

Table 7.3-5 Sample for Electrical Combination at Welding Work

Groove | Joint Shape Numbers of Current (A) Voltage (V) Welding
Depth Passes Speed
1
Dia. — 600 )
350 ~ 420 26 ~ 30 25~35
a=12mm Q‘ 3
a<>

Figure 7.3-17 Welding Work Condition Figure 7.3-18 Welding Work Condition

(00) Termination Criteria

. < < < ¢ ¢ o c ¢ < < < < . (o] .
Pile 00020C0p3000C§: 3280:00036$F2090 003901]|00¢0 pile 0 design load & Jso

cYod wcﬁcspcﬁ@: 8(?:@90361$ [Egogol]ooéu Pile zao: oc% load oo.§(c§:§cf: 0930’3 °oo@ 830

o [goop¢

(pressure) @8 Q0 o(gg% wchespchooo:@: pile ogé [590303

e 98¢
22 §90CRP
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()]

(o] <. O < coc_¢ cC O cC O
(settlement graph) 0 §oOp€eRdIl 6IN:EEVIACHOD) $Q0CH &C oswzc;o:[gzc;‘?om 630z

200993 (3§ 0g0Sc805a0p§ saeBmacs 0p&Ganns 8808030005 5 88803008 weoySagSeadl
(00) 05::1)5390(\):0$005[§3: §cf Design Load (ﬁ 0303903@3:
c\%:raf)c;m Design load :>o@c working loads & J® @o%ooéu cx%a@éeooo design load ogé
o] co (o] . C C C Q < o< <
§0p030: (pressure) o pile saeoTogc ooooc;epmeo@: Q0 oggqg@o 00§:000:§)0p0 I

c\%:raf)c;m design load on static load test qp:¢ @Looéqﬁolooozcm qm:gqp:@cf: saooé

Figure 7.3-19 Loading Test

(@) coa58§Eeoxnnypugd (Tolerance)

o) e[eoéon§:¢ (Alignment)

e0¢ N c L < . S
3(?0:080 Q00200020 plle =)

aam(ﬁcou??ql(ﬁ? eog@éﬁ (deviation) cood3

%5@:)30 33038:33000?’) agéruégwooéef
S BorpiBraofiogt oetoved Biovglip

C O < < <

3Ces3 000 808807 coad eecr{pcgq?qo']u

Figure 7.3-20 Measuring for Alignment
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Figure 7.3-21 Centering of the Pile to Designed Figure 7.3-22 Measuring for Alignment
Point

J) ®[6¢ (Elevation)

Elevation :JogQ Pile &) 39§(73¢s§ 60 8c880>oooc7360{|303$@: G@Oé:cﬁejeqcﬂu

Q) oopdeddy (Verticalness)

. < < < < . N c.Q < < NN < Co0C <
Pile O‘)O&)CG§®BGDU°)CZ plle (T)O)?EﬂC:O)Gﬁ m@@mﬁ? 608(98@0239%)(7) mm9§cw£

390%8::39000 (acceptable deviation) €2 0: 000 [gsogoaéu

Figure 7.3-23 Measuring for Elevation Figure 7.3-24 Measuring for Inclination

¢) m@a0a3(o|cpd[gé: Jointing)

Pile §o§§(7%aoosooé (Joint) 390808 éwogcfogqjc)%qp:?o ss:;ocﬁo']saoc?’&@ogooéu
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Misaligniment Gap
Upper pile Upper pile
a No Item Legend Tolerance Spec.
% b 1 |Misalignment a Less than 2 mun JIS A 7201
2 |Gap b Less than 4 mum JIS A 7201
Lower pile Lower pile
Figure 7.3-25 Criteria for Geometric Condition
Excess weld Undercut
No. Ttem Legend Tolerance Spec.
1 |Excess weld h Less than 3 mm WES 2031
2 |Undercut d Less than 0.5 mm WES 2031

h

d

Figure 7.3-26 Criteria for Weld Bead

Table 7.3-6 Throat of Fillet Weld

Throat of fillet Weld

Pile Diameter (mm) Figure
(mm)

300 8.0

Support
350 8.5 *
400 9.5

Edge Plat -
450 10.0 ge Flate
] _
500 11.0 Edge Plate w 0
600 12.0
Throat of Fillet

700 13.0 Weld (mm)

Support
800 14.0
900 10
1000 16.0
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Figure 7.3-27 Welding Work Condition

Figure 7.3-28 Welding Inspection Gauge

X

Undercut Misalignment Excess Weld

Figure 7.3-29 Welding Work Measurement
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2.6 Test Pile
) [0Bjoo&[oEaoé(ac:09Sc§: (Preparation Work)
0)|06:008903¢ 0§00Eepdnsd (loading system) aa(gd ‘Kentledge’ system 0303:q og:
< < C ° C C N _O NS :
OO0 GC:90 @ QRO 0RC Gm@)ow:ooogo% oo.§@§o§:xao: (counter weight) 1
: C : o _¢ < c O < < < o ¢ [e <
supporting beam &¢ pile 90d>0p) ©00) o]ocoo@u ODOGEP:FIO0IDQCIQISC
(*] C . o O C C < [o] N < C < o C
Qp3206000 counter weight 0903 20¢6aQPEa oow%cgeeooceq:@g:me:@q (poeni 06§
< [o] C < C < < C ﬁ o¢ ¢ O < : <
QOOLIQREIOICEE): AVOIYOIFIODOM GC:@N FEV:g|$0R0 Qesay|c Trailen truck &¢ sea
< < C < ¢ ¢ cC 00 < < (o] < C < < c ¢ <
barge @99) ©6:2000D9 CYOC§:PCA) QEIICHEDII MG BOIV0G CPOGIICE$IPOPM
G)(TSOO%GP:Q{IO‘:I counter weight, supporting beami jacking devise §cf o%é:oooeq:

00 e < e .S ¢ .0 < L <
OOGlOOOQ_]O OOOSOCOD@(\?OC:?:(‘T.E eaoocgooqegu

Secondary
’ ] ' Support
1 Beam
| v & y

PHC Pile I “/MainBeam [ \-;‘ -

Figure 7.3-30 Concept of “Kentledge” System
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),

Figure 7.3-31 Preparation of Main Beam onto Machine Body

Counter weight ﬁeooo secondary beam member o eooo(f)m%eo:ooo:em main beame
oo$[(:>$ oaogeqao%oaé:srao: (reaction force) §839é @Lmém:@é: spun pile or%
[o] < [o] < C : o ¢ ﬁ < c O N <
6320:60:60p0Il B3:C0:6§OPIPOPC: pile COOYP: @ GgAYR:Y IICIOCO) QOI006:
(record) qu@: on%esory)qp:arao: §[§o 863[(:90 (analyze) qeéu c\aorSc;org° ooéeaoocﬁﬁogé
ooéaoé@é: Qo')seor%é: test pile (rof ooéaoéqeéu
Loading Work
< . (o] C C C C < N o _¢Me < (o]
@004 (loading) o?oocsj ©6:2009CQOEPORC  FECV0§ eacqm[(:meoToag el Nes)
ocC < C [N . . < . . C < C
0C:020000m6e:0068&¢ design loading &¢ loading capacity ooooespooooo:ﬁe@oq
< < (o] 000¢C ¢ C . < < C <
[(:meoToa@ 39@[63)336§qu0? 20q)§C6)$32030 loading cycle (g) aog@q [(:)ch?oqe@u
qé:or% [(:)809 es?éo%cﬁs@o:oa(ﬁesp(ﬁﬁ (vertical external force) sacol @o@a%éqéﬁﬁ
(durability) 39(73%33030539[(:95 %ao%&néu oc%ooc?@é: oézwéﬁogé 39@899 ooogeeporg
< < o C . < < < < c ¢
coep) 390:39[(:90 Q 29J 0g¢ design load & 0.8 @ow@ 00§ Q0O 00§ OOCH§

Q _C < < N
OO)EC\?OGGDOC qee I
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Load (Ton)

3

Maxmum load (Lm) : 300Ton (=Ld x Fs, Fs: Safety factor: 1.25)

e Designed load (Ld) : 240Ton ‘_'_'

10 20 30 40 50 60 70 &I 90 lomloum_\ullolioLsollulsm?o:oo_‘lo::o:.\u:lo:io_‘so 70280290300310320330340350360370380390400410420430440

