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1 (F1)Foundation work-spread foundation Direct basis
2 (F2)Foundation work-Pile foundation
3 (F3)Foundation work-Caisson foundation
4 (F4)Foundation work plan
5 (F5)Foundation work-Survey for foundation work plan
6 (F6)Foundation work-Considerations during designing foundations
7 (F7)Foundation work-Types of foundation work
8 (F8)Foundation work-Direct foundation (spread foundation)stabilization
9 (F9)Foundation work-Stability to supporting ground Direct foundation (spread foundation)stabilization
10 (F10)Foundation work-Stability to supporting ground Direct foundation (spread foundation)stabilization
11 (F11)Foundation work-Stability to supporting ground Direct foundation (spread foundation)stabilization
12 (F12)Foundation work-Stability to supporting ground Direct foundation (spread foundation)stabilization
13 (F13)Foundation work-Stability to supporting ground
14 (F14)Foundation work-Stability against sliding
15 (F15)Foundation work-Stability against falls
16 (F16)Foundation work-Classification of piles
17 (F17)Foundation work-Steel pile
18 (F18)Foundation work-RC pile (concrete pile) PC pile
19 (F19)Foundation work-composite pile
20 (F20)Foundation work-Ready-made pile construction method
21 (F21)Foundation work-Cast-in-place pile method

22 (F22)Foundation work-Classification by support method( friction pile Bearing pile)

23 (F23)pile foundation-Comparison of construction depth

24 (F24)pile foundation-Standard application of piles

25 (F25)pile foundation-Standard application of piles

26 (F26)pile foundation-treatment of pile head-RC pile

27 (F27)pile foundation-treatment of pile head-PC pile

28 (F28)pile foundation-treatment of pile head-steel pipe

29 (F29)pile foundation-Driving ready-made piles-Drop hammer
30 (F30)pile foundation-Driving ready-made piles-Diesel hammer
31 (
32 (
33 (
34 (

F31)pile foundation-Driving ready-made piles-Steam hammer/air hammer

F32)pile foundation-Driving ready-made piles-Vibro hammer
F33)pile foundation-Driving ready-made piles-(Pre-boring method)
F34)pile foundation-(Hollow excavation pile method/Prefabricated pile)

spread foundation Direct basis
Pile foundation

Caisson foundation

Foundation work

Foundation work plan

Foundation work plan

Foundation work plan

Direct foundation (spread foundation)
Direct foundation (spread foundation)
Direct foundation (spread foundation)
Direct foundation (spread foundation)
Direct foundation (spread foundation)
Stability to supporting ground
Stability against sliding

Stability against falls

Classification of piles

Steel pile

RC pile (concrete pile) PC pile
composite pile

Ready-made pile construction method
Cast-in-place pile method

friction pile Bearing pile

pile foundatio

pile foundatio

pile foundatio

RC pile

PC pile

steel pipe

Drop hammer

Diesel hammer

Steam hammer/air hammer

Vibro hammer

Pre-boring method

Hollow excavation pile method



35
36
37
38
39
40
41
42
43
44
45
46

F35)pile foundation-(Jet method)

F36)pile foundation-(Hydraulic hammer press-in method)
F37)pile foundation-(Milk injection method)
F38)pile foundation-(Soundproof cover)

F39)pile foundation-(Welding)

F40)pile foundation-(piling)

F41)pile foundation-(Stop piling)

F42)pile foundation-(cast-in-place pile)

F43)pile foundation-(Deep foundation)

F44)pile foundation-(Benoto method)

F45)pile foundation-(Earth drill method)

F46)pile foundation-(Reverse circulation method)
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47 (F47)pile foundation-(Construction management of cast-in-place piles)
48 (F48)pile foundation-(Construction management of Benoto Earth Drill Reverse Method)
49 (F49)pile foundation-(Construction management of Benoto piles)

F50)pile foundation-(Benoto piles Slime processing)

F51)pile foundation-(Earth drill method Treatment of hole walls)
F52)pile foundation-(cast-in-place piles Prevention of construction pollution)

50 (

51 (

52 (

53 (F53)pile foundation-(caisson foundation)
54 (F54)pile foundation-(caisson foundation)
55 (F55)pile foundation-(caisson foundation)
56 (F56)pile foundation-(caisson foundation)
57 (F57)pile foundation-(caisson foundation)
58 (F58)pile foundation-(pneumatic caisson)
59 (F59)pile foundation-(pneumatic caisson)
60 (F60)pile foundation-(pneumatic caisson)
61 (F61)pile foundation-(pneumatic caisson)
62 (
63 (
64 (
65 (
66 (
67 (
68 (

F62)pile foundation-(Comparison of open caisson and pneumatic caisson)

F63)pile foundation-(sheet pile foundation)
F64)pile foundation-(precast well)

F65)pile foundation-(continuous underground wall)
F66)pile foundation-(Underpinning)

F67)pile foundation-(Underpinning)

F68)pile foundation-(Underpinning)

Jet method

Hydraulic hammer press-in method
Milk injection method
Soundproof cover

Welding

piling

Stop piling

cast-in-place pile

Deep foundation

Benoto method

Earth drill method

Reverse circulation method
Construction management
Benoto Earth Drill Reverse Method
Benoto piles

Benoto piles

Earth drill

Prevention of construction pollution
caisson foundation

caisson foundation

caisson foundation

caisson foundation

caisson foundation

caisson foundation

caisson foundation

caisson foundation

caisson foundation

caisson foundation

sheet pile foundation

precast well

continuous underground wall
Underpinning

Underpinning

Underpinning



69 (F69)pile foundation-(Underpinning)
70 (F70)foundation-Temporary closing - gravity type(levee method)
71 (F71)foundation-Temporary closing - gravity type(Caisson method)
72 (F72)foundation-Temporary closing - gravity type(Cellular block method)
73 (F73)foundation-Temporary closing - gravity type(Corrugated cell)
74 (F74)foundation-Temporary closing-sheet pile type(Free-standing type - single sheet pile)
75 (F75)foundation-Temporary closing-sheet pile type(strut beam type - single/double sheet pile)
76 (F76)foundation-Temporary closing-sheet pile type(Cell type)
77 (F77)foundation-Temporary closing
78 (F78)foundation-Temporary closing(Boiling)
79 (F79)foundation-Temporary closing(Heaving)
80 (F80)foundation-Temporary closing(Piping)
81 (F81)foundation-Temporary closing(Quicksand phenomenon)
82 (F82)Foundation work-cast-in-place pile(Reverse construction method)
83 (F83)Foundation work-(strut type temporary closing work)
84 (F84)Foundation work-
85 (F85)Foundation work-
86 (F86)Foundation work-(retaining wall)
87 (F87)Foundation work-(Island construction method)
88 (F88)Foundation work-(Earth retaining work-Sheet pile (wood) earth retaining)
89 (F89)Foundation work-(Steel pile (main pile) horizontal sheet pile earth retaining)
90 (F90)Foundation work-(Steel sheet pile earth retaining work)
91 (F91)Foundation work-(concrete continuous underground wall)
92 (F92)Foundation work-(Drainage method-Shallow sump)
93 (F93)Foundation work-(Drainage method-Shallow sump)
94 (F94)Foundation work-Drainage method(Well point construction method)
95 (F95)Foundation work-Drainage method(Deep well method)
96 (F96)Foundation work-Drainage method(Deep well vacuum construction method)
97 (F97)Foundation work-Drainage method(Electropenetration method)
98 (F98)Foundation work-(Drainage method)
99 (F99)Construction plan for piles and caissons(Drop hammer)
100 (F100)Construction plan for piles and caissons(Diesel hammer)
(
(

retaining wall)
retaining wall)
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101 (F101)Construction plan for piles and caissons(Vibrohammer)
102 (F102)Construction plan for piles and caissons(Long pre-fabricated piles)

Underpinning

Temporary closing

Temporary closing

Temporary closing

Corrugated cell

sheet pile type

sheet pile type

sheet pile type

sheet pile type

Boiling

Heaving

Piping

Quicksand phenomenon
Reverse construction method
strut type temporary closing work
retaining wall

retaining wall

retaining wall

Island construction method
Sheet pile (wood) earth retaining
Steel pile (main pile)

Steel sheet pile

concrete continuous underground wall
Shallow sump

Shallow sump

Well point construction method
Deep well method

Deep well vacuum construction method
Electropenetration method
Drainage method

Drop hammer

Diesel hammer

Vibrohammer

Long pre-fabricated piles



103 (F103)Construction plan for piles and caissons(Test piles)

104 (F104)Construction plan for piles and caissons-cast-in-place pile(Deep foundation method)
105 (F105)cast-in-place pile(Benoto method)

106 (F106)cast-in-place pile(Earth drill method)
107 (F107)cast-in-place pile(Reverse method)
108 (F108)cast-in-place pile(Open caisson foundation)
109 (F109)cast-in-place pile(Pneumatic caisson construction method)
110 (F110)Foundation construction machinery(Ready-made piles)
111 (F111)Foundation construction machinery(Cast-in-place piles)
112 (F112)Foundation construction machinery(Features of steel piles)
113 (F113)Foundation construction machinery(concrete piles)
114 (F114)Foundation construction machinery(Benoto method)
115 (F115)Foundation construction machinery(Earth drill method)
116 (F116)Foundation construction machinery(Reverse circulation method)
117 (F117)Foundation construction machinery(Earth auger method)
118 (F118)Soil improvement(Sand drain method)
119 (F119)Soil improvement(Sand compaction method/Vibro Composer method)
120 (F120)Soil improvement(vibroflotation method)

121 (F121)Soil improvement(Well point method)

122 (F122)Underground structure

123 (F123)Underground structure

124 (F124)Underground structure

125 (F125)Underground structure(Immersed tunnel method)

126 (F126)Underground structure(Mountain tunnel construction method)
127 (F127)Underground structure(Shield method)

128 (F128)Underground structure

129 (F129)Underground structure

130 (F130)Underground structure

131 (F131)Underground structure(Open cut method)

132 (F132)Underground structure(Open cut method)

133 (F133)Underground structure(Open cut method)

134 (F134)Underground structure(Open cut method)

135 (F135)Underground structure(Types of earth retaining works)

136 (F136)Underground structure(strut type of earth retaining works)

Test piles

Deep foundation method
Benoto method

Earth drill method
Reverse method

Open caisson foundation

Pneumatic caisson construction method

Ready-made piles
Cast-in-place piles

Features of steel piles
concrete piles

Benoto method

Earth drill method

Reverse circulation method
Earth auger method

Sand drain method

Sand compaction method
vibroflotation method

Well point method
Underground structure
Underground structure
Underground structure
Immersed tunnel method
Mountain tunnel construction method
Shield method

Underground structure
Underground structure
Underground structure

Open cut method

Open cut method

Open cut method

Open cut method

Types of earth retaining works
strut type of earth retaining works



137 (F137)Underground structure(Anchor type of earth retaining works)

138 (F138)Underground structure(lsland construction method of earth retaining works)
139 (F139)Underground structure(Open cut method-Sheet pile (wood) earth retaining)
140 (F140)Open cut method(Steel pile (main pile) horizontal sheet pile earth retaining)

Anchor type of earth retaining works
Island construction method

Sheet pile (wood) earth retaining

Steel pile (main pile)

141 (F141)Open cut method(Steel sheet pile earth retaining work)
142 (F142)Open cut method(concrete continuous underground wall)
143 (F143)Open cut method(Road lining and excavation)

144 (F144)Open cut method(Well point construction method)

145 (F145)Open cut method(Deep well: sandy soil)

146 (F146)underground structure(waterproof)

147 (F147)Types of foundation work

148 (F148)Types of foundation work

149 (F149)Types of foundation work

150 (F150)Types of foundation work(direct foundation)

151 (F151)Types of foundation work(Ready-made pile foundation)

152 (F152)Types of foundation work(cast-in-place pile foundation)

153 (F153)Types of foundation work(caisson foundation)

154 (F154)Types of foundation work(points of planning)

155 (F155)Types of foundation work(investigation)

156 (F156)Soft ground improvement method

157 (F157)Soft ground improvement method(Vibroflow tension method)
158 (F158)Soft ground improvement method(Sand drain method)

159 (F159)Earth retaining work

160 (F160)Earth retaining work(steel sheet pile)

161 (F161)Earth retaining work(Main piles horizontal sheet pile timbering)
162 (F162)Earth retaining work(tie rods)

163 (F163)Earth retaining work(earth anchor)

164 (F164)Earth retaining work(heaving)

165 (F165)Earth retaining work(boiling)

166 (F166)foundation work(direct foundation)

167 (F167)foundation work(direct foundation)

168 (F168)foundation work(direct foundation)

169 (F169)foundation work(direct foundation)

170 (F170)foundation work(direct foundation)

Steel sheet pile earth retaining work
concrete continuous underground wall
Road lining

Well point

Deep well: sandy soil

waterproof

foundation work

foundation work

foundation work

direct foundation

Ready-made pile foundation
cast-in-place pile foundation
caisson foundation

points of planning

investigation

Soft ground improvement method
Vibroflow tension method

Sand drain method

Earth retaining work

steel sheet pile

Main piles horizontal sheet pile timbering

Earth retaining work(tie rods)
Earth retaining work(earth anchor)
heaving

boiling

direct foundation

direct foundation

direct foundation

direct foundation

direct foundation



171 ( )
172 ( )
173 (F173)foundation work
174 (F174)foundation work
175 (F175)foundation work
176 (F176)foundation work
177 (F177)foundation work
178 (F178)foundation work
179 (F179)foundation work
180 (F180)foundation work
181 (F181)foundation work
182 (F182)foundation work
183 (F183)foundation work
184 (F184)foundation work
185 (F185)foundation work
186 (F186)foundation work

( )

( )

( )

( )

( )

( )

( )

( )

( )

( )

( )

( )

( )

( )

( )

F171)foundation work
F172)foundation work

direct foundation)

pile foundation)

pile foundation)

pile foundation)

pile foundation)

ready-made piles)
ready-made piles)

built-in construction method)
Impact construction method for ready-made piles)
diesel hammer)

steam hammer)

drop hammer)

vibration method)

Press-in method)

Jet method: injection)
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187 (F187)foundation work(Steel pipe pile-cap treatment)

188 (F188)On-site joints for ready-made piles(RC pile) - Pile joints

189 (F189)cast-in-place pile(Benoto method: All casing method)

190 (F190)cast-in-place pile(Earth drill method)

191 (F191)cast-in-place pile(Reverse construction method)

192 (F192)cast-in-place pile(Deep foundation method)

193 (F193)cast-in-place pile(Benoto method)

194 (F194)cast-in-place pile(Earth drill method)

195 (F195)cast-in-place pile(Reverse construction method)

196 (F196)cast-in-place pile(Deep foundation method)

197 (F197)cast-in-place pile

198 (F198)cast-in-place pile(open caisson foundation)

199 (F199)cast-in-place pile(Pneumatic caisson)

200 (F200)cast-in-place pile

201 (F201)Sheet pile type foundation work

202 (F202)Sheet pile type foundation work(closing steel sheet pile method)
203 (F203)Sheet pile type foundation work(Temporary closing steel sheet pile method)
204 (F204)Caisson foundation with legs

On-site jointing of ready-made piles - Pile cap treatment)

direct foundation

pile foundation

pile foundation

pile foundation

pile foundation

ready-made piles

ready-made piles

ready-made piles

ready-made piles

diesel hammer

steam hammer

drop hammer

vibration method

Press-in method

Jet method: injection

Pile cap treatment

Steel pipe pile-cap treatment
RC pile - Pile joints

Benoto method: All casing method
Earth drill method

Reverse construction method
Deep foundation method
Benoto method

Earth drill method

Reverse construction method
Deep foundation method
cast-in-place pile

open caisson foundation
Pneumatic caisson
cast-in-place pile

Sheet pile type foundation work
closing steel sheet pile method
Temporary closing steel sheet pile method
Caisson foundation with legs



205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238

F205
F206
F207
F208
F209
F210
F211
F212
F213
F214
F215
F216
F217
F218
F219
F220
F221
F222
F223
F224
F225
F226
F227
F228
F229
F230
F231
F232
F233
F234
F235
F236
F237
F238

multi-column foundation

Underpinning method
Underpinning method
Underpinning method
island cut method
earth drill method
anchor bolt

under pinning method
mat foundation

ICOS method
caisson foundation
air lock

circle of influence
H-section steel pile
main rope

all casing method
wooden maul
Foundation work
pile-driver

broken stone

broken stone foundation
group of piles

casing

Caisson Fundation
Caisson foundation
sand drain method
sand pile

composer method
bearing pile

test pit

allowable bearing capacity
impregnation method of ground
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Underground continuous wall foundation
Underground continuous wall foundation

multi-column foundation
Underground continuous wall foundation
Underground continuous wall foundation
Underpinning method
Underpinning method
Underpinning method
island cut method

earth drill method

anchor bolt

under pinning method

mat foundation

ICOS method

caisson foundation

air lock

circle of influence
H-section steel pile

main rope

all casing method

wooden maul

Foundation work
pile-driver

broken stone

broken stone foundation
group of piles

casing

Caisson Fundation
Caisson foundation

sand drain method

sand pile

compozer method

bearing pile

test pit

allowable bearing capacity
impregnation method of ground



239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272

F239
F240
F241
F242
F243
F244
F245
F246
F247
F248
F249
F250
F251
F252
F253
F254
F255
F256
F257
F258
F259
F260
F261
F262
F263
F264
F265
F266
F267
F268
F269
F270
F271
F272

open cut method

dowel works:Deep foundation method
leaving concrete

stone levee

lime pile

plasticity

boulders stratum

single pile

diaphragm wall

spread foundation

soil covering

base drawing

foundation work
sheathing work

trench cut method

drop hammer

Hollow excavation pile method
strip footing

base stone

penetration

negative friction
drainage method
foundation

comparative base line
standard penetration test
footing

bituminous membrane water proofing
friction pile

earth drill method
shallow foundation
anchor wall / anchor rod
backfill

wellpoint method
wellpoint method
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open cut method

dowel works:Deep foundation method
leaving concrete

stone levee

lime pile

plasticity

boulders stratum

single pile

diaphragm wall

spread foundation

soil covering

base drawing

foundation work
sheathing work

trench cut method

drop hammer

Hollow excavation pile method
strip footing

base stone

penetration

negative friction

drainage method
foundation

comparative base line
standard penetration test
footing

bituminous membrane water proofing
friction pile

earth drill method
shallow foundation
anchor wall / anchor rod
backfill

wellpoint method
wellpoint method



273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306

F273
F274
F275
F276
F277
F278
F279
F280
F281
F282
F283
F284
F285
F286
F287
F288
F289
F290
F291
F292
F293
F294
F295
F296
F297
F298
F299
F300
F301
F302
F303
F304
F305
F306

influence circle R

cone penetration test
open -caisson method
observation well
card-board-drain method
depth of foundation
Bulb pile Pedestal pile
strut

tip of pile

pile driving resistance
pile driving frame
group of piles

caisson

composite pile
Sandpile, Sand Drain, Sand Mat
bearing pile

bearing layer
settlement of ground
compaction pile
battered pile

cantilever sheet pile
sliding surface

shear stress

point bearing pile
shear failure

tie rod

dutch cone
subsurface dam
electric resistivity survey
equipotential line

earth retaining wall
drain paper

trench

depth of footing
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influence circle R

cone penetration test
open -caisson method
observation well
card-board-drain method
depth of foundation
Bulb pile Pedestal pile
strut

tip of pile

pile driving resistance
pile driving frame
group of piles

caisson

composite pile
Sandpile, Sand Drain, Sand Mat
bearing pile

bearing layer
settlement of ground
compaction pile
battered pile

cantilever sheet pile
sliding surface

shear stress

point bearing pile
shear failure

tie rod

dutch cone

subsurface dam
electric resistivity survey
equipotential line

earth retaining wall
drain paper

trench

depth of footing



307 (F307
308 (F308
309 (F309
310 (F310
311 (F311
312 (F312
313 (F313
314 (F314
315 (F315
316 (F316
317 (F317
318 (F318
319 (F319

(

(

(

(

(

(

(

(

(

(

(

(

drain

drainage path

cast in place concrete

heaving

footing foundation Independent footing foundation
footing foundation Composite footing foundation
footing foundation Continuous footing foundation
footing foundation mat foundation

under flow water

benoto method:open:all casing method

weep drain

stone field drain

extra banking

anchor method

pile foundation

pile foundation

pile foundation

Classification of piles

Functional classification of pile foundations
Geological strata conditions and applicable range of various piles
grouting

quicksand

329 (F329)piles group

330 (F330)open caisson

331 (F331)sand drain method

332 (F332) Soil stabilization treatment-Runways, roads, etc.-Improvement of roadbed and roadbed

320 (F320
321
322

F321
F322
323 (F323
324 (F324
325 (F325
326 (F326
327 (F327

328 (F328

e S N N N N e e N N S S N N S S N N N N S N N N

333 (F333)Soil stabilization treatment-Soil stabilization treatment-By on-road mixing method-Simple paving of farm roads, parking lots, etc.

334 (F334)Soil stabilization treatment-Temporary road for construction-pavement
335 (F335)Soil stabilization treatment-Sliding failure of embankment

336 (F336)Soil stabilization treatment-Building foundation ground improvement
337 (F337)Soil stabilization treatment-Underground dam wall

338 (F338)geotextile-Embankment drainage reinforcement

339 (F339)geotextile-Separation of different materials

340 (F340)geotextile- Reinforcement of ground, roadbed, etc.

drain
drainage path

cast in place concrete

heaving

footing foundation
footing foundation
footing foundation
footing foundation
under flow water

benoto method:open:all casing method

weep drain

stone field drain
extra banking
anchor method
pile foundation

pile foundation

pile foundation

pile foundation

pile foundation

pile foundation
grouting
quicksand

piles group

open caisson
sand drain method
Soil stabilization treatment
Soil stabilization treatment
Soil stabilization treatment
Soil stabilization treatment
Soil stabilization treatment
Soil stabilization treatment
geotextile
geotextile
geotextile



341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374

F341
F342
F343
F344
F345
F346
F347
F348
F349
F350
F351
F352
F353
F354
F355
F356
F357
F358
F359
F360
F361
F362
F363
F364
F365
F366
F367
F368
F369
F370
F371
F372
F373
F374

geotextile- Preventing suction of earth and sand
Earth retaining work

tremie

trench excavation

all casing excavator

Reverse circulation method

earth drill

cast in place concrete

cast in place concrete-Benoto pile

footing foundation

earth anchor

Earth drill method

Reverse circulation methodd

Underpeening method - supporting foundation
caisson excavation workng foundation-open caisson
well point

pneumatic caisson-air lock

masonry

Piling

curtain grout

open cut method

stand

masonry

crawler crane

casing tube

block masonry-hard vinyl chloride pipe

Earth retaining work-Active earth pressure-passive earth pressure
wave dissipation block

piling

deep foundation method

piling

rammer

cast-in-place concrete- bentonite solution
cast-in-place concrete- tremie pipe
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geotextile

Earth retaining work
tremie

trench excavation

all casing excavator
Reverse circulation method
earth drill

cast in place concrete
Benoto pile

footing foundation

earth anchor

Earth drill method

Reverse circulation methodd
Underpeening method
open caisson

well point

pneumatic caisson-air lock
masonry

Piling

curtain grout

open cut method

stand

masonry

crawler crane

casing tube

block masonry-hard vinyl chloride pipe
Earth retaining work

wave dissipation block
piling

deep foundation method
piling

rammer

bentonite solution

tremie pipe



375 (F375)Vibrohammer method
376 (F376)pile driver
377 (F377)pedestal pile
378 (F378)Benoto method:All casing construction method
379 (F379)pile driving

380 (F380)Foundation work-mat foundation-Spread foundation

381 (F381)Foundation work-(Ready-made pile foundation)-Cast-in-place pile foundation
382 (F382)Foundation work-open caisson-pneumatic caisson

383 (F383)Foundation work-Shallow foundation-mat foundation-Spread foundation

384 (F384)Foundation work-Deep foundation

385 (F385)Foundation work-direct foundation

386 (F386)Foundation work-pile foundation-ready made piles

387 (F387)Foundation work-pile foundation-cast in place pile

388 (F388)Foundation work-pile foundation-caisson foundation

389 (F389)Earth retaining wall

390 (F390)Earth retaining work-Steel sheet pile work

391 (F391)Earth retaining work-Earth anchor method

392 (F392)heaving

393 (F393)Boiling

394 (F394)Ground improvement work

395 (F395)Ground improvement work-Vibroflotation method

396 (F396)Ground improvement work-Vibro Composer method

397 (F397)Ground improvement work-Sand compaction method

398 (F398)Ground improvement work-Preloading method

399 (F399)Ground improvement work-Sand drain method

400 (F400)Ground improvement work-Paper drain method

401 (F401)spread foundation : direct foundation

402 (F402)spread foundation-direct foundation

403 (F403)classification of pile foundation work

404 (F404)cast-in-place pile Benoto method

405 (F405)cast-in-place pile Earth drill method

406 (F406)cast-in-place pile Reverse construction method

407 (F407)cast-in-place pile Open caisson construction method

408 ( cast-in-place pile pneumatic caisson
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F408

