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ABSTRACT

A Study on Increasing Bearing Capacity of Shallow
Foundation in Soft Ground using High Density Rapid

Expansion Material

Ro, Ey1 Chul
Advisor : Prof. Kim, Daehyeon, Ph. D.
Department of Civil Engineering

Graduate School of Chosun University

The soft ground improvement method is one that, using cementation,
replacement, and, ramming, seeks safety of ground by increasing bearing
capacity of soil, preventing settlement, restraining lateral soil movement,
and decreasing soil porosity. Being related this, the soft ground has been
explored extensively in the field of geotechnical engineering, and among
them, those on grouting addressed various methods and new materials.

In the high density polyurethane method, a chemical grouting, the
insertion of material causes blowing reaction through chemical reaction,
resulting in expansive pressure filling pore in the ground. These filling
develop a consolidation that has effect of increases instantaneously
increasing shear strength against vertical loads acting on the ground. This
suppresses the subsidence and lateral behavior of the ground and generates
the waterproofing effect and, as for the structure, is and effective method
for increasing the bearing capacity and reducing the amount of settlement
of the shallow foundation in constructing middle and low rise structures.

The purpose of this study was, accordingly, to reveal the engineering
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mechanism of the injection material through the laboratory experiment and,
based on the field application, to examine the bearing capacity and the
stability of the settlement in the shallow foundation.

The laboratory experiments performed included the uniaxial compressive
strength test, direct shear test, and permeability test, and the field
experiment included the plate loading test, earth pressure test, and GPR
exploration test. The laboratory experiment results showed that the
average internal friction angle was 57°, which was about two times higher
than that of the dense sandy soil and the hard clay soil, and that the
average adhesive strength was 120 kN/m?, which was 2.5-3.5 times higher
than that of the conventional sand and clay samples, which is supposed to
be the result of increasing the solid volume of the injected material due to
the instantaneous foaming reaction of the expanding material and thus
increasing the strength.

The field experiments were performed based on the results of laboratory
experiments. The results of the plate loading test showed that the
allowable bearing capacity for each of the base sections of 3.6X3.6,
4.4Xx4.4, and 6.0X3.8m increased 1.6-2.6 times after injection of the
expansion material. The measured settlements of each base section were
23.1, 22.4, and 19.0 mm, respectively, which were within 50 mm, an
allowable settlement, which maybe the result of rising of shallow foundation
on soft ground in the process of increasing the volume of the expanding
material by nearly 20 times.

For the measurement of the displacement of the structure built on the
site after ground reinforcement, the inclinometer was attached to the wall
on the top of the structure. The measurements were performed three times
a year in the first year and twice a year in the second year, for 509 days
after completion, showing maximum horizontal displacement of 0.71 mm and
the maximum vertical displacement of 0.047 mm, which were very minor
ones.

Terzaghi and Meyerhof's ultimate bearing capacity theory equations were

applied to test the stability. The results showed that, after reinforcement

_Xi_
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using the expansion material, the bearing capacity was within the allowable
bearing capacity and that all the settlements were also within the allowable
settlement.
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(2AIA, 1999)

) ) SRRt ukSE ) & W) 3
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AA FAAETE A Yol FE o w2 S HolH Hert S wekA F
PEA= Dol 3 Hre] Fas vAg s 2o adA o IAFA7|=H
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LHERS
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Terzaghi(1943)= 7129 FHB)o] Zddol(D)st Z2AY o & 459 7Ix5 &2
71z A5kt
F271x ol FxEC] AT AHe] A 7z skl 3 FASHY TR
Z|Z2AHe] EFd e 5ol

4, 5 g AN, Fse] B ow
H
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JB 9

Terzaghi(1943), Meyerhof(1951)%= A9+,
AA gt 24, 712 4 24, 712 24 5
sto] o]&A A AE BAAE AR Terzaghi®] 21(26)2 AAZY 7%

