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ABSTRACT 
One of the principal of the ecological construction method is “ full utilization of 

field materials.”  However, the stratum of the estuary with mangrove habitat is soft and 
in saturation state, with high consolidation settlement and low bearing capacity.  The 
ecological construction methods are suitable for the targets of flood control and 
preserving mangrove.  It is necessary to survey the various properties of soils of 
mangrove habitat in order to assemble superior construction methods.  Therefore, this 
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study surveyed the properties of stratum in the estuary of the Sirlyu River, Miao-Li 
County.  Then, the surveyed soil will be improved tentatively by the methods of 
compaction and soil-cement. 

The surveyed soil is classified as CL and its group name is sandy silt with clay.  
The moisture content, void ratio and compression index of the undisturbed soil are 30.8%, 
0.81 and 0.229 respectively.  The content of organic materials and pH -value in the 
surveyed soil are 2.35% and 8.3 respectively.  Accordingly, it is able to judge that the 
surveyed soil could be improved by the methods of compaction and soil-cement under the 
condition of controlling its moisture content in the range of 8%~23%.  The unconfined 
compression strengths for compaction’s specimen and soil-cement’s specimen with 12 
percent of cement content are 157 2/mkN  and 1,066 2/mkN  respectively.  The 
internal angle of friction φ  of the undisturbed soil is 10.3°.  Whereas, the values of φ  
of the compacted specimen and soil-cement’s specimen are 33.3° and 57.0° respectively, 
these values are rather higher than the one of the undisturbed soil.  Though, the 
soil-cement’s specimen contains 12 percent of cement but its nature is still like a soil and 
the vegetation could grow up in it. 

Keywords: Estuary with Mangrove Habitat, Soil’s properties, Compaction, Soil-cement. 
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1   

 
2.2  

[Das, 1997; Budhu, 2000; McCarthy, 2002; 
,  1986;  Liu and Evett ,  1998]  
1. LL 0% 150%

PL 0% 50%
PI (= LL - PL )  

2. e 0.40~1.40
w 15%~50% dγ

14.5 3/mkN ~17.0 3/mkN

 
3. (USCS)

ML ML-CL CL
(Fine-grained soils, 

D<0.074mm ) (granular 
soils, D>0.074mm )

 
4. optw

ML 7.02.19 ± % ML-CL
16.18±0.7% CL 17.3±0.3%  

5. 

max,dγ ML 2.02.16 ±  
3/mkN ML-CL 2.02.17 ± 3/mkN

CL 2.00.17 ± 3/mkN

optw max,dγ
 

6 .  φ
26°~35°

 
7. k

10-3 sec/cm  ~10-7 sec/cm
~

 
8 .  cC

0.21~0.55
 

 
2.3  
2.3.1  

1915
1997

732cm 160,000km

(American Concrete Institute, ACI)

[ACI, 1990]  
(Portland Cement 

Association, PCA) 1970
[PCA, 

1970a; PCA, 1970b] 1975
[PCA, 1975]

(Federal Highway 
Administration Department of Transportation, 
FHWA) PCA
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1979

[ FHWA, 1979a; FHWA, 1979b]
(American Association of 

State Highway and Transportation Officials, 
AASHTO) 1986

[AASHTO, 1986] 1997

[ , 1997]  

(U.S. Bureau of Reclamation, 
USBR)

1951 1986

[USBR , 1986] 1961 1997
300

[Nussbaum and Colley, 1971; PCA, 
1986; ACI, 1997]  
2.3.2  

5%~35%
[ACI,1997] Randall (2000)

4 25%~50% 200
5%~20%

≤ 75mm 4
55% [ , 1997]  

USCS
SM SP-SM

[USBR, 1986]  
1. ≤ 38mm  

2. 85% 4  
3. 10% ~ 30% 200  
4.  
5. 25.4mm

25.4mm 10%  
2.3.3  

ASTM D-558

max,dγ optw
qu

max,dγ optw
[ACI, 1997]  

uq

0.95× max,dγ

[ , 2003]  
2.3.4  

 

max,dγ optw

USBR

optw ± 1% 
[USBR , 1986]
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1  [ACI, 1997] 

   uq  ( 2/mkN ) 
AASHTO  USCS  7  28  
A-1, A-2, A-3 GW, GC, GP, GM,SW, SC, SP, SM 2,069 ~ 4,137 2,758 ~ 6,895 

A-4, A-5 ML, CL 1,724 ~ 3,448 2,069 ~ 6,206 
A-6, A-7 MH, CH 1,379 ~ 2,758 1,724 ~ 4,137 

 

 
(2002) A-2-4 AASHTO

, A-3 AASHTO

optw -2% optw optw +2%

wa =0% 4% 8% 12% 16%

3 7 28 qu
qu

qu
25%~40% optw

 
2.3.5  

(1)

wa wa

wa

 

100(%) ×=
s

c
w W

Wa  ....................................(1) 

cW   sW  
Kenneth and Cliff (2000)

 
2.3.6  

(2002)
7 A-2-4

wa =0% 4% 8% 12% 16% qu
211 2/mkN 2,294 2/mkN 3,724 2/mkN 4,746 

2/mkN 5,378 2/mkN qu wa
qu ≥ 20,685 2/mkN

qu ≥ 17,238 2/mkN 1
7 28

qu  [ACI, 1997]
7

4,137 2/mkN 28 6,033 
2/mkN  [USBR, 1986]  

[ACI, 1997]  
1. 1.0H:1.0V~ 

1.5H:1.0V  
2. 

