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(M327)pile driving frame
benoto method:open:all casing method
all casing excavator

Reverse circulation method
earth drill

cast in place concrete
Benoto pile

Earth drill method

Reverse circulation methodd
open caisson

pneumatic caisson-air lock
Piling

crawler crane

casing tube



341 (M341)piling

342 (M342)deep foundation method

343 (M343)piling

344 (M344)cast-in-place concrete- bentonite solution

345 (M345)cast-in-place concrete- tremie pipe

346 (M346)Vibrohnammer method

347 (M347)pile driver

348 (M348)Benoto method:All casing construction method

349 (M349)pile driving

350 (M350)Foundation work-(Ready-made pile foundation)-Cast-in-place pile foundation
351 (M351)Foundation work-open caisson-pneumatic caisson

352 (M352)Foundation work-Deep foundation
353 (M353)Foundation work-pile foundation-ready-made piles
354 (M354)Foundation work-pile foundation-caisson foundation
355 (M355)cast-in-place pile Earth drill method
356 (M356)agitator truck
357 (M357)attachment
358 (M358)winch

359 (M359)guy derrick crane

360 (M360)tilting mixer

361 (M361)wooden winch

362 (M362)kazusa dig well

363 (M363)crawler drill

364 (M364)Cable crane

365 (M365)Cable crane

366 (M366)Concrete bucket

367 (M367)Concrete spraying

368 (M368)Conveyor

369 (M369)Crusher

370 (M370)axial flow pump

371 (M371)jib crane

372 (M372)dredging(Pump dredger)
373 (M373)dredging(Bucket dredger)
374 (M374)dredging(Grab dredger)

piling
deep foundation method
piling

cast-in-place concrete- bentonite solution

cast-in-place concrete- tremie pipe
Vibrohammer method

pile driver

Benoto method

pile driving

Ready-made pile foundation

open caisson-pneumatic caisson
Deep foundation

ready-made piles

pile foundation-caisson foundation
cast-in-place pile Earth drill method
agitator truck

attachment

winch

guy derrick crane

tilting mixer

wooden winch

kazusa dig well

crawler drill

Cable crane

Cable crane

Concrete bucket

Concrete spraying

Conveyor

Crusher

axial flow pump

jib crane

dredging(Pump dredger)
dredging(Bucket dredger)
dredging(Grab dredger)



375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408

M375)dredging(Dipper dredger)
M376)jaw crusher
M377)excavator
M378)shovel-type excavator
M379)vibrating roller
M380)scraper

M381)Cement gun

M382)soil stabilizer
M383)sounding machine
M384)Tire dozer

M385)Tire roller

M386)Tandem roller
M387)dumper

M388)tamping roller
M389)dipper dredger
M390)derrick crane
M391)tower crane

M392)tractor

M393)truck-crane

M394 )trailer

M395)bucket elevator
M396)edge cutting pipe jacking
M397)Batcher plant
M398)trailer

M399)hammer drill

M400)Shot crete
M401)Bulldozer

M402)frog rammer
M403)hopper

M404)suction dredger(pump dredger)
M405)Tractor excavator(attachment)
M406)Tractor excavator(attachment)
M407)russel snow plough
M408)rammer
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dredging(Dipper dredger)
jaw crusher
excavator
shovel-type excavator
vibrating roller
scraper

Cement gun

soil stabilizer
sounding machine
Tire dozer

Tire roller

Tandem roller
dumper

tamping roller

dipper dredger
derrick crane

tower crane

tractor

truck-crane

trailer

bucket elevator

edge cutting pipe jacking
Batcher plant

trailer

hammer drill

Shot crete

Bulldozer

frog rammer

hopper

suction dredger(pump dredger)

attachment
attachment

russel snow plough
rammer



409 (M409)crawler

410 (M410)ripper

411 (M411)ripper(rippability)
412 (M412)mixing work on the way
413 (M413)Tractor excavator(attachment)
414 (M414)clean plant

415 (M415)Cable crane

416 (M416)Concrete batching and mixing plant
417 (M417)Concrete pump
418 (M418)Wet-type shot crete
419 (M419)fixed jib crane

420 (M420)Shield tunnel

421 (M421)Vibrating roller

422 (M422)truck mixer

423 (M423)Internal vibrator
424 (M424)concrete compaction

425 (M425)breaker

426 (M426)Tractor excavator(attachment)
427 (M427)Tractor excavator(attachment)

crawler

ripper

ripper(rippability)
mixing work on the way
attachment

clean plant

Cable crane

Concrete batching and mixing plant
Concrete pump
Wet-type shot crete
fixed jib crane

Shield tunnel

Vibrating roller

truck mixer

Internal vibrator
concrete compaction
breaker

attachment

attachment



1 85 (M185)Earthmoving machinery-How to excavate the ground (by machine)- Bench cut method+Downhill construction method

356 (M356)agitator truck
317 (M317)air lock
329 (M329)all casing excavator
320 (M320)all casing method

1 (M31)Earthmoving machinery-transport machinery-Angle dozer
147 (M147)Earthmoving machinery-transport machinery-Angle dozer
1 8 (M178)Earthmoving machinery-Types of bulldozers-Angle dozer
1 (M81)paving machine-asphalt paving machine(Asphalt finisher)
0 (M80)paving machine-asphalt paving machine(Asphalt plant)
3 (M83)paving machine-asphalt paving machine(Asphalt sprayer)
2 (M82)paving machine-asphalt paving machine(Asphalt spreader)
357 (M357)attachment
405 (M405)Tractor excavator(attachment)
406 (M406)Tractor excavator(attachment)
413 (M413)Tractor excavator(attachment)
426 (M426)Tractor excavator(attachment)
427 (M427)Tractor excavator(attachment)
370 (M370)axial flow pump

213 (M213)Structure excavation-Points to note regarding backfilling and backfilling soil
214 (M214)Structure excavation-Points to note regarding backfilling and backfilling soil
215 (M215)Structure excavation-Points to note regarding backfilling and backfilling soil
216 (M216)Structure excavation-Points to note regarding backfilling and backfilling soil

397 (M397)Batcher plant

211 (M211)Structure excavation-bearing ground
1 86 (M186)Earthmoving machinery-How to excavate the ground (by machine)- Bench cut method

253 (M253)pile foundation-Construction management of Benoto Earth Drill Reverse Method
249 (M249)pile foundation-(Benoto method)

275 (M275)cast-in-place pile(Benoto method)

282 (M282)Foundation construction machinery(Benoto method)
307 (M307)cast-in-place pile(Benoto method)

348 (M348)Benoto method:All casing construction method

303 (M303)cast-in-place pile(Benoto method: All casing method)
328 (M328)benoto method:open:all casing method

Bench cut method+Downhill construction method
agitator truck

air lock

all casing excavator

all casing method

Angle dozer

Angle dozer

Angle dozer

Asphalt finisher

Asphalt plant

Asphalt sprayer

Asphalt spreader

attachment

attachment

attachment

attachment

attachment

attachment

axial flow pump

backfiling and backfilling soil
backfiling and backfilling soil
backfilling and backfilling soil
backfiling and backfilling soil
Batcher plant

bearing ground

Bench cut method

Benoto Earth Drill Reverse Method
Benoto method

Benoto method

Benoto method

Benoto method

Benoto method

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



333 (M333)cast in place concrete-Benoto pile
254 (M254)pile foundation-(Construction management of Benoto piles)
255 (M255)pile foundation-(Benoto piles Slime processing)
220 (M220)blade bowl
425 (M425)breaker
6 (M36)Earthmoving machinery-transport machinery-Bucket dozer
152 (M152)Earthmoving machinery-transport machinery-Bucket dozer
199 (M199)Dredging work-Bucket dredger
395 (M395)bucket elevator
168 (M168)Earthmoving machinery-Transport machinery-Bucket wheel excavator
401 (M401)Bulldozer
5 (M95)construction machinery(bulldozer/rake dozer)
176 (M176)Earthmoving machinery-Types of bulldozers-Straight dozer
177 (M177)Earthmoving machinery-Types of bulldozers-U dozer
7 (M47)Earthmoving machinery-transport machinery-Cable crane
364 (M364)Cable crane
365 (M365)Cable crane
415 (M415)Cable crane
322 (M322)Caisson foundation
229 (M229)Foundation work-Caisson foundation
258 (M258)pile foundation-(caisson foundation)
259 (M259)pile foundation-(caisson foundation)
260 (M260)pile foundation-(caisson foundation)
292 (M292)Types of foundation work(caisson foundation)
316 (M316)caisson foundation
272 (M272)Construction plan for piles and caissons(Vibrohammer)
171 (M171)Earthworks-Change in soil volume-Calculation of compacted soil volume
170 (M170)Earthworks-Change in soil volume-Calculation of loosened soil volume
340 (M340)casing tube
332 (M332)cast in place concrete
344 (M344)cast-in-place concrete- bentonite solution
345 (M345)cast-in-place concrete- tremie pipe
247 (M247)pile foundation-(cast-in-place pile)
311 (M311)cast-in-place pile

Benoto pile

Benoto piles

Benoto piles

blade bowl

breaker

Bucket dozer

Bucket dozer

Bucket dredger

bucket elevator

Bucket wheel excavator

Bulldozer

bulldozer/rake dozer
bulldozers-Straight dozer
bulldozers-U dozer

Cable crane

Cable crane

Cable crane

Cable crane

Caisson foundation

Caisson foundation

caisson foundation

caisson foundation

caisson foundation

caisson foundation

caisson foundation
caissoVibrohammer

Calculation of compacted soil volume
Calculation of loosened soil volume
casing tube

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

cast-in-place pile



314 (M314)cast-in-place pile
355 (M355)cast-in-place pile Earth drill method
291 (M291)Types of foundation work(cast-in-place pile foundation)
0 (M70)Foundation construction machinery(Cast-in-place pile machine)
1 (M71)Foundation construction machinery(Cast-in-place pile machine)
234 (M234)Foundation work-Cast-in-place pile method
304 (M304)cast-in-place pile(Earth drill method)
63 (M63)Foundation construction machinery(Cast-in-place piles)
252 (M252)pile foundation-(Construction management of cast-in-place piles)
257 (M257)pile foundation-(cast-in-place piles Prevention of construction pollution)
281 (M281)Foundation construction machinery(Cast-in-place piles)
381 (M381)Cement gun
230 (M230)Foundation work-Classification of piles
414 (M414)clean plant
187 (M187)Earthmoving machinery-How to excavate the ground (by machine)-Combination method
1 92 (M192)Earthmoving machinery-Combination of compaction machine and soil type-Combination of compaction machine and soil type
1 93 (M193)Earthmoving machinery-Combination of compaction machine and soil type-Combination of compaction machine and soil type
1 94 (M194)Earthmoving machinery-Combination of compaction machine and soil type-Combination of compaction machine and soil type
1 95 (M195)Earthmoving machinery-Combination of compaction machine and soil type-Combination of compaction machine and soil type

1 96 (M196)Earthmoving machinery-Combination of compaction machine and soil type-Combination of compaction machine and soil type

174 (M174)Earthmoving machinery-Combination of earthmoving machines
102 (M102)construction machinery(compaction)
106 (M106)construction machinery(Compaction machinery)
217 (M217)Structure excavation-Points to note during excavating-compaction appropriate
121 (M121)Embankment construction-Compaction machine
191 (M191)Earthmoving machinery-Compaction machine-Impact
136 (M136)Compaction machinery and soil quality
2 (M52)Earthmoving machinery-Compaction machines
189 (M189)Earthmoving machinery-Compaction machine-Static pressure
190 (M190)Earthmoving machinery-Compaction machine-Vibration
416 (M416)Concrete batching and mixing plant
366 (M366)Concrete bucket
5 (M85)concrete compaction
424 (M424)concrete compaction

cast-in-place pile

cast-in-place pile Earth drill method
cast-in-place pile foundation
Cast-in-place pile machine
Cast-in-place pile machine
Cast-in-place pile method
cast-in-place pile(Earth drill method)
Cast-in-place piles

cast-in-place piles

cast-in-place piles

Cast-in-place piles

Cement gun

Classification of piles

clean plant

Combination method

Combination of compaction machine and soil type
Combination of compaction machine and soil type
Combination of compaction machine and soil type
Combination of compaction machine and soil type
Combination of compaction machine and soil type
Combination of earthmoving machines
compaction

Compaction

compaction appropriate
Compaction machine

Compaction machine-Impact
Compaction machinery
Compaction machines

Compaction machine-Static pressure
Compaction machine-Vibration
Concrete batching and mixing plant
Concrete bucket

concrete compaction

concrete compaction



M65)Foundation construction machinery(concrete piles)
M417)Concrete pump

M367)Concrete spraying

M14)construction machinery(cone index)
M13)construction machinery(cone penetration)
M1)construction machinery

M2)construction machinery

M3)construction machinery

M4)construction machinery

M5)construction machinery

M6)construction machinery

M7)construction machinery

M8)construction machinery

M9)construction machinery

0 (M10)construction machinery
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123 (M123)Construction plan-Appropriate machines for each task
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124 (M124)Construction plan-Appropriate machines for each task
125 (M125)Construction plan-Appropriate machines for each task
126 (M126)Construction plan-Appropriate machines for each task
127 (M127)Construction plan-Appropriate machines for each task
128 (M128)Construction plan-Appropriate machines for each task
129 (M129)Construction plan-Appropriate machines for each task
130 (M130)Construction plan-Appropriate machines for each task
131 (M131)Construction plan-Appropriate machines for each task
132 (M132)Construction plan-Appropriate machines for each task
368 M368)Conveyor
M44)Earthmoving machinery-transport machinery-crane

409 M409)crawler

M45)Earthmoving machinery-transport machinery-Crawler crane

339 M339)crawler crane
363 (M363)crawler drill

140 (M140)Earthmoving machinery-loading machine-Crawler type tractor excavator

369 (M369)Crusher

203 (M203)Earthwork planning/design-Cycle time Cm of excavator type excavator

concrete piles
Concrete pump
Concrete spraying
cone index

cone penetration
construction machinery
construction machinery
construction machinery
construction machinery
construction machinery
construction machinery
construction machinery
construction machinery
construction machinery
construction machinery
Construction plan
Construction plan
Construction plan
Construction plan
Construction plan
Construction plan
Construction plan
Construction plan
Construction plan
Construction plan
Conveyor

crane

crawler

Crawler crane

crawler crane

crawler drill

Crawler type tractor excavator
Crusher

Cycle time Cm of excavator type excavator



248 (M248)pile foundation-(Deep foundation)
352 (M352)Foundation work-Deep foundation
274 (M274)Construction plan for piles and caissons-cast-in-place pile(Deep foundation method)
306 (M306)cast-in-place pile(Deep foundation method)
310 (M310)cast-in-place pile(Deep foundation method)
342 (M342)deep foundation method
287 (M287)Open cut method(Deep well: sandy soil)
267 (M267)Foundation work-Drainage method(Deep well method)
268 (M268)Foundation work-Drainage method(Deep well vacuum construction method)
49 (M49)Earthmoving machinery-transport machinery-Derick crane
390 (M390)derrick crane
236 (M236)pile foundation-Driving ready-made piles-Diesel hammer
271 (M271)Construction plan for piles and caissons(Diesel hammer)
297 (M297)foundation work(diesel hammer)
66 (M66)Foundation construction machinery(Diesel pile hammer)
200 (M200)Dredging work-Dipper dredger
389 (M389)dipper dredger
108 (M108)construction machinery(Display method)
109 (M109)construction machinery(Display method)
110 (M110)construction machinery(Display method)
111 (M111)construction machinery(Display method)
112 (M112)construction machinery(Display method)
323 (M323)dowel works:Deep foundation method
264 (M264)Foundation work-(Drainage method)
269 (M269)Foundation work-(Drainage method)
90 (M90)dredger(Non-seaworthy pump ship)
87 (M87)dredger(Bucket dredger)
94 (M94)dredger(bucket dredger)
88 (M88)dredger(Dipper dredge boat)
89 (M89)dredger(Grab dredger)
92 (M92)dredger(grab dredger)
93 (M93)dredger(grab dredger)
86 (M86)dredger(Pump dredger)
91 (M91)dredger(self-propelled pump ship)
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Deep foundation

Deep foundation

Deep foundation metho

Deep foundation method
Deep foundation method
deep foundation method
Deep well

Deep well method

Deep well vacuum construction method
Derick crane

derrick crane

Diesel hammer

Diesel hammer

diesel hammer

Diesel pile hammer

Dipper dredger

dipper dredger

Display method

Display method

Display method

Display method

Display method

dowel works:Deep foundation method
Drainage method

Drainage method

dredger

dredger(Bucket dredger)
dredger(bucket dredger)
dredger(Dipper dredge boat)
dredger(Grab dredger)
dredger(grab dredger)
dredger(grab dredger)
dredger(Pump dredger)
dredger(self-propelled pump ship)



218 (M218)dredging
201 (M201)Dredging work-Pump ship * Grab ship - Dipper dredge * Bucket dredger
373 (M373)dredging(Bucket dredger)
375 (M375)dredging(Dipper dredger)
374 (M374)dredging(Grab dredger)
372 (M372)dredging(Pump dredger)
8 (M68)Foundation construction machinery(Drop hammer)
270 (M270)Construction plan for piles and caissons(Drop hammer)
299 (M299)foundation work(drop hammer)
325 (M325)drop hammer
43 (M43)Earthmoving machinery-transport machinery-Dump truck
205 (M205)Earthwork planning/design-Dump truck working capacity
206 (M206)Earthwork planning/design-Required number of dump trucks
207 (M207)Earthwork planning/design-Required number of dump trucks
387 (M387)dumper
74 (M74)Foundation construction machinery(Earth auger method)
331 (M331)earth drill
72 (M72)Foundation construction machinery(Earth drill method)
250 (M250)pile foundation-(Earth drill method)
256 (M256)pile foundation-(Earth drill method Treatment of hole walls)
276 (M276)cast-in-place pile(Earth drill method)
283 (M283)Foundation construction machinery(Earth drill method)
308 (M308)cast-in-place pile(Earth drill method)
315 (M315)earth drill method
334 (M334)Earth drill method
138 (M138)Earthmoving machinery-Excavating machine
139 (M139)Earthmoving machinery-Excavating machine
173 (M173)Earthworks-Earthmoving machinery-Work type - Appropriate machine
219 (M219)earthwork
113 (M113)Earthworks-Characteristics of Earthmoving Machinery
114 (M114)Earthworks-Characteristics of Earthmoving Machinery
115 (M115)Earthworks-Characteristics of Earthmoving Machinery
(
(
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116 (M116)Earthworks-Characteristics of Earthmoving Machinery
117 (M117)Earthworks-Characteristics of Earthmoving Machinery

dredging

Dredging work
dredging(Bucket dredger)
dredging(Dipper dredger)
dredging(Grab dredger)
dredging(Pump dredger)
Drop hammer

Drop hammer

drop hammer

drop hammer

Dump truck

Dump truck

dump trucks

dump trucks

dumper

Earth auger method
earth drill

Earth drill method

Earth drill method

Earth drill method

Earth drill method

Earth drill method

Earth drill method

earth drill method

Earth drill method
Earthmoving machinery
Earthmoving machinery
Earthmoving machinery
earthwork

Earthworks

Earthworks

Earthworks

Earthworks

Earthworks



118 (M118)Earthworks-Characteristics of Earthmoving Machinery Earthworks

119 (M119)Earthworks-Characteristics of Earthmoving Machinery Earthworks
120 (M120)Earthworks-Excavation and transportation method Earthworks
169 (M169)Earthworks-Change in soil volume Earthworks

396 (M396)edge cutting pipe jacking
16 (M16)Earthmoving machinery(Excavating machine)
17 (M17)Earthmoving machinerye(Excavating machine)
18 (M18)Earthmoving machinery(Excavating machine)
19 (M19)Earthmoving machinery(Excavating machine
20 (
21 (
22 (

edge cutting pipe jacking
Excavating machine
Excavating machine
Excavating machine
Excavating machine
Excavating machine
Excavating machine
Excavating machine
Excavating machine

( )
M20)Earthmoving machinery(Excavating machine)
M21)Earthmoving machinery(Excavating machine)
M22)Earthmoving machinery(Excavating machine)

23 (M23)Earthmoving machinery(Excavating machine)

208 (M208)Structure excavation-Structures - Excavation machine selection-Points to note during excavating
209 (M209)Structure excavation-Structures - Excavation machine selection-Points to note during excavating

210 (M210)Structure excavation-Structures - Excavation machine selection-Points to note during excavating

98 (M98)construction machinery(Excavation/loading)

Excavation machine
Excavation machine
Excavation machine
Excavation/loading

99 (M99)construction machinery(Excavation/Transportation)
377 (M377)excavator
202 (M202)Earthwork planning/design-Working capacity of excavator type excavator
204 (M204)Earthwork planning/design-Working capacity of excavator type excavator-Work load of power shovel
64 (M64)Foundation construction machinery(Features of steel piles)
419 (M419)fixed jib crane
288 (M288)Types of foundation work
289 (M289)Types of foundation work
295 (M295)foundation work(built-in construction method)
402 (M402)frog rammer
107 (M107)Front attachment and aptitude work
137 (M137)Front attachment and aptitude work
(
(
(
(
(

Excavation/Transportation
excavator

excavator type excavator
excavator type excavator
Features of steel piles

fixed jib crane

foundation work

foundation work

foundation work

frog rammer

Front attachment

Front attachment

Grab dredger

guy derrick crane

hammer drill

Hollow excavation pile method
Hollow excavation pile method

198 (M198)Dredging work-Grab dredger

359 (M359)guy derrick crane

399 (M399)hammer drill

240 (M240)pile foundation-(Hollow excavation pile method/Prefabricated pile)
326 (M326)Hollow excavation pile method



403 (M403)hopper

318 (M318)H-section steel pile

242 (M242)pile foundation-(Hydraulic hammer press-in method)
2 (M12)construction machinery(Hydraulic type/Mechanical)
8 (M38)Earthmoving machinery-transport machinery-Installation pressure

154 (M154)Earthmoving machinery-transport machinery-Installation pressure

423 (M423)Internal vibrator

376 (M376)jaw crusher

302 (M302)foundation work(Jet method: injection)
8 (M48)Earthmoving machinery-transport machinery-Jib crane

371 (M371)jib crane

362 (M362)kazusa dig well

227 (M227)land reclamation in natural slope

103 (M103)construction machinery(Leveling the ground)

104 (M104)construction machinery(Leveling the ground)

324 (M324)lime pile

7 (M97)construction machinery(Loading)

4 (M24)Earthmoving machinery(loading machine)

5 (M25)Earthmoving machinery(loading machine)

6 (M26)Earthmoving machinery(loading machine)

7 (M27)Earthmoving machinery(loading machine)

8 (M28)Earthmoving machinery(loading machine)

9 (M29)Earthmoving machinery(loading machine)

142 (M142)Earthmoving machinery-loading machine-Loading method

143 (M143)Earthmoving machinery-loading machine-Loading method

144 (M144)Earthmoving machinery-loading machine-Loading method

145 (M145)Earthmoving machinery-loading machine-Loading method

222 (M222)macadam

9 (M69)Foundation construction machinery(Machine for press-in method)

233 (M233)Foundation work-Ready-made pile construction method

319 (M319)main rope

41 2 (M412)mixing work on the way

2 (M42)Earthmoving machinery-transport machinery-Motor grader

1 (M51)Earthmoving machinery-transport machinery-Motor grader

hopper
H-section steel pile

Hydraulic hammer press-in method

Hydraulic type/Mechanical
Installation pressure
Installation pressure
Internal vibrator

jaw crusher

Jet method: injection
Jib crane

jib crane

kazusa dig well

land reclamation
Leveling the ground
Leveling the ground
lime pile

Loading

loading machine
loading machine
loading machine
loading machine
loading machine
loading machine
loading machine
loading machine
loading machine
loading machine
macadam

Machine for press-in method
made pile construction method
main rope

mixing work on the way
Motor grader

Motor grader



158 (M158)Earthmoving machinery-transport machinery-Motor grader
188 (M188)Earthmoving machinery-Spreading Leveling/compaction-Motor grader
15 (M15)construction machinery(noise level)
336 (M336)caisson excavation workng foundation-open caisson
278 (M278)cast-in-place pile(Open caisson foundation)
312 (M312)cast-in-place pile(open caisson foundation)
351 (M351)Foundation work-open caisson-pneumatic caisson
5 (M75)Foundation construction machinery(Pedestal method)
327 (M327)pile driving frame
347 (M347)pile driver
349 (M349)pile driving
228 (M228)Foundation work-Pile foundation
235 (M235)pile foundation-Standard application of piles
241 (M241)pile foundation-(Jet method)
243 (M243)pile foundation-(Soundproof cover)
244 (M244)pile foundation-(Welding)
354 (M354)Foundation work-pile foundation-caisson foundation
321 (M321)pile-driver
273 (M273)Construction plan for piles and caissons(Test piles)
245 (M245)pile foundation-(piling)
338 (M338)Piling
341 (M341)piling
343 (M343)piling
262 (M262)pile foundation-(pneumatic caisson)
279 (M279)cast-in-place pile(Pneumatic caisson construction method)
313 (M313)cast-in-place pile(Pneumatic caisson)
337 (M337)pneumatic caisson-air lock
6 (M96)construction machinery(power shovel/backhoe/drag line/clamshell)
239 (M239)pile foundation-Driving ready-made piles-(Pre-boring method)
301 (M301)foundation work(Press-in method)
197 (M197)Dredging work-Pump dredger
4 (M34)Earthmoving machinery-transport machinery-Rake dozer
150 (M150)Earthmoving machinery-transport machinery-Rake dozer
181 (M181)Earthmoving machinery-Types of bulldozers-Rake dozer

Motor grader

Motor grader

noise level

open caisson

Open caisson foundation
open caisson foundation
open caisson-pneumatic caisson
Pedestal method

pile driving frame

pile driver

pile driving

Pile foundation

pile foundation

pile foundation

pile foundation-(Soundproof cover)
pile foundation-(Welding)

pile foundation-caisson foundation
pile-driver

piles and caissons(Test piles)
piling

Piling

piling

piling

pneumatic caisson
Pneumatic caisson
Pneumatic caisson
pneumatic caisson-air lock
power shovel/backhoe
Pre-boring method

