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Fig.1.2 Collision of Water Jet with Solid Wall
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Fig.1.4 Schmatic Diagram of Jet Grouting by Single Jet”
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Fig.1.8 Schematic Diagram of JACSMAN Method
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Radial direction of water jet

Image of water jet

Fig.2.13 (a) Recorded Image by Laser Schlieren Method (150 mm Downward from the
Nozzle, Outlet Pressure of Nozzle 5 MPa)

Radial direction of water jet

Image of water jet

Fig.2.13 (b) Recorded Image by Laser Schlieren Method (67 mm Downward from the
Nozzle, Outlet Pressure of Nozzle 10 MPa)
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Nomenclature
A coefficient
B exponent
D nozzle diameter  [m]
D diffusion coefficient of turbulent energy [m?/s]
Dp  diffusion coefficient of droplet ~ [m?s]
k turbulent kineticenergy  [m?/s?]
I+ mixing length[m]
r radial distance  [m]

ur radial velocity [m/s]
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u; axial velocity [m/s]

Ut terminal velocity of droplet [m/s]
z axial distance [m]

ag liquid volume fraction

& diffusion coefficient of momentum  [m?/s]
pom densityofjet  [Kg/m?]

oo densityofair  [Kg/m?]

pw density of water [Kg/m?]

o surface tension [N/m]

v shear stress at jet boundary  [N/m?]
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Fig.3. 1 Photograph of High-Speed Water Jet Utilized Soil Improvement
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Fig.3.10 Comparison between Experiment and Analysis of Velocity Distribution,
1 MPa, z/D=400
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Fig.3.11 Comparison between Experiment and Analysis of Velocity Distribution,
1 MPa, z/D=600
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Fig.3.12 Comparison between Experiment and Analysis of Velocity Distribution,
5 MPa, z/D=100
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Fig.3.13 Comparison between Experiment and Analysis of Velocity Distribution,
5 MPa, z/D=200
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Fig.3.14 Comparison between Experiment and Analysis of Velocity Distribution,
5 MPa, z/D=300
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Fig.3.15 Comparison between Experiment and Analysis of Velocity Distribution,
5 MPa, z/D=400
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Fig.3.16 Comparison between Experiment and Analysis of Velocity Distribution,
5 MPa, z/D=600
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Fig.3.17 Comparison between Experiment and Analysis of Velocity Distribution,
10 MPa, z/D=100
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Fig.3.18 Comparison between Experiment and Analysis of Velocity Distribution,
10 MPa, z/D=200
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Fig.3.19 Comparison between Experiment and Analysis of Velocity Distribution,
10 MPa, z/D=300
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Fig.3.20 Comparison between Experiment and Analysis of Velocity Distribution,
10 MPa, z/D=400
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Fig.3.21 Comparison between Experiment and Analysis of Velocity Distribution,
10 MPa, z/D=600
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Fig.3.22 Comparison between Experiment and Analysis of Velocity Distribution,
20 MPa, z/D=200
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Fig.3.23 Comparison between Experiment and Analysis of Velocity Distribution,
20 MPa, z/D=400

3. 5 BHHIZ

UL EARGRUZ BN TIE, EARER OBz W THR S B HICHW S L TW
HEE, BEOUF—4 =y OV hEEIT DR E S5 AR DI &2 1T
WEBRRER LB L7z, @l T 4+ — % — Y =y b TIEmEERITEZR TH Y
Tz bOWH L BEANBBEITRE > TV LD EREL, S Mt E—o
DIREME BT L TREMET VAN L. SV =y RRERIZR-T
WD AT & KA O FEEHENE LN E B L, WEET V& HW
7.

BIEWRET M-S, BE&REFOX, HEHERFOX, it x—f

DO ) ZVH B ORE A, SLITEHE A2 BN Y = v MMEER TOREE

70



BN EERFME LTHEZA TS ZEICLs T+ —4—TV v FDJ X)L
A6 ORFEREC I DI . BRI A AR T2, T &I
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THZZZLIZED, KX TOFTRTORMIZIUTERE R 2 TRATF

IZTHITE2 Z &R ani.

