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Abstract

In this thesis, from the results of settlement measurement performed at the site
where embankment earthwork was carried out on the ground consisting of highly
plastic and silty soft soils interlayered with organic deposits, various methods of
predicting the embankment settlement such as Hoshino’s method, Asaoka’s method,
hyperbolic method, v/s method and Monden’s method were used to investigate their
applicability and the inverse method of finding the soil parameter related to
consolidation was used to predict the consolidation behavior in the future.

It was confirmed that reliable prediction of consolidation behavior under various
conditions could be done to estimate soil parameter related to consolidation such as
the consolidation index and consolidation coefficient by the inverse method of
comparing the measured settlement with the predicted value by the settlement
prediction methods.

NUE R AE, Ao, Fohels

Keywords : organic soil, soft ground, prediction of settlement

1. AME A, A7)1F, AFES, A5 T oY U
o] olom, 53] Aot HAE Aute] YEdS &
B9 slgwAe g ARA, st AEH 57 9% FPoRE AR FIYPe] gEH L
= guad 53 go] Edxde 4 23 3 = Hgsal A

okol i} 3loF Zof 9lx e AkAurS Fggof AAulERio]l Hgd AfA ko] bgF L A
BaAo] A%How =olxm guh. i}, Aok oz 27 S8t b ey WadEe] g
Aure A Eo] wl$- kst Ass 7|7k 7 o zbRAtFe] AR TFxE FFAJ FIF
A ZA BAEE ASL7F ol o] g At S A F de HAWE FAEe]ok gt o
& 2487 fslAE AnEe] BEAHA 24 T AT IR dEolEE mste] g%
2 odARe o8 44 Feel Fyel AW A Ha glont Fe] Ftdd, BRI gk A
Aol stk AfANE AFshe TPozE A e ARt #-dd 2A, sHelee] A4 @
FEA A Goll wE A%, ZeRg, A A Foz AAAFH doldt AF}E Hel7|= &
o owelA, o2 wdaty] 9§ HAFo M= A
= =15}k 2 ol8 3l H=Ezz s}k ol

" %%JEH@]_E EET%@—,LE}‘ JT-ZF‘ lg—@']'-lﬂ_})\]— A = %JO]'O X]'-g:.:'_ ]00}04 ‘10%0}0"’} H =
44 ’ T GAE AAstE A dE7igel AMgE R 9

& Aol A vl = =3= W o= 1
o TS EETEa AALgg ko @A HatE C‘“-.O}‘; 7]"§ ©. 2 Hoshino
koK %%JEHQ]'E E%%i"-ﬂ' 41*]—31}'7@ tﬂ\j( 962), Asaoka‘?j(1978, %‘%ﬁ‘ﬂ(lf}gl), S E‘j

,91,



R e L L SR R o

o
T

=F), A31H BE, 2011.
¢ oA, A A K F A
(1997), Monden® (1963) 5°] 2 A& At} AKVE
2 AFol e AekAute] fr]Ho] Wol E3H
How o Aoz Jd &&82Eo] ANk FA
3= YAE Atolddl 2Hg8te] whEZbo] ZolA A
Aol Foue= MY {714 AREoRE A3 74
1 g8 Awre] Mt 5% o1d & Ak
AE dAFeta, o2 Qg wAEd FxEY o
Ad g Aes & oo 3
ol TgH AFAnke] JE 3} 4
71€9] ¢dF 71" ¥ Hoshino™ # ;:;J’»L )
AW, Asaoka¥l, Monden®, s W& o] &3t
200811 89 ~200911 1%77}1194 Azapgz Astd

=& 73 A543 H] A 3 R 5] 7] 2 A © ° 1 b 1
@Eggiiﬁ’* et ] +od A4Hel g7 —peln Adel
oty 971N TE A, KE o] gake] thAl A (1)
of st Paki AN WaEe Ae
2. 0|2 A W oA,

