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USE OF SAND COMPACTION PILES FOR IMPROVEMENT OF A COAL ASH
POND

San-Shyan Lin

Dep. of Harbor & River Eng.
National Taiwan Ocean University
Keelung, TAIWAN 20224

ABSTRACT

Chih-Jung Chien

Dep. of Harbor & River Eng.
National Taiwan Ocean University
Keelung, TAIWAN 20224

Effects of sand compaction piles on ground improvement of a coal ash pond and axial performance on four drilled shafts through
improved coal ash layer at a power plant in southern Taiwan is studied in this paper. Effects of the sand compaction piles im-
provement is evaluated by comparing the SPT-N values before and after ground improvement. The load versus displacement rela-
tion at head, the axial force along the shaft, the t-z curves and/or the toe g-z curve, which are the main concerns of shaft load test

results, are presented and discussed in the paper.

INTRODUCTION

A 135-hectare power plant located in the southwest part of
Taiwan was built in the end of the 70’s. Ninety-nine hectares
of the total area was reclaimed from the sea using hydraulic
fill dredging. The thickness of the reclaimed area varies from
2 to 5 meters. A coal ash storage pond is located on the west
side of the power plant. The size of the pond is around 830
meters long and about 190 meters and 130 meters wide on the
north and south end, respectively. Total area of the pond is
about 12.84 hectares. The coal ash was produced by the power
plant and was transported via wet disposal of slurry, sea water
and coal ash mixture to the pond. In the early stage of the
power plant’s operation, the coal ash was stored in open space.
To satisfy environmental requirement, four coal domes were
built at the location of the coal ash pond for future coal ash
storage. Each dome can store about 17 to 18 thousand tons of
coal ash, and has an inner diameter of 120 meters with height
of 59 meters. The main structures in the dome include an 18-
meter high reinforced concrete cylindrical wall, a 41-meter
high steel dome cap, a 28.5-meter high steel central column
and a reinforced concrete transportation tunnel, which is 11.6
meters in width and 5.8 meters in height. Ground improve-
ment using sand compaction piles (SCP) was conducted for
the foundations of the whole coal ash pond area. Drilled shaft
foundations, 1.2 meters in diameter and 36 meters in length
were also used underneath the cylindrical wall of the domes.
In addition to its use as a countermeasure against liquefaction,
the purpose of SCP was also aim to provide good ground ca-
pacity to support aforementioned structures and to provide
better shaft/soil resistance around the improved area.

Available researches such as Aboshi et al. (1991) and
Barksdale and Takefumi (1991) often focus on sandy soil with
fine content less than 20 percent and small replacement ratio
of sand compaction piles. Effectiveness of SCP improvement
for coal ash storage pond with higher fine content is not yet
available. The purpose of the paper is to study the efficiency
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of the SCP for coal ash pond and the performance of the
drilled shafts through SCP improved coal ash layer using axial
shaft load test. The site, boring locations and shaft load testing
locations are illustrated in Fig. 1. In the following, a descrip-
tion of the site and the measured soil material properties are
presented first. A brief explanation of design considerations
and ground improvement procedures is then followed by a
comparison on the changing of Standard Penetration Test
(SPT)-N values before and after improvement. Subsequently,
two compression (C1 and C2) and two other tension (P1 and
P2) axial shaft load test results at dome #3 and dome #4 site
(Fig. 1) are compared via load-displacement relation, t-z
curves along shaft and/or g-z curve at toe.

SITE DESCRIPTION

Before ground improvement, an extensive program of site in-
vestigation, including drilling, sampling, in-situ penetration,
and laboratory test was performed. Typical geological stratum
of the site can be roughly divided into five layers as given in
Table 1. The soil from ground surface down consists of 2 to 5-
meter thick of coal ash, nearly 5 meters of silty sand layer, 7
meters thick of low plasticity clay and 13 meter thick of SM-
CL medium or CL clay. Beneath the clay layer, silty sand
layer is encountered. Other information regarding typical soil
conditions of the site is also shown in Fig. 2, which gives the
SPT-N values, soil unit weight, water content, void ratio and
fine soil contents of each soil layer. In addition, physical prop-
erties of the coal ash are listed in Table 2. Compare to the rest
of the soil conditions given in Fig. 2, the coal ash layer ap-
pears to have a relatively low SPT-N value, low unit weight,
high water content, low specific gravity, high void ration and
high fines content. Ground water level of the site is between 3
to 6 meters below ground surface.
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GROUND IMPROVEMENT BY SAND COMPACTION
PILE

A triangular grid pattern spaced 1.5 meters center-to-center of
70cm diameter sand piles was used throughout the works of
coal ash pond ground improvement. Two different lengths, 16
meters and 9 meters sand piles were alternately used in the
improved zone (Fig. 3). The sand pile replacement ratio is
0.342 for the top 9 meters and is 0.171 for the clay layer be-
tween 9 and 16 meters below ground surface. Results of sieve
analysis of the sand used for sand pile are given in Table 3.
The 16-meter long sand piles were installed first before in-
stalling the 9-meter long piles. A 400 mm tube was installed to
the desired depth using a vibrator. The sand is densified by re-
peatedly extracting and re-penetrating the vibrating pipe as it
is withdrawn from the ground. The casing is first pulled up 3.7
meters using the crane and then re-penetrated back down 2.7
meters. This up and down procedure is repeated until the cas-
ing is completely withdrawn from the ground.