Istcyele 2nd cycle 3rd cycle 4th cyele Time (min)
]
81 mms 170 muns 267 mns 417 mms
Time bne; (1h 21mins) (2h 50mins) (4h 27mins) (6h 57mins)

Figure 7.3-32 Example of Loading Procedure for Testing

®R) 903008:09(eé: (Recording)

N < < < < < < < . (o] o C <
O§m0€j 092&)0&-{ G@OC&(’DG-?O)&G@%)CZ plle Gﬁ SQG&O? O?CSOD’JGTJ(TO)C

‘e
pEeRele 035 G@%@ooo:a)(f)o% pile ogéqp:eﬁ ooée§6p (elevation) o%

anﬁor%é:wé 08%000 (optical level instrument) §.<§ dial gauge o3

Figure 7.3-33 Level Survey Figure 7.3-34 Dial Gauge

Hel)

le]

6E Btomaeps)

Pile head &) 326g0303¢:0m0p5 dial gauges §6903 03:(g0: 383§ E:00p frame 069

< < < < Q . < . o _ ¢ < <
c;oTogc o20s0cqepoll Frame o) pile §¢ reaction system 0p&¢ ©0:60006§§P ©6:900

oelon¢ (9deoloopd clg(03:egagpigel  cvadeqpadeeqaopiesapg 3od(edsdecolond
coo:qepdl Frame s¢ pile/ reaction system o3sa(00: 32§p5:80:320303260:¢0 test pile

3?g|C:el 0d:50 () 8o 00 6spdie) §eepdn Pile head megod dial gauges s65(6¢

BF-155



<

o C Q o¢ o¢ c 00 < < . (o] Q Q0
o?c:ooo[gz CEJ|§0RC0R ooo@g oocso:qepon Dial gauge ) 0OMIEE O 6060
@5@: 0.00 838073 oé%éq@éu Pile head saeoTogé dial gauge §5§§<§ c;oorB'?ogeeor%

< < < < < N

cooocf[gsors ao%(qcmmsg@e:eﬂo:? o080C§epol Pile =) @5053 (settlement) or% o%é:ooo

<

q§ c005569073 028508 qepSi worpSonon(§8adp egapordroge qpSpgsiotionniqf cood
(reference rule) >S5 agnS:ah: 0>SaoSaupS cqi§3ianpd 038woBE oSes0ranss
coodqpiel Boygen 0.9 8c880m [@B8aopSi 08::08g ecuSelad cpSesoSmags:
0050g0S:30:09:03 6cdaunraSenns Begolmupndepie 00guSe0:quaSH 08:2089 oS
cenSeqoSmas: q§aiear Beg 905008103 ¢ 0.0-09 08 coSBaraadad ‘Load-
Displacement” curve (38 ma8qyS coSGqepSt Data gprecTogs sjoonio0nd qiS:a@adanq

06:206 oaé pile & o$ ooe:%éqé (loading capacity) ¢> design load 093 e(qrgcxg.$oaéug
§030p§Coopo

Design load (Ld); 240Ton
Load (Ton)

0 50 100 150 200 250 300 350

Residual
displacement | 0-50

Assumable
Loadmg capacity (L¢)

T~

=#=1st cycle =#=2nd cycle 3rd eyele  ==4th cycle

4.50

Displacement(mm)

Figure 7.3-35 Load-Displacement Graph

(¢) Termination Criteria

Spun pile & ageaooé qé:s&;eﬂé: & 00 sp%éis?: Go 8c880m) :1% egpcrgwésgafﬁog
035:0355?093 qﬁm%q@éu
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Q.G Steel Pipe Sheet Pile Foundation

0.G.0 00p5650005¢ 38649)|S (Outline of Construction)
odead piles (Steel pipe piles) qp: eovSooo::Dé steel pipe sheet piles qp:orcé high-
T < ¢ ¢ ° < ocC < C [} OC oo
rigidity walls qp: 00p36800056$ ar.;oq:@pogu 00M6: FEIOOMIP Yt e@oor?:q,qqul

coffer dams qp:! oéom:s?crg[éo%qp:ogé oq|05[§$go @a?:@l@wén
R '

Exterior steel pipe sheet pile

interior single piles

Figure 7.4-1 Steel Pipe Sheet Pile

Basement Concrete Support \

_—"—/‘.\--?.'-L:q—‘l-kajig—‘b ;-a_;:

7z, 77

m‘—nmnm' ' Sl

| %

. I
Connection

I

l fl | ! -

1. Steel Pipe 2. Casting 3. Dry-up and 4. Foundation 5. Cutting Steel
Basement

Construction Support Construction Pipe
Concrete

Cutting Steel pile

6. Complete

Figure 7.4-2 Procedure of Steel Pipe Sheet Pile

Steel pipe sheet piles 305(gog)epogE P-P joint qp:§eax steel pipe sheet piles gp:o3

c C < o o ¢ C < (9] C cC 0 0 COC oo [N C °

o§c0b:epdeeagrmad §05a3€:qepSi Begrnd GE:0303 ©058E:061 c00rEe0oSe0d
C C

Berod 93pd 0a0pd 380508 (enclosed form) (8¢ [0E80nd9 (9deaoE (gjapSao0pdH
Steel pipe sheet piles @0 joint pipes gp:o3 00905 (mortar) qp:(s§ (3p3[8E:4¢ Steel pipe
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sheet piles gy:30: 390?0308 footing Qé@éeosﬁ qé:orcésﬁ ea']é:(?gé:qp:cfg rigid

< < < °

connection (8¢ s005000:631 Qﬁssc{’n:aaoo: 305(86 03 9§:9CqPOCYYP:Ea0 ooooo:qp:<§\<§

@:eo:eooo structures qp:ogé saaéz[g)l@ooéu

I Steel pipe sheet pile I I for example, SPSP cutoff wall ]

I Interlocking withjoimsl

r
~

P-P joint P-T joint L-T joint
{b) Geometries of P-P, P-T and L-T joint sections

Figure 7.4-3 Joint of Steel Pipe Sheet Pile
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0.G.J 0opSes0nndeq: (Construction)

(0) o3oq)q (Accuracy)

Steel pipe sheet piles 3?05@030% Steel pipe sheet piles qp:sﬁ joint pipes qp:orc'?

< < < o ¢ C(Q < o [N < < N < .
OO0R&COI0Y qjooaooo@: eqopc: (well) Qoogos ggo@:ooc:oo@g Ge:o0pd steel pipe

< < ¢ O Q

piles qp: éﬁo@ogé:@c:oooo ooéemo%oof)aoéﬁogc ealeall’) Qsjcx%saéo']oaéu oenoooogorg

< < <

< < NS N . . < O
oo&eaooooqe@@owgu Steel pipe sheet piles qp: 02090C§ep0 §pd:006: gD precast

le]

N _O <

pile s?dsgséql[éé:(rgo% cﬂc:@ooo:ooén

Table 7.4-1 Accuracy

Inclination 1/500

Well diameter + 100 mm

),

ooSwogep: (Machinery)

oogeaooor‘ieq: ocf)oa%ep:qp:?cf cf’)?lwoqpcr% :39@$: 2 ol oocrggaorgqjcf)qpssgq eg:qlcﬁ
opoll o%c;w%mé: scﬁcrgogé:a)é:ore (hammer) 03 Gg:qlogepogé piles qp:oaé oR@cf

<

c Oo¢ C C N [ o] N < C O C - . . C
m:%c:ql?ogc Ga080:[§c:| C\)&Ogo:[écg ﬂOOOOE‘): (DOC\?_IOO(ﬂODIB _]Olnt p1pes qr): 090?
C < °
<

<
<

20 .9

< < < < . . O oc < O < <
CODO)? 39@%?390?@ o?@%fe@q penetration resistance o?:cooc?coago? G)&OgC:
¢ o <

q (6]

< (o] < < < . < < <
C\?G@ CD&II (IBG[::('DO(.E 336{]0:390:[;9(3 398033900:(7@ steel pipe qp:ooool QGSGQDOC

-

©

a: el

cQ

Nl @CQEGOQO op (hammer) 0% 390?:[;)[@:139_%

Driven Depth (m)

500 600 70D 800 900 1000 1100 .10
Diameter (mm)

Figure 7.4-4 Diesel Hammer Size
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!
|

50

. ]
B Lk R T

Driven Depth (m)

$00 600 700 8OO DOO 1600 1100 1200

Diameter(mm)