Vibrohammer method

pile driver

pedestal pile

Benoto method:All casing construction method
pile driving

mat foundation-Spread foundation
Cast-in-place pile foundation

open caisson-pneumatic caisson
mat foundation-Spread foundation
Deep foundation

direct foundation

pile foundation-ready made piles
cast in place pile

caisson foundation

Earth retaining wall

Earth retaining work-Steel sheet pile work
Earth anchor method

heaving

Boiling

Ground improvement work
Vibroflotation method

Vibro Composer method

Sand compaction method
Preloading method

Sand drain method

Paper drain method

spread foundation: direct foundation
spread foundation-direct foundation
pile foundation work

Benoto method

Earth drill method

Reverse construction method
Open caisson construction method
pneumatic caisson



409 (F409)Foundation construction machinery(Pedestal method) Pedestal method



218
345
222
237
213
320
137
269
270
250
257
292

F218
F345
F222
F237
F213
F320
F137
F269
F270
F250
F257
F292

air lock

all casing excavator

all casing method
allowable bearing capacity
anchor bolt

anchor method

anchor wall / anchor rod
backfill

base drawing

base stone

battered pile

289 (F289)bearing layer

235 (F235)bearing pile

288 (F288)bearing pile
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48 (F48)pile foundation-(Construction management of Benoto Earth Drill Reverse Method)

44 (F44)pile foundation-(Benoto method)
105 (F105)cast-in-place pile(Benoto method)
114 (F114)Foundation construction machinery(Benoto method)
193 (F193)cast-in-place pile(Benoto method)
404 (F404)cast-in-place pile Benoto method
189 (F189)cast-in-place pile(Benoto method: All casing method)
378 (F378)Benoto method:All casing construction method
316 (F316)benoto method:open:all casing method
349 (F349)cast in place concrete-Benoto pile
9 (F49)pile foundation-(Construction management of Benoto piles)
0 (F50)pile foundation-(Benoto piles Slime processing)
373 (F373)cast-in-place concrete- bentonite solution
265 (F265)bituminous membrane water proofing
366 (F366)block masonry-hard vinyl chloride pipe
8 (F78)foundation-Temporary closing(Boiling)
165 (F165)Earth retaining work(boiling)
393 (F393)Boiling
245 (F245)boulders stratum

Underground structure(Anchor type of earth retaining works)

air lock

all casing excavator

all casing method

allowable bearing capacity

anchor bolt

anchor method

Anchor type of earth retaining works
anchor wall / anchor rod

backfill

base drawing

base stone

battered pile

bearing layer

bearing pile

bearing pile

Benoto Earth Drill Reverse Method
Benoto method

Benoto method

Benoto method

Benoto method

Benoto method

Benoto method: All casing method
Benoto method:All casing construction method
benoto method:open:all casing method
Benoto pile

Benoto piles

Benoto piles

bentonite solution

bituminous membrane water proofing
block masonry-hard vinyl chloride pipe
Boiling

boiling

Boiling

boulders stratum



226
227
279
285
231

153 F153)Types of foundation work(caisson foundation)
388 (F388)Foundation work-pile foundation-caisson foundation

217
204
230
293
277
229
365
309
348

387 F387)Foundation work-pile foundation-cast in place pile

197
200

152 (F152)Types of foundation work(cast-in-place pile foundation)
381 (F381)Foundation work-(Ready-made pile foundation)-Cast-in-place pile foundation
21 (F21)Foundation work-Cast-in-place pile method

F226)broken stone
F227)broken stone foundation
F279)Bulb pile Pedestal pile
F285)caisson

F231)Caisson foundation
F3)Foundation work-Caisson foundation
F53)pile foundation-(caisson foundation)
F54)pile foundation-(caisson foundation)
F55)pile foundation-(caisson foundation)
F56)pile foundation-(caisson foundation)
F57)pile foundation-(caisson foundation)
F58)pile foundation-(pneumatic caisson)
F59)pile foundation-(pneumatic caisson)
F60)pile foundation-(pneumatic caisson)
F61)pile foundation-(pneumatic caisson)

)

F217)caisson foundation
F204)Caisson foundation with legs
F230)Caisson Fundation
F293)cantilever sheet pile
F277)card-board-drain method
F229)casing

F365)casing tube

F309)cast in place concrete
F348)cast in place concrete

F42)pile foundation-(cast-in-place pile)
F197)cast-in-place pile
F200)cast-in-place pile

(
(
(
(
(
3 (
3(
4 (
S(
6 (
7 (
8 (
9 (
E
2 (F62)pile foundation-(Comparison of open caisson and pneumatic caisson)
(
(
(
(
(
(
(
(
(
(
(
(
2 (
(
(

broken stone

broken stone foundation
Bulb pile Pedestal pile
caisson

Caisson foundation
Caisson foundation
caisson foundation
caisson foundation
caisson foundation
caisson foundation
caisson foundation
caisson foundation
caisson foundation
caisson foundation
caisson foundation
caisson foundation
caisson foundation
caisson foundation
caisson foundation
Caisson foundation with legs
Caisson Fundation
cantilever sheet pile
card-board-drain method
casing

casing tube

cast in place concrete
cast in place concrete
cast in place pile
cast-in-place pile
cast-in-place pile
cast-in-place pile
cast-in-place pile foundation
Cast-in-place pile foundation
Cast-in-place pile method



111 (F111)Foundation construction machinery(Cast-in-place piles)
219 (F219)circle of influence
6 (F16)Foundation work-Classification of piles
202 (F202)Sheet pile type foundation work(closing steel sheet pile method)
291 (F291)compaction pile
262 (F262)comparative base line
9 (F19)Foundation work-composite pile
286 (F286)composite pile
234 (F234)composer method
1 (F91)Foundation work-(concrete continuous underground wall)
142 (F142)Open cut method(concrete continuous underground wall)
113 (F113)Foundation construction machinery(concrete piles)
274 (F274)cone penetration test
7 (F47)pile foundation-(Construction management of cast-in-place piles)
5 (F65)pile foundation-(continuous underground wall)
3 (F73)foundation-Temporary closing - gravity type(Corrugated cell)
4 (F364)crawler crane
0 (F360)curtain grout
3 (F43)pile foundation-(Deep foundation)
384 (F384)Foundation work-Deep foundation
104 (F104)Construction plan for piles and caissons-cast-in-place pile(Deep foundation method)
192 (F192)cast-in-place pile(Deep foundation method)
196 (F196)cast-in-place pile(Deep foundation method)
370 (F370)deep foundation method
95 (F95)Foundation work-Drainage method(Deep well method)
96 (F96)Foundation work-Drainage method(Deep well vacuum construction method)
145 (F145)Open cut method(Deep well: sandy soil)
306 (F306)depth of footing
278 (F278)depth of foundation
247 (F247)diaphragm wall
0 (F30)pile foundation-Driving ready-made piles-Diesel hammer
(
(
(

36
36

100 F100)Construction plan for piles and caissons(Diesel hammer)
180 (F180)foundation work(diesel hammer)
150 (F150)Types of foundation work(direct foundation)

Cast-in-place piles

circle of influence
Classification of piles

closing steel sheet pile method
compaction pile

comparative base line
composite pile

composite pile

compozer method

concrete continuous underground wall
concrete continuous underground wall
concrete piles

cone penetration test
Construction management
continuous underground wall
Corrugated cell

crawler crane

curtain grout

Deep foundation

Deep foundation

Deep foundation method

Deep foundation method

Deep foundation method

deep foundation method

Deep well method

Deep well vacuum construction method
Deep well: sandy soil

depth of footing

depth of foundation

diaphragm wall

Diesel hammer

Diesel hammer

diesel hammer

direct foundation



166 (F166)foundation work(direct foundation)
167 (F167)foundation work(direct foundation)
168 (F168)foundation work(direct foundation)
169 (F169)foundation work(direct foundation)
170 (F170)foundation work(direct foundation)
171 (F171)foundation work(direct foundation)
385 (F385)Foundation work-direct foundation
8 (F8)Foundation work-Direct foundation (spread foundation)stabilization
9 (F9)Foundation work-Stability to supporting ground Direct foundation (spread foundation)stabilization
10 (F10)Foundation work-Stability to supporting ground Direct foundation (spread foundation)stabilization
11 (F11)Foundation work-Stability to supporting ground Direct foundation (spread foundation)stabilization
12 (F12)Foundation work-Stability to supporting ground Direct foundation (spread foundation)stabilization
240 (F240)dowel works:Deep foundation method
307 (F307)drain
304 (F304)drain paper
8 (F98)Foundation work-(Drainage method)
260 (F260)drainage method
308 (F308)drainage path
9 (F29)pile foundation-Driving ready-made piles-Drop hammer
9 (F99)Construction plan for piles and caissons(Drop hammer)
182 (F182)foundation work(drop hammer)
254 (F254)drop hammer
299 (F299)dutch cone
351 (F351)earth anchor
391 (F391)Earth retaining work-Earth anchor method
117 (F117)Foundation construction machinery(Earth auger method)
347 (F347)earth drill
1 (F51)pile foundation-(Earth drill method Treatment of hole walls)
5 (F45)pile foundation-(Earth drill method)
106 (F106)cast-in-place pile(Earth drill method)
115 (F115
190 (F190
194 (F194
212 (

Foundation construction machinery(Earth drill method)
cast-in-place pile(Earth drill method)

cast-in-place pile(Earth drill method)

earth drill method
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F212

direct foundation

direct foundation

direct foundation

direct foundation

direct foundation

direct foundation

direct foundation

Direct foundation (spread foundation)
Direct foundation (spread foundation)
Direct foundation (spread foundation)
Direct foundation (spread foundation)
Direct foundation (spread foundation)
dowel works:Deep foundation method
drain

drain paper

Drainage method

drainage method

drainage path

Drop hammer

Drop hammer

drop hammer

drop hammer

dutch cone

earth anchor

Earth anchor method

Earth auger method

earth drill

Earth drill

Earth drill method

Earth drill method

Earth drill method

Earth drill method

Earth drill method

earth drill method



267 (F267)earth drill method
352 (F352)Earth drill method
405 (F405)cast-in-place pile Earth drill method
303 (F303)earth retaining wall
389 (F389)Earth retaining wall
159 (F159)Earth retaining work
342 (F342)Earth retaining work
367 (F367)Earth retaining work-Active earth pressure-passive earth pressure
163 (F163)Earth retaining work(earth anchor)
162 (F162)Earth retaining work(tie rods)
390 (F390)Earth retaining work-Steel sheet pile work
301 (F301)electric resistivity survey

7 (F97)Foundation work-Drainage method(Electropenetration method)
302 (F302)equipotential line
319 (F319)extra banking
112 (F112)Foundation construction machinery(Features of steel piles)
264 (F264)footing
350 (F350)footing foundation
311 (F311)footing foundation Independent footing foundation
312 (F312)footing foundation Composite footing foundation
313 (F313)footing foundation Continuous footing foundation
314 (F314)footing foundation mat foundation
261 (F261)foundation
147 (F147)Types of foundation work
148 (F148)Types of foundation work
149 (F149)Types of foundation work
224 (F224)Foundation work
251 (F251)foundation work

(F4)Foundation work plan

(F5)Foundation work-Survey for foundation work plan

(F6)Foundation work-Considerations during designing foundations

7 (F7)Foundation work-Types of foundation work
266 (F266)friction pile

4
5
6

22 (F22)Foundation work-Classification by support method( friction pile Bearing pile)

earth drill method

Earth drill method

Earth drill method

earth retaining wall

Earth retaining wall

Earth retaining work

Earth retaining work

Earth retaining work

Earth retaining work(earth anchor)
Earth retaining work(tie rods)
Earth retaining work-Steel sheet pile work
electric resistivity survey
Electropenetration method
equipotential line

extra banking

Features of steel piles
footing

footing foundation

footing foundation

footing foundation

footing foundation

footing foundation
foundation

foundation work
foundation work
foundation work
Foundation work
foundation work
Foundation work
Foundation work plan
Foundation work plan
Foundation work plan
friction pile

friction pile Bearing pile



338 (F338)geotextile-Embankment drainage reinforcement

339 (F339)geotextile-Separation of different materials

340 (F340)geotextile- Reinforcement of ground, roadbed, etc.

341 (F341)geotextile- Preventing suction of earth and sand

394 (F394)Ground improvement work

228 (F228)group of piles

284 (F284)group of piles

327 (F327)grouting
9 (F79)foundation-Temporary closing(Heaving)

164 (F164)Earth retaining work(heaving)

310 (F310)heaving

392 (F392)heaving
4 (F34)pile foundation-(Hollow excavation pile method/Prefabricated pile)

255 (F255)Hollow excavation pile method

220 (F220)H-section steel pile
6 (F36)pile foundation-(Hydraulic hammer press-in method)

216 (F216)ICOS method

125 (F125)Underground structure(Immersed tunnel method)

238 (F238)impregnation method of ground

273 (F273)influence circle R

155 (F155)Types of foundation work(investigation)

87 (F87)Foundation work-(Island construction method)

138 (F138)Underground structure(lsland construction method of earth retaining works)

21 1 (F211)island cut method

5 (F35)pile foundation-(Jet method)

F185)foundation work(Jet method: injection)

F241)leaving concrete

F243)lime pile

F102)Construction plan for piles and caissons(Long pre-fabricated piles)

F161)Earth retaining work(Main piles horizontal sheet pile timbering)
)
)
)
)

185
241
243
102
161
221
358
363
215

F221)main rope
F358)masonry
F363)masonry
F215)mat foundation

N N N N N o o~~~

geotextile

geotextile

geotextile

geotextile

Ground improvement work
group of piles

group of piles

grouting

Heaving

heaving

heaving

heaving

Hollow excavation pile method
Hollow excavation pile method
H-section steel pile

Hydraulic hammer press-in method
ICOS method

Immersed tunnel method
impregnation method of ground
influence circle R

investigation

Island construction method
Island construction method
island cut method

Jet method

Jet method: injection

leaving concrete

lime pile

Long pre-fabricated piles

Main piles horizontal sheet pile timbering

main rope
masonry
masonry

mat foundation



380 (F380)Foundation work-mat foundation-Spread foundation
383 (F383)Foundation work-Shallow foundation-mat foundation-Spread foundation
37 (F37)pile foundation-(Milk injection method)

126 (F126)Underground structure(Mountain tunnel construction method)

205 (F205)multi-column foundation

259 (F259)negative friction

276 (F276)observation well

330 (F330)open caisson

355 (F355)caisson excavation workng foundation-open caisson

407 (F407)cast-in-place pile Open caisson construction method

108 (F108)cast-in-place pile(Open caisson foundation)

198 (F198)cast-in-place pile(open caisson foundation)

275 (F275)open -caisson method

382 (F382)Foundation work-open caisson-pneumatic caisson

131 (F131)Underground structure(Open cut method)

132 (F132)Underground structure(Open cut method)

133 (F133)Underground structure(Open cut method)

134 (F134)Underground structure(Open cut method)

239 (F239)open cut method

361 (F361) open cut method

400 (F400)Ground improvement work-Paper drain method
7 (F27)pile foundation-treatment of pile head-PC pile

409 (F409)Foundation construction machinery(Pedestal method)

377 (F377

258 (F258

283 (F283

282 (F282
(
(
(
3(
4 (
5 (
2 (

pedestal pile

penetration

pile driving frame

pile driving resistance

186 (F186)foundation work(On-site jointing of ready-made piles - Pile cap treatment)

376 (F376)pile driver

379 F379)pile driving
F23)pile foundation-Comparison of construction depth
F24)pile foundation-Standard application of piles
F25)pile foundation-Standard application of piles
F2)Foundation work-Pile foundation
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mat foundation-Spread foundation
mat foundation-Spread foundation
Milk injection method

Mountain tunnel construction method
multi-column foundation

negative friction

observation well

open caisson

open caisson

Open caisson construction method
Open caisson foundation

open caisson foundation

open -caisson method

open caisson-pneumatic caisson
Open cut method

Open cut method

Open cut method

Open cut method

open cut method

open cut method

Paper drain method

PC pile

Pedestal method

pedestal pile

penetration

pile driving frame

pile driving resistance

Pile cap treatment

pile driver

pile driving

pile foundatio

pile foundatio

pile foundatio

Pile foundation



172 (F172)foundation work(pile foundation)
173 (F173)foundation work(pile foundation)
174 (F174)foundation work(pile foundation)
175 (F175)foundation work(pile foundation)
321 (F321)pile foundation
322 (F322)pile foundation
323 (F323)pile foundation
324 (F324)Classification of piles
325 (F325)Functional classification of pile foundations
326 (F326)Geological strata conditions and applicable range of various piles
403 (F403)classification of pile foundation work
386 (F386)Foundation work-pile foundation-ready made piles
225 (F225)pile-driver
329 (F329)piles group
40 (F40)pile foundation-(piling)
359 (F359)Piling
369 (F369)piling
371 (F371)piling
80 (F80)foundation-Temporary closing(Piping)
244 (F244 )plasticity
199 (F199)cast-in-place pile(Pneumatic caisson)
408 (F408)cast-in-place pile pneumatic caisson
109 (F109)cast-in-place pile(Pneumatic caisson construction method)
357 (F357)pneumatic caisson-air lock
296 (F296)point bearing pile
154 (F154)Types of foundation work(points of planning)
33 (F33)pile foundation-Driving ready-made piles-(Pre-boring method)
64 (F64)pile foundation-(precast well)
398 (F398)Ground improvement work-Preloading method
184 (F184)foundation work(Press-in method)
52 (F52)pile foundation-(cast-in-place piles Prevention of construction pollution)
328 (F328)quicksand
81 (F81)foundation-Temporary closing(Quicksand phenomenon)
372 (F372)rammer

pile foundation

pile foundation

pile foundation

pile foundation

pile foundation

pile foundation

pile foundation

pile foundation

pile foundation

pile foundation

pile foundation work

pile foundation-ready made piles
pile-driver

piles group

piling

Piling

piling

piling

Piping

plasticity

Pneumatic caisson
pneumatic caisson
Pneumatic caisson construction method
pneumatic caisson-air lock
point bearing pile

points of planning
Pre-boring method
precast well

Preloading method
Press-in method
Prevention of construction pollution
quicksand

Quicksand phenomenon
rammer



6 (F26)pile foundation-treatment of pile head-RC pile
F188)On-site joints for ready-made piles(RC pile) - Pile joints
F18)Foundation work-RC pile (concrete pile) PC pile
F20)Foundation work-Ready-made pile construction method
F151)Types of foundation work(Ready-made pile foundation)
F110)Foundation construction machinery(Ready-made piles)
F176)foundation work( ready-made piles)
F177)foundation work( ready-made piles)
F178)foundation work(built-in construction method)
F179)foundation work(lImpact construction method for ready-made piles)
4 (F84)Foundation work-(retaining wall)
5 (F85)Foundation work-(retaining wall)
F86)Foundation work-(retaining wall)
F46)pile foundation-(Reverse circulation method)
F116)Foundation construction machinery(Reverse circulation method)
F346)Reverse circulation method
F353)Reverse circulation methodd
F82)Foundation work-cast-in-place pile(Reverse construction method)
F191)cast-in-place pile(Reverse construction method)
F195)cast-in-place pile(Reverse construction method)
F406)cast-in-place pile Reverse construction method
F107)cast-in-place pile(Reverse method)
F143)Open cut method(Road lining and excavation)
F119)Soil improvement(Sand compaction method/Vibro Composer method)
F397)Ground improvement work-Sand compaction method
F118)Soil improvement(Sand drain method)
F158)Soft ground improvement method(Sand drain method)

)

)

)

)

)

)

)

188
18
20

151

110

176

177

178

179

86

46
116
346
353

82
191
195
406
107
143
119
397
118
158
232
331
399
233
287
290
268

F232)sand drain method

F331)sand drain method

F399)Ground improvement work-Sand drain method
F233)sand pile

F287)Sandpile, Sand Drain, Sand Mat
F290)settlement of ground

F268)shallow foundation
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RC pile

RC pile - Pile joints

RC pile (concrete pile) PC pile
Ready-made pile construction method
Ready-made pile foundation
Ready-made piles
ready-made piles
ready-made piles
ready-made piles
ready-made piles

retaining wall

retaining wall

retaining wall

Reverse circulation method
Reverse circulation method
Reverse circulation method
Reverse circulation methodd
Reverse construction method
Reverse construction method
Reverse construction method
Reverse construction method
Reverse method

Road lining

Sand compaction method
Sand compaction method
Sand drain method

Sand drain method

sand drain method

sand drain method

Sand drain method

sand pile

Sandpile, Sand Drain, Sand Mat
settlement of ground

shallow foundation



2 (F92)Foundation work-(Drainage method-Shallow sump)
3 (F93)Foundation work-(Drainage method-Shallow sump)
297 (F297)shear failure
295 (F295)shear stress
252 (F252)sheathing work
88 (F88)Foundation work-(Earth retaining work-Sheet pile (wood) earth retaining)
139 (F139)Underground structure(Open cut method-Sheet pile (wood) earth retaining)
63 (F63)pile foundation-(sheet pile foundation)
74 (F74)foundation-Temporary closing-sheet pile type(Free-standing type - single sheet pile)
75 (F75)foundation-Temporary closing-sheet pile type(strut beam type - single/double sheet pile)
76 (F76)foundation-Temporary closing-sheet pile type(Cell type)
77 (F77)foundation-Temporary closing
201 (F201)Sheet pile type foundation work
127 (F127)Underground structure(Shield method)
246 (F246)single pile
294 (F294)sliding surface
156 (F156)Soft ground improvement method
249 (F249)soil covering

332 (F332) Soil stabilization treatment-Runways, roads, etc.-Improvement of roadbed and roadbed

.~~~ A~~~

333 (F333)Soil stabilization treatment-Soil stabilization treatment-By on-road mixing method-Simple paving of farm roads, parking lots, etc.

