39 4 Vol.39 No.4
2011 7 Journal of Hohai University Natural Sciences Jul.2011
DOI 10.3876/j.1ssn.1000-1980.2011.04.015
12 12
1. 210098 2. 210098
88 % 8m 12m
CBR California bearing ratio
5% 25% .
TU449 A 1000-1980 2011 04-0436-08
2 a 0.074 mm 50% b 50%
JTJ F10—2006 ! 50% 26
2-4
1
1.1
4
1 2.
1
Table 1 Conventional test results of high liquid limit soil
pd/ / /
w/ % o/ g em 3 W o/ %0 g em™3 d % % e a,/MPa™!

A K121 + 460 33.2 1.75 20.2 1.31 2.72 70.1 34.9 1.07 0.54

B K133 + 140 30.4 1.82 15.3 1.40 2.69 62.0 28.0 0.93 0.41

C ZK10 + 120 34.1 1.78 21.6 1.33 2.70 65.4 39.5 1.03 0.58

D K130 + 180 32.6 1.87 14.5 1.41 2.68 51.2 31.6 0.90 0.39

6 12 A
B C D 4
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2
Table 2 Sieve analysis results of high liquid limit soil
/g
=>5mm <5~2mm <2~ <0.5~ <0.25~ <0.074 mm /% /% /%
0.5 mm 0.25 mm 0.074 mm
A 4.2 9.0 22.6 31.4 90.6 842.2 1.3 14.5 84.2
B 19.3 100.2 88.5 50.7 117.9 623.4 12.0 25.7 62.3
C 0.2 8.4 12.2 10.8 71.0 897.0 0.9 9.4 89.7
D 17.3 128.1 119.7 46.7 138.3 549.7 14.5 30.5 55.0
1 10%
+2%
1.2 CBR
CBR California bearing ratio
2.5 mm 3 CBR
Table 3 CBR values of high liquid limit soil under
different degrees of compaction
CBR CBR CBR CBR 3%
/% /% 3% /
88 3.3
A 90 4.4 15 3
CBR 93 5.3
88 3.2
3. B 90 5.0 17 4
3 93 % 93 6.9
88 % A B CBR 88 1.9
39 15 17 C 90 2.2 2 19
¢ 93 3.0
3% 3 4 88 2.2
CBR D 90 2.3 1 10
93 2.8
5%
3% 93% 88% CBR
3% CBR 3%
CBR
2
2.1
a. 7
CBR
8% 90% 93%
b. 3 e~p
C.
2.2
a.
hy hy h; h,, 1 S$2 83 Sn
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b Sl
: 5= 1+ elp
24.5m 1:1.5. p  =25kPa+20kPa
+20kN/m* H, +1m + z dz
__ M5 I
Pn=24.54+3F - e
p = pn + 0.
g Jh a, 49 1
= = dz = ——|=2 In 3h +24.5 —In24.5 + — pgh® 1
s J01+€1p 1+€10 Pn+ 0 €2 1+€1 6p n * +2{Og
el a, MPa~! p— kg/m* g—— m/s?
h—— m
2.3
4
12.0 10.0 8.0 Table 4 Calculation conditions of settlement
6.0m4 4 /
H/m H;/m H,/m /kPa /kPa kPa
1 12 2 10 45 40 85
25kPa 20 kPa 2 12 4 8 45 80 125
3 12 6 6 45 120 165
4 12 8 4 45 160 205
H,
5 10 2 8 45 40 85
H, 6 10 4 6 45 80 125
2.4 7 10 6 4 45 120 165
A 8 8 2 6 45 40 85
9 8 4 4 45 80 125
20.2% 10 6 2 4 45 40 85
1.65g/cm’ 2.72
5. 93% 96 %
6. 6 93% 90%
90% 88%
5 6
Table 5 Laboratory test results of Table 6 Calculation results of self settlement of soil layer
high liquid limit soil Jem /em
/% 88 % 90 % 93 % 88 % 90% 93 %
a,/MPa™!
o8 0391 1 27.60 26.08 16.32 29.21 27.68 22.77
” 2 24.92 23.72 15.15 25.70 24.27 19.85
90 0.358
3 20.83 19.93 12.80 21.63 20.36 16.57
93 0.279
4 15.31 14.72 9.49 16.53 15.52 12.58
96 0.182
5 19.89 18.58 11.61 21.13 20.00 16.41
6 17.05 16.07 9.95 17.95 16.91 13.80
7 12.79 12.15 7.63 13.86 13.02 10.57
12m 8 13.28 12.22 7.29 14.26 13.47 11.02
10m 9 10.27 9.57 5.86 11.20 10.53 8.56
10 7.76 7.00 4.09 8.53 8.03 6.55
1 88% 29.21em 30cem 90%
27.68 cm. 6
2 88 % 8m
12m. JTIJ 017—96 !
0.30m 88 %