Figure 7.4-5 Hydraulic Hammer Size

Q) Staging
$9¢ pile §oS038:a000 §p8:006:qpr0005 §§ Bogesigfas cgeadfsé:elodaé steel pipe
sheet pile aoSEoqES: gpSic08:annS
B8
orpSesn300py plediqpicgd Bayi(olpqpradplmas (goredqpiaslss may:{olend

°

Co . . N c o¢ < [o) [o] C [
090>07: (landing piers) 3a0: COCOCIRCENY 39[(:)@390 §)! ©§] CQO00&:006$

3.

oc < < < O
?CQ’)@ [_Cj@:qp:?q U)(T{IGODO [Zavlave)

epal-Llek cﬁ@émén Qﬁ pile 3@03@03394{)“:330)0:& evlcevaiobiopaleic-l] qubé

8o

< "| N
3200 O\)ell

Qo

Pile driver placed out of well Pile driver can be placed inside of well

Figure 7.4-6 Staging
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—-..Hand Rail §.000
= u- C 2000 , 2000  2.000 |}
L 1!
— | 1 e s— . - - — — ; - mephemm—
F, A R TN - H FQ
AY \ 1 14
\ . \ 1
— Main | \ BDec:k Panel| . L\/
| Girder | B eam 1 \,J
! ! R\
f | L
| 3 3 1 i
1 5 ! H b ool !
| 6.000 6.000 2000{; {2.000! ' 2. 000¢ ' |
1l |
| : :
| l l
! !
| | |
|| — i } A

Figure 7.4-7 Staging

(G) 20050p8e3008[g8:1 3epri[sé:4¢ odeso:[gé:
‘oocﬁog%eaooé@éu o%c;opé@é:g% oo%eao:@é:’ :390305 :39@$: 2 ol @go$:q|(rgq|o:cr$
a"g:qeéu

() 203§:qp: 0>3s0¢(e¢: (Installation of Guide Materials)

Steel pipe sheet piles foundation qéc&qéqo%&pogé cgcﬁorm (workability) 03&5 qé:

< (o]

piles g0} §oSogSiondaodepogl Boqegonsges  epdgifiqepSedoopdeseciops
2800 goopScloopdn Refm3¢ gjeedeiopé §oSol:(es: cpdediofqpimncyad codeay
com Gooqfed SamSeon 588mo (strength) §oopd BS: ogaSqp: (guide
materials) o §oSogSig SBoefonSedevadad workability 88comS:gSenqs wagas
copSag&iond epBnd: qEico8:es8Geonio0nS & 9.0 08 [BaonranpSaeadS: cood(Es
201008 oopSecSeoend wad§: (guide frames) a8 cf: guide frames o3 sanoSmFeorend

o N ¢

guide piles or%or? ogooﬁ guide materials 39@95 sgqp:sgo:@é @o%:@l@ooéu
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Steel Pipe Sheet Pile Steel Pipe sheet Pile  Guide Pile

Guide Frame / Guide Frame Retainer

Guide Frame

ali=iil (A
' Guide pile
uide Frame Retainer
L - L A
-
Section A-A

Figure 7.4-8 Guide Material

@) §0d0g&:(aé: (Driving)

Steel pipe sheet piles oocSeoéepogé coo:sp§o°>oo(r°)<?e§ Goooéeorgefwsao: transit 03
sgo?[glcj Gooqpes'aoé 8@5@: guide frame GoTog&ieooo 3’9?033’9&)9:6@6‘()? 005905@5:
< N < : : o o ¢ c O¢ < C o cOo .
Qp0es00cqepoll Steel pipe sheet piles 03 009C:gj§0pC a0MI:0pCq e Steel pipe
sheet piles 0% 000630 gl]crgogézwéu o?@c;@ocrs? :39cuo5<§.cf saeoTaE’P: Steel pipe sheet piles

(o] ¢ o0 co ¢ < <
Q[P0 IPOP YD ORI
Bored pile q;é:mé:or% :;ad’?:[g)L@: oaeorsneoT?eﬁ;ﬁ pile %cvgoaés&;sﬂ esqéa(?:
GSQOOSUJOS? Steel pipe sheet piles qp:o% ooo%zﬁcfooogq o@aoo%ﬁ eq@é: ﬁooorgooéu
o "I : . (o] C o C C c(e C C o
op329] Steel pipe sheet piles gp: 6§62g|002:9M) 0200Y:g|C: C\?oesooc[gzec?om [Cczaloat-ol]

o _C <

oS! aeol URQ Steel pipe sheet piles qp:o% ooo%aoo@ooé: q]ooogc:qeéu Qﬁo%eoao

@e@s@@qﬁp ogé Steel pipe sheet piles qp:3: aoorg[§c°::oagc (‘Eqaogémooaoc;

le]

< < < < < <

U)OQOCGPUO)C 080q|?$00$ﬁ i@@qg@dg(’fg méaoé@é:'?é:mé: ?C‘: UJO@CG&? GﬂGﬁ{)

Q < (o] O < < <
330390)8 (sequence) Q_IOS(YB @LO’)CGC\?C\')’.) 00630:61@&"

35
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Closing lignment Marker (Start)

Alignment Marker (Start) o Alignment Marker (Start)

T \"'I
| R Closing Closing
- il
i) {
» -
() .
( {
. .
R o
\ Closing Alignment Marker (Start)

Figure 7.4-9 Construction Procedure

Alignment Marker (Start)\

Closing

Closing / |

Alignment Marker (Start)

Figure 7.4-10 Construction Procedure
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(Q) Pile gp:0f soa5(sé: (Pile Connection)
C

Steel pipe sheet piles qp: @0 QBOC g [c:> C\Boea neooeooo[:c §cooooaooﬁ asag? G

< < <

ol §oa03qj034piaf 26001805 Godgoaepd

Piles qpre 3[3830588: acuacSGEicuses:ad 05800y sanigo38Ee§a008 neuw
sooSqepSegepyp: eoiahiondongionns: [GSecseoqs caocSm0SopEdaar pile head
&N (G a0pS 0Saqpo §eooo pile head o1 35S 48 ogofGorg Gesqoodi

U: Upper L: Lower

\/O: < dei{l,%o o

ca Y, ) @

D é ® =2 % U
l‘,U I .U I J‘U' i

- ‘300mm " * | |
AHENE D EEELE
L - L - L

Figure 7.4-11 Pipe Connection

() Joint Filling

[e]

@(ﬁﬁp:cﬁ(ﬁeoao eq08$:$61 3980339(035: es?spaaogcﬁ?é: x8m structure & é%éqé%’mo?

o _¢C

330803 Steel pipe & joints ec?qu_p:cf; &)8069!3:[(39(3 @éq@éu ocﬁo?orgcx?oooog

o _¢ Qc C . (9} < < < < < . < <
F2O0O3QC:OC joints 0p 20god (lean 3350¢) @q @@q@@u Joint 320: c0godecconc:ac

le]

le]

joint &\ 39035:3)(73093 :D%ﬁlézsﬁ Q%S@(Sooéu Joint oo%ﬂé:eq: sgogcrc) 8390:@(5 G§)30:
o%eo?org emaao:or% seoéz@lqeéu

Table 7.4-2 Mortal Strength

Mortal for Main Structure Lean-mixing Mortar

20 — 24 N/mm? 0.1 -0.25 N/mm?
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| 1

.