334 (F334)Soil stabilization treatment-Temporary road for construction-pavement
335 (F335)Soil stabilization treatment-Sliding failure of embankment

336 (F336)Soil stabilization treatment-Building foundation ground improvement
337 (F337)Soil stabilization treatment-Underground dam wall

F38)pile foundation-(Soundproof cover)

F248)spread foundation

F1)Foundation work-spread foundation Direct basis

F401)spread foundation: direct foundation

F402)spread foundation-direct foundation

F15)Foundation work-Stability against falls

F14)Foundation work-Stability against sliding

F13)Foundation work-Stability to supporting ground

362 F362)stand

263 (F263)standard penetration test

8 (
248 (

1
401 (
402 (
5(
4 (
3(
(
(

Shallow sump

Shallow sump

shear failure

shear stress

sheathing work

Sheet pile (wood) earth retaining
Sheet pile (wood) earth retaining
sheet pile foundation

sheet pile type

sheet pile type

sheet pile type

sheet pile type

Sheet pile type foundation work
Shield method

single pile

sliding surface

Soft ground improvement method
soil covering

Soil stabilization treatment

Soil stabilization treatment

Soil stabilization treatment

Soil stabilization treatment

Soil stabilization treatment

Soil stabilization treatment

Soundproof cover

spread foundation

spread foundation Direct basis
spread foundation : direct foundation
spread foundation-direct foundation
Stability against falls

Stability against sliding

Stability to supporting ground
stand

standard penetration test



181 (F181)foundation work(steam hammer)
31 (F31)pile foundation-Driving ready-made piles-Steam hammer/air hammer
17 (F17)Foundation work-Steel pile
89 (F89)Foundation work-(Steel pile (main pile) horizontal sheet pile earth retaining)
140 (F140)Open cut method(Steel pile (main pile) horizontal sheet pile earth retaining)
28 (F28)pile foundation-treatment of pile head-steel pipe

187 (F187)foundation work(Steel pipe pile-cap treatment)
90 (F90)Foundation work-(Steel sheet pile earth retaining work)
160 (F160)Earth retaining work(steel sheet pile)
141 (F141)Open cut method(Steel sheet pile earth retaining work)
318 (F318)stone field drain
242 (F242)stone levee
41 (F41)pile foundation-(Stop piling)
256 (F256)strip footing
280 (F280)strut
136 (F136)Underground structure(strut type of earth retaining works)
83 (F83)Foundation work-(strut type temporary closing work)
300 (F300)subsurface dam
70 (F70)foundation-Temporary closing - gravity type(levee method)
71 (F71)foundation-Temporary closing - gravity type(Caisson method)

72 (F72)foundation-Temporary closing - gravity type(Cellular block method)
203 (F203)Sheet pile type foundation work(Temporary closing steel sheet pile method)
103 (F103)Construction plan for piles and caissons(Test piles)

236 (F236)test pit

298 (F298)tie rod

281 (F281)tip of pile

343 (F343)tremie

374 (F374)cast-in-place concrete- tremie pipe
305 (F305)trench

253 (F253)trench cut method

344 (F344)trench excavation

135 (F135)Underground structure(Types of earth retaining works)
315 (F315)under flow water

214 (F214)under pinning method

steam hammer

Steam hammer/air hammer
Steel pile

Steel pile (main pile)

Steel pile (main pile)

steel pipe

Steel pipe pile-cap treatment
Steel sheet pile

steel sheet pile

Steel sheet pile earth retaining work
stone field drain

stone levee

Stop piling

strip footing

strut

strut type of earth retaining works
strut type temporary closing work
subsurface dam

Temporary closing

Temporary closing

Temporary closing

Temporary closing steel sheet pile method

Test piles

test pit

tie rod

tip of pile

tremie

tremie pipe

trench

trench cut method
trench excavation
Types of earth retaining works
under flow water
under pinning method



206
207
122
123
124
128
129
130
354

66

67

68

69
208
209
210
183
396

32
120
395
157
101
375
146
368
317

39
356
144

94
121
271
272

F206)Underground continuous wall foundation
F207)Underground continuous wall foundation
F122)Underground structure

F123)Underground structure

F124)Underground structure

F128)Underground structure

F129)Underground structure

F130)Underground structure

F354)Underpeening method - supporting foundation
F66)pile foundation-(Underpinning)

F67)pile foundation-(Underpinning)

F68)pile foundation-(Underpinning)

F69)pile foundation-(Underpinning)

F208)Underpinning method

F209)Underpinning method

F210)Underpinning method

F183)foundation work(vibration method)

F396)Ground improvement work-Vibro Composer method
F32)pile foundation-Driving ready-made piles-Vibro hammer
F120)Soil improvement(vibroflotation method)

F395)Ground improvement work-Vibroflotation method
F157)Soft ground improvement method(Vibroflow tension method)
F101)Construction plan for piles and caissons(Vibrohammer)
F375)Vibrohammer method

F146)underground structure(waterproof)

F368)wave dissipation block

F317)weep drain

F39)pile foundation-(Welding)

F356)well point

F144)Open cut method(Well point construction method)
F94)Foundation work-Drainage method(Well point construction method)
F121)Soil improvement(Well point method)

F271)wellpoint method

F272)wellpoint method

o AN AN N N N N A N N P N N
N— N N N N N

Underground continuous wall foundation
Underground continuous wall foundation

Underground structure
Underground structure
Underground structure
Underground structure
Underground structure
Underground structure
Underpeening method
Underpinning
Underpinning
Underpinning
Underpinning
Underpinning method
Underpinning method
Underpinning method
vibration method
Vibro Composer method
Vibro hammer
vibroflotation method
Vibroflotation method
Vibroflow tension method
Vibrohammer
Vibrohammer method
waterproof

wave dissipation block
weep drain

Welding

well point

Well point

Well point construction method
Well point method
wellpoint method
wellpoint method



223 (F223)wooden maul wooden maul



(F1)Foundation work-spread foundation Direct basis

(F1)Foundation work-spread foundation Direct basis

spread foundation:Direct bhasis

backfill construction

sandy ground foundation

sands tieght -=ard, clay




(F2)Foundation work-Pile foundation

Ready-made piles

Benoto method

(F2)Foundation work-Pile foundation

pile driver

H

. Main body
counter w3|gh§ ;

L i S e

pile hammer

. leader

.- Tomcrete prle

sheet pile
H-shaped steel pile

aaaaaaaaaa

@Drilling
@Casing tube insertion

(3Bentonite solution — injection
hole wall prevention muddy water

_ @Erection of rebar

é A v BBuilt—in tremmy tube rebar
! B Ready-mixed concrete pouring
: (7)Casing tube pull-out

5/ e

®Sediment reburials




(F3)Foundation work-Caisson foundation

(F3)Foundation work-Caisson foundation

Blade apening

[ remy pipe is jlanged

and watertight

—
S, = e “

Open caisson foundation

7 =1 &= . : .
Sedimentation in the support |ayer

e -
............ Ay
P
ol o, o
T T

TR

Groundwater tahle

Working chamber

Y Cutting edge

Pneumatic caissan

- -

UOpen caisson

airlock

‘

i f.bucket
A A s i
R aeeee GRS 50N
|oad water -
v firm ground
T i i

AT AN
AT FTTrsr R Ay

shaft working room

Pneumatic caisson




(F4)Foundation work plan

(F4) Foundation work plan

Foundation work plan

SUperstTructure
b e mIInInizzagpIIiziiIiooOIC

...................................................

(2) Safe -reliable construction -economic

(1) Integrated with the superstructure (4) Environmental harmony

Public utility tunnel

Air vent
—— [}awnal moTorway Seav
]
[] [ L
L Grack
0
_ i i

(3) Durability, maintenance and repair




(F5)Foundation work-Survey for foundation work plan

(F5)Foundation work-Survey for foundation work plan

(1) Soil survey
 Bearing capacity. soil pressure. water permeability < .=

» Subsidence deformation amount bowling

+ Sand ground: Liquefaction

----------

B R F e B P R TP PP TP P PP P PP

(2) Environmental surveys
+ S5teel pile corrosion survey Environmental survey j :

» Traffic conditions
' Neather scene

* Proximity structures

* Buried structures




(F6)Foundation work-Considerations during designing foundations

(F6)Foundation work-Considerations during designing foundations

Considerations during designing foundations
(1) Impact on neighboring structures

Prevention of pollution
Construction period

)
2]
[:8:)
(4) Balance with superstructure
[
(6)

Satety and reliability of construction
Enwironment

i@ﬂ&ﬂk per iod
superstructure Qé;ghgf

rinrene
i

Erw i ronment

neighboring
Safety

s S i

=]

pol lution




(F7)Foundation work-Types of foundation work

Foundation work-Considerations during designing foundations

Basic construction classification
Types of foundation work

/|Shallow foundation | ——>

[Foundation work |

[deep foundations

Direct foundation |~

> |caisson foundation |\

Use of raw ground |

(spread foundation) Ground improvement

[pile foundation f—>

Ready-made pile foundation
Noise/vibration-problems
Cast-in-place pile foundation

open caisson

pneumatic caisson

[sheet pile foundation |

continuous underground waIIs|

[Safety management required |




(F8)Foundation work-Direct foundation (spread foundation)stabilization

(F8)Foundation work-Direct foundation (spread foundation)stabilization

Direct foundation (spread foundation)stabilization
(1) Stability of supporting ground
@) Stabi Tty against sliding (sliding]

(3 Stability against falling
pmrting
P
talling () si)ding

Three elements of stability

Structure excavation

* Normal ground sl
backfilling
- Direct foundation ¥ , Footing

/T ba ckfilling e |
' . Bedrock Leveled concrete (t=100mm)

v -
: . Replacement concrete
| Fﬂ-f ooting Bedrock surface cleaning
# Leveled concrete (t=100mm)

\gxnﬂﬁﬂgmamngy

Normal ground -
grave |

Foundation material (cobble stone/gravel t=200mm)

Flattened concrete




(F9)Foundation work-Stability to supporting ground Direct foundation (spread foundation)stabilization

(F9)Foundation work-Stability to supporting ground Direct foundation (spread foundation)stabilization

Stability to supporting ground

(spread foundatiaon)
Direct foundation

Vﬂ bagkfi1iing

LI

AN K,

Footing

Leveled concrete (t=100mm)

\W”
ﬂ Flattened concrete

Loose sand layer Split stone crushed stone
grave |
Adeguate compaction
Deeply penetrates into sandy ground




(F10)Foundation work-Stability to supporting ground Direct foundation (spread foundation)stabilization

(F10)Foundation work-Stahility to supporting ground Direct foundation (spread foundation)stabilization

Stability to supporting ground
Tight gravel layer

backfilling

SN

Foot ing

E B “Teveled concrete (t=100mm)
- 5

E‘NBEG%EERN"N"N"”"N"m"m"m"m"m"m"m"m"m"“

Replacemeﬁé e ‘Bedrock surface cleaning
iTight gravel layer

Do not use split stones or crushed stones




(F11)Foundation work-Stability to supporting ground Direct foundation (spread foundation)stabilization

(F11)Foundation work-=Stability to supporting ground Direct foundation (spread foundation)stabilization

bedrock foundation work

backfilling
poor mix concrete
E . Footing
5;1 'éim Leveled concrete (t=100mm)
o
___{:5///;?;;;9 ???F’/ Yoids - Leveled concrete/mortar

- Bedrock
Bedrock surface cleaning
floating stones - remove pedrock

Rep lacement concrete

surface - cleaning




(F12)Foundation work-Stability to supporting ground Direct foundation (spread foundation)stabilization

{F12)Foundation work-3tability to supporting ground Direct foundation (spread foundation)stabilization

5tability to supporting ground

Glay soil foundation work
Ground improvement

Deeply penetration

Glay soil foundation work

Glay soil — spreading the low plate has no effect
T)Bui Ild the foundation after consolidation drainage
@ Increase the penetration depth Vﬂ —
hagkfllllng
: 7 =
Footing
Glay soil foundation work .
Split stone crushed stone

gravel
Adequate compaction
Deeply penetrates into sandy ground




(F13)Foundation work-Stability to supporting ground

(F13) Foundation work-Stability to supporting ground

stability to supporting ground

In the case of a foundation built directly on a river
- Washing consideration

- Below the groundwater level

*Following freeze-thaw effects

o A7 Scour ing depth
v groundwater level

good qual ity ground ™

(MBelow the groundwater level

-x‘Footing

Dpenetration below freezing depth




(F14)Foundation work-Stability against sliding

(F14) Foundation work-Stability against sliding

Stability against sliding
Hor izontal force of earth pressure due to earthquake
Resistance of foundation work

front wallwuﬁ_Vﬂ
e /
---------------------------------------------------------------------- o eBEISiC force]
fr@nt_j ---------- - xm“*uh
Resistance Bottom b arfﬁf;# HE%HMT ~ iresistance to horizontal™
: protruaionimnmm- P CWEEC)FrictiGHaI force
S H ) | @S0 | stickiness
I e .@Front of foundation . .|

;direct foundat ion
penetration
‘zink into the ground




(F15)Foundation work-Stability against falls

(F15) Foundation work-Stability against falls

Direct foundation falls over

Resultant force acting on the foundation
Going outside the basic low version — Falling down

center |ine

| g
. !
3, center of gravity Mﬂ .................................................................................. ;
T R | inuclear point ;
™ ! ,The resultant force under normal
7 2 | L g , ;
i b conditions is within this range
: S |
resultant force R L 13 T —————

iThe resultant force during i
71 ¢ i an earthouake falls W|th|n
& L 1 i this range

iThe point of action of the resultant force R -1 .................... Sk
ioverflows outside the person’ s feet - ; ; :

.....................................

L"”"""""”""”""”""”""”"""“""”""“""“""“""“"“"j B Low plate wldth
Going outside the basic low version — Falling down

human fall Stability against falls




(F16)Foundation work-Classification of piles

(F16) Foundation work-Classification of piles
pile foundation
Classification of piles

(MClassification by pile material @Classification by support method

@iClassification by construction method
Ready—made pile foundation | pad

~

RG Pile

composite pile

ki

Reinforced concrete piles

wooden pile

§§§§§é§§§§§§§§m

Open caisson foundation friction pile




(F17)Foundation work-Steel pile

pile foundation

(F17) Foundation work-Steel pile

Classification of piles

(TSteel pile

- H-steel piles - Foundation for temporary structures -Difficult geology to drive

- Steel pipe piles - large cross-section piles -

H-section steel pile

T

.........................................

i

A




(F18)Foundation work-RC pile (concrete pile) PC pile

(F18)Foundation work-RC pile (concrete pile) PC pile

pile foundation
Classification of piles
@RC pile (concrete pile)
- Precast pile: Factory production
Basics of small structures
- Cast-in-place piles
Pour concrete into a hole dug in the field

GPC pile
prestressed piles Hollow excavation pile method
=N
;%% 5%?
. _::?&E {‘:‘i:ll ;E;

I

# i Hollow section
5T"§F Embedded pile

B N

e

"""""""""""""""""""" : ixHammer Grab Bucket
Gement w1l i Large diameter pile

- im ion i or S steel pipe
RC Pile Sedimentation in the support Igggﬁrﬁ?va?TT?

Wooden pile




(F19)Foundation work-composite pile

pile foundation

(F19) Foundation work—-composite pile

Glassification of piles

- ' 1l
@ composite pile

e o
.- Rebar
I./’_,.r-'_‘-\—;_\_\ ""_,-'
Ko )
((_'../—'_‘—\\\
M
)
N
steel pipe H steel Rebar RG
T _-steel pipe
1--Piano wire (PG) I’f~~HG pile
.----Rebar RG
/’_,.‘—'_‘_‘—\.\_\\'
Yeory  ymed
Piano wire (PC) composite pile

Reinforce the outer periphery of RG piles with steel pipes




(F20)Foundation work-Ready-made pile construction method

(F20) Foundation work—-Ready-made pile construction method

pile foundation
Classification of piles

- Classification by construction method
Readv-made pile construction method

tactory production
steel R.C. PC composite

pile—driver

1 pile hammer

r-3

xxxx

pile-driver

I

teader

=-conocrete pile
sheet pile
H-shaped steel pile

driving %%@
can be pulled out AT

aaaaaaaaaaaaaaaaa

-----------------------------------------

‘“ﬂSteel pipe :
;ateel sheet pileg




(F21)Foundation work-Cast-in-place pile method

(F21)Foundation work-Cast—-in-place pile method

Feverse circulation method

To sedimentation tank

e O @ 2@ D
Twater i | d
,,,,,,,,, , {”::m_ 4?%%?
rotating bit _ hReverse ref lux pumped mdﬂ
i

casiﬂg tube

bl l-cazsinzg method

i

caS|ng
ammer Gr ﬂJ P

S84l

£

@r

Dlnstalling stand pipe
@ lnternal excavation with bucket
ZExcavation using leavers method

@Reinforcement installation

& ® BS5uck up sediment -Built-in tremie pipe

- ®Concrete pouring
% ; ,I,f = GPull out the stand pipe

(DCazing Foundation Pile Center
@excavat ion-Hammer Grab

vvvvvv

Hammer Grab @excavat i on-Hammer Grab
"\,6

Wexcavat ion-completed
BWater-muddy water-Mud Water Pump
BIRebar caze

@Tremie tube

B Readv-mixed concrete

B .-_r=-!-.-.-.-.-w, ---------

@ Fulling out casing

{0Burials




(F22)Foundation work-Classification by support method( friction pile Bearing pile)

(FZ22)Foundation work-Classification by support method( friction pile Bearing pile)

(Mfriction pile in the support laver is deep (}Bear!ng pile
Supported by frictional force bearing laver
load | oad
7 >
e o e kv 2 i A L
N F é
P .
i ] 'soft ground soft ground
1 /’7’/ 1 //_-;
B i
P g
; % : .
friction pile bearing pile
KRN s s ) ) ) : e i '
i i P friction pile bear ing pile




(F23)pile foundation-Comparison of construction depth

(F23)pile foundation-Comparison of construction depth

pile foundation

Comparison of construction depth

o le foundation Comparison of construction depth
0 20 30 4[] 1] 18] 70 g0 90m

spread foundation 773

BC pile %)
FC pile ]
steel pile Ex i R RN TR T e T r kT PN

cast-in-place pile [~ B i e v i i i




(F24)pile foundation-Standard application of piles

(F24)pile foundation-Standard application

pile foundation

Standard application of piles
» Standard spacing of piles
2.5 times more than piles

* Erecting piles

Yerticality - Measured from 2 directions

2.5 times more

of piles

thanépilez

P T E e E P LT LR P EEEEEEP e Red

—_——————

Yerticality - Measured from 2 directions




(F25)pile foundation-Standard application of piles

(F25)pile foundation-Standard application of piles

Standard application of piles

Pile type (diameter cm) ii;;;??%nze;giizi?Lij Standard length (m)
RC pile(30) 2080 6-7

PC pile(40) 40-60 /-8

steel pile(b0) 100-120 20-30

H steel pile(30) 30 15=%5
cast-in-place pile(100) 200-250 Z0-30

Satety factor for wertical loads

friction pile

bearing pile

normal times

g

earthquake times

i




(F26)pile foundation-treatment of pile head-RC pile

(F26)pile foundation-treatment of pile head-RC pile

pile foundation
Treatment of pile head

g g T O e O T T e W e

RC pile - heagﬁ Integrate reinforcing bars with footings

RC pile




(F27)pile foundation-treatment of pile head-PC pile

(F27)pile foundation-treatment of pile head-PC pile

pile foundation

Treatment of pile head —Nr
PC pile
i
O onmnn e Ml coor AR

Loss prestress reinforce

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

[f possible, implant the head without destroving |

#=PC plle




(F28)pile foundation-treatment of pile head-steel pipe

(F28)pile foundation-treatment of pile head-steel pipe

pile foundation
Treatment of pile head

Steel pipe piles - large cross-section piles

—

cutting

T

sfeel pipe pile

...................

cutting reinforcing

wootee] pipepile

bars to integrate with footings




(F29)pile foundation-Driving ready-made piles-Drop hammer

(F29)pile foundation-Driving ready-made piles—Drop hammer

pile foundation

Oriving readv-made piles

(D0rop hammer

J X

v

A\

i
77 <1

- Small cross section pile

- Equipment - Easy

- Fasy to eccentricity

« Pile head: Damage prevention

Weight of weight:

1-3 times the weight of the pile
: = Weight (1-3tf)

» free fal




(F30)pile foundation-Driving ready-made piles-Diesel hammer

(F30)pile foundation-Driving ready—-made piles-Diesel hammer

pile foundation
Driving ready-made piles
@ Diesel hammer
» Hard ground Suitable for normal ground
» Number of blows

Steel pile: 3000 times or less

PC pile: 2000 times or less
RC pile: 1000 times or less

1 axis permissible inclination 1/100

2. Allowable deviation of driving position D74 (10cm) or less Diesel hammer

Lo 1

Do not set the piles at a settlement of less than 2 mm
subsidence amount of Tmm or less at one time
- Diesel damage
» Damage of piles

1L

hammer cushion
Replace when it gets hard

cardboard paper
Pile diameter D




(F31)pile foundation-Driving ready-made piles-Steam hammer/air hammer

(F31)pile foundation-Driving ready-made piles-Steam hammer/air hammer

pile foundation
Oriving ready-made piles
(Z)Steam hammer/air hammer
- Equipment - large scale
- Many piles
- Slanted piles can be driven underwater

.. Adjustable impact force

alr compressor

Slanted pileﬁf




(F32)pile foundation-Driving ready-made piles-Vibro hammer

pile foundation
Oriving readv-made piles

(}V|bro hammer
« Strong vibration
» LGood for soft ground

- High frequency wibrator 1s used

(F32)pile foundation-Driving ready-made piles-Vibro hammer

» Jecrease in frictional force of p||e5

?ibrohammer

Electric wvibrating pile driver

Hydraul ic vibrating pile driver




(F33)pile foundation-Driving ready-made piles-(Pre-boring method)

(F33)pile foundation-Driving ready-made piles—(Pre-boring method)

pile foundation
Pollution measures for readvy-made piles
- diesel hammer

= Vibro hammer
Oriving ready-made piles - noise and vibration

Low-pol lution ready-made pile driving method

(TPre-boring method

- Orive 1-3m

pre-bowl ing

Dig the hole for the ready-made pile Place concrete in case not pouring
with an earth auger etc.




(F34)pile foundation-(Hollow excavation pile method/Prefabricated pile)

(F34)pile foundation-(Hollow excavation pile method/Prefabricated pile)

pile foundation

Follution measures for ready-made piles
@ Hol low excavation pile method/Prefabricated pile
Utilizing hollow parts of piles
Oig the hole for the readv-made pile with an earth auger etc.
Drilling and press-fitting with a bucket

(1) Hammer Grab Bucket—drilling
{(2) Rotary press fitting

{(3) Tip - Gement milk squirting
(4) Gravel layer mixing
(5) Bulbs

..excavator
L]

AN
hodiow PC pile

Hol low section
Emhedded pile

n ! w
b
e A T B =

¢ i Hammer Grab Bucket
Gement milk ! Larze djameter pile prefabricated pile
2 &3 steel pipe

Sedimentation in the support |ayé?h"

o
et S S e s e

Lar ge dﬁéméféffh]]é - hollow part




(F35)pile foundation-(Jet method)

(F35)pile foundation-(Jet method)

pile foundation
Pol lution measures for ready-made piles
@Jet method
Sand ground - High pressure water - Injection - Excavation
Eliminate friction between piles and the ground

Pile-press fit
A\ sMWeight

f pressure water
7
7 s

sandy ground

e plile

Jot water ‘e




(F36)pile foundation-(Hydraulic hammer press-in method)

(F36) pile foundation-(Hydraulic hammer press—in method)

pile foundation

Pollution measures for ready-made piles
@ Hydraul ic hammer press—in method

-Hydraulic-File-Press Fit

Mo wibration

Mo noise concrete pile




(F37)pile foundation-(Milk injection method)

(F37)pile foundation-(Milk injection method)

pile foundation
Pollution measures for ready-made piles

Milk injection method

pile in the ground <i“2;
Cast-in-place concrete pile <E:}
2l
= i?_’f_ >
55 I = G L T e R R
SR P S 12 2 5
SIHRE: U = < g a g
> 8 >, S > & - ~f
d__v_bl T C:H g {" i -E
Farth Auger Screw [[>] Y3 =g =
: < 1] s =
earth auger tip T P Mor talr
‘i::} Hortar bentorite + cement
o bentonite t cement
& entoni
f”">
H-shapad steel

rebar




(F38)pile foundation-(Soundproof cover)

(F38)pile foundation-(Soundproof cover)

pile foundation
Pol lution measures for readv-made piles

B)Soundproof cover
diezsel hammer

- soundproof cower

L LT v

il

:IIIIIIIIIIIIIIII-F

PR A i ar iy i R

B Soundproof cover




(F39)pile foundation-(Welding)

(F39)pile foundation-(Welding)

pile foundation =
: : wond
Construction management of ready-made piles N
Dielding 2

- Welded joints - arc welding :

- Welding inspection results-record
- Diagonal pile - Do it from the pulling side

H-section steel pile™™

Uiagonal pile

Slanted pile”




(F40)pile foundation-(piling)

pile foundation

(F40)pile foundation-(piling)

Construction management of readv-made piles

@piling

Welding inspection results-record

- Erection of readv-made piles -
inspection from two directions

Yertical ity - Measured from 2 directions




(F41)pile foundation-(Stop piling)

(FA1)pile foundation-(Stop piling)

pile foundation

Construction management of ready-made piles
@Stop piling

-------------------------------------------------------------------------------------

- Stop management method

* Penetration amount
- Measure the amount of rebound

TRSIRTINIY AT




(F42)pile foundation-(cast-in-place pile)

(F42)pile foundation-(cast-in-place pile)

pile foundation
cast-in-place pile

Moise/vibration pollution prevention
- Equipment - large
- Construction speed - slow
- Construction management-problems

(D Deep foundation construction method -manual excawvation

@) Benoto method / Earth drill method / Reverse method - Mechanical excavation

s

Benoto method

T4l

Jm

" Rarth drill method =Q§ Reverse method




(F43)pile foundation-(Deep foundation)

(F43)pile foundation— (Deep fo

pile foundation
cast-in-place pile
(1) Deep foundation construction method
* Manual| excavation
- Groundwater exclusion
* Possible to blast leaves of rolling stones
* Urainage construction - boiling and heaving
- Confirmation of soil bearing capacity - easy

- Soft ground

A W R

- Water pressure — ground - push up

” d0 Special
- Heaving W Sp ;

..............................

undation)

underground water route

Boiling
Tripod
Hoisting wire
BWinche

% @Work scaffolding




(F44)pile foundation-(Benoto method)

(F44)pile foundation-(Benoto method)

All-casing method

Benoto method
pile foundation

cast—in-place pile
@Benoto method £

* France: Benoto - Developed Benoto machine 5 5
{;E' i » Steel tube: casing tube

? EEZ Slanted pile -

I BRI S SO o i e up to about 6-12° |
i* Fine sand layer containing water g S

5m below the groundwater level E E EE f,»Hammer Grab
construction impossible - Vi g L

“iLY - Drilling depth 40-60m

hig “rolling stone”

................................................................................................

