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4. Deep-Lime-Mixing Method for Soil Stabilization (Second Report)

Tatsuro OKUMURA *
Masaaki TERASHI**
Tsukasa MITSUMOTO**
Tadahiro SAKAT***
Tomio YOSHIDA **

Synopsis

In the first report, the authors summarized the basic mechanism of the chemical
reaction between lime and soil, and also described the possibility of the Deep-Lime-Mixing
(D.L.M.) method for soil stabilization to apply for the weak clay in the works at land.

Their concern, however, is concentrated mainly upon harbour constructions. So they
executed the experiment work of D.L.M. method on the sea. The purposes of the experiment
were the development of the new D.L.M. machine (niodel—B) for marine works considering
the defects of the previous model-2, and the investigation of stabilizing effects under the
different environment from that encountered in the works at land.

During the experiment, model-3 worked quite well with one exception : at the beginning
of the experiment, the lime surface gage was broken and so the uniform supply could
not achieved perfectly. Refering to the stabilizing effects, although the clay of the site
had relatively low lime-reactivity, D.L.M. method could attain a large strength increase,
compared with the conventional soil stabilization method. In the cases of higher mixing
condition, the cone -resistance of the order of 10kg/cm? was easily attained in a few
weeks.

In conclusion,” D.L.M. method is consxdered to have a great possibility of the practical
use also in marine works. .

* Chief of Soil Stabilization Laboratory, Soils Division
*k Member of Soil Stabilization Laboratory, Soils Division
*k* Niigata Design and Investigation Office, First District Port Construction Bureau
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BIRC X 5 FEFRAMAIE (528

#£3 % B £ &

A K IRRHE
y -2 %J%Jf?ﬁf? Eg&%ggi@fc;l‘g& 5 %
(m/min) (%) (m) (m)
6 0.55 | 15.2 | 4.35 | —=5.30 | S-1
7 0.55 | 13.4 | 4.40 | —5.35| S-1
8 0.57 | 14.4 | 4.60 | -5.55| S-1
9 0.56 | 14.8 | 4.50 | —5.45| S-1
10 0.59 | 15.2 | 4.43 | —5.38| S-1
12 1.04 | 15.8 | 4.34 | —=5.29| S-1
14 110 | 12.3 | 4.65 | —5.60| S-3
15 1.09 | 13.0 | 4.25 | —=5.20] S-3
16 1.11 | 12.5 | 4.43 | —5.38| S-3
17 1.12 | 11.7 | 4.45 | -5.40| S-3
22 1.07 | 13.4 | 4.48 | —5.43] S-1
23 1.09 | 13.1 | 4.48 | —5.43| S-1
24 1.09 | 13.2 | 4.53 | —5.48| S-1
25 106 | 12.7 | 575 | —6.70| S-1
27 1.12 12.3 | 4.67 | —5. 6? R-1
28 1.08 | 12.0 | 4.67 | —5.62| R-1

29 1.08 12.3 4.63 | ~5.58 | R-1
30 1.07 11.9 4.72 | —5.67 | R-1
33 0.56 12.6 4.67 | —=5.62| R-1
34 0.56 12.5 4.62 | —5.57 | R-1
35 0.56 12.7 5.38 | —6.33| R-1
36 0.56 13.0 5.33 | —6.28| R-1
37 1.07 12.6 5.57 | —=6.52 | R-3 .
38 1.09 12.4 525 | —6.20| R-3
39 1.09 11.8 525 | —6.20| R-3
40 1.10 12.7 4.91 | —5.86 | R-3