Nomenclature
C coefficient
D  nozzlediameter [m]
Dk diffusion coefficient of turbulent energy [m%s]
Dy  diffusion coefficient of droplet ~ [m?/s]
k turbulent kinetic energy [m?/s?]

I+ mixing length [m]

r radial distance [m]

R jet radius [m]

Ur radial velocity [m/s]

Us axial velocity [m/s]

Um  averaged axial velocity [m/s]

Ur  terminal velocity of droplet [m/s]
v’ terminal velocity  [m/s]

z axial distance [m]

ag liquid volume fraction

& diffusion coefficient of momentum  [m?/s]
pom densityofjet  [Ko/m¥]

pn densityofair  [Kg/m¥]

pw density of water [Kg/m]

G surface tension [N/m]

zw shear stress at jet boundary  [N/m?]
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H ML BAROM TR L 725 Z L I3k bl d> 7=, —J, Fig4.l
(RT LIS, KL CTRET 2R RAEZ HWILUTFRIZ 3.6 m & 2 5
(2720, £, lx OURIKOHOBEIEDEAGIT/NE ¥ —RBERE 2R HOUR
ENERTE D, £, ABEOMBS 2 ERE LR LD, KL a X
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Fig.4.1 Circular Column and Rectangular-Like Column
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REL D, ZOZEERWDE, Y=y hORESHE 2 [FER4 1205 U T2k
L LITRY, HELEDIEA R OUWRIROERNS FTREL 725 .
A, AP 0BT DR Z w(F)E L, [EHREED o OREOIRAIO B2
L)% L, BHRRE 2 2840 S TR L 72t RIRD 4 (07> & o R
RC(FRATRIND.

RC(O)=L(w(0)) (4.1)

Figd42 |3 Lo Rl a, 0 b OFEFRITA2)RD X O i cERIND.
Fig.4.2 OF A OF F13(4.2)D d DFEPHICHIET D, L)Y = v %
EORHE & HAEDRHENDIRE SN D &, 42)XNETT2T X 972 o 0)BRIE S
h, HEOLRENPERTE 5.

@0<6<tan'(b/a)

-2

@ tan(b/a)<6<n—tan(b/a)
RC(@):M
sin©
@ n—-tan(b/a)<B<n+tan(b/a) (4.2)

@ n+tan(b/a)<B6<2n—-tan(b/a)

@ 2n—tan(b/a)<0<2n
Rc(e)ZM
cos 6
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Fig.4.2 Ideal Rectangular-Like Column

EEDOIAR DL BARIZ DN T S Z DO IIR % (4.2)2ND X 912 RC( 4)DBE%L
THL, G.DHRUTE-oTw(d) ZRETNRERTDHZENARETHD. 7272
L, RC(O)YDEHRIE(RC( 0 )max) I FIEEN FTHE 72 BEBE(Lmax) & 0 B/ S < AT U7

B 72U (4.3)30).

RC(O)|, <L (4.3)

max
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Large Large

Fig.4.3 Approximate Method for Creating Rectangular-Like Column

FRE O FED 40 FEE TIREEE AR L, REQR¥EE » TUHIT 5. 20
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5. FITAEN 60 G 120 B X ClEminEE 2 KE L TN mn T

BIHIT 5. O rn I TEREOELON3IZELLT 5. Thbb
ri=b/2 (4.5)
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79



XA E 2 e/ &35, 180 JEANS 360 £ T 0 A S 180 B T L [REEIC

AR E 2L 2 5D, 2> TC, Fig4d3 ([t X 9o R tiy 2 Bk BARD
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Fig.4.4 Machine for Constructing Rectangular Columns
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Fig.4.7 Quality of Soil And Depth of Column
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Fig.4.8 Procedure of Constructing Rectangular Columns
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Fig.4.9 Appearance of Rectangular-Like Column (Switching of Rotating Speed 4-R in

Fig.4.6)
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Fig.4.10 Appearance of Rectangular-Like Column (Switching of Rotating Speed 5-R in

Fig.4.6)

Table 4.1 Specification of Jet in Constructing Rectangular Columns 4-R and 5-R

First Jetting ] Second Jetting

Flowrate (¢/min.) 320
Air Pressure (MPa) 1.05
Rotating Rate (rpm) 2.2~20.0

51 LR (min./m) 8.9 6.1
Volume Fraction of 259(Average)

o . 162(2.3m Dia.), 171(2.8m Dia.),
Solidifying Material (C/V) 307(4.0m Dia.)
(kg/m?)
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Table 4.2. Construction Time And Volume of Cement Milk

Depth (m)

casc

Construction
Time (min.)