1.35

88%
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8m 12m JTG F10—2006
: CBR
3
3.1
3.1.1
10-11
CBR
a.
28% ~ 35% 10%
1 1
5% 10% 20% 20%
b. CBR .CBR
CBR
93% CBR CBR 93 % .
CBR 2. 2 JTG F10—
2006 ! CBR CBR
CBR 2% CBR
9 r 28
8 5 el - B
z & 20 ¢ - K
= = 6 | A BIA K
K My o cr
~ 3 - BHENK 8
2 - BRI .
1
0 10 20 30 4I0 5I0 60 0 5 10 15 20 25 30
BRI % BRI %
1 2 CBR
Fig. 1 Relationship between mixing ratio and reduction of Fig. 2 CBR test results of each improved soil
water content of each improved material
C.
7.
7
Table 7 Compaction test results of each improved soil
/% /% f /% /% f /% /% f /% /% 3/
g cm C g cm N g cm g cm C
0 21.6 1.47 0 21.6 1.47 0 21.6 1.47 0 21.6 1.47
3 22.3 1.46 3 22.0 1.45 10 19.4 1.53 1 20.3 1.50
5 22.9 1.45 5 22.2 1.44 15 18.2 1.56 1.5 19.9 1.52
7 23.2 1.45 7 22.5 1.43 20 17.5 1.59 2 19.2 1.55
9 23.8 1.43 9 22.6 1.41 30 16.3 1.64 3 18.3 1.61
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d.
8 8
8
Table 8 Liquid-plastic limit test results of each improved soil
/ / / / / / / / / / / /
% % % % % % % % % % % %
0 70.1 34.9 0 70.1 34.9 0 70.1 34.9 0 70.1 34.9
3 64.7 36.3 3 67.0 36.0 10 64.6 35.4 1 65.2 35.5
5 62.1 37.1 5 65.3 36.7 15 60.2 36.4 1.5 63.0 37.3
7 61.7 38.9 7 64.0 37.6 20 57.6 37.1 2 60.0 37.1
9 60.8 40.1 9 63.1 39.6 30 53.8 38.1 3 57.7 38.2
3.1.2
9. 9
5% 5%
5% 5.2%
9
Table 9 Physical-mechanical properties of soil improved with quicklime
/ 7d 28d
% a,/MPa™! /MPa /MPa /% /% /%
0 0.54 0.08 0.08 34.1 21.6 12.5
3 0.49 0.41 0.72 28.8 22.3 6.5
5 0.44 0.73 0.95 28.1 22.9 5.2
7 0.43 0.87 1.14 27.2 23.2 4.0
9 0.41 0.98 1.25 26.5 23.8 2.7
5% 25 0.44 MPa~!
5% .
3.2
25%
10 25% ~ 30% 10
3% . Table 10 Comparison between economical applicability of
soils improved with sand and quicklime
CBR 3% 5% 25%  30%
JTG F10—2006 1 /_om? 29.74 45.35 24.68  30.82
2009
25%
4.1
LK132 + 445 ~ 1 K132 + 458 11.