E- Large boulders and wood chips

construction impossible




(F45)pile foundation-(Earth drill method)

(F45)pile foundation-(Earth drill method)

pile foundation
cast—in—place pile

@Earth drill method
* Rotating bucket — excavation

» Construction speed — fast

- Low cost

Drilling depth — 2Tm

- Suitable for clay layer

* Weak sandy ground - bentonite
solution (stabilizing liquid)

Earth drill method

-----------------

~Gasing
Depth 27m

Sand layer — stabilizer

rotating bucket ----




(F46)pile foundation-(Reverse circulation method)

(F46)pile foundation-(Reverse circulation method)

pile foundation rotating bit
cast—in-place pile
@Reverse method

Reverse circulation method -Suptinn pump

-Big pile driving i
» Continuous drilling = . U
- Large boulders, pressurized water, rotary table e wg%er
underground water — construetion difficult stand pipe ~-- - .
* Water construction possible e jﬂ ''''''''''''''''''''''''''''''''''''''''''''''''
- The water level inside the hole is 1 ::E Hydrostatic pressure 2m
2m higher than the water level outside the hole. - L &
¥ - kgt groundwater level
D
| “T--suction pipe
» Good for long and large diameters ; EEEVEVSE reflux pumped mud
rotating bit . i
rotate i S A




(F47)pile foundation-(Construction management of cast-in-place piles)

(F47)pile foundation-(Construction management of cast-in-place piles)
pile foundation

Construction management of cast—in-place piles
MConcrete management
@ Slime processing
3 Treatment of hole walls
@Pollution prevention management
BRecords of excavation,
cage installation

reinforcing

and concrete placement
Cast-in-place piles: Low noise and vibration = Benoto method
- Muddy water treatment-problems

A

e

i - ; ?é_;”
" Rarth drill method :

Reverse method




(F48)pile foundation-(Construction management of Benoto Earth Drill Reverse Method)

(F48)pile foundation-(Construction management of Benoto Earth Drill Reverse Method])
Gonstruction management of cast-in-place piles & Underwater concrete placement (slump 17cm.
@ Concrete management cement amount 370kgf/m3 or more)

Benoto Earth Drill Reverse Method ® Pulling out the casing - Preventing

@ Drilling reinforcing bars from rising together
@ Reinforcement cage insertion 7 Separator depth direction 3-5m interval

@ Tremie tube arrangement @& Hole wall protection Concrete top surface
@ Drain the water in the tremie tube Gasing tube approximately 2m inserted

Benoto Method
1)Gasing Foundation Pile Genter

uasLng tube sasing % @ excavation-Hammer Grab
ammer Grabp - tremie ' @excavation-Hammer Grab
' K s § @ excavation-completed

B Water-muddy water-Mud Water Pump
B Rebar cage

@ Tremie tube

@ Ready-mixed concrete

@Pulling out casing

d0Burials

W&

o dfh b
N ﬁ E JJH
E @ @ & @ , %) & E,_




(F49)pile foundation-(Construction management of Benoto piles)

(F49)pile foundation-(Construction management of Benoto piles)

pile foundation

Gmﬂstructimnlmanagement of qast—in—place piles Benigid Earth DFiEl Revirse Metkhod
@ Construection of Benoto piles L R gt
@ Tnsert reinforcing bar cage g R
: Groundwater s — 22 [ Sammep gra i i tremie 5
.....casing ﬂ Fb; RV LS
EZ& Underwater concrete placement (slump 17cm, EE H E] 5; H I “
: cement amount 370kgf/m3 or more) i P L
E tremie tube is flanged and watertight.éé (Jﬂ E i E
Raise the casing approximately 2m Eéﬂ} @ @ @ & i @ ) Ea
to protect the hole wall R e e

Insert about 2 m on top of concrete

i@ Slime (cutting residue) Mixed with muddy water
concrete curing

Must not be harmful due to temperature, load, shock, etc.

 Pile head
Add about 0.5m extra

there is muddy water, it is about Im




(F50)pile foundation-(Benoto piles Slime processing)

(F50)pile foundation-(Benoto piles Slime processing)

pile foundation
Construction management of cast—-in—-place piles
Benoto Nethod
@ Sl|lime processing

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- Pile tip — Excavation residual soil, slime — Strength decrease and uneven settlement :

i »35lime processing
tair lift pump

Benoto Method
(M)Casing Foundation Pile Center

i L tube Ga5|ng f % e @excavation-Hammer Grab
amwe i tremie ; ;' @excavation-Hammer Grab
a4 & o ; ; @excavation—completed
i fE3 ui Jil SWater-muddy water—-Mud Water Pump
E‘ : | ®Rebar cage
@ Tremie tube
i ®Ready-mixed concrete
= i " @Pulling out casing
.\_\3;1: _\_,- ':‘_\_} { E‘} '.u ' \a") E,:I_

0Burials

=

3




(F51)pile foundation-(Earth drill method Treatment of hole walls)

(F51)pile foundation-(Earth drill method Treatment of hole walls)

. . @Drilling
pile foundation @2 Casing tube insertion
Construction management of cast—-in-place piles A3)Bentonite solution— injection
s hole wall prevention
S ——————— . - : muddy water
i@ Treatment of hole walls ; 5 @Erection of rebar
Treatment of hole walls — problems | .7 ®Built-in tremie tube
i Stabilizer treatment and management | .-~ ®Ready-mixed concrete pouring
"""""""""""""""""""""""""""""""""""""""""""""""""""" h @Casing tube pul I-out
@ Sediment reburials
Earth drill method l i
o~ . %3 @ ~ (7B @
1 7 7z 7 EL/ 7 ?'; =7
S ,// " A 7
| | v 7k
E E Y
g E/ EE/ ”/;E e

IIIIIIIIIIIIIIIIII_rxl




(F52)pile foundation-(cast-in-place piles Prevention of construction pollution)

(FRZ)pile foundation-({cast-in-place piles Prevention of construction pollution)

pile foundation
Gonstruction management of cast-in-place piles
@Prevention of construction pollution
- Water pollution
- Disposed of as sludge and sand - industrial waste — as a landfill

Emission standards

Water pollution :
Disposed of as sludge and sand

Benoto method

il

Earth drill method L Reverse method




(F53)pile foundation-(open caisson foundation)

(F53)pile foundation-(open caisson foundation)

Foundation work

caisson foundation
» Open caisson: Under atmospheric pressure

* Construction of caisson foundation

...............................................................................................................

Eﬁﬂﬂemove the steel formwork and start excavationé

- Mechanical excavation - caisson sinking

» Structure construction

7077

% 7

--------------------------------------------------------------------------------------

(I Gaisson placement

EGyIindricaI reinforced concrete frame
ion the ground -Fabrication -Placement

» Add||sand

: SEPLaemait o coneretl Lo Blal: b




(F54)pile foundation-(open caisson foundation)

(F54)pile foundation-(open caisson foundation)

Foundation work
caisson foundation
* Open caisson construction order
M S8teel formwork erected above the cutting edge
@ Goncrete placement

@ Caisson completed Olae) L Blalole)
@ Ground excavation Mm y
B Gaisson sinking [ ] 7

=

i .

® Joining the cutting edge and supporting ground
7 Bottom cleaning
@ lUnderwater concrete placement at the bottom

@ GCaisson filling

i@ Structure construction

@ @5 ®0 ®9 @ ®




(F55)pile foundation-(open caisson foundation)

(F55)pile foundation-(open cais

Foundation work
caisson foundation

I Gircumferential friction — reduction

water stop wall

friction out .

"""""

@ Gonvert passive earth pressure to active earth pressure

Slnklng power W
--Load + own w3|gh‘

................. A R R B i o e e
-

T
|
T

i
i T

W>F sinking

son foundation)

Fiﬁﬁﬁgﬁda_—-' open caisson

Eziziziiziii:1“J,side wall
: Eﬁiﬁ;ﬂg;izﬁigziz?: _____ blade mouth

------------------------------------------------------------------------------------------------------------------------------------

.................................................................................................................................




(F56)pile foundation-(open caisson foundation)

(F56)pile foundation-(open caisson foundation)

caisson foundation
» Construction of open caissons

sufficient control

B Avoi

d drainage as much as possible

Caisson tilt — tends to occur in the early stages.
Ensuring concrete strength-starting excavation T

@

¥

7

® Quick sand phenomenon occurs

(7) Pressure difference occurs
inside and outside the caisson

)

o

3) Excess under the caisson blade mouth is prohibited. =~

@ Excavation should be done from the center.




(F57)pile foundation-(open caisson foundation)

(F57)pile foundation-(open caisson foundation)

gaisson foundation
» Gonstruction of open caissons

N

]

Load

%

—
—
E—
—

W

:@I

Goncrete block
» Gradually sinks in loaded

T

countermeasure

1) Gonduct a thorough soil investigation
@& Internal drainage
@ If there is a large boulder. it will not sink

Internal blasting - Avoid damaging the main body




(F58)pile foundation-(pneumatic caisson)

(F58)pile foundation-(pneumatic caisson)

Foundation work
caisson foundation

pneumatic caissaon

» Establish a work area at the bottom of the open caisson airlock

* Manual excavation - Settling .5

Construction order i
T Installation of the blade mouth == ; ]j
@) Construction of workshop - :”, g
@) Open excavation construction of second rod ,/<€§i/i4§i// Hﬂﬁ: //1/<//,/142
@ Installing the airlock and shaft PR caisson
& Drilli load water -4
I“::I r I | lng o i ;;?k:- _/:J’X‘K' .}i"":;(.'t)( -':)’I)"Fm %rmund
B settlement K =l
7 Loadine oo shaft working room
B Placement of bottom filling concrete in the works area

- Working under high pressure (3.5 kgf/cm2) PIeanga cuinmmn

- Foundation of long bridge., foundation of important structure




(F59)pile foundation-(pneumatic caisson)

(F59)pile foundation-(pneumatic caisson)

Foundat ion work
caisson Toundation
pneumatic caisson

CATr COMPressor
i Prepare fur emergencies by having two or more power suurces

______________________________ 2 Irlmck
KIESUpBIN1 | /|7 eeTTiRg sTab T
(EXnaist . ‘%T_J iquPEQIEF?mlﬁuﬁﬁﬁﬁuﬂﬁuﬁﬂ?"Plﬁﬁﬁ
gasol ine generator’ J)iladcers
///////// | 7 Z
AIr supply! I [ishafh - .
7 ul ' _
] = g caisson
[Effective water levely  Mitian, 54 Bladepart
'ﬁ'ﬁ'i‘k"'i'b‘ﬁI'_I:I""""""":: """""""""" SEd I'T'Eﬂt bUFEErtD 5]“3
_B_e_gu__I__r_ﬁ_s____h_z:-:_'_gh__t___I;J_f___!___E___rn...a.r....mn.r..a """"""""""""""""""

.........................................................................................................




(F60)pile foundation-(pneumatic caisson)

(F60)pile foundation-(pneumatic caisson)

Foundation work

caisson foundation Pneumatic caisson
pneumatic caisson Settling map
surface of the earth 400+f BO0LE 12004F 1600LT
4 rses 1+10m
w7 groundwater level T 0
clay | _X<:;;;ﬁ;?//////,
10m
gravelly soil
20m
rock
e — f k . 30m
depressurize and sink: i apsigin o A s
------------------------------------------------------------------------------------- L :0wn weight + Toad:
WorKIfE cHambet pressure:  fememeememesesemieeeoeoees 7

RS B AR e S SIS e S R AR S S b s e e R R e SR g, MRS SRS SR Sk Sk S S S S B S S e S S S S S S S




(F61)pile foundation-(pneumatic caisson)

Foundat ion work (F61)pile foundation-(pneumatic caisson)
caisson foundation =l e : :
: . Prepare for emergencies by having two or more power sources
pneumatic caisson

, , asoline generator
» Construction points ; .

@ Excavation from the center to the periphery _“"m""m"“"m"""g¢[19gh __________________________________
@ Excess moat is less than 50cm :ﬁji:égbﬁ]i“ ;

Prohibition of use of internal combustion engines {EXnaust *%r_f _____________
@ Decompression q].l?HQ?[

Evacuation of workers — confirmation

@ Filling concrete in the caissuh /§?i/i//;/;/;/ ; /// /4§535?i6

. . . {Alr supply: [ | sTafy
Adjusted by atmospheric pressure — rise — exhaust o !

B Pressure of 1 atmosphere or more (1Kgfigm2)mg["ﬂg[§ ______________ N . e
Hospital lock installation gﬁffsgﬁjiﬁuyﬂtﬁfmlﬁfﬁﬁ A }E K; fﬁiéﬁé:ééiii

©®shaft human lock —  AIIIIITITITII T é/ﬁ e /é/br'gﬂ} E.
Materials, soil, etc. — Material lock ‘work room SIS UEDE 0. 5m3

T Pressure — until the end of excavation Requires. height of 1.8 q o m”{%;T::m""iiiii """" »
Work interruption — pressurized air — reguired 5 el S P

Concrete is cast as one puece

@B Caisson work room: Slab and cutting edge are driven at the same time
seamless

@ Power supply — 2 or more systems

0 Height of work room — 1.8 m or more

{Caisson tilt: Early stage of excavation, tends to occur up to about 10m

3 Decompression

.............................................................................................

;The excess moat shall be less than 50cm.




(F62)pile foundation-(Comparison of open caisson and pneumatic caisson)

(F62)pile foundation-(Comparison of open caisson and pneumatic caisson)
Foundation work
caisson foundation

Comparison of open caisson and pneumatic caisson

@ Comparison target Open caisson pneumatic caisson
@Temporary equipment Cheap Expensive
®@Pollution Suitable for urban areas Air compressor/exhaust noise - loud
@Surrounding ground Groundwater decline/ground loosening [no effect
®Construction depth Up to about 60m Up to 30 m (up to pressure that humans can withst;
® Construction period undecided determined
@Transfer processing difficulty easy
®Safety management no problem high pressure work
©@Supporting capacity confirmation difficulty easy
Open caisson pneumatic caisson
— »
[ - r 57

|kt

il Py P




(F63)pile foundation-(sheet pile foundation)

(F63)pile foundation-(sheet pile foundation)

sheet pile foundation
;‘Z e
M,
a ¥ e
: Lo i
V 5 W A WV
T Driving sheet piles @ Underwater drilling @ Pouring of bottom concrete
INRRINE RN RRR N AN RN RN RENIE
1 i ] == ‘
v i :Ec'ﬁeld!ng : 3
E=7 o 51 bel E P "
Al For fastening sheet piles E i|®Underwater cutting
Arc/oxygen thermite

and footings

@ Pump up
Drainage and timbering assembly

welding




(F64)pile foundation-(precast well)

Foundation work

(F64)pile foundation-(precast well)

--------------- precast well
produced in factory
glue
-pe wWire T
iGrout in the hole (sheath) of the PGE

f "EFééémfﬁ";Tiﬁmé"jééE”""m"""m"""”""m""m""”""m""”""T
57 Jéﬁﬂéi :  (DSlime treatment after excavation is cnmpleted
= | @Place concrete on the bottom :
________ @Filling withsand
o
i
\fi) --------------- Excavating with a cast-in-place excavator




(F65)pile foundation-(continuous underground wall)

(F65)pile foundation-(continuous underground wall)

Foundation work
continuous underground wall
* Continuously driving bridge piles
Continuous underground wall construction
MConstruction with low vibration and low noise
@ Can be constructed from soft ground to bedrock
@ Possible to perform construction in ¢lose proximity, minimal impact on surrounding areas
@High adhesion to the ground and large bearing capacity
®Foundation construction of any shape possible
®)Closing cross section — rigidity — high
(7)Can be constructed up to a depth of 150m
@BHigh safety due to construction from the ground

» Continuous underground wall
construction method
(1) Pillars and pillars (2) Pillars and walls (3) Walls and walls




(F66)pile foundation-(Underpinning)

(F66)pile foundation-(Underpinning)

Foundation work
Underpinning
» Reinforcement and expansion of foundations of existing structures
(1) Existing foundation — Insufficient bearing capacity
(Water level falls., consolidation progresses)
@Existing foundation — protection

Excavation work next door ) Sfructure Structure =
= . . ) ' _"‘;’"3." ORI T I OTITT T, "!-. 5 T T T I ITT $I A
@Existing foundation - transformation 7 : lower [pupport girder e

ground settlement = T o

= supgort pile s s

o~ : = deep foundation || P

Auxiliary beam method = g &=
IMMTTTTTTTTHRTTTITTTITTITITITTITIT(TTTTITITITITT ITITTITTTTTTITTTITTTITITTIITITTITITITTITTTITITTITTOTI

Auxiliary beam RC beam : " ! . !

i ; Supporting by pile foundation Underpinning by deep foundation

Barrier
“Steel sheet pile

"Mew structures

Loose surface
- Edge cutting method




(F67)pile foundation-(Underpinning)

Foundation wor

(F67)pile foundation-(Underpinning)

k

Underpinning
1) How to improve the supporting ground

Chemical injection
__\ MDirect reception method
[
[ A’lll |
ni ‘IL/

y TDirect reception method

@2 Replacement method
(@Edge cutting method

B

@Lower receiving method

~

4L‘

-

e e e

T
4L‘

AN

@Splicing method




(F68)pile foundation-(Underpinning)

(F68)pile foundation-(Underpinning)

Foundation work
Underpinning construction method
@ Edge cutting method

S \

Loose side ©

block with sheet piles -2 TR ATRaRE SHEEE Bile

.~ New structure




(F69)pile foundation-(Underpinning)

(F69)pile foundation-(Underpinning)

Foundation work
Underpinning construction method
Points to note during construction
MSettlement @S |ope 3Stress @Deformation

P a0




(F70)foundation-Temporary closing - gravity type(levee method)

(F70) foundation-Temporary closing - gravity type(levee method)

Foundation work
Temporary closing — gravity type
T levee method
Short term — construction period

<]

Center part — sheet pile




(F71)foundation-Temporary closing - gravity type(Caisson method)

(F71) foundation-Temporary closing - gravity type(Caisson method)

Foundat ion work
Temporary closing — gravity type
@Caisson method
large equipment
Construction conditions — poor — construction possible
Part of main body construction

~ Laisson

\\\fosediment

i<

Caisson method




(F72)foundation-Temporary closing - gravity type(Cellular block method)

(F721foundation-Temporary closing - gravity tvpe(Cellular block method)

Foundation work
Temporary closing — gravity type
@ Cellular block method
Gonstruction conditions — poor - construction possible
problem
Waterproofing of joint part
Water—tightness at the joint between the ground and the block

NN
|

e
s
-

Gellular block method

AN

: 7




(F73)foundation-Temporary closing - gravity type(Corrugated cell)

(F73) foundation-Temporary closing - gravity type(Corrugated cell)

Foundation work
Temporary closing — gravity type
@ Gorrugated cell

1K

e sediment
,,,,,,,,, Gorrugated cel|
Gvlindrical - corrugated cell - installation

Driving sheet piles —difficult cases

-




(F74)foundation-Temporary closing-sheet pile type(Free-standing type - single sheet pile)

(F74)foundation-Temporary closing-sheet pile type(Free-standing type-single sheet pile)

Foundation work
Temporary closing—-sheet pile type

(TFree-standing type — single sheet pile

vV

Gt PR steel sheet pile

ﬂxsandbag

So




(F75)foundation-Temporary closing-sheet pile type(strut beam type - single/double sheet pile)

(F75) foundation-Temporary c¢closing-sheet pile type(strut beam type - single/double sheet pile)

Foundation work

Temporary closing—-sheet pile type Temporary closing-double sheet pile

@ strut beam type — single sheet pile @Freestanding double sheet pile
Ot 0 F
W i
= strut beam*. =
] 0 - L
1 S sediment
?H,shee: pile - sheet pile

W/ /4 AL

strut beam- horizontal 5 m or less
vertical: 3m or |less

strut beam - Inside cut—off — Work — Obstacle Filling: Use of sediment
buck!| ing prevention - single beam




(F76)foundation-Temporary closing-sheet pile type(Cell type)

(F76) foundation-Temporary closing-sheet pile type(Cell type)

Foundation work
Temporary closing-sheet pile type

@Gell type

Gell joint - problem

Jl sediment

A 4

Large-scale construction

Filling: Use of sediment




(F77)foundation-Temporary closing

(F77) foundation-Temporary closing

Foundation work
Temporary closing - safety
(1) Penetration depth

Temporary closure - Acting load - Water pressure/Earth pressure
Steel sheet pile: Penetration
T 1.2 times more Penetration

@) Consideration of heaving and boiling
3 Hpile: Minimum penetration 1.5m or more

e Za.

heawving boiling




(F78)foundation-Temporary closing(Boiling)

(F78) foundation-Temporary closing (Boiling)

Foundation work
Temporary closing - safety

(DBoiling
- Loose sandy ground
» Groundwater level difference-high
» Ground: Sand

countermeasure
- Safe Penetration

Boiling * Boiling
e R MReduce the overload load
i wv Groundwater level G ek o
e L countermeasure s
boili Earth retaining pile _Ewuﬁwater leve|
s AR 1 A @ Perform embankment
:"ifg‘-
SRR R T o8 , Penetration
g b B , @ Swelling up - ——
. i ii.u--Penetration Trigpeene Tl T
water pressurg i e =
B ® Blowout of sand particle g, i
5 : ; 3 Lower the groundwater level
sandy soil Sandy soil

using well points, etc.




(F79)foundation-Temporary closing(Heaving)

(F79) foundation-Temporary closing (Heaving)

Foundation work
Temporary closing- safety
(2 Heaving
soft clay laver
- Groundwater level difference - high

-Drilling low version -lifting i g, . n D ilor e ORETTGHE e
2lleepen g roots oo aihiiv wiw
countermeasure | &6 nat excivits Wa 7
- Safe Penetration the entire area .
but partially. ;Eiﬂmft clay

//rﬁmx ®eground swelling

/?33%?7 T %% e e @S1iding failure
W/i/%@ 'i..,::«'""":? g

@¥Improve the ground

ey heaving
countermeasure

(T) Groundwater

df; e .. heaving

\\Ql;thj//ffﬁfﬁﬂ Clay soil
@ Surrounding sediment




(F80)foundation-Temporary closing(Piping)

(F80) foundation-Temporary closing(Piping)

Foundation work
Temporary closing- safety

GPiping
i countermeasure |
ESand ground: weak spot {PE?TL??J _____ {ﬁ{?ﬁf{?ﬁj
'« Soil particles - movement -
| water supply - piping
7 LI
3
T
T
A

Piping




(F81)foundation-Temporary closing(Quicksand phenomenon)

(F81) foundation-Temporary closing(Quicksand phenomenon)

Foundation work
Temporary closing- safety
@ 0uicksand phenomenon
- Piping in sandy ground

- Sandy liquid e

sheet pile

N
o

A large amount of sand mowvement E
» Ground settlement around the construction site

countermeasure P T e LR

sand particle size
M value - consideration

AL Lip sﬁniling

>

ol @

}J
A

o peimeable - Taye

N

i pBe el Ve A

P T [T

T e R O O Y R, e T Al

quylng

permeable |ayer




(F82)Foundation work-cast-in-place pile(Reverse construction method)

(F82) Foundation work-cast-in-place pile(Reverse construction method)

Foundat ion work
cast-in-place pile

Reverse construction method
Raise the casing approximately Zm to protect the hole wall

Groundwater lewvel (outside water level]

Bare water level..
5 v

]

i
AV

Hained 2m on more

Ma |
1]
watai\level difference

Rewverse construction method

hole wal |




(F83)Foundation work-(strut type temporary closing work)

(F83) Foundation work-(strut type temporary closing work)

Foundat ion work
strut twvpe temporary closing work

Stray beam twpe temporarv cofferdam




(F84)Foundation work-(retaining wall)

(F84) Foundation work-(retaining wall)

Foundation work
retaining wall
» Freestanding type
Excavation depth - shal low

retaining wall

.excavation surface

7

Freestanding tvpe




(F85)Foundation work-(retaining wall)

(F85)Foundation work—-(retaining wall)
Foundation worl

retaining wall
strut type

- Features: Application
drilling -deep
Site - narrow
Excavation amount - want to reduce

strut

B
]
o

wal |l ing
retaining wall

L1

excavation surface

0

strut type




(F86)Foundation work-(retainina work)

(F86) Foundation work-(retaining wall)

Foundation work
Earth retaining work

- Anchor type
- Features: Application
Inside the excavation - large space

- Anchor driving possible

i ~

Anchor tvpe S“xwalliﬁg

retaining wall

excavation surface

7

Anchor tvpe




(F87)Foundation work-(Island construction method)

(F87) Foundation work-(Island construction method)

Earth retaining work
» Island construction method
» Features: Application

Excavation area - large
strut = timbering-disadvantageous

soft ground
Heaving prevention
Lwalling

diagonal strut

Structure

......
.......

____________

retaining wall

........

excavation surface




(F88)Foundation work-(Earth retaining work-Sheet pile (wood) earth retaining)

(F88)Foundation work-(Earth retaining work-Sheet pile (wood) earth retaining)

Earth retaining work
Sheet pile (wood) earth retaining
» shape-Yertical sheet pile
- bpplicable condition
simple earthwork
trench method
» Features

Construction costs -low
weak strength

Yertical Sheet pile (wood)

Sheet pile (wood) earth retaining




(F89)Foundation work-(Steel pile (main pile) horizontal sheet pile earth retaining)

(F39)Foundat ion work-(5teel pile (main pile) horizontal sheet pile earth retaining)

Earth retaining work
Steel pile (main pile) horizontal sheet pile earth retaining

*bpplicable condition
Groundwater - |ow
Mo spring water
Normal ground: Boiling, no heaving
Foad support possible

" Features
Construction cost - cheap
Obstacles - construction possible
Earth retaining - close contact

Heile (300

Har|zonta| cheet pile (thickrness 50mm)

%mmﬁm?