The effectiveness of improvement is checked by means of
SPT, conducted seven days after installation of every 500 sand
piles. Two locations, at intermediate points between piles and
center of one of the sand piles were selected for SPT.

Comparison on SPT-N values obtained before and after im-
provement at coal dome #3 and #4 is shown in Figs. 4 and 5,
respectively. In general, SPT conducted at the center of sand
piles all appeared to have higher N-value than those conducted
at intermediate points between piles. However, the SPT-N
values conducted at intermediate points between piles at clay
layer of depth between 10 and 15 meters showed less signifi-
cant improvement. On the average, construction of SCPs re-
sults in the SPT-N value increasing by a factor of 5.6. The re-
lationship between original (before ground improvement)
SPT-N value and inter-pile N-value after improvement, N1, is
shown in Fig. 6, in which various replacement ratio as em-
ployed in Japan (Aboshi et al. 1991) for sandy soil are also
given for comparison. The commonly used replacement ratio
between 0.05 and 0.2 of sandy soils does not apply for coal
ash because of higher fine content. Fig. 7 shows the relation-
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ship between fine particle content and inter-pile N-value after
improvement N1. Experience observed by Aboshi et al. (1991)
shows that the higher the value of FC the smaller the value of
N1, as shown in Fig. 6(a). The experience for coal ash pond
also shows the decreasing of N with increasing fine content
FC in the normal scale, but not in the semi-log scale (Fig.

6(b)).

DRILLED SHAFT AXIAL LOAD TESTS

Shafts adopted for cylindrical wall foundations are cast-in-
place Portland cement concrete piles of 1.2 meters in diameter
and 36 meters in depth with reinforcement provided by rebar
cages shown in Fig. 8. At each dome site, one compression
and one tension shaft load test were conducted. To evaluate
the total load carried at different depths along the shaft,
twenty-four rebar cages were installed at eight different loca-
tions along the shaft. These gauges were attached to the rebar
gage in sets of three at each depth and were protected. In addi-
tion, two telltales were also installed for to measure the dis-
placement of the shaft close to shaft toe. Casings throughout
the full soil layers and drilling under the drilling slurry were
performed to prevent the soil from collapsing. Hammer grab
was used for soil excavation. The tremie method was used for
shaft concreting, with slump between 18 and 22cm. The de-
sign 28-day unconfined compressive strength of the concrete
is 30380 kN/m2.

Compression loading test of shaft followed the pattern of
ASTM D1143-81 (1994), using the optional quick-load test
procedure. Settlement readings were taken immediately after
each load increment and at one minute and then at every two
minutes be fore increasing the load. When the maximum load
was attained, the loading was maintained until the settlement
rate was less than 0.25mm/hr before unloading. Then, the
maximum loading was unloaded by four decrements. The test-
ing procedures suggested by ASTM D3689-90 (1995) was fol-
lowed for shaft tension load test.

The load-displacement relations at the pile head for the tested
shafts at dome #3 and dome #4 are shown in Fig. 9. For ten-
sion test shafts P1 and P2, the load versus displacement rela-
tionships is almost identical at both sites. However, the com-
pression test shaft C1 at dome #3 appears to have higher side
resistance and lower base capacity. The skin friction resistance
of both compression shafts takes up to 83 percent and 72 per-
cent of the total load for the shafts at dome #3 and dome #4,
respectively. Fig. 10 shows the transferred axial force in the
shaft as a function of depth. Compare to the load displacement
relation of Fig. 9 for the compression shafts C1 and C2, the
maximum applied load 14.13 MN and 14.20 MN at dome #3
and dome #4 are all beyond the yield point. The trends of load
distribution of four shafts are similar except the compression
shaft at dome #4 takes higher toe resistance. For compression
test shafts C1 and C2, the skin friction resistance through SCP
improved area carries up to 56 percent and 68 percent of the
total load carried by the shafts at dome #3 and dome #4 site,
respectively. For tension test shafts P1 and P2, much higher
skin friction has been mobilized at SCP improved zone. A set
of side resistance, t, versus local shaft movement, z, curves at
improved area based on measured results is shown in Fig. 11.