RE OFEHAEEE T BB O CR Do HUHTH Y
— X — O L ¥ & OMAIL, BRERORE L 5
T +15cm BEDTLL, 1.8~2.1m Th - %o HEAT
BEOKER K, FHTRBEOMENE L. RBBKRE
BE, MBRIERGRCETAIEI CHvIhs )
HREERL Y — X A2 oOMEDR r — 2Bk
Lic (B-11), v — & —ZEK & 45 & ORIED P
LOSmAAVaZ ticd - T, BEH»SOHBHEKE
B (11.5-D-h-1.95)m & LTRDOIB, T, &
BOYURBEXITHE LE %B5em #4»T, H=11.5-k
-D-2.9 r@Edich b, FIBERLED 95cm+15ecm
EfhLie LirL, HREXZOLOREHTrRLE
BIRICIURE LTV 2 2 b LI IEREC 51 b h B o A
[REAR aw X, $HARIKE: Wekg, 1EOAHI X 5
PIRIRT As(2.0m2), PSS KLTHEE @:i(=170%),
By LT G(2.76), HBREE Hm 25

W 100+@:G;s .,
“”=ﬁ_rwG,A, (%) (2)
TEHE IR, MBEOR, Sixs«RERHR, SR
¥R (R-2) £#3%kL, 1, 3344+ 1ENE, 3ERH:

ZERT D,
Q¢ (kg/ecm?)
20

R E (m)
o

No.23
v=1.09m/min
5 Tw=13.1%
ERST, ) BiRe
Tc=21days

B-12 RRBHERE)

qc (kg/cm?)
20
No.i2
Vv =104 m/min
S Gw=158 %
TT80T), 1 E%
Tc =58 doys
6%
) .
%
Yas

12 R RBEER0)
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qc (kg/cm?)

o 10 qc (kg /cm?2)
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______ x>
w3y e e
. X
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4k
: o. 1S ) o.
¥ v=1.09m/min j/’)?osem/min
Sbk aw =130% 5| aw=127%
b3 HAT, 3EHRE REVY, 1| EHE
>'.; Tc=22days ‘ Tc=56days
%
6p% 61
&
%
X
7 T 7t

B-12 HBABHEFC) Bl-12 HEABHERe)

qc(kg/cm?) . qc (kg /cm?)
OO 10 20 30 40 |P 2|0
No.16 No.2

3 v=111m/min _\_/=I_08m/mm
S i aw=125% @ Qe 120% e

X EEF), 3EHR =19

b Tc=57days _ Tc=19days

iy ~— Ndfl & ) R%
6 (Tc=62days) &

%

&
7r / 7r

B-12 ARBHERG

E-12 HERBHERE)
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" qc (kg/cm2)
0% LA 20
| &

2
g
M 3 - =
B¢

No.29

v=1.08m/ min
aw=123%
REVT, 1 e
Tc=57doys

7 I
12 R RERFES(R)
Qc (kg/ cm?)
OO Ip 29 39
g
B¢ / Scale Out
o -
/
r'e
5 L
No. 38
6k v=1.09m/ min
aw=12.4%
REYT, 3ERP
Tc=20 doys
——Ndffi & ) RH
Tr -(Te=20doys)

B-12 g3 RS Hin)
REMBOFEIETY » Tit, HIRO—Hile i8R
Ehd, SEIBEKEY - CxFIFA LT, —Hlitds
TERTB2FETh 7o LD L, RRBIRERCY -2
DR Lichedd, htea 897 4 — X ~EERY—FL
L, KERHIET 5 X 5 wEREE Y J58 LT, HIKE
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Gw=11.8 %
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0 20 Yclkg/em?),q
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v=109m/min
S aw=13. % !
EHAR, | @ i
Tc=21days H
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— W E-121R T BERLT e ETERRL, Bfh=
-vERBRIbBLAL No {Hd g WHBRELTHRL
foo BEFFRAIBIR = — v No {HXEEREBEARBON
B EfiThsD LIhTwanb, TOREIRHE
RIS » ko T icbob, HIHES O KBRHOBICR N/2.72
5qu it X » T Na {H& b —HHEREE ¢« R0, KW
C—HIBIR ¢ =5qu K X » T gc ZRDILRTH %,
—FR B OBRE L A, BBENLE—Y v
e\, No.23 » No.35 o= — vERRKEREH
LAELY FIR Ui, = Datkhy BT AREEKE
wrE R D LPIRED b OESKEEY R X - T, &
A»CEEORKBEERY —IHEET5 2 L btk s,