4R

40.1

5-R

42.5
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1.0 L Y8 Y
SR
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4. 5 BbOIZ

Lhb, REIZBOWTIELED Y = v MEFHE 2 AV CHER G B GRS
HIFESNWTZDOREARE L, Thi EEOMBEICHEHET 2 ERE21T-> TE
AE L7 RIS OV TG LTz,

IS BAOERIT, Y=y MEFHEEORRREZ LS ED 2 LTk
ARETHL a2 L. ZhicikSE, EEOERUBREKEELSE,
RIS HIEARE LT, 2, 3 FEOBERHEEZ IV R 52 2128 b,
TR RS B IRZED b O THD. £z, BBEOY = v FNEKERE O [RR
HWEOY) Y 2 OB A BOIEREE 2 AW TREEICTHIIL, EEOERUE
HREERT DHEOU 0 BEX HEERE L. ZOFEZEREOMBIZEA L
S BIRZER LTz, B 6N BRI, Figd.9, Figd. 10 O X 9 72408 &
720, FOEBFERIT Figd 11 O X 912 o 7z, SEREER B EE O WrmifE 2 K
W, SERBRIEROWHEE DA RDD & 0898 LipoTe. —JF, HEROMBL
BAKIT Figd.13 O X 9 e 4l & EHME & 72 o 72 RIHE R D ¥ O Wr i % K
W, FEERBIEREDOERDD L 0.790 Loz, ZHUTL Y KGR TRE L
RS BARDERR T IERZ L P OFERNRbDOTHL Z e RS, 0%
B, BRSNS LEHTRECH Y, Ak, FOMAEBAEZIIRL TN ZE
BRI AN TR LD TN EZTH D,

Nomenclature
a length [m]
b exponent [m]

L cutting length by jet [m]
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RC  radius of column [m]

0 angle [rad]
1) rotating speed [rad/s]
S%E Xk

(1) NEAZ, BEHE, ERS, u—4, LR, FWEEsE, EK - Ti—
IR DR IR AR S RT3 2 A IESEGEER (20 1) HARRE K
2 PRI 201401515 1), pp.569-570 FHTIHEIHAE  (2014)

(2) HEHRE, WHIAZ, LmRE, LB, Wz, RaZEk, &Emfe
THEIZ XDk IR R O AL E R TEER (20 1), AARIEPRRS
GIra) FIEEANSE  (2014)

(3) DR —, TR, WREE T OBRIL R A AIHEZ Curvex L%, A FIAd
EHIE  (2017)

(4) LR, EEMESEE TS, HA T 5438 Vol.62, No.8, Ser.No679  (2016)
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PR O M AR UE 12 L DR ZE DO FZE AR T H(BCP )RS SEMEL L T D
FEAIT AV E CIRALE M THEBRIC LV @ BN R LA 2l 7ok iR i ok
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STFEBRTHY, MIBRIZKEARZIEY H L THIZEL, Z0R%ZFER LR R
ZRLIZbDOTHD.

LU S, BEFE O R, BRIKIR LHEIC BV T L&ICW R
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SNTWVOINEMHRT DI e, MEZEMEOBLAN OO TEETHD.
REIZBONTIE, ATEOERGREOERIEZEERE T T, i LEZICKR
REIRY HESPICEORZMHRT D ITEOHBE LT, TORIMWEEZHER LT
FERIZOWTHRET 5. EBEOM T~O@MAMEEZZE L T 20O EEHR L
7o, —OIRRENEC L 2UREEOREFETHY, bIH)—DFAV=2—T
AT T g o 7H B (LLTSWS EIET) ICEHHESETHD. WTHL
DIHELR BB GHACHITE 2 2R L. £, ERLIEMEK
DaATER—=Y L VERL, £O—liiiE L zDIE5>E OREEIT-
TeERIZONT LG T 5.