(B=L)ol wlal A theh 2o o274 BANES Akl

Ju s}
rg@
NN
O,
o lo
of it

g, =1.3XeX N, +¢xXN,+0.4Xrx BXN, (2.6)

q, = ¢ N\ Ay +alVA, )\qd—i-lyB N A (2.7)
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I 2.15 Terzaghi2l XIXI& A=

b N, N, N,

0 5.70 1.00 0.00
5 7.34 1.64 0.14
10 9.61 2.69 0.56
15 12.86 4.45 1.52
20 17.69 7.44 3.64
25 25.13 12.72 8.34
30 37.16 22.46 19.13
35 57.75 41.44 4541
40 95.66 81.27 115.31
45 347.50 415.14 1072.80

o 2.16 Terzaghi2 =3&XIX& H =+
b N, N, N,
0 5.70 1.00 0.00
5 6.74 1.39 0.07
10 8.02 1.94 0.24
15 9.67 2.73 0.57
20 11.85 3.88 1.12
25 14.80 5.60 2.25
30 18.99 8.31 4.39
35 25.18 12.75 8.35
40 34.87 20.50 17.22
45 51.17 35.11 36.00
I 2.17 Meyerhof2 XIXI& H=

b N, N, N,
0 5.14 1.00 0.00
5 6.49 1.57 0.07
10 8.35 247 0.37
15 10.98 3.94 1.13
20 14.83 6.40 2.87
25 20.72 10.66 6.77
30 30.14 18.40 15.67
35 46.12 33.30 37.15
40 75.31 64.20 93.69
45 133.88 134.88 262.74
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3% 2.18~2.19+ Meyerhof®] 7|1 Z=33A G} 7]

T 2.18 MeyerhofQl J|=&a&H 4

o)
T
b = 0° ¢ = 10°
B B ¢
A = —)tan’ -
o 1+0.2(7) 1+0.2(—)tan” (45 + )
B ¢
A 1 1+0.1(7)tan” (45 + )
B ¢
A B2 @
y 1 1+0.1(7 ) tan” 45+ )
H 2.19 Meyerhof2 J|Z=20|H =%
o)
TR
b =0° » = 10°
D D
A r AV )
ed 1+0.2(—) 1+0.2(—)tan (45+ 2)
D
Aga 1 1+ O.l(%)tan2(45+§)
D
A 1 T Vian2 k4
. 1+0.1(—)tan” (45 + )
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l Q= A 2 815 (kN/m?)

(@) SN =

q=9 3 & F (kN/m?)

(b) AHEE

J8 2.13 94D|x=2 XL &ot
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q=9 383 (kN/m?)

Caha ¥

\‘\

(a) A=

ey

q=3 A ¢

q=9 38} F (kN/m?)
Y ¥
&8
= A
\\‘J/
(b) AHEE
J 2,14 dA-0|=x9 Xl &6k
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Janbu 5 (1956)2 23d HE(p =050 &< S dAAd7x

(28)= ATAH.

19 2159k #Zo] V& ofef Aol A Fo EA MteAde 2

NN NN
Df
Eshyl HEARE
= 3£o}%H](0.5)
" Fg- @A
\
5% 7
8 2.15 Z5E HFEX e I =& 6t
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¥ 220~2212 Christian ¥ Carrier(1978)¢] A4 1y, 1,9 A ke el

H 2.20 0¢/B Ol @E py B&

Df/B Iy

0 1.000

2 0.900

4 0.880

6 0.875

8 0.870

10 0.865

12 0.863

14 0.860

16 0.856

18 0.854

20 0.850

H 221 H/B 2 L/B 0l ME p BHat
L/B
H/B

4 1 2 5 10 o
1 0.36 0.36 0.36 0.36 0.36 0.36
2 0.47 0.53 0.63 0.64 0.64 0.64
4 0.58 0.63 0.82 0.94 0.94 0.94
6 0.61 0.67 0.88 1.08 1.14 1.16
8 0.62 0.68 0.90 1.13 1.22 1.26
10 0.63 0.70 0.92 1.18 1.30 1.42
20 0.64 0.71 0.93 1.26 1.47 1.74
30 0.66 0.73 0.95 1.29 1.54 1.84
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(2) AHAE Anke] 7% A8}
Y79 A7|= BxLolal ARHORFE 7| 2Zol(Dpol] ot