_ wi—wy .
=T 32w, +32 < 1000%) (3)

HL, BRIBROMIC L 2EGKEEDAEEL D
b D TRE X DERHREEL Tigu,
F—03kx A T{LE0H (EDTA ) %%l
<, thicgEha Catt O&BEd R, WERTHROLE
{bE% CaO B TH L, BEORL: av fHERRDD
hao B-18icit, DiE2HER X 5EED au FHHEE
%, TOWED g fH, WEFTHREKLL R T,
3.3 & =®

1) 3EROBEEOWT

Aw

BETHEOERRCE L TFRILMERON, BE
#ohrhaKent e oRFHUITCERNTHILLL, £0
PRV ERENATARES, HELTAF Y —Remotk
FIRM7 « — X — OBHEXAET 5 HEED 2 JuT, 1
BEYREC UEHEKTIET Az ik X » THK'S
& H sk,

HBEED MR 5B by OB BIL T
11, FEEr+OBEF BRI/ N Do oo d L e
Bichrotee LirL, &0k tOMELRD L2
LOBEY B LDDT -2 B LR st DA
REEOENER, RVRKEORBRTHCTEL LT
Baht,

BHREA OTFHEM L —BE AR T 5 o, SEX
LT3IWPrER L, BERBRER (E-12) ks
No.24~No.27 %5 & LTHEEOPE Wy -2 TR, &
THFEC—RRELRIEL T 5, —7, FFOK
Fuy - A TIRBEMIICR ) SRS, Thi,
ﬁﬁOEﬁESEmBRﬁ“E&Lk%—FK%@LT
wa (@2, £3), LHL, Fifficdimlickfc 3
T4 AT 5B TR ST v ¥ A i
BT, AOMRE CHMAENET D L B LBV,
¥, HBPRCBY OL By —2TRET, Aflici
TRERN2 S5 bbb, K THEL VI BRA
Bohi. BRRIEENTTL 50, ORRERA
DENDZ L EMTHSB. ChHOZ 2 LHRRE
DEFRDAZ Y Fik, BELERBFCAE CREED
HETH T, EEKRBBEYEA LT F
BONEYUTHD LE L bhi, &0k No.27 LI
Dy —ARBELTRAENOBARBEROZ LR LT
Bo SEORRTHECIL, 3HHOEBBRRYEAL T
%0 CREN BB — ISR IR D L E
2 TCIXWThHAd, ;

3 B THD TERE LIEIREY — @, ii0 X 5
CABRABMATE S I L C R AR e 5 e 2O
fed, R 7 4 —F —\EERE—EL LT, KE,»D
DOFECIE U TESELHET 5l nl, Z0HEH
Xb, ¥REEHAOCKRESM (K-12) » 6HEiL T,
FIREEE O—HESTER I hic kT 2t L L,
SEDRBIC & - THBIEORA IERKEE T TFHH
AT G L —4am(W.L. =7m) Th » 1l Zh¥HiE
OARBCEE LIPERAEE G L —1.4m A3
L, BREOHRART X » T, BIKHEEEEHOHEM L Z
LRALNTH B AKEY - P EFfFH ¢, 7
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AR X 2RBAEALETE (B2H)

bAREL A 5,

2) BRIBFERONWT ,
BAEOTLYT o 3ENR LI — %, No. 15,
16, 38, 39Tk A BRIENB L, FE g-=40kg
[em? OFEARBREETIZ, #4210 HodorBALERE
Ligate. 1 EHRHOBETH, No.12, 29, 357 LT
1% 10kg/em? BEOFABH,LB LI T3 (F-12),