B
—3 —l —14~ !Retaining Wall
Lean-Mix Mortarr (Removed)

1 I
V) L
Cutting.;;/ _________ -

Mortar

~

Main Structure

Figure 7.4-12 Mortal Type of Joint

Joint Cleaning

. Mortar Casting
for Retaining Wall

High-pressure

Mortar Casting
“for Main Structure

Lean-mix Mortar

Main Structure  Retaining Wall

Figure 7.4-13 Mortal Casting
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Figure 7.4-14 Joint Filled by Mortal

@) R$madepdaé: (Concrete Filling)

<

Pile cap .}cf: Celoaletten G§spaf.>$:ogé steel pipe sheet pile qp:oge 33035:035 cr°>$mq§>[§<§
[spSaepSn

Ze]

Pile ¢ ag3qd[03: 0300 (adhesion) 6 c3:(geages ordarionpd: (sdeoqiacyod
steel pipe sheet pile 303¢:03¢ 058642005 elgoon:qp:e6 B@podme(M:gP:0d RS
63088 6eSqprqenSi

[sp2919p2 cR§Pqdel 320092 pile cap Bogel §d%0 §oogoopo

. L]
' [
' '
' '
' '
| I
1 M
1 '
1 ‘
o
(* e = :’" .
.0.’: ‘;‘“
0.® o i [*o {
L* *| Pile Cap Concrete §*,*
"o’ oS .'_'
'o.'.,)'"""'-"'-"‘:.':.- PRSSSEES 2‘
. .,
g Ay Basement Concrete } - |
Filling Concrete S S e 10H
L * . - :.
e ."a
. .‘.' o
.’."' oy
. o A
b~ i~

Figure 7.4-15 Filling Concrete Area
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(00) elgop:(eé: (Excavation)

Well excavation o% Q?$G@O€:[§é:§(§ qumcﬁe@oq{:[é& s?é:coé:qp:@é C\BSGeooé

%é&)éll CDéG@OUSGq:C\P(SC$ZS’QG[§S’BG§QﬂOZG’B€1 G@%:@é:§é:(\)@:éﬂ?:(¥? ®a:®0:€1®ell

Table 7.4-3 Excavation Type

Underwater Excavation Normal Excavation
Soil condition Soft (mud, sand etc.) Good
Excavation depth Large Small
Efficiency No effected Effected
Soil and water discharge Large amount Small amount
Steel pile deformation and
P Small Effected
stress
Underwater Excavation Normal Excavation
Pilling Pilling
A
Excavation Dry up <
Basement Concrete Support P
' |
Dry up <+ Excavation |
Support Basement Concrete
A 4
Pile Cap Construction Pile Cap Construction

Figure 7.4-16 Excavation Procedure
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Basement Concrete Support \ /

/\
.-_J - ‘!7' "vL: _:T_'I‘Y;“LT‘ u'&n::_ 8:|
' p———4 -
1 ' |
| == i R A
' Connection '
: 1 { H v
! : f 1 I U y
Cutting Steel plle
1. Steel Pipe ; ?astlngt 3. Dry-up and 4, Foundation 5. Cutting Steel 6iC I
Construction en Support Construction Pipe - Lomplete
Concrete

Figure 7.4-17 Construction Procedure

(02) Support

ccC C C ¢ _C c O O ©0C C N C
2N[Eczaleate G@UR:@C: QQ0G800COP cofferdam czloplot =N level 0p 3@C:0RC Q00D

< o C oC < < N N C.(Q < <
oco:oo@ level GDCTL)C: CD§ZGDO:61@§II GSQ’J(DG@(Q‘?(DG].O) GC\)OC:@ZG@(D G@OO’DGO&
<

(o]

C\)’DO)é supports qp:o? oooaoéqeéu Supports qp: ooéeoéooé:sseﬂ %é’leoTogé PO
e0i8SimafEncl B§:88:0548 c:oleh calicB08 eqaypiged amguSq§amanas
spacer a%ecrl)org OO0 ogé:eﬂo: sgoéz@lqep_gu q?qe?é steel pipe sheet piles qp:@o:

(o] N <

cg0>e4a3p] B§aPYPIa} QRS Seucd gES(SE [gp2qepS

Supports gp: ooéaoésfﬁogé Cofferdam

obﬁ cq level oaé supports q_pzeﬁ 632005 0

80w §8qepdi equmoSesoSaps  joints
egepqp:g e8¢ oga3(gciad 0x0p0300pe

caondgoSqoSapiadad 3280008 c8§:qS Walling
g4 310h:03 cpdesodqepdi Concrete

008 c[gop:[gC:onC supports gp:el 632005

N Q c O <
000 0 GCDOGBCYO)C:(T]?OD’.) OR:QG&II

Figure 7.4-18 Support Material
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(o)) Pile cap oopSesonndes: (Pile Cap Construction)

Steel pipe sheet pile §<§ Pile cap 39@30: I top slab c}ésa@o: eoorSoaésaeq top slab ¢ steel

. . Q O C < C < 00¢C C C <

pipe sheet pile s60) loads gp: craze@oc:ﬁ COOPCOa$ [c}[c\*[voqe@n 3@C:0056058|M!
(o]

@eméaaooée@%[éé:s@gsgoéofé?cfagé 33005 (Connection) 0p GOJPPO @lo?ﬁqeéu

< < . o (o] < coC <
GS’QO('DGO’JE)OI] Connection Structure 396{”_:390)0: G{IO:(Y? oooeocq?coagu

o) Plate Bracket Type

< N

Plate bracket 093 steel pile & q|c5§o@>c°:coTogé ocmeaogqeéu GC:o0p0 shear

< < < N O < < < ’] o C N N
connector 39@9@ C\?OGWJC@&II 20000008 qe@saaumqp:?o G320000 @U.ECZ (90)03&"

() w%eﬂézeq:c\?éqeéu cx%sa@cgjé pile q|<73§o[§&7% 8060'%“8 w%eﬂézq@éu
(®) pile q|c73§o@§o$ G@oﬁeogcemé cx?éqeéu
J) Joint Bar Type
Steel pile & q(ﬁﬁo@&ﬁ? 08$@c°: gaeoqcﬁemﬁqeéu o§e§o<‘5 39@0']056;0T08c°:
m:@é oseqpf:: oof)aoé@: oeu)eoogqeéu

c O <

(00) 203q8:eq; [GopSaepdi aaadegiS pile qrdgo[gSaf go303e gqSiqupdn
(5) Steel pile o3 cg§[58 cwo0Ses0S support gpicd BoSeol3s: oo
(0) soo(@pSodeqpsiqp: cSaodesqpajooni(§iesnns formwork coSc§rarSeaond
QoS
(20) Pile g 32038 0p§00qd [5p3(3S:03 cpSaepd
o) Stud Type
Steel pile qoSsodSaps neureadSoonieon mxifGaSadeqpligpionnd stud (38
c98ea008 20081

() oo%cﬂcc::eq: @Lc?éqeéu Pile & q|(73§o[(:)5(7? 8080%‘08 oa%glé:qeén

(o]

() Steel pile 03 0g§[sS cwrades05! support gp:a3 ead8ndeoqol
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Steel Pipe
Sheet Pile Foundation

Figure 7.4-19 Pile Cap Connection

4-line Arrangement

Stud [>250mm
0000 °0 0 o—ij
2000 0000
(DI D22N\] o000 2900
\\:oao %000 |
G © 00 oy
see sse——=r >100mm
coee 9000 1
cov0 29000
- RN RN
so0006 s600
0000 %000

77777 /?%772'”50“rlm

5-line Arrangement

ccoecccssece
000000000 CES
V0028000 CSS

it |
A
N
=
:

eecscedonces
eecocoosc0ee
ecoocccoccee
coceccco0EeD
eco00ecoseeS
ccoccocoecco

Figure 7.4-20 Stud Type

Figure 7.4-21 Stud Type
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ma$:s). DESIGN §c§ ooﬁmcﬁmé :?as@éuu?a?oo (BASIC
KNOWLEDGE FOR DESIGN)

0.0 Bearing Capacity

©.0.0 §§[0|§E @00 bearing capacity (Allowable Bearing Capacity)

Single pile ooogd’?:sﬁ axial allowable bearing capacity 0% 9330(75@&5@0'] Qeoos?é:@é

< [eXo <

REREL AN et
R,=L@® -w)+w,-w
n

Ra:  Axial allowable bearing capacity of pile (kN)

n: Factor of safety (Table-8.1-1)

g: Modification coefficient for factor of safety depending on ultimate bearing capacity estimation
method (Table-8.1-2)

Ry Ultimate bearing capacity of pile (kN)

Ws:  Effective weight of soil replaced by pile (kN)

W:  Effective weight of pile and soil inside pile (kN)

< <

Pile & s'aec\::qﬁ $PO 0D [gs&l&ﬂo:ogé GG%(YSG@S@O'] formularrc'é Gaaéz[z)lqep_su

R(J = Z RH

n

Table 8.1-1 Factor of Safety

Design Case End Bearing Pile Friction Pile
Normal 3 4
Earthquake 2 3
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Load from Q@
l Super structure (Q) 1
Ground
Level
t 4
soft Soil Soft Soil with
4 increasing
t stiffness as
Erictional depth increases
Hard Strata Force T +
1 End bearing
End bearing Friction
Pile Pile