B

Zx5ee e 2 1 51 o )
21 1?r7|§!59—| olglE M S FS ths 2 Q) Zo] 7+ 5 T

Hills(1961)= AR7Z2EFH/ETH 11%)9
=l 2Rt Fe #3e Jehdga sa
Takenaka(1977) 1G7|2E9 ¢tdst=3 &
= HERAE Yebdga skl 2.2.2 Asaoka™ (&A1)
Arman(1969)& 71 & & Fe] 20%0°18kd A 7] Asaoka(1978)= st=< 7}&
AES A$ Terzaghi(1927)¢] ¢tdol &3 & X o HFRBEEE A
gt stglen, fUIEFEel 20%014A A S wwme A orstelo)
ALAATE F714 FiEo Azl o A A atatat
% %EE}—T’— —3]_35]\]:} 0t bt by b AIRHD) s
Taylor(1940)= & #1x}9] : = el
g 6—}_04 27‘{" O]—U] O 0]_:.__ p=tan6
H(1955)& 221 o «lfi
FATE AHEE A
AE 9 fFI7]4E9 ZX} 5,
o walste] Frbete A4S wEIAT. =G - P
Mersi(l977)“ ﬂ)‘qi Lpl %7?11 9’] OL?TZ]‘)I:OH (a) Zotm 4 (b) AsaokaZi 0fl 2l &t 5|7 24
gk 22 EAS(C)S Bl 7F 0.025~ 014 ‘“-.4011
Eetthal et 23k b
ﬂiiqc11ﬂﬂwhhl%
dE AA Yey, £7

5 =8 +A4 3)

o

o N
o P

ot OHT
-0
=

N
—_

¢
)
ol
oy
of
B=)
e Tied
ol
oy

_]N

S,

é

F_A_, Es‘l o

% qE O g |0y

2(S)
X

a7 1 Asaoka®iel lz|
oo AIZE ¢l A st thg A (49 2Tk

& 3ol ‘37}2“5 s

T 2T = ] =

Srm oAUASE 2 @S U 540 KM W

[e)

A w3 HF: A Ee oS 4 59 2k

22 &5t &7

2.2.1 Hoshino® S; f“ &)
Hoshino H S Hyperbolic <& A3 Ao A

2, VidolgtnE vk Ve A Asrr Az B . .

o) o] W et 7L5\_6Lh,}b Ao A AskokaW & ol&3te] wAF g 9 5,5 Tt

Aoz 7)o A= AsjFomBE F < oA e e - g

ﬂ'oﬂ}\ﬂ-/] 7<1 ]-Eko]L}- 11}_;(] }E}o Tal= Ho]'t“HO] @ _'l% 1(8)9]' 71—0] 1\]7&’7}3}‘5‘]’ 'E'T/}_’% Atgl

=3
" 70w et

£
{

,92,



, FFAE AR 5, 8, o A BA
@ o] HEL FALAML E3) e AA(1)
o% md}AS W A 71et B,

@ A 4509 AHL o] HM(1)H
T Hol HAF s Holh
223 MM (Hyperbolick)

I e AR-FSIFA A Hakel 3
dHEZ 4R gPor ad dvgn A4
sho} 1g) 23 o] HEIE Fo| A7k 1,0 %o
Aol Aoz EAHE o, /Ry
e 0e 4 O3 2o

Lo —atpt ©)
*5;_‘5;)

A71A, S, AE F AAAZE ol Ao et
S5 AEER A% Wt
tAEFR AFRE A7

o, f: A% JRFoERE THE AF

9ol Ae 7 23 o] vehe AR /)&
NN2EE ot g5 AAsta 9] A ofs) 919
o A el A WsF 5 T 4 Ak

AzAe% St 1= W e A MR T
& 4 gt

- 1
Sf—SU-i-E )
H
5 E El
o o
Y z =
t, t E

gt —.—-s,

Vs e AR 5(1997)e o8| Aok H

), A3 BZ, 2011
AEA AeRAwel Fa o%

Wolth, s Azk-3d #AE 1Y 39 2
o] uels, Hyperbolic WA Ag3s 4 24
stel A4 ®)9 AFES EF, Al wE da
& FEF F vk
t—t,
— T2
5= S+ s ®)