o whefo =Y Hel Zold] gtk wef oo /%7t $ld)
sl

als

SR ECE LI
_ 1—2r
L= #3A%F - R+ 122p,

’
n

o tan 1A2

1
Fl - ¥(A0+A1), Fé -

1+ \/m’2+1)\/m'2+n'2
m' 1+ vVm?+n?+1)

Ay = m'ln

(m'+ Vm' 2 +1)vV1+n2
m' 4+ Vm?+n?+1

Alzh'l

’

m
A+ Vm 1
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a3 215, 2 299 2ol x3dE 4 AdH(Bowles2}t Lancellotta, 1991).

(2.9)

(2.10)

(2.11)

(2.12)

(2.13)

(2.14)



S E CICE L EEET RS

b
>
b
o

>,
=2

2

1o

(2.15)

m = % (2.16)
) H

W= (2.17)
)

qrolnl. ¥ 222% ol o

rot
Fl
oy

Ly iy Y

18 2.16 22 dd = 24|
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file)

X
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N

o
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o

)A
NIr

0
N

j—

(2.18)

sk
=

3t 2 (218)% Ax

S

]

h=3

pzs

Al
B = 7|%2%(m)

ob 1]

°] ¥4 A5 (kN/m?)

2]

o

VvV =

¢

frod

o

—
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32232 Foll wigk eAAS gS dEbd Zolal E 224% Schleicher(1926)=
A A7 2] BA ] ggk 4 (219)¢] 71z dFAFT)E HERE Aoln

&9 FF = EJ(kN/m’)
= 25,000~ 35,000
A E el 30,000 ~ 40,000
zd 40,000~ 45,000
=& 20,000 ~ 25,000
Al =2 =z 25,000~ 35,000
Zz4 35,000 ~40,000
=& 8,000~12,000
nygd HAE Azl 10,000 ~12,000
Zz4 12,000~ 15,000
1+ y/mi+1 —
L= i[mlm(L)Jrln(mllJr \/m§+1)] (2.19)
s my
L
A = =
714, my B
L = 7% Zol(m)
B=71% %(m)
— 57 —
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H 2.24 1= HEAH=(1p)

3 Ak a7 = VAR =
] my Zof W] AR
A7 = 0 1.00 0.64 0.79
1 1.12 0.56 0.88
1.5 1.36 0.68 1.07
2 1.53 0.77 1.21
3 1.78 0.89 1.42
ARZE7) % 5 2.10 1.05 1.70
10 2.54 1.27 2.10
20 2.99 1.49 2.46
50 3.57 1.8 3.00
100 4.01 2.0 3.43
(4) 4=}

AFdEHES] A O] At et e A (22005 ol&3te] & 4 Atk o7]q
A Skempton(1944) ] (Coel A2 (221)3 2ol A
oFsl %l

rlo
}=J
aS)
UN
T
2
=
o
ins
Hy
N
&

S. = CoHl, log( Fot AP) (2.20)
1+eg P,
A7IA, C. = AT
e = A& d 27] =1
P, = %9 #4549 &N/m")
AP = 2 F7 sk (kN/m')
H. = 4%%F F7(m)
C. = 0.009(LL-10) (2.21)
LL = N7 3HA
~ 58 -
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u, 2006)

(2.22)

CH

g X BXL
(B+2)x(L+2)

AP =

7]1Z2# o](m)

gy = a3k (kKN/m')

oA71M, B = 712 F(m)

