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ABSTRACT: A high rock embankment by means of dynamic conipachas hardly carried out in Korea. For the susftgs
accomplishment of such a high rock embankment, tnaet®on quality and measurement control are cotatlicPlate loading tests are
carried out to verify the bearing capacity and aégainst the long term settlement. In additi@ttlement of each layer is measured in
order to verify the effect of dynamic compactiordan predict long term settlement. A high rock embaent is generally constructed by
dividing into several sub-embankments. Unlike aoly esmbankment, a rock embankment is constructethésns of dynamic compaction.
Such a sub-embankment and dynamic compaction naagénan increase of pressure at the lower parbfakment and cause a different
behavior of ground from initial status. In thisdyy settlement of a high rock embankment is eséohaising a hyperbolic model taking into
construction history. The results from predictioa eompared with those obtained from field measergmand plate loading tests

1. INTRODUCTION

The foundation of transformer substation (Fig. d)Korea was
supposed to be constructed on a high embankmegBmf with
rocks and reinforced by a bored piling method. Haeve such a
foundation system has serious limitations in thieatfveness of
construction and cost, since the embankment wasggto be
accomplished by means of roller compaction. On actof a long

displacement. Plate load tests were carried outvéoification of
stiffness that affects the bearing capacity andegref the
embankment. Settlement measurement was also pedocharing
entire period of construction to estimate the Itengn displacement.
In the mean time, a numerical analysis taking imtocount
construction history was carried out in order fetinto account the
change of the ground deformation characteristicsringu

construction. as well. The results predicted frame nhumerical

term displacement, such as creep, the first desighe foundation
system has been changed by dynamic compaction 9&th sub-
embankments (7m thickness) and piled raft (Figm@ 3).

analysis were those obtainedm fro

measurements.

then compared with

. L . Figure 3. Construction sequence of sub-embankment
Figure 1. Air view of transformer substation

2. MEASUREMENT

A potentiometer type of settlement logs were usethis study as
shown in Fig. 4. Once one step of embankment ispbeted, a
reference point, as seen in the Fig. 5, is mountedbed layer by
boring up to the original ground and a settlemengtis installed on
the top of the layer. This procedure is repeate@vatry step of
embankment. Table 1 shows the matrix of measurement

Figure 2. Scene of dynamic compaction

In this study, a series of in-situ experiments arehsurements
were conducted in order to verify the stiffnesstied embankment

and to evaluate the quality of the dynamic compacéind long term Figure 4. Settlement logs
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Dynamic Compaction Zone were the parameters used for analysis that KOWACID&P had
obtained and used for the analysis of behavior dam (Fig. 9)
from large triaxial compression tests. The paramsetsed in this

L analysis are presented in Table 2.
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Figure 5. Cross section of the settlement logs liasitan

Table 1. Matrix of measurement by settlement logs

Install position Install quantity of

Construction Zone of settlement logs| settlement logs

2EA per each laye
(struck zone and
non struck zone)

1stl] 9th

Dynamic compactiorn
upper layer

Roller compaction | 3rd, 6th upper layer 1EA per daghr

3. SETTLEMENT PREDICTION

It is precisely estimated that the initial grounafaimation
characteristics are going to be changed as the @mient proceeds
because of an increase of effective confining pmesgFig. 6). In
order to figure out the behaviors of the originedund and body of
sub-embankment in each step, a numerical analgimgt into
account construction history is performed. In thésudy, a
commercial software, so called FLAC-2D, was usadhé analysis,
the ground was modeled as a unit element of 10nthwatid 7m
height. Figure 7 shows the initial configuratiordanesh generated
for embankment.

Figure 7. Initial configuration and mesh generdtecembankment

. Table 2. Duncan and Chang (1970) hyperbolic modempeters
31  Analyss used in this analysis

A hyperbolic model proposed by Duncan and Changr@L9s Section K n Ry Ky m
adopted for the analysis. The concept of the mmdedpresented in N A
Figs. 8(a) and (b). In this model, an elastic madularies Zone-2 1,037.6 0.37 0.75 3,065. 037
depending on the confining pressure as shown in&@. Adopted

Table 3 Predicted elastic modulus from numericalysis with construction history (Zone-2, unitmg)

Construction sequence of sub-embankment mean

Layer after after after after after after after after after el?jstlic ratio
1st 2nd 3rd 4th 5th 6th 7th 8th 9th modulus

upper 4,820 4,810 4,810 4,820 4,810 4,820 4,820 4,820 14,8 4,820 1.0

1 11,130 11,130 11,120 11,13(¢ 11,120 11,120 11,130 ,1301 11,130 2.3

13,210 13,210 13,210 13,21( 13,210 13,210 13,210 ,2103 | 2.7
14,390 14,380 14,380 14,38( 14,380 14,380 14,380 0 3.
15,150 15,140 15,140 15,14( 15,140 15,140 3.
15,670 15,670 15,660 15,67( 15,670 3(3
16,050 16,050 16,050 16,050 3.8
16,320 16,320 16,320 3.4

! 16,530 16,530 3.4
bottom
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Figure 8. Duncan and Chang (1970) hyperbolic modetept

Dam zones
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Figure 9. Cross section of the dam used in thisyaizal

3.2. Resaults

As a results of the numerical analysis, it appdheg the initial
elastic modulus increases by from 2.3 times up.4otiBnes when
the construction proceeds more than 2 stages (Tapleand
therefore the maximum settlement after the congletf entire
embankment is 86.1mm at the center (Table 4). derto compare

Table 5. Predicted settlement from numerical amshyith
construction history (unit : mm)

