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A Study on the Determination of Bearing Capacity of Polluted
Soils with Various Concentrations
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Abstract

This study investigates the existing theoretical backgrounds for bearing capacity deter-
mination according to the plasticity of soils when unsymmetrical surcharge is loaded on
polluted soft soils. It also investigates the behavior of the displacement and bearing capacity
by unsymmetrical surcharge on the polluted soft soils. by comparing the analytical results
and the actual measurements performed through the model test. Model tests were carried out
as follows : soil tank, bearing frame and bearing plate are made for the test ; the water
content in soil tank was kept constant while the contaminants in natural soils and polluted
material were gradually increased ; unsymmetrical surcharge is increased at regular intervals
and then the amounts of settlement, lateral displacement and upheaval are observed. In
conclusion, the value of critical surcharge was expressed as q«=2.78c, which was similar to
those Tschebotarioff(qe-=3.0cy) and Meyerhof(qer=(B/2H+  /2)c,) had proposed. The value of
ultimate capacity was expressed as qu¢=4.84c, which was similar to that of Prandtl.
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Table 1. Proposed equation of critical surcharge and ultimate capacity in clay

Proposer Critical’ surcharge Ultimate: capacity Qé/ Cuis
Meyerhof Qer = (B/2H+ 1 /2)cu Qut = 8.30cu -
Tschebotarioff Qer = 3.00cy Qut = 7.95¢q 0.38

JHI* Qer = 3.60cu At = 7.30cy 0.49

~ Jaky Qer = 3.14cu Que = 6.28cu 0.50

Terzaghi-1 Qer = 3.81cy qu: = 5.71cy 0.67
Fellenius - Que = 5.52cu -

Terzaghi-2 Qer = 3.8lcy qut = 5.30¢, 0.72
Prandtl - qut = D.14cy -
Darragh Ger = 4.00cu - -

Ahn(CL) Ger = 3.21cu Que = 84lcy 0.38

Ahn(CH) der = 2.60cy Qur = 4.73cu 0.55

#JHI:Japan Highway Institute(Q¥2-5=2%83])
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Table 2. Constituent elements compound of model soils(%4)

TAHAE 5000 S020 5040 5060 S080 S100 5120 S140
Al 36.2 381 40.3 41.3 39.9 39.0 39.7 389
Zr 26.4 23.7 26.4 254 30.3 30.4 31.8 26.2
Se 10.8 9.8 9.3 105 9.9 9.1 91 108
Fe 7.1 76 76 72 6.9 6.6 7.2 4.8
Cu 6.2 10.3 5.7 4.1 2.6 36 1.6 76
K 53 52 54 6.5 5.7 55 52 55
Ti 5.0 1.7 16 2.0 1.6 18 16 1.8
Ca 1.8 24 19 19 2.2 1.7 1.8 14
& Al 98.7 98.6 9.1 98.8 99.0 9717 96.0 97.0
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Table 3. The physical properties of model soils

Soil Nolfw(%) | Gs |LL{%6) | PL(%) [ 1.(%) k L | Cotoe | rdglem® | 7 dg/emd | qulke/em® | colkg/emd) | S:(%)
SO00 {4451 | 2.36 | 59.11 | 4689 | 1222 | 1.195| 0.442 | 0.94 1.70 1.18 0.120 0.061 111.8
5020 | 4423|233 | 57.71 | 4645 | 11.26 | 1.194 | 0.429 | 0.96 1.68 1.16 0.111 0.056 107.4
S046 | 44.04 { 2.30 | 57.10 | 46.15 | 10.95 | 1.193 | 0.424 | 0.97 1.66 1.15 0.097 0.049 104.4
S060 1 4355 | 2.26 | 56.07 | 4555 | 10.52 { 1.190 | 0.415 | 1.03 1.62 1.13 0.088 0.044 95.6
G080 43.37 | 223 | 5358 | 43.78 | 9.80 | 1.042 | 0.392 | 1.12 1.58 1.10 0.081 0.041 86.4
S100.] 4289 [ 217 | 5152 | 4207 | 945 [ 0913 ]0.374 | 1.13 1.55 1.08 0.077 0.039 824
S120 | 4252 | 2.15 | 4967 | 4064 | 9.03 | 0792 | 0.357 | 1.17 153 1.07 0.070 0.035 78.1
S140 11 41.76 | 213 | 47.72 | 3894 | 878 | 0679 | 0.339 | 1.22 151 1.06 0.066 0.033 72.9

S EE ol5Ho] YT Aode) AsfrE 0 o

QA TPl ke om, QPR A0) I | oo

o

2 Ashrol EQHEZEA AHAGoI} vhEA

=
& A Are] A er) ek A
(o]
=

EYR} Fo] Fesl Cud

A

o 9tk e edBAe) Sl ue
=Y BHe

ASNFA Aake] gBALo) o3k WAA G o}

Aol

=
aAars

5E F3she 488 s A= Amu
Fig. 5% §533 298ae Z7lo] me v

of718le] x|uke] F-E2}et 24

o e
8 s
:

e
8

Undrained Cohesion(Cud(kg/cm2)

e
a8

14

AT ar 80z 1002
Concentration 8 ¥Water(2)