oA71AM, S AR F IR toll Mol e

57. P AAESE ZIF o HslEk
¢ AR BIARE L AESE AA
o ydd, B

R EE S

Sy =5+

total

2.2.5 Monden'#

o] WH-& Barrono] Algte Hd Y EE ot

e

AR U =1-exp( i) & MAse e

[e] E
W e He =

=
ATdEAGL BRAEE A AY
AT AdE AT fﬁﬂ%‘?‘i Azl
i

oft
g\é
O
[
it
i)
N
N,
o
offl
B
X
12
2
do o 1
o2 o
ro 2

o
>
12
o
By
i
ro
ﬂ
o
ol
o
=
o 3
jiacA
Ach
lo,
N
ot
fo

,93,



o Al
N20W~NI0EZ uYEUa glon a3 A3
Hel w57 Y. 2452 ek Ay
AGE AA o] 3~13m FAZ ety 9o
53] AlgFel ZHA Exsta vk AHEE
Z|AEZL SAstH AR AkA kg A s
gom AMHEE Ik Aoy ZYA ®xsh

it

3.2 X|"bz= A}
321 Z=Ab sdg

sl 1H 4

BH-19lA BH-57}A] A|F2AME st 2 99
A%ES % 1~29 YERA
E 1 XE8E AZ i m)
T8 | BH-1 | BH-2 | BH-3 | BH4 | BH5
A2
A 35 2.7 338 2.0 4.0
AEA
we) 10 148 | 137 | 105 | 105
HEA
P 55 - 6.3 1.2 95
=2
a2 10 33 - 45 -
N_E_zel
W) - 0.7 42 2.3 2.0
Z3E | 30 25 45 35 45
Z31e | 20 3.0 2.0 15 1.0
A 250 | 27.0 | 345 | 255 | 315
NE X . ) ) .
322 AU ERAIE ZH1f
E 2~52 AYEAAFR] 7EEAANER dF

ST =)

A
A, AEAFAES T ey 22 4
HE e AT
E 272 s8Ad Ao
_ _ N E]H 18
W | O Hl
5 FH](%) | & L I
BH-1 76.8 2.683 81.9 415
BH-3 49.6 2.679 64.7 245
BH-5 87.3 2.688 93.4 42.8
E 372 s8Ad Aot
TER o
ol 0002 | ° 2
No.4 | No.40 | No.200 =7
(mm)
BH-1 100 98.59 74.5 2518 | MH
BH-3 100 89.63 61.76 15.4 MH
BH-5 100 97.09 82.51 30.23 | MH
T 4 dEUEAY 23
- ‘ dE5AFAE
°% | g, kef/em’ | ¢, kgf/em” | Sensitivity
BH-1 100 98.59 745
BH-3 100 89.63 61.76
BH-5 100 97.09 82.51
E 5 MEAEAEY A3t
) c, kgf/em’ ¢, deg
BH-1 0511 0
BH-3 0.448 0
BH-5 0.461 0

33 MEZst AZ
331 AFZ| A =

a2 5 AF7| A=A

L

R

AZ71 AA

94 -

21 A

a9 59 2ol sk



S z7] Z44 AHd g AHEI
Al 2008.08.07 565 12.9
A2 2008.08.07 565 14.1
Ad 2008.08.07 565 15.3
A5 2008.08.07 565 17.4
A6 2008.08.07 565 13.3
A7 2008.08.07 565 12.1
i 2 A (cm) 29-49
M T aa | Aasem | 2Y
Al | 2440 | 2453 1.30 0.434
A2 | 2341 | 2341 0.60 0.415
Ad | 2359 | 2399 4.00 0.425
A5 | 2640 | 2663 2.30 0471
A6 | 2835 | 2867 3.20 0507
A7 | 2686 | 2717 3.10 0.481
4. Hstolx 2 B4
41 42
TN HE, B2 FJAATAL g A=
1 FHetdFe AFdIAAgF 671 F9d Al
A2, A4, A5 A6, A7T9° FHIARE HIFOR
st d5F 71HA A4, Asaokad,