C o~
o < =
: = ;
o El2 9 28 27T B2 &
F o |H|R e RS L]
v “ N R B e S — m N
RS
T E R S
Akl =Y | =] o
X o a5} — N — [aN] o N | —
= ag) K
B B =
—_
X
3
L ~ N
= |R|R|8@|2|le T T =
_:rl (e) =) =) (@] (e>) o (@] Te) [e)
1_;L (@) [a\]
N
=
]
= @ ~
o il =
alm|® -
os 7 ©
i Gl 7 s
Mo | 9 < g =
- T = = e
o b}
‘ = W
ot ,_M_l = P !
al 3
\ o
J] ™ e
—_

o
<
J]
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T 2.26 BEZE9 MHHSGHH, ALGHH, 8T MEHO gH(SE& W, 2006
FE N SHA(LL) A A (PL) G E(A)
7}-& 2 Y] E (kaolinite) 35-100 20-40 0.3-0.5
o g} o] E (illite) 60-120 35-60 0.5-1.2
2 2 ¢ 2 v} o] E (montmorillonite) 100-900 50-100 1.5-7.0
g & o] A} o] E (halloysite)(5=3}) 50-70 40-60 0.1-0.2
SR o] Alo] E(E4=3}) 40-55 30-45 0.4-0.6
o} E} £ #} o] E (attapulgite) 150-250 100-125 0.4-1.3
ol 2] H| 2 (allophane) 200-250 120-150 0.4-1.3
(4) oAt A3l dlgk Ak
ol AY L A= HYFFrgo]l e AkE F dAdE A Al 2k7Ee] A
7k & Fxe) 24 AN WEel dojuhe HEEAE clAsrE ATy B
ol st 4 (223)o.2 AALE ATt
, 12}
S, = Co Hlog(t—) (2.23)
1
’ COL
O S =
114 G’ = 75 (2.24)
e, = dAPE FT= Al 4]
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HolF

EE(m)

8 2.17 AHEENAML J1x= F0l OHE XX &6k

E
E
=
=
T
20 L E
K
®
nsty

NEZE(m)

08 2.18 34EMHAML J1= =0l OE XXS 0 &6k
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(D W 8ts ool v T/ 7% stz 282

O AAZAE sEIF(AE B)
— B2q = q
o, = 2 L
(B+2ztan @) (1+25tang )’
©@ 98 SEIIFHEF D)
47 D%q q
o, = 2 z
4r(D+2ztan @) (1+25tan®0)2
©® ¥z 1 35 (F B)
: +
(B 2ztan®0)(1) 1+2%tan@0

q(Bx L)
o =
" (B+2ztan@,) X (L+2ztan @)

(2) W sFo] #gd

%7 B+ 2Zfan®0: zq
1+2§tan®0
4714 g, = AF&H(kN/m) B= 7% %(m)
g = A48t (kN/m’) L = 71% Zol(m)
z = A%F Zol(m)
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(2.27)

(2.28)
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245 FYF HE

= AT Y FYH AEs JAEA RYE FAAE dAE =58 AEe ]
o THES TAR st FH7IEY A we the o] AbEskAnh AT
HE+oAES HEH RygZ FA5o Jon gA=z =8k dejolth. =AY F
A= 2 (230), 2] 23D £ 7 2202 dAAE BEx A¥A 2AEE yE
Zlo] T},
| 3,600
L2 2 J
F2 ¢18
G.L
777 A R &3
Z% E= § “o?
8 |
= )
X2z aztey
J8 2,20 EX AEH 2AZ
0=vx\ (2.30)
q7IA, 6 1 FUHFKe)
v Fddge AH@m?)
A TYE(%)
A=vXnXax(1+b) (2.31)
A7|AM, v @ FAFAF(Kg) 7 IFFE%)
a TE(%) b £8(%)
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T 3.1 AEEQ 224AIE 21
AE & AE Alg Az 9l
Y& KS F 2502-10 3.62 -
AU = 2.56 g/cn
Rl KS F 2504-07 2.58 g/ct
TTE 0.81 %
R R KS F 2505-02 1,550 kg/L
2t A KS F 2507-07 4.18 %
0.08mm A =3} KS F 2511-07 1.68 %
HEG g KS F 2512-07 0.25 %
TE KS F 2384-08 54.7 %
H 3.2 Z4EQ SHAE 21t
AE & AE Alg A 9l
H] 5 KS F 2308-06 2,652 g/ci
gH ] KS F 2306-02 47.8 %
N2 G KS F 2303-00 32.1 %
A A KS F 2303-00 27.7 %
A A KS F 2303-00 4.4 %
0.08mm A &3} % KS F 2308-06 795 %
G EATH KS F 2307-07 1,853 g/c
AWAxL = KS F 2312-01 1,237 g/cnt
Dt
F A ] KS F 2312-01 35.3 %
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321 dS5USAEAE