Table 1. Soil properties before ground improvement

y Total Effective
Layer of stratum Class SPT-N Thickness 7, ¢ stress stress
V4 max V4 min Su ¢ c ¢ I
Depth value (m) (kN/m3®  (kN/m3®)  (kN/m® (kN/m?) degree (kN/m?) Degree
1.Black/Gray Coal Ash, with 1~5 48~6.8 12.8~16.0 9.5~10.1
occasional Gravel SF (3.2) (5.9) (14.2) (9.8) 7.0 ) ) 16.7 29
GL-4.2~-6.8m
2.Gray silty sand, with 11~18 2.5-48 18.2~20.7 16.1~16.8 12.7~13.0
ional silty cl d SM ) ' ) ’ ) ’ ) ' - 5.9 30
gcr‘;"\";'lona sty clay an (15.8)  (3.3) (19.4) (16.5) (12.9)
GL-8.9~-9.3m
3.Gray with occasional
. . 1.5~17 4.4~10.6 17.7~20.4 16.1~16.8 12.7~13.0
yellowish brown silty clay CL 22.6 0 - -
and occasional silty sand (5-2) (6.2) (19.3) (16.5) (12.9)
GL-13.4~-19.9m
4.Gray silty sand with parting o, ~ 5-41 6.1-182 17.8~215 i - - 2.9 33
silty clay (16.6) (10.5) (29.7) 26.5 0
GL-19.5~-38.1m
5. Gray silty sand, with _ _ -
occasional parting silty clay SM 3173 2:4~>10 18'29 22'2 - - - 14.7 35
and clayey silt (41.8) (19.6)
End of GL-50m
NOTE : E.L.=+4.0m=G.L.=+0.0m
Table 2. Physical Properties of Coal Ash
SPT-N
value @) zklt\l m?) G FC(%) e Dio D3o Dso Dso Cy Cq
Max. 5.0 90.40 .5.99 2.26 88.60 1.98 0.009 0.024 0.056 0.094 281 25
Min. 1.0 38.10 1344 2.11 55.80 0.84 0 0.008 0.006 0.024 55 0.5
'%‘ger' 34 6290 1425 222 7468 152 0006 0016 0031 0052 103 1.1
Table 3. Sieve analysis results of the sand used for sand piles
Sieve no. 1" 1/2" #4 #16 #50 #100 #200
Pass weight (%) 97-100 90-100 70-100 20-75 3-25 0-10 0-3
N Value ¥, (kN/m?) (%) Gs
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For compression test shafts, the C1 pile gives slight higher
unit side resistance. However, the t-z curves of C1 and C2 at
depth of 6 to 9 meters shows softening after reaching the peak
resistance at displacement of 21mm and 34mm of shafts at
dome #3 and dome #4 site, respectively. For tension test pile,
the P2 shaft gives higher resistance than that of the P1 shaft.
Also, the side resistance of compression shafts is higher than
that of the tension test shafts.

SUMMARY AND CONCLUSIONS

From the study in this paper, the following observations can
be summarized:

Conventional procedure of SCP has a limit when applied to
the coal ash pond which contains high fine particle content. A
high sand replacement ratio up to 0.342 was used in this pro-
ject. Construction of SCPs in this project results in the SPT-N
value increasing by a factor of 5.6 Coal ash pond after im-
proved by sand compaction piles can also provide good shaft
frictional resistance between drilled shaft and surrounding im-
proved coal ash.

REFERENCES

American Society of Testing Method (ASTM). [1995]. Stan-
dard test method for individual piles under static axial ten-
sile load. ASTM D3689-90, West Conshohocken, Pa.

American Society of Testing Method (ASTM). [1994]. Stan-
dard test method for piles under static axial compressive
load.” ASTM D1143-81, West Conshohocken, Pa.

Aboshi, H., Y. Mizuno and M. Kuwabara [1991]. Present state
of sand compaction pile in Japan. in Deep Foundation
Improvement: Design, Construction and Testing, ASTM
STP 1089, M. I., Esrig and R.C., Bachus, West Consho-
hocken, Pa., 32-46.

Barksdale R.D. and T. Takefumi [1991]. Design, Construction
and Testing of Sand Compaction Piles. in Deep Foundation
Improvement: Design, Construction and Testing, ASTM
STP 1089, M. I., Esrig and R.C., Bachus, West Consho-
hocken, Pa., 4-18.

O’Neill, M\W. and L.C. Reese [1999]. Drilled shafts: Con-
struction procedures and design methods. Publication No.
FHWA-1F-99-025, U.S. Dept. of Transportation, Federal
Highway Administration, Washington, D.C.