Hoshino®, vs ¥, Monden® & ©]&3e z}7}o]
d=719o] wal 2008 8¥€ ~2009W 1€7h%] 9
ABA] G2 AU FE e, A4t
I dS5s S va-AES

42 &5t &

% AZ7]7ke 20089 8YUH-E 20109 29 7HA]
o AZE 717 F 20099 1€714 9] AZSdolH =
ZFX I Al, A2, A4, A5, A6, A7 795 7+ 71
42 H3dEFS 39

o5, A317A Bz, 2011.
AEA Aokule] Al o=

t(day)
0 100 200 300 400 500 600

500 ‘\ =
\ n

1000 =5
* } 4 Monden
1500 O Assoka

HEsE
4

=l
=d
E

o oE =

% . —
s | DS s
" 3500 [ ] ’ —
+ ] I
3000 ¢ L] .
.
3500 N
.
4000 LAY . .
4500
a7 6 Aol ZIMAIT)

Al 792 Asacka el ex7b -187%= 744
FAFSHAl &A= 1o, HoshinoH2 2% 60%
M= HHeo AM3t BFE F7|7F oy Hal
o 71&717k ARkl SRl et o
Hol o Fo] Erls stk YA dF7Hel %
AW, Vs, Mondent'“’ 2}7} 24.9%, 67.78%,

102%% AA Dt o } 017} 27 e
B2 ¥ajo] W4 g Aoz pudc

t(day)
0 100 200 300 400 500 500

|
!

250 1 .
. | |
300 +
M
350 e, .

400
a3 7 dstoE doHA2TY)

A2 9L Asacka®e &
FARSHAl A = Lot 13]
QA5 Holw thAh F|ojsiAl F
o} Monden*” o 7}7} 2521%, 34.45% %= I ElA
A9tk 22y Hoshino® & 2008 8¥ ~
20099 1971219 o= Amo FFoZ FHahdS
o] Hx] o} A¥E YERE F ST

27} -124%2 7V
ATAY L 615%]
AHem Vs

,95,



A 7lEAH Y et (FATE AT =iF]), A3l BE, 2011.
g oA R A R R A
t(day)
500 £00 0 100 200 300 400 500 500
00 ¢ 00 o
TTLNEsE \ e
| Ty B owz
500 3¢ =00 ‘ 834
A EEs A\ L EEs
4 Monden 1000 \ ¢ . 4 Monden
1000 O Asaoka + O Asaoka
- _ 1500
i 1500 i
“ “ 2000
2000 :
\H\: 2500
2500 ) 3000
3000 3500
a8 8 AstoE 21 A4TA) a8l 10 &5t & ZoHA6TYS)
A4 T A= ’%L'—Tv"ﬁﬂqol -3.4%, Asaoka® ©] A6 T-9olAE Asaoka® o] 0.02%9 xS H
“101%% fr ARl B E A, Vs e -16.88% ol 7bd F RFHA EAo] =Aa, A,

9] 222 Monden & —18.2%4 QA5 HolH,
Hoshino¥ & SQtEE7F wl§ vro} BEA=HZA &=
Ao 2 YR,

t{day)

100 200 300 400

300

350

400

A1

a2

9

12

stoll &

HAST )

A

Astel= Az A5 FAoAE .
Asaoka®] ¢ QX}7} Z+Zh -14.43%, 22.67%7}
o swi Monden 9A  SA7F
54.08%, 299202 Fol7t uje = Aoz B
At

AW )
bk
717_'

p

=~

=

4,
LS|
= =1

,96,

ViU, Mondenis] @ R7h 77 1153%, 818%,
13.32% = st Al EAlo] =t}
téa]

100 200 300 400 500 600

\ —dqEeE
50 . 0wz
\ A ZEs

100 + Monden

O Asaoka

150

s{em)

200

250

300

350

A7 9 Asaoka®o] 287%% 7Mg & Y-
A EAHReH, Vs ol 459%% Tha 4
A BEA=gd. wd 429 Mondend &

13.63%, 15.78% % st Al &4 = At



=), A31HA BZ, 2011.