Press-in method

Pump dredger

Rake dozer

Rake dozer

Rake dozer



408 (M408)rammer
232 (M232)Foundation work-RC pile (concrete pile) PC pile
290 (M290)Types of foundation work(Ready-made pile foundation)
350 (M350)Foundation work-(Ready-made pile foundation)-Cast-in-place pile foundation
62 (M62)Foundation construction machinery(Ready-made piles)
280 (M280)Foundation construction machinery(Ready-made piles)
293 (M293)foundation work( ready-made piles)
294 (M294)foundation work( ready-made piles)
296 (M296)foundation work(Impact construction method for ready-made piles)
353 (M353)Foundation work-pile foundation-ready-made piles
3 (M73)Foundation construction machinery(Reverse circulation method)
251 (M251)pile foundation-(Reverse circulation method)
284 (M284)Foundation construction machinery(Reverse circulation method)
330 (M330)Reverse circulation method
335 (M335)Reverse circulation methodd
305 (M305)cast-in-place pile(Reverse construction method)
309 (M309)cast-in-place pile(Reverse construction method)
277 (M277)cast-in-place pile(Reverse method)
7 (M37)Earthmoving machinery-transport machinery-Ripper
153 (M153)Earthmoving machinery-transport machinery-Ripper
410 (M410)ripper
41 1 (M41ripper(rippability)
3 (M53)Earthmoving machinery-Compaction machines(Road roller)
159 (M159)Earthmoving machinery-Compaction machines-Road roller
407 (M407)russel snow plough
77 (M77)Earthmoving machinery-Ground improvement machine-Sand compaction method
76 (M76)Earthmoving machinery-Ground improvement machine-Sand drain method
183 (M183)Earthmoving machinery-Scraper-Scraper + bulldozer combination
39 (M39)Earthmoving machinery-transport machinery-Scraper
40 (M40)Earthmoving machinery-transport machinery-Scraper-Work procedure
41 (M41)Earthmoving machinery-transport machinery-Scraper-Type of scraper
155 (M155)Earthmoving machinery-transport machinery-Scraper
156 (M156)Earthmoving machinery-transport machinery-Scraper-Work procedure
157 (M157)Earthmoving machinery-transport machinery-Scraper-Type of scraper

rammer
RC pile (concrete pile) PC pile
Ready-made pile foundatio
Ready-made pile foundation
Ready-made piles
Ready-made piles
ready-made piles
ready-made piles
ready-made piles
ready-made piles

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

Ripper

Ripper

ripper

ripper(rippability)

Road roller

Road roller

russel snow plough

Sand compaction method
Sand drain method

Scrape

Scraper

Scraper

Scraper

Scraper

Scraper

Scraper



182 (M182)Earthmoving machinery-Scraper-Self-propelled motor scraper
380 (M380)scraper
265 (M265)Foundation work-(Drainage method-Shallow sump)
263 (M263)pile foundation-(sheet pile foundation)
285 (M285)Underground structure(Shield method)
420 (M420)Shield tunnel
400 (M400)Shot crete
184 (M184)Earthmoving machinery-Shovel type excavation machinery
378 (M378)shovel-type excavator
382 (M382)soil stabilizer
172 (M172)Earthworks-Change in soil volume-Soil volume conversion factor f
383 (M383)sounding machine
101 (M101)construction machinery( spreading)
223 (M223)spreading
224 (M224)spreading depth
298 (M298)foundation work(steam hammer)
237 (M237)pile foundation-Driving ready-made piles-Steam hammer/air hammer
231 (M231)Foundation work-Steel pile
246 (M246)pile foundation-(Stopping piling)
0 (M30)Earthmoving machinery-transport machinery-Straight dozer
146 (M146)Earthmoving machinery-transport machinery-Straight dozer
404 (M404)suction dredger(pump dredger)
6 (M56)Earthmoving machinery-Compaction machines-Tamping roller
162 (M162)Earthmoving machinery-Compaction machines-Tamping roller
388 (M388)tamping roller
386 (M386)Tandem roller

160 (M160)Earthmoving machinery-Compaction machines-Tandem roller (two axes and two wheels)

161 (M161)Earthmoving machinery-Compaction machines-Three-axis tandem roller (three-axis three-wheel)
55 (M55)Earthmoving machinery-Compaction machines-Three-axis tandem roller (three-axis three-wheel)
32 (M32)Earthmoving machinery-transport machinery-Tilt dozer

148 (M148)Earthmoving machinery-transport machinery-Tilt dozer

180 (M180)Earthmoving machinery-Types of bulldozers-Tilt dozer

360 (M360)tilting mixer

384 (M384)Tire dozer

~ e~~~

Scraper

scraper

Shallow sump

sheet pile foundation

Shield method

Shield tunnel

Shot crete

Shovel type excavation machinery
shovel-type excavator

soil stabilizer

Soil volume conversion factor f
sounding machine

spreading

spreading

spreading depth

steam hammer

Steam hammer/air hammer
Steel pile

Stopping piling

Straight dozer

Straight dozer

suction dredger(pump dredger)
Tamping roller

Tamping roller

tamping roller

Tandem roller

Tandem roller (two axes and two wheels)
Three-axis tandem roller (three-axis three-wheel)
three-axis three-wheel

Tilt dozer

Tilt dozer

Tilt dozer

tilting mixer

Tire dozer



57
163
385
122

50
391
392
221
394
398
133
134

M57)Earthmoving machinery-Compaction machines-Tire roller
M163)Earthmoving machinery-Compaction machines-Tire roller
M385)Tire roller

M122)Tire roller/vibration roller

M50)Earthmoving machinery-transport machinery-Tower crane
M391)tower crane

M392)tractor

M221)Trafficability

M394 )trailer

M398)trailer

M133)Transport distance and applicable machine type
M134)Transport distance and applicable machine type

135 (M135)Transport distance and applicable machine type

100 (M100)construction machinery(transportation)

105 (M105)construction machinery(Transportation distance)

N AN N N N A o o o o~ o~ o~ o~

175 (M175)Earthmoving machinery-Machine selection based on transportation distance

11 (M11)construction machinery(traveling device)
226 (M226)trench dozing
5 (M35)Earthmoving machinery-transport machinery-Tridozer
151 (M151)Earthmoving machinery-transport machinery-Tridozer
179 (M179)Earthmoving machinery-Types of bulldozers-Tridozer
6 (M46)Earthmoving machinery-transport machinery-Truck crane
261 (M261)truck mixer
422 (M422)truck mixer
393 (M393)truck-crane
54 (M54)Earthmoving machinery-Compaction machines-Tandem roller (two axes and two wheels)
3 (M33)Earthmoving machinery-transport machinery-U dozer
149 (M149)Earthmoving machinery-transport machinery-U dozer
7 (M67)Foundation construction machinery(Vibrating pile hammer)
379 (M379)vibrating roller
421 (M421)Vibrating roller
9 (M59)Earthmoving machinery-Compaction machines-Vibration compactor
60 (M60)Earthmoving machinery-Compaction machines-Vibration compactor

165 (M165)Earthmoving machinery-Compaction machines-Vibration compactor

Tire roller

Tire roller

Tire roller

Tire roller/vibration roller
Tower crane

tower crane

tractor

Trafficability

trailer

trailer

Transport distance
Transport distance
Transport distance
transportation
Transportation
transportation distance
traveling device
trench dozing
Tridozer

Tridozer

Tridozer

Truck crane

truck mixer

truck mixer
truck-crane

two axes and two wheels
U dozer

U dozer

Vibrating pile hammer
vibrating roller
Vibrating roller
Vibration compactor
Vibration compactor
Vibration compactor



166 (M166)Earthmoving machinery-Compaction machines-Vibration compactor
300 (M300)foundation work(vibration method)
58 (M58)Earthmoving machinery-Compaction machines-Vibration roller
164 (M164)Earthmoving machinery-Compaction machines-Vibration roller
84 (M84)Internal vibrator
238 (M238)pile foundation-Driving ready-made piles-Vibro hammer
78 (M78)Earthmoving machinery-Ground improvement machine-Vibroflotation method
346 (M346)Vibrohammer method
212 (M212)Structure excavation-wastewater treatment
225 (M225)water bound macadam
286 (M286)Open cut method(Well point construction method)
266 (M266)Foundation work-Drainage method(Well point construction method)
79 (M79)Earthmoving machinery-Ground improvement machine-Wellpoint construction method
61 (M61)Earthmoving machinery-Compaction machines-Wetland bulldozer
167 (M167)Earthmoving machinery-Compaction machines-Wetland bulldozer
418 (M418)Wet-type shot crete
141 (M141)Earthmoving machinery-loading machine-Wheeled tractor excavator
358 (M358)winch
361 (M361)wooden winch

Vibration compactor

vibration method

Vibration roller

Vibration roller

vibrator

Vibro hammer

Vibroflotation method
Vibrohammer method
wastewater treatment

water bound macadam

Well point

Well point construction method\
Wellpoint construction method
Wetland bulldozer

Wetland bulldozer

Wet-type shot crete

Wheeled tractor excavator
winch

wooden winch



(M1)construction machinery

(M1) construction machinery

gonstruction work

bulldozer
power shovel

I g

E341




(M2)construction machinery

(M2) construction machinery

construction machinery
Purpose of construction mechanization
Rationalization
Streamline planning
Rationalization of construction aspects
I Advantages of mechanized construction
I Large-scale construction possible
@ Construction period can be shortened
@ Improving the quality of structures
@ Construction costs are cheaper

B Free from hard labar

Zos
‘4222g223,=

|

Large-scale
per iod
quality
costs

hard |abor

E623




(M3)construction machinery

(M3) construction machinery

construction machinery

@)Disadvantages of construction machinery
MA large amount of funds

2 Secure the amount of work — improve efficiency
@ Increase in fixed costs

funds
efficiency

fixed costs




(M4)construction machinery

(M4) construction machinery

construction machinery
Types of construction machinery
earthworks
Excavation: Power shovel
Loading: Tractor excavator
Transportation: bul ldozer/crane

spreading leveling: grader
Compaction: tire roller

ﬁﬁﬁgéf;ﬁjgﬁzb spreading leveling Compaction
0

e

Transportation

%
| Lt S

Excavation Loading: E3d




(M5)construction machinery

(M5)constrqction machinery

construction machinery :;
Types of construction machinery Ez
Foundation work il
Ready-made pile driving: Diesel hammer B
Gast—in-place pile driving: Reverse E
Ground improvement N

Diesel hammer

2277

Al l-casing method(Benoto method)

earth dril| method

/iﬁ

vibro Hammer F110

I

P L )

Reverse circulation method
F111




(M6)construction machinery

(M6) construction machinery

construction machinery

Types of construction machinery
Paving work

Asphalt pavement: Asphalt fTinisher

Concrete pavement: concrete Tinisher

;:}macadam roller #%E;_l ‘ tandem roller & égza tire raller

:

(I
I

4

E186




(M7)construction machinery

gonstruction machinery

tunnel construction

(M7) construction machinery

Types of construction machinery

steel cylinder: shield

rock drilling
blast drilling —
shield l
[
\\ [T
5"’7
///; T
%: ; =
1=
]
shield tunnel F127




(M8)construction machinery

(M8) construction machinery

ganstruction machinery
Types of construction machinery
Marine construction
Various work boats

R

T A T I

1

s s s e
Grab dredger

Pump dredger

Dipper dredger Bucket dredger E376




(M9)construction machinery

(M9) construction machinery

construction machinery
Types of construction machinery
Various construction works

; . air compressor
air COmpressor QETTT

drainage pump L] i
concrete and asphalt machinery I /// Z
COLEYor rubpgr belt 2
“@f, ~Belt, GDHUE%\ 1 I [ ’
N I 4& 1 EI/; !n.pf{ F59
: i Aﬁé@ﬁ& caisson foundation
oump up G1329
pump e
= _
: : : : : : i il A A il ra 4‘_\
“==tal low sump
1I ]t L L=
I _ 1 7
| = ] Aé
shal low sump

F93




(M10)construction machinery

(M10)construction machinery
construction machinery
power source

diesel engine gasoline engine
(DFuel used Light oil gasoline
Ignition method Compression-self-ignition electric spark ignition
@ Compression ratio 1:15-20 1:5-10
@Thermal efficiency 30-40% 25-30%
®Fuel consumption rate 160-225g/PS - h 200-280g/PS - h
®Engine weight per horsepowbig small
@Price per horsepower expensive cheap
®Operating expenses cheap expensive
(QRisk against fire few many
Malfunction few many

(M10) construction machinery
ﬁ%m%

Towed scraper scrape dozer motor scraper Excavataor

construction machinery

power source
+ dump truck

Tractor excavator

backh d L lamshel | d t
ackhoe rag line clamshe + dump truc £938




(M11)construction machinery(traveling device)

(M11)construction machinery(traveling device)
construction machinery

traveling device

(DCrawler type

caterpillar type

Installation pressure - small

Soft ground - possible to drive on

@Wheel type

wheeled

Installation pressure - large

Comparison of crawler type and wheel type

(MCrawler type |@Wheel type

@ Influence of soil quality few many
@Working on soft ground Suitable unsuitable
@Work on uneven ground easy difficulty
@Traction power big small
®Climbing power big small

® Suspension maintenance difficulty easy

@Working distance

short distance

long distance

®Working speed relatively slow high speed
©@Mobility small big
(0Continuous heavy load work easy difficulty

(M11)construction machinery (traveling device)

=&

A \T"""‘T"!‘
R

dCrawler type

i

I [
-‘f.

MR

\%\

[

mm o~
5

Y
W/WW

ZWheel type




(M12)construction machinery(Hydraulic type/Mechanical)

(M12)construction machinery(Hydraulic type/Mechanical)
construction machinery

transmission mechanism

(DHydraulic type: Small and medium-sized machines
(@Mechanical: Large machinery

Compare hydraulic and mechanical types

Dltem (DHydraulic type (@Mechanical

@Mechanism easy complicated

@ Weight light heavy

@Workability strong digging power impact force can be used
®Transmission efficiency Somewhat bad good

®Easy to operate easy Operation force - large
DMaintainability Inspection points - few Maintenance is time-consuming
B Versatility Dedicated machine wide range of uses

[(M1Y)construction machinerviHvdraulic tvpe/Mechanical)

hydraul ic cylinder

e T g e

rgﬁ‘?ﬂﬂ.?ﬂﬂﬂ‘?{ Lkl
i e

=T W =

wire rope
T Hydraulic type @ Mechanical M125

backhoe




(M13)construction machinery(cone penetration)

¥

(M13) construction machinery(cone penetration)

Erﬁahh““a Penetration force P

7 ey
| L I |

%,/

Dial gauge

Scale 10 cm
ring (up to 100kgf)

30°

lot
Add a lot every 50 cm

e

Low area 6. 45 cm?

Eff”##ffrﬁune exponent qc

Sounding
boring survey
Cone penetration test
Static penetration test
Cone exponent gc
qc = P/6.45 (kgf/m2)
Trafficability of construction

machinery (Traffic ability)

£24




(M14)construction machinery(cone index)

(M14)construction machinery(cone index)

gconstruction machinery
cone index

Cone index reguired for running construction machinery

ITvpes of construction machinery |Cone index value ac (kegf/cm2)
TBulldozer for super wetlands 2 or more
2Bul ldozer for wetlands 3 or more
3)Scrape dozer 6 or more (4 or more for super wetland type)
LBulldozer medium size 5-7
B large bul ldozer 7-10
tow-and-pul | scraper 7-10
©MNotor scraper 10— 13

(ZDDump truck (6-7.5t)

12-15 and above

\\\‘C\\\\% a

Bulldozer

T
Pciinnsniis T
Excavator and dump truck

T

s
R R s

Motor Scraper icrape dozer

E1B8Y




(M15)construction machinery(noise level)

(M15)construction machinery(noise level)

construction machinery

Noise from major construction machinery

noise level

Noise from major construction machinery phon

(DBulldozer
@Power shovel

@ Clamshell
@Road roller

®) Diesel hammer

®Benoto Grab Bucket

@Dump truck
(®Various plants

63
64
63
62
95
68
78
80

(M15) construction machinery(noise

» Soundproof cover

€]
sk 1
1N

%

ESoundproof cover

level)




(M16)Earthmoving machinery(Excavating machine)

(M16) Earthmoving machinery (Excavating machine)

garthmoving machinery

Excavating machine
dShovel type excavator
LY - L

@Bul ldozer type excavator Excavation + transportation work

@ GContinuous bucket excavator
dShovel type excavator
T § t

1

o3 = a3 N e G 2

Upper rotating body
3 Boom point

Boom

Boom point HHMH“%?
Front attachment ;
Lifting head 24

Boom angle 1 Upper rotating body

Boom foot pin
Lower traveling device

B Lifting head

8 Lower traveling device

Shovel type excavator

4 Front attachment

E289




(M17)Earthmoving machinery(Excavating machine)

(M17)Earthmoving machinerye (Excavating machine)

Earthmoving machinery
Excavating machine
TiShove| type excavator
Front attachment type
hydraul ic breaker

A

7NN

d)Shovel type excavator

M125




(M18)Earthmoving machinery(Excavating machine)

(M18) Earthmoving machinery (Excavating machine)

Earthmoving machinery
Excavating machine
drag |ine

drag line

E229




(M19)Earthmoving machinery(Excavating machine)

(M19) Earthmoving machinery (Excavating machine)

construction machinery
garthmoving machinery
Excavating machine
clamshel|

clamshel |

E229




(M20)Earthmoving machinery(Excavating machine)

(M20) Earthmoving machinery (Excavating machine)

construction machinery

garthmoving machinery
Excavating machine

backhoe

backhoe

E229




(M21)Earthmoving machinery(Excavating machine)

(M21) Earthmoving machinery (Excavating machine)

gonstruction machinery
garthmoving machinery
Excavating machine
crane

hook

nwﬂﬂ@ﬁh e
.!ll..'-."---fl- )

crane

E229




(M22)Earthmoving machinery(Excavating machine)

(M22)Earthmoving machinery (Excavating machine)

construction machinery
earthmoving machinery
Excavating machine
hydraul ic breaker

hydraulic breaker

E229




(M23)Earthmoving machinery(Excavating machine)

(M23) Earthmoving machinery (Excavating machine)

construction machinery
earthmoving machinery

Excavating machine
concrete crusher

séfetyffir&t

Tt

T TEY

concrete crusher

£E229




(M24)Earthmoving machinery(loading machine)

(M24) Earthmoving machinery(loading machine)

Earthmoving machinery
loading machine

@ Grawler type tractor excavator
1) t t t t
* Based on bul ldozer

« Installing a bucket instead of a blade
» Exgavating power — inferior

* Ground pressure — low
» Good running performance on soft ground
and uneven ground

safety first

guide

bucket dozer

{)Grawler type tractor excavator
E237




(M25)Earthmoving machinery(loading machine)

(M25) Earthmoving machinery(loading machine)

Earthmoving machinery
Loading machine
@ Wheeled tractor excavator
« Running speed — fast
* High mohility
* Paved roads - do not damage the road surface

- work freely

safety fTirst

Gonfirm surroundings

O ”{@;5
V. 7 4

tractor excavator

guide

@ Wheeled tractor excavator

E237




(M26)Earthmoving machinery(loading machine)

(M26) Earthmoving machinery(loading machine)

Earthmoving machinery
Loading method

+ ¥V shape

50i| to be loaded

Gonfirm surroundings

safety first

Lractor excavator []'UFI'IFI truck




(M27)Earthmoving machinery(loading machine)

(MZ7)Earthmoving machinery({loading machine]

Earthmoving machinery

Loading method
501l to be loaded
7 A A A

» | shape

J

Dump truck

tractor excavator

[T
=
L]

IHJJJJJJJJJJJJJJJJJJA

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

R
E230 E294




(M28)Earthmoving machinery(loading machine)

(M28) Earthmoving machinery (loading machine)

Earthmoving machinery

Loading method
- L shape

Soil to be loaded

£ S

e T T I e )
E_ELE
e

Dump truck

E237

E295




(M29)Earthmoving machinery(loading machine)

(M29) Earthmoving machinery (loading machine)

Earthmoving machinery
Loading method

- T shape
Soil to be loaded

7

il ]
Pointing and calling j[::}
LA |

Dump truck

E296




(M30)Earthmoving machinery-transport machinery-Straight dozer

(M30) Earthmoving machinery-transport machinery-Straight dozer

Earthmoving machinery
Transport machinery
- 3traieght dozer

- Angle 12 fixed
- Attach the soil remowval plate (blade) at right angles

- Suitable for heavy excavation
to the direction of travel.

E297




(M31)Earthmoving machinery-transport machinery-Angle dozer

(M31) Earthmoving machinery—-transport machinery-Angle dozer

Earthmoving machinery
Transport machinery

- Angle dozer Plan view

- Slope excavation/ground leveling

- Not suitable for heavy excavation

-

- Gan be expanded and contracted

— J

;‘ﬂ SO Mm:—( > / 20° —30°

LE_X]

L

Angle

SITT T T =S

E298




(M32)Earthmoving machinery-transport machinery-Tilt dozer

(M3Z )Earthmoving machinery-transport machinery-Tilt dozer

Earthmoving machinery
Transport machinery

= Tilt dozer

» Can be expanded and contracted
* Change the height of the left and right blades

* Ditehing, cutting, hard soil excavation

Right and left akaw!
“C‘jh‘ Front and hack are good!

» Can be expanded and contracted

I/—\j " / Front view

= T ST
[ ' i et

EZ99




(M33)Earthmoving machinery-transport machinery-U dozer

(M33)Earthmoving machinerv-transport machinery-U dozer

Farthmoving machinery
Transport machinery

- U dozer
* Improved soi| transportation efficiency

Signalfzuidance meeting

» U shape

- don" t spill soil

E300




(M34)Earthmoving machinery-transport machinery-Rake dozer

(M34)Earthmoving machinery—-transport machinery-Rake dozer

Earthmoving machinery
Transport machinery
- Rake dozer - Clearing and rock digging

fero disaster

i health care

[ bul ldozer rake dozer

M/M{E’M/M’M/
) W R




(M35)Earthmoving machinery-transport machinery-Tridozer

(M35) Earthmoving machinery-transport machinery-Tridozer

Earthmoving machinery \ I?J <:::::>

Transport machinery The best wakf of huappiness

- Tridozer
- Fallen standing tree

- Root cutting

- TFidDEEF E307




(M36)Earthmoving machinery-transport machinery-Bucket dozer

(M36) Earthmoving machinery-transport machinery-Bucket dozer

Earthmoving machinery
Transport machinery
- Bucket dozer
- Loading of earth and sand
- Transportation

1l
TR

AL

double check

bucket dozer

E303




(M37)Earthmoving machinery-transport machinery-Ripper

(M37) Earthmoving machinery-transport machinery-Ripper

Earthmoving machinery

Transport machinery

- Ripper

- Bedrock excawvation S

ripper

Y, RS iz {E%%%%%é
o

E304




(M38)Earthmoving machinery-transport machinery-Installation pressure

(M38)Earthmov ing machinery-transport machinery=Installation pressure

Earthmoving machinery

Transport machinery
- Installation pressure God Bless You
- Average installation pressure (kgf/cm2)

- Operating and maintenance weight/total installation area
= Total weight (kef/cm2) / 2 x crawler width x ground contact length (cm)

example

- 20t bul ldozer
- Width 40cm
- Length 3. Om 20t bulldozer

- Installation pressure

= 20000kgf/ (2 x40cmx 300cm) =0.83kagf/cm? (—————ﬂl

;1 R SR
Wearing a helmet =
e

NN ST D D
40cm
3.0m

¥

E305




(M39)Earthmoving machinery-tr

ansport machinery-Scraper

(M39) Earthmoving machinery-t

Ear thmoving machinery
Transport machinery
- Scraper
- 1 cycle: excavation,

- Transportation at high speed and in

M)Towed scraper
@2)Self-propel led scraper (motor scra

@)Scraper dozer: bulldozer + scraper

) )
SR iy

scrape do

Towed scraper

j—

loading, transportation,

ransport machinery-Scraper

unrolling, leveling

large quantities

per)

A TR A e TR

Zer motor scraper

E306




(M40)Earthmoving machinery-transport machinery-Scraper-Work procedure

(M40) Earthmoving machinery-transport machinery-Scraper—-Work procedure

Earthmoving machinery
Transport machinery

- scraper
- Work procedure

(I Excavation/loading
@ Transportation

@ Unrolling
f-w 't
T@/m:@
(M Excavation/loading @ Transportat ion @ Unrolling

U

E307




(M41)Earthmoving machinery-transport machinery-Scraper-Type of scraper

(M41) Earthmoving machinery-transport machinery-Scraper-Type of scraper

Earthmoving machinery MTowed scraper

Transport machinery  @Se|f-propelled scraper (motor scraper)

Tscraper Scraper dozer: bulldozer + scraper
- Type of scraper

f':l:'-_-;"-.____--
1 B ; 1 =
BT i Gz (o) A i Y L2}

A S

Towed scraper scrape dozer motor scraper

E308




(M42)Earthmoving machinery-transport machinery-Motor grader

(M42)Earthmoving machinery-transport machinery-Motor grader

Earthmoving machinery
Transport machinery
- Spreading
* Motor grader

SEAFIFIET bade

ocraping claws

motor grader

ST

E309




(M43)Earthmoving machinery-transport machinery-Dump truck

(M43) Earthmoving machinery-transport machinery-Dump truck

earthmoving machinery
transport machinery
Dump truck
* Ordinary dump truck
* Heavy dump truck
* Dump truck size: maximum loading capacity

E34?