3.0H:1.0V  
3. 7 4,140 

2/mkN ~5,170 2/mkN  
4. 

708cms~1,274cms
6.1m/sec  

 

1,400mm 1,800mm 71

5,384m
250ha 1/800

77.01cms  
10 67.973cms

5.71m  
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2  2002 11  

 
175.72 2m 38.56m

1.407m/s 30m~40m
0.43m~1.06m 2

 

 

…

 
 

4.1  
(ASTM D-854)

(ASTM D-422) (ASTM 
D-4318) USCS  
 
4.2 pH  

pH pH

ACI(1990) pH 5.3
ASTM 

D-2976 pH
40 25g

150ml
15

pH pH  
 
4.3  

Lancaster et al. (1996) 
10%

AASHTO T-267-86
110± 5

2mm 700 ~800

(2)
 

(%) = 100×
d

o

W
W ........................ (2) 

oW 700 ~800  

dW 110± 5  
 
4.4  

ASTM D-1557

cE =600 3/mmkN ⋅

ASTM D-558 cE =600 
3/mmkN ⋅

wa 12%[ACI, 
1997] 5 w

24
 

 
4.5  

wa =0%

wa =12%
ASTM D-2166
ASTM D-1663
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( 23± 3oC 95%)
7  

 
4.6  

oe 0.81
ASTM D-2435

p 45 
2/mkN  

98.1 2/mkN 180 2/mkN
350 2/mkN

180 2/mkN

180 2/mkN 350 2/mkN 700 2/mkN  

(e~ plog )
(e~ plog ) cC

(e~ plog ) sC
p =98.1 2/mkN ( )tS ~ tlog

vC ( )tS t

 
 
4.7  

c
φ ASTM 

D-3080

σ 50 2/mkN 100 2/mkN 150 2/mkN
( ~ )
S

( φσ tan⋅+= cS )
c φ  

 

5.1  
3  

 
3   

 
D>0.074mm 13% 0.02mm<D< 

0.074mm 33% D <0.02mm 54%
LL 30.8% PL

19.9% PI 10.9
(USCS) CL

 

sG =2.63 w
30.8% γ =19.4 3/mkN

dγ =14.4 3/mkN oe =0.81

2.35%
pH 8.3 wa =12%

pH 10.7
 

 
5.2  
5.2.1  

4(a)

optw =15.1%

max,dγ =17.0 3/mkN CL

optw =15.10% 30.8%
15.10%

0.95 max,dγ

dγ =0.95×17.0 3/mkN =16.15 3/mkN  
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(a)  

 
(b)  

4   

 
4(a)
8%~23%  

cE =600 3/mmkN ⋅

15.1%
17.0 3/mkN

14.4 3/mkN max,dγ  =17.0 
3/mkN

14.7 3/mkN

 
5.2.2  

4(b) wa =12%

optw = 1 8 . 1 % max,dγ  
=16.7 3/mkN max,dγ

17.0 3/mkN  

 
5 ( wa =0%) ( wa =12%)

 
 

optw 18.1% 15.1%

 
 
5.3  

5 uq
157 2/mkN 1,066 2/mkN

2.5%
1.2%  

50E

50E

50E
- 0.5 uq

50E 50E
9.12 2/mMN 96.59 

2/mMN 12%
7 7

10
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(b)  S(t)~log t  

6   

 
12%

 
 
5.4  

Terzaghi cC

sC vC

6 6(a) ( e ~ plog )

cC =0.229 sC =0.012 6(b) 98.1 
2/mkN ( )tS ~ tlog

vC =0.00171 sec/2cm cC

 

 
1.  
2.  
3.  
4.  
5. 

 

 
 
5.5  

7(a)

c=0 2/mkN φ = 10.3°
7(b)

c =8.3 2/mkN φ =33.3°
 

FHWA c
2/mkN φ 40°~ 

45° 30°~40° [FHWA, 1979b]

c φ
7(c)

c =349 2/mkN φ =57.0°

 

 

 

(a)  (e~log p)  
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(c)   
7   

 
1. (CL )

2.35% pH =8.3  
2. 30.8%

19.4 3/mkN 0.81
0.229  

3. 

max,dγ =17.0 3/mkN optw =15.1%

max,dγ =16.7 3/mkN optw =18.1%  
4. 157 2/mkN

1,066 2/mkN
9.12 2/mMN

96.59 2/mMN
2.5% 1.2%  

5. c =0 2/mkN φ = 10.3°
c =8.3 2/mkN φ =33.3°
c =349 2/mkN φ =57.0°  

 
1. 

 
2. 

 
3. 

8%~23%  
4. 

7 12%

 
5. 

 

   

(NSC 
92-2211-E-216-020)  

 

1. 1997
2.03  

2. 2002
 

(a)   

(b)   
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