FATBIRIE COWBME A 0 50. 25kg/em? (F-5) T

boltltxExbL, HFTHEDTAEILTHRERMM
DEFLNRDE ERHBLME 5T

—7, BRO & 5 CRREREO— R RIEAREL T
bY, Wik X sMBRdcd, bE HFEENGHE
ot 2ddho THEICE LERBRERL b - %o
L L—VEEO R 5 5 RERER (B-12) £ 5 ¥+
5, BABEYRTALDIIIG|& LIEEYEL

LCHRMer RE<T5L0d, Bui|d bTEET

PIRER A LT IR RIBRFOL 5 thb, Chit
i, RERY 2EBRVR3ERLTAZI LEHRETS
ThhHi,
EREARROBED DB ST BERIN L iR
Tho e, FRRESAETIEOHRHODICRRTR
DIHRTH B, ARTE, ERINi ¢ HHiHORE
D aw wHEE L TERRE L AR L ORERINCE]
HERDIO, Thbb, BHAOLMECHM f %, EA
DG L 2 TERbT L, BHOBME 95 L E
MEABRRZ X 5HE ¢(=5¢.) L Offic

g5r=p+(CsICq: (4)
REHBRNSH B, Z e, CRBBPREAMGLEROME
BrFbTHRET, ARRSHEA—LLERRK DR
Bkl R dmme 6D L, BHROEBIES
Nrpm, SRR : Tmin, FIOKE; #, T 1 HKOHE
WAETRT; Acm? ieBiL, 1ECABEIhIREL0E
i Whe e RIEBIT B e Ex bh 3,
B B ROMIRE, BEF MR L o kRO
BRI e ¥ OFHIIREE e BRcBbL 3 FHTH 5,
SEOFEERRTINCE LT, AR TR
TDITRERED av RHEETHLENRSE B, LEFTHED
SKHEL D DHR L aw & ¢ HiL%, BERZX
B RO RSO % Z’ LT b RBHH Cf0—
FEr@wbhisw (A-13), - OEEZEONEL bR
%o BlAW,

D G.L —1~-2m OB THKTEThH - Abr

o

b, ¥ v 7y v/ bERRRE CoMomiy Hv e k
> T, KGHEL TEKEE Db JITE LT fEikAs
H%

i) EREFBIL T, RRRLEIES RN SFTR
FrEAT B, BELEOEKENMEREKTL
IO E LI TWATREMEN S 5,

i) FEC AW EE K 2 Kb ALl U e
Thbdo PHIIHMY L TH B cw, EEOEKELEITEL
{He LTHED T v $hib 5,

DEDExEx 5y, MTTOEKLELr)SRED
ARBEEBYHE L THRVRIEEHRL - 2 &8
B a, i, BETHEOPE R, BHIORE—Y v
TEKREDHERDTHNTH, BAMBLTRES
MERTEKELE LTRERX V2 E X BRETHA 5,

E-13izix, Lrho Ca** Ot SHELERK
BEARGHR Lico K, S OHERCL~S &, qc
fi & OEMO—FA B FEHRIRAIR & g BRI
LRMFCRICMAE v, 2o CEULEED
ERIELE2EBLVIDOTHA S,

HBHED g HAoMERACT, BHEIhABRLY L
ARTLT aw HEETH L DEL SR, Btz
DFHEXYF T, LhL, ZOFEEii: LTHg
EINEEFACHETHY, i aw LHBERIEIHH
R BIRICH D & L HUETH D, HEMEN L0 X 5
BEHACHBRIESRLY BE-T), av LHBBEMN
HABEfR i (B-8) e LC@RTE bk
Thdo EL, WHEOHETHMTIL ¢ SN, FTh
ARG 2 L TELLEKEE LS TH aw i
OHEBRTETHS 5o