Wl AezbEe) Wsh JHE e ReeA,
44 HECHE $530] 271855 484

24 FE(CH)S vHl=g Fake e}

Table 33} Fig. 62 AHA|Ee] B2 EA4
vehd Aot e JE79] ghake] SUMETE
te], SRS, AAIEEAR]S 2 2] REAS
T AojAle e vERd B 2] Rto)
L FEH o] FUNETE o AXE AT
& UYeRiT. ol L. @8] f8AE o5t
o] Avh E 2] AA3HE SXA7]= 2l 7]

62 %E15% $63R - 19994 12H

Fig. 5 Relationships between concentration,
water and undrained cohesion

20 20
B ae
by o Ip
& 1ol 0l s
v Es ~
o8 &
S S
A'-gl.Z‘ _g
Sg L
% 2
$ o8t d
—— L
3
0.4f 4 -
2
g 0.0 + A . G

[24 €02 202 1402

0 ez 80X 100z 1
Concentration increasing(2)
Fig. 6 Relation of consistency - plasticity

index, void ratio, soil modulus and
concentration increasing



Table 4. Increasing value of undrained cohesion(kg/cm?)

Soil No S000 15020 S040 S060 S$080 $100 $120 $140
ciotgs Test) 0.061 0.056 0.049 0.044 0.041 0.039 0.035 0.033
caflge Test) 0.129 0.122 0.108 0.095 0.090 0.088 0.081 0.077

cif=ceormiop 0.110 0.103 0.090 0.080 0.075 0.072 0.066 0.062
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Table 5. Critical surcharge of model tests

Lo

Soil No i {gs~Sm) { {(Logde-LogSm) | (Sa~Yw) | Qe
S000 | 0.1700 0.1700 0.1700 | 0.1700
$020 | 0.1560 0.1349 0.1804 | 0.1570
S040 - | 01310 0.1314 01314 | 0.1310
S060 | 0.0960 0.1173 0.1173 | 0.1100
S080 || 0.1090 0.1303 0.0830 | 0.1090
$100 || 0.0830 0.1253 0.0830 | 0.0970
$120 | 0.0780 0.1204 0.0780 | 0.0920
S0 | 00720 0.1150 0.0720 | 0.0870




Table 6. Comparison of critical surcharge (qe)(kg/cm?)

31 TR @AY skes AREAIFTH

Soil No SO06 S020 5040 060 S080 S100 S120 S140
Darragh 0.244 0.224 0.196 0.176 0.164 0.156 0.140 0.132
Terzaghi 0.232 0.213 0.187 0.168 0.156 0.149 0.133 0.126
JHI 0.220 0.202 0.176 0.158 0.148 0.140 0.126 . 0.119
Jaky 0.192 0.176 0.154 0.138 0.129 0.123 0.110 0.104
Tschebotarioff 0.183 0.168 0.147 0.132 0.123 0.117 0.105 0.099
ML 0.170 0.157 0.131 0.110 0.109 0.097 0.092 0.087
Meyerhof 0.109 0.100 0.087 0.078 0.073 0.069 0.062 0.059
CL 0.196 0.180 0.157 0.141 0.132 0.125 0.112 0.106
CH 0.159 0.146 0.127 0.114 0.107 0.101 0.091 0.086
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Table 7. Ultimate capacity of model tests

Soil No (@S | (Logas-LogSu | (@-0/Ya) L o
5000 0.3160 0.3160 0.2250 0.2930
$020 0.2097 0.2097 0.2997 0.1980 0.2740
S040 0.2603 0.2603 0.2603 0.1750 0.2390
S060 0.2490 0.2062 0.2490 0.1390 0.2200
$080 0.2497 0.2497 0.2497 0.1350 0.2120
$100 0.2152 0.2152 0.2152 0.1380 0.1960
S120 0.2001 0.2001 0.2001 0.1160 0.1790
S140 0.1502 0.1502 0.1914 0.1450 0.1590
11~1391A Rl B3| 2|3t logp-logSy, oo . ‘s“’d“rgg.‘;m‘g’“"‘ifa o
logp-log¥m 2 logp-logH, #ANA 4bg& gk | =00 T o 50008 5020}
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Table 8. Comparison of ultimate capacity (qu:)(kg/cm?)

Soil 'No S000 5020 S040 5060 S080 $100 S$120 S$140
Meyerhof 0.506 0.465 0.407 0.365 0.340 0.324 0.291 0.274
Tschebotarioff 0.485 0.445 0.390 0.350 0.326 0.310 0.278 0.262
JHI 0.445 0.409 0.358 0.321 0.299 0.285 0.256 0.241
Jacky 0.333 0.352 0.308 0.276 0.258 0.245 0.220 0.207
Terzaghi 1 0.348 0.320 0.280 0.251 0.234 0.223 0.200 0.188
Fellenius 0.337 0.309 0.271 0.243 0.226 0.215 0.193 0.182
Terzaghi 2 0.323 0.297 0.260 0.233 0.217 0.207 0.186 0.175
Prandtl 0.319 0.288 0.252 0.226 0.211 0.201 0.180 0.170
ML 0.293 0274 0.239 0.220 0.212 0.196 0.179 0.159
CL 0.513 0.471 0.412 0.370 0.345 0.328 0.294 0.278
CH 0.289 0.265 0.232 0.208 0.194 0.184 0.166 0.156
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Fig. 15 Relations of concentration, water
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