& 9FAAE 1349 dAyAzE 43
=

AR = FAAN)S] Fogaets AsABA) o] otHOlESE T
45 1 55%(1.00 : 1.22)= ¥l g3sFAth
Ao A S Eol7] St FYF F =
S Al e ® Ul 2o wE AdE54EAEE SAAE
Case= A 23} T},

AztE SAAI= KS F 24039 7]l wel Imm/min®] WL Alo] W25 AREsHS]
=;
#0332 ¥R FEBAAY 71 ajdElE vkl Aola, a9 32% WA

i
e

H 3.3 WA I vhet|
T R 4 9 AEE EE R S S ] 1
A 210kg/& ] -2l & =5 1 45%(1.00)
33k 250kg/°] 22 Al obvl o] =4 1 55%6(1.22)
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(kg) (Pa) (m
6.90 1.25
10 10.33 1.40
6.90 1.40
15 10.33 1.47
416 A=A dZAFFEAE
X 482 A ES} HAHE A uke ofdlS F93}o] Sandgel A5 EEHFAUFAE
3 Aol A EA FUUH 6.90Pa, TUE 10kg, 15kgS THS A5l A=
27 %A 9 A7} 17.9Pa, 188Pa o] Hels] v}
AAEANA FALE 690PalA] =Y HF 10kg, 15kgS TYT A 59 dF4E A
A3} 17.3Pa, 20.8Pa ko] &l it
T 48 NHEEQ EHEQ MCEH UFAFAT
AHEE AN E
T FALE | dEASAE THHF FUagH dE5dH54 =
(kg) (Pa) (MPa) (kg) (Pa) (MPa)
10 179 10 17.3
6.9 6.9
15 18.8 15 20.8
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—i— T YU
1.8 ols
H 7
= 1.6
E
i 1.4
mo 15 S
oF e — C——
B4
mr
ol o3
0.6
0.4
100 200 300
A5t 6t (kg)
J8 4.11 9IXE EY He 53 20(A8 5, 3H)
E 4105 BAAY T A5 HAAE " FHES YERE Aol
T 4.10 EEMY = & - = AXE ES HASY SIS
EQA = o] @k
= 3 7;; A 5} 55 T % F10kg ; ARy
21 A = (kg) T4 ;d -4 2—? (%)
(cm) (t/m?) (t/m*)
50 0.631 0.577 -85
= o 100 0.756 0.687 -10
(1¥h) 200 0.985 0.857 -13
300 1.106 0.994 -10.2
50 1.141 1.067 -6.5
ZAl = 20 100 1.228 1.163 -5.3
2%h) 200 1.264 1.142 -9.7
300 1.425 1.301 -8.7
50 1.160 1.122 -3.3
ApHL = 60 100 1.135 1.092 -3.7
(3h) 200 1.143 1.106 -3.3
300 1.197 1.156 -3.4
- 105 -
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4.2 XA
4.2.1 AXHAE
B Ao = 3.6%x3.6m, 4.4x4.4m, 6.0x3.8m T2 <]