(M44)Earthmoving machinery-transport machinery-crane

(M44) Earthmoving machinery-transport machinery-crane

construction machinery
earthmoving machinery

transport machinery

crane
sel f-moved
track crane ftype
derick crane fype
tower type

Working radius — large - hanging load - small /L A =

goliath crane

_travel by ra

VAV YANVANAVAVA

|

W

traveler crane

= ' B225

[H- I

e ‘iz Ezection rail

i Tl ol t?%ﬁ@partation rail
E[lﬁ S

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

/

e

B201 B417




(M45)Earthmoving machinery-transport machinery-Crawler crane

(M45)Earthmoving machinery-transport machinery-Crawler crane

construction machinery
earthmoving machinery
transport machinery
@ Crawler crane
Installation pressure — low

Working conditions — bad - warkable

M) Crawler crane

Fi64




(M46)Earthmoving machinery-transport machinery-Truck crane

(M46) Earthmoving machinery-transport machinery-Truck crane

construction machinery
earthmoving machinery
transport machinery
@ Truck crane

Start-up inspection
: rubber tires

fast movement

Mobil ity

'l

5

]
Outrigger - Stabilizeﬂ;.%?/m:ﬁ‘%&{u A{%/K : %i
- ~ N\

AN
&)‘\

B111

AN

<




(M47)Earthmoving machinery-transport machinery-Cable crane

(M47)Earthmoving machinery-transport machinery-Cable crane

construction machinery cable crane

earthmoving machinery

transport machinery
3)Cable crane

between two branches
track crane type .

trolley
Transportation work

D269

cable crane

D24




(M48)Earthmoving machinery-transport machinery-Jib crane

(M48) Earthmoving machinery-transport machinery-Jib crane

construction machinery
earthmoving machinery fixed jib crane
transport machinery 4
@dJib crane
Easy to assemble and disassemble
large to small

D189




(M49)Earthmoving machinery-transport machinery-Derick crane

(M49) Earthmoving machinery-transport machinery-Derick crane

gonstruction machinery
earthmoving machinery
transport machinery
& Derick crane
|oad capacity

Working radius — excellent
Economical-rich

Structure — easy %XX
—
ﬁXEreu:iun rail

:Lanspur:atiun rail

derick crane

Lo

=

N MK
Al s e b,

bent steel

B417




(M50)Earthmoving machinery-transport machinery-Tower crane

(M50) Earthmoving machinery-transport machinery-Tower crane

construction machinery

earthmoving machinery
transport machinery

® Tower crane
high-rise buildings
wide working area
High efficiency crane

/

A




(M51)Earthmoving machinery-transport machinery-Motor grader

(M51) Earthmoving machinery—-transport machinery-Motor grader

Earthmoving machinery

Transport machinery

+ Motor grader

» Scarifier

+ Sgraping claws

» blade
3. Im class: large
3. 1m class: medium size
2 5m class: small size

+ Spreading

Saee ) Ehar el

Scraping claws

motor grader

E309




(M52)Earthmoving machinery-Compaction machines

(M52)Earthmoving machinery-Compaction machines

Earthmoving machinery
Compaction machines

- Types of compaction machines

(T)Compaction machine
@Static

@ Dynamic

@Shocking

& lron wheel (road roller)
dSelf-propelled (21)NMacadam roller
(22)Tandem roller
(23)3—axis tandem roller

@ Towed style

®Tire (tire roller)
iSelf-propelled
MTowed style

@lron wheel + tire (combined roller)

@lron wheel (road roller)
i®Self-propelled
{Towed style
{#®Band guide type
@Tire (vibrating roller)
d9Self-propelled
MTowed style
i0F lat plate (vibrating compactor)

{Flat plate (tamper, rammer)




(M53)Earthmoving machinery-Compaction machines(Road roller)

(M53) Earthmoving machinery—-Compaction machines (Road roller)

Earthmoving machinery

Compaction machines
Road roller

- Macadam roller (two-axle three-wheeled)

- Weight can be adjusted

- Guide wheel (1 wheel side) Linear pressure 1s low

- [Initial compaction Initial compaction with drive wheels

/3;/

macadam roller

E311




(M54)Earthmoving machinery-Compaction machines-Tandem roller (two axes and two wheels)

(M54) Earthmoving machinery—-Compaction machines-Tandem roller (two axes and two wheels)

Earthmoving machinery
Compaction machines

- Tandem roller (two axes and two wheels)
- Anteroposterior axis - independent

- Asphalt pavement finish

(o L ©

- Tandem roller (two axes and two wheels)
E312




(M55)Earthmoving machinery-Compaction machines-Three-axis tandem roller (three-axis three-wheel)

(M55) Earthmoving machinery-GCompaction machines-Three-axis tandem roller (three-axis three-wheel)

Earthmoving machinery
Compaction machines
- Three-axis tandem roller (three-axis three-wheel)
L . No accidents
- Flatness - improved compaction

P AT AT P T AT

Three-axis tandem roller (three-axis three-wheel)

E313




(M56)Earthmoving machinery-Compaction machines-Tamping roller

(M56) Earthmoving machinery-Compaction machines-Tamping roller

Earthmoving machinery
Compaction machines
- Tamping roller
- Compaction of hard clay

Tamping raoller

E314




(M57)Earthmoving machinery-Compaction machines-Tire roller

(M57)Earthmoving machinery-Compaction machines-Tire roller

Earthmoving machinery
Compaction machines

- Tire roller
- Air pressure adjustment Linear pressure adjustment
- Raise ballast (weight) - line pressure -

- Rolling from relatively soft ground to hard ground
- Not suitable for compacting soft soil

Tire roller

E315




(M58)Earthmoving machinery-Compaction machines-Vibration roller

(M58) Earthmoving machinery-Compaction machines-Vibration roller

Earthmoving machinery
Compaction machines

Yibration roller

- Lack of own weight

- Supplement with Yibration
- Small machines

- Compaction of gravel and sandy soil L

. |

e

Yibration roller E116




(M59)Earthmoving machinery-Compaction machines-Vibration compactor

(M9 )JEarthmoving machinery-Compaction machines-V¥ibration compactor

Earthmoving machinery
Compaction machines

- Vibration compactor

- Work place - narrow space

vibrating compactor

S

F170 E317




(M60)Earthmoving machinery-Compaction machines-Vibration compactor

(M60) Earthmoving machinery-Compaction machines-Vibration compactor

Earthmoving machinery
Compaction machines

- Tampa Ranma

- Increased impact load - compaction
- 50ft soil - unsuitable

Tampa Ranma E318




(M61)Earthmoving machinery-Compaction machines-Wetland bulldozer

(M61) Earthmoving machinery-Compaction machines-Wetland bul lIdozer

Earthmoving machinery
Compact ion machines

» Compaction of soft ground
- Wetland bul ldozer

wetland bul ldozer E319




(M62)Foundation construction machinery(Ready-made piles)

(M62) Foundation construction machinery (Ready-made piles)

Construction plan for piles and caissons
Foundation construction machinery
(TReady-made piles Diesel hammer Vibrohammer

Impact construction method
Vibration method

Press—in method
Combined construction method

vibre lamer | Fio)

2 ivibration

CR A

driving
can be pulled out

.". :E":’\E":r’f

Diesel hammer

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

isteel| pipe

Esteel sheet pile




(M63)Foundation construction machinery(Cast-in-place piles)

(M63) Foundation construction machinery(Cast-in-place piles)

Construction plan for piles and caissons

Foundation construction machinery =S

@2 Cast-in-place piles

Al l-casing method{Benoto method) garth drill method Reverse circulation method

f..%  Burface Caszing Tube

EE_i__Bu:urehu:uIe wall protection

% Bentonite solution TRRELNE hl:

F111




(M64)Foundation construction machinery(Features of steel piles)

(M64) Foundation construction machinery(Features of steel piles)

Features of ready-made piles
» Characteristics of steel piles

1

- Withstands large impact forces
- Supporting capacity — large

 High bending strength

CINT T T T T T T T T T T T 1T FT I T

steel pipe H steel
- P
vibro Hammer |
2 vibration
i 5 ¥ driving
R IP e ¥ can be pulled out
Ll e L R
F112 -:ﬂsteel pipe

Esteel sheet pile ;FIIU




(M65)Foundation construction machinery(concrete piles)

(MEB JFoundation construction machinery(concrete piles)

Construction plan for piles and caissons

Foundation construction machinery

Characteristics of concrete piles
* Does not corrode

- High strength
- Easy to work

Rebar RC

T,

.. Rehar

Piano wire

Ve

(FC)

A.-Fiano wire

aaaaaaaaaaaaaaaaaa

(PC)

........

1000 SO I |

n
.
-
[
.
.
e
n

F 41

conposite pile

Reinfarce the outer periphery
of RC piles with steel pipes

steel pipe
T pip

=R pile

+|-.---Bebar RO
T
w

F113




(M66)Foundation construction machinery(Diesel pile hammer)

(M66) Foundation construction machinery(Diesel pile hammer)

construction machinery
Foundation construction machinery
Machine for ready-made piles
pile driver
(TMDiesel pile hammer

Hitting power — big
Breakdowns — few

-]
Mobility — Rich 2
Damage to pile cap — little
Noise - loud

Diesel hammer size:
10 times the ram weight

F30 F100 F180




(M67)Foundation construction machinery(Vibrating pile hammer)

(M67) Foundation construction machinery(Vibrating pile hammer)

ganstruction machinery

Foundation construction machinery

Machine for ready-made piles

pile driver

@Vibrating pile hammer

Vibrator - vertical vibration force
Frictional force around piles — reduction
Power - Electricity




(M68)Foundation construction machinery(Drop hammer)

(M68) Foundation construction machinery (Drop hammer)

construction machinery
Foundation construction machinery
Machine for ready-made piles
pile driver - Weight (1-3tf)
@Drop hammer : --free Tall
Ram weight: 1-3 times the pile weight weigh&
Falling height: 1-2m
Number of blows per unit time: small !
Deformation of pile cap: large ' ! i
Not suitable for diagonal piles

weight

M= 2m or less

/<////////////////

Wooden pile

RC Pile

Less pollution, noise and vibration F254




(M69)Foundation construction machinery(Machine for press-in method)

(M69) Foundation construction machinery(Machine for press—in method)

construction machinery

Foundation construction machinery
Machine for ready-made piles

pile driver

@Machine for press—in method
Hydraulic/hydraulic jack
push the pile into the ground

No noise
No vibration

No vibration
No noise

,"”,.Hydraulic—PiIe—Press Fit

concrete pile

zzzzzzzzzz

F36




(M70)Foundation construction machinery(Cast-in-place pile machine)

(M70)Foundation construction machinery(Cast-in-place pile machine)

Al l-casing method
gonstruction machinery
. . . i
Foundation construction machinery i
Gast—in-place pile machine :
large civil engineering structures

No noise

No vibration é Eg{dr:iun
Urban construction i{ casing
Special machine-drilled hole
Reinforced cage — built-in AL T Benoto method
concrete placement o F114

large diameter pile

@ Benoto method 3
@Earth drill method i
QEarth auger methed oy ————
{ |
e F115 f/ né; @ Earth auger method
@Earth drill method LA F116




(M71)Foundation construction machinery(Cast-in-place pile machine)

(M71)}Foundat ion construction machinery(Cast-in=-place pile machine)
Construction plan for piles and caissons

Foundation construction machinery
- Benoto method ?
- Large diameter pile oy

- 6 degree and 12 degree diagonal piles - possible o 5T
Strong Points

- Hard ground can be excavated

All-casing method

AREEL SRR

Soft ground, no landslides : Eﬁf@rﬂun
- Completed pile -no cracks i | casing
weak zuint ; i | -~grab bucket
- Large machine required I . ﬁiﬁ”
. Casing tube - difficult to pull out WRGREERY

- Difficult to excavate with large stones

MCazing Foundation Pile Center

P@excavat ion-Hammer Grab
Benoto Method Sexcavat ion-Hammer Grab
Wexcavat ion-comp leted

casing tube )
a?lng tremie : EWater-nuddy water-Hud Water Pump

¥
Heﬁmer Gr:al:u

Fsp 2 @ @ &

=]+~

B Rebar caze
W Tremie tube

'
— + 4
S Readv-mixed concrete
& Pulling out casing
&

& & d®Burials F114

—




(M72)Foundation construction machinery(Earth drill method)

(M72) Foundation construction machinery(Earth drill method)

Construction plan for piles and caissons
Foundation construction machinery
Earth drill method
Strong Foints
» The price of piles is low
- Mobility available

- Supporting laver - excavated sand
- can be confirmed . ;
) ----Hentonite solution
weak points FF-Rotating bucket
» Large machine required

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

Difficult ted soil treatment i
ifficu xcavated soi reatmen o e e S T
O A@ ® @ @Bentonite solution — injection

@Erection of rebar
. _ rebar
7 BBuilt—in tremmy tube
(B)Ready-mixed concrete pouring

7 7

Ny

> (Z)Casing tube pull-out

®Sediment reburials




(M73)Foundation construction machinery(Reverse circulation method)

(M73)Foundation construction machinery(Reverse circulation method)

Construction plan for piles and caissons
Foundation construction machinery

_ : Reverse circulation method
» Reverse circulation method
Strong Points = , ,
@MPreventing hole wall collapse due to muddy water —fie el eseinantation Leik
"U Gasing required rotary tahle ='—'EH?""WEI.JLEF
@Excavation depth-large AR e Hﬁﬁﬁﬁféim pressure 2m
3)Pore size —freely selectable : 4 .
weak points : e
: _ : ; - zroundwater lewel
(@MWater Sedimentation tank - required 1 b
,ﬁﬂarrnw space = djsadvantage i iﬁeverse ref lux pumnped mud
@2 0bstacles — Difficult to excavate , e |
P rotating bit o [.|>
@Permeable layer — water level drop - RO %
Tuab
hnle wall - collapse :
D 2 @ & & TInstalling stand pipe

@ Internal excavation with hucket
DExcavation using leavers method
i @Reinforcement installation

\%mwh 3

S Suck up sediment-Built-in tremie pipe
EConcrete pouring
OPull out the stand pipe FI1E

ﬁﬁ%%




(M74)Foundation construction machinery(Earth auger method)

(M74) Foundation construction machinery(Earth auger method)

. . . _.Bxcavator
Construction plan for piles and caissons L]

Foundation construction machinery
Farth auger method i :
; ; . fot1iow PC pile
rotary press-fitting machine B
send up soi | (:f’"
pile in the ground H:)
Cast-in—place concrete pile C:m:>
<] prefabricated pile
SEE ey <-> B =T e e

<] = o I <L =

>t = P s D] e i

ﬁ",:- a <«__ 8 < S E ;

3 | e
Earth Auger Screw ,:h o Eell 'g
A <:,,__ —1] — =
earth auger tip 5 o -
<F I + cem
%:} PR—— bentonite cement
C:: bentonjite + |cement
H-shaped stee| rebar F117




M75)Foundation construction machinery(Pedestal method)

M/ib)lFoundation construction machinerv(Pedestal

pedestal p

| &

inner tube

R
- e,

2 - outer tube

concrete

Bulb pile Pedestal pile

method

Faii




(M76)Earthmoving machinery-Ground improvement machine-Sand drain method

(M76)Earthmoving machinery-Ground improvement machine-5and drain method

Earthmoving machinery
Ground improvement machine
- Sand drain method
- Steel pipe - driven into the ground
- Add sand
- Steel pipe - drawing
- Sand pile construction

Sand drain method Lﬂﬂd'{ﬂFE|Dﬂd)

soft layer

E320




(M77)Earthmoving machinery-Ground improvement machine-Sand compaction method

(M77)Earthmoving machinery-Ground improvement machine-3and compaction method
Earthmoving machinery
Ground improvement machine

- sand compaction method

- (Mibro Composer method)

- Electric motor/vibrator
« Tamp the ground
« Much =sand pile construction

- Increased ground strength
- Settlement reduction

Electric pafor/vibrataor
Sand press-in drainage

777 |
sand pile /f,ﬁy

Diameter BO-B0cm
Press-fitted hy impact

Pile gap 1.2-1.0m

soft ground

E321




(M78)Earthmoving machinery-Ground improvement machine-Vibroflotation method

(M78) Earthmoving machinery-Ground improvement machine-Vibroflotation method

Earthmoving machinery
Ground improvement machine

1 Vibroflot (vibration generator)

2 Excavation with vibration + water jet
: 3 Compaction with water + vibration

W,

s 4 sand column

Loose sandy ground i‘I'.E'_'Filled sand

Vibroflotation method F3929




(M79)Earthmoving machinery-Ground improvement machine-Wellpoint construction method

(M79)Earthmoving machinery-Ground improvement machine-Wellpoint construction method
Well point construction method

Well point Inserted

pressure water

1) into the ground by jet water
2 Lower the groundwater level in the excavated area

_— drainage

PO pump

Drilling with jet water and

a vacuum pump

(TEffective drainage with a vacuum pump
@Well points can be easily
(3)Because the area where the groundwaterf
falls is narrow
Possibility of circular slip

level

inserted

L AL

Well point construction method

Yacuum pump

Fpump

can not be

Used in conjunction with deep well construction method
@Thick rock layer —jet water can not be inserted

1 stage approximately §m E

S

inserted

=

Well point

E323




(M80)paving machine-asphalt paving machine(Asphalt plant)

paving machine
asphalt paving machine

(M80) paving machine—asphalt paving machine (Asphalt plant)

construction machinery-paving machine

M)Asphalt plant

asphalt mixture

aggregate supply

heat
dryi

ing
ng

sieving
Composite material production
asphalt plant size

Forced mixing capacity
(mixture production volume) t/h

Asphalt mixing time: 40-50 seconds

v

M)Asphalt plant

d5

nhalt

T

LSS

.

LA

Py

-

L

'

.




(M81)paving machine-asphalt paving machine(Asphalt finisher)

(M81) paving machine—asphalt paving machine (Asphalt finisher)

construction machinery
paving machine
asphalt paving machine
@2)Asphalt finisher
crawler type
tire type
asphalt mixture
Spread on the roadbed
Predetermined thickness: spread evenly
screed
asphalt pavement
spread screw
feeder

hopper
spreading screw screed

crawler type FJ feeper -
tire type
{ ij & Q Sé% . |
- e ——

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||f‘k__/j@
asphalt pavement

O——

spreading screw tire type
M53 @Asphalt finisher E181




(M82)paving machine-asphalt paving machine(Asphalt spreader)

(M82) paving machine—-asphalt paving machine (Asphalt spreader)

construction machinery
paving machine
asphalt paving machine
3)Asphalt spreader
Used for small-scale paving work

Composite material

e &
. B
7

I A e e o asphalt pavement
th} Hx“xgi:iv?ff- S roller e g aer s aspna - paveme ,
= '-'-'."_-'_-'_-"_-"'_,-"'-""_-"‘_-"_. aaaaaaa _,-"'-;1':'1::::...:::::::::::::::::::::::::::::::::::::::::::::::::::::::::-I

@3)Asphalt spreader




(M83)paving machine-asphalt paving machine(Asphalt sprayer)

(M83) paving machine—-asphalt paving machine (Asphalt sprayer)

gonstruction machinery
paving machine
asphalt paving machine

@ Asphalt spraver o

asphalt distributor f??f:l‘

man power — Spreading — Asphalt sprayer

Heating burner/asphalt tank

Travel equipment — Pressure spreading -
Asphalt distributor

man power—Spreading

asphalt pavement

e

@ Asphalt sprayer

Lo
o e

Asphalt finisher

M53
M3 1




(M84)Internal vibrator

(M84) Internal vibrator

jﬁ Vibrator /*

R

MFlexible 3Built-in direct-coupled motor

| i

<1
<[]
<1

G1081




(M85)concrete compaction

(M85) concrete compaction

I(}#‘ibr:altfuﬂrr'
"

b

concrete compaction
bar vibrator

61102




(M86)dredger(Pump dredger)

(M86) dredger (Pump dredger)

construction machinery
work boat
Types of dredgers
d)Pump dredger
Sediment from the ocean floor — cut with a cutter

pump up
Pipeline — mud pumping
SRS - Pump dredger
Gonstruction cost — low f __g}

control room =1

— .spat
___________________ i .. . . . ! i -II—[ ST, - T
| adder puUmpP Up
motor

- suction pump

E372

7 = A 77T 77

s




(M87)dredger(Bucket dredger)

ganstruction machinery
work hoat

Types of dredgers
@ Bucket dredger

bucket conveyor
Gontinuously suck

(M87) dredger (Bucket dredger)

s up sediment from the ocean floor

[t
B ;
ral i X [ A S i
| 2 R /o /
5 SRR RN NN % i N
= RSV =
Do ladder
"L
R, Y -
\‘\._ _;:
) ey
S
Lo \;
S
: e
SRS bucket
3 N A 2
@ Bucket dredger W Ry '
O, e
R ‘52;’7
/ it /




(M88)dredger(Dipper dredge boat)

(M88) dredger (Dipper dredge boat)

gonstruction machinery
work boat
Types of dredgers
@Dipper dredge boat

long reach power shovel
scoop up dirt

hard ground = % %5h

Can also be used on crushed rocks. etc s

2 o
5 O0=0

Qe

E375

| X R27
@Dipper dredge boat R379




(M89)dredger(Grab dredger)

(M89) dredger (Grab dredger)

construction machinery
work boat
Types of dredgers
@ Grab dredger
grab bucket

sediment on the ocean floor
Dredging depth - subject to restrictions

oo

Y v
4
% E373
Grab dredger oy

R378




(M90)dredger(Non-seaworthy pump ship)

(M90) dredger (Non-seaworthy pump ship)

gonstruction machinery
work boat

Advantages and disadvantages of dredgers
Non-seaworthy pump ship
Strong Points
@ Can be sent directly via sand removal pipe
® large dredging capacity
disadvantages
(D Maintenance of the sand discharge pipe is difficult
@ Limited to removal distance




(M91)dredger(self-propelled pump ship)

(M91)dredger (self-propelled pump ship)

construction machinery
work hoat

Advantages and disadvantages of dredgers
se|f-propel led pump ship

Strong Points
M) Channel dredging: It is advantageous if the construction areas are scattered
@ A long-distance soil dumping site is fine.

disadvantages

M) Not suitable for hard soil
@ Less time for dredgi

s

NENERENENRE SRR RARNRANEREN

- Pump dredeger

N N

E372
R24
R376




(M92)dredger(grab dredger)

(M92) dredger (grab dredger)

gonstruction machinery
work boat
Advantages and disadvantages of dredgers
grab dredger
Strong Points
1) Good for small spaces

@ Good for small-scale construction
disadvantages

9

1) Dredging capacity is intermittent and smal |l
& Not suitable for hard boards

Y v
4
v E373
Grab dredger R26

R378




(M93)dredger(grab dredger)

(M93) dredger (grab dredger)

construction machinery
work boat
Advantages and disadvantages of dredgers

Dipper dredge boat Eﬂ]gju rLEZZESEQQQ%Q&
Skeons Poinis i Q77777777
T Drilling power - large e

@ No anchoring - navigational obstacles - few
disadvantages

& Unit price is high

L
o T T 7T T
Dipper dredger
E315
R26

Dipper dredger

R379




(M94)dredger(bucket dredger)

(M94) dredger (bucket dredger)

ganstruction machinery
work boat

Advantages and disadvantages of dredgers
bucket dredger

ki v
Strong Points i = =
T Suitable for large- suale uﬁﬁs ruction
@ Gan be constructed ever in bad weather :
disadvantages 3 B
IO Not suit able. %ur rocks or ha:éégggggggﬁf ééga i
& Due to anﬂhurage it beunmes /W@ /27

f,f' an obst auLe tBenavigation ,““- :
Vi 2 M N yvi
e /////’///////’/,{) =
UCket dredger
E374

R25
7z 815




(M95)construction machinery(bulldozer/rake dozer)

(M95) construction machinery(bul ldozer/rake dozer)

gconstruction machinery

Appropriate machines for each task
clearing

bul ldozer

clearing

rake dozer

bul ldozer rake dozer




(M96)construction machinery(power shovel/backhoe/drag line/clamshell)

(M3B)construction machinery(power shovel/backhoe/drag

Appropriate machines for each task
Excavation

line/clamshel | )

excavator
backhoe crane
drag-in
clamshel | clamshel |
tractor excavator
bul ldozer
excavator
tractor
drag line
backhoe

bul l dozer

E228




(M97)construction machinery(Loading)

(M97) construction machinery(Loading)

gonstruction machinery Grane
Appropriate machine for each task
Loading
Excavator clamshel |
backhoe
drag line
clamshe || eXcavator
drag |ine
. hackhoe
Loading
backhoe tractor excavator

E229




(M98)construction machinery(Excavation/loading)

(M98) construction machinery (Excavation/loading)

Appropriate machines for each task
Excavation/loading crane

Excavator
backhoe

drag |line
clamshel |

tractor excavator il Hﬁjiji%h excavator

clamshel |

dredger
bucket excavator

drag line

dredger backhoe

bucket excavator Loading

LI
Ogd=0

W g

tractor excavator E930




(M99)construction machinery(Excavation/Transportation)

(M99) construction machinery (Excavation/Transportation)

Appropriate machines for each task

Excavation/Transportation
bul ldozer

scrape dozer
scraper

tractor excavator

@V /)

ALR LA

Motor Scraper Scrape dozer

E231




(M100)construction machinery(transportation)

(M100) construction machinery (transportation)

Appropriate machines for each task
transportation

bul ldozer

dump truck |
belt conveyor ] EW#

aerial cableway

—_———
i
li‘?t‘?.?.f.:.?.:‘:‘:fl‘i’ )

=

AR i

bul ldozer dump truck

v

1
R

s e S e J

ial bl
belt conveyor aerial cableway i




(M101)construction machinery( spreading)

(M101) construction machinery( spreading)

Appropriate machines for each task
level ing (spreading)

bul ldozer

motor grader

bul ldozer motor grader

E233




(M102)construction machinery(compaction)

(M102) construction machinery (compaction)

Appropriate machines for each task
compaction
tire roller

tamping roller
vibrating roller
vibrating compactor

rammer Em
bul ldozer

tire roller tamping roller vibrating roller

o T VY o 8
: g E M E E W W w w wE
o # e s L

2 R
R E R N Mo

vibrating compactor rammer bul ldozer E934




(M103)construction machinery(Leveling the ground)

(M103) construction machinery(Level ing the ground)
Appropriate machines for each task
Leveling the ground
bul ldozer
motor grader

o \‘\EY \‘3-'5 i - ~
iz

bul ldozer motor grader _

=
%//// =N

E235

E623




(M104)construction machinery(Leveling the ground)

(M104) construction machinery(Leveling the ground)

Appropriate machines for each task

trench
trencher
backhoe
] |
P A aYa S rava 6 YRz
Z Wy
trencher backhoe
Both sides — Rise
s oo ——————— treﬁclﬁ dggi.'ﬂg
same cunway 4 over 288 " Earthworking plank: blade
i1 over an 2
. sged 5011
E'."xf-ﬂ".lﬂt'l':'ﬁ pre 1 gpillage E236
provent soil P E627




(M105)construction machinery(Transportation distance)

(M105) construction machinery(Transportation distance)

Tranzportat ion distance and construct ion equipment z ?,_:*':,; .
[vpes of transport machinery lﬂ.ppl icable transport distance ,{}3-'-':1 s gy
bul | dozer Blm ar les= B T e L ik ke % e-
scrape dozer A1=7 5l hul [dozer scrape dozer
Towed zcraper B0 —400m
zelf-propelled scraper 200-1200m
showvel twpe excawvator 7
tractor excavatar 100m or more _{‘::‘::f.fﬂz::h?fﬁ.;ﬁﬁfﬁfff
Dump t ruck t ractor excavator hucket dozer

L I 755,

Ty,
scrape dozer, 17 motor scraper

Fallas
e e A e e g g o

E23d

Tractor excavator
+ dump truck

motor scraper

- bt
AR e
. . T
= i T
II'I-I': : .:-;.:_,-' il e 3"-:‘:}. :‘:\._:b: .;.1.'-:.1.-_\.-_-_;: I I-E
el . o b 149 Nt
i ’fﬁ‘iﬁ’i‘.‘"‘"‘fﬁ"ﬁ AT Ar e
TR St R T T g
= AT i ey
i
iy
shovel tvpe eqdivator tractor excavator
+ dump trick + dump truck E233




(M106)construction machinery(Compaction machinery)

(M106) construction machinery (Compaction machinery)

Compaction machinery and soil quality

machine

Soil quality

tamping roller

hard clay

road roller

cobblestone-sandy soil

tire roller

gravel soil-clay soil

vibrating roller

cobblestone-sandy soil

vibrating compactor

cravel soil - sandy soil

rammer

cravel soil - sandy soil

bul ldozer

cobblestone-sandy soil

Wetland bul ldozer

soft clay

)
U@Q@U

A

T

rammer

tire roller

&

m
f
e

I [
= [ 1F
=i —

000007

tamping roller road roller

e

ot |
i

=

i T T

]
I

vibrating compactor

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

i

e e T
bul ldozer

N

Wetland bulldozer py4y




(M107)Front attachment and aptitude work

(M107)Front attachment and aptitude work

.. orane
P
ot E -
A e ¢ clamshel |

etaaad P

eXcavator

AW emedee Lo IIIIUIUITes
e ok
Rk e

]
“drag |ine

*‘“ ’ backhoe
F241

Front attachment and aptitude work

excavator| backhoe | drag line [clamshell
digging power big big small small
= drilling material |hard soil/rock © © X X
underwater drilling X O © ©
» drilling position __[higher than the ground © x x O
lower than the ground x © © @)
precise drilling © © x @)
wide area x x © ©
- adaptation work |cutting at high places © X X X ©: Extremely suitable
Narrow V-shaped ditch X © X @) O: Aptitude
Topsoil removal and leveling @) X © x x: Inappropriate
Lifting winch work X X O ©