35cm 22t !l - 3 - 2 —- 2 —- 3
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2 0.5%
11
Table 11 Physical-mechanical indexes of high liquid limit soil of test road
/ / / CBR / /
/% / % /% /% /% g cm ™3 % % % MPa~! /%
31.5 82.1 68.9 34.6 34 19.8 1.67 1.05 91 4.4 4.2 0.52 6.3
12 1214 12 12 1
W= W, < 6% Table 12 Results of degree of compaction of
90% ) / / /
% g em ™3 % /%
4.2 LK132 + 445 25.6 1.45 86.8 5.8
RK132 + 462 ~ RK132 + 546 6 LK132 + 450 25.2 1.46 87.3 5.4
13 LK132 + 458 24.4 1.44 86.5 4.6
8 LK132 + 449 24.5 1.51 90.3 4.7
35em 18t LKI32 +456  24.7 1.50 89.7 4.9
1 — 2 — 2 — 1 — LK132 + 445 24.3 1.51 90.6 4.5
> 2 > 1 > > 2 11 LK132 + 450 24.1 1.54 922.1 4.3
LK132 + 458 24.3 1.52 91.2 4.5
—> 1 —>
13
Table 13 Physical-mechanical indexes of sand-carrying high liquid limit soil of test road
/ 90% 93 %
/ % /% /% /% / % g em”? CBR /% / % / %
29.5 67.4 67.4 31.2 36 14.2 1.91 4.1 5.7 3.8
14. 14 14 2
17.2% ~19.1% Table 14 Results of degree of compaction of
3.0% ~4.9% sand-carrying high liquid limit clay
18t 12 2 / / /
% g em”? % /%
91.9% 93.1% 6 RK132 + 460 17.7 1.68 88.2 3.5
49% 4.3%. RKI132 + 455 17.2 1.77 9.4 3.0
w — wop$6% g RK132 + 493 17.6 1.76 9.2 3.4
RK132 + 458 17.7 1.79 93.7 3.5
90% 93% . RK132 + 495 19.1 1.76 91.9 4.9
4.3 11 RK132 + 462 18.5 1.78 93.1 4.3
LK132 + 470 ~ LK132 + 520
15 3d 5 22t
1 - 3 — 1 — - 3 — 8
181t 1 — 2 — — 1 — -
1 — - 3 — - 3 — 11
15 5%
Table 15 Physical-mechanical indexes of high liquid limit silt mixed with 5% quicklime
/ 93 %
% /% / % % gcm'3 CBR /% /% %

28.5 59.2 34.8 24 22.0 1.61 13.3 4.5 4.5
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16. 16
16 Table 16 Results of degree of compaction of
24.3% ~26.1% high liqllid limit silt improved with quicklime
2.3% ~4.1% 2t / / /
/t /% % g em™? /% %
8 3 LK132 + 470 4.4 25.1 1.501 3.1 93.2
93.1% 94.1% 93.5% .18t 2 8  LKI32+490 49 253 1.515 3.3 94.1
11 3 LK132 + 510 4.8 25.9 1.505 3.9 93.5
LK132 + 480 2.9 26.1 1.486 4.1 92.3
92.3% 93.4% 95.1%. 18 11 LK132 + 490 4.6 25.8 1.504 3.8 93.4
w = w,, <6% IKI32+520 44 243 1.531 2.3 95.1
93%
4.4 25%
LK132 + 570 ~ LK132 + 620 25% 17 25%
8d .
22t 1 - 3 — 2 = 2 — 3 11
18t 1 — 2 — 2 — 1 — 2 — 1
—- 2 — 4 15
18. 18 17 25%
Table 17 Physical-mechanical indexes of
93% sand-carrying high liquid limit silt mixed with 25% sand
/ / /
% % /% /% g em™? CBR /%
52.3 37.2 15 62 14.8 1.88 8.3
94 %
18 25%
] Table 18 Results of degree of compaction of
a sand-carrying high liquid limit silt mixed with 25% sand
/ / /
/t % g em™? /% %
88% 8 m LKI32+570  21.9 1.77 7.1 94.3
12 m 22 11 LK132 + 590 20.7 1.78 5.9 9.5
TG F10—2006 IKI22+610  21.1 1.79 63 9.1
| LK132 + 580 20.6 1.76 5.8 93.5
18 15 LK132 + 590 20.9 1.77 6.1 9.2
b. LK132 + 620 21.5 1.76 6.7 93.7
CBR
c. 5% 25%
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Engineering characteristics and construction schemes of
high liquid limit soil in embankment filling

LIU Xin' > HONG Bao-ning' *
1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering
Hohai University ~ Narjing 210098  China
2. Geotechnical Research Institute  Hohai University ~Nanjing 210098  China

Abstract Based on the laboratory tests the fundamental characteristics of high liquid limit soil were studied. The
engineering characteristics of direct reclamation and the optimal improved schemes for different types of high liquid limit
soil were investigated based on the embankment tests. The results show that high liquid limit clay and sand-carrying high
liquid limit clay can be used directly as embankment filling using the pack-cover method and the degree of compaction
can be controlled at 88%  with the filling height no more than 8 m and the total height of embankment no more than
12 m. High liquid limit silt and sand-carrying high liquid limit silt are not suitable for fill directly because the California
bearing ratio CBR cannot satisfy the requirement of greater than or equal to 3% . Therefore they should be improved
before use. High liquid limit silt ought to be improved with quicklime and the best mixing ratio is 5%  while sand-
carrying high liquid limit silt should be improved with sand and the best mixing ratio is 25% . Through research and
practice of experimental roads filled with high liquid limit soil the construction techniques and key points of quality
control in sub-grade construction with different schemes are put forward and the results show that the schemes are

correct.

Key words high liquid limit soil engineering characteristics direct filling improved filling construction technology