o ks, SEOEFELERBTIILTD Y — 212D
WTEBEED aw EXRIER S HEE 5 2 L1k H3kik
Vo T ge HAinSERCHBIDROTE LI
Bofit Hr %Rk, FELLHKBER H L HRKE
AR av (F-3) AV TREOAKESREYME dv,r
(=aw-H[HR) %kD 2, == TE-84a), b) ¥F3
& dw,r THILT 5 EREERRHERE (=5¢.) 2185
hd, ¥, ANBO X 5, FHEE HREES A
BRHRVEL B2, 2.4 TR LAKRCIAETSEN
HOBEA>EFHHEGr KD B, Bic, G.L.0~—1m
OERITLE LTS Th » T, RIXMOMMERINEHIT
L OEEINLARCERTS LD THE0LERD
&L B, '

COXSRLTELhE ¢ & §r ¥R HHELT
RADRLHNT 5. 380 CRR-ETEY ©
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F4 B A& B X K & C
= CylCu
% B % o d N T n A w c 5
= KN B & B OB | 4 140 | 10 1 15 2. 512, 100 —
\ »=0.5m/min | 30 50 8.36 6 600 [12,300 4,08 0.19
3| IERR) ) om/min | 30 50 | 43| 6 | 600 (12,300 | 213 0.10
& b 3@E#HE#| v=1.0m/min | 30 50 | 14.5 6 | 600 (12,700 6.85 0.33
v=0.2m/min | 30 50 | 10 2 140 | 1,100 4.24 0.20
2 24 |1 & | v=05m/mn | 30 5 | 4 2 140 | 1,100 1.70, 0.08
_ v=1.0m/min 30 50 2 2 140 1,100 0.85 0.04
S / "
3 # | v=0.2m/min | 30 50 | 10 6 130 | 1,200 10.8 | 0.52
BL 2 BHoHELT 1 ERER
%5 B & % X % & B
EE A g BN E gs q gslq B
y - = =(grs(g®)
1~2 2~3 3~4 4~5 (kg/cm?) (kg/cm?) (%) « (CiCr)
No.15* # 8. 47 12.2 — — 8.62 34.5 25.0 76.6
v 7.00 18.2 2.03 — 7.18 3L.5 22.8 69.9
No.38* 7% 443 12.3 22.3 12.8 9.63 30.5 31.6 96. 8
No.12 4 7.87 4.65 7.24 — 5.77 49.8 11.6 114
i 7.50 3.04 5.06 — 4.64 49.8 9.32 91.9
No.16* # 12.0 11.9 13.9 10.6 10.2 42.3 24.1 73,9
i 5.3 15.1 5.19 — 7.13 48.0 14.9 45.5
No. 35 A 14.2 11.8 6.35 — 9.53 49.8 19.1 98.5
No.29 4 2.17 1.68 6.23 3.91 2.89 43.8 6.6 65.0
No.39* H 8.68 7.89 15.32 20.5 10.9 33.5 32.5 99.8
* 3@

5%, ARCEHEONARBCAV 2 BHOCED
BET B, 22T, §(CICH ERHLT ¢ #EETS
LESHRBLNG,

2 BHOL R LRTEIOFARB TR, B 13102550
DEFTh » 7085, SEDRER T 60~110 BE O H
1 b FEER85TH B ERBM Do, 20
BE»D 3 BEoBBRHRCET S B LikofEAT
HBEMETAHZ LRV, LirL, 2Bk~
TEEHENEELICZ LALLM THB, T §r @
@ EXT AR, 3EREBOBECIIDLBECE
LTxb, fiE, SKHTCRRKSZBETH- I
BNB BB KE G, 20Oz hbd, BEDRNA