(M108)construction machinery(Display method)

(M108)construction machinery(Display method)

canst ruction machinery

construction machinery display

construction machinery Display method
1 power shovel md flat bucket capacity
% bhackhoe md flat hucket capacity
3 drag lines m3 Bucket capacity
4 clanshell md Bucket capacity

GCraneg

...~ backhoe
o EZZ8




(M109)construction machinery(Display method)

(M109) construction machinery(Display method)

construction machinery

construction machinery display

construction machinery

Display method

5 tractor excavator

m3 piled bucket capacity

6 bulldozer +f weight
] scraper m3 bowl capacity
8 scrape dozer tf weight

o

e

tractor excawvator

E229

bul |dozer

Motor Scraper scrape dozer

E240 E231




(M110)construction machinery(Display method)

(M110) construction machinery(Display method)

construction machinery
construction machinery display

construction machinery Display method
9 motor grader m Blade length
10 cranes tf Hanging |oad
11 roller vibrating roller tf Weight tf Weight and excitation forece tf
12 Stabilizer m Mixing width and mm Mixing depth

(I
o |

motor grader [—w

vibrating roller
E234

E235

Granes B111




(M111)construction machinery(Display method)

(M111) construction machinery(Display method)

gonstruction machinery
construction machinery display

construction machinery

Display method

13 diesel hammer

tf ram weight

14 vibro hammer

kW Power

15 air compressor

md/min Discharge amount

16 plants

m3/h kneading capacity

1 00 Ay B |

A |

Diesel pile hammer Vibrohammer

F30

F375

air compressor

F31




(M112)construction machinery(Display method)

(M112) construction machinery(Display method)

gonstruction machinery display

gonstruction machinery

Display method

17 mixer m3/h kneading capacity
18 finisher m Pavement width
19 pump m3/h Pumping capacity

ﬁL__

—L |

IHRRN RN —

forced mixer Asphalt finisher

G1300

¢1289

pump




(M113)Earthworks-Characteristics of Earthmoving Machinery

(M113) Earthworks—Characteristics of Earthmoving Machinery

Characteristics of Earthmoving Machinery

3 Transportation 4 Soil quality b Work conditions

Gone index gc = 10 or more

1 Work 2 model

1-1 Loading and transportation
2-1 Motor scraper

3-1 200-1200m medium distance
4-1

Cobble stones - few Cone index qc = 10 or more

Suitable for sandy soil and gravel soil
Ensuring traffic availability on transportation routes
Securing a workspace for changing direction, ete.

o)\

0~

iG]

Motor scraper
E182




(M114)Earthworks-Characteristics of Earthmoving Machinery

(M114) Earthworks—-Characteristics of Earthmoving Machinery

Characteristics off Earthmoving Machinery
TWork @model @ Transportation [@Soil quality |SWork conditions
77-2 Excavation/loadjng
13-2 Combination with dump truck
fk'§~2 Transportation fdistance 70m or more
/ [@-2 Gone index gc =|12 or more
A @-2 The excavated soil can be |either hard or soft
@1-2 Backhoe \ Lo & -2 Exdavation location — llower than the ground
2)-2 Glamshel | \’ﬁ' ®-2? Underwater drilling —drillling at sreat depths
2)-2 drag |ine ) & -2 Wide |areas such as rivers
2)-2 Excavator Y, B -2 Where the excavation point is hijgher than the ground
Grane
: clamshel |
backhoe
excavator
o drag |ine
backhoe £183




(M115)Earthworks-Characteristics of Earthmoving Machinery

(M115) Earthworks—Characteristics of Earthmoving Machinery

Characteristics o

f Earthmoving Machinery

TWork

D model @) Transportation

@) Soil quality

5)Work conditions

= "
1)-3 Excavation/Doss

ne

#-3 Bul ldozer

3-3 Short-distance

xgcavation transportdtion

-3 Cone index

Drdinary bulldozer g¢ = 5-7 or more

-3 Transportation

istance of 70m or lgss

4 -3Wetland bull ac

3 or more

buper wetlands ao

4 or more

bss Unable to drive

E184




(M116)Earthworks-Characteristics of Earthmoving Machinery

(M116)Earthworks—-Characteristics of Earthmoving Machinery

Char acteristics o

f Earthmoving Mac

ninery

TWork

@model

@) Transportation

s

@4)Soil quality

B5)Work conditions

i-4 Gompaction (cen

trifugal force)

@ -4 vibrating rollef

I

@) -4 Working speed 0

9km/h

#41-4 Gravel soil/san

iy 501 |

51 -4 large work area

7)-4 GCompaction (cen

trifugal force)

Z)-4 vibrating compagtor

3 -4 Working speed 0

—0_8km/h

B
@)—4 Gravel soil/san

dy soil

&H-4 na

rrow workplace space

N

|

=

rating roller

vibrating compactor

%

7z

A

7

s

E185

7




(M117)Earthworks-Characteristics of Earthmoving Machinery

(M117)Earthworks—-Characteristics of Earthmoving Machinery

Characteristics of Earthmoving Machinery

T)Work

@model

@) Transportation

@Soil quality

5)Work conditions

== .
1) —5 static pressurg

% — 5 macadam roller

3 —5 Working speed [2km/h
@ —5 Rock mass. gravel. sand. sandy soi
& —5 large work area
{l—5 static pressurg
@ —5 tandem roller
3 —5 Working speed P Skm/h
4)—5 Rock mass. grayel. sand. sandy so0i
& —5 ndrrow workplace space
T —5 static pressure
2 —5 tire roller
3 —5 Working speed Bkm/h

4 —5 sandy soil clay

ey so0il

P

) —5 large work area

N

1

(LI

{\__

| /)mauadam rol ler

AT

&

|
| Mﬁ
tandem roller @ tire roller
(&




(M118)Earthworks-Characteristics of Earthmoving Machinery

(M118) Earthworks—-Characteristics of Earthmoving Machinery

Characteristics o

f Earthmoving Mac

hinery

T)Work

@2model

3 Transportation

@Soil quality

5)Work conditions

1) —6 impact

& —6 Ranma
@ —6 Grassy soil. spnd. sandy soil
& —6 nafrrow workplace space
i) —6 impact
2)—6 tampa
@ —6 Grassy soil. sland. sandy soil
B —6 narrow workplace space

T —6 impact

@ —6 tamping road

@ —6 hard clay clay

s0i |

B —6 na

rrow workplace space

Ran

md

E187




(M119)Earthworks-Characteristics of Earthmoving Machinery

(M119) Earthworks-Characteristics of Earthmoving Machinery

Characteristics of Earthmoving Mac

hinery

TiWork

@ )model

@ Transportation

@Soil quality

5 Work conditions

{1)-7 Excavation/load|ing

Z-7 tractor excavat

pr

3 -1 combination wit

h dump truck

@-7 Suitable

for excavation and

loading of soft soil

8]

-7 Suitable for exca

vating in low places

good mobility

A

=

S

dump truck tractor excavator
| [ﬂ[¢ A 1,
IIIID 5]
S ¥ OOy § E188
P I




(M120)Earthworks-Excavation and transportation method

Excavation and transportation method

O WO

(M120) Earthworks—-Excavation and transportation method

Bul ldozer method (7/0m or less)

Excavator and dump truck (70m or more)

Towed scraper (about 500m)

Scrape dozer method (Suitable for cohesive soil

) Water content adjustment:

T VT o8
oo m g el e e ey pe

4 1'*4"&.'« )
SHANE AN R

Bul ldozer

LA S S

Motor Scraper

Plow, desk harrow, motor grader,

(/10 m or more)
sprinkler truck

[

By e D

A%%@E%?%@?%%ﬁ%%%%@%ﬁ”

Excavator and dump truck

Scrape dozer

E181




(M121)Embankment construction-Compaction machine

(M121) Embankment construction-Compaction machine
Embankment construction
compaction machine
M)Tamping roller
Compaction of hard clay/clay soil
@Wetland bulldozer
Compaction of very soft clay/cohesive soil

Tamping roller Wetland bul ldozer

E210




(M122)Tire roller/vibration roller

(MI22)Tire roller* vibration roll er
Tire roll er/vibrati on roll er

1) Tire roll er
rubber tire roll er
gravity of rollers etc.

conpacti on
(ZM brating rol |l er

[ron vheel roll er vertical vibrati on conpacti on sandy soil conpacti on

] tandem roller

A V.

|
(gl &

¥ iz

E215




(M123)Construction plan-Appropriate machines for each task

(M123)Construction plan—-Appropriate machines for each task

Appropriate machines for each task
Excavation

excavator N—
backhoe
drag-in
clamshel | clamshel |
tractor excavator
bul ldozer
excavator
tractor
N . _
earthwork board ¢ & "N rubber tyre drag line
o R
Y T
backhoe

bul ldozer Exi




(M124)Construction plan-Appropriate machines for each task

(M124)Construction plan-Appropriate machines for each task

Appropriate machines for each task
Excavation
excavator
backhoe
drag—in
clamshell clamshel |

tractor excavator
bul ldozer

crane

excavator

earthwork board drag line

. J rubber tyre
W

:!: :\_ f—L=
T

backhoe

bulldozer

E228




(M125)Construction plan-Appropriate machines for each task

(M125) Construction plan-Appropriate machines for each task

Appropriate machines for each task crane

Loading
Excavator

backhoe clamshel |
drag line
clamshel |

excavator

drag line

. backhoe
Loading

M e e
B |
3 \&\\\\\a.‘,&k.’i

A

:;: i —
e

backhoe tractor excavator
E229




(M126)Construction plan-Appropriate machines for each task

(M126) Construction plan-Appropriate machines for each task
Appropriate machines for each task
Excavation/loading crane

Excavator
backhoe

drag |ine
clamshel |

clamshel |

tractor excavator
dredger
bucket excavator

excavator

backhoe

drag line

drgdger backhoe

bucket excavator Loading

LI

s
Kﬁﬁmiﬁ& ]

Lo !“!"

DDDD k L | d [
i %Z%?C/f/5/5/5/5/5/54?f 7 Y T

tractor excavator £930




(M127)Construction plan-Appropriate machines for each task

(M127)Construction plan-Appropriate machines for each task

Appropriate machines for each task

Excavation/Transportation
bul ldozer

scrape dozer
scraper

tractor excavator

@\/V /)

FAA TS

Motor Scraper Scrape dozer

E231




(M128)Construction plan-Appropriate machines for each task

(M128) Construction plan—-Appropriate machines for each task

Appropriate machines for each task
transportation

bul ldozer

dump truck
belt conveyor ] ng

aerial cableway

) "
e T 2l T T g
!L!!!;!;&&!;?;&&!!‘-.’p
T
T e e e R e

=

AR i

bul ldozer dump truck

v

oy
R

M s s e s ;

belt conveyor aerial cableway E939




(M129)Construction plan-Appropriate machines for each task

(M129) Construction plan—-Appropriate machines for each task

Appropriate machines for each task
level ing (spreading)

bul ldozer

motor grader

B, T, /
ey SRRy A

bul ldozer motor grader

E233




(M130)Construction plan-Appropriate machines for each task

(M130) Construction plan—-Appropriate machines for each task

Appropriate machines for each task
compaction
tire roller

tamping roller
vibrating roller

vibrating compactor

rammer E&%
bul ldozer

tire roller tamping roller vibrating roller
R e Ry
: g E A A A
o R T
R R

vibrating compactor rammer bul ldozer E234




(M131)Construction plan-Appropriate machines for each task

(M131) Construction plan—-Appropriate machines for each task
Appropriate machines for each task
Leveling the ground
bul ldozer
motor grader

P T S VT o )
PR S
iy

N e

bul ldozer motor grader

E235




(M132)Construction plan-Appropriate machines for each task

(M132) Construction plan—-Appropriate machines for each task

Appropriate machines for each task
trench
trencher
backhoe

|
—4% \ki?i;hqﬁﬁyx
e ¥

ol

i L e

trencher backhoe

E236




(M133)Transport distance and applicable machine type

(M133) Transport distance and applicable machine type
Transport distance and applicable machine type

short distance
10m or less
bul ldozer
scrape dozer
tractor excavator
bucket dozer

e T R R e

_______________________ B e A AN T,
A NS S o IR e e i 1)
T L g Gy

B e

bul ldozer

{::-/@
S i

tractor excavator

bucket dozer g237




(M134)Transport distance and applicable machine type

(M134) Transport distance and applicable machine type
Transport distance and applicable machine type
Types of construction machinery FExcavator

+ dump_truck
medium distance

backhoe #s
710m-500m d I'i i
rag line S S

Mass curve confirmation clamshel |

1@%@%

a

e e i

TR R

scrape dozer motor scraper

By =

Wi R

backhoe

Tractor excavator

drag |ine + dump truck pyq

clamshel |




(M135)Transport distance and applicable machine type

(M135) Transport distance and applicable machine type

Transport distance and applicable machine type

Types of construction machinery
long distance

500m or more ’zfﬁfwmmmk jmmﬂ_ﬁ“xgimund

motor scraper cuf Earﬁ%ﬂiﬁeﬁ?rth

shovel type excavator + dump truck mass curve
tractor excavator + dump truck
Mass curve confirmation

@h A
e el
(©) ©)

shovel type excavator tractor excavator
motor scraper + dump truck + dump truck

E239




(M136)Compaction machinery

and soil quality

Compaction

(M136) Compaction machinery

machinery and soil quality

machine

Soil quality

tamping roller

hard clay

road roll

er cobblestone-sandy soil

tire roll

ar gravel soil-clay soil

and soil quality

vibrating roller

cobblestone-sandy soil

ﬁ
Fﬂ
A

i

s
hL |
i

Iy
Snmp=uy

0

vibrating compactor gravel soil - sandy soil
rammer gravel soil - sandy soil
bul ldozer cobblestone-sandy soil
Wetland bulldozer soft clay

tamping roller road roller

tire roller

Y

)
?@MQ@U

e

o

U

T

7

S,

&
Gibtacing valter”

vibrating compactor

i

VAT N v o

rammer bul ldozer

Wetland bul ldozer E240




(M137)Front attachment and aptitude work

(M137) Front attachment and aptitude work

crane
clamshel |
excavator
drag |ine
backhoe
E241
Front attachment and aptitude work
excavator] backhoe | drag line | clamshell
digging power big big small small
- drilling material  |hard soil/rock © © X X
underwater drilling X @) © ©
» drilling position  [higher than the ground © X X @)
lower than the ground X © © O
precise drilling © © x @)
wide area X x © ©
- adaptation work [cutting at high places © x x x ©: Extremely suitable
Narrow V-shaped ditch x © X @) O: Aptitude
Topsoil removal and leveling @) X © X x: Inappropriate
Lifting winch work X X O ©




(M138)Earthmoving machinery-Excavating machine

(M138) Earthmoving machinery-Excavating machine

Earthmoving machinery
Excavating machine
M Shovel type excavator
@ Bul |dozer type excavator Excavation + transportation work
@ GContinuous bucket excavator

3 Boom point

1 Upper rotating body 4 Front attachment

5 Lifting head

8 Lower traveling device

Shove| type excavator

E289




(M139)Earthmoving machinery-Excavating machine

(M139) Earthmoving machinery-Excavating machine

Earthmoving machinery

Grane
Excavating machine
. 1l clamshel |
Shovel type excavator
Front attachment type
excavator
drag line
backhoe

backhoe hydraulic breaker concrete crusher

E290




(M140)Earthmoving machinery-loading machine-Crawler type tractor excavator

(M140) Ear thmoving machinery—loading machine-Crawler type tractor excavator

Earthmoving machinery
loading machine
Crawler type tractor excavator

- Based on bulldozer
- Installing a bucket instead of a blade
- Excavating power - inferior

- Ground pressure - low
- Good running performance on soft ground and uneven ground

Crawler type tractor excavator

E291




(M141)Earthmoving machinery-loading machine-Wheeled tractor excavator

(M141)Earthmoving machinerv-loading machine-Wheeled tractor excawvator

Ear thmoving machinery
Loading machine
Wheeled tractor excavator
- Running speed - fast
- High mobil ity
- Paved roads - do not damage the road surface
- work freely

1 |
%

tractor excavator

E292




(M142)Earthmoving machinery-loading machine-Loading method

(M142) Earthmoving machinery-loading machine-Loading method

Earthmoving machinery
Loading method

- \/ shape

Soil to be loaded

tractor excavator Dump truck

E293




(M143)Earthmoving machinery-loading machine-Loading method

(M143) Earthmoving machinery-loading machine-Loading method

Earthmoving machinery
Loading method

- [ shape
Soil to be l|oaded

i | il |
B L]

Dump truck

]

tractor excavator

£294




(M144)Earthmoving machinery-loading machine-Loading method

(M144) Earthmoving machinery-loading machine-Loading method

Earthmoving machinery
Loading method

- L shape
Soil to be |oaded

B 1

% 2

1
tractor excavator Dump truck

E295




(M145)Earthmoving machinery-loading machine-Loading method

(M145) Earthmoving machinery-loading machine-Loading method

Earthmoving machinery
Loading method

- T shape

Soil to be loaded

2 A

tractor excavator

m mm
LAl Lkd

Dump truck

E296




(M146)Earthmoving machinery-transport machinery-Straight dozer

(M146) Earthmoving machinery-transport machinery-Straight dozer

Earthmoving machinery
Transport machinery
- Straight dozer

- Angle 1s fixed
- Attach the soil removal plate (blade) at right angles

to the direction of travel.
- Suitable for heavy excavation

[
—

y
S N N N ST
XXX XK KX KKK

7
e

E297




(M147)Earthmoving machinery-transport machinery-Angle dozer

(M147)Earthmoving machinery-transport machinery-Angle dozer

Earthmoving machinery
Transport machinery

. Angle dozer Plan view
- Slope excavation/ground leveling
- Not suitable for heavy excavation

- Gan be expanded and contracted

— |

myyyyyyy@/ SIE mﬁ( 7 / 20° -30°
7 SN Angle
N s>

£E298




(M148)Earthmoving machinery-transport machinery-Tilt dozer

(M148) Earthmoving machinery-transport machinery-Tilt dozer

Earthmoving machinery
Transport machinery

- Tilt dozer
- Can be expanded and contracted
- Change the height of the left and right blades

- Ditching, cutting, hard soil excavation

- Can be expanded and contracted
Front view

s “?;{ J«%

E299




(M149)Earthmoving machinery-transport machinery-U dozer

(M149) Earthmoving machinery-transport machinery-U dozer

Earthmoving machinery
Transport machinery

- U dozer
- [mproved soil transportation efficiency

- U shape

- don’ t spill soil

E300




(M150)Earthmoving machinery-transport machinery-Rake dozer

(M150) Earthmoving machinery—-transport machinery-Rake dozer

Earthmoving machinery
Transport machinery
- Rake dozer - Glearing and rock digging

bul ldozer rake dozer

vvﬂ?«vvv
) = R

WWWW/




(M151)Earthmoving machinery-transport machinery-Tridozer

(M151)Earthmoving machinery-transport machinery-Tridozer

/

Earthmoving machinery

Transport machinery
- Tridozer
- Fallen standing tree

- Root cutting

T~ o

ST
SN KKK ST LR

e U o,

- Tridozer

E302




(M152)Earthmoving machinery-transport machinery-Bucket dozer

(M152) Earthmoving machinery-transport machinery-Bucket dozer

Earthmoving machinery
Transport machinery

- Bucket dozer
- Loading of earth and sand

+ Transportation

bucket dozer

E303




(M153)Earthmoving machinery-transport machinery-Ripper

(M153) Earthmoving machinery—-transport machinery-Ripper

Earthmoving machinery
Transport machinery

- Ripper
- Bedrock excavation

ripper

E304




(M154)Earthmoving machinery-transport machinery-Installation pressure

(M1b4 JEarthmaving machinery-transport machinery-Instal lation pressure

Earthmoving machinery
Transport machinery
- Installation pressure
- Average installation pressure (kegf/cm2)
- Operating and maintenance weight/total installation area
= Total weight (kgf/cm2) / 2 x crawler width x ground contact length (cm)

example

- 20t bulldozer
- Width 40cm
- Length 3. Om 20t bulldozer

- Installation pressure

= 20000kgf/ (2% 40cmx 300cm) =0. 83kagf /cm?2 r—————ﬁl

K
\

NS (R R R B S G G
3. Om

E305




(M155)Earthmoving machinery-transport machinery-Scraper

(M155)Earthmoving machinery-transport machinery-Scraper

Earthmoving machinery
Transport machinery

- Scraper
- 1 cycle: excavation,

loading, transportation,

unrolling, level ing

- Transportation at high speed and in large quantities

M) Towed scraper
@2)Self-propel led scraper (motor scraper)

@3)Scraper dozer: bulldozer + scraper

L

B i i A AT e
2 A AT N

[Ermirrced -
e W
FE TIPS TSI

Towed scraper scrape dozer

[y —
77

A T e i T

motor scraper

E306




(M156)Earthmoving machinery-transport machinery-Scraper-Work procedure

(M1BG)Earthmoving machinery-transport machinery-Scraper-Work procedure

Earthmoving machinery
Transport machinery
- scraper

- Work procedure
1) Excavation/loading :
@) Transportation

@ Unrolling
q j P
s>

good working environment

1) Excavation/loading @ Transportation @ Unrolling

E307




(M157)Earthmoving machinery-transport machinery-Scraper-Type of scraper

(M157)Earthmoving machinery-transport mach inery-Scraper-Iype of scraper

Earthmoving machinery

Transport machinery
- scraper

- Type of scraper

M)Towed scraper
@)Self-propel led scraper (motor scraper)
@3)Scraper dozer: bulldozer + scraper

By
0 o TR

RLr s F T v i

Towed scraper scrape dozer motor scraper

]

E308




(M158)Earthmoving machinery-transport machinery-Motor grader

(M158) Earthmoving machinery-transport machinery-Motor grader

Earthmoving machinery
Transport machinery
- Spreading

- Motor grader

Scarifier blade

Scraping claws

motor grader
E300




(M159)Earthmoving machinery-Compaction machines-Road roller

(M159) Earthmoving machinery-Compaction machines—Road roller

Earthmoving machinery

Compaction machines
Road roller

- Macadam roller (two-axle three-wheeled)

- Weight can be adjusted

- Guide wheel (1 wheel side) Linear pressure is low

- Initial compaction Initial compaction with drive wheels

macadam roller

E311




(M160)Earthmoving machinery-Compaction machines-Tandem roller (two axes and two wheels)

(M160) Earthmoving machinery-Compaction machines-Tandem roller (two axes and two wheels)

Earthmoving machinery
Compaction machines

- Tandem roller (two axes and two wheels)
- Anteroposterior axis - independent

- Asphalt pavement finish

(oL o

- Tandem roller (two axes and two wheels)

E312




(M161)Earthmoving machinery-Compaction machines-Three-axis tandem roller (three-axis three-wheel)

(M161)Earthmoving machinery-Gompaction machines—Three—axis tandem roller (three—axis three-wheel)

Earthmoving machinery
Compaction machines
+ Three-axis tandem roller (three-axis three-wheel)
- Flatness - improved compaction

@ @/f

Three-axis tandem roller (three-axis three-wheel)

E313




(M162)Earthmoving machinery-Compaction machines-Tamping roller

(M162) Earthmoing machinery-Compaction machines-Tamping roller

Earthmoving machinery
Compaction machines
- Tamping roller
- Compaction of hard clay

Tamping roller

E314




(M163)Earthmoving machinery-Compaction machines-Tire roller

(M163) Earthmoving machinery-Compaction machines-Tire roller
Earthmoving machinery
Compaction machines

- Tire ral ler
- Air pressure adjustment Linear pressure adjustment
- Raise ballast (weight) - line pressure -

- Rolling from relatively soft ground to hard ground
- Not suitable for compacting soft soil

Tire roller

E315




(M164)Earthmoving machinery-Compaction machines-Vibration roller

(M164 )Ear thmoving machinery-Compaction machines-Y¥ibration roller

Earthmoving machinery
Compaction machines

- Vibration roller
- Lack of own weight

- Supplement with Vibration
- Small machines

- Compaction of gravel and sandy soil

5
”@ﬂ“\w ]

Vibration roller E316




(M165)Earthmoving machinery-Compaction machines-Vibration compactor

(MIB65)Earthmoving machinerv-Compaction machines-Vibration compactor

Earthmoving machinery
Compaction machines

- Vibration compactor

- Work place - narrow space

DL

[ 1
(e il

vibrating compactor
E317




(M166)Earthmoving machinery-Compaction machines-Vibration compactor

(M1G66)Earthmoving machinerv-Compaction machines-%¥ibration compactor

Earthmoving machinery
Compaction machines

- Tampa Ranma

+ Increased impact load - compaction
- Soft soil - unsuitable

Tampa Ranma

E318




(M167)Earthmoving machinery-Compaction machines-Wetland bulldozer

(M167)Earthmoving machinerv-Compaction machines-Wetland bulldozer

Earthmoving machinery
Compaction machines

- Compaction of soft ground
- Wetland bul ldozer

SIS

wetland bul ldozer
E319




(M168)Earthmoving machinery-Transport machinery-Bucket wheel excavator

(M168)1Earthmoving machinery-Transport machinery-Bucket wheel excawvator

Earthmoving machinery
Transport machinery
- Bucket wheel excavator

- Bucket wheel _ _
- Large-scale civil engineering work

- Use of large residential land development

R
]

—)

g SN R K I AN

Bucket wheel excavator

i S—
=1
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(M169)Earthworks-Change in soil volume

(M169)Earthworks—Change in soil volume

Change in soil volume

Turning

compacted soil
Volume 0.9

jy /— AT e o Mo cace oo . .
_ . Rate of change in soil volume
earthen soil loosened soi |

Loosening rate L
Vol 1 Volume 1.2 :
o lume Compaction rate G

Land volume

sandy soil loosened soil compacted soil

Volume 1 151 c<1
Loosening rate L=Loosen soil volume (M3)/ground soil volume (M3)

Compaction rate C = compacted soil volume (m3) / ground soil volume {mE%




(M170)Earthworks-Change in soil volume-Calculation of loosened soil volume

(M170)Earthworks—Change in soil volume-Calculation of loosened soil volume

Change in soil volume
Calculation of loosened soil volume

Earth: 1000m3

Dump truck: 6m3 How many ?

|l oosening rate L=1.2

(1)Amount of soil loosened - standard
1000 x 1. 2=1200m3
Required number
N=1200/6=200 times

@2 Land volume - standard

Volume of soil transported per dump truck Q
Q=6x1/A=6x1/1.2=-5m3

Required number of units N=1000/5=200 units
1/L = soil volume conversion factor T

V=1000m3

32




(M171)Earthworks-Change in soil volume-Calculation of compacted soil volume

(M171)Earthworks—Change in soil volume-Calculation of compacted soil volume

Change in soil volume
Calculation of compacted soil volume

Earth volume - excavation: 200m3
embankment

Transport of 2 dump trucks 6m3
Required number n ?