AEA AeRAwel Fa o%

£7 HstlS A2 2 °H2008.8~2009.1) 8 A ASZADol o e B4
=719 | Al | A2 | A4 | A5 | A6 | A7 EEY
i | | Aoy | ST
245.3|234.7| 239.9 | 266.3 |286.7 | 271.7 a L] feted
<cn}]>;} THANE 2% | B | 2% | B4 | 2% | B
a | £ 3065|2501 2320 | 2327 | 3241|3146 (cn) | 5t Qe | Aok | el | el | e
= o (cm | © | (@ | © | @ | ©
A= _ _
(9) |2494| 615 | ~3.40-14.43 11531363 Al|245.3 | 2765 | 88.62 | 252.0 |97.34| 264.3 | 92.82
B
> (2?) 240.7|231.8| 237.4 | 344.3 |286.7| 279.7 A2| 2347|2498 | 93.79 | 235.7 | 9958 | 242.8 | 96.66
Qo
o O 3
= ;/X)P 187|194 | <101 | 267 | 002 | 287 A4]2399 | 2675 | 88.45 | 275.0 | 87.24| 271.3 | 88.43
(o]
NEE A5|266.3 | 2821 |91.24 | 271.1 | 98.23 | 276.6 | 96.28
2l em) | B | R | B | 24 | 2|2y
z o} | or=l | ot | oF® | oF" |ot® | orm A6(286.7|328.3|87.06 | 309.3 | 92.69 | 318.8 | 89.93
= - Rl = i o Rl = i i
@)
<T/#>} A7|271.7|3036 | 86.27 | 284.0 | 95.67 | 203.8{ 92.48
(‘;;) 334.7(313.8| 205.2 | 172.8 | 312.3(284.7
Vi e 52 AR g 4 K| ALK
126702521 | -16.88|-54.08| 8.18 | 459 o
(%) B AR Jol A Terzaghiel 13- o]
=] 5] = = o~ = 2 =)
2 | #% 4107 |3580] 2028 | 3799 |330.7| 3226 21N A3l AAANIAFZ At
g | (cm) ok AlE A AREAF SAlO A B4 E AutA s
g %Z} 40.27|34.45|-18.27| 29.92 | 13.32|15.78 AkAL AgAste] Fatghs Hgetglon, A8
(%6) 1 Ave 4EFAS 13, FUAS 500%10 Yeni/sec
g 4§39
5. sl Aol o3 SrAR S A AE 2 Apoe AedsidFos 149 453
sae Aged AEAFE AWAAAT. olu)
A A A AR B 628

3]
T ASAHEY dEE A
AEAF F23 GFS v F
AAGo] AAAREFE AAHA u
AS71 Jhedl 7 Alg Aol ke A
Asacka® & AISAHE HAo ol
5 Hqtste] Aol &85t

51 &sto|Z7[&of 25t x| EZ& s ol =

AZAE Aol o3 oFHetae] EAS A
A% AsaokaW ol o e oGR8kt A53
shapadol vhE Wl wlE mlaA F dXIE
Ao ® e

dalAes S hEAST AL AANA A
TASAEL! 20100 2€ 239 7HA] A= A
AWM Asaoka® S A &3t HEFHSGHFES o535}
At