Figure 8.1-1 End Bearing Pile and Friction Pile

Table 8.1-2 Modification Coefficient for Factor of Safety depending on Ultimate Bearing Capacity
Estimation Method

Modification Coefficient for Factor of Safety

calculation of bearing capacity estimation formula | 1.0

results of loading tests 1.2

©.0. ) Ultimate Bearing Capacity

Ultimate bearing capacity 0% bearing capacity a%@&ogcﬁqrﬁoaé Qeoac?ézef@ogem o$

¢ C < N < : < 00¢C N
02C068:200000:20p) qeoaqp: (loading tests) 9@0@0 Nk {eteerenll

(o) Bearing Capacity 0303gj0520p3 ¢eoogpS:
o] < o C . < (o] ° Q< .
0pO§PO:0PEOCXN0DC:070¢ (geotechnical survey) qooaqpo ase@aooozooa bearing
. ¢ .QC < < < o < N : . . o <
capacity 9§08:03008|000 Qeool?@:@c; Ultimate bearing capacity op ogoo0n
o00¢C <

qa-%CODl’J_‘DII
RH =dq4 A+ DTZLE fz
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Ru: Ultimate bearing capacity of pile (kN)

A:  Area of pile tip (m?)

qd: Ultimate end bearing capacity intensity per unit area (kN/m?) (Table 8.1-1)
U: Diameter of pile (m)

Li: Thickness of soil layer considering shaft resistance (m)

fi:  Maximum shaft resistance of soil layer considering pile shaft resistance (kN/m?) Table 8.1-2

Figure 8.1-2 Ultimate Bearing Capacity

Table 8.1-3 Ultimate End Bearing Capacity Intensity per Unit Area

Construction method Soil qe: Ultimate end bearing capacity intensity
per unit area (kN/m?)
Driven Sand, Gravel, Mud qd =300N (L/D=5)

qd =60*(L/D) *N (L/D<5)

L: Embedment Depth to Supporting Layer
(Figure 8.1, Figure 8.2)

D: Pile diameter

N: N value for design

Pre-boring, Sand 150N (=7,500)
Inner excavation Gravel 200N (=10,000)
Cast-in-Situ Gravel, sand (N=30) 3,000

Gravel, sand (N=50) 5,000

Mud (N=20, | 3qu

qu=0.4N/mm?)

qu: Unconfined compressive strength
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Certain Supporting Layer

——= N value

O 10 39 1D 40 Sh

[
8
i} &
|
- |
_ S
ek AR I
: 5 - ﬂRe :garcied ‘as | i
. -0 Supporting

Layer

Embedment Depth into

Uncertain Supporting Layer

— N value
13 28 _"-EI 40 JD

-"l-

B

Fa. =
5 | Clay =
5] © - =
- - " L
= =}, £
5 o S AR E

T -1 Sand b D
=11} - E =
5 o =
E« i ) ] .L:::.

- — =

& e TR i s
o - by
) . ® = L 1t >

L] B ) # Equal Area) | '3

A P & 5

- T =

Depth into Supporting Layer

Figure 8.1-3 Embedment Depth to Support Layer

KN/m?
300

200

100

5

Equivalent Embedment Depth to Supporting Layer

10

[

Pile Diameter

J

Figure 8.1-4 Ultimate End Bearing Capacity per Unit Area for Driven Pile depend on Embedment
Depth to Support Layer

Table 8.1-4 Maximum Shaft Resistance of Soil Layer Considering Pile Shaft Resistance (kN/m?)

. Soil Condition
Construction Method
Gravel, Sand Mud
Driven 2N (=100) C or 10N (=150)
Inner excavation 2N (=100) 0.8C or 8N (=100)
Pre-boring 5N (=150) C or 10N (=150)
Cast-in-situ 5N (=200) C or 10N (=150)

The axial allowable bearing capacity of a single pile shall be obtained from following formula.
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o OC <

©.) Concrete Pile §¢ (03|0oEe0:(3p3 8 EqpSen:[gé Concrete Pile (PHC pile) gp:e0 Bearing
Capacity

©.).0 Allowable Bearing Capacity aeo:0305gj03(gé:
Pile structure 390305 Allowable bearing capacity on c;eraoorc)o'](éc;oo§é:@cf ogor(\)ql(ﬁoaéu

Pa=fc x A x (1-k-A)
Pa: Pile Bearing Capacity (N/mm?)
fc: Allowable Compressive Strength (Pre-stress Force should be subtracted) Table 8.2-1
A: Cross Section (mm?)
k: Reduction Coefficient for Pile Connection (0.05 for each)
A: Reduction Coefficient for Slenderness Ratio
A= (L/d-n)/100 (=0)

L: Pile length
D: Pile Diameter
n: Cast in Site 60, RC 70, PC 80, Steel 100

Table 8.2-1 Allowable Compressive Strength (fc)

Pre-Cast
Cast in Situ
RC PHC
Designed Strength 24 27 30 40 80
. Bearing 8.0 9.0 10.0 135 27.0
Compressive
Strength Axial 6.5 75 8.5 115 23.0
Shear Stress 0.23 0.24 0.24 0.36 0.86

©.).) Cast-in-situ ¢ PHC pile & §¢:0955)05 (Comparison of Cast-in-situ and PHC Pile)

(o) Bearing Capacity
oraéeoao ageuéz Goo 8c880m) | caéeay) (@ﬂé Jo Som) ﬁoaé: cast-in-situ pile §.cf

PHC pile o3& allowable bearing capacity ogo5g05(g¢:
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o)

J)

),

Cast-in-situ Concrete Pile 30305 Bearing Capacity ogoSgjoS[gé:
Diameter: 600mm, Length: 28 m, Design Strength 24 N/mm?

Pa =fcx AXx(1k-L)

fc  =6.5N/mm?

A =7 (6002 / 4) = 282,600 mm?

A =(28000/600 — 60) / 100=-0.13 = A1=0

Pa  =6.5%282,600 % (1-0-0) = 1,836,900 N

PHC pile 320305 Bearing Capacity ogo3gjo5(gé:

Pre-stress 4N /mm?, Diameter: 600mm, Concrete Thickness: 90mm, Length: 28 m
Pa =fcx A x(1-x-A)

fc =23 -4 =19 N/mm?

A =7 (6002 —4202) / 4 = 144,126 mm?

K =0.05 x2=0.1

A =(28000/450 —80)/ 100=-0.18 = A1=0

Pa =19 x 144,126 x (1-0.1-0) = 2,462,555 N

Diameter 0peoon 396@39@:?088 PHC pile & bearing capacity ooé cast-in-situ pile &
bearing capacity cood @Q @:e@oé:eogaqooéu

Bending Capacity

Cast-in-situ pile §<§ PHC pile or%orgé bending moment e@ocf:@o%eoao stress o% 6320050
srao%é: og(f)ql(ﬁqeéu PHC pile orgc°: concrete @\ tension stress o% @[mém:@é

ooo:@é: (prestress C\?f)ooo:[ééz) e@ocf ecq_pauooo:oaéu
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Cast in Situ (Concrete) PHC pile

N M
og=—+— Compressive Side = £ ﬁ
4 Z P Te Ot O
Tension Side oc'=0 _£+£ >
c ce ZL- Ae = 0,

oce = Prestress (N/mm?), Ze = Module of Section

Figure 8.2-1 Comparison of Cast-in-ssitu and PHC

0.9 Pile §¢ Footing o3soc3(gé: (Pile and Footing Connection)

©..0 Structural Details of Cast-in-place Piles
[é‘[@occ:e:?qeé (Anchor) sraﬂéooé Footing & 6320050005 oées@o:@éobeqpé:sﬁ
39(\)05(9(]???6«? Lo +10 d (d = m:@éobeenoé::raané:) [(:903qeéu Footing oc\)o% pile

$8[5|Se9qepd 32qp500p5 000 8880704 300a3(3Bqepd

so0(GpSodeqpS:gpiad 0p§ona St 3ao0Seo0oS seismic cyclic loads & o00Seqpady
a[03¢ ecqpoyeonf8: [goqeps wm:[spiodeqpe:qpiel mqjmBo3mEt:qpiarpd Beapod
068 (68008800081 [§Se03EqeasaagpS (anchor length) 10d o g&[GjaopS oermonsa
c08e01E:f 388008330005

Workability geconde (3080l apdaqs cover joo 8c880m om§qs c3zSarpSi

ODGQPC Gﬁ [g;loqee 3931@(7? GS?OO)O’]GQU]?C %)('DQI('TS%CC:QD&QII

Lo : necessary anchoring length of bars (mm)
Ay cross-sectional area of bars (mm?)