Volume of soil after compaction V ?

1=1.2 G=0.9

- Amount of ground that can be transported with one dump truck Q1
= Q1=Fx6=1/1. 2 x 6=bm3
« Dump trucks 2 units ? Transport volume 0
- =2 x Q1=2 x 5=10m3
« Number of dump trucks transported n
- n=200,/0=200/10=20 units
Embankment - volume of soil after compaction V

V=0Cx200=0. 9x200=180m3 E333




(M172)Earthworks-Change in soil volume-Soil volume conversion factor f

(M172)Earthworks-Change

Change in soil volume

Soitl volume conversion factor T

in sail

s mes S |

wio [ame: comversion factor o

Mound soil

Loosen soil

Compacted soil

E335

(M172)Earthworks-Change in soil volume-Soil volume conversion factor f

Change in soil volume
Soil volume conversion factor f

Soil condition when finding Q |Mound soil Loosen soll Compacted soil
Reference soil condition of g

Mound sail 1 L C
Loosen soil 1/L 1 C/L
Compacted soil 1/C L/C 1




(M173)Earthworks-Earthmoving machinery-Work type - Appropriate machine

(M173)Earthworks=-Earthmoving mach inery-Work

tvpe

A

= APErHEEiEte mMachiinhe

7 E340

Earthmoving machinery

- Work type - Appropriate machine

1 Clearance

12 Bulldozer/Rakedozer

2. Excavation

13 Excavator type excavator (power shovel, backhoe, dragline, clamshell)
Tractor excavator bulldozer ripper

3 Loading

14 Excavator type excavator Tractor excavator

4 Excavation/loading

15 Excavator type excavator Tractor excavator

5 Excavation/Transportation

16 Bulldozer, scrape dozer, scraper, tractor excavator

6 Transportation

17 Bulldozer, dump truck, belt conveyor, aerial cableway

7 Leveling the floor

18 Bulldozer, motor grader, spreader

8 Water content ratio adjustme

19 Stabilizer/Motor grader/\Water truck

9 Compaction

20 Road roller, tire roller, tamping roller, vibrating roller, vibrating compactor,
rammer, tamper, bulldozer

10 Land leveling

21 Bulldozer/motor grader

11 Trench

22 Trencher backhoe




(M174)Earthmoving machinery-Combination of earthmoving machines

(M174) Earthmoving machinery-Combination of earthmoving machines
! . l"'“{" "E-:"‘;'A’ """" -
S aeit, Pl T
S

(M174)Earthmoving machinery-Combination of earthmoving machines

Earthmoving machinery

» Combination of earthmoving machines

» Working Capacity/Combination Machine: Minimum Working Capacity - Determination
* Machine selection based on transport equipment

|1 Excavation soil collection | 2 Loading |3 Transport waste soil | |4. Leveling the floor |5 Compaction |
1-1 Bulldozer |2-1 Tractor shovel/power shovel |3-1 Dump truck 4-1 Bulldozer |5-1 Tire rollers and others |
|2-2 Tractor shovel/power shovel | 4-2 Bulldozer

|2-3 Scraper/motor scraper |3-2 Scoop dozer/bulldozer 5-2 Tire rollers and others




(M175)Earthmoving machinery-Machine selection based on transportation distance

(M175)Earthmoving machinery-Machine selection based on transportation distance

Earthmoving machinery

- Machine selection based on transportation distance E342
Distance (m) Types of construction machinery
Short distance |100m or less Bul ldozer
Middle distance |50-500m Scrape dozer
710-500m Towed scraper
Long distance 200-2000m Motor scraper

Excavator type excavator £\$¢$1
tractor excavator Iy

I10m or more G EriEk




(M176)Earthmoving machinery-Types of bulldozers-Straight dozer

(M176) Earthmoving machinery-Types of bulldozers-Straight dozer

Earthmoving machinery
- Types of bulldozers

1 Bulldozer: Excavation, dozing and transportation of soil
2 Suspension: crawler type/wheel type
3. Format of earthwork board
- Straight dozer
- Heavy excavation

Body: Tractor

W « The angle of the earthwork board
U

is determined.

E e A A B AT

E344




(M177)Earthmoving machinery-Types of bulldozers-U dozer

(M177)Earthmoving machinery-Types of bulldozers-U dozer

Earthmoving machinery
- Types of bulldozers
- U dozer

- U shape
W - don’ t spill soil
r| | %
o N I
N
RESES R PP R R
- Improve soil transport efficiency without spilling soil

E345




(M178)Earthmoving machinery-Types of bulldozers-Angle dozer

(M178) Earthmoving machinery-Types of bul ldozers—-Angle dozer

Plan view

Earthmoving machinery - Direction of travel

- Types of bulldozers
- Angle dozer

etim st 3

-éend the soil sideways

Anglei
- Move earth and sand laterally
- Angle up to 30°

- Can be expanded and contracted

|/—\j |

yym_“‘wﬁ
xR XX X

| 20° -30°
Angle

24

TIT T S

E346




(M179)Earthmoving machinery-Types of bulldozers-Tridozer

(M179) Earthmoving machinery-Types of bulldozers-Tridozer

Earthmoving machinery
- Types of bulldozers

- Iridozer

God sometimes forgets
- Fallen standing tree

- Root cutting

- Suirtable for fallen trees

T T

Forgive Us

|l"\-

—J A
- S e
AeE

rird

BRSO

v v

- Iridozer E347




(M180)Earthmoving machinery-Types of bulldozers-Tilt dozer

(M180)Earthmoving machinery-Types of bulldozers-Tilt dozer

Earthmoving machinery
- Types of bulldozers

- Tilt dozer

- Ditching/excavation of hard soil

- Can be expanded and contracted

MX%K Front view

__angle =

E348




(M181)Earthmoving machinery-Types of bulldozers-Rake dozer

(M181) Earthmoving machinery-Types of bulldozers—-Rake dozer

Earthmoving machinery

Transport machinery
- Rake dozer
- Suitable for clearing land and creating rock trenches

- Ripper Rake

Rake dozer
Ripper
/ 4!
'ﬂ”'llfﬁﬂyﬁ?iwi&' raTa: v
} .'K'?{'u ‘
S aidmhﬂunHIQMB S/
W g g M T G

E349




(M182)Earthmoving machinery-Scraper-Self-propelled motor scraper

(M182 JEarthmoving machinery-Scraper-Self-propel led motor scraper

Earthmoving machinery
Transport machinery
- Excavation, loading, medium-distance transportation, leveling

- Self-propel led motor scraper
- Tractor—friendly: Covered scraper

- Transportation distance: 200-2000m, large amount of earth and sand,
high-speed transportation

Ve LTS TGP I ST e v i

motor scraper

E350




(M183)Earthmoving machinery-Scraper-Scraper + bulldozer combination

(M183)Ear thmoving machinerv-8Scraper-Scraper + bulldozer combination

Earthmoving machinery
- Scrap dozer
- Scraper + bulldozer combination
- Gan move forward/backward
- Earthwork work on soft ground
- Transportation distance: 500m or less

scrape dozer

E351




(M184)Earthmoving machinery-Shovel type excavation machinery

(M184) Earthmoving machinery-Shovel type excavation machinery

Earthmoving machinery
Shovel type excavation machinery Earth drill

crane

clamshel |

Swivel body

excavator

Main body

Traveling device

drag |ine

backhoe
M)Attachment installation
@2)Excavation location — Machine position - High - Power shovel
@)Low place drag excavator (backhoe)
@ Underwater drilling dragline clamshell

B)Earth drill: Drilling holes for cast-in-place piles
E353




(M185)Earthmoving machinery-How to excavate the ground (by machine)- Bench cut method+Downhill construction method

(M185)Earthmoving machinery-How to excavate the ground (by machine)- Downhill construction method

Earthmoving machinery

- How to excavate the ground (by machine) L
Downhill construction method fF :

- Bul ldozer scraper scraper e AR
- Work on a downhill slope i.God Bless You;

. Bradient 3020090020200 T

- Starts from clearing and cutting roots

T e Gradient 252307 e

i Downhill construction method

h E354




(M186)Earthmoving machinery-How to excavate the ground (by machine)- Bench cut method

(M186) Earthmoving machinery-How to excavate the ground (by machine)- Bench cut method

Earthmoving machinery

- How to excavate the ground (by machine)
Bench cut method

- Step-type power shovel backhoe excavation

« Dump truck transportation
- Large—scale earthworks

Bench cut method

E353




(M187)Earthmoving machinery-How to excavate the ground (by machine)-Combination method

(M187) Earthmoving machinery-How to excavate the ground (by machine)-Combination method

Earthmoving machinery

- How to excavate the ground (by machine)
Combination method
- Bench cut method + downhill method

- Rock excavation: blasting method, ripper method

E355




(M188)Earthmoving machinery-Spreading Leveling/compaction-Motor grader

(M188)Earthmoving machinerv-Spreading Leveling/compaction-Motor grader

Earthmoving machinery
- Spreading Leveling/compaction
- Motor grader

- Smoothing out uneven road surfaces
- Spreading Leveling of the roadbed

- Earthwork board: Up/down/left/right rotation

blade” Scarffierlf
Scraping claws
motor grader

E356




(M189)Earthmoving machinery-Compaction machine-Static pressure

(M189) Earthmoving machinery-Compaction machine-Static pressure

Earthmoving machinery
- Compaction machine
- Static pressure
@MRoad roller macadam roller tandem roller

@Tire roller
@)Tandem roller

OB B

macadam rol ler - Tandem roller (two axes and two wheels)

T Tamping roller E357




(M190)Earthmoving machinery-Compaction machine-Vibration

(M190) Earthmoving machinery-Compaction machine-Vibration

Earthmoving machinery
- Compaction machine
- Vibration
MVibration roller
@\Vibration compactor

[ 1]
______________________________ AR T

Vibration roller vibrating compactor

E358




(M191)Earthmoving machinery-Compaction machine-Impact

(M191) Earthmoving machinery-Compaction machine-Impact

Earthmoving machinery
- Compaction machine
Impact
Rammer Soil compactor s KRN

Tampa Rammer

E359




(M192)Earthmoving machinery-Combination of compaction machine and soil type-Combination of compaction machine and soil type

(M192 1Earthmoving machinerv-Combination of compaction machine and so0il twype-Combination of compaction machine and soil twpe

Earthmoving machinery
- Combination of compaction machine and soil type

- Compaction of embankment construction
- Ad just water content ratio DﬁﬂﬁiD

- Compaction machine selection
- Determine the rolling number and unrolling thickness

S e o o T T

- - df
- Compaction machine 3

- Relationship with soil quality

0.9 & e
- Road roller 4 take the wet side

compact Lon cnrve ] o

- GCompaction of roadbed/roadbed i 7
- Finishing of embankment
- Suitable for granular materials, cut gravel, and mixed sand

macadam roller - Tandem roller (two axes and two wheels)

E3E0




(M193)Earthmoving machinery-Combination of compaction machine and soil type-Combination of compaction machine and soil type

(M193  Earthmoving machinery-Combination of compaction machine and soil tvpe-Combination of compaction machine and soil twpe

Earthmoving machinery
- Combination of compaction machine and soil type
- Compaction machine
- Relationship with soil quality

- Tire roller

- Sandy soil, gravel sand, mountain gravel, soil containing
a moderate amount of fine particles
- Ordinary soil

Tire roller

E361




(M194)Earthmoving machinery-Combination of compaction machine and soil type-Combination of compaction machine and soil type

(M1941Earthmoving machinery-Combination of compaction machine and soil twpe-Combination of compaction machine and soil twype

Earthmoving machinery

- Combination of compaction machine and soil type
- GCompaction machine
- Relationship with soil quality
- Vibration roller
- Grused gravel, sandy soil
- Compaction of slope surface

PRI
T -£ Eé ; 5

T

7707 7

Vibration roller

E362




(M195)Earthmoving machinery-Combination of compaction machine and soil type-Combination of compaction machine and soil type

(195 Earthmoving machinery-Combination of compaction machine and soil twvpe-Combination of compaction machine and saoil twpe

Earthmoving machinery

- Combination of compaction machine and soil type
- Compaction machine
- Relationship with soil quality
« Tamping roller
- Weathered rock, Rock- clay soil, low sensitivity soil

Tamping roller

E363




(M196)Earthmoving machinery-Combination of compaction machine and soil type-Combination of compaction machine and soil type

(M19B1Earthmoving machinery-Combination of compaction machine and soil twpe-Combination of compaction machine and soil tvpe
Earthmoving machinery

- GCombination of compaction machine and soil type
- Compaction machine

Relationship with soil quality
Vibration compactor Tamper - Tampa
- Applicable to almost all soils

- Narrow space

Apply shoulders on slope

vibrating compactor

E364




(M197)Dredging work-Pump dredger

(M197)Dredging work—-Pump dredger
Dredging work
- Constant water depth in the channel within the port
- Sediment excavation on the seabed

- Pump dredger
- Large—-scale dredging work

« Pump dredger

ES T2




(M198)Dredging work-Grab dredger

(M198)Dredging work—-Grab dredger

Dredging work
- Constant water depth in the channel within the port
- Sediment excavation on the seabed
- Grab dredger
- Smal|l-scale dredging of narrow areas
- Excavation of soft soil

Y 9 v
b
5 L SIS A SR

Grab dredger

E3 13




(M199)Dredging work-Bucket dredger

(M199) Dredging work—-Bucket dredger

Dredging work

- Constant water depth in the channel within the port
- Sediment excavation on the seabed

Bucket dredger
stair bucket

=
_AS’—/ T T}

[~ T 1 L.

o

e ——

Bucket dredger

E374




(M200)Dredging work-Dipper dredger

(M200) Dredging work-Dipper dredger

Dredging work

- Constant water depth in the channel within the port
- Sediment excavation on the seabed

- Dipper dredger
- Strong digging power

- Solid ground
v V/??/E}//////////\% v
0 7

Dipper dredger

E375




(M201)Dredging work-Pump ship = Grab ship - Dipper dredge - Bucket dredger

(MZ01)0redging work-Pump ship - Grab ship - Dipper dredge - Bucket dredger

Dredging work
- Constant water depth in the channel within the port

- Sediment excavation on the seabed
Dredger

- Pump Dredger Pump dredger

Drag suction (self-propelled)

Pump dredger (non-propelled)

Pump sucks up sediment from the bottom of the water along with water
- Grab dredger

Non-self-propel led type

Attach the grab bucket to the tip of the jib

Dredging work using grab bucket
- Dipper dredger non-self-propelled type o A, A, T, T

Attach the power shovel to the hull Grab dredger
- Bucket dredger non-self-propel led type

Continuously rotating multiple buckets to scoop up sediment
from the bottom of the water

; S B
||||||| &, - 2

Dipper dredger Bucket dredger




(M202)Earthwork planning/design-Working capacity of excavator type excavator

(M202) Earthwork planning/design-Working capacity of excavator type excavator

Earthwork planning/design
- Working capacity of excavator type excavator crane
Bucket coefficient K

clamshel |

excavator

drag line

backhoe

E3g3

Working capacity of excavator type excavator

1 Type of soil 2 Backhoe 3 Clamshell 4 Power shovel
(DRocks/Boulders 0.45-0.75 0.40-0.70 0.50-0.80
@Soil mixed with gravel|0.50-0.90 0.45-0.85 0.60-1.00
®Sand 0.80-1.20 0.75-1.10 0.90-1.30
@ Ordinary soil 0.60-1.0 0.55-0.95 0.70-1.10
® Clay soil 0.45-0.75 0.40-0.70 0.50-0.80

- Heaped voids - few excavation - easy: large coefficient




(M203)Earthwork planning/design-Cycle time Cm of excavator type excavator

(M203) Earthwork planning/design-Cycle time Cm of excavator type excavator

Earthwork planning/design

Cycle time Gm of excavator type excavator crans

clamshel |

excavator

backhoe

E384

(E384)Earthwork planning/design-Cycle time Cm of excavator type excavator
Cycle time Cm of excavator type excavator

1 model 2 Backhoe 3 Clamshell 4 Power shovel
7 Hydraulic crawler 8 Mechanical crawler |9 Mechanical crawler
10 Excavation level (soil type) 6 Standards 0.3-0.7m3 class 0.8m3 class 0.6m3 class
11 Easy excavation (sand) 20-29(s) 30-37(s) 14-23(s)
12 Medium excavation (normal soil) 23-32 33-42 16-27
13 Somewhat difficult excavation (clay soil, gravel soil) |27-36 37-46 19-32
14 Difficult excavation (rock mass/boulder) 31-41 42-48 21-35

5 Remarks
Large turning angle and excavation depth - Upper limit value




M204)Earthwork planning/design-Working capacity of excavator type excavator-Work load of power shove

(M204) Earthwork planning/design-Working capacity of excavator type excavator-Work load of power shovel

Earthwork planning/design
* Working capacity of excavator type excavator
* Work load of power shovel 0.6m3 class power shovel
» Ordinary soil it R
- 0. 6m3 class power shovel 5 e E?yﬁ: s
- Galoulated using ground volume 7 i
 Turning angle 180 degrees

Work efficiency E=0 7 ' Dump truck
« Rate of change in soil volume L=1.30 i@ﬁizi 180°

Solution

1) Bucket capacity qo=0_6m3

®& Bucket coefficient K=1_10

@ Rate of change in soil volume f=1/1_3=0.77

@ Work efficiency E=0_70

& Gycle time Gm=23sec

@ Volume of soil 0=3600x0.60x1.10x0.77x0_7/23=55_7m3/h

E386




(M205)Earthwork planning/design-Dump truck working capacity

(M205)Earthwork planning/design-Dump truck working capacity
Earthwork planning/design

* Dump truck working capacity

1 Medium-distance/long-distance transportation

2 Public roads/construction sites: Vehicles/driving conditions vary
3 Compliance with traffic laws

4 Work amount Q=60x

Cm=Cmsn/(60Es)+(T1+T2+t1+t2+t3)(min)

Cms: Loading machine cycle time (sec)

n: Number of times loaded onto one dump truck
n=qgo/(qsK)

go: Loading volume of dump truck (m3) (flat loading)
gs: Loading machine bucket capacity (m3)

K: bucket coefficient

Es: Loading machine work efficiency

T1, T2: Dump truck travel time for outbound and return trips
Ti=(D/Vi)60 (i=1 or 2)

D: Travel distance for outbound and return trips (km)
Vi: Outbound trip, return trip, travel speed (km/h)

t1 t2: Unloading/loading waiting time (min)

ts: Sheet removal time (min)

E: Work efficiency depending on road conditions (roadside environment, road surface condition, day and night), etc. (generally 0.9)

Earthwork planning/design
- Dump truck working capacity Ti1

n times

(M205) Earthwork planning/design-Dump truck working capacity

L E387




(M206)Earthwork planning/design-Required number of dump trucks

(M206) Earthwork planning/design-Required number of dump trucks

Earthwork planning/design
- Required number of dump trucks
- Required number of combined dump trucks M
M=Qs/QD
Qs: Bucket capacity of loading machine (m3)

QD: Dump truck work volume (m3/h)
Dump truck standards

standard | Output (PS) Maximum loading mass (t)| Flat stacking capacity (m3)
2t class 98 2 0 1.54
4t class 170 4.0 2. 66
8t class 227 8.0 b. 26
11t class 315 11.0 1. 29

E388




(M207)Earthwork planning/design-Required number of dump trucks
(M207)Earthwork planning/design-Required number of dump trucks

Earthwork planning/design
* Required number of dump trucks
* Flat loading 0.6m3 power shovel
* 11t class dump truck
+ Combination earthwork
+ Gravel mixed soil
* Medium level of excavation
* Transportation road 2 lanes in good condition
+ 2.5km embankment area
* Dump truck outward trip average speed 25km/h

1 Dump truck loading capacity qo:7.27m3

Power shovel bucket coefficient K=0.80

2 Number of times the power shovel is loaded
N=7.27/(0.6x0.80)=16 times

3 Dump truck cycle time

Outbound average speed T1=(2.5/25)x60=6.0min

Return trip Average speed T2=(2.5/30)x60=5.0min

Cm=26x16/(60%x0.55)+6.0+5.0+0.5+0.3+4.0=28.4(min)

Rate of change in soil volume f=1/1.25=0.80
4 Work amount per hour of dump truck

Return trip Average speed 30km/h

* £1=0.5min t2=0.3min t3=4min

- Work efficiency Es=0.9

* Required number of dump trucks

* Work efficiency of power shovel Es=0.55
* Rate of change in soil volume L=1.25

* Cycle time Cms=26sec

5 Work amount per hour of power shovel

Bucket capacity qo=0.6m3

K: Bucket coefficient K=0.80

Rate of change in soil volume f=1/1.25=0.80

Work efficiency E=0.55

6 Cycle time Cm=26sec

7 Q=0.6%x0.8x3600%0.80%0.55/26=29.3m3/h

8 Required number of dump trucks
M=29.2/11.1=2.6 3 including spares

QD=7.27x(60/28.4)x0.8x0.9=11.1m3/h

0. 6m3 power shovel

(M207 )Earthwork planning/design-Required number of dump trucks

trip average speed 25km/h

L=2_ 5km

/
Return trip Average speed 30km/h
t1=0 5min t2=0 3min t3=4min

Es=0 9

Work efficiency of power shovel Es=0.55
Rate of change in soil volume L=1.25
Cycle time Gms=26sec

E389

11t olass dump truck




(M208)Structure excavation-Structures - Excavation machine selection-Points to note during excavating

(M208) Structure excavation-Structures — Excavation machine selection-Points to note during excavating

Structures — Points to note during excavating
The excavation met hod appropriate
1. Lowering the groundwater level below the excavation level

Avoid excavating in muddy water

clamshel l

wafer fable”™™"

RN

e, T .
water table

=

backhoe

E408




(M209)Structure excavation-Structures - Excavation machine selection-Points to note during excavating

(M209)Structure excavation-Structures — Excavation machine selection-Points to note during excavating

Structures — Points to note during excavating
* Is the excavation method appropriate?

» During excavating mechanical ly. do not drop the clamshel | and stir the foundation ground

Mclamshell
:; .
wafer fable” 7" /

TN

AN AN

% water table
§ v

i

E409




(M210)Structure excavation-Structures - Excavation machine selection-Points to note during excavating

(M210) Structure excavation—Structures — Excavation machine selection—Points to note during excavating

Structures — Points to note during excavating

+ Is the excavation method appropriate?
* Gonsider large breakers for rock excavation

hydraul ic breaker (B00kg class)

rock excavation

E410




(M211)Structure excavation-bearing ground

(M211) Structure excavation-bearing ground

Structures - Points to note during excavating
- |s the excavation method appropriate?

clamshel |

AN

wafer fabTe”

RN

7))\

- [s the bearing ground not disturbed?
- Excavating too much?

) i
Y,
o backhoe ////ffffﬂfp_fi—_

A .
water table

E415




(M212)Structure excavation-wastewater treatment

(M212) Structure excavation-wastewater treatment

Structures — Points to note during excavating
Is the excavation method appropriate?

clamshel |

- |s wastewater treatment sufficient?

POy PRy o

//;;I;ZJ;:;IE

fr A

Eliar v

st backhoe

[/

- [s there a groundwater level below the excavation deptﬁ at all times?

E416




(M213)Structure excavation-Points to note regarding backfilling and backfilling soil

(M213) Structure excavation-Points to note regarding backfilling and backfilling soil

Structures - Points to note during excavating
- Points to note regarding backfilling and backfilling soil

9. Cleaning and removing foreign objects from backfilling areas

E443




(M214)Structure excavation-Points to note regarding backfilling and backfilling soil

(M214) Structure excavation-Points to note regarding backfilling and backfilling soil

Structures - Points to note during excavating
- Points to note regarding backfilling and backfilling so1l

7~ 3. Backfill thin layer (usually 30cm) -
sufficient compaction

4. Eackfill structure: 75% or more of design strength

E444




(M215)Structure excavation-Points to note regarding backfilling and backfilling soil

(M215) Structure excavation-Points to note regarding backfilling and backfilling soil

Structures - Points to note during excavating
- Points to note regarding backfilling and backfilling soil

6 Structure backfilling —Perform from both sides at the same time

|

5§éackfi||ing: Avoid impacting the structure

E445




(M216)Structure excavation-Points to note regarding backfilling and backfilling soil

(M216) Structure excavation-Points to note regarding backfilling and backfilling soil

Structures - Points to note during excavating
- Points to note regarding backfilling and backfilling soil

- Layer thickness management

- So that you can understand the finished thickness (layer thickness)

T

- Backfilling — layer thickness management

E447




(M217)Structure excavation-Points to note during excavating-compaction appropriate

(M217) Structure excavation-Points to note during excavating—compaction appropriate

Structures - Points to note during excavating
- |s compaction appropriate?

1. Performed with a large machine

— -
e
]
3 ¥ el

r

2. Piaces that cannot be done with large machines -
Vibrating roller — Careful finishing
E448




(M218)dredging

(M218)dredging

KRR |

FET

-

[ININRINRINNENERENNIRNANINNINNENRANED]

H

- Pump dredger Bucket dredger

Pumping ship: Sucking up sediment with a pump Bucket boat: Gontinuously excavating earth and sand

7 T T, T, EES
T T o TR, :
Grab dredger Dipper dredger

Grab Ship Grab Bucket Excavating hard soil

E542




(M219)earthwork

(M219) earthwork

Cutting and embankment of soil

Cut soil
transport

embankment g e
Compaction @B
Mechanical earthwork ‘hii?i;;tgéiﬁm_

nEmRErmEea R

ESTT




(M220)blade bowl

(M220)blade bowl

JE s e 3 ?%@%fﬂjé;}
o ORI

bul ldozer motor grader

e blade bowl
ZJZ =
G i S e

blade bowl

cohesive soil sandy soil

EHT9




(M221)Trafficability

i - s (M221) Trafficability
Trafficability

Degree of runnability of the machine Cone Index (kN/m2)
1 Wetland bul ldozer over 300

2 Scrape Dozer 600 or more

3 Bulldozer 00-700 or more

4 towed scraper 700-1000 or more
b Motor Scraper 1000-1300 or more

6 Dump Truck 1200-1500 or more

2 Scrape Dozer

1 Wetland bul ldozer

AT
EERR-ca \\%

3 Bul ldozer

)
R
N TR \\.}.