Fig.5.1 Appearance of Rectangular-Like Column (Switching of Rotating Speed 4-R in

Fig.5.6)
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BRI OME S b N LB BVAEIZ L 0 {55 TL D72 0iREIL E5
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Fig.5.3 Schematic Representation of Temperature Variation in Jet Grout Column
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Fig.5.4 Thermocouples Locations and Measured radii of Jet Grout Column 4-R
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Fig.5.5 Temperature Variation Measure by thermocouples at the Locations of Fig.5.4
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Fig.5.6 Thermocouples Locations and Measured radii of Jet Grout Column 1-C
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Fig.5.7 Temperature Variation Measure by thermocouples at the Locations of Fig.5.6
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Ngys = 0.002W, s +0.067Ngys (5.2)
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Fig.5.8 Schematic Representation of SWS Test
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Fig.5.9 Photograph of SWS Test
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Fig.5.10 Locations of SWS Test and Radius Measurement of Jet Grout Column 3-R
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Fig.5.12 Points of Sampling Cores

Fig.5.13 33 X OF Table5. 1 (245 2k BARO — il EAfERERFE R4 7R3, HAREE L
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e Lz, SEBEMTREIL 1-C MR bREL, 3R BREb/NEroTc. FW
BARD B BN &I 250~260 kg/m® FREE LR —ICREL TWDH 2 Lnb, FE
BROHKR () [ UT, mECERECEbOEEXOND. 22T, R
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Z 2T qu FHIOERMETRE, s ZZOFEREETHL. —F, BEOEXLOE
IZOWT, SR OEEREIL 3-R 28 26.5%, 4-R 2832.8% L7210, 1RO 1-
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R 4,613 kN/m? L7e->ThY, 0L EDOBMIRMEDEWIZEE L
1,600 kN/m? FREDZENAE U, —F, BLH - Bl & A UM EAR Cilpk L7
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BN & R oOZFTEMAREOZEICK LTRSS DM N R bz, BEtRik
TIL 2 DOHMOEMETRER R A2 BMICE D756 703 52.4% Th > 7 DITxt
L, 4R OERAMED 32.8% (Table5. 1) THY, MEDX LD XIS
TWe., ZOZ bR E KD OBEM I ED B EA L S 7o vREMEN S 2
HID. IO ERHOECMEMEDEEIZONWT, XY EEICRFTT 572
¥, 4-R OEFE RIS HH50 & Rill OV e AN & & EAEREE # R
DOBEIREEEH LTz, b b OFERE & JEAMRE OBAfR % Fig.5.16 1[ZR~-7. 72

B, KULBEKROaTIX, Figs5.12 OFERP LB EICIA, £iJ 0.29r (51
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0.5r FH2Y) M OREHEE LV AMAl 1.1r~1.3r DALE HERE L 7= (Fig.5.15). JEHs
BREEIT, RO A2 DIE SN0, BOARED LTRY, Ful
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Fig.5.13 Results of Unconfined Compression Test

TableS. 1 Results of Unconfined Compression Test

1-C - SR - AR 6-C 7-C
S side L side Whole S side L side Whole

Number of

31 29 34 63 28 27 55 35 35
core samples

Average compressive

- 4662 2798 | 3344 3002| 3023| 4613| 3803| 2362| 5969
strength qu (KN/m")

Standard deviation 1.233 581 913 819 869 1.054 1.248 595 1.623

Coefficient of

. 264 20.8 27.3 26.5 28.8 228 328 524
variation V; (%) ’

Radius rati
adms rato - 1.10 1.40 1.52 1.46 1.42 1.44 1.43
(Measured/Designed)

CIV (kg/m?) 254 179 273 247 162 307 259
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Fig.5.14 Homogenization of Strength
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Nomenclature
nsws Rotation of SW [1/m]
Nsws Reduced Value of SWS  [-]
g Average compressive strength [kN/m?]
S Standard deviation of compressive strength [kN/m?]
r Radius [m]
Wsws Load of SWS [kN/m?]

X Acceptance value of compressive strength [kN/m?]

S5 Xk
() NEAEZ, BEHRE, L&, a4, LR, FEE=E, - T
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