=
At E e FAAT. i Aol A BAA] 49 v A §F ASA Y A 3

A AsHetE ] 150kN/m? o] FHE AASA Hadte 4FS B

o174, 29 412+ 36x36m 712 g AFA Fd A5 -HsF #dAE
LERd Aolth36x3.6m 712dE el FaAsAd A, B A A AN A
A A At stFol 650kNmE F8E F dom, A& FS=3.0S 1z &

A2 88 185.2kN/m*&2 A& 4= it}

WA £ FTREHE 278T GAREH dA4s & ,

A Ao AstetES 679kN/m*= FAT 4 glom, tH&(FS=3.0< 1&g 3
A A H L 226.3kN/m?2 FA S 4= Q)

WA AAGAH A BFA ] FEAA o]
2 Ao wm ZAE ST

% Awr} ok 120 o4 kol

ol

0
HAH
_. 500 By
£
£ 1000
o
=
< 1500
i
€
S 2000
5
£ 2500
A
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0 100 200 300 400 500 600 700 80
Pressure(kN/m?)
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0.1
0.08
0.06
0.04
£
._E. 0.02

FLTO 0 \

oF i —

7 002 \/
-0.04
-0.06

-0.08
-0.1

B 4
14 R

' 4

2015-08-21 2015-10-12 2016-01-15 2016-04-29 2016-07-12 2017-01-11
A=Y (day)

8 417 722 el £ Z2I(Z A No.2)

0.1
0.08

P 4
0k

ikl

$

0.06
0.04
0.02

-0.02

19| 2H(mm)

-0.04
-0.06
-0.08

0.1

2015-08-21 2015-10-12 2016-01-15 2016-04-29 2016-07-12 2017-01-11
A=< (day)

8 4.18 X2 Bl £F Z2I(Z A No.3)
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8 4.19 X2 el £F Z2I(Z A No.4)
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0.08
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ok

11

ikl

0.04
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1912

[
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H 411 B ZAH 3 AJI & 3
A= ge EERE =4 x]7] =435 ]
13 | 2015.05~201604 | A% % 43
A& WAL
7 A} E =98
° °r 23} | 201605~2017.01 | Az = 23 7?589‘;,)
=4
T 412 H=D| =3 X L AD|Y ¢z 20
(%9 © mm)
oy Az A 12 23} 33} 45} 53}
- (27] 75 | G392 | 1472 2P | (251220 | (32722 | (5092 =})
Al % 0 ~0.0106 | 00146 | -0.0027 | -0.0106 & -0.0143

7]

o | 0 00263 | 00264 | 00264 | 00264 | -0.04616
A 25 0 00213 | 00187 | 00240 | 00387 | 00707
7]

Nog | 0 ~0.0159 | -0.0147 | -0.0133 | -0.0320 | -0.0146
A s 0 0 ~0.0133 0 ~0.0267 | 0.0452
7]

o3 | 74 0 ~0.0053 | -0.0147 0 ~0.0225 | -0.0199
Al 2 0 00040 | -0.0039 | 00053 | 00079 | 0.0053
7]

Nou | T 0 ~0.0027 | -00107 | -00134 | -00134 | -0.0107
A 59 0 ~0.0131 | -0.0066 0 ~0.0131 | 0.0446
7]

Nos | A 0 ~0.0067 | -0.0039 | -0.0066 0 0.0145
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43 €272 AVEAY 523 4

431 €272 AH APFAH AE

(1) W&ol A

B A2 A Aol gre skl FxE 7% Aute] kgAY 4
A4 2Em AFAe RnA stk ARl 44 AU Aol A =

e Bd A f@e 3% Edo g geAd A dEA 9T (y,)2

1601t/ m’, M)A ST

10°, Nl AGAZ Fp)S 25°F A-&stdlvh 7248 gzl ol= 36x3.6me

MFE A 7.95mel A AWFE F 2.76m, 44x4.4me ANF A 7.93mol A A F 2.75m

6.0x38m%Y W MF A 7.93molA WF 5 31ImFk o= AT
AE Ay, 23 A AMFzde] vy B 5 A Fzol= 60~65% A%