PSSR |
A EG85

6 Dump Truck i

R TR T




(M222)macadam

(M222) macadam

Macadam

Road-roadbed construction method

N X X KX Xl Finished thickness of one layer
Laying the main aggregate

Macadam Roller 1 front wheel 2 rear wheels
Large crushed stone

Compoaction until they mesh with each other

macadam roller

Blinding material spraying

Finish by compaction
E621




(M223)spreading

spreading thickness

(M223) spreading

dozer excavator

4
N

E622




(M224)spreading depth

depth

spreading

(M224) spreading depth

" & L —1 |
,, £ —
g spreading depth
@ Horizontal layer
Gompaction
30-50cm

Gompaction thickness: 20cm or less
Road body: 30cm or more

E623




(M225)water bound macadam

(M225)water bound macadam

water bound macadam

Macadam method

macadam rol ler

Water + crushed stone mixture — spraying
Laying the main aggregate

Grushed stone (diameter 20 mm or less)

Gompaction poured with water
Last-5-13mm crushed stone spraying finish

Gompaction with macadam rollers

E625




(M226)trench dozing

(M226) trench dozing

Both sides - Rise

rrench

!:Iﬁ I i” '-h'l'fl.'.lkirlg p|a|k I:]la e
[ 3|0
d I:lllll 0‘\' r
:ﬂlﬁa ﬁtulﬁ | )
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(M227)land reclamation in natural slope

(M227) land reclamation in natural slope

Clearing land with 1ts native slope
Within 15 degrees - inclined

Logging, cutting, burning,

rooting, weed tree removal
Loosening the ground

E632




(M228)Foundation work-Pile foundation

Ready-made piles

Benoto method

(M228) Foundation work-Pile foundation

pile hammer

1 1 ]
Y

pile driver

| leader

~ Main body
counter WE|gh;

.- concrete pile

sheet pile
H-shaped steel pile

G brilling

& Casing tube insertion

@ Bentonite solution - injection
@ hole wall prevention muddy water

@ Erection of rebar

& Built-in tremmy tube rebar
& Ready-mixed concrete pouring
FGasing tube pull-out

B Sediment reburials

F2




(M229)Foundation work-Caisson foundation

Blade opening

(M229)Foundation work-Caisson foundation

[remy pipe is j]anged and watertight

#

aFer surface

// -

/‘:’r -
7 77

T

Groundwater table

Iﬁurking chamber

V" Cutting edge

Pneumatic caisson

77 St
Open caisson fToundation
o = : : .
Sedimentation in the support layer
e =

UOpen caisson

airlock
S, T e
0 f.bucket
il i caisson
load water - | !
bs vl aaalinm ground

WFH Jlf":lL'P.::

shaft working room

Pneumatic caissan
: F3




(M230)Foundation work-Classification of piles

(M230) Foundation work-Classification of piles
pile foundation
Glassification of piles

M)Classification by pile material @)Classification by support method

@2 Classification by construction method

et

:4???3@%’

RG Pile

composite pile

R
i

RS

wooden pile

SRR

RN

T e ph A ]

“Wooden pile

_Reinforced concrete piles

Ready-made pile foundation

caisson-,
® clamshel |

R R S R s

Open caisson foundatiaon

|oad

bearing pile

lpad

ft ground

friction pile

F16




(M231)Foundation work-Steel pile

(M231) Foundation work-Steel pile

pile foundation
Glassification of piles
1)Steel pile
- H-steel piles - Foundation for temporary structures -Difficult geology to drive
- Steel pipe piles — large cross-section piles

H-section steel pile

T

rc welding

P AT RN ) P,
A AT AT T
e LT S Rt ot -

P O | W T S

edrock




(M232)Foundation work-RC pile (concrete pile) PC pile

(M232) 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
@PC pile

- prestressed piles Hol low excavation pile method

-=d 1377

1R Hollow sectian
flé. Embedded pile

:";"‘"-.""""""‘"T"E?""'-.!-ﬁ
e

.1
=
s

E‘Hammer Grab Bucket

i Large diameter pile
i steel pipe

ol

Cement milh_

RC ﬁile Sedimentation in the support liiﬁfq?

Roodon: ik Large diameter pile - hollow part

F18




(M233)Foundation work-Ready-made pile construction method

(M233) Foundation work—-Ready-made pile construction method

pile foundation
Glassification of piles

- Classification by construction method
Ready-made pile construction method

pile-driver

pile hammer

factory production 1~
steel R.C. PC composite Bl i
pile-driver
-l-reader

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

Main body

gounter weight «sconcrete pile

driving %%é;

can be pulled out

sheet pile
H-shaped steel pile

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

m“gsteel pipe .
isteel sheet pile]

F20




(M234)Foundation work-Cast-in-place pile method

(M234) Foundation work-Cast—-in-place pile method

M Instal ling stand pipe
& Internal excavation with bucket

Reverse circulation method @ Excavation using leavers method

To sedimentation —ank @ Reinforcement installation

@ @O G ' ®Suck up sediment-Built—in tremie pipe
- 25% rlebar .
oW at % & GConcrete pouring
ER(BE :74% (J)Pull out the stand pipe
rotating bit - Heverse reflux pumped mud
“m'/':
Pt £

MGasing Foundation Pile Genter
@ excavation-Hammer Grab
uaS|ng tube

uasln
ammer Gr7L &

@ excavation-Hammer Grab

@ excavation-completed
HWater-muddy water—Mud Water Pump
B Rebar cage

T Tremie tube

B Ready-mixed concrete

@Pulling out casing
dpBurials F21
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(M235)pile foundation-Standard application of piles

(M235)pile foundation-Standard application of piles

pile foundation

Standard application of piles
- Standard spacing of piles
2.5 times more than piles R T

- Erecting piles : :
Verticality - Measured from 2 directions

2.5 times more thanépiles

s SR S S e e B S S e gl

Verticality - Measured from 2 directions

ﬂ{ Fod




(M236)pile foundation-Driving ready-made piles-Diesel hammer

(M236)pile foundation-Driving ready-made piles-Diesel hammer

pile foundation
Driving ready-made piles

2 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 D/4 (10cm) or less Diesel hammer

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

| 1 A |

hammer cushion
Replace when 1t gets hard

.....

cardboard paper R
PI IE dlamEter D ----------------- s e R H FEVITRYET FSD

IIIIIIIIIIIIIII!I-PI-III

i




(M237)pile foundation-Driving ready-made piles-Steam hammer/air hammer

(M237 )pile foundation-Oriving ready-made piles-Steam hammer/air hammer

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

Ad justable impact force

R air compressor

Slanted pilﬁﬁf
F31




(M238)pile foundation-Driving ready-made piles-Vibro hammer

(M238)pile foundation-Driving ready-made piles-Vibro hammer

pile foundation
Driving ready-made piles
@)\Vibro hammer

- Strong vibration
- Good for soft ground

- Decrease in frictional force of piles
- High frequency vibrator is used

Vibrohammer

/

Electric vibrating pile driver

Hydraulic vibrating pile driver

F32




(M239)pile foundation-Driving ready-made piles-(Pre-boring method)

(M239)pile foundation-Oriving readv-made piles-(Pre-boring method)

pile foundation
Pollution measures for ready-made piles
- diesel hammer
- Vibro hammer
Driving ready-made piles — noise and vibration
Low-pollution ready-made pile driving method

1)Pre-boring method

pre-boring fig Drive 1-3m

Dig the hole for the ready-made pile Place concrete in case not pouring
with an earth auger etc. £33




(M240)pile foundation-(Hollow excavation pile method/Prefabricated pile)

(M240)pile foundation-(Hollow excavation pile method/Prefabricated pile)
pile foundation

Pollution measures for ready-made piles

2Hol low excavation pile method/Prefabricated pile
Utilizing hollow parts of piles
Dig the hole for the ready-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

e

el-{ow PG pile
Hol low section

Embedded pile

“Hammer Grab Buoket

i i Large diameter pile prefabricated pile
steel pipe D

Gement mi lk

Sedimentation in the support layer G

Tl

Large diameter pile — hollow part F34




(M241)pile foundation-(Jet method)

(M241)pile foundation-(Jet method)

pile foundation
Pollution measures for ready-made piles

@)det method
Sand ground - High pressure water — Injection - Excavation
Eliminate friction between piles and the ground

Pile-press fit
[lk.xWeight

\ pressure water
7 7 7

sand round )
5 B . pile

Jet watefmﬂn

F35




(M242)pile foundation-(Hydraulic hammer press-in method)

(M242)pile foundation-(Hydraulic hammer press—in method)

pile foundation

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

No vibration
No noise

zzzzzzzzzzz

JmﬂHydraulic—Pile—Press Fit

concrete pile

zzzzzzzzzz

F36




(M243)pile foundation-(Soundproof cover)

(M243)pile foundation-(Soundproof cover)

pile foundation
Pollution measures for ready-made piles

® Soundproof cover
diesel hammer

- Soundproof cover

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

T
W,

®Soundproof cover
F38




M244)pile foundation-(Welding)

(M244)pile foundation-(Welding)

pile foundation
Construction management of ready-made piles

M Welding
- Welded joints - arc welding
- Welding inspection results-record

- Diagonal pile — Do it from the pulling side

Diagonal pile e T [

anted pile e . & w7 bedrock
F39
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(M245)pile foundation-(piling)

(M245)pile foundation-(piling)

pile foundation

Construction management of ready-made piles

@piling

- Welding inspection results-record

- Erection of ready-made piles -

inspection from two directions

o
-~
i AT
I - - T =i
L = A= s T
hs
b
LI |
LI |
o
v
W
wy
"

Verticality — Measured from 2 directions

F40




(M246)pile foundation-(Stopping piling)

(M246) pile foundation-(Stop piling)

pile foundation

Construction management of ready-made piles
@5top piling

0 e |

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

- Stop management method

- Penetration amount
» Measure the amount of rebound

F41




(M247)pile foundation-(cast-in-place pile)

(M247)pile foundation-(cast-in-place pile)

pile foundation
cast—-in-place pile
Noise/vibration pollution prevention
- Equipment - large
- Construction speed - slow
- Gonstruction management—problems
1) Deep foundation construction method -manual excavation

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

e D2Eep foundation Benoto method

Earth drill method Reverse method F42




(M248)pile foundation-(Deep foundation)

(M248)pile foundation—-(Deep foundation)

pile foundation
cast-in-place pile
1) Deep foundation construction method
- Manual excavation

- Groundwater exclusion
- Possible to blast leaves of rolling stones

zandy ground

/ o

- Drainage construction - boiling and heaving Qﬁf
- Confirmation of soil bearing capacity - easy =HIJK=_—
f’j&"%—\ﬂ/ )

underground water route

Boiling
D Tripod
,,,,,,,,,,,,,,,,,,,,,,, 7—7_7’_-77 .:2. Di$ting wire
EZ Winch
— — EWark scaffolding
- 5oft zround . (QPthective fence
=7 AN
H o
Fasy @ive | et
s -
o ﬁf,{ﬁﬁir
* Water pressure - ground - push up @huxiliary lumber 1 ff?ﬁHL—"-ﬁaﬂucket
. i Special earth retaining steel plate & Eﬁmark scaffolding
* Heaving = HE 7

F43




(M249)pile foundation-(Benoto method)

(M249)pile foundation-(Benoto method)

Al l-casing method

Benoto method

pile foundation
cast—in-place pile
#ZBenoto method
* France: Benoto - Developed Benoto machine

? Fine sand |layer containing water
im below the groundwater level

« Steel tube: casing tube

07

» Slanted pile -

up to about 6-12°

Hammer Grab

gonstruction impossible v

g
*Drilling depth 40-60m

N

e b e Sictede
E- Large boulders and wood chips Eexf#

gonstruction impossible

F44




(M250)pile foundation-(Earth drill method)

(M250)pile foundation-(Earth drill method)

pile foundation
cast—in-place pile

@ Earth drill method
* Rotating bucket — excavation

* Gonstruction speed — fast
+ Low cost

* Drilling depth — 27m

+ Suitable for clay layer

* Weak sandy ground - bentonite
solution (stabilizing liguid)

Earth drill method

|
| P R

rotating bucket bl
it o s +
Lo Depth 27m
Sand layer — stabilizer

F45




(M251)pile foundation-(Reverse circulation method)

(M251)pile foundation-(Reverse circulation method)

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

« Suction pump

+ Big pile driving -. % 2
« Gontinuous drilling - S
+ Large boulders. pressurized water, rotary table B i wgger
underground water — construction difficult stand pipe -
» Nater construction possible R T R
» The water level inside the hole is 1. Hydrostatic pressure 2m
2m higher than the water level outside the hole i
¥ groundwater level
i +r~.suction pipe
+ Good for long and large diameters %BEuerse reflux pumped mud
rotating bit
rotate ‘ 1 -
oS
R

F46




(M252)pile foundation-(Construction management of cast-in-place piles)

(M2521pile foundation-(Construction management of cast-in-place piles)

pile foundation

Construction management of cast—in-place piles
PSR G ¥ x
T Goncrete management
@& $|ime processing
@ Treatment of hole walls
@ Pollution prevention management
vy £ . b £
HRecords of excavation, reinforcing

gage installation, and concrete placement

Benoto method

Gast—in-place piles: Low noise and vibratiaon
« Muddy water treatment-problems

T |
w
q

A

Iﬂ-'f

e

Earth drill method

Reverse method
F47




(M253)pile foundation-(Construction management of Benoto Earth Drill Reverse Method)

(M253)pile foundation-(Construction management of Benoto Earth Drill Reverse Method)

Gonstruction management of cast—in-place piles

M) Gonecrete management

Benoto Earth Drill Reverse Method
Drilling

Reinforcement cage insertion
Tremie tube arrangement

Drain the water in the tremie tube

CHCACHS

Benoto Methaod

casing tube

ﬁ casin :
ammer Grap =

s |j = o B T

O © 0 @ j ® @

& Underwater concrete placement (slump 17cm.
cement amount 370kgf/m3 or more)

& Pulling out the casing — Preventing

reinforcing bars from rising together
Separator depth direction 3-5m interval
Hole wall protection Goncrete top surface
Gasing tube approximately 2m inserted

MGasing Foundation Pile Genter

@ excavation-Hammer Grab

@ excavation-Hammer Grab

@ excavation-completed

G Water—-muddy water—Mud Water Pump
@& Rebar cage

@ Tremie tube

# Ready-mixed concrete

@Pulling out casing

@Burials

F48




(M254)pile foundation-(Construction management of Benoto piles)

(M254)pile foundation-(Construction management of Benoto

pile foundation
Gonstruction management of cast-in-place piles ; ;
g P p Benoto Earth Drill Reverse Method

I Gonstruction of Benoto piles s e P T S T : ;
e e el P H kg ek e pasing tube P 4, i
(1) Insert reinforcing bar cage ! i casing P B
: SR 1 [ | P i

Groundwater ' j I ;
; casing : : i ' §
{@ Underwater concrete placement (slump 17cm. ¥ [ﬂ [j ;
gement amount 370kef/md or more) i
tremie tube is flanged and watertight
Raise the casing approximately 2m = ;
g app y D @ o |
to protect the hole wall e o

Insert about 2 m on top of concrete

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

Eﬁ@ Slime (cutting residue) Mixed with muddy water

Goncrete uuring

Must not be harmful due to temperature. load. shock. eto

* Pile head
Add about 0. 5m extra

there is muddy water., it is about 1m

Fag




(M255)pile foundation-(Benoto piles Slime processing)

(M255)pile foundation-(Benoto piles Slime processing)

pile foundation
Gonstruction management of cast-in-place piles
Benoto Method

@ Slime processing

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

» Pile tip - Excavation residual soil. slime — Strength decrease and uneven settlement

i = §lime processing
air |ift pump

Benoto Method
d)Gasing Foundation Pile Genter

ca5|ng tube GBEIH f i i @ excavation-Hammer Grab
g : : 2 :
ammer Gra é tremie ; i @excavation-Hammer Grab
L E : @ excavation-completed
i o e | GWater-muddy water—Mud Water Pump
| @ Rebar cage
T Tremie tube
@ Ready-mixed concrete
@Pulling out casing
E :‘E\: {20 faT Tl 10 il . )
L = D & L @ ! dBurials

F50




(M256)pile foundation-(Earth drill method Treatment of hole walls)

(MZ56)pile foundation-(Earth drill method Treatment of hole walls)

: : @DDbrilling
pile foundation @ Gasing tube insertion
Construction management of cast-in-place piles 43 Bentonite solution—- injection
;,'y hole wal | prevegéiun
................................................................................... - ter
i@ Treatment of hole walls E f,’f @Erection of rebar T
Treatment of hole walls - problems ; e ®Built-in tremie tube
Stabilizer treatment and management {,’J B Ready-mixed concrete pouring

.................................................................................. &

{HGasing tube pull-out

®Sediment reburials
Earth drill method JL

F51




(M257 )pile foundation-(cast-in-place piles Prevention of construction pollution)

(M257)pile foundation-(cast—-in-place piles Prevention of construction pollution)

pile foundatiaon
Gonstruction management of cast—-in-place piles
= j ; :
@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

et D€ Toundation

Benoto method

Earth drill method Reverse method

F52




(M258)pile foundation-(caisson foundation)

(M258)pile foundation-(open caisson foundation)

Foundation work

: : ﬂ— .open caisson
caisson foundation = o o

water stop wall

T, ET
dﬂﬂ,side wall
trietion sut.. . .. ... D lade mouth
) Gircumferential friction — reduction

@ Gonvert passive earth pressure to active earth pressure

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

Sinking power W
.a}«*Luad + own HEIgh‘

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

-
=
k%
-
[#5]
g
-
s |
[n]=]

--------------------------------------------:: -----------------------------------------------------------------------------------------

)
§




(M259)nile foundation-(caisson foundation)
caisson foundation
» Gonstruction of open caissons

(M259)pile foundation-(open caisson foundation)

.y

sufficient control
& Avoid drainage as much as possible
I Cai tilt - tends t in th I t
T Gaisson tilt tends to occur in the early stages. =
& Ensuring concrete strength-starting excavation =
#® Quick sand phenomenon ocours
= 7 Pressure difference occurs
inside and outside the caisson
| | o ] W -
@ Excess under the caisson blade mouth is prohibited 7. T,
@) Excawvation should be done from the center




(M260)pile foundation-(caisson foundation)

(M260)pile foundation-(open caisson foundation)

caisson foundation
* Gonstruction of open caissons

N

Load

Gongcrete block
» Gradually sinks in |loaded

? countermeasure

i) Gonduct a thorough soil investigation
@ Internal drainage

@ If there is a large boulder. it will not sink

Internal blasting — Avoid damaging the main body

F517




(M261)truck mixer

(MZB1 ) truck mixer




(M262)pile foundation-(pneumatic caisson)

(M262)pile foundation-(pneumatic caisson)

Foundation work

caisson foundation
pneumatic caisson

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

PAIT compressor
Prepara for emergencies by having two or more power suurues

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

____________________________ alrlﬂﬂk
iAlr supply! P oeiling sTab T
Pexhaust, %Tﬁi _____ QWHEEJEEﬁZEEEEJHﬂE
gasoline gonerator}..— 00
vz || Mz
7
— S calsson
Eﬁ&?ﬁ?¥{J”GET[ DA e (Bl ade part |
Ll e MY PR Wiyl
IS .- §eJ]men‘ ficker
work room Car U5
‘Requires height of 1. 8 m ormorer e A0
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(M263)pile foundation-(sheet pile foundation)

zheet pile foundation

(M263)pile foundation-(sheet pile foundation)

<]

<]

1<

_.-"’f

Dhriving sheet piles

(

)

@ lnderwater drilling

1<

@ Pouring of bottom concrete

B lUnderwater cutting

<]

1<

i}

=

ElWelding

ITITTin

III:III‘_j\ﬂllllllllnll

/ and footings

D Pump up
Drainage and timbering assembly

Gibel
For fastening sheet piles

// brofoxyvgen thermite
welding FE2




(M264)Foundation work-(Drainage method)

(M264) Foundation work-(Drainage method)

Drainage method

Excavation - below groundwater |evel
Pumping up groundwater — drying up of well water
Decline in surrounding groundwater

Surrounding area survey
Well point construction method

e _

Deep well ""fé

water table

Vacuum pumping

S pumping

Electropenetrat ion method

current flow (direct current)

: |
_—

Frect ron flow
2 thapd
anpde 4 ca =
P rexkﬁter (DH-}%fl% T Fo2

Pore water (0OH-3 Strainer (filtering wire'mesh} (steel pipe)




(M265)Foundation work-(Drainage method-Shallow sump)

(M265) Foundation work-(Drainage method-Shal low sump)

Drainage method
Shallow sump drainage method

Shal low sump

Shal low sump

rainwater
@ Excavation of shal low ground
pump up
pump
Drrmmmr—— ez FITTTTTTITTTTTFT 7777777
FER LSRR SRR S s Sl a kS A R T water table
e
i
N—
............................. e, |
H spring water “idrain
ishal low sump §
gollect in one place
Construction method suitable for gravel layer

) Less amount of groundwater flowing out

allow sump

7.

F93




(M266)Foundation work-Drainage method(Well point construction method)

(MZB66)Foundation work-Orainage method (Wel |

Well point construction method

point construction method)

@)Well point Inserted into the ground by jet water

@ Lower the groundwater level

pressure water

in the excavated area

- drainage

—————

pum

0

ez

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

level falls is narrow
Possibility of circular slip

%

s

Well point construction method

1 stage approximately 6

@ Thick Rock layeri—jet water

Used in conjunction with deep well construction method

D

p
&

?auuum pump
#pump

can not he inserted

4

Well point

Fo4




(M267)Foundation work-Drainage method(Deep well method)

(M267) Foundation work-Drainage method(Deep well method)

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

location

@ Groundwater drop over a wide area

B)there is a possibility of heaving on the bottom of the excavation
©)the water permeability is large and the amount of drainage is large

Deep well

""""" Z

- Fa5




(M268)Foundation work-Drainage method(Deep well vacuum construction method)

(M268) Foundation work-Drainage method (Deep well vacuum construction method)

Deep well vacuum construction method Vacuum pumping

—1 P
//'/ //, Vacuum pumping

P
Z

Deep well vacuum construction method
@)Strainer (filtering wire mesh) (steel pipe) - Driving
@2 Several stages of pump installation
@)Vacuum pumping e
@ the amount of water discharged is large

Fa6

Strainer (filtering wire mesh) (steel pipe)




(M269)Foundation work-(Drainage method)

(M269) Foundation work—(Drainage method)

/c/}a/y/ el sand gravel

Electropenetration method

Well point comstruction method

Deep well wacuum construction method

Deep well construction method

Shal low sump drainaze method

not reduce groundwater

underwater drilling

Well point construction method

.

?7777777)7’ E;”””I
Deep well-"é? o
7

Macuum pumping

Cpumping
Elect ropenetrat ion method

current flow.ldirect current)

anpbde ot hbde
Pofe witer (DH{ i
Pore water (0OH-3 Strainer (filtering wire mesh) (steel pipe)

F98




(M270)Construction plan for piles and caissons(Drop hammer)

(M270) Construction plan for piles and caissons(Drop hammer)

Types and contents of pile driving and hammering
@ Drop hammer T Drop hammer
- Weight of drop hammer: 1-3 times the weight of the pile o Smn) ) eroee seetinn 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

* ¥eight of weight: 1-3 times the weight of the pile
Drop hammer ' s T Weight (1-3tf)
+ wWeight T g + free fal

— “
weight ‘

TN TR ".\‘1[
-,
] 1

" Wooden pile
RG Pile
Less pollution., noise and vibration

s




(M271)Construction plan for piles and caissons(Diesel hammer)

(M271) Construction plan for piles and caissons(Diesel hammer)

Types and contents of pile driving and hammering

ZiDiesel hammer
« Falling ram
» Inside cylinder gas explosion

 Big impact energy
+ Ram size 1. 26-6_0t

Diesel hammer

e ey e
] "L b ]
e e A T
N5 5= iH &
i o4 M
H -2 | |
[ i i
H I i
rrrel - o H- 1T
e H s | bt i
G - | - - e ERL R 5
-‘\‘L i 1z23 _,;: 1223 i
__________________ i i} I ||
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(M272)Construction plan for piles and caissons(Vibrohammer)

(M272) Construction plan for piles and caissons(Vibrohammer)

Types and contents of pile driving and hammering
« Gan be applied to ground with an N value of 30 or less

@Vibrohammer
+ Eccentric rotating body

Driving without damaging the pile head
£ 0 :
« Steel sheet piles furfjempurary construction
+ H steel pile — suitable for repeated use

H-section steelxpilé

S
J‘f};’.ﬂ'/;’»—".ﬁ"»—".ﬁ"zj.ﬁ"z

AT :
R R R

h'-'C\_E e

b
1

arc welding

e, e bedrock
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(M273)Construction plan for piles and caissons(Test piles)

(M273)Construction plan for piles and caissons(Test piles)

Geological survey by boring

Bearing capacity calculation

Determine the length of the pile

Soil conditions — Galgulated bearing capacity - Actual bearing capacity - Difference

Gonstruction: Stalled situation — Gonfirmation of supporting capacity through loading test

- Penetration amount
- Measure the amount of rebound

F103




(M274)Construction plan for piles and caissons-cast-in-place pile(Deep foundation method)

(M274) Gonstruction plan for piles and caissons-cast-in-place pile(Deep foundation method)
cast—in—-place pile
Deep foundation method

DTripod

EHoisting wire
EWinch

@ Work scaffolding

Work space is small

e

EProtective fence

| L "f
| G |
I i =
@Pump +"®B|D'|'|'
fhir
Ehuxiliary lumber —d @M-—@Bucket
B Eer
fitSpecial earth retaining steel plate 2 f@Worlk scaffolding
= 7 7

T WFF

L7 -
. AV g
* Zoft ground =
zandy zround
x‘“}\/
AL *Q:QQhuﬂfjtrﬁ__ﬁ/ )
ﬁ .
* Water pressure - zround - push up

underzround water route
= Heaving

Boiling

F104




(M275)cast-in-place pile(Benoto method)

(M275)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 AL s ethion

pile foundation Benoto method

cast—in-place pile
& Benoto method

* France: Benoto - Developed Benoto machine .
+ Steel tube: casing tube

27 d

« Slanted pile -
up to about 6-12°

 Fine sand layer containing water
bm below the groundwater level Hammer Grab

construction impossible v L
\ = f{_ =
big “rolling stone” \\\ﬁwx

* Drilling depth 40-60m

* Large boulders and wood chips T

gonstruction impossible

F105




(M276)cast-in-place pile(Earth drill method)

(M276) cast—in-place pile(Earth drill method)

cast—in-place pile garth drill methad

i : % In-place pile
Earth drill method Bentonite =zolution

Borehole wall protection

Stabilizer is required in sand layer power unit
Depth approximately 27/m 5

- bras g Surface Casing Tube

Borehole wall protection
R Bentonite solution
873 Rotating bucket

Tbrilling
& Gasing tube insertion
|L'T' /L? |L ‘ " o 3 Bentonite solution - injection
L & ), @ ~® ““n”u_j7_ J7) 7 g @ Erection of rebar
o : ®Built-in tremmy tube rebar
7z VEL, 7 ®Ready-mixed concrete pouring
TGasing tube pul l-out
7, ) . .
o A B A I ®Sediment reburials
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(M277)cast-in-place pile(Reverse method)

(M277)cast—-in-place pile(Reverse method)

cast—in-place pile
Reverse method
Good for long and large diameters

N

* To sedimentation tank

Sludge treatment - problems rotary table
suction pump

rotating bit

Hydrostatic pressure 2m

L 7 «groundwater level

;i"“~ﬁeverse reflux pumped mud

F107




(M278)cast-in-place pile(Open caisson foundation)

(M278)cast—-in-place pile(Open caisson foundation)
cast-in-place pile
caisson foundation

1) Open caisson foundation

Open caisson: Underwater excavation - poor certainty
relatively easy
Construction cost - cheap

I Gircumferential friction — reduction
@& Gonvert passive earth pressure to active earth pressure

Sinking power W

Eii::ijdpyﬂLuad + own WEIgh_

| W>F sinking

---------------------------------------------"-__ ------------------------------------------------------------------------------------------

T
|
!