Toat allowable bond stress of concrete (N/mm?)
U : perimeter of bars (mm)

Osa : allowable tensile stress of bars (N/mm?)

d : Bar diameter (mm)

In general, Lo 235 d may be taken.
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Tie Bars at Anchonng
Portion D13 or greates
Pitch of 150 mm or less

Lower Mam Reinforcing
Bar in Footing

L2 1_..+10d|

Lower Footing Surface |3kl

Pile Head The
Bars D13 or greater
Patch of 150 mum or less

Figure 8.3-1 Pile Head Anchors on Cast-in-situ Pile

©.9. [08|0>€ 0381600010003 Piles qp:el Structural Details
Pile head o% @oﬁa%cgooésga’] anchoring length &) sagléooé 50 f (f :D&S PC steel

< < < < O < . (o] ° < N o _¢C Qc <
member Gﬁ (IQQJC:[;N)OD@) [;.9(.2 U]_):C\)OODQII Pile 0? ODOR(Ygé(T)SlO) GQOCDGQ(L)C:SD ()

o Q S
GC\?C\)OQ?:Q)OQ@@II
Feinforcimg Bars
inside Pile Stuchar
Filled-in 3
Reinforcing Bars ||| PCStesl |+
Bar in Footing ]
E
s =i
Lower Footing Surface v'_"v“_‘ -
SiE
AR o
Tie Bar D13 0 i 2 E
Dizch of 150 mm| | | | ks Nl A
wl o g
L NRE |
I

Figure 8.3-2 Pile Head Anchors on Pre-cast Pile
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0.6 Liquefaction Analysis

2) @5%5@&1@@&)9 Liquefaction @cgocr?? §[§o:oao§905q@éu

J) Liquefaction (Qéoaé 30:q:) @fmooaé shear stress 0'?? ogorgqlorgqeéu
Liquefaction @écgéeq_leﬁewo PO (eoeo—eoa:cagoaé: saﬁgqp:oqoé‘ﬁ, normalized
standardized blow count) & C\)cgmqf)q_p:saeoTsaG[éé@: 330005083 cr%:mo:ooo:
20p5 U.S. EPA c08:038 gjoSgp:o3¢ cloCeon graphical spd:cod:qp:ad 203:()(8:
critical(cyclic) stress ratio (CSRL) cr% oooSg;oS%éoaéu

N N

Q00 C N (N C c C L C N
Q) caqC (3§C:03C0pRACIOP:®:000:0D)) G@og Critical zone 303 evlepl=lyelenl™

(@5@@&)@? 320:) 0% ogagq_la'ﬁqep_gu
¢) Liquefaction 390308 factor of safety 0% ogcr%q_lcf)qeéu

Fsp, = SoRorm
CSREQ
FSL : Factor of safety against liquefaction,
CSRrv—w) : Shear stress ratio required to cause liquefaction
CSREQ : Equivalent uniform cyclic stress ratio.

Table 8.4-1 Geographical Ground Conditions in Terms of Probability of Occurrence of Liquefaction

Probability Geographical Ground Conditions

Active riverbeds, Dry Riverbeds, Areas Filled or
A) High Reclaimed at Coastal Areas, Lakes, Marshes and Rice
g

Paddies

Alluvial Lowlands and Tablelands with Shallow Ground
(B) Moderate
Water Tables

(C) Low Plateaus, Hills, and Mountainous Lands
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Soil liquefaction

stable soil liquefied soil

Shaking and
tilting causes
some structures
to fail.

topsoil

Building stands erect Building tilts

on stable soil. and sinks as
soil stability
declines.
Loosely packed grains Shaking destabilizes
of soil are held together the soil by increasing the
by friction. Pore spaces space between grains.
are filled with water. With its structure lost,

the soil flows like a liquid.

Figure 8.4-1 Liquefaction Image

- TN
Lateral

ererere—ra—
Gaps present

in front of pier
shafis

Gronnd -cracks ;
and settlement

Figure 8.4-2 Damages caused by Liquefaction

0.9 e[go02:93600p5:c0fgé:e(mné [960pS s60Eg (Consolidation Settlement)

<

clooro:en ogmée@oéscﬁﬁe@oé:@ogoaé @505@ 08'1055?0% eseoo%o'](}eowéz[;sé 0R
405880008

S = C.H ; (po + Ap)
TTre, I\ b,
S: Ultimate primary consolidation settlement

C..  Consolidation index

H:  Saturated clay soil layer of thickness
P,:  Existing overburden pressure

P: Increase in pressure

€o: Initial void ratio
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soil

=y ]

Negative f

Skin

Friction =

Competent soil
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consolidating
soil

hard
incompressible
layer

Figure 8.5-1 Negative Friction caused by Consolidation
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Appendix 1 - Specific Gravity Test

(i) APPARATUS

1.

Mud Balance, or any instrument of sufficient accuracy to permit measurement within + 0.01 g/cc;

however, the mud balance is the instrument generally used.

The mud balance consists of a mud cup attached to one end of a beam, which is balanced on the

other end by a fixed counterweight and a rider free to move along a graduated scale.
A level bubble is mounted on the beam.

Attachments for extending the range of the balance may be used.

Edanca Units

Pounds/Gallon

Grams/Cubie Cenitmeter
Pounds/Cublc Foot
Peunds/Square Inch/A000 Feet

Mud Balance

(i) PROCEDURE

Set up the instrument base approximately level.

1.

5.

Fill the clean, dry cup with slurry to be tested. Place the cap on the cup and rotate until firmly seated.
Make sure some of the slurry is expelled through the hole in the cap to free trapped air or gas.

Wash or wipe the excess slurry from the outside of the cup.

Place the beam on the support and balance it by moving the rider along the graduated scale. The

beam is horizontal when the leveling bubble is on the center line.

Read the density at the side of the rider toward the knife-edge. Make appropriate corrections when

a range extender is used.

Clean and dry the instrument thoroughly after each use.

(iii) CALCULATIONS

Convert the density to other units using the following relationships:

Specific gravity = read directly off balance.

Specific gravity (p) in Ib./ft.3 (kg/m?) = (specific gravity (p) in g/cc) (1000) (62.4).

Specific gravity (p) in 1b./gal. (kg/L) = (specific gravity (p) in g/cc) (70.0) (8.35).
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Appendix 2 - Viscosity Test
(i) APPARATUS
1. Graduated cup, 1 L (1 qt.)

2. Stopwatch.

3. Marsh Funnel, calibrated to outflow 1 qt. of fresh water at a temperature of 70 + 5°F (21 £3°C) in

26 + 0.5 seconds.

Item Measurement Requirement
Length 12.0 in (305 mm)
Funnel Core Diameter 6.0 in (152 mm)
Capacity to Bottom of Screen 1500 cc
Length 2.0in (50.8 mm)
Orifice! Inside Diameter 3/16 in (4.7 mm)
Screen No. 12 (1.70 mm)

1. Oirifice fixed at a level %4 in (19.0 mm) below top of funnel.

4 :' & .
y | =i /
{ I
\ f | (1
f | f /:

| I| ,;4

‘I |

| \l :L‘ !

Funnel Core

(i) PROCEDURE

1. Cover the funnel orifice with a finger and pour freshly sampled drilling fluid through the screen into

the clean, upright funnel. Fill until fluid reaches the bottom of the screen.

2. Remove finger and start stopwatch. Measure the time for the mud to fill to the 1 qt. (946 cm3) mark

on the cup.

3. Report the time to nearest second as Marsh funnel viscosity.
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Appendix 3 - Filtering Water Test

(i) APPARATUS

1.

2.

3.

4.

75mm cylinder
Filter cake, Filter paper
Porous stone

Beaker

(i) PROCEDURE

1.

2.

The test is performed in a 75 mm cylinder, approximately 60 mm in height.

A porous stone is placed at the base of the cylinder, with a thin filter paper placed over it, and together

they represent the porous formation.

A predetermined ratio of bentonite and water is mixed into slurry (typically 6 % slurry) and poured
into the cylinder. The cylinder is then pressurized approximately 700 Pa. As water (filtrate) drains

from the bottom of the cylinder, a filter cake forms on the filter paper, retarding the flow of filtrate.