A NP JFow A8 HERS $AF Al

A2, A5, A7 A2 4HUE7F 92.48~96.66%°]H,
FIMESE 3 A4, A6 A FlA = 8843~89.93%
o rAEE me] YUEI} o 9%l el WL

o
o] e Ang vigoz Aae Fsty] ¢
b AAATG g AAFS AldEsiTt

EEEEE! FF A% A=
' orm g1
= =i [ s -
[R=i] Rl == o
PRk DT | "k | 9% %
o A o =g
A% T | Ae
(cm”/sec) Zhod A 7F
(cm) (cm)
(month)
Al [1.693[1.20x10°| 344 | 2414 45
A2 [1.632[1.42x107%| 289 | 235.0 3.4
A4 [1.454[1.19x10° 579 | 2274 99
A5 [1581[1.45%10° 262 | 251.8 26
A6 [1.891]1.35%x10°%| 583 | 289.8 7.4
A7 [1.639]1.23x10°%] 466 | 264.8 5.8
%11 |1.6481.32x10°%| 42.0 | 251.7 5.6
oled AN Botel de FALE At
o FF F7h 4B BawA, dAA Az f4
FA EE AYRES AARA 5& 2RR F
Qe AR AT 5 g Ao AvdEn

,97,



1

f

21
B

o
e

A e

O E R E L ICE E IR

Bt 2HAE

w2}

SRR

(11

(2]

(31

(4]

(51

(61

(71

7‘<jl

Fs’(-'a Imr

s
Hoshino®, Asaoka‘?é, =

Z

A= F7IHEZFoR JAAE 1A
‘iF A gkel] A Ee o)g Hstgs A
Ediz Aozt 93719

AW /s ¥, Monden

up} A A gE

1
L AAP A o

A
A
A

o e oo

ol gstel 47te] o) %7
O

LB ATE Bl

:lo
N,
)
f
1o,

Jm
Z:
é
2
ol

AFdd Ao dEHetael AE s}
27 9t 77 o ST
2008 8¢9 ~2009d 1€¥<9] HIA|Zbo] wE
Tt 1 A3 Asaokaleo] 7FE
B

Hzg, olthg, 9

o F71 9 A8
st& W ¥ s =%4, pp. 37 - 47 1997
Arman. A., “Engineering Classification of
Organic Soils”, Highway Research Board,
National  Research  Council,  Highway
Research, No. 310, pp. 75~89, 1969.
Asaoka. A., “Observational Procedure of
Settlement Prediction”, Soils and Foundation,
Vol. 18, No. 4, pp. 87 - 101, 1978.

Hills. C. I. and Brawner. C. O. “The
Compressibility of Peat Reference to Major

3]

, o

ﬁ
H
kY

Highway Construction in British Colombia”,
pp. 204 - 227, 1961.

Mersi. M., “A  Coefficient of Secondary
Compression”, Proc. ASCE, SM1, pp. 123~
137, 1973.

M. and Godlewski.,
Compressibility  Interrelationship”,
Journal of the Geotechnical Engineering
Division, pp. 417 - 429, 1977.

Monden. H., “A New Time Fitting Method

Mersi. “Time and

Stress

,98,

(8]

[91

[10]

[11]

[12]

), A3l BZ, 2011.

o
, T

g A

for the Settlement Analysis of Foundation
Soft Clay”, Memoir Fac. Eng.
Horoshima University, Vol. 12, No. 1, pp.
21, 1936.

Takenaka and Yasuhara. K,
of Organic Soils in Japan’,
Japanese Society of Soil Mechanics and
Foundation Engineering, Research Comittee
on Organic Soils. , pp. 35 - 48, 1977.
Taylor. D. W. and Merchant. W. “A
Theory of Clay Consolidation Accounting
Journal of
17, No 3,

on

“Engineering
Problems

for Secondary Compression”,
Mathematics and Physics, Vol.
pp. 167, 1940.

Terzaghi. K., “Die Erddrucker Scheinungen
in Ocstleich Beamsprucken”, Schuettungen
and Die Eutstehung Von Tragkoerpern, pp.
194 - 199, 1927.

KN, “log-log Hh AR BLUREE L T ~INEIH] B
R B o HEEE Vol 17, No. 9, pp. 1
~70, 1969.

AR, PR oo RERMEE S BT
9", HAR LA drag 0%, No. 30, pp. 1
~33, 1955.