(M279)cast-in-place pile(Pneumatic caisson construction method)



(M279)cast-in-place pile(Pneumatic caisson construction method)

(M279) cast-in-place pile(Pneumatic caisson construction method)

gast-in-place pile

Pneumatic caisson method

* High pressure — drainage

+Drilling in dry conditions

@ Pneumatic caisson
Gonstruction certainty
Foundations of long bridges. ete

« Manual excavation
» Groundwater level 30m-|imit

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

P @ir COompressor
: Prepare for emergencies by having two or more power sources!

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

e @irlock
iKir supply! SET oedling sTab T
jexiaust N |/ i Conorete is cast as one piece
ianenesanis SapmneniIEnILIe e %Tjﬁ ladder: ;
gasoline generatori. — =
777220700 || Wl 777777
v pLase |
vy ,-, ..... calssan
Effective water level o Erry) Blade part |
i i i T T A A AT
iﬁﬁfk”rﬁﬁﬁ"""""“ﬂl""""""""ﬁge iment bucket g
5E_a_q_u__i__r_a__sz___h_a_i__g_h;___z:I__f___T_____8___r_n_f.c_rr::mf@:-r:ﬁ'_r'"""'F"q'r'"ﬂ"ﬁ'ma':

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

‘The excess excavation shall be |ess than 50cm i F109




(M280)Foundation construction machinery(Ready-made piles)

(M280) Foundation construction machinery (Ready-made piles)

Construction plan for piles and caissons
Foundation construction machinery
T)Ready-made piles

Impact construction method
Vibration method

Press—in method
Combined construction method

vibro Hammer
g’vibratimn

driving

can be pulled out

Diesel hammer

I

steel pipe
steel sheet pile
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(M281)Foundation construction machinery(Cast-in-place piles)

(M281) Foundation construction machinery(Cast-in-place piles)

Construction plan for piles and caissons

Foundation construction machinery
@ Cast-in-place piles

All-casing method (Benoto method) garth drill methad

55?55522/? T

Hammer Grab

Reverse circulation methad

: §”f

==

Surface Casing Tube

o
. Borehole wall protection
Bentonite solution

rotating bit

|

F111




(M282)Foundation construction machinery(Benoto method)

(M282) 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 Points

- Hard ground can be excavated
Soft ground, no landslides

- Completed pile —-no cracks
weak point

- Large machine required
- Casing tube — difficult to pull out VA
- Difficult to excavate with large stones B

casing
|arge stones éégJ

All-casing method

ﬁz//grab bucket

F114




(M283)Foundation construction machinery(Earth drill method)

(M283) Foundation construction machinery(Earth drill method)

Construction plan for piles and caissons

Foundation construction machinery
Earth dril|l method
Strong Points
- The price of piles 1s low
- Mobility available
- Supporting layer — excavated sand - can be confirmed

weak points

- Large machine required

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

- Difficult excavated soil treatment

garth drill method
In-place pile
Bentonite zolution
Borehole wall protection

Power unit
rotate

.ﬁ//éurface Cazing Tube

| | e e
bare digzing ] Borehole wall protection
. ) Bentonite zolution
Ralling StDnES“‘=~_5_ Rotating bucket F115




(M284)Foundation construction machinery(Reverse circulation method)

(MZ284 JFoundation construction machineryiReverse circulation method)

Construction plan for piles and caissons
Foundation construction machinery

- Reverse circulation method
Strong Points

MT)Preventing hole wall collapse due to muddy water
No casing required
@)Excavation depth-large

; Reverse circulation method
@)Pore size —-freely selectable
weak points :
- " . 1 ey ' ¥ T O T
MT)Water Sedimentation tank - required *To sedimentation tank

H|

Narrow space - disadvantage
@0bstacles - Difficult to excavate
@ )Permeable layer — water level drop -

rotary table [=pg-water

: Hydrostatic pressure 2m
hole wall - collapse {0 |: groundwater level

éfﬁaverse reflux pumped mud

rotating hit :

B
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(M285)Underground structure(Shield method)

(M285) Underground structure(Shield method)

Underground structure elevator tower

Horizontal construction method
Shield method
underground railroad
underground motorway L;uj —
water pipe sand hopper-..._[™
sSewer pipe

pipeline
power |ine common ditch E=

\\\\ [T
o segment
e
e
?ﬂf - = —F=.-backfill injection equipment
#ﬁjl A
= P i .-";
hield ' -
shie battery car shield tunnel F197

steel cylinder: shield




(M286)Open cut method(Well point construction method)

(M286) Open cut method (Well point construction method)

underground structure

Well point construction method

riser pipe

Well point construction method

header pipe

pump

77

well point 3l

S

PO

N RN RN

NNNNNAN

F144




(M287)Open cut method(Deep well: sandy soil)

(M287) Open cut method (Deep well: sandy soil)
Deep well: sandy soil Diameter 1.0m over
: drainage
Ground surface o
=777 A
FiI:er.[n_ateriaIH Groundwater level decline
-\.-\.*-E..__L“‘ Fa. ?F?’s’____.-
strainer pipe 3
underwater pump sg

Iy

Deep well ... %

DN

/
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(M288)Types of foundation work

Types of foundation

- Direct foundation

(M288) Types of foundation work

work
- pile foundation

- Ready-made piles - Gast-in—-place piles

(RGC PG pile)

)

L] 2]

/x<i;i/77£4/ o
|

T o

. caisson foundation

P

f;\ |

WA S AR RRRAN]

N

7
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(M289)Types of foundation work

(M289) Types of foundation work

Types of foundation work

direct foundation

Ready-made pile foundation

Cast-in-place
pile foundation

0

Pneuymatic caisson basics

e 7 = ) — =
| | T2 W\ (77777777
_S_ FrFrsr Fr }")’ ‘N’Ik’tﬁ.ﬁ: Ea

A
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(M290)Types of foundation work(Ready-made pile foundation)

(M290) Types of foundation work (Ready-made pile foundation)

Types of foundation work

Ready-made pile foundation

- advantages
Steps: Less work Cost: cheap
Construction period: short

- Disadvantages
Geological confirmation: impossible
Noise/vibration: large
Cobblestone: Difficult to construct

- Glassification by construction method _
Wooden pile, RC pile, PC pile, steel pile RC pi I

g

RC pile H steel pile steel pile Wooden pile

F151




(M291)Types of foundation work(cast-in-place pile foundation)

(M291) Types of foundation work (cast—-in-place pile foundation)

Types of foundation work
cast-in-placa. pils All-casing method
- advantages

. poos S Benoto pile
Noise/vibration: low :

Supporting capacity: sure
- Disadvantages

Step: A lot of work

Cost: high

i

Hammer Grab

- Glassification by construction method

Deep foundation method

Reverze circulation method

[
;-water it i s
R
. zroundwater level
Reverse reflux pumped mud | @f’ﬂ"-
rotating bit “¥LE —
| SR /;713// g ///?/// o]

F1b2




(M292)Types of foundation work(caisson foundation)

(M292) Types of foundation work(caisson foundation)

Types 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
- Disadvantages

Step: a lot of work

irlock
Cost: high s a}; 06
z i z
TR, i . bucket
hi 2z MllS el 777
load water - : 34""' SEIEon
------ ?:T;M; s fi/rm ground

Open caisson foundation

shaft : working room
Sedimentation in the support layer

Open caissaon Pneumatic caisson F153




(M293)foundation work( ready-made piles)

(M293) foundation work ( ready-made piles)

ready-made piles
MRC pile, PC pile, H-shaped steel pile, steel pipe pile
@Noise/vibration construction pollution
Urban — Difficult to construct

3)No noise/vibration — press—in method/jet method P N

.- Rebar

steel pipe ) H steel 7
E3 cH
."II:I 'E ,-..::-"F :
na B &
el : - s ] i
1FE (=g 1 ]

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
L e e L e e e e L g O L )

Rebar RG

1 i
R )
"
o
",
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(M294)foundation work( ready-made piles)

(M294) foundation work ( ready—-made piles)

Features of ready-made piles
MFactory production, high quality
@) Construction - Easy Construction speed - Fast

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

H)Safety measures

iUib;uhammer

¥

pile hammer

| leader

~Main body
counter weight

.- concrete pile
sheet pile
H-shaped steel pile

pile driver Vibrohammer

i Electric vibrating pile driver

Hydraulic vibrating pile driver

111




(M295)foundation work(built-in construction method)

(M295) foundation work (built-in construction method)
Construction method of ready-made piles
built—in construction method

Noise and vibration prevention T Pre-boring method
1)Pre-boring method ;

@Hol low excavation pile method
@det method

1 Drive 1-3m

pre—bowl ing

u.1
Dig the hole for the ready—-made pile Place concrete in case not pouring
with an earth auger etc

; - gxcavator
@& Hollow excavation pile method

[
\hu “w$% ﬁ?ﬁe

_ 3 Jet method
o b prefabricated pile
"""."'."m

- YWeight
—pressure water
o A

sandy ground pile

Jet water o
F118




(M296)foundation work(Impact construction method for ready-made piles)

(MZ96 ) foundation work(Impact construction method for ready-made piles)

Impact construction method for ready-made piles
MPile weight 1-3 times
@Fall height 2?7 or less
@Pile driving from the center to the outside
@Number of blows Steel pile 3000 times or less
PC pile 2000 times or less
RC pile or less 1000 times or less
B)Pile driving prevention
Penetration amount per blow - 2mm or less

Diesel hammer

Driving ready-made piles

F179




(M297)foundation work(diesel hammer)

(M297) foundation work(diesel hammer)

Impact construction method for ready—-made piles

Driving method for ready-made piles

Impact construction method
- diesel hammer

. Constryction method Diesel engine - piston driving

- noise big

- vibration big

- Construction speed fast

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

- Disadvantares Weak layer - does not start

Fml 1

1E

) A Y A |




(M298)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

Ad justable impact force

air compressor

Slanted pile”ﬁs F181




(M299)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 Hammer Gravity Fall - Driving
‘noise big
-vibration few

+ Construction speed slow

- Strong Points Fewer breakdowns

- Disadvantages prone to eccentricity

(M299) foundation work (drop hammer)

pile foundation ) )
DEIFInE Febdwnidasm ] es *Emall crozz section pile
Drop hammer " Equipment - Easy

* Eazy to eccentricity

*Pile head: Damaze prevention
- Weizght of weight: 1-3 times the weight of the pile
e s Weight (1-3tf)

- free fall

waz  welight

“1ess than Zm éﬁﬁj&“
s e




(M300)foundation work(vibration method)
foundation work(vibration method)

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

vibration method

* Construction method vibro hammer
‘noise small
-vibration bag
* Construction speed usually
-Strong Points Suitable for soft ground
* Disadvantages Electrical equipment — required

(M300) foundation work(vibration method)

pile foundation

Driving ready-made piles

@Vibro hammer

» Strong vibration

» Good for soft ground

* Decrease in frictional force of piles
 High frequency vibrator is used 35

fUihruhammer

& +

Electric vibrating pile driver

Hydraulic vibrating pile driver
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(M301)foundation work(Press-in method)

(M301)foundation work(Press-in method)
Impact construction method for ready-made piles
Driving method for ready-made piles

Press-in method

 Construction method hydraulic jack

‘noise none

-vibration none

+ Construction speed usually

-Strong Points For both driving and pulling
- Disadvantages Use only straight sections

(M301) foundation work (Press—in method)
pile foundatiaon

Pollution measures for readv-made piles
Hydraul ic hammer press-in method

.. Hvdraulic-FPile-Fress Fit

M-

Mo vibration

Mo noise concrete pile

s
«
-----------,m,m»,----,,,,,mw

Fla4




(M302)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

(M302) foundation work (Jet method: injection)

pile foundation

Pollution measzures for readv-made piles

Jet method
Zand ground - High pressure water - Injection - Excavation
Eliminate friction between piles and the zround - Weizht
Pile-press fit pressure water

o

sandy ground .. pile

Jet water -¥I
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(M303)cast-in-place pile(Benoto method: All casing method)

(M303)cast—-in-place pile(Benoto method: All casing method)

cast—-in-place pile

Benoto method: All casing method All-casing method

Benoto method

Benoto method

* France: Benoto - Developed Benoto machine
« 5teel tube: casing tube

« Slanted pile -

up to about 6-12°

* Fine sand laver containing water
bm below the groundwater level Hammer Grab

gonstruction impossible \\\k v ijtjﬁﬁ

big “rolling stone” \\\ﬁwx
.
« Large boulders and wood chips o

gonstruction impossible

* Drilling depth 40-60m
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(M304)cast-in-place pile(Earth drill method)

(M304) 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

s Drilling depth - 21m Earth drill method

» Suitable for clay layer

* Weak sandy ground — bentonite
solution (stabilizing ligquid)

e v

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

. “gasing
rotating bucket ... _ i Depth 27m

Sand layer — stabilizer F190




(M305)cast-in-place pile(Reverse construction method)

(M305) cast—-in-place pile(Reverse construction method)

cast-in-place pile , ,
rotating bit

Reverse method

Reverse circulation method ' SU?iIUH pump

 Big pile driving . 3 o
- Gontinuous drilling —t= *ﬁ}
« Large boulders, pressurized water, rotary table = |[7 f wgler
underground water — construction difficult stand pipe wlls. |
» Water construction possible e S R R
» The water level inside the hole is [ | | i Hydrostatic pressure 2m
2m higher than the water level outside the hole i e iz
v - e groundwater level
?;*jﬁﬂsuu:iun pipe
» Good for long and large diameters i %Hﬁverse reflux pumped mud
rotating bit x_ji
rotate AL
R F191




(M306)cast-in-place pile(Deep foundation method)

(M306) cast—-in-place pile(Deep foundation method)
cast-in-place pile
Deep foundation method
Deep foundation construction method
- Manual excavation

- Groundwater exclusion
- Possible to blast leaves of rolling stones

zandy ground

s ¢

- Drainage construction - boiling and heaving Qﬁ/
- Confirmation of soil bearing capacity — easy nhij<=h—
f,:ﬁ"'g\‘ ’é/ -
e
underground water route
Boiling
D Tripod
e s @ Hoisting wire
z Winc

@Work scaffolding

* Soft zround EProtective fence

i P
7 et "
1 o
ey ofme | eEe
i &
oy f,':]]'ﬁir
- Water pressure - ground - push up Shuxiliary lunber ™ @m—'—ﬁﬂucket
. ik Special earth retaining steel plate -@Wurk scaffolding
* Heaving = HE 2 7 F192




(M307)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 bucket
casing tube

80-200cm

About 40m

*D>D DO

mechanical drilling

Benoto method

&l l-casing method

iii Hammer Grab
i

L
B R o B

(M307)cast-in-place pilei(Benoto method)

cazing tube
Hammer Grab

s casing

| V -

tremie

MCazing

FHexcavat ion-Hammer Grab

Eexcavat ion-Hammer Grab

Mexcavat fon-completed
EWater-nuddy water-Mud Water Pump
E'Rebar cage

O Tremie tube

EReady-mixed concrete

EPulling out casing

dBBurials F193




(M308)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 methodmechanical drilling Earth drill method

rotating bucket

Bare digging/mud water pressure

80-120cm
About 60m

**XD>DP>O

e
!l

il ) ‘ & ~® @ @
2 2 212 1
. 2% 7

(M308) cast—-In-place pile(Earth dril] method)

@Drilling
@ Gasing tube insertion

@ Bentonite solution -

@ Erection of rebar

®Built-in tremmy tube
® Ready-mixed concrete

@ Gasing tube pull-out

@ Sediment reburials

injection

rebar
pouring
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(M309)cast-in-place pile(Reverse construction method)

(M309)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

(M309) cast—-in-place pile(Reverse construction method)

D Installing stand pipe
& Interpal excavation with bucket
.ﬁ. Excavation using leavers method

Reverse circulation method

¥ & & &

=2 To sedimentation tank

rotary table i F---water =
I S Hedrostatic pressure 2m | =
. |ap o  w =

==
zroundwater level

|

Reversze reflux pumped mud

R R

rotating bit-.. ! e
i @Reinforcement installation
ESuck up sediment-Built-in tremie pipe
EConcrete pouring
F135 @Pull out the stand pipe




(M310)cast-in-place pile(Deep foundation method)

(M310)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
soft rock

cast-in-place pile

construction method

manual excavation

Deep foundation method

manual excavation

Special mountain retaining steel plate
140-300cm

About 30m

*O0OO0OO

3 ]
aaaaaaaaaaaaaaaaaaaaaa -=

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

(M310) cast—-in-place pile(Deep

foundation

method)

F196




(M311)cast-in-place pile

(M311)cast-in-place pile

pile foundatian

tructi t t=in- ' i
EE”S LELIOD MancEelEn of et place piles Benoto Earth Drill Reverse Method
1) Gonstruction of Benoto piles s L e s
esosiosan e T pasing tube £
i@ Insert reinforcing bar cage | ey ) casing i
St B I 1 I 11111 (-3 R C 1o | I :
: Groundwater : & : E i tremie .
E casin : : ; i e Eeidl : 1Bk
; = ; S T I S S R
i@ Underwater concrete placement (slump 17cm. i tj E‘ L |
i cement amount 370kgf/m3 or more) i i ¥
E tremie tube is flanged and watertight. || EE H
5 Wis : iy i ; - i
: Raise the ua.sm.g approximately 2m Mo 3 @ & @ o @ @ i
to protect the hole wall N T e e R S

Insert about 2 m on top of concrete

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

i@ Slime (ocutting residue) Mixed with muddy water
goncrete 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

F197




(M312)cast-in-place pile(open caisson foundation)

(M312) cast—-in-place pile(open caisson foundation)

Cast-in—-place piles - construction

open caisson foundation
1) Lower end of the caisson: Installation of the cutting edge hardware

Rebar formwork
@Goncrete placement

After curing - formwork - removal
3)Ground excavation - caisson sinking
@)Low concrete pouring
BiGaisson — Filling - Lid concrete: Superstructure construction

" ST T N AT

Y

g,

5 ide wal |

D IO ELEEEREPEEEES

t.-:}Inruar water level open caisson

)

clamshe | .. iz water stop wall

<iEd. Blade hardware side wall

i friction cut  friction cut..
: blade mouth
F198




(M313)cast-in-place pile(Pneumatic caisson)

(M313)cast-in-place pile(Pneumatic caisson)

Cast—-in-place piles - construction
Pneumatic caisson

‘air compressor
Prepare for emergencies by having two or more power suurues

____________________________ alrluuk
AT supply: ST ceiling slab T
EXMAUST . Sy |) 1 Q?ﬂ?fﬁmﬁ"lﬁuﬁﬁﬁiuﬁﬁuﬂfﬁmElﬁﬁﬂ
"""""""""""""""""""" Tadder: ’

N 7z

_____ ir supply: 1l | :5haTe
v i
] s i— calsson
Effeu ive water Ievel 3 y 'ETEHE ----- art |
--------------------------------------------- __*’?L y Oy xi /{Jp{_,
fisput e sh bt L i e s et Seé]men EUGkE'
WoTk room
PO N . For. 0. 5m3:
‘Requires height of 1.8 m ‘ot moTe

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

F199




(M314)cast-in-place pile
(M314) cast-in-place pile

Cast-in-place piles - construction
open caisson foundation

pneuymatic caisson

temporary equipment gasy Complex: Expensive

Pol lution no problem noise

Surrounding ground Groundwater — decline Surrounding ground - no impact
Loosen the surrounding ground

Construction Depth - 60m Depth -40m

Ll

open caisson foundation pneumatic caisson F200




(M315)earth drill method

garth drill method
In-place pile

Bentonite solutiaon
Borehole wall protection

Power unit

(M315)earth drill method

f Ufﬁ/fﬂurfaue Gasing Tube

51 ime treatment (precipitation mud discharge)

Rebar cage insertion
Goncrete driving

Pile diameter 0. 8-1.2m
Pile length 35-60m
Gonstruction speed — fast
Less noise and vibration

-~

Borehole wall protection

-+—— Bentonite solution

2 ———Rotating bucket

F212




(M316)caisson foundation

(M316) caisson foundation

pier

] Gaisson — Reinforced Goncrete — Bottomless — Box frame
settlement in the ground

AT o %
il || Filled sediment || |
B / ] \;ﬂ :
Steel sh | i
ben B DE'Haﬁquva? i —//,Bu::um concrete
1} r /
(1) Drilling and settlement V //;{/;/ /ﬂ
(2) Completion F217




(M317)air lock

(M317)air lock

Caisson foundation
Pneuymatic Caisson
Pneumatic method

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

iairlock .
i Indoor air pressure control

',bucket

Y

p

\\-\
A
R
)
A

calsson

e

- -1

load water -

|4

£ i iy

firm ground

4&# ) S S O | -
ST ST ///“}E‘i}(\}()("‘?{j}(“}(“}(//_}'/// s
shaft ~working room

Working chamber pressure

F218




(M318)H-section steel pile

(M318) H-section steel pile

H-section steel pile

Ty

H-beam steel pile
Fittings — Reliable

Driving penetration - large

arc welding

Flexural resistance -large
Deep foundation

bedrock

F220




(M319)main rope

(M319)main rope

pul ley
u«Cﬁ
weight
high and low vk
Fl 1 E main rﬂﬂE

Piling

F221




(M320)all casing method

1 (M320)all casing method

R
sy

.....

A e T R e e e
sy T T

Hammer Grab casing

™

7

All-casing method

F222




(M321)pile-driver

(M321)pile-driver

vibro Hammer
;ﬁvibratiun
driving
S, can be pul led out

iz <//////////

steel sheet pile

F225




(M322)Caisson foundation

(M322) Caisson foundation

s

caisson
i clamshel |l

i[L‘/

Open caisson foundation

Sedimentation in the support

a;}luuk

| bucket
i |
A, m*ﬂ ;%22%22554
1 ——Gcaisson
load water = |
st s fipm ground
e

[ %]
B i

shaft working room

Pneumatic caisson

| ayer

F230




(M323)dowel works:Deep foundation method

(M323) dowel works:Deep foundation method

Dowel works

Cast—in-place pile method . DTripod
@Hoisting wire
@ Winch

@ Work scaffolding

1)Steel formwork (liner plate)
@2Exclusion of groundwater
@)Manual excavation

@ Insert reinforcing bar cage

B)Place concrete
© Blow . —

= i

—t

B)Protective fence

3

7 Pump

ADAir

EENRRRRREN)
N
A\

@Auxiliary lumber—_

D

— (12Bucket
T {@Work scaffolding

i0Special earth retaining steel platg

il

F240
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(M324)lime pile

Lime pile method

Crawler pile driver

(M324) | ime pile

Urive device

Cazsing pipe
prs

ontainer Bag with

g el IS HANE]

ingredients

F243




(M325)drop hammer

Drop hammer

(M325) drop hammer

weight

.. ?m or less

F254




(M326)Hollow excavation pile method

(M326)Hol low excavation pile method

(1) Hammer Grab Bucket-drilling
(2) Rotary press fitting

(3) Tip — Cement milk squirting
(4) Gravel layer mixing
(5) Bulbs

/

Hol low section

Embedded pile

X I o~

Gement milk —_ |¢

Sedimentation in the support layer

Hammer Grab Bucket
Large diameter pile
steel pipe

F255

A

4

Large diameterzﬂile - hol low part




(M327)pile driving frame

(M327)pile driving frame

i pile driving frame!
' Piling Towersi ™

leader oo i

Z 7

Crawler-type

F283




(M328)benoto method:open:all casing method

(M328) benoto method:open:all casing method

All-casing method ;"‘J (T)Gasing Foundation Pile Genter

g @excavation-Hammer Grab
vm (oo @ excavation-Hammer Grab
' @ excavation-completed
iii  Hammer Grab GiWater-muddy water-Mud Water Pump

B'Rebar cage

i Tremie tube

T ®Ready-mixed concrete |
@& : + : 4
i %I;ullllr;g out casing
|.- . i 1 r
& casing BN e
Hammer Grab ALY

; = L h 1 i I
R |
@ vl @ @ -g.JJ_L ol ol @ qn  F316




(M329)all casing excavator

(MS?_Q) a| | GﬂSiﬂg eXCavatOF cast in place concrete

Al l-casing method 31 T WA
2ol (1)Gasing Foundation Pile Center ’
@ excavation-Hammer Grab casing tuhefg

Fexcavation-Hammer Grab

P @ excavation—completed
i1 Hammer Grab 7,

hammer grab bucket

@ Water-muddy water-Mud Water Pump '“;g
@ Rebar cage | n
AR, L) | S— uuuﬁﬂTremie tube Pulling out Efneirat'un )
- e @ Ready-mixed concrete Benoto excavator

ugsing tube @Pulling out casing
& cGasing @Burials
Hammer Grab '

tremie

- - .
| 1T

K
15
—ig]]

=

©

©
=

)
&

@E- o) @ ﬂE__ F345




(M330)Reverse circulation method

(M330) Reverse qirculation method

Reverse circulation method

cast in place concrete

—=

% [o sedimentation tank

rotary table

rotating bit

X
........ Fh= -« Water
i Hydrostatic pressure 2m
%
§ = groundwater level
;

f?“~Reverse reflux pumped mud

F346




(M331)earth drill

cast-in—-place concrete

(M331)earth drill

. . T 0rilling
earth drill @ Gasing tube insertion
__________ = @ Bentonite solution - injection
B ® @ @&
rebar
'''''''''''''''''''''''''' /x‘]r’ /\‘]r’
______ | _’. SR R 7 éﬁ .
..Surface casing tube fgf ;é? . ?334 %
' ar M 7
R - - - -
I |-Bare digging
“1u |l ¥ /mud water pressure
..... l.%h . @Erection of rebar
R ) T ®Built-in tremmy tube

;}”rmtating bucket

B Ready-mixed concrete pou
(HGasing tube pul |-out
®Sediment reburials

ring

F3s]