(F90)Foundation work-(Steel sheet pile earth retaining work)

(F90) Foundation work—(Steel sheet pile earth retaining work)

Farth retaining work
Steel sheet pile earth retaining work

- doplicable condition
Groundwater - high - sandvy eground
Role of earth retaining and water stopping
Heaving/boiling - suitable for soft ground

- Features
Material can be used repeatedl|y
Buried objects - cannot be constructed continuous|y
Cobblestones/hard ground - unsuitable
noise

Steel sheet pile




(F91)Foundation work-(concrete continuous underground wall)

(F91)Foundation work—(concrete continuous underground wall)

Earth retaining work
concrete continuous underground wall

- bpplicable condition
Road load support
Role of earth retaining and water stopping
Mo-noise, no-vibration - construction
Prevention of surrounding ground settlement
Excavation depth - deep

- Features
Main structure - use
Length/Thickness - Free
Temporary fixing - expensive work
Column stvle - close contact

* Gontinuous underground wall
construction method
(1) Pillars and pillars (2) Pillars and walls (3) Walls and walls

Ty




(F92)Foundation work-(Drainage method)

(F92)Foundation work—-(Drainage method)

Drainage method
Excavation — below groundwater

level

Pumping up groundwater — drying up of well water
Decline in surrounding groundwater

Surrounding area survey

water taple

Well point construction method

=T

Wm/// A
N

Electropenetration method

current flowm _(direct current}
In

Fecitron flow

anlpde cathgde
Pore wwater (GF—J?
Pore water (0OH-)

77777777-";__
Deep well -"-gé
//

Yacuum pumping

| pumping

Strainer (filtering wire mesh) (steel pipe]




(F93)Foundation work-(Drainage method-Shallow sump)

(F93) Foundation work—(Drainage method-Shal low sump)

Orainage method
Shal low sump drainage method

Shal low sump Shal low sump

) Less amount of groundwater flowing out

rainwater ,
@ Excavation of shallow ground
pump up
o pump
¥
water ..-- !
o g ek Moa Rt SRR I i i g i g
St el R S s L (Ao ok sl kil g oh b okt wh it gl e E! SR T .'l._z water _..ah | e
" i I
4
T
el
i
Sl el ol ek E o -fi'j EE a | |Dw Sump
il et b L S Lo = _u:a.'\ﬁ | |

? spring water “idrain
ishal low sump i

collect in one place

Construction method suitable for gravel laver




(F94)Foundation work-Drainage method(Well point construction method)

(F94) Foundation work-Drainage method (Well point construction method)
Well point construction method

(TWell point Inserted into the ground by jet water
& Lower the groundwater level in the excavated area

e drainage -
pressure water m— g Frp
[ pump —
ra
/// p

?anuum pump
Zpump

Well point construction method

Drilling with jet water and : z i
inserting well points ;
1 stage approximately @m 5

{'Effective drainage with

% WReuin pungp @ Thick Rock layeri—jet water

@Well points can be easily inserted can not be inserted

@ the area where the groundwater

level falls is narrow

Possihility of circular slip

Used in conjunction with deep well construction method ¥

A

Well point




(F95)Foundation work-Drainage method(Deep well method)

(F95) Foundation work-Drainage method (Deep well method)

Used in conjunction with deep well construction method
(MDig a deep wel |l around the excavation part
@Pumping up water from a well and draining it
@ Groundwater level lowering method

location

@Groundwater drop over a wide area

Tithere is a possibility of heaving on the bottom of the excavation
Bthe water permeability is large and the amount of drainage is large

0 | //ﬁ
eep well iié




(F96)Foundation work-Drainage method(Deep well vacuum construction method)

(F96)Foundation work-Orainage method(Deep well wacuum construction method)

Deep well wacuum construction method Yacuum pumping

—1F
S /// Yacuum pumping

P
e

Deep well wacuum construction method
(UStrainer (filtering wire mesh) (steel pipe) - Driving
@Several stages of pump installation
@Yacuum pumping ¥
@the amount of water discharged is large

Strainer (filtering wire mesh) (steel pipe]




(F97)Foundation work-Drainage method(Electropenetration method)

(F97) Foundation work-Drainage method(Electropenetration method)

Electropenetration method

(DDirect current underground
ilnterstitial water -using movement toward the cathode

EGround reinforcement

Electropenetration method

current flow (direct current)

electron Tlow

Tl e

anode cathod

[K]

Pore water (0OH-) (=)

Pore water (0OH-)




(F98)Foundation work-(Drainage method)

(F98) Foundation work—(Drainage method)

/E/I/e(}f / =01 sand gravel

Electropenet rat ion method

Well point construction method

Deep well vacuum construct ion method

Deep well construction method

Shallow sump drainaze method

not reduce groundwater

underwater drilling

Well point construction method

=

water tahle

??77?7?7(7
Deep well-"f;

%bhﬁﬁQ%

Vacuum pumping

"pumping
Electropenetration method

current flow{direct current)

elﬁi;rnn flow Flj

anpde cafﬂ de;
Pare water (DH{ e
Pore water (0OH-) Strainer (filtering wire mesh) {steel pipe)




(F99)Construction plan for piles and caissons(Drop hammer)

(F99) Construction plan for piles and caissons(Drop hammer)
Types and contents of pile driving and hammering
®MDrop hammer

M Drop hammer
* Weight of drop hammer: 1-3 times the weight of the pile - Smal| cross section pile
* Falling height: 1-2m

- Pile head protection: Heavy hammer

- Equipment - Easy
- Hold down the height of the fall

- Easy to eccentricity

 Pile head: Damage prevention

- Weight of weight: 1-3 times the weight of the pile

Drop hammer - Weight (1-3%T)

m  weight

- free fall

weight

"a.‘\_
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' e T T T

“. Wooden pile
b

RGC Pile
Less pollution, noise and vibration

B A




(F100)Construction plan for piles and caissons(Diesel hammer)

(F100) Construction plan for piles and caissons(Diesel

Types and contents of pile driving and hammering

2Diese| hammer
- Falling ram
* Inside cylinder gas explosion

-Big impact energy
+ Ram size 1.26-6.0%

Uiesel hammer

T o1

.IIIIIIIIIIIIIIII-I’IIII

R N T

hammer)




(F101)Construction plan for piles and caissons(Vibrohammer)

Types and contents of pile driving and hammering
@Vibrohammer
- Eccentric rotating body

Driving without damaging the pile head

* H steel pile - suitable for repeated use

.....................................

B gvlbrm Hammer

S8 Jlivibration

driving
can be pulled out

----------------------------------------------

“isteel pipe
'steel sheet pile

* Can be applied to ground with an N value of 30 or

» Steel sheet piles for temporary construction

(F101) Construction plan for piles and caissons (Vibrohammer)

Electric vibrating pile driver
Hydraulic vibrating pile driver

S
ol
o |
N

ﬁjbrnhammer

5 A

-7

-
S




(F102)Construction plan for piles and caissons(Long pre-fabricated piles)

(F102)Construction plan for piles and caissons(lLong pre-fabricated piles)

Twpes and contents of pile driving and hammerinez
* Long pre-fabricated piles preferably no on-site joints

t ransportable length 10-15m
pile foundation

Comparison of construction depth

o1 le foundation Comparison of construction depth
10 20 30 40 310 60 /0 60 90m
spread foundation =]
EC pile g
PC pile ]
steel pile 7 ]

cast-in-place pile il




(F103)Construction plan for piles and caissons(Test piles)

(F103) Construction plan for piles and caissons(Test piles)

Geological survey by boring

Bearing capacity calculation

Determine the length of the pile

Scil conditions — Galculated bearing capacity - Actual bearing capacity - Difference

Gonstruction: 3talled situation - Gonfirmation of supporting capacity through loading test

el 1
i

-+ Penetration amount
"« Measure the amount of rebound




(F104)Construction plan for piles and caissons-cast-in-place pile(Deep foundation method)

(F104)Construction plan for piles and caissons-cast-in-place pilelDesp foundation method)

cast-in-place pile

Deep foundation method N
M T Tripod

Warl space is small

.. DHoisting wire

=4

FWinch
. @Work scaffolding

7 Pump

@Auxiliary lumber

J@Special earth retaining steel plate

HEoRrt

Work scaffolding

i A i
i s R T S

AV N A

- §oft ground

7 N R ‘Q:fx,==4gﬁf——=

st e B e

- Water pressure - ground - push up e WA reie

- Heaving Boiling




(F105)cast-in-place pile(Benoto method)

(F105) cast-in-place pile (Benoto method)
cast—in-place pile
Benoto method
Sand layer 5m or more below the groundwater level — does not move

Difficult with large stones | — .

pile foundation Benoto method
cast—in-place pile

@Benoto method 0
+ France: Benoto — Developed Benoto machine o ;
LR i = Steel tube: casing tube
’EF Slanted pile -
PpTmnn s s Ty P up to about 6-12°
;-Flne sand layer containing water ; N e s
5m below the groundwater level E i i . Hammer Grab

construction impossible

*Drilling depth 40-60m

------------------------------------------------------------------------------------------------

E- Large boulders and wood chips

construction impossible




(F106)cast-in-place pile(Earth drill method)

(F10B)cast-in-place pilelEarth drill method)

cast-in-place pile earth dri

E In- :

Earth drill method Bentonit
Boreho|

wtabilizer is required in sand laver
Depth approximately Z7m

Thrilling
@Casing tube insertion
l l; ‘ @Bentonite solution - injiection
£ 2 7 ) D S @Erect ion of rehar
' ilt-i bar
7 ] 2 EBuilt-in tremmy tube re
ﬂﬁ éiiéé gﬁ;ﬁé L ~ iﬁ 4é EReady-mixed concrete pouring
s x/ﬁ”’i @DCasing tube pull-out
¢ e A ] ’ I I
: Gl s # A4 3 NP EW NS FTendiiar s
isz)




(F107)cast-in-place pile(Reverse method)

cast—in-place pile
Reverse method

(F107) cast—-in-place pile(Reverse method)

~2

"% To sedimentation tank

Good for long and large diameters
Sludge treatment - problems rotary table
suction pump

by g WATEF

rotating bit

;,; Hydrostatic pressure 2m

¥4 «<groundwater level

j&““~Reverse reflux pumped mud




(F108)cast-in-place pile(Open caisson foundation)

cast-

(F108) cast—-in-place pile(Open caisson foundation)
in-place pile
caisson foundation

(T Open caisson foundation
Open caisson:

Underwater excavation - poor certainty
relatively easy
Construction cost - cheap

Circumferential friction — reduction
2) Convert passive earth pressure to active earth pressure

""5:ﬁ?}%;}?;é:ﬁ;;ﬁ}?}?ﬁﬁzgr

-----------------------------------------------

Sinking power W §
Ei:::ij «Load + own weight !

................. - R PR EE R R P

fiLichs

-

W>F sinking

______________________________________________________

7777
|
T

______________________________________________________________




(F109)cast-in-place pile(Pneumatic caisson construction method)

(F109) cast-in-place pile(Pneumatic caisson construction method)
cast—in-place pile

Pneumatic caisson method
@ Pneumatic caisson

Construction certainty
Foundations of long brideges, ete.

- High pressure — drainage
Drilling in dry conditions
- Manual excavation

= Groundwater level 30m-limit S S S B BB SRR AR

ialr compressor
PFEDBYE for emergencies by having two or more power SDUFEES

Adjustment of atmospheric pressure

______________________________ alrlock
T sinniv i gy T T o
FEXHaust *@T_; ______ Conerete is cast as one piece
'géé&i'i'}Hé"'g"é"n’é’r’é'fa'r" ;7 adder:
///// ) ! I (A
ATr supply’ | saty
= ik .
[ T s GAISSON
Effective water level ] lade part!
i STl
lil'il'[j'i‘k"'Ftit‘]"ﬂ_l'""""""’::: """"""""""" SEd|ﬁ-'ent bucket
_Far._ 0. 5m3:

---------------------------------------------------------------------------------------------------------




(F110)Foundation construction machinery(Ready-made piles)

(F110) Foundation construction machinery(Ready-made piles)

Construction plan for piles and caissons
Foundation construction machinery
(DReady-made piles

Impact construction method
Yibration method

Press-in method
Combined construction method

|| %N S0 |

driving
can be pul led out

CIOM T T T T T T T T T T T T LI

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Diassel Bammar  Sosd Bl el Baiis e SRR R R

-----------------------------------------

‘“ﬁsteel pipe .
isteel sheet pile!




(F111)Foundation construction machinery(Cast-in-place piles)

(F111) Foundation construction machinery (Cast-in-place piles)

Construction plan for piles and caissons

Foundation construction machinery
2) Cast-in-place piles

All-casing method (Benoto method) earth drill method Reverse circulation method
I
e
':1%“:’:’_7: e
i i _Hammer Grab T
i_,:'ti-__ié_.'? AREA SRR A
o : Tut —
i i j, Surface Casing Tube oo
e o ii: Borehole wall protection ; ; :
= A rotating bit||f
“El:

-*Bentonite solution




(F112)Foundation construction machinery(Features of steel piles)

(F112)Foundation construction machinery(Features of ready-made piles)

Features of ready-made piles Ett —
- Characteristics of steel piles e =t

- Withstands large impact forces @“\

- Supporting capacity - large ] ﬁ

High bhending strength




(F113)Foundation construction machinery(concrete piles)

(F113) Foundation construction machinery (concrete piles)

Construction plan for piles and caissons

Foundation construction machinery
Characteristics of concrete piles
» Joes not corrode

- High strength
- Easy to work

Rebar RG Piano wire (PC) composite pile

Reinforce the outer periphery
of RC piles with steel pipes

.- Rebar T _~steel pipe
4 N -Piano wire (PC) e RC pile
4.----Rebar RC
o)
oy




(F114)Foundation construction machinery(Benoto method)

(F114) Foundation construction machinery (Benoto method)

Construction plan for piles and caissons
Foundation construction machinery

- Benoto method
- Large diameter pile

- 6 degree and 12 degree diagonal piles - possible
Strong FPoints

 Hard ground can be excavated
soft ground, no landslides

- Comp leted pile -no cracks

All-casing method

weak point i

- Large machine reguired f%%%gP

- Casing tube - difficult to pull out kedasser Bl Do

- Difficult to excavate with large stones B E#fﬁrﬂon

casing
~grab bucket

FEi = ERTRRRERRTEED

large stones éig’




(F115)Foundation construction machinery(Earth drill method)

(F115) Foundation construction machinery (Earth drill method)

Construction plan for piles and caissons

Foundat ion construction machinery
Earth drill method
Strong Points

» The price of piles iz low
- Mobility available

- Supporting laver - excavated sand - can be confirmed
weak points
- Large machine required

- Rolling stones - excavation - difficult
» Concrete loss - large amount

s Difficult excavated =soil treatment

earth drill method i
In-place pile ‘?
Bentonite solution

Borehole wall protection

Power unit

% ) .rotate
"-11.&5 Surface Casing Tube
L

................

Borehole wall protecticon
3 e Bentonite solution
Rolling stones.... @'"‘EE---"’Rutat ing bucket

bare digging.,




(F116)Foundation construction machinery(Reverse circulation method)

(F116) Foundation construction machinery(Reverse circulation method)

Construction plan for piles and caissons
Foundation construction machinery
- Reverse circulation method
strong Points

(MPreventing hole wall collapse due to muddy water

Mo casing required
(Excavation depth-large
@Pore size -freely selectahle
wealk points
(MiWater Sedimentation tank - required

Marrow space - disadvantage
@0bstacles - Difficult to excavate
BPermeable laver - water level drop -

hole wall - collapse

Reverse circulation method

%

*To sedimentation tank

rotary table

: dH
L

L --Water

,,,,,,,,, B

PP R

rotating bit:

I; Hydrostatic pressure 2m
Lol

groundwater |evel

L

- Reverse reflux pumped mud

i




(F117)Foundation construction machinery(Earth auger method)

(F117) Foundation construction machinery(Earth auger method)

Construction plan for piles and caissons

Bxcavator
B

Foundation construction machinery N 0
Earth auger method Ao Tow PC pile
rotary press-fitting machine B
send up soil T
pile in the ground "“‘>
Gast-in-place concrete pile <.
Mo
(’,:h_ prefabricated pile
:.,—o-""
THT BT (%:} ______________________________________ AN R e (T e
=l 5 5 1> @ 5
- o P B .
| 8 e S e = i
—F P o =1 — R
i @ (:-"\—\. i E c—:: -‘:\_ Lun]
' . PR ]
Earth Auger Screw c_:,ﬂ:’ g fﬁ> E E
; L =1 =
earth auger tip ,:3 It . -
(:-""-\-\::3 e st bentonite + pement
u benton|ite + [cement
%@
- __,-'
H-shaped stee rebar




(F118)Soil improvement(Sand drain method)

(F118)Soil improvement (Sand drain method)

soil improvement
(T)Sand drain method
supporting capacity - increase
settling- prevention

Ground Improvement

Load/preload

Sand drain method Loadf(preload)

CRC I
sand pile{~ i~ i i B B soft layer
i T e i O T PR
i H H xe H eE-




(F119)Soil improvement(Sand compaction method/Vibro Composer method)

(F119)Soil improvement (Sand compaction method/Vibro Composer method)

Soi1l improvement
Sand compaction method

vibrator
Yibro Composer method
Electric motaor

1 Vibroflot (vibration generator)

? Excavation with vibration + water jet
3 3 Compaction with water + wibration

Mo O80T 4 sand column

Loose sandy ground




(F120)Soil improvement(vibroflotation method)

(F120)Soi|l improvement(vibroflotation method)

Soil improvement
vibroflotation method

1 Yibroflot (vibration generator)

7 Excavation with wibration + water jet
: 3 Compaction with water + wibration

.........

o 4 sand column

Bk |
i d q i ﬂgiﬁwater jet
oose sandy groun rel tiﬁ |
22 il ling sand

Yibroflotation method




(F121)Soil improvement(Well point method)

| (F121)Soi |
improvement
point method

Soil
Well

TWell point Inserted into the ground by jet water

@ Lower the groundwater level

pressure water

in the excavated area
_— drainage

prump

—

Drilling with jet water and
inserting well points

(MEffective drainage with

a vacuum pump
@Well points can be easily inserted
@the area where the groundwater
IS narrow

level falls

Possibility of circular slip

Used

-~

Well point construction method

improvement (Well point method)

?acuum pump

#pump

@Thick Rock layeri—jet water
can not be

in conjunction with deep well construction method

1 stage approximately ﬁmﬂ?

%

Fa.

inserted

LA

We}l point




(F122)Underground structure

Roadsi

(F122)Underground structure

Open cut method
Roads=idg
He buildings _ Roadside tree
telephaone pole
didewall roadiay asphalt
az pjpe
o L
H sewer plpe oA '
(:) power cable (:) watgr pipe
sEWEr pipe

57 groundwater lewvel

ZEWEr PipE
Shield method

underground rail road

foundation pile
geologw

buildings




(F123)Underground structure

(F123)Underground structure

Underground structure
Yertical

- Open-cut method
underground railroad

underground motorway
Underground carpark

underground shopping mall

water pipe

sewer pipe
pipeline

power | ine
common ditch

construction method

Open cut method

Roadside build|ngs _

telephone pole

© U (wewer pipe

=

floundation pile

sjdena|k roadway, opha)t
gas plipe
= @
e Lo

hderground railroad

Roadside bufildings

Roadside tree

{

power pabie - S0 watelr pipe

sewer pipe

roundwater |level

_ sgereem

@ sewer pipe
Shield method

geology




(F124)Underground structure

(F124)1Underground structure
Underground st ructure

VYertical construction method
* Caisszon construct ion method

underground rail road
underground motorway

Roadside buli ldings

z|dews||k roadWa¥yephalt
b —— 72z plipe
= (=]
o KL IRa, fe i i
© {pewer pipe power cablé™ o watgr pipe

SEWEr pipe

EE:r oundwater level

o -
ghderground railroad

sswsr pipe
; . shield method
oundation pile ¥ e

Eeo | OEY

E




(F125)Underground structure(Immersed tunnel method)

(F125)Underground structure(Immersed tunnel method)

Underground structure

Yertical construction method
Trench method

Immersed tunnel method
underground railroad

underground motorway

immersed tunnel

7

: 3 ' Aff\
A TS

fouﬁdation ztone Toundation mortar

notched crushed stone




(F126)Underground structure(Mountain tunnel construction method)

(F126)Underground structure(Mountain tunnel construction method)

Underground structure
Horizontal construction method

Mountain tunnel construction method
underground railroad

underground motorway
underground power plant
underground substation
underground tank

cmpmzenem

soira s

..................

Mountain tunnel




(F127)Underaround structure(Shield method)

(F127)Underground structure(Shield method)

Underground structure elevator tower

Hor izontal construction method
shield method

underground railroad
underground motorway g —

water pipe sand hopper

sewer pipe

pipeline

power |ine common ditch 7~

[T11

;;f segment
“
?ji = —r=.backfil| injection equipment

A =2

shield battery car shield tunnel

steel| cylinder: shield




(F128)Underground structure

(F128) Underground structure

Underground structure
Features of underground construction

Ml oad
EWatertightness: Waterproofing

Elnder construction
After completion

social regulation

Roadzide buildinzs _

settlement, groundwater
level decline, buried objects

Open cut method

Roadside tree

telephone pole

= | dewal| k roadwaysspha |t
az plipe
o

i

hdersround

-

oundat ion pile

geology

Roadside bdildings

o
g O wa?er pipe

zewer pipe

zroundwater |ewvel

railroad

sewer pipe
Zhield method




(F129)Underground structure

(F129) Underground structure

Underground structure

Points to note - desiegning and constructing underground structures
* investigation

(DlLand use status

P ; Open cut method . :
@Road conditions and traffic volume . Roads ide byildings
(3Roadside buildings
@BUF |ed Ob_iECJES Roadside build{ngs _ Roadside tree
@D|d we | | telephone pole
©Geo logy
(Groundwater =ema (02" aspha
g . s —————— e 1 7T plipe
@ 0xyegen deficiency/toxic gas iz _ - o
1 OEE“EF pipe power I:ﬂtl|é::::: O watdr pipe
Sewer pipe

groundwater level

e e
Lk E £
1|l-| e

iderground railroad

Sewer pipe

foundation pile

geology Shield method




(F130)Underground structure

(F130) Underground structure

Underground structure
Points to note when designing and constructing underground structures

» Construction plan
Underground structure, depth, construction environment

Ervironmental conserwation measures
Moise/vibration, pollution prevention, ground subsidence,
wel | depletion, oxvgen deficiency

Ground stabilization method
Open cut method Roadside b;ildinjs

Roadside buildings Foadzide tre

.construction method

tglephone pole

= idewd|l oadWagspha |t

ipe

[=)

o : s o :
EVELBIRE power cablfd < watelr pipe
zEwer pipe
groundwater level

underground railroad
ewer pipe

foundat ion pile
gealozy Shield method




(F131)Underground structure(Open cut method)

(F131)Underground structure (Open cut method)

Underground structure
Upen cut method
» Open-cut construction method, no earth retaining work

 Full-section excavation method -earth retaining work
- Partial excavation methad

W||||||||||||||||||||||||||||Hm

i i Internal Excawation




(F132)Underground structure(Open cut method)

(F132)Underground structure (Open cut method)

Underground structure

(Open cut method
Partial excawvation method

Izland construction method
trench method

trench cut method
Construction of underground structures

Island cut method

, Excavation of the periphery Construction of the periphery
_sheet pile

~ sfrut  structure

AR L o s EACA A merTaans
b "'E?--------_ﬂ"i E?--------d;:i" ot

\i\ ﬁ a / it L SHket piles

.................................... ; : : : : Internal Excavation




(F133)Underground structure(Open cut method)

(F133)Underground structure (Open cut method)

Underground structure
Open cut method
- Construction sequence of full-section excavation method
(DPile driving
(@ Road surface lining

GProtection of buried ocbhjects
@Earth retaining shoring
SRecords of excavation, reinforcing cage

instal lation, and concrete placement

BConstruction Open cutting method
(OWaterproof ® Q@
BaCkfiHiﬁg I||||||||T||||||J_J|||
@Road |ining removal 50 EJ@_ |
h::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::':!
Structures @

Earth retaining

i} is-a
[ o e o ) o B B e e e o e e e e e

ol ol el sl s e o e e o ol e e e e e e e ks

=




(F134)Underground structure(Open cut method)

(F134)Underground structure (Open cut method)

Underground structure
Advantages and disadvantages of open cut method
(DAdvantages
shal [ ow

Construction egquipment and construction
methods -easy and economical
@Disadvantages
Ueep below the surface
Excavation work Earth retaining work -
getting bigger

long period o :
E P ; e T T ey T
UHECDHDTT'I | CEl | e T e S e SR R EE;}::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::1":55

-------------------------------------------------------------

Structures |

iﬂ,NSheet piles
. Earth retaining




(F135)Underground structure(Types of earth retaining works)

(F135)Underground structure (Types of earth retaining works)
Types of earth retaining works

» Freestanding tvpe
retaining wal l
excavation surface

» Features: dpplication
Excavation depth - shallow

7 7

retaining wall excavation surface

0

Freestanding type




(F136)Underground structure(strut type of earth retaining works)