2 AEH % A& A AAGH AFAdA BTt s How dddh

q,+r,-D
d= 4! q’; (4.2)
T, [tan4 (45+ 5 1)]
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H 4183 JI=77HE8 A0 &F &

= A7 AEAS | 7122 | AEAY 254 0] s
A4 # 3t DAFTH | ddo] | G TH a4 5 7l o]
7d (qq) (1) (Dy) (rs) o) (d)
A IN/m?) | (/m?) (m) m" | (m)
MEFEA | 200.6 1.601 14 1.601 10° 7.95
3.6x3.6m
MeES | 200.6 1.601 14 1.550 25° 2.76
M | 199.8 1.601 14 1.601 10° 7.93
4.4x4.4m
MeEES | 199.8 1.601 14 1.550 25° 2.75
MFA | 2284 1.601 1.4 1.601 10° 7.93
6.0 3.8m -
NS | 2284 1.601 14 1.550 25° 3.11
(2) A YEupzte 2 sfFzlo] A
Z| Qb A eFzlo] kol Aol Y HwehEZH(¢)ol met ® 4149 o] AHdE AT 7t
712 atAe weh fEde] AA 2490 1) 2 AAsT EEAS e 4
Lttt
AEA S FZ XA dHFsH XA AdAEd 73S Vx2Fa4EE 48
st A 3 4149 o] 3.6X3.6mollA FulEZH(g)dd mE o]l g2 10°Y

8.22m, 15°¢ w} 576m, 20°%= 4.01m, 25°¢ © 2.76m 30°Y wl 1.88m, 35°Y w 1.25m
2 HAAEAN, 44x44mol A U FebR7E 1009 W) 819m, 15°Y @l 5.74m, 20°Y )
3.99m, 25°% W] 2.75m, 30°% 1.87m, 35°F 1.25% MAFN W, 6.0x3.8mollA i}
7 10°d w) 9.24m, 15°Y w 6.48m, 20°% 451m, 25°9 w 3.11m, 30°Q = 2.11m,
35°¢ wj 14lm= A8 o).
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F Al ZNzvAd i vpR e wE Jhgdel #he vEkd Aot
H 414 JI=2Y HS0HE20 @2 Hol
k22 ()
e
10° 15° 20° 25° 30° 35°
3.6%3.6 8.22 5.76 4.01 2.76 1.88 1.25
Mz ol
() 44%4.4 8.19 5.74 3.99 2.75 1.87 1.25
m
6.0<3.8 9.24 6.48 4.51 3.11 2.11 1.41

(e
>,

4

7HEHZ 0l (m)

—k—3.6X3.6m
-8-4.4X4.4m |
-© -3.8X6.0m
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H 415 JI=¢tg 22 & XNISS(3.6x3.6m)

2 % z(m) FEZA =(m) B L 21584 (kN/m')
0.0 2.7 3.60 3.60 200.60
05 2.2 3.78 3.78 182.30
1.0 1.7 3.95 3.95 166.40
15 1.2 4.13 4.13 152.49
2.0 0.7 4.31 4.31 140.26
2.5 0.2 448 4.48 129.44
2.7 0 4.55 455 125.46
3.0 4.66 4.66 119.82
3.5 4.83 4.83 111.24
4.0 5.01 5.01 103.55
45 5.19 5.19 96.63
5.0 5.36 5.36 90.38
55 554 554 84.72

A% z(m) HAEZAHE=(m) B L 21589 (kN/m')
0.0 2.7 3.60 3.60 200.60
05 2.2 4.07 4.07 157.23
1.0 1.7 453 453 126.54
15 1.2 5.00 5.00 104.04
2.0 0.7 547 5.47 87.04
25 0.2 593 5.93 73.89
2.7 0 6.12 6.12 69.46
3.0 6.40 6.40 63.51
35 6.86 6.86 55.18
4.0 7.33 7.33 48.38
45 7.80 7.80 42.77
5.0 8.26 8.26 38.08
55 .73 8.73 34.12