Paper No. 7.06a

700 £8.0m SCP

Paper No. 7.06a

700 £/6.0m SCP
Jnitj @m 22091 1140:500 11500 | 1500 |

. 1500, 1500 , 1500 ,

750

—40
—O @02020@0 O
—0 O O O O O

?isoﬁsoﬁsoisoo 750 R

\Y
150j50j

EL +5000 1_750_1_750_i
©L. +1000): /—Ground Surface
“:
g —— 700 £9.0m SCP
o

as=
|

|
o
Jﬁ‘i
1

EL.-4000

0.171,

1|~ 700 £p6.0m SCP
| EL.-11000

as

Fig. 3 Layout of sand compaction piles



10

15

20

Depth (m)

25

30

35

40

N Value (BH-4)
20 40 60 " 80

=TT

A T RGT T T 11117
7 & * (;&SF(CoaI Ash)

Uncorrected)

10

15

20

Depth (m)

25

30

35

40

N Value (BH-5)
20 40 60 " 80

before improvement
between piles
pile center
between piles
pile center

Fig. 4 SPT-N values of boreholes BH-4 and BH-5 of dome #3
test site before and after improvement

Depth (m)
N = =
o 3 o

N
(83

w
o

35

40

N_Value (BH-1)
20 40" 60 "80

" 1.SF(Coal Ash)

(Uncorrected)

25

30

35

40

N Value (BH-2)
0 20 40 60 "80

I

SF(Coal Ash)’

[ (Uncorrected)

—O— before improvement
—H&—  between piles

__@_.

pile center

—A— between piles

__>K__.

pile center

Fig. 5 SPT-N values of boreholes BH-1 and BH-2 of dome
#4 test site before and after improvement

Paper No. 7.06a

30

25

20

10

N-value after improvement (N 1)
—_
[

.
.
o

'\\W}\W\\\Y\Q /

\
3
i
\\\i

|
A

= o °
7z 25 °
< Qe 3
5 @ ° o
IRHELS
K4 o
2 P
ﬁ g R
o o @
g 10 e g
\\ °
~ = 5
<
3 (b)
) 0 . L
100 40 60 80 100
FC (%)

0050 5 a,5 0.125

0.125 < a, 5 0.225

I B2 Fe=0-20% 0050 5 a, 5 0.125

e

Nt FC=0~20%

L]

0.125 < a, g 0.225

(After Aboshi et al.,1991)

This Study for Coal Ash (a,=0.342)
Range of resulting by this study
FC=50~90%

a = Sand pile replacement ratio

Original value of N=3~4

Fig. 6 Relationship of SPT-N values before and after SCP

N-value after improvement (Nt)

40

30

20

10

improvement

= After Aboshi et al.(1991) (FC< 20%)

o This Study for Coal Ash
(a=0.342;FC=50~90%)

a = Sand pile replacement ratio
s

2,=0.20

a =0.05

a,=0.15

a,=0.10

10 20

N-value of original ground (N)

30

Fig. 7 Relationship of SPT-N values after improvement versus
fine content FC



EL. +4000 _ Elevation of Pile Top
g
EL. +3500 '
SR SRR
8
=
Bl A
b
A Ay
z
— o g
8 8%
Ng2
g
3
B BY | | T
2
IS
b
g
[ g
ol |
2
)
ic S
o g

18 7

Load (MN)

1200

#4@100

30410
Section A-A

1200
#@150

22-#10
Section B-B

1200
#@250

”

Section C-C

12410

(Tension)

0 50 100 150
Displacement (mm)

1 2 3 4

Displacement (mm)

Fig. 9 Pile head load versus displacement relationship

Load (MN)

Improvement Area
®
X

Depth (m).

~
S

o
I

4.SM-CL

I~y
3

324

Typical Load Distribution Curves of Dome #3

0 2 4 6 8 10 12 14 16

Improvement Area

Depth (m)|

/' 1.5F(Coal Ash)

2.5M

5.5M

Typical Load Distribution Curves of Dome #4

Fig. 10 Load distribution curves along the tested shafts

Paper No. 7.06a

140 [ - -o= =1-3.5M(Cl) - -0- =3.5-6M(Cl) - -a- - 6-9M(C1)
——1-3.5M(C2) —8—3.5-6M(C2) —4— 6-9M(C2)

120

t (kPa)

Compression Shafts

0 20 40 60 80 100 120 140 160 180 200
z (mm)

t-z Curve of Compression Shaft

(@)

80
- 0- =135M(P1) - -0 ~3.555M(P1) - -a- -5.5-9M(P1)
70 e 1-35M(P2) —8—3.5-5.5M(P2) —k— 5.5-9M(P2)

60

t (kPa)

t-z Curve of Tension Shaft

(b)

Fig. 11 t-z curves at SCP improved area of compression
shafts of C1 and C2 and tension shafts of P1 and P2



	Use of Sand Compaction Piles for Improvement of a Coal Ash Pond
	Recommended Citation

	USE OF SAND COMPACTION PILES FOR IMPROVEMENT OF A COAL ASH POND