(M332)cast in place concrete

(M332) cast in place concrete

1)AlIl casing construction method @Earth drill method

3)Underground continuous wall pile method (@Deep foundation

OOOOO000 00 [ 7 5

F348




(M333)cast in place concrete-Benoto pile

(M333)cast in place concrete-Benoto pi

All-casing method

| e

cast in place concrete

T

o
casing "_ul:uex,;g
hammer grab bucket

xnﬁﬁ

RN NN

A

Pulling out Penetration

Hammer Grab ' : Benoto
- G N tremie

gxcavator

/ //// F349




(M334)Earth drill method

Hbrilling

(M334)Earth drill method

B Built-in tremie tube

2Gasing tube insertion rebar

@ Bentonite solution - injection

@ Erection of rebar

L/
=4

Jg B Ready-mixed concrete pouring glh

(7iGasing tube pull-out

@ Sediment reburials

|

5
7
;55555/4 7

!!!\Nlllﬁl \\\/

N \Q\FQ\ﬁxs\

s
R \\\\\&\\\\\

% \§\}<\3\3§>\

-

~IF352




(M335)Reverse circulation methodd

(M335) Reverse circulation methodd
@ Installing stand pipe

@ Internal excavation with bucket
@ Excavation using leavers method

Reverse circulation method

; @ 2 &) Z ® ® @
_.U::““‘%.Tn sedimentation tank IL %
rotary :able’f':"rj**wa:er " - ' /;“” ,/>H
R I Hydrostatic pressure 2m A1 7 Z Z //'

i /é%Z? g? . - 7o e

e Eruundwater leve | %

K R - - o
gfﬁeverse reflux pumped mud

rotating bjt § 2
H“figgﬁ @ Reinforcement installation

B Suck up sediment-Built—in tremie pipe

B Goncrete pouring

Pull out the stand pipe
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(M336)caisson excavation workng foundation-open caisson

(M336) caisson excavation workng foundation-open caisson

LLLEEL,
&

<]

clamshel |

Upen caisson foundation

Muttlng edge Sedimentation in the support layer

Open caisson

lift

F355




(M337)pneumatic caisson-air lock

(M337) pneumatic caisson—-air lock

airlock!
] ——=
1| .bucket
A, ] ;5%22%2254
i B -gaisson
| pad water -4
e '
s 2 s adfirm ground
:rrc:-r*:-c:-:_)-s -
; . shaft working room
Open caisson foundation
Sedimentation in the support layer Pneumatic caissan

7 & - 7 e
fie,

Groundwater table

[Working chamber

W Gutting edge

Pneumatic caissan

F357




(M338)Piling

(M338)Piling
pul ley
i
E&i we i ght
== high and low
= main rope

winch

A 7777775

Piling

F359




(M339)crawler crane

(M339)crawler crane

craneg

clamshel |

[ﬂ?:I::IE;%h excavator

T drag |ine

hackhoe

Fi64




(M340)casing tube

Al l-casing method

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

(M340) casing tube

cast in place concrete

"
Pulling out Penetration
Benoto excavator

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

Tremie

// /// F365




(M341\nilina

(M341)piling

J X \\
[/ \\\\

v \\ i

o

F369




(M342)deep foundation method

(M342) deep foundation method

deep foundation method
circular vertical shaft

manual excavation

e oo Dowel works
o " Cast-in-place pile method
drilling M5teel formwork (liner plate)

: EExclusion of zroundwater
liner plate

EManual excavation O Tripod
= e @ Inzert reinforcing bar caze q SHoisting wire
e EPlace concrete EWinch

& Blow D Work scaffolding

| i | EProtective fence
o = ”f
&
| 7 Z
& Pump =~ E low

dhdir
d@Bucket

Ehuxiliary lumber —4 @ffh’f’
lsa

—=
ddSpecial earth retaining steel plate ] 3 d@Work scaffolding
il

[ T LI

F370




(M343)piling

(M343)piling

I//‘\ J //\\I "' £ weight

I X M\t"élﬁsg_ffulding logs

7<%

/4

L]
rar

Nﬁﬁg Fuupdatiun work
L' R
.

l“'\':n_

axle of drop hammer

F371




(M344)cast-in-place concrete- bentonite solution

(M344) cast-in-place concrete— bentonite solution

dbrilling | | | | BBuilt-in tremmy tube {#iGasing tube pull-out
@3535'”E,EPPF_JHEEKEL9U __________ rehar @ Sediment reburials
'@ Bentonite, splution
: - injection
hole wal | prevention:
muddy water, ® Ready-mixed concrete pouring

)

[ ——
&
=]

gg @ Erection of rebar
2 3 (® (®

@

NI
N
N\
N

NN

NNNE

NN
DN
X

N
AN
N

N\\§
N

S

1F373




(M345)cast-in-place concrete- tremie pipe

(M345) cast—in—-place concrete—- tremie pipe

Al l-casing method . @ Casing Foundation Pile Center
g | @ excavation—-Hammer Grab
@Qg g @ excavation—-Hammer Grab
R .ﬁig*ﬁﬂﬂ @ excavation—-completed

GWater-muddy water—Mud Water Pump
B Rebar cage

T Tremie tube

@ Ready-mixed concrete

@Pulling out casing

;i Hammer Grab

B e e e T o e e L
o R PR o o L R ST T T,

casing tube @Burials Erami e TR RR AR RR AR RRRns TS
o casing tremie pipe installation ;
H &b 4 :@Euncrete placement :
ammer lrd @ Cont inuation of concrete pouring
M@ Pull up the tremie pipe :
tInsert_more than 2m____________!
11| o T F314
N ! ! R
: — 7 min min min Ml
b =l o H
@ 2 2 @ 5 @ ® 9 @




(M346)Vibrohammer method

(M346)Vibrohammer method

Eibruhammer

o A T T S T
LV T T

T Y
e R e i e S B G e e

Electric vibrating pile driver

Hydraulic vibrating pile driver

F375




(M347)pile driver

(M347)pile driver

- pile hammer

e

boom

et~ leader
! Main body i
counter weight i
| | | concrete pile
B sheet pile
:ﬁﬁp : ]! — H-shaped steel pile
’:‘::E_‘ A - i
St i .

F376




(M348)Benoto method:All casing construction method

(M348) Benoto method:All casing construction method

Al l=edsing method ;ﬂ"ﬁ T Gasing Foundation Pile Genter
g @excavation-Hammer Grab
*“M"'—' , ey '@'EXGEVHT ion-Hammer Grab
??????????? @excavation-completed
Hammer Grab B Water-muddy water-Mud Water Pump
e ®Rebar cage
r“‘ @ Tremie tube ;
.,,,_,,_,.,_._,,,._ @-Heady—m ixed concrete
casing tube . %Eﬂltﬁ out casing i
o casing '
Hammer Grab gty

A T T

f
g

]

(N3}

@
<
oy

- o @ @ F318




(M349)pile driving

(M349)pile driving

pile driving ,
weight

Main body

counter weight | concrete pile

sheet pile
H-shaped steel pile

I I N N A A

7 basement

1
-i
]
e
“
Kl

'ififﬂftfiP{He being driven in-s,

R e e T S I T e e —_-'5"—_-— [AER s e e et g o ok

S N

driven pile-~._,,

R S T T T
R T R
R R R R

bearine Bround £ F379




(M350)Foundation work-(Ready-made pile foundation)-Cast-in-place pile foundation

(M350) Foundation work-(Ready-made pile foundation)-Cast-in-place pile foundation

Ready-made pile foundation Cast-in-place pile foundation

ELIE hammer e

1% Jl_

boom ...

e ad All casing construction method
‘eader

T

E . .Main body
counter weight 7
= : «toncrete pile

sheet pile
H-shaped steel pile

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

Earth dril|l method
F381




(M351)Foundation work-open caisson-pneumatic caisson

(M351) Foundation work—-open caisson—-pneumatic caisson

| ETE

Gutting edge

Upen caisson

S
caisson
T /ulamshell
Frer ///_E_ i

Open caisson foundation
Sedimentation in the support layer

airlock

v

v S - S—
_ bucket

o 7

M 4 H.. . caisson

|oad water -

.. '
g o'y o ficm ground
i i x*:chx‘x;gxxxxr Lrr

shaft ‘ working room

Pneumatic caisson F382




(M352)Foundation work-Deep foundation

(M352) Foundation work-Deep foundation

Ready-made pile foundation All casing construction method

cairlock
%/ 722 - (I . bucket

Gaisson -y /// i / &7
CM/HH-’HShE” 1 [ s caisson

load water -
=

B S e L B L 04N

shaft working room

Open caisson foundation Pneumatic caisson

F384




(M353)Foundation work-pile foundation-ready-made piles

(M353) Foundation work-pile foundation-ready made piles

pile foundation
pi.le hammer

K-

boom ...

kibeader

i Main bod
counter weight gy

wooncrete pile
sheet pile
H-shaped steel pile

o T e e '.-".a".}a'.-".-"""'".-".-".-".-".-".-' RTEE
énmd points bad points
i Preparation - little Geological confirmation — impossible
cost- cheap Noise/vibration -loud
. .Gonstruction period - short . Gobblestone - Difficult to construct




(M354)Foundation work-pile foundation-caisson foundation

(M354) Foundation work-pile foundation-caisson foundation

j}[luuk
i

| bucket

g//ulamshell /§537faéé§§/ ﬁg/f‘//iézgag?;éag

A =

Calsson -,

dLJ 1l w— caisson
load water —
E | —— | ,ﬁ?_“: % figm gruund
; : Lr B G
Open caisson foundation shatt working room
Sedimentation in the support lavyer
Open caisson Pneumatic caisson
S f AT ; T
: good points : bad points
Supporting capacity/horizontal resistance force — large | Preparation — big

Geology - confirmation - possible § cost is high

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




(M355)cast-in-place pile Earth drill method

(M355)cast-in-place pile Earth drill method

garth drill method
In-place pile
Bentonite solution
Borehole wall protection

Fower unit

Surface Cazing Tube

Ik .
g =
Borehole wall protection
4+—— Bentonite solution

—Raotatinz bucket

@Drilling
& Gasing tube insertion

@ Bentonite solution — injection

@ Erection of rebar
&Built—in tremie tube rebar
B Ready-mixed concrete pouring

{fiGasing tube pull-out

®Sediment reburials

F405




(M356)agitator truck

(M356) agitator truck

ready-mixed concrete truck




(M357)attachment

attachment

(M357) attachment

Grane

clamshel |

rﬂijiji§h excavator
v
£y L

drag line

backhoe

E241




(M358)winch

(M358)winch

axle of drop hammer

pul ley
%
:!% Fg,l'ﬁh‘d}nd low winch
77 A T T
pi
Piling
v F311

F359




(M359)guy derrick crane

(M359) guy derrick crane

guy derrick crane

Fixed swivel crane that can rotate 360 degrees
Steel frame assembly work

port cargo handl ing

Feserve rope

é:ﬁj trestle

T 0




(M360)tilting mixer

(M360)tilting mixer

tilting mixer
gravity stirrer mixer

mixing drums

main frame electric motor

Gravity agitator mixer
G1279




(M361)wooden winch

wooden winch
human power

fixed rope

(M361) wooden winch

axial column

*\

rotating handle

7 \\/\“'WE pul ling direction

s

x}f I/

wire rope




(M362)kazusa dig well

wheeled

(M362) kazusa dig well

drilling pipe

:: //; bit




(M363)crawler drill

crawler drill
drilling for blasting
drilling machine

(M363) crawler drill

Drill

crawler track

Ao




(M364)Cable crane

(M364) Cable crane




(M365)Cable crane

(M365) Cable crane

Bridge
Steel bridge erection

Scope of application - wide
- Long span

3)Cable erection construction method
Diagonal hanging cable construction method

Disadvantage é%;§/ o [ A
- Difficult to adjust camb /§§? /422€3\RHE /fff//

- Temporary equipment - large

- Difficulty in erection

- Gonstruction period - long
advantage

- Stress—free erection
- Scaffolding —-not required

Good -the val

§|||||||||

diagonal cable

L=l




(M366)Concrete bucket

Jinne=s

(M366) Concrete bucket

concrete bucket

open bottom bucket
vertical drop

material segregation- less
concrete dam

(1322




(M367)Concrete spraying

(M367) Concrete spraying

lifel ine

weathered rock

wire mesh

T,

P
v

C1324




(M368)Conveyor

(M368) Conveyor

rubber belt

Belt conveyor

T)Continuous transport equipment

61329




(M369)Crusher

(M369) Crusher

Crusher

rock—-crushing machine-crusher

—__crusher

\Q§>

o

%
0258
3@%"%

crusher

61330




(M370)axial flow pump

(M370) axial

water

guide feather

flow pump

Elegctric motor

W e e e e W e e e

impel ler

axial flow pump




(M371)jib

crane

jib crane

 Erection machinery

(M371) jib crane

» Disassembly/assembly — Easy

- Handling — Easy
» Inexpensive

* Qccupied area — small
* Dam concrete placement
- Bank protection work

- Concrete block installation

|

—

%

R

P

PR

D189




(M372)dredging(Pump dredger)

(M372)dredging (Pump dredger)

dredging
d)Pump dredger
Suction up dirt etec. with a pump
Digging soil involves transportation and disposal work
working dredger

S |

[[]
[T

|

R376




(M373)dredging(Bucket dredger)

(M373) dredging (Bucket dredger)
dredging

Digging soil

involves transportation and disposal work
* Involves transportation and disposal work
working dredger

@ Bucket dredger

Illq:]

Excavating earth and sand uun;inﬁ

ously with a bucket

|||{]

K

s 3

S ATTTTE LSS

|Wﬂ

R377




(M374)dredging(Grab dredger)

(M374)dredging (Grab dredger)

dredging
Digging soil involves transportation and disposal work
* Involves transportation and disposal work rjgé;%;%j
working dredger Qﬁﬁ
@ Dipper dredger S
Excavating hard soil with a dipper %115

o o R
i OO=0g ; e

Dipper dredger

R379




(M375)dredging(Dipper dredger)

(M375)dredging (Dipper dredger)
dredging

Digging soil involves transportation and disposal work FR——
i . oo ST
* Involves transportation and disposal work OoO=n ! o,

working dredger

@ Dipper dredger

Excavating hard soil with a dipper

oo
_ O=n0

i e e e e o e

Dipper dredger
R379




(M376)jaw crusher

moving teeth
block of Stnqexx
fixed teeth ‘

e

(M376) jaw crusher

thelt

Electric motor

jaw crusher
daggregate production plant
]

L)

aggregate production plant

&4}@}@1}@'5}

5 it
) & i
80 %r"-_ﬁu@ oversize
-&,“N}:. ' 125 l,
T {50~
Eae ® 100 %
40
—  ® 5 Y
®
STOGRYAar v =
5o ADE 90520 l
A= T> o2 o A
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Jaw crusher
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one crusher
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@ Super fine crusher
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(M377)excavator

excavator

(M377 Jexcavator

baom

Turntable

Travel eguipment
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pawer shovel

dipper




(M378)shovel-type excavator

(M378) shove |-type excavator

crane

3)clamshel |

1)Power shovel

excavator
d)drag line
@backhoe
(M378)shovel-type excavator
Shovel type excavator
attachment digging power drilling location Accuracy underwater
(MDPower shovel big expensive high Not possible
(@Backhoe big low high Possible
@Clamshell small high low deep middle Possible
@Drag line small wide low small Possible




(M379)vibrating roller

vibrating roller
roller’ s own weight

roller’ s own weight

(M379)vibrating roller
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_ safe behavior

%

7




(M380)scraper

(M380) scraper

scraper

Excavation, loading. transportation. leveling
Gonsistent work

garthmoving machinery

transportation )
. . Everyone s wishes"
level ing(spreading)

Right and left okay!

g§;f Front and back are good!
> 7
‘=@,—-’f@/¢"

@) Excavation/loading 2 Transportation

3 Unrolling

E307




(M381)Cement gun

(M381) Cement gun

,} -------- so--gement..gun .
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G fo TR R .. weathered rock

wire mesh
ﬂ'““ﬁm~fﬁu,{; s §f"4_ Cut surface slope protection work

Injection by compressed air pressure
concrete
sand/cement;

air compre§sor i
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pressure iwater

water / | G1357




(M382)soil stabilizer

(M382)soi |l stabilizer

soil stabilizer
crush the soil
Additives: aggregate, sand, cement, asphalt, resin, lime
Uniform mixing and compaction




(M383)sounding machine
sounding machine
Water depth measurement

(M383 Jsounding machine
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(M384)Tire dozer

(M384)Tire dozer

tractor
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W]

earthwork board
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~— rubber tire

Tire dozer
Speed 30km/h
Driving - easy
Soft ground - unsuitahble
Work speed - fast

bpproximately 100m range for remowval

Xi:
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(M385)Tire roller

Tire roller

(M385)Tire roller

3-9: Large low pressure tyres

Soi | /asphalt compaction

7

G1362




(M386)Tandem roller

(M386) Tandem rol ler

IR E PP eh

tandem roller
front/rear wheels
one iron wheel
asphalt/surface layer - flat
iron wheel roller

two—wheel two-wheel type

G1366




(M387)dumper

dumper
Sediment transport machine

(M387) dumper

E331




(M388)tamping roller

(M388) tamping roller

tamping roller

Numerous protrusions on iron phosphorus

tractor
tamping roller

Gompaction of hard clay soil

Gompact the inside of the clayey soi

Tamping roller

layer

E314




(M389)dipper dredger

(M389)dipper dredger

dipper dredger
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iwire rope

Vv dida

. boom

Boiler qum : ;
R i) dipper arm
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4% pontp

power (3

spud % winding machine
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underwater dipper dredger
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(M390)derrick crane

derrick crane

(M390)derrick crane

rape fixed pul ley
Fd
et BN
block
movable pul ley
boom
FESEFVE rope
i Wind up with a winch
=5 bull wheel

guideric




(M391)tower crane

(M391) tower crane

tower crane

mast

hook &

WAAXY AN




(M392)tractor

(M392) tractor

tractor
crawler type

tire type
internal combustion engine

caterpillar type

il
Jigc 2o

Crawler twpe tractor excavator tractor excavator

E291 E292




(M393)truck-crane

(M393)

truck crane

Front and back are good!

crane engine

truck-crane

telescopic jib

pul ley
hook

| (—— )
Qutrigger
safety rifentinn device EE%?f:jz;i?\____ﬁgf_“fzziifzs\__J




(M394)trailer

Trailer

(M394) trailer

Tractor section

pin hinge

L

Length 18m
34t or less

Trolley part

O—_O

©

Full Trailer

Tractor section

pin hinge

i

Length 16. 5m
341t or less

Trolley part

@)

N

Self-supporting training wheels Semi-trailer

i




(M395)bucket elevator

(M395) bucket elevator

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

bucket elevator

V22
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Goncrete/asphalt plant
Electric motor

¥ Outlet = =
M ¥
""""""""""" L3, el 1 [sfuaial |
70 7
Goncrete batching and mixing plant G1031

..huuke:

GConvey aggregate to the top ,_fo_/;_/:
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Asphalt plant K80




(M396)edge cutting pipe jacking

(M396) edge cutting pipe jacking

edge cutting pipe jacking
Press—-fit with hydraulic jack gsantry crane
manual excavation
laying pipes

I T . I 0T T T T T T T T T T T T T T T 1

7 7 T,

standing pile

Uperation board
Hydraulic pump |

1

I
.-/"

-bearing wall

blade mouth ;
jack stand

7




(M397)Batcher plant

(M397)Batcher plant

4‘\ Batcher plant
|

Weigh automatically

Mixing

Fresh concrete

Sk MGravel
O ?i; 2 Gement
4%
x 3)Sand

ol

\r{%r . @)Storage bin
Pty BWeighing device
€) ®Col lecting hopper

TMixer
@Concrete hopper
9Bucket agitator

G13738




(M398)trailer

trailer

(M398)trailer

{TrSemi-trailer
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Efull trailer
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(M399)hammer drill

hammer dril |
concrete breaker
concrete orusher

bedrock excavatian

(M399) hammer drill

AT T T g [T

concrete hreaker

Powered by compressed air

reciprocate the pistaon




(M400)Shot crete

(M400) Shot crete

tunnel
slope surface-stable
spraying
slope protection work
excavation surface

cement + sand+water

MWet type 2 Dry type
spraying - Perpendicular to face cover for long distance transport
a lot of bounce

(1384




(M401)Bulldozer

(M401)Bul Idozer
bulldozer
=3 =
g RS Tk Y S TN
earthwork board
1)Earth and sand excavation 7Dozing

@2)Short-distance transportation
3)Spread evenly

@lLand leveling

B)Compaction

©Deforestation

@8)Snow removal

Q) Tire type / crawler type

(1386




(M402)frog rammer

(M402) frog rammer

Frog Rammer
earth dam construction
Compaction over a wide area

large rammer Tl

Frog Rammer

Uniform type Surface impermeable wall type artificial material core

R591 R592 R593




(M403)hopper

C13/8

(M403) hopper

Batcher plant

Weigh automatically

Mixing

Fresh concrete
(DGrave |
@Cement
(DSand
@Storage bin
Sieighing device
®Collecting hopper
OMixer
@Concrete hopper
@Bucket agitator

storage bin

grave |
cement
. Faline
o R LT
’.
hopper Y
[ ]
[ ]
-a®

batching plant




(M404)suction dredger(pump dredger)

(M404) suction dredger (pump dredger)

suction dredger (pump dredger)

A

-

o P M.
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5 winch
pump
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(M405)Tractor excavator(attachment)

(M405) Tractor excavator (attachment)

Tractor excavator (attachment)

loading bucket

il |
VG

Crawler type tractor excavator tractor excavator

ol

E291 E292

d)Standard bucket @ %lag bucket

For standard work For slag treatment in ironworks




(M406)Tractor excavator(attachment)

(M406)Tractor excavator{attachment)

Tractar excavator attachment
loading hucket

|

e ZZ5)

DI S

Crawler type tractor excavator tractor excavatoar

EZ2H1 E292

@Side dump bucket

i bucket that can also dump to the left @Rock bucket: Bucket for rocks
and right sides of the wehicle.




(M407)russel snow plough

(M407) russel snow plough

russel snow plough

Locomotive

snow removal plow




(M408)rammer

(M408) rammer

rammer
impact
compact the soil

narrow place I ; ]
Own weight (60-100kg)

Impact number: 50-60 times/min

gasoline engine

Rammer
E359




(M409)crawler

(M409) crawler

crawler
Features
Ground pressure — smal l
soft ground
steep slope
uneven ground
snow work

Working speed - slow
a lot of wear and tear on the tracks

Crawler type

M11

M12




(M410)ripper

ripper
medium hard rock
excavation

attachment

operator
hydraulic ripper
Dead weighzrand pulling power

continuous drilling

(M410)r ipper

ripper

S

S S ST

Bedrock

Rake dozer

E304

E349




(M411)ripper(rippability)

rippabil ity

(M411) ripper (rippability)

Large bulldozer installed
Ease of rock excavation

ripper

/ /JBedrock / /

(

M37 M181

(M411)ripper(rippability)

ripability

Large bulldozer installed

ripability

Elastic wave velocit

of the ground (m/sec)

A group of rocks B group of rocks 21t class |31t class
600below 900below 3 3
Number of claws  |600-1000 900-1400 2 3
21t class 1000-1400 1400-1800 1 2
31t class 1400—1700 1800-2100 1




(M412)mixing work on the way

(M412)mixing work on the way

mixing work on the way
roadbed material
asphalt mixture
Directly on the roadbed - Mixing - Gompaction

plant mix

M
"{QIIJIH.-.

re I <=

Z

lant % + il o :
P truck transportation road mixing Gravity of rollers. etc

Roadbed/base layer
Aggregate/asphalt (heated)

material




(M413)Tractor excavator(attachment)

(M413) Tractor excavator (attachment)

Tractor excavator attachment
loading bucket

“ = mq_mA;-‘ /
L A
e O ZZZ 6y
RS i

Grawler type tractor excavator tractor excavator
E291 E252

®MWulti-purpose bucket: For general work: dossing. ®Skeleton bucket: Gan excavate large rocks
topsoil stripping. land leveling from loose earth and sand




(M414)clean plant

(M414)Clean plant

Clean plant
mass concrete
Suppression of temperature rise

1)Agegregate cooling
@Mixing water cooling: Pre-cooling
3)Pipe cooling

G1017




(M415)Cable crane

—hE

fixed tower

(M415) Cable crane

G1019




(M416)Concrete batching and mixing plant

(M416) Concrete batching and mixing plant

aggregate bin aggregate belt conveyor

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

bucket elevator

.« cement chute
5%

F— T ——

4 cement silo

ijgjéﬁg |nnut sheet ] =
ﬂuntrul rDuT_ :EZ;

FDrced kneading mixken f

|.Cement car reception

727 ///////////'/// 7

concrete thDEr SCrew CDHUE'}’DF G103




(M417)Concrete pump

, /% became easier !

(M417) Concrete pump

[ L]

NS
Pressure-fed to the casting site by a pipe

squeeze type
piston type G1032




(M418)Wet-type shot crete

(M418)Wet-type shot crete

S =S R s (VBN fpeed W J ................. ‘ ............................ 1
- o @ ; ?
4) @
b - LSRRI .
M)fine aggregate Ticoncrete spraying machine
@)coarse aggregate ®accelerating agent
3cement @Qmaterial hose—nozzle
dwater ilcompressor
Bmixer iInjection by compressed air
©agitator pressure (5-Tkg/cm2)

iPnozzle 61035




(M419)fixed jib crane

fixed jib crane

\

(M419)fixed jib crane

mast

D

="

bunker line

/

AR

%

climbing crane

¢1036




(M420)Shield tunnel

(M420)Shield tunnel

elevator tower

sand hnppermhmqﬂm

]

\R\\ [T

;?, segment
'\\N -
;ﬂf - = —7==-backfill injection equipment
| | EEHE]
shield Eatter car i
y shield tunnel e

steel cylinder: shield




(M421)Vibrating roller

(M421)Vibrating roller

N/

N
7

iron wheel roller

asphalt pavement

fill dam: earthwork ¢1052




(M422)truck mixer

(M422) Truck mixer

gitator truck e




(M423)Internal vibrator

(M423) Internal vibrator

Il

fﬁ Vibrator

&

. 50¢m _
M)Flexible @Built-in direct-coupled motor
5 5 5 G1081




(M424)concrete compaction

(M424) concrete compaction

;ﬂ(ibratﬁr

concrete compaction

bar vibrator

G1102




(M425)breaker

(M425)Breaker
[ | |:H I ]

concrete and rock crushing
electric hammer
working time restrictions

G1133




(M426)Tractor excavator(attachment)

(M426) Tractor excavator (attachment)

Tractor excavator attachment

loading bucket

L
e LT
AWl avavar e

L R i S,

FEFE =y
ST )

T

\ B NI

E291

T fork: Fork for handling wood

|
o225\

tractor excavator
E292

@& Dump bucket on both sides: Rib bucket




(M427)Tractor excavator(attachment)

(M427) Tractor excavator (attachment)

Tractor excavator attachment

lpading bucket

1]

Crawler type ftractor excavator tractor excavator
E292

E291

@@Top clamp: Attached to log fork ramp fork:
@Log fork: Fork for handling logs Push the load in from the top and secure it