(F136)Underground structure(strut type of earth retaining works)

Tvpes of earth retaining works
Earth retaining work
- strut tvpe
retaining wal |l
- Features: Application
drilling deep
Site - narrow
Excavation amount - want to reduce

strut e

7 )
S

“owalling

retaining wall 5 :

excavation surface

strut twpe




(F137)Underground structure(Anchor type of earth retaining works)

(F137)Underground structure (Anchor type of earth retaining works)

Tvpes of earth retaining works
Earth retaining work

= Anchor type
- Features: bpplication

Anichor driving possible

i

D |
bnchor tvpe owalling

retaining wal |l

excavation surface

7

hnchor type




(F138)Underground structure(lsland construction method of earth retaining works)

(F138 )Underground structureilsland construction method of earth retaining works)

Types of earth retaining works
Earth retaining work
» [sland construction method
» Features: bpplication

Excavation area - large
strut and timbering -disadvantageous
soft ground

Heaving prevention [sland construction method

walling

/

diagonal strut

WE

Structure

xxxxxxxxxxxxxx

retaining wall

o Z

excavation surface




(F139)Underground structure(Open cut method-Sheet pile (wood) earth retaining)

(F139)Underground structure(Open cut method-Sheet pile (wood) earth retaining)

Earth retaining work
Sheet pile (wood) earth retaining
» shape-Yertical sheet pile
- bpplicable condition

simple earthwork , .
trench method Vert|%§| Sheet pile (wood)
- Features = S

Construction costs —|ow
wealk strength

Sheet pile (wood) earth retaining




(F140)Open cut method(Steel pile (main pile) horizontal sheet pile earth retaining)

(F14010pen cut method(Steel pile (main pile) horizontal sheet pile earth retaining)

Earth retaining work
Steel pile (main pile) horizontal sheet pile earth retaining
»bpplicable condition
Groundwater - low
Mo spring water
Mormal ground: Boiling, no heaving
Road support possible
» Features
Construction cost - cheap
Obstacles - construction possible
Earth retaining - close contact
~Hpile (300)
i Horizontal sheet pile (thickness 50mm)

R S R




(F141)Open cut method(Steel sheet pile earth retaining work)

(F141)0pen cut method(Steel sheet pile earth retaining work)

Earth retaining work
Steel sheet pile earth retaining work

- Adpplicable condition
Groundwater - high - sandy ground
Role of earth retaining and water stopping
Heaving/boiling - suitable for soft ground

- Features
Material can be used repeatedl|v
Buried objects - cannot be constructed continuous|y
Cobblestones/hard ground - unsuitable
noise

Stgel sheet pile




(F142)Open cut method(concrete continuous underground wall)

(F142) Open cut method(concrete continuous underground wall)

Earth retaining work
concrete continuous underground wal l

= bpplicable condition
Foad load support
Fole of earth retaining and water stopping
Mo-noise, no-vibration - construction
Prevention of surrounding ground settlement
Excavation depth - deep

- Features
Main structure - use
Length/Thickness - Free
Temporary Tixing - expensive work
Column stvle - close contact

« Gontinuous underground wall
construction method
(1) Pillars and pillars (2) Pillars and walls (3) Walls and wal |s

RKHKNHNX N DKoy




(F143)Open cut method(Road lining and excavation)

(F143)0pen cut method (Road

underground structure

Open cut method
Road |ining and excavat ion

lining and excavation)

Lining bhoard

_Ascon

N

Lining girder GOOH

Open cutting method

Earth retaining

Ghannel
I I T 1T L T T 1T I T 1T S 2 | | .| I I '1‘ | .| :
j:i ?:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::‘:‘:‘i’j:: -
] Structures :
.i-‘:il gy gl o i iy 1 o g v i Py g o o i i :ij:‘i
1 i

R e R e e e T e

1 angle

——|

: .- Good quality soil

“F-1r- Earth retaining pile 300H




(F144)Open cut method(Well point construction method)

(F144)0pen cut method (Well point construction method)

underground structure
Well point construction method

Well point construction method
riser pipe header pipe
5 ; pUmp

—

P

we | | point*w~¢m ﬂ




(F145)Open cut method(Deep well: sandy soil)

(F145)0pen cut method (Deep well: sandy soil)

Deep well: sandy soil Diameter 1.0m over
dr/@inage
Ground surface i =
777 A
Fllter.TaterlaIH Groundwater level decline
S o
strainer pipe --\|...
underwater pump sg
:W
Deep well ... %

7 TR




(F146)underground structure(waterproof)

(F146) underground structure (waterproof)

underground structure

Open cut method An example of top waterproofing

y;C)protective mortar

e @blown asphalt
2 /4¢"” L (Dwaterproof cloth
AT et 2 Sl orn asphaly
e @asehalt felt

< .. ®blown asphalt
e (Dasphalt primer
?upper floor concrete

N \

ky_ : fﬂwaterproof

.......




(F147)Types of foundation work

(F147 ) Types of foundation work

Twpes of foundation work

|
N CeP PPt
R L n e e ko o R P ane Tt e e e e R T T sl S e s ArETenaTaane
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, :
............................................. AR A E T e LT R LA
-

P }, T T e Eats S it e
T T AT T d k N Lioah I
it St b i - CEE e s T = v I (e e T i P . T i A T R T T T T T e
; : i i i i B R HESAR A -
Pt aneds Befton .
[ L : t t : o

direct foundation pile foundation caisson foundation




(F148)Types of foundation work

(F148) Types of foundation work

Tyvpes of foundation work
- pile foundation

- Direct foundation - Ready-made piles - Cast-in-place piles - cais=zon foundation

(RC PC pile)

dj




(F149)Types of foundation work

(F149) Types of foundation work

Types of foundation work
direct foundation Ready-made pile foundation s

§ Cast-in-place
27 11 pile foundation
] | Whiiri—1
' ' e EmRstRE W)
open calisson foundation Preumatic caisson basics
','»':?E3{f:?iiif:"»53{»’:7:?;?:T"?,??:ﬁ?",7:'»:,3{7:7:'»53{27:?33{7:7*_?' — = . S
T T e
SR Ml
R
W1 I u’C
)')')')')')')')')’)’)’)’)’W'h('h('ﬁ('ﬁ( WX rrrrrrrr




(F150)Types of foundation work(direct foundation)

(F150) Types of foundation work(direct foundation)

Types of foundation work
direct foundation
- advantages

Cost - minimum
- disadvantages

Scope of application = limited
direct foundation

footing foundation |




(F151)Types of foundation work(Ready-made pile foundation)

(F151) Types of foundation work (Ready-made pile foundation)

Twvpes of foundation work
Readv-made pile foundation
- advantages i
Steps: Less work Cost: cheap o
Construction period: short
- [ isadvantages
Geological confirmation: impossible
Noise/vibration: large
Cobblestone: Difficult to construct

- Classification by construction method
Wooden pile, RC pile, PC pile, steel pile

RC pile H steel pile steel pile % P pile;




(F152)Types of foundation work(cast-in-place pile foundation)

(F152) Types of foundation work(cast-in-place pile foundation)

Twvpes of foundation work

cast-in-place pile All-casing method s
- advantages Benoto bi| il
Moise/vibration: low Gl
Supporting capacity: sure

» Digadvantages
Step: A lot of work
Cost: high

* Classification by construction method

-----------------------------

Deep foundation method

Reverse circulation method

E&

(. WAL BT

T 5l |

-
| groundwater level

: Reverse reflux pumped mud

rotating bit " gLE




(F153)Types of foundation work(caisson foundation)

(F153) Types of foundation work(caisson foundation)

Twpes of foundation work

caisson foundation
open caisson foundation

Pneumatic caisson basics

» advantages

Large supporting force and horizontal
resistance force can be obtained.

Geological confirmation: impossible
- Dizsadvantages

Step: a lot of work

: airlock
Cost: high :
;:"
— ——0i Sod
| i l bucket
e g clamshel | i Wz
; 4 B Z
[ — caisson
. lpad water --§ | i
------- e .: SRR R A R AR ’]?R:- 7; ;; ?%’W%%Wf I m rDUﬂd
Open caisson foundation shaft‘ ; working room
Sedimentation in the support layer

(Open caisson Pneumatic caisson




(F154)Types of foundation work(points of planning)

(F154) Types of foundation work(points of planning)

Types of foundation work

Foundation work
points of planning

(DSuperstructure - Integration
ZySafe and reliable construction
Mo uneven settlement
@0urability/maintenance-easy
@ During construction, environmentally friendly and economical

2liding heaving




(F155)Types of foundation work(investigation)

(F155) Types of foundation work (investigation)
Tvpes of foundation worlk

Foundat ion work
investigation
(DSoil investigation

@Environmental surwey
S investigation of construction conditions
and environmental conditions

under pinning method




(F156)Soft ground improvement method

(F156) Soft ground improvement method

Soft ground improvement method
(D Soil - compaction
@ Drainage - ground hearing capacity - increase
soft ground - standard penetration test - N value <b

Slow consolidation drainage speed




(F157)Soft ground improvement method(Vibroflow tension method)

(F157)Soft ground improvement method (Vibroflow tension method)

Soft ground improvement method
Yibroflow tension method

1 Yibroflot (vibration generator)

? Excavation with wibration + water jet
3 Compaction with water + wibration

- mmm Hﬁmhﬂh;?v1 4 sand column

Loose sandy ground

Yibro flotation method
1 Yibroflot (vibration generator) - pile

2 Jet water and wvibration - intrusion

3 Sand/gravel - input
4 Water tightening/vibration - compaction




(F158)Soft ground improvement method(Sand drain method)

(F158) Soft ground improvement method (Sand drain method)

soft ground improvement method
Sand drain method
Orain method
1 Cohesive soil poor ground
? Artificial drainage channel (drain)
3 Orainage distance - short
4 Sand pile (bearing capacity - no)

1 Mandrel

poor laver T

Compressed air 4
2 Oriving
3 Add sand & 3 QEL:
4 Compressed air h
H Pull out the sand pile ﬁ// S = = = =

about Z20m sand m ;/// ///w g//// = =

poor laver LL = — Habout Z0m
¥ ¥ ¥

sand drain method




(F159)Earth retaining work

(F159) Earth retaining work

Earth retaining work

Earth retaining worlk: temporary construction -
during fToundation excavation - prevention of landsl|ides

G

_strut

—|H

walling

H

....................................................

Foundation work

retaining wall




(F160)Earth retaining work(steel sheet pile)

(F160) Earth retaining work (steel sheet pile)

Earth retaining wall timbering method

» Relationship between steel sheet pile and walling
» Sheet pile (steel sheet pile) strut construction method

@ Sheet pile (steel sheet pile) () Backfill concrete

5 ?15 ?{*"f&'muhxmf(} Cover plate

------ : . . .E-.T__,-..-

it '”;;_".1Jm~~ %) Bracket

'\(} walling




(F161)Earth retaining work(Main piles horizontal sheet pile timbering)

(F161)Earth retaining work(Main piles horizontal sheet pile timbering)

Earth retaining wall timbering method
Main pile horizontal sheet pile strut construction method

A g <4 4
@ Horizontal sheet

[t Rt bl PR e e s |

E T @®Packing
& Main pile

Dstrut/ |at
}_,SH.LIH.-' cover plate

@ ST @Join with bolts

@ Instal ling the cover plate

- Horizontal sheet pile installation




(F162)Earth retaining work(tie rods)

(F162)Earth retaining work(tie rods)

Earth retaining work
Construction method using tie rods

walling Ground surface
.‘l‘l“' B L e A L T i by - e i e R e e / '/ I "/ /
S 7 /,mj_i_{]
Farthen sheet pile. i : e tie rod tie rod
B Tie-rod o
” Archorwal | :

Excavation surface

,,,,,,,,,,,,,,,,,,,,,,,,,,
e ]




(F163)Earth retaining work(earth anchor)

(F163) Ear

Farth retaining work
earth anchor

Earth anchor method

@) Unable to construct cut beams

2 (r
S e
e adMor tar

_,11‘--..-"

'*Eérth anchor

eel sheet pile

th retaining work (earth anchor)

earth anchor

@ Sliding surface

oyt id
gtee[f%gg ding surface

TExcavated soil

W

El-"ilE""at eel bar
@ Mortar

B Earth anchor

=

@ Steel sheet pile

@ Unable to construct cut beams




(F164)Earth retaining work(heaving)

Earth retaining work
heaving

(F164) Earth retaining work (heaving)

In case of excessive load

L

i i

L1

.-Earth retaining

Clay soil

moving clay

heaving




(F165)Earth retaining work(boiling)

(F165)Earth retaining work (boiling)

boiling

IRRRY

=

sandy ground

movement of water '
sand movement

1

”ﬁarth retaining

()

sand blowout

i Z

boiling




(F166)foundation work(direct foundation)

(F166) foundation work(direct foundation)

direct foundation
Falling/Settlement/Sliding - Safety

/

LA TXA LT LA AT AL e i

N T DO Y X/
//// provide a protrusion




(F167)foundation work(direct foundation)

(F167) foundation work(direct foundation)

direct foundation
Foundation of sandy soil

% backfilling

“Foundation
' leveled concrete

lcrushed stone
boulder

Foundation of sandy soil




(F168)foundation work(direct foundation)

(F168) foundation work (direct foundation)

direct foundation
bedrock foundation

backfilling

- Footing

“Teveled concrete (t=100mm)

(e
o - CUBEdrack T
Replacemeﬁt ey iBedrock surface cleaning :
ETight gravel| layer

‘Do not use split stones or crushed stones




(F169)foundation work(direct foundation)

(F169) foundation work(direct foundation)

direct foundation
Features of direct foundation work

(D0epth to supporting ground -bHm
Groundwater treatment - easy
Supporting ground - shallow

@Supporting capacity judgment - easy

@MNoise and vibration during construction - little
Adjacent structures - Minor impact

@Work space during construction - small




(F170)foundation work(direct foundation)

(F170) foundation work(direct foundation)

direct foundation
Changing the size and depth of the direct fourdation
Foundation of sandy soil

ST SKS LSS S S i i

P it M a0

- . '
NI T A A A A Fir ey

Foundation of sandy soil




(F171)foundation work(direct foundation)

(F171)foundation work(direct foundation)

direct foundation

Chanzing the zize and depth of the direct foundation

-

clay soil

increase the depth of rooting




(F172)foundation work(pile foundation)

(F172 1foundation workipile foundation]

pile foundation

friction pile

supported by frictional

| oad

aaaaaaaaaaaaaaaaaa

oft zround

friction pile

aaaaaaaaaaaa

.................

ki
Friction pile

support pile
support laver

| oad

..........

........_.r..l-\. ........

‘-\.—'rr "\.-r'r S

“4 ] E L;hEerEk
hear|ng pile




(F173)foundation work(pile foundation)

foundation work(pile foundation)

pile foundation

|Pi|e foundation Percussion method
Vibration method
Press-in method

Jet method

Pre-boring method
Prefabricated pile method

Wooden stake

RC pile (reinforced concrete pile)

PC pile (prestressed concrete pile)
Steel pile (H steel pile, steel pipe pile)

[Cast-in-place piles | [Drilling method |

[Penetration method|

[Mechanical excavation Benoto pile
Reverse construction method
Earth drill method

[Manual excavation-deep foundation method |

|Pedesta| pile | |Frankv pile




(F174)foundation work(pile foundation)
(F174)foundation work(pile foundation)

Pile and apply
Type of pile
(diameter cm)

Vertical allowable
supporting force (kN/m2)

Standard length (m)

Application

RC pile (30)

PC pile(40)

H-shaped steel pile (width 30)
Steel pipe pile (50)
Cast-in-place piles (100)

196-294
392-588
294
980-1176
1960-2450

6-7

15-25
20-30
20-30

Solid/hollow section

hollow section

Both welded and rolled products
Both welded and rolled products
Use of various excavators




(F175)foundation work(pile foundation)

(F175) foundation work(pile foundation)
Construction depth by foundation type

lepth
irect
Cgst—in—plaoe

Upen caisson

TKEEHEFé¥émﬁTT§jm
Steel pile

Preumat ic method

“EffoundationTTTTTT




(F176)foundation work( ready-made piles)

(F176) foundation work( ready—-made piles)

ready-made piles
(DRC pile, PC pile, H-shaped steel pile, steel pipe pile

@MNoise/vibration construction pollution
Urban - Difficult to construct

@MNo noise/vibration - press-in method/jet method
.-~ Rebar

steel pipe H steel 4 Rebar RC




(F177)foundation work( ready-made piles)

(F177) foundation work( ready-made piles)

Features of readv-made piles

(DFactory production, high quality
Construction - Easy Construction speed - Fast

& Construction management - Easy Construction cost - Cheap
@Noise Control Act Pile driving work 85 dB or less

MSafety measures

B
™

A EVihruhammer

L

o

pile hammer s S . . .
cot o Eleectric vibrating pile driver

Hydraul ic vibrating pile driver

| leader

aaaaaaaaaaaa

.. concrete pile
sheet pile
H-shaped steel pile

_________________ v o)

pile driver Vibrohammer




(F178)oundation work(built-in construction method)

(F178) foundation work (built-in construction method)

Construction method of ready-made piles
built-in construction method
Noise and vibration prevention @Pre-boring method
(DPre-boring method ; :
@Hol low excavation pile method
@Jet method

Drive 1-3m

Dig the hole for the ready-made pile Place concrete in case not pouring
with an earth auger etc.
@Ho | low excavation pile method .gﬁcavatnr

I'IQI'I"
ol PC b e

3)Jet method

prefabricated pile

J;,}'Ieight
— pLEssure water
w i
sandy ground ~pile

Jet water =~




(F179)foundation work(Impact construction method for ready-made piles)

(F179) foundation work (Impact construction method for ready-made piles)

Impact construction method for readv-made piles
(DPile weight 1-3 times
@Fall height 27 or less
@Pile driving from the center to the outside
@Number of blows Steel pile 3000 times or less
PC pile Z000 times or less
RC pile or less 1000 times or less

SPile driving prevention Diesel hammer
Penetration amount per blow - Zmm or less

| I 3 |

Oriving ready-made piles




(F180)foundation work(diesel hammer)

(F180) foundation work (diesel hammer)

Impact construction method for ready-made piles

Oriving method for ready-made piles

[mpact construction method
- diesel| hammer

- Con=truction method Uiesel engine - piston driving

" noise big

-wibration big

- Construction speed fast

- advantages points Low-fuel consumption
Easy to operate Diesel hammer
Good mobility

- Disadvantages Weak layer - does not start

Thasbnd 1
ik

Y S ) O Bl |

FaE i e e i R i




(F181)foundation work(steam hammer)
steam hammer
Impact construction method for ready-made piles
Driving method for ready-made piles

Impact construction method
steam hammer

 Construction method Steam pressure - piston - driving
‘noise big

-vibration big

 Construction speed fast

+ Strong Points Impact force - adjustable

- Disadvantages Fire/soot

Steam hammer/air hammer
* Equipment - large scale
- Many piles
* Slanted piles can be driven underwater

bdjustable impact force

air compressor

Slanted pile"xs




(F182)foundation work(drop hammer)
foundation work(drop hammer)
impact construction method for ready-made piles
Driving method for ready-made piles

Impact construction method

drop hammer

= Construction method

+ Strong Points

‘noise big
-vibration few
+ Construction speed slow

Hammer Gravity Fall - Driving

Fewer breakdowns

- Disadvantages

prone to eccentricity

(F182) foundation work (drop hammer)

pile foundation
Driving ready-made piles
Drop hammer

» Smal | cross section pile
- Equipment - Easy

« Easy to eccentricity
- Pile head: Damage prevention

* Weight of weight: 1-3 times the weight of the pile
.« Weight (1-3tf)

- e free fall
.

weight

] L
A\




vibration method

(F183)foundation work(vibration method)

foundation work(vibration method)

Impact construction method for ready-made piles
Driving method for ready-made piles

» Construction method
‘noise
-vibration

+ Construction speed
-Strong Points

- Disadvantages

vibro hammer

small

bag

usually

Suitable for soft ground
Electrical equipment — required

@Vibro hammer
- Strong vibration

+ Decrease

» Good for soft ground
in frictional force of piles

- High freguency vibrator is used .¥
e

Driving ready-made piles

(F183) foundation work(vibration method)

pile foundation

fu’ihruhammer

Elecgtric vibrating pile driver
Hydraulic vibrating pile driver

aaaaaaaaaaaa




(F184)foundation work(Press-in method)

(F184)foundation work(Press-in method)
Impact construction method for ready-made piles
Driving method for ready-made piles

Press-in method

» Construction method
‘noise
-vibration

+ Construction speed
-Strong Points

- Disadvantages

hydraulic jack

none

none

usually

For both driving and pulling
Use only straight sections

pile foundation

Pollution measures for ready-made piles
Hydraulic hammer press-in method

No vibration
No noise

(F184) foundation work (Press—in method)

i Hydraul ic-Pile-Press Fit

concrete pile




(F185)foundation work(Jet method: injection)

foundation work(Jet method: injection)

Impact construction method for ready-made piles
Driving method for ready-made piles

Jet method: injection

+ Construction method Excavation by jet stream
‘noise none
-vibration none
 Construction speed usually
-Strong Points For both driving and pulling
- Disadvantages Water equipment - required

(F185) foundation work (Jet method: injection)

pile foundation
Pollution measures for ready-made piles
Jet method
Sand ground - High pressure water - Injection - Excawvation
rL_yWeight

Eliminate friction between piles and the ground
Pile-press Tit pressure water

] 2

sandy ground = pile

Jet water




(F186)foundation work(On-site jointing of ready-made piles - Pile cap treatment)

(F186)foundation work(On-site jointing of readv-made piles - Pile cap treatment)

On-site jointing of ready-made piles - FPile cap treatment

(MRC pile-head-destruction

Integration of footing reinforcing bars
Rebar and welding integrated with footing

ZPC pile - reinforcement

pile foundation

Treatment of pile head

RC pile - head *
barz with footinzs

RC pile

Intezrate reinfarcing

pile foundation

Treatment of pile head

FC pile
e A e el
Loss prestress reinforce
d;;a*“1 ViR
cutting band
'.'_.-'_.-'_.-'_.-'_.-'_.'_.-'_.-'_.'_.-'_.-'_.-'_.-'_.-'_.-'_.-'_.'_.-.' -’_.-'_.-'_.-'_.'_.-'_.-'_.'_.-'_.-'_.-'_.-'_.-'_.-'_.-'_.'_.-'_.-'_.'_.-'_.-'_.-'_.-'_.-'_.-'_.-'_..',

If possible, limpldnt the head without destroving it.

o PCopile




(F187)foundation work(Steel pipe pile-cap treatment)

(F187) foundation work(Steel pipe pile-cap treatment)

On-site jointing of readv-made piles - Pile cap treatment
Steel pipe pile - separation - integration with footing

steel pipe pile head

cutting

ffffffffffffffffffffff
,,,,,,,,,,,,,,,,,,,,,,,,

steel| pipe pile

cutting: reinforcing bars 1o

<. steel pipe pile

integrate with footings




(F188)On-site joints for ready-made piles(RC pile) - Pile joints

(F188)0n-site joints for ready-made piles(RC pile) — Pile joints

On-site joints for readv-made piles(RC pile) - Pile joints

upper pile

bevel part, reinforcement band

o
A

A

|

|

|

|

|

|
arc welding |
|

|

|

|

|

|

I

lower pile s

welded joint




(F189)cast-in-place pile(Benoto method: All casing method)

(F189)cast—in-place pile(Benoto method: All casing method)

cast-in-place pile

Beroto method: All casing method All-casing method
Benoto method

Benoto method JER

- France: Benoto — Deve loped Benoto machine g .
i i « Steel tube: casing tube

?-Fine sand layer containing water é ; E E S
5m below the groundwater level E i1 - Hammer Grab
construction impossible i AVl L Reilagdr
; : -Drilling depth 40-60m
big "rolling stone” * ____________________________________
E- Large boulders and wood chips 5’:,#' é%%%%

construction impossible




(F190)cast-in-place pile(Earth drill method)

(F190)cast—in-place pile(Earth drill method)

cast-in-place pile
Earth drill method

Earth drill method

* Rotating bucket - excavation
« Gonstruction speed - fast
- Low cost
« Drilling depth - 27m Earth drill method

« Suitable for clay laver
* Weak sandy ground - bentonite
solution (stabilizing |iquid)

P -gasing

*i: Depth 2/m

Sand layer — stabilizer




(F191)cast-in-place pile(Reverse construction method)

(F191) cast-in-place pile(Reverse construction method)

cast-in-place pile

rotating bit
Reverse methaod
Reverse circulation method : SU??lﬂﬂ pump
+ Big pile driving g #
» Gontinuous drilling —fi— e
» Large boulders. pressurized water, rotary table = ||° A w;}er
underground water - construction difficult stand pipe - 5
- Water construction possible e A Al e e et
» The water level inside the hole is i