- 118 -

Collection @ chosun



H 417 JIx=gtg 22 & NISSS(4.4x4.4m)

2 % z(m) FEZA =(m) B L 21584 (kN/m')
0.0 2.7 4.40 4.40 199.80
05 2.2 458 458 184.70
1.0 1.7 4.75 4.75 171.25
15 1.2 4.93 4.93 159.22
2.0 0.7 511 511 148.41
2.5 0.2 5.28 5.28 138.66
2.7 0 5.35 5.35 135.03
3.0 5.46 5.46 129.85
3.5 5.63 5.63 121.85
4.0 5.81 5.81 114.57
45 5.99 5.99 107.92
5.0 6.16 6.16 101.83
55 6.34 6.34 96.24

A% z(m) HAEZAHE=(m) B L 21589 (kN/m')
0.0 2.7 4.40 4.40 199.80
05 2.2 4.87 4.87 163.34
1.0 1.7 5.33 5.33 136.03
15 1.2 5.80 5.80 115.03
2.0 0.7 6.27 6.27 98.54
25 0.2 6.73 6.73 85.36
2.7 0 6.92 6.92 80.82
3.0 7.20 7.20 74.66
35 7.66 7.66 65.85
4.0 8.13 8.13 58.52
45 3.60 8.60 52.34
5.0 9.06 9.06 47.09
55 9.53 9.53 42.60
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H 419 J|=0dHE 24 & =532 (6.0x3.8m)

2 % z(m) FEZA =(m) B L A &89 (KN/m')
0.0 2.7 3.80 6.00 228.40
05 2.2 3.98 6.18 212.04
1.0 1.7 4.15 6.35 197.40
15 1.2 4.33 6.53 184.24
2.0 0.7 4.51 6.71 172.38
2.5 0.2 4.68 6.88 161.63
2.7 0 4.75 6.95 157.62
3.0 4.86 7.06 151.87
3.5 5.03 7.23 142.98
4.0 5.21 7.41 134.86
45 5.39 7.59 127.41
5.0 5.56 7.76 120.57
55 574 7.94 114.27

H 4.20 J|x0dHE B84 & XSS (6.0x3.8m)

A % z(m) HAEZAHE=(m) B L 21589 (kN/m')
0.0 2.7 3.80 6.00 228.40
05 2.2 4.27 6.47 188.76
1.0 1.7 473 6.93 158.72
15 1.2 5.20 7.40 135.37
2.0 0.7 5.67 7.87 116.87
25 0.2 6.13 8.33 101.93
2.7 0 6.32 8.52 96.76
3.0 6.60 8.80 89.71
35 7.06 9.26 79.57
4.0 7.53 9.73 71.06
45 3.00 10.20 63.86
5.0 3.46 10.66 57.70
55 3.93 11.13 52.40
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432 2712 AAY HE

Eer)xe AAY HEE 5¥7]29 36x36m, 44x44m, 6.0x38me] 7] zE
Terzaghi®t Meyerhof®] =&A#A5 o] &2 (26)3 427 A&sto] &27|% &4
A A8 e vl A EsH T

B A Fe BEAAS g AFH (o) LOKN/m, 95 H(y,) 1.601kN/m’, ]

W o

Rl A7H(g) e 10°% A5k, Terzaghi®l AAHASE N=961, N =269, N,=056,
Meyerhof2] A A& Al4=E N.=8.35, N=2.47, N,=0.37% 2 &34

BAA e BFEAF e FAH ()L 2kN/m, T FH () 1.55kN/m’, jF-vpazt
(p)= 25°F A &3kl Terzaghi®l AAHAF= N=2513 N=12.72, N, =834,
Meyerhof®] A A HA4= N =20.72, N,=10.66, N.=6.77% A& Ath Fd&(Fs)e
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