Ll BB Edbh5,
4., #& i

FERAEWBIECHE LI THAOHEAE»HEFTAC
LR AL LESEORBRTHROER, koEHmnEs
hico

D) HETHACHE LR 3B, BREEHRIRE
CHIFIC ST B T L T LTce BIREEED—KEE
B L CREENE S Richt, SBT3 BiEE
TG L COMBEER R85 2 LAk,

i) @i, b VERRCHEORFRL L
Bakvr, BBk kr—2TaFHL
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T, ge=10kg/em? BEOHBENP LR Lico KU
BREEDS gc=0. 25kg/cm? Tho7cZ L H 1 B L TR
iR EEIN ChH Yy, BEBE~O BREMY BRI R
o

i) BADREE L, FEOENARRTEIBET
o teDAt, SENLTFEESS LIt o To DX RS
BRH LR Lictedic, BREEESETEL THHE
Hny itk s R, AEoNELORMENTEL -
borELBRI S,

5 HeENE

SEORRIE, SRR L 3 EREANETIEY,
¥ ETORBHBIEAETHRIED THL & & HFE
BNt &%, AKEHEO—HRENTERS h, 280
DIFRASBT & » TECESRRIE LT, I
X AUBRIRMOTEOEM 2 FIRBRALb DO LI
g hs.

—7F, ThERVWREEOTITHY2, 3D0r — A2
THREL, ¥V Fv—vIEoTReERTA L, B
frdEdste b i20.6~1. EBEETH Y, BALE -5
EEMIDNEE Y 72 b Tik 0.06~0. 3 fEBEE & 7 » T, HIED
IR s REALIBOIhL, 3bHA, L
OEFRHLEMHC X » THEHRE—ETEL, —H&
CE D Z LR, IR, FTEMNEMcEMH
RKAEBBLEIEBDTH VWEEL L S0

¥k, SEORBRTIGEEEBIRK. K. ofilic
Lot

] ¥

W ERBRTHEOEMT Yz » T, HEBEIBSRARIL
PRI, AP ORI L TR X K HIBIT & » 7o
PSR ALY, TROIRBRE,SEHCE
% ¥ CRIEEB IR 1o EBREALEE— 35—
BEI e » TP R AR E A RR L HER
I E, RERTICE LT IER L ERRE, KT
MEBOEEL B, ¥ RMUTRE OPHE LR ARHEL
B Rk, K.) R THE2My@ C tgh
Y%, EIXBEECEENRD:, REEREOHD

HFit e, [T L BARARLICH U FEEkie B Bk kT
%o (19724 9 A30R ZAT)
B F X M
1) EfAS, fit: B e — A RORBEY © £ R
B, PEESESTROR, No. 47, 19684, pp. 35-88
2) WIEENY : ARKC X 3R 0T RAI I D
T (B 13R), BISHETHYE, Vol.7, No.4, 1968
4, pp.85-132
3) HWRENT, f: shEUE LT A A£RKAEOFHA
e onT, 87 EHIERBIHIR R R LM,
196942, pp.57-64
4) RAHEER, fh: BRe X AERESABTE (Bl
), MEESEPRE, Vol 11, No.1, 19724, pp.
67-106
5) /MEME, BEIEE: LEWAR OG5 1 BIBETRD,
6 E, 3 MNLIARR LEIF&MHME, 1972
££, pp.209~213
6) MHEEN : LB sY Yy v T v,
R PHERY, Vol 8, No.1, 1969%E, pp. 37-58
B2 5 %
aw: LOWBRERCH T RERKESR (%)
aw: TOREINCT 5 PHAEKEBER (%)
B : BAThRFAE (FHil o R R et
C: BEWREE GBREHEIVEES)
D: FT3REEA, Y — & —HSHEE (m)
b RESKE (m)
H: %BpEs (m)
qc: B = — A (55g94) (kg/em?)
qu: —THEMSREE (kg/cm?)
qr: BBMEHEME (TAEEED (kg/cm?)
qr: EREARBEGRE (IABHME) (kg/cm?)
R: R&® (dh3) AR
S: S& (ER) FR
T.: BALEROMS (day)
v : fTREORMEE (m/min)
wi: PRE KL (%)
wy: LEHEEKRE (%)
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