. Hydrostatic pressure 2m

?2m higher than the water level outside the hole
groundwater level

cer.suction pipe

+ Good for long and large diameters ; Réverse reflux pumped mud

rotating bit
rotate “

i




(F192)cast-in-place pile(Deep foundation method)

(F192)cast-in-place pile(Deep foundation method)

cast—-in-place pile
Ueep foundation method
Deep foundation construction method

: Maﬁua | oweayat il:lﬁ ,,,,,,,,,,,,,,,,,,,,,,, f T Tl
- Groundwater exclusion RV L
» Possihle to blast leaves of rolling stones | sandy ground
- Urainage construction - boiling and heaving ol
- Confirmation of soil bearing capacity - easy st | K|
underground water route
Boiling
Tu DTripod
,,,,,,,,,,,,,,,,,,,,,,,, e ety u:uljll$tiﬂg wire
i 1Nz
éé = CoS—— Lt | L @Work scaffolding
. 20ft zround ."l!‘“ﬂg_zir" a’f':igh@Er'?DtectiVE fence

0

A, e i

- Water presszure - ground - push up

fSpecial earth retaining steel platé ¢ & 3T @ork scaffolding
T

* Heaving e s s LIS Sttt




(F193)cast-in-place pile(Benoto method)

cast-in-place pile(Benoto method)

cast-in-place pile
construction method
Excavation method
hole wall retention
Pile diameter
Depth: limit

Soil conditions
Clay/silt layer

sand layer
Gravel/rock layer
cobblestone layer
soft rock

cast-in-place pile
construction method
hammer grab
casing tube
80-200cm

About 40m

*D>D>D>O

mechanical drilling
bucket

Benoto method

Ail-caging method

'
Ir¥
o

! Hammer Grab

"'ﬂm‘i*ﬂﬂ?ﬂ' """ =

(F193)cast-in-place pile(Benoto method)

cazing tube

Grab

Hammar
4

1
+
"

1NGasing
Zlexcavation-Hammer Grab

Jlexcavation-Hammar Grab

dlsicavation—comaplsatad
S¥atar-muddy water-Mud Bzter Pump
Bl Rsbar
FTremia tubs

S Readv-mixed concrate
g1Py RSy s inE

T 1E QUL <S3E E

i Buria

cafs




(F194)cast-in-place pile(Earth drill method)

cast-in-place pile(Earth drill method)

cast-in-place pile
construction method
Excavation method
hole wall retention
Pile diameter
Depth: limit

Soil conditions
Clay/silt layer

sand layer
Gravel/rock layer
cobblestone layer
soft rock

cast-in-place pile

construction method mechanical drilling Earth drill method

rotating bucket

Bare digging/mud water pressure
80-120cm

About 60m

*XD>D>O

RRNANRVARN

(F194)cast-in-place pile(Earth drill method)

@0rilling
@ Gasing tube insertion

3 Bentonite solution - injection
@ Erection of rebar

&)Built-in tremmy tube rebar
B Ready-mixed concrete pouring

@ Gasing tube pull-out
@ Sediment reburials




(F195)cast-in-place pile(Reverse construction method)

(F195)cast-in-place pile(Reverse construction method)
cast-in-place pile cast-in-place pile
construction method construction method
mechanical drilling
Reverse construction method

Excavation method rotating bit

hole wall retention hydrostatic pressure

Pile diameter 80-200cm

Depth: limit Approximately 27m, no slam

Soil conditions
Clay/silt layer
sand layer
Gravel/rock layer
cobblestone layer
soft rock

*>P>OO

(F195)cast-in-place pile(Reverse construction method)

DlInstalling stand pipe

Internal excavation with bucket
xcavation using leavers method

O @ @ @ @ (5 @

|rebar

rotary tabl e s water e
R I Hydrostatic pressure 2m i
H || g :
Reverse ref lux pumped mud

Reverse circulation method

To sedimentat ion tank

e et

I
= _g
groundwater level i

@Reinforcement installation

BSuck up sediment-Built-in tremie pipe
Concrete pouring

@Pull out the stand pipe




(F196)cast-in-place pile(Deep foundation method)

(F196)cast-in-place pile(Deep foundation method)

cast-in-place pile
construction method

Excavation method
hole wall retention
Pile diameter
Depth: limit

Soil conditions
Clay/silt layer

sand layer
Gravel/rock layer
cobblestone layer

cast-in-place pile

construction method

manual excavation

Deep foundation method

manual excavation

Special mountain retaining steel plate
140-300cm

About 30m

soft rock

*O0OO0OO

(F196)cast—in—pl§9§ pile(Deep foundation method)




(F197)cast-in-place pile

(F197)cast-in—-place pile

pile foundation

Construction management of cast-in-place piles Beroio Earibe ieiil Reverse Method

M Construction of Benoto piles T R R :
' Insert reinforcing bar cage | as ng tube -
Groundwater 5“""”""""”""""”""“1[WEmme[ Grjﬂ'l | tremie
. casing ; i S0W - o
e S - : 250 i I
:2 Underwater concrete placement (slump 17cm, i [ﬂ ﬁ — bl l
5 cement amount 370kgf/m3 or more) i g
tremie tube is flanged and watertight. | E
Raise the casing approximately 2m ;;ﬁ} @ @ @ & H i
to protect the hole wall v e s s i LR

Insert about 2 m on top of concrete

-------------------------------------------------------------------------------------------------------------------------------------------------

Eﬂ@ Slime (cutting residue) Mixed with muddy water
! egoncrete curing
Must not be harmful due to temperature., load, shock, etc.

 Pile head
Add about 0.5m extra
there is muddy water, it is about 1m




(F198)cast-in-place pile(open caisson foundation)

(F198) cast-in—-place pile(open caisson foundation)

Cast-in-place piles - construction
open calisson foundation
(1) Lower end of the caisson: Installation of the cutting edgze hardware

Rebar formwork
@ Concrete placement

After curing - formwork - removal
@ Ground excavation - caisson sinking
@lLow concrete pouring

®Caisson - Filling - Lid concrete: Superstructure construction
my 2z
1 S e, - - fi
at 3 { : b
-
side wall
“Inner water level Open caisson
: water stop wall #
--Blade hardware T side wall
jEJ{ﬁ' friction cut frietion cut...

blade mouth




(F199)cast-in-place pile(Pneumatic caisson)

(F199) cast-in-place pile(Pneumatic caisson)

Cast-in-place piles - construction
Pneumatic caisson

.........................................................................................................................................

P alr COmpressor
: Prepare for emergencies by having two or more power snurces

______________________________ a Irlock
R ceiling slab T
} ool _G__@_r_l_L:_r__?__t__E;___1_§__9_a_§_t____aﬁ...@.ﬂﬁ...@...ﬁga
leasoline generator! ;J] [adder]
e | % -
_____ 7 supply: | |shafy
ko H [ 5
[ - i R calsson
Effective water level oy lade part.
e su A
Work room T edimen “gmf 0. 5xi3
_E?_Q_U__I__r__'f_!ﬁ___h_@‘__I_Eh_t___@_f___l___ﬁ___ﬂl__QI___['_IQIF_' """"""""""""""""

---------------------------------------------------------------------------------------------------------




(F200)cast-in-place pile

(F200) cast-in-place pile

Cast-in-place piles - construction

open caisson foundation

prneumatic calisson

temporary eqguipment

easYy

Comp lex: Expensive

Pol lution

no problem

noize

Surrounding ground Groundwater - decline Surrounding ground - no impact
Loosen the surrounding ground
Construction Oepth - BOm Oepth -40m
% B

S
S ik
N P

open caisson foundation

i

FELLIFY R

preumat ic caisson




(F201)Sheet pile type foundation work

(F201) Sheet pile type foundation work

cast-in-place pile(Sheet pile type foundation work)

~foundat ion
o &

“steel pipe sheet piles

intermediate laver

i O il O
support laver

Rising method
Sheet pile type foundation work




(F202)Sheet pile type foundation work(closing steel sheet pile method)

(F202) Sheet pile type foundation work(closing steel sheet pile method)

Sheet pile type foundation work
closing steel sheet pile method

‘steel pipe sheet piles

closing =teel sheet pile method

Sheet pile type foundation work




(F203)Sheet pile type foundation work(Temporary closing steel sheet pile method)

(F203)5Sheet pile type foundation work(Temporary closing steel sheet pile method)

sheet pile tyvpe foundation work
Temporary closing method

s — . Temporary closing section
~~~~~~~~~~ ! D i‘"‘""‘f‘DUﬁdat | an

T bedding sand

steel pipe sheet piles

Temporary closing method

Sheet pile type foundation work




(F204)Caisson foundation with legs

(F204) Caisson foundation with legs

Caisson foundation with legs

caisson part silty clay

Pile part clay laver

support laver

Caisson foundation with legs




(F205)multi-column foundation

(F205)multi-column foundation

multi-column foundation

Main tower

|,l’ <]

.-,:f:.'

multi-pillar
concrete pillar

multi-column foundation




(F206)Underground continuous wall foundation

(F206) Underground continuous wall foundation

Underground continuous wall foundation
we | | type foundation

.Pier column part

well type foundation Tmek | Tl [0F |~

underground cont indous wall Tl L




(F207)Underground continuous wall foundation

(F207) Underground continuous wall foundation

Underground continuous wall foundation
wall twpe foundation

. Pier column part

o k]
wall type foundation .
underground continuous wall ™




(F208)Underpinning method

Underpinning method

(F208)Underpinning method

Column construction method

support pillar

~~~~~

.
N
EY AN

") rh

Column construction method

.main receiving method




(F209)Underpinning method

Underpinning method
splint beam method

(F209) Underpinning method

/

: splint beam
conc lusion -

o

=

- New foundation

Existing foundation

splint beam method




(F210)Underpinning method

(F210)Underpinning method

Underpinning method
Girder under lay method

/

\\
N
main receiving. — T

recelving beam

EEEEEEEE . new foundat ion

existing foundation

Girder under lay method




(F211)island cut method

_qhee: pile

" strut structure

(F211) island cut method

Nl

/é’; T 1

» excavation+ cutting - shallow

I Wide excavation width - wide




(F212)earth drill method

(F212)earth drill method

earth drill method
In-place pile

Bentonite solution
Borehole wall protection

Power unit

aaaaaaaaaaaaaaaaaa

Barehole wall protection

Slime treatment (precipitation mud discharge) & iiefbeeeeeeer Bentonite solution

Rebar cage insertion =S - Rotating bucket
Goncrete driving : i

Pile diameter 0.8-1.2m

Pile length 35-60m

Gonstruction speed - fast

Less noise and vibration




(F213)anchor bolt

(F213) anchor bolt

structures and foundations

;L; ----- e H-shaped steel

anchor bolt

fffff

e MR Ry footing foundation
B fibr e AN




(F214)under pinning method

(F214) under pinning method

temporary fToundation

» Auxiliary bheam method

Auxilia(y beam RC beam

Barrier
Steel sheet pile

- New structures

Loose surface
» Edge cutting method




(F215)mat foundation

mat foundation

)

(F215

irect basis

Sof

ground

Uneven settlemen

on view

Gross—5E0

i alichtct -t

T e e i e

I s = i e e £

:
H
=
A
'
i
T
.
:
J
"
A
:
i
o]
H
:
H
<

g S S




(F216)ICOS method

[COS method

Without casi
hentonite
Hole wall pr

Reinforced ¢

(1) Drillin

Bentonite

(F216) I1COS method

ng

otection
oncrete piles

gl (2) Insert reinforcing bars

-----

liguid — penetration

(3) Concrete pouring

. Tremie pipe

4)

Completion




(F217)caisson foundation

(F217) caisson foundation
open caisson

1 Ee Gaisson — Reinforced Gonerete — Bottomless - Box frame

einy settlement in the ground

Li 5 LE Filled sedjment ;j Ej

hd i - i-i .Bottom concrete

(1) Drilling and settlement e

{(2) Completion




(F218)air lock

(F218)air lock

Caisson foundation
Preumatic Caisson
Preumatic method

--------------------------------------------------------------------------

N
[0y
o
9]
=~
41
'—|_

N

“calsson
load water ——p E
/ '
fed s 5 . aadl Jfirm ground
v s ST T O -

shaft “worling room
Working chamber pressure




(F219)circle of influence

(F219)circle of influence
Influence Circle -

Pumping water from a well ,
Ambient - Groundwater - Decline ;”

Well diameter : ro : e i
Influence Circle fvuﬁ ------ 5"5?’ ; -
R=3000-5000 « ro | e d

or HOO-1000m.

-,

; i Groundwater level .
'".-"'.-"'".-"".-"".'-"'.-"'.-'“".-'“EE'.-"".'-"_.-""?'f-':'.:'".-"'.-"'.-a:l';':'t:he?_t I me O-I: pump l ng

submersible pump
Well bottom - Impermeable laver




(F220)H-section steel pile

H-section steel pile

H-beam steel pile
Fittings - Reliable

Oriving penetration - large Eﬁf

Flexural resistance -large
Deep foundation

e peme S EETT

,,,,,,,,,,,




(F221)main rope

(F221)main rope

welght
high and low

Piling




(F222)all casing method

] (F222)all casing method

casing -.i:i Hammer Grab

....................

Hammer Grab casing P

//

All-casing method




(F223)wooden maul

(F223) wooden maul |

wooden mau l

pemdampem e mmd e e A

fffffffffffffffffffffffffffffffffffffffffffffff
fffffffffffffffffffffffffffffffffffffffffffffffffffffff
ffffffffffffffffffffffffffffffffffffffffffffffffffffffff




(F224)Foundation work

Pile foundation

%

(F224) Foundation work

Caisson foundation

S

k¥

| superstructure
Ny pier

“HFooting

000

pile foundation

0

calsson

e B

support laver




(F225)pile-driver

(FZZh)pile-driver

-------------------------------

driving
can be pul led out

e e i e Do S e s e A L
.................
.................
................
................

..................
..................

steel pipe
isteel sheet pile;




(F226)broken stone

(F226) broken stone

- __water stop plate

foundation concrete -] [ T hack-filled split stone

Dry masonry
concrete block

§o e ma sonry

Lﬁ%? do not use mortar or concrete
LT do not use mortar for joints
- % backfill — cobblestone




(F227)broken stone foundation

leveled concrete

(F227)broken stone foundation

|=wmemamsespman pas .-

broken stone




(F228)group of piles

(F228) group of piles

Footing

| oad

# Sphere of influence

[tk |
PR

....................

Single pile Group piles

Pile spacing File diameter 7.5 times or less




(F229)casing

Prevention of sidewall| collapse

Geological survey by boring

Cast-in-place concrete piles
Hammer Grab Bucket

(F229) casing

casing tremie

All-casing method




(F230)Caisson foundation

(F230) Caisson foundation

Open caisson fToundation

Sedimentation in the support

layer

airlock
., S— ;. - -
.bucket
11 caisson
load water -#
s o e firm graund
N 2-.".&'_)5’ I Ed

shaft

working room

Pneumatic caisson




(F231)Caisson foundation

(F231) composite pile

Joint piles Steel piles rolled in concrete

I\UD and down piles of different materials

wooden pile

composite pile

Both materials make use of their characteristics




(F232)sand drain method

(F232)sand drain method

fEmhankment load: Sediment. etc

s i H * 2 iVertical —thin pillar of sand

:Promotion of consol idation settlement

Sand pile arrangement




(F233)sand pile

(F233)sand pile

&{i—:.ﬁnBearing capacity - secure

Soft ground

éSandpile
' Ground improvement

i loose sand laver
‘Bearing capacity - secure




(F234)composer method

(F234) composer method

Composer method

Soft ground improvement method

soll removal

AL

Sand Input

IS
HE

i casings

~Sand pile




(F235)bearing pile

(F235) bearing pile

. Superstructure loading

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

laver

bedrock Gravel laver




(F236)bearing pile

(F236) test pit

investigation

Geological situation

Underground facilities
gxcavation

Bearing capacity check

Geological Survey

Flat plate loading test




(F237)allowable bearing capacity

(F237)al lowable bearing capacity

Permissible bearing capacity of the ground

Divide by the ultimate bearing capacity/safety factor that can support the ground

"”E”{”i' bedrock

--------

b e L T TR REIEPRSENISES. R nmi s R e pEEICT O
D e o P v s Sty Lt e ke
................ H -
" H
: H
--------------------------- '
' ' '
" ' ' '
"o . U H
" TE™ oA :
' ' ' '
d oy e et L ——
R - G it S
F L N g
H o

(}ngckion:pflé @Caisson foundation




(F238)impregnation method of ground

(F238) impregnation method of ground

impregnation method of ground
Geochemical method

Sliding surface

-----------------------------------------------------

 Injection range E
i Chemical injection | A

............................................

-----------------------------------

Spring water

T

soft ground

\\\\\\

Hard ground

iPrewvention of osmosis pressure and quicksand phenomena
iEmbankment section - stable




(F239)open cut method

(F239) open cut method

open cut method

o R e e e S 1 T R A A1 T S S o e e A T T S e S A o B T S T T R S S T B i e S R R m A e L e e s s B A b e S e

ffffffffffffffffffffff

(MEarth retaining pile (H pile)
@ Road lining
(& Protection of buried objects

EEEE ® éé ééi% @Excavation
il 1 i ©Earth retaining and timbering
5%ﬁm:Lfﬂf:ﬂ::::ﬁilﬂ:ﬁ:ﬁ::::f::ﬂiuﬂﬁ ®Construction

FBackfilling and removal of timbering
ERestoration of buried objects
Fxcavation from ground level @ Removal of road surface reconstruction

Backfill after construction (@Removal of earth retaining work

Subway, utility tunnel, underground buried (DRoad surface restoration (pavement)

object, relatively shallow




(F240)dowel works:Deep foundation method

(F240) dowel| works:Deep fqundation method

Dowe | works R ,
Cast-in-place pile method yﬂﬁﬁﬁﬁr,C}Tr|pod

(DSteel formwork (liner plate) fﬁf %{jfﬁf,inOiSti“g wire
@Exclusion of groundwater yﬁf o .ﬁﬁn @MW inch

@Manual excavation A E A @MWork scaffolding
@ Ingert reinforcing bar cage ik P CR W

BFlace concrete

& Blow

..........

TProtect ive fence

s

aaaaaaaaaaaaaaaa

@buxiliary lumber-.iiiil

H
SoaLEiiisiisgn s

[

1.l

(0Special earth retaining steel plate:




(F241)leaving concrete

(F241) leaving concrete

leaving concrete

-------------------------------

S .- foundation concrete

---------------------------------------------

leve led concrete

foundat ion stone

broken stone




(F242)stone levee

(F242) stone levee

--------------------------------------------------

gstome levee |
g b s Stoneé
boulder '




(F243)lime pile

(F243) l ime pile

Lime pile method

Orive dewvice

ﬂE;'f"hopper .
"= & im'l"‘-'—‘.rm

Casing pipé

; s
LA

______

 ééfé¥9L“.:f'.ﬂ:.??.f:H:ffﬁ? ;;Uﬁﬁfﬁiﬁér Bag with ingredients

P Lime panel

P ed




(F244)plasticity

Materials before

(F244)plasticity

Load-deformation
-stick

---------

| oading

---------

Materials after loading

Remove the load -
Deformation — Remain




(F245)boulders stratum

(F245)boulders stratum

-------------------

boulders stratum
b Size 15-30cm

i Groundwater - not affected
E bearing ground - good '
:Bearing capacity - large




(F246)single pile

(F246)single pile

Structures

bearing lavyer

Mo interaction between piles




(F247)diaphragm wall

(F247)diaphragm wal |l

diaphragm wall
Continuous underground wal l

P

Diaphragm wall
Fetaining wal l
DRigidity - High
@3Soft ground - prevention of heaving and boiling




(F248)spread foundation

(F248) spread foundation

Structure excavation
* Normal ground

» Direct foundation

baqkfilliﬂg
z

i @Friction pile

. Footing
- [ 4 Leveled concrete (t=100mm)

N Y R LYy VYNV LY
‘2 Flattened concrete
Normal ground -
gravel

Foundation material (cobble stone/gravel t=200mm)

Sand layer N value N=30

Clay layer N value N=20

Ground - supportable

reznrlenioak bl

Ctiri eV hedrogk
@Support pile
........... ar- q,,.q,

FETT Lt e TR

Riik:!

@Caisson foundation




(F249)soil covering

R e O e e R R R R I

(F249)soil covering

i Covering

;Thickness from structure fo groundé

covering

|rrrr T T e L e R B S S S S S R
f w
. )
: u
|i i
L "




(F250)base drawing

(F250)base drawing

.............

base drawing

Side view e g

Bottom view 5 .
e @ 18 20cm spacing

base drawing




(F251)foundation work

(F251) foundation work

Foundation wark

Foundation ground
Foundation pile

SUDDOFtS upper | Oad rahri s iteeans = F T e R

R e e R D e e M

...............

"I?';l{" ....... bEdFOCk
(}SUpport p||e

.
:

IREE S e A A e

T e L T R

---------------------------

I oo

] P o

i i :: n

|: 1

WA oAal 8 on

(}FFic%ion:pfle: C}Caﬁgébn foundat ion




(F252)sheathing work

(F252) sheathing work

sheathing work

Wire rope

walling Ground surface EGround surface

e

i, bl
[ o s b o b iy T e T »
o, T I T Farth h i
; : arthen sheet pile RS e e R
E © 'Rl - i
e =3 i :
-

I

Farthen sheet pilehgﬂé B
i Wooden pile
hrichorwal |

Ewcavation surface i Excavation surface i

e e e i e e o R R A S A A E R A A A A A A S FdE X L E A E A TR EE SR
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa




(F253)trench cut method

(F253) trench cut method

trench cut method
Construction of underground structures

Excavation of the periphery Construction of the periphery

LN

Vi
e

i Sheet piles

5 = 5 i Internal Excavation




(F254)drop hammer

(F254) drop hammer

Orop hammer

ooden pile
RC Pile 5
lLess pollution, noise and vibration |




(F255)Hollow excavation pile method

(F255)Hol low excavation pile method

(1) Hammer Grab Bucket-drilling
(?) Rotary press fitting

(3) Tip - Cement milk squirting
(4) Gravel laver mixing

(B) Bulbs

Hol low section

Embedded pile

ﬁu“Hammer Grab Bucket
Large diameter pile

Cement milk v mi steel pipe

Sedimentation in the support laver




(F256)strip footing

)

L T

.
Arn

FioB)lstrip footing

et




(F257)base stone

(F257) base stone

KA AT A A LSS

base stone

e

IR AT




(F258)penetration

earth retaining wall

sheet pile

drilling board

(F258) penetration

gravity retaining wall




(F259)negative friction

(F259) negative friction

: | oad
_____________ Original ground
T = L pr—
B - S i iaTwme t ... Local ground
“fnegative friction ]
i Downward friction force

‘hbearing laver




(F260)drainage method

(FZ60)drainage method

wel | :
drainage

fm e daa

Metertable before drainage

M.

i

P
-
R
™

£ ST

i NN

Groundwater table after drainage

T eeeemeseemeieeeedeesesssssessesessessssssessesessesessesen. 1

: Reduced moisture in the gaps |
: Ground strength increase

: Gontinuous underground wall




(F261)foundation

(F261) foundation

a— Wy

< Foundation concrete

L gravel

éConsolidation E




(F262)comparative base line

(F262) comparative base line

------------------------------------

----------------------------------------------------------------------------

iComparative baseline length
o icomparative base line :

....................................................................................................................

..................................

Qﬁi-meConcrete Elocks

-------------------------------------------------------------------

i Lightwave measurement

; Tape measure ftest
! Precise length




(F263)standard penetration test

(F263) standard penetration test

....................................................................

:Drop height: 75cm
EHammer: 63.bke
EPenetration 30cm .
éNumber of blows N wvalue ;
éCombined boring

.....
.....




(F264)footing

(F264) footing

P

N

///// Footing

Pillars, walls,

? T T T T T T T ? T T Bottom - Enlarge

plers




(F265)bituminous membrane water proofing

(F265)bituminous membrane water proofing

n
T T T g il yahes faln s
T T iy

- =

-------------------

bituminous membrane water proofing

\

il Waterproofing membrane

<= Protect ive work

& aaphaft
tar ;

lapp lication
imortar Cement i
concrete '




(F266)friction pile

(F266) friction pile

Peripheral friction force
Supported by friction force

/ /é’é%i/m/gyéd - deep




(F267)earth drill method
(F267)earth drill method

DDrilling | . . ®Built-in tremie tube Bkt fubria]
@Casing tube insertion rebar EoRl L. Fepurigls

@) Bentonite solution - injection
@ Erection of rebar
®Ready-mixed concrete pouring
~ T
~

W W
iy g

{hGasing tube pull-out

A
NN
at
AN

7 7
7 e W

N
™
ki
&
N
™




(F268)shallow foundation

(F268) shal low foundation

Shallow foundation: direct foundation

) 1T

= ]

: . Composite Footing foundation L
Independent Footing foundation i e

Continuous Footing Basis

................................