Filtrate is allowed to flow for the first 7.5 minutes of the test, at which time the flow is collected for

the next 30 minutes.
The volume collected or total fluid loss in 30 minutes is measured and reported in milliliters (ml).

A lower amount of filtrate collected indicates the bentonite is more effective at sealing and therefore

less permeable.

Air Pressure

f Bentonite

Slurry
Filter Cake

!‘

Filter Paper
Porous Stone

—

|

Filtrate

Beaker \

™

LY

APPARATUS
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Appendix 4 - Checking List for Cast-in-place Pile Method

(1) All Casing Method BF 01
Procedure Point to be checked Comment
Preparation for Casing tube length
excavation Casing tube shape
Cutting edge diameter
Hammer grab size
Hammer grab
Machinery placement | Placement of pile center
Placement condition
Placement plan
Excavation Place and inclination of casing tube
Connection of casing tube
Depth and embedment of casing tube
Height of hole inner water
Support layer Conformation of support layer

Excavation depth

Reinforcement work

Conformation of rebar quality

Rebar cage deterioration
Conformation of designed rebar cage
Support material and fixing material
Rebar cage shape

Pile head cover

Inclination during placement
Connection strength

Bottom processing

Processed appropriately
Conformed by measurement

Concrete work

Tremie length

Tremie connection

Preparation of concrete canting
Concrete quality

Casting continuously

Top of tremie

Depth of tremie into concrete
Quantity of concrete

Height of completion
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(2) Reverse Circulation Method

Machinery and bit

BF 02
Procedure Point to be checked Comment
Preparation for | Size and place of tank
excavation Stand pile diameter and length

Machinery placement

Placement of pile center
Inclination of stand pipe

Excavation Prevention of hole wall collapse
Stabilization of Kelly-bar
Inclination

Support layer Conformation of support layer

Excavation depth

Reinforcement work

Conformation of rebar quality

Rebar cage deterioration
Conformation of designed rebar cage
Support material and fixing material
Rebar cage shape

Pile head cover

Inclination during placement
Connection strength

Bottom processing

Processed appropriately
Conformed by measurement

Concrete work

Tremie length

Tremie connection

Preparation of concrete canting
Concrete quality

Casting continuously

Top of tremie

Depth of tremie into concrete
Quantity of concrete

Height of completion
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(3) Earth Drilling Method

BF 03

Procedure

Point to be checked

Comment

Preparation for excavation

Slurry preparation (Bentonite)
Casing length
Machinery, bucket size

Machinery placement

Placement of pile center
Placement condition
Casing inclination

Excavation Prevention of hole wall collapse
Stabilization of Kelly-bar
Inclination

Support layer Conformation of support layer

Excavation depth

Reinforcement work

Conformation of rebar quality

Rebar cage deterioration
Conformation of designed rebar cage
Support material and fixing material
Rebar cage shape

Pile head cover

Inclination during placement
Connection strength

Bottom processing

Processed appropriately
Conformed by measurement

Concrete work

Tremie length

Tremie connection

Preparation of concrete canting
Concrete quality

Casting continuously

Top of tremie

Depth of tremie into concrete
Quantity of concrete

Height of completion
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BF 04

| Site manager

All Casing Method Check Sheet

Project name |

Pier No Pile No | Method Diameter(m) Date Inspector Name
Design Construction Difference
Excavation Depth(m) m m m
Pile length(m) m m m
Top of Rebar TP- m TP- m m
Top of concrete TP- m TP- m m
Quantity of concrete m’ m’ m’
Check Item Result
Result Criteria

Pile Position 1.Pile center position <100 mm

2.Inclination <1/100

3.Offset point >4
Machinery 4.Earth strength >0.1-0.2 N/mm?

5.Position Planning

6.Hammer grab < Casing diameter-40-90 mm
Casing 7.Casing size (diameter, Meet diameter

length)

8.Casing outer blame <10 - 15 mm

9.Casing position <100 mm (Center)

<1/100(Inclination)

Excavation 10.Time

11. Support layer depth

Compare with design

12.Excavation depth

Compare with design
Measure at least 4 points

13.Embedment to support >1.5D
layer
Primary bottom | 14. Measuring deposition | Before
processing
After
Reinforcement | 15. Rebar cage length >Design length
T 16.Rebar Size Compare Design
cage Number

BF-191




Alignment
Spacer
Support
17.Inclination during <1/100
placement
18.Preparation for pile Design
head treatment
Secondary 19.Measuring deposition | Before
bottom
processing After
Concrete 20.W/C <55%
quality 21.Slump 180-210mm
22.Strength 30N/mm?
23.Air content 4,5%+1.5%
24.Chloride content 0.3kg/m?

Concrete work

25.Tremie length

Buried to concrete more than
2m

26.Time duration

27.Quantity of concrete

28.Excess concrete

About 0.8 — 1.0 m
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| Site manager

BF 05

Reverse Circulation Drill Method Check Sheet

Project name |

Pier No Pile No | Method Diameter(m) Date Inspector Name
Design Construction Difference
Excavation Depth(m) m m m
Pile length(m) m m m
Top of Rebar TP- m TP- m m
Top of concrete TP- m TP- m m
Quantity of concrete m’ m’ m’
Check Item Result
Result Criteria
Pile Position 1.Pile center position < 100 mm
2.Inclination <1/100
3.0ffset point >4
Machinery 4.Earth strength >0.1-0.2 N/mm?
5.Position Planning
6.Bit Adequate for diameter, Soil
condition
Stand pipe 7.Diameter >larger than  designed
diameter by 150-200mm
8.Length < Buried to mad by 0.5m
9. Position <100 mm (Center)
<1/100(Inclination)
Excavation 10.Time Compare with test pile
11.Drilling torque Compare with test pile
12.Drilling Integrating Compare with test pile
galvanometer
13. Support layer depth Compare with design
14.Excavation depth Compare with design
Measure at least 4point
15.Embedment to support >1.5D
layer
Bentonite 16. Viscosity Adequate to soil condition
quality 4 times by one pile
construction
17.Specific gravity Adequate to soil condition
4 times by one pile
construction
Primary bottom | 18. Measuring deposition Before
processing
After
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Reinforcement | 19. Rebar cage length >Design length
work 20.Rebar cage | Size Compare Design
Number
Alignment
Spacer
Support
21.Inclination during <1/100
placement
22.Preparation for pile head Design
treatment
Secondary 23.Measuring deposition Before
bottom
processing After
Concrete 24.W/C <55%
quality 25.Slump 180-210mm
26.Strength 30N/mm?
27.Air content 4,5%+1.5%
28.Chloride content 0.3kg/m?
Concrete work | 29.Tremie length Buried to concrete more

than 2m

30.Time duration

31.Quantity of concrete

32.Excess concrete

About 0.8 — 1.0 m
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BF 06

| Site manager |

Earth Drilling Method Check Sheet

| Project name

Pier No Pile No | Method Diameter(m) Date Inspector Name
Design Construction Difference
Excavation Depth(m) m m m
Pile length(m) m m m
Top of Rebar TP- m TP- m m
Top of concrete TP- m TP- m m
Quantity of concrete m’ m® m®
Check Item Result
Result Criteria
Pile Position 1.Pile center position < 100 mm
2.Inclination <1/100
3.0ffset point >4
Machinery 4.Earth strength >0.1-0.2 N/mm?
5.Position Planning
6.Bit Adequate for diameter, Soil
condition
Stand pipe 7.Diameter >larger than  designed
diameter by 150-200mm
8.Length < Buried to mad by 0.5m
9. Position < 100 mm (Center)
<1/100(Inclination)
Excavation 10.Time Compare with test pile
11.Drilling torque Compare with test pile
12.Drilling Integrating Compare with test pile
galvanometer
13. Support layer depth Compare with design
14.Excavation depth Compare with design
Measure at least 4point
15.Embedment to support >1.5D
layer
Bentonite 16. Viscosity Adequate to soil condition
quality 4 times by one pile
construction
17.Specific gravity Adequate to soil condition
4 times by one pile
construction
Primary bottom | 18. Measuring deposition Before
processing Ter
19.Waiting  time  after 20-30 minutes
excavation
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Reinforcement | 20. Rebar cage length >Design length
work 21.Rebar cage | Size Compare Design
Number
Alignment
Spacer
Support
22.Inclination during < 1/100
placement
23.Preparation for pile head Design
treatment
Secondary 24.Measuring deposition Before
bottom
processing After
Concrete 25.W/C <55%
quality 26.Slump 180-210mm
27.Strength 30N/mm?
28.Air content 4,5%+1.5%
29.Chloride content 0.3kg/m’