R e




(F269)anchor wall / anchor rod

(F269) anchor wall / anchor rod

Planned ground

Fal I

Ground

Steel| sheet pile‘_

"\ﬂ

anchor wal |




(F270)backfill

(F270)backfill

bgckfill

...........

eeeeeeeeeee

aaaaaaaaaaaa
aaaaaaaaaa

embankment

..................
aaaaaaaaaaaaaaaaaaa
;;;;;;;;;;;;;;;;;;;
aaaaaaaaaaaaaaaaaa

(Ground

Urain hole

Urainaze of the baclk part




(F271)wellpoint method

Une row of well

(F271)wel lpoint method

points

Water catchment pipe

Continuous pipe

points




(F272)wellpoint method

(F272)wel Ipoint method

Water catchment pipe

Continuous pipe

First groundwater level

B T LT T T Tt e T T T T ! LT L e

g LT
wel |l points | §

Groundwater lewvel




(F273)influence circle R

(F273)influence circle R ,
Pumping wells | i

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Tl 'f' B L e
Water level at the start of pumping E i
T 3 Permeable layer
N o

Impermeable laver

i '.-.. ]
: iy ,E‘

{;’_bbzerwation hgﬁez

.

< influence circle

xxxxx




(F274)cone penetration test

(F274) cone penetration test
cone penetration test
Soi1l shear strength

Cone bearing capacity goc=kgf/cm? Penetration resistance/cross-sectional area
Bearing capacity of soft ground

Force gauge

ki

Dial Gauge
1/1000 scale

fro
e

Filling lot-
¢ 16mm ”

Tip cone bottom area G.4hcm?




(F275)open caisson

method

Blade opening

(F275) open caisson method

Tremie pipe is flanged and watertight

e,

——
7 4
‘_‘x\l
7N V7
N.. N water surface

Bottom Eoncrete

R
g od b
§ § o)
t=] r=]
N I I e o 1.
H = . - .
t-1 t-1
3 : 3 : :
o 74 7 4 7
I -
\ -t :
K
s 77 s 77 -




(F276)observation well

(F276) observation well

Impermeable layer

Groundwater level and wolume - measurement




(F277)card-board-drain method

(F277) card-board-drain method

card-board-drain method

| Y

Oriven cardboard

Oehvdration of pore water

| i
Do [aaraars] o@
1» 7 G e W

o 10m-20m




(F278)depth of foundation

(F278)depth of foundation

dat ion

...................

Foundation plate*”ﬂxw




(F279)Bulb pile Pedestal pile

(F279)Bulb pile Pedestal pile

bulb pile .
{ Increased bearing capacity |

i Cast concrete




(F280)strut

(F280) strut

walling

strut
o : =H
- EH |--0tee| sheet pile
=2 =H




(F281)tip of pile

tip of pile

Less than or equal to 80°

Sharp-edged pile

(F281)tip of pile

90°  or more 180°

Blunt-end pile Flat pile




(F282)pile driving resistance

(F282)pile driving resistance

pile driving resistance

i i
i Friction resistance

Fad ]
Ak

“Tip Resistance

Piling resistance




(F283)pile driving frame

(F283)pile driving frame

.........................................................

i pile driving framei
Piling Towersi ™

.. Leader Reception

Crawler-type




(F284)group of piles

group of piles

(F284) group of piles

(M

Z

é

7
O O O O
© O O O
o © O O




(F285)caisson

(F285)caisson

Groundwater table

lift

 Warking chamber

QEZZ;;/QﬂBUttng edge : fi|~* Cutting edge

Open caisson Pneumatic caisson




(F286)composite pile

(F286) composite pile

composite pile

i<

Reinforced concrete piles

wooden pile

N NN

Joint piles

wooden pile




(F287)Sandpile, Sand Drain, Sand Mat

(F287) Sandpi le,

sand drain method

Sand Drain, Sand Mat

0

------------------------

e

SRR

Soft ground

Y rsaRdp e

i Sand._drain!




(F288)bearing pile

(F288)bearing pile

Soft laver

soft laver

&

bedrock

Tip support pile

bearing laver

--------------------------------------




(F289)bearing layer

(F289) bearing layer

Soft laver

bearing layer bearing laver

bearing laver

bearing laver

bhear ing layer bear ing laver




(F290)settlement of ground

(F290)settlement of ground

Lifting of a building

------------------

Uld surface

Consolidation settlement

basement

settlement of zround




(F291)compaction pile

(F291) compaction pile

compaction pile

Loose sandy ground




(F292)battered pile

Earth retaining pile

(F292 lbattered pile

dolphin




(F293)cantilever sheet pile

(F293) cantilever sheet pile

K

cantilever sheet pile




(F294)sliding surface

(F294)sliding surface

,,,,,, I e e T A

retaining wal | o o




(F295)shear stress

(F295) shear stress

shear stress




(F296)point bearing pile

(F296) point bearing pile

So-l:t Cla}l‘ R:ﬁ ......
; ;Hard clay
4 }

paval [awae i \ I
| | Friction pile

pOiﬁt bearing pl |e




(F297)shear failure

(F297) shear failure

Soft ground

shear failure




(F298)tie rod

(F298) tie rod

.......................

Steel sheet pile

Refrained straight pile




(F299)dutch cone

(F299) dutch cone

Portable conical penetration test
Soft formations

N valug 1-30. ] .
Cone bearing capacity qc=kgf/cm? L"”"“ji"”"miﬁﬁpugh_'” handle
Sandy ground foundation it
ac = 4N ;H‘% . Force gauge
il Dial Gauge
H 1/1000 scale

Filling lot- i
# 1 6mm .

Tip cone bottom area 6.4bhcm?




(F300)subsurface dam

(F300) subsurface dam

no underground dam

AT SO e R S S AT
e .*ftﬁ‘f‘ﬁ% "’ﬁ.‘*ﬁ*ﬁ Levit e
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(F301)electric resistivity survey

(F301)electric resistivity survey

electric resistivity survey

Electrical propertiez of formatignz .
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(F302)equipotential line

(F302)equipotential |ine
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(F303)earth retaining wall

(F303)earth retaining wall
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(F304)drain paper

(F304)drain paper

drain paper
card-board-drain method
Oriven cardboard
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(F305)trench

trench
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(F306)depth of footing

(F306)depth of footing

depth of footing

Ground surface
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(F307)drain

(F307)drain
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(F308)drainage path

(F308)drainage path
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(F309)cast in place concrete- Earth Auger

(F309)cast
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(F310)heaving

(F310) heaving
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(F311)footing foundation Independent footing foundation

(F311) footing foundation Independent footing foundation

footing foundation

Independent footing foundation




(F312)footing foundation Composite footing foundation

(F312) footing foundation Composite footing foundation

Composite footing foundation




(F313)footing foundation Continuous footing foundation

(F313) footing foundation Continuous footing foundation

Continuous footing foundation




(F314)footing foundation mat foundation

(F314) footing foundation mat foundation
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(F315)under flow water

(F315)under flow water
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(F316)benoto method :all casing method

(F316) benoto method:all casing method
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(F317)weep drain

(F317)weep drain
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(F318)stone field drain

(F318)stone field drain
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(F319)extra banking

(F319)extra banking

extra banking

At the end of the embankment Nﬂt the end of settlement




(F320)anchor method

Anchor method

(F320) anchor method

Prevention of col lapse and sl iding of the surface layer of slopes and landsl|ides
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pile foundation

1 pile foundation method

2-place cast pile method

3 Ready-made piles

(F321)pile foundation

4 Embedded pile foundation

5 Driven pile foundation

6 Pre-boring method

7 Hollow excavation method

8 rotation injection

9 jet method

10 blow method

11 Earth removal method

15 Earth removal method

17 Auger earth removal method

21 Cement milk injection

22 No treatment

23 Hydraulic press-fit milk injection

24 stroke milk

25diesel hammer blow

26 hydraulic hammer blow



(F322)pile foundation

pile foundation

(F32%2 )pile foundation
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(F323)pile foundation

lwooden stakes

[concrete piles

(F323)pile foundation

|Readv-made concrete piles

Ready-made reinforced concrete piles

Ready-made prestressed concrete piles

pedestal piles

raymond pile

Penetration method

|Cast-in-place concrete piles

[steel pile

Steel pipe pile

H type pile

All casing construction method
Earth drill pile method
Reverse Circulation Drill Method

Deep foundation construction method

Drilling method




(F324)Classification of piles

(F324)Classification of piles
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(F325)Functional classification of pile foundations

(F325)Functional classification of pile foundations
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(F326)Geological strata conditions and applicable range of various piles

(F326)Geological strata conditions and applicable range of wvarious piles
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(F327)grouting

(F327)grouting

consolidation grouting

contact grouting
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(F328)quicksand

quicksand phenomenon

(F328) quicksand
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(F329)piles group

piles group
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(F330)open caisson

(F330) open caisson
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Open caisson foundation
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(F331)sand drain method

(F331) sand drain method

sand drain method

Embankment load: Sediment, etc.
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(F332) Soil stabilization treatment-Runways, roads, etc.-Improvement of roadbed and roadbed

(F332) Soil stabilization treatment-Runways. roads. etc —Improvement of roadbed and roadbed

Soil stabilization treatment

Improvement of roadbed and roadbed
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(F333)Soil stabilization treatment-Soil stabilization treatment-By on-road mixing method-Simple paving of farm roads, parking lots, etc.

[F233)%ail stabilization treatment-Seil stabilization treatment-By on-road mising method-%imple paving of farm roads, parking lots, ete

Soil stabilization treatment

By on-road mising method
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(F334)Soil stabilization treatment-Temporary road for construction-pavement

(F3341501 1 stabilization treatment-Temporary road for construction-pavement

Soi |l stabilization treatment
Temporary road for construction

Lpavement
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(F335)Soil stabilization treatment-Sliding failure of embankment

(F335)Soil stabilization treatment-Sliding failure of embankment
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(F336)Soil stabilization treatment-Building foundation ground improvement

(F336)30i | stabilization treatment-Building foundation ground improvement

Soil stabilization treatment

LY OO [
|
O OO O d
O OO O O
& o
Building foundation ground improvement

T Underground wall construction method

‘ support laver




(F337)Soil stabilization treatment-Underground dam wall

(F337)Soil stabilization treatment-Underground dam wal |
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(F338)geotextile-Embankment drainage reinforcement

(F338) geotextile—-Embankment drainage reinforcement

Embankment drainage reinforcement
Fiber materials for soil stabilization
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(F339)geotextile-Separation of different materials

(F339) geotextile-Separation of different materials
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(F340)geotextile- Reinforcement of ground, roadbed, etc.

(F340) geotextile- Reinforcement of ground, roadbed,
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(F341)geotextile- Preventing suction of earth and sand

(F341) geotextile- Preventing suction of earth and sand
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(F342)Earth retaining work

(F342) Earth retaining work

Earth retaining work

Main pile horizontal sheet pile work
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(F343)tremie

(F343) tremie
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(F344)trench excavation

(F344) trench excavation

Excavation of the periphery Construction of the periphery

trench excavation




(F345)all casing excavator

cast in place concrete

(F345)all casing excavator
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(F346)Reverse circulation method

(F346) Reverse G[rculation method

Reverse circulation method
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(F347)earth drill

cast-in-place concrete (F347) ??Fth drill
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(F348)cast in place concrete

(F348)cast in place concrete
(DALl casing construction method Z)Earth drill method
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(F349)cast in place concrete-Benoto pile

(F349) cast

Al l-casing method
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(F350)footing foundation

(F350) footing foundation

[ndependent footing foundation
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(F351)earth anchor

(F351)earth anchor
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(F352)Earth drill method

(F352)Earth dril | methed o vibe it
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(F353)Reverse circulation methodd

(F353) Reverse circulation methodd

@ Installing stand pipe

(2 Internal excavation with bucket
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(F354)Underpinning method- supporting foundation

(F354)Underpinning method- supporting foundation

Underpinning method- supporting foundation

Structure Structure

7777777 A I I 7777777 4

r e & B E A Ty P
e

lower support girder

support pile

foc

N O N

deep foundatién

drilling depth?y

drilling depth

R R R B e R B e R R S S R s R R B B L B R R

(DSupporting by pile foundation @lnderpinning by deep foundation




(F355)caisson excavation workng foundation-open caisson

(F355)caisson excavation workng foundation-open caisson
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(F356)well point

Water catchment pipe

Gontinuous pipe

Water catchment pipe
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(F357)pneumatic caisson-air lock

(F357) pneumatic caisson-air lock
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(F358)masonry

(F358)masonry

top stone
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(F359)Piling

(F359)Piling
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(F360)curtain grout

(F360) curtain grout
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(F361) open cut method

(F361) open cut method

(DConst ruct ion of cut-and-cover shoring and frame foundation
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(F362)stand

(F362) stand
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(F363)masonry

(F363) masonry
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(F364)crawler crane

(F364)crawler crane
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(F365)casing tube

(F365) casing tube
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(F366)block masonry-hard vinyl chloride pipe

(F366)block masonry—-hard vinyl chloride pipe
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(F367)Earth retaining work-Active earth pressure-passive earth pressure

(F367) Earth retaining work-Active earth pressure-passive earth pressure

Active earth pressure
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(F368)wave dissipation block

Hexapod block

(F368)wave dissipation block
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(F369)piling

(F369)piling
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(F370)deep foundation method

deep foundation method

circular vertical shaft

manual excavation

drilling
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(F371)piling

(F371)piling
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(F372)rammer

(F372) rammer

Fammer
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(F373)cast-in-place concrete- bentonite solution

(F373)cast-in-place concrete- bentonite solution
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(F374)cast-in-place concrete- tremie pipe

(F374) cast-in-place concrete- tremie pipe
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(F375)Vibrohammer method

(F375)Vibrohammer method

yibrohammer
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(F376)pile driver

(F376)pile driver
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(F377)pedestal pile

(F377) pedestal pile
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(F378)Benoto method:All casing construction method

(F378)Benoto method:All casing construction method
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(F379)pile driving

pile driving

(F379)pile driving
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(F380)Foundation work

(F380) Foundation work-mat foundation-Spread foundation

mat foundation Spread foundation

D —pillar Structure excavation
: * Normal ground
e3ﬂ~'5|ab *Direct foundation
cross—section view Vﬂ R
backfilling
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4~ Footing
< Leveled concrete (t=100mm)

Flattened concrete

Normal ground -
gravel

Foundation material (cobble stone/gravel t=200mm)

o R : Sand layer N value N= 30
Plan o Clay layer N value N= 20
Ground - supportable




(F381)Foundation work-(Ready-made pile foundation)-Cast-in-place pile foundation

(F381)Foundation work-{Readv-made pile foundation)-Cast-in-place pile foundation

Ready-made pile foundation Cast-in-place pile foundation

pile hammer

e

boom ...

All casing construction method
=tteader

. Main bod
counter weight ' o .
5 i «toncrete pile

sheet pile

H-shaped steel pile

CTIOT T T T T T T TTTTT T T T T 7]
T

Earth drill method




(F382)Foundation work-open caisson-pneumatic caisson

(F382) Foundation work—-open caisson—-pneumatic caisson
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(F383)Foundation work-mat foundation-Spread foundation

(F383)Foundation work-Shal low foundation-mat foundation-Spread foundation
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(F384)Foundation work-Deep foundation

(F384) Foundation work-Deep foundation

Ready-made pile foundation All casing construction method
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(F385)Foundation work-direct foundation

(F385) Foundation work-direct foundation

direct foundation

Structure excavation
* Normal ground

Direct basis
Soft ground

Uneven settlement *Direct foundation
THUET: Vﬂ backfilling
2 -
T R R T e 18D 4. Footing
Gross-section view | | /" Leveled concrete (t=100mm)
. aciara o ach w aa m w C
" Flattened concrete
Normal ground *
grave |
Foundation material (cobble stone/gravel t=200mm)
Sand layer N value N=30
Plan Clay layer N value N=20
Ground - supportable
good points bad pOints.
i minimum cost i Scope of application - limited;




(F386)Foundation work-pile foundation-ready-made piles

(F386) Foundation work-pile foundation-ready made piles

pile foundation
pile hammer
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good points bad points
Preparation - little Geological confirmation - impossible
cost- cheap Noise/vibration -loud

Construction period - short Cobblestone - Difficult to construct




(F387)Foundation work-pile foundation-cast in place pile

(F387) Foundation work-pile foundation-cast in place pile

Cast-in-place pile foundation

P

BNl

All casing construction method

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

i good points bad points
Noise/vibration — low Preparation — big

Supporting capacity — sure cost is high




(F388)Foundation work-pile foundation-caisson foundation

(F388) Foundation work-pile foundation-caisson foundation
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: good points | bad points '
; Supporting capacity/horizontal resistance force — large Preparation — big

Geology - confirmation — possible ; cost is high




(F389)Earth retaining wall

(F389)Earth retaining wall
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(F390)Earth retaining work-Steel sheet pile work

(F390)Earth retaining work-Steel sheet pile work
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(F391)Earth retaining work-Earth anchor method

(F391) Earth retaining work-Earth anchor method
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(F392)heaving

(F392) heaving

@Deepen the roots

o e @ Sheet pile 3Do not excavate
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@Sliding failure

@ Clay soil

@ Surrounding sediment

heaving

@ Improve the ground

heaving
countermeasure




(F393)Boiling

boiling
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(F394)Ground improvement work

(F394 )Ground improvement work

Ground improvement work

Feplacement method: Replacement with high-aual ity soil
Surface treatment method: Improving =soil strength
increase soil density

: beocelerate consolidation by loading

: Groundwater drop dus to pumping

: Construction method using compaction

:Method of consolidating soil

: Consolidated with a bond




(F395)Ground improvement work-Vibroflotation method

(F395)Ground improvement work-Vibroflotation method

Sandy ground - ground improvement

gonstruction method improvement depth

Improved N value

Overview of construction method

Vibroflotation method [ 20m

10-15

vibration jet water

Penetrating into sandy ground

Sand supply — compaction

1 wibration generator

72 Excavation with vibration + water jet
: 3 Compaction with water + wibration

1
S

,-_-_-,_.I‘::\:_/l,,,,;;,.-

Loose sandy ground

Yibro flotation method
1 wvibration generator - pile
2 Jet water and vibration -
3 Sand/gravel - input

Intrusion

4 Water tightening/vibration - compaction

4 sand column




(F396)Ground improvement work-Vibro Composer method

(F396) Ground improvement work-Vibro Composer method

Sandy ground — ground improvement

construction method improvement depth |Improved N value |Overview of construction method

ibro Composer method 30m 10-20 Vibration load — sand column

1 Yibration generator - wvibroflot Yibro composer construction method
g” vibe-Loose sandy soil - effective

4. It's tightly packed sand column

Loose sandy soli

? Put in sand foeh f Y
B Pillars of sand
3. Upen the bottom and push the wvibrator up and down to harden it

2




(F397)Ground improvement work-Sand compaction method

(F397) Ground

Sandy ground - ground

improvement

improvement work-Sand compaction method

construction method

improvement depth |Improved N value

Overview of construction method

Sand compaction method

15m 10-20

Shock/vibration — sandy ground

— ground tightening

Sand compaction method
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Sand press-in ¥y _ drainag ~ T
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sand pile o | |

Diameter 60-80cm =

Press—fitted by impact

R

soft ground

{1 Pile gap 1.2-1 6n




(F398)Ground improvement work-Preloading method

(F398) Ground improvement work—-Preloading method

Improvement method for clay ground

improvement depth

bonstruction method Gonstruction method overview
Prelpading method on soft ground large |oad 10-20m
Accelerate consolidation settlement load removal

structure construction

Preloading method
(MlLoad the weight to be embanked | z

@5%ettlement
@Extra weight (preload): surcharge method

1 Preload height
2 Planned amount
3 Poor ground

4 Using a construction
method to lower

the groundwater lewvel

h Planned amount
B Preload removal

{ Consolidation
completed ground




(F399)Ground improvement work-Sand drain method

(F399) Ground

Improvement method for clay ground

improvement work-Sand drain method

ponstruction method

Gonstruction method overview

improvement depth

Sand drain method drainage

sand pillar Drive—in type 15-30m

Vibro type

Auger type Bagged type

Sand drain method

i

sand pfléa_'

e S R
1 Mandrel
poor layer i
o Gompressed air
2 Driving 1

3 Add sand e
4 Gompressed air i

B Pull out the sand pile
about 20m

Sand

Eliminates pore water in cohesive soil

* Gonsol idation settlement in a short time
Fmbankment T gonsolidation settlement
bt “~. . Pore water removal
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drain method




(F400)Ground improvement work-Paper drain method

(F400) Ground improvement work-Paper drain method

Improvement method for clay ground

construction method Construction method overview

Paper drain method Drainage channel - cardboard

improvement depth

card board 15-20m

Construction speed — fast Construction cost - cheap
Construction management — easy

1.mandrel 3 py|| out Paper drain method

H H

£ i embankment
poor ground” 4 Drain paper
2 Driving sand mat
Paper drain method :

Pore water — dehydration
Soil-water-discharge

Driven cardboard
Dehydration of pore water

————————————————————— Soft clay silt layer

Soft ground

High water content ratio




(F401)spread foundation : direct foundation

(F401) spread foundation: direct foundation

spread foundation : direct foundation

Structure excavation
« Normal ground
- spread foundation

- VT Backfilling
. s ;.,..,.,..,:, - ﬁ}. .
\ / ik
T | [/ Leveled concrete (t=100mm)
. | Flattened concrete
Spread foundation Normal ground
grave |

Foundation material (cobble stone/gravel t=200mm)

Sand layer N value N=30
Glay layer N value N=20

Ground - supportable




(F402)spread foundation-direct foundation

(F402) spread foundation-direct foundation

structure excavation

spread foundation-direct foundation
- Bedrock

/

backfilling

=
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G A el

- -Bed?ock
Bedrock surface cleaning

- Footing

LTeveled concrete (t=100mm)

Replacement concrete




(F403)classification of pile foundation

stroke construction method |RC piles: Reinforced concrete piles
vibration method SC piles: concrete piles with outer shell steel pipes
|Ready-made piles |Press-in method PC pile: Prestressed concrete pile
jet method PHC Piles: High Strength Prestressed Concrete Piles
Pre-boring method Steel piles: H-shaped steel piles, steel pipe piles
[pile foundation |

|Excavation method | mechanical drilling Benoto method
reverse construction method
Earth drill method

[cast-in-place pile |

[penetration method | [man-powered drilling Deep foundation |




(F404)cast-in-place pile Benoto method

(F404) cast—-in-place pile Benoto method

past-in-place pile Benoto method

G Dhrilling
@ Casing tube insertion
& @ Bentonite solution — injection
3 - I [ hole wall prevention muddy water
i 7]
ff : @ Erection of rebar
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=2l ﬁﬁ B'Ready-mixed concrete pouring
B y
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s s a | '
7 @& Sediment reburials
All-casing method .- {Casing IFnundatiun Pile Genter
ﬂ:n @excavation-Hammer Grab
uasing tube i Eimmer Grah @ excavation-Hammer Grab
ammer Gr ua5|ng i | SO R @excavation-completed
s ; B Water-muddy water-Mud Water Pump
4 B Rebar cage

@ Tremie tube
& Ready-mixed concrete

@Pulling out casing
@Burials
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ﬁ é |




(F405)cast-in-place pile Earth drill method

(F405)cast-in-place pile Earth drill method

garth drill method
In-place pile
Bentonite solution
Borehole wall protection

Fower unit

ZSurface Cazing Tube

Borehole wall protectisn
---- Bentonite =zolution
¥ F--Rotating bucket

@Drilling
@ Gasing tube insertion

@Bentonite solution - injection

@ Erection of rebar
B Built-in tremie tube rebar
B 'Ready-mixed concrete pouring

#Gasing tube pul l-out

RNRNANRRN

- & Sediment reburials




(F406)cast-in-place pile Reverse construction method

(F406) cast—-in-place pile Reverse construction method
MlInstalling stand pipe

@ Internal excavation with bucket
(3) Excavation using leavers method

Reverse circulation method

; ® @ O @ 6 ® @
J U_:\W.Tn sedimentation tank l %
rotary table ':""F'?*-water . : Tl
{ Hidr'nstat.c pressure 2m % , Z
! _grnundwater level
ﬂ - -
: > Reverse reflux pumped mud
rotating hjt : 5
‘?ax_}; @Reinforcement installation

&) Suck up sediment-Built-in tremie pipe
® Concrete pour ing
(Z)Pull out the stand pipe




(F407)cast-in-place pile Open caisson construction method

(F407 )cast-in-place pile

Blade opening
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" Open caisson foundation
— sedimentation in the support
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Open caisson

Open caisson construction method
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(F408)cast-in-place pile pneumatic caisson

(F408)cast—in-place pile pneumatic caisson
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I = airlock
Groundwater table :
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NWorking chamber i M ) [ caisson
load water -§ | B
1" Gutting edge W *m&kﬂgjlrm ground
shaft  ‘working room
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(F409)Foundation construction machinery(Pedestal method)

(F409) Foundation construction machinery(Pedestal method)

Construction plan for piles and caissons

Foundation construction machinery
Pedestal method

supporting capacity - Increase

Pedestal pile

M- Doub le steel pipe - penetration

% Tip of pile - enlargement