Concrete work

30.Tremie length

Buried to concrete more
than 2m

31.Time duration

32.Quantity of concrete

33.Excess concrete

About 0.8 — 1.0 m
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Appendix 5 - Checking List for Pre-cast Pile

(1) Checking List for Pile Driving Method

BF 07

Procedure

Point to be checked

Comment

General

Confirmation of check point for construction at the
meeting

Design drawing

Survey for construction

Construction plan

Negotiation with related organization
Understanding the point for construction report
License

Safety manual

Specification of machinery

Position of machinery and material
Organization emergency

Preparation

Access road to the site

Access road on the site

Geotechnical condition for each machinery
position

Examination machinery

Land Survey

Capacity if electrical facilities

Schedule of order for material

Obstacle

Position of obstacles

Transportation
Storage

Management of transportation and handling
Storage condition
Storage place

Pile quality

Shape, Size
Quality, Quantity
Appearance

Pile Placement

Position of pile center

Capacity of machine for positioning pile
Method of positioning

Length of leader

Verticality
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Procedure

Point to be checked

Comment

Driving

Procedure

Hammer size

Inclination

Driving stop position
Deformation of placed pile
Deformation of driving pile
Accuracy

Reporting construction record

Welding

Connection of each pile

Technical level of welding operator (License)
Cleaning and drying before welding
Dislocation between each connected pile
Welding machine

Management of welding condition

Tackling

Time duration

Appearance

Pile head treatment

Pile head elevation

Holder size, position

Reinforcement size, shape, specification
Concrete specification

Concrete compaction

Safety, Isolation of construction area
Surrounding Stability of crane and pile driving machine
Environment Safety procedure for electrical facilities
Fall prevention
Prevention of vibration and noise
Safety procedure for neighbors
Other
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BF 08

Site manager

Pile driving Method Check Sheet

Project name

Pier No Pile No | Method Diameter(m) Date Inspector Name
Design Construction Difference
Driven Depth(m) m m m
Pile length(m) m m m
Top of pile TP- m TP- m m
Check Item Result
Result Criteria
Pile Position | 1.Pile center position <100 mm
2.Inclination <1/100
3.Offset point >4
Machinery 4.Earth strength >0.1-0.2 N/mm?
5.Position Planning
6.Pie driver, Hammer Adequate for diameter, Soil
condition, Surrounding
environment
7.Follower Item: Diameter, Stiffness, Length,
Strength, Surface
8.Cap and cushion Strong enough for pile top
protection
Driving 8.Holding position Around 2m from top
9.Time Compare with test pile
10.Driven depth by one Compare with test pile
driving
Finishing 11. Rebound measurement Each pile
Support la‘yer 12.Dynamic bearing Compare with design
conformation :
capacity
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Appendix 6 - Checking List for Pre-boring Method

(1) Checking list for Pre-Boring Method

BF 09

Procedure

Point to be checked

Comment

General

Confirmation of check point for
construction at the meeting

Design drawing

Survey for construction
Construction plan

Negotiation with related organization
Understanding the point for
construction report

License

Safety manual

Specification of machinery
Position of machinery and material
Organization emergency

Preparation

Access road to the site

Access road on the site
Geotechnical condition for each
machinery position
Examination machinery

Land Survey

Capacity if electrical facilities
Schedule of order for material

Obstacle

Position of obstacles

Transportation
Storage

Management of transportation and
handling

Storage condition

Storage place

Pile quality

Shape, Size
Quality, Quantity
Appearance

Excavation

Position of pile center

Position of bit

Inclination of excavation rod
Discharge slurry from top point of bid
Excavation speed

Excavation depth

Reaching support layer
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Procedure

Point to be checked

Comment

Foot protection

Depth
Quantity of injection

Pulling up rod

Changing chemical liquid from foot
protection to Pile Periphery Fixing
Pulling up speed

Quantity of chemical

Mixing design

Welding

Connection of each pile

Technical level of welding operator
(License)

Cleaning and drying before welding
Dislocation between each connected
pile

Welding machine

Management of welding condition
Tackling

Time duration

Appearance

Pile head treatment

Pile head elevation

Holder size, position
Reinforcement size, shape,
specification

Concrete specification
Concrete compaction

Safety,
Surrounding Environment

Isolation of construction area

Stability of crane and pile driving
machine

Safety procedure for electrical facilities
Fall prevention

Prevention of vibration and noise
Safety procedure for neighbors

Other

BF-201




Site manager |

| BF10

Pre-boring Method Check Sheet

| Project name

Pier No Pile No | Method Diameter(m) Date Inspector Name
Design Construction Difference
Pre-boring Depth(m) m m m
Pile length(m) m m m
Top of pile TP- m TP- m m
Check Item Result
Result Criteria
Pile Position | 1.Pile center position <100 mm
2.Inclination <1/100
3.0Offset point >4
Machinery 4.Earth strength >0.1-0.2 N/mm?
5.Position Planning
6.Pie driver, Auger, Adequate for diameter, Soil
Stirring rod condition, Surrounding
environment
7.Stirring diameter Around 100 mm larger than pile
diameter
Drilling 8.Speed Soft soil 0.5-4m/min
Hard mad, sand 0.5-3m/min
Hard sand, Gravel 0.5-1m/min
8.Holding position Around 2m from top
9.Accuracy <D/4 or 100mm
<1/100
10.Drilling depth by one Compare with test pile
driving
11. Support layer depth Compare with design
12. Drilling torque Compare with test pile
13. Drilling Integrating Compare with test pile
galvanometer
Foot 14.Quality W/C 60-70
protection and Foot protection 828 > 20N/mm?
Pile periphery Pile periphery fixing 628 >
fixing 0.5N/mm?
15.Foot protection >3D
thickness

16.Foot protection depth

Deeper than 1.5D from bottom of]

pile
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Appendix 7 - Checking List for Steel Pipe Sheet Pile

Procedure

Point to be checked

Comment

General

SISICISISICISICICIC NG

Confirmation of check point for construction at the
meeting

design drawing

Survey for construction

Construction plan

Negotiation with related organization
Understanding the point for construction report
License

Safety manual

Specification of machinery

Position of machinery and material
Organization emergency

Preparation

SISISICISICIS

Access road to the site

Access road on the site

Geotechnical condition for each machinery position
Examination machinery

Land Survey

Capacity if electrical facilities

Schedule of order for material

Obstacle

Position of obstacles

Transportation
Storage

O

Management of transportation and handling
Storage condition
Storage place

Pile quality

Shape, Size
Quality, Quantity
Appearance

Guide
Materials

OB 0O

Position
Size and shape
Stability
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Procedure

Point to be checked

Comment

Driving

CISISISICISICIC)

Procedure

Hammer size

Inclination

Driving stop position
Deformation of placed pile
Deformation of driving pile
Accuracy

Reporting construction record

Welding

CISSISISICISICIC)

Connection of each pile

Technical level of welding operator (License)
Cleaning and drying before welding
Dislocation between each connected pile
Welding machine

Management of welding condition

Tackling

Time duration

Appearance

Inner concrete

GICISICIC

Excavation depth
Cleaning inner pile
Mix design

Quantity

Top height of casting

Joint

SISISICIS

Cleaning

Mix design of mortar
Quantity

Casting depth and height
Quality of package
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Procedure

Point to be checked

Comment

Excavation and support

Planning

Excavation depth and water height
Support position

Inner concrete

Filling concrete

Pile Deformation

Leaking water from retaining pile
wall

Surface of pile

Basement concrete

Mix design, strength, quantity
Setting time

Crush stone cover

Casting depth

Floor heave

Connection

Planning

Water leaking
Cleaning pile face
Ventilation

Pile cap concrete

Mix design, strength, quantity
Casting

Reinforcement

Curing period

Safety, Surrounding
Environment

PO © OCPeEPEPEEEPEEEEI OO

Isolation of construction area
Stability of crane and pile driving
machine

Safety procedure for electrical
facilities

Fall prevention

Prevention of vibration and noise
Safety procedure for neighbors

Other

BF-205