Adopt Construction sequence of sub-embankment

Position of

Numerical | after | after | after | after | after | after | after | after
Analysis | 2nd | 3rd | 4th | 5th | 6th | 7th | 8th | 9th
Istupper | 4 2| 45| 75| 10814.1|176|21.1| 247
layer

andupper || 491 119l 18.0(25.1|32.5|40.0| 47.7
layer

Srdupper | || g1 184]291|403|51.7| 635
layer

Athupper |1 | 117 4| 25.3] 40.0| 55.3| 70.9
layer

Sthupper | || | _ |160|34.0/|528| 72.2
layer

Gthupper | | | _ | _ | _ |201|421]651
layer

fthupper |1 L L] L | 242 504
layer

8th upper | i i i i i - | 283
layer

COMPARISON OF SETTLEMENTSACCORDING TO
STEP CONSTRUCTION

4.1. Introduction

The measured settlements from the logs and platetists installed
on the top of each layer were compared with thedipted
settlements from the numerical analysis. In thisngarison, the
settlements by the logs and the plate load tests sleown in Table.
6 and Table. 7.

Table 6 Measured settlements from settlement lats w
construction history (unit : mm)

the settlements obtained from measurement at eaal step, the Install Construction sequence of sub-embankment
settlements predicted by the numerical analysi®wammarized in | Positions of
Table 5. Looking at the table, the maximum settieimappears to | Settlement |after | after | after | after |after | after | after | after
measure by 72.2mm at the log installed on the fofhe 5th layer Logs 2nd | 3rd | 4th | 5th | 6th | 7th | 8th | Sth
after 9th embankment completed.
_ S 1stupper | 5 2719 .06|0.20( 0.13| 0.13| 0.02
Table 4. Predicted settlement from numerical amshyith layer
constructlo.n history (Zone-2, unit : mm) 2nd upper | 168! 218! 356 2.46| 10.1
Construction sequence of sub-embankment layer
Layer | after | after | after | after | after | after | after | after | after 3rd upper | - |l o2slo61l1.30] 1.89
1st | 2nd | 3rd | 4th | 5th | 6th | 7th | 8th | 9th layer
upper| 1.4 | 3.4| 6.6/ 10.913.9|17.8|21.8|25.9|30.1 4th upper | i - | 348/ 218|738
T 3.1 8.3/ 15.0 22.3[29.9(37.9] 46.0| 54.2 layer Uf:dert_
59 | 14.6)25.0(36.2| 47.9] 59.9| 72.2 5t:‘a;£fer S| - | - | - | 05| asal cOMSIHCON
8.9 | 21.4/35.7| 50.9| 66.7| 82.9
6th upper
12.2| 28.5( 46.9| 66.2| 86.1 layer o e A B I
15.5(35.9(58.3| 81.8 Zthupper | | | | _ | | _
19.0|43.4| 70.1 layer
225|511 8th upper | _ R - - -
layer
! 26.1
bottom
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Table 7 Settlements derived from the plate loatvtith
construction history (unit : mm)

Test Construction sequence of sub-embankment
Positions of
Plate Load | after | after | after | after | after | after | after | after
Test 2nd | 3rd | 4th | 5th | 6th | 7th | 8th | 9th
Istupper ; o3| 2.06(3.09| 4.12 | 5.15| 6.18
layer
2ndupper| |4 351 5 73| 409 5.45| 6.81
layer
rdupper| || 87| 1.75( 2.62| 3.50
layer
4th upper| ; - 1 0.78/1.55| 2.33
layer under
construction
5th upper| - - - 1 0.69|1.38
layer
6th upper| . . - - 091
layer
7th upper| ) ) . - -
layer
8th upper| ) } - ; -
layer

4.2. Discussion

So far, the 7th step out of 9 steps total has lweemplete. Also, a
settlement log has been installed and a coupléaté ppad tests has
been carried out. After that, the measured settiésnaccording to
step embankment at the time of the completion ef #th step of
embankment and the load-displacement relationshithe plate

load test were compared with those predicted frbeniumerical

analysis. Overall, the settlements from predictiseem to be
overestimated comparing to others. Both the meassedtéments
by logs and the settlements derived from the |ldadlacement

relationship of the plate load test appear to belai. On the basis
of this comparison, it may be said that the comsivn has been

5.

CONCLUSION

(1) On the basis of the results of the settlement aismlyeasured

@

©)

4

6.

by logs, in which the settlements at the struck ezare
relatively smaller than those at the non struck ezothe
dynamic compaction is effective enough for improeein In
addition, the rate of settlement increment, accgrdio the
result of monthly variation of settlement, appe@rslecrease.
In other words, the effects of compaction and iasee of
surcharge on the settlement appear to mitigate rhes t
embankment goes up. In contrast, an intensiveathisgems to
affect much on the ground compression.

It appears that the predicted initial elastic moduhcreases by
from 2.3 times up to 3.4 times when the constricficoceeds
more than 2 stages, and therefore the maximuneswitit after
the completion of entire embankment is 86.1mm atdbnter.
In order to compare the settlements obtained from
measurement at every each step, the settlemerdgtec: by
the numerical analysis were analyzed. As a resilg
maximum settlement appears to measure by 72.2nthe dbog
installed on the top of the 5th layer after 9th antbment
completed.

Both the measured settlements by logs and the reetite
derived from the load-displacement relationshiptted plate
load test appear to be similar. However, the setids seem to
be a little underestimated comparing to that froradjction.
On the basis of this comparison, it may be said tha
construction has been well controlled.

The difference between prediction and measuremégittrive
because of the parameters that used in this sttt is, the
parameters that used in the hyperbolic model prxgbdsy
Duncan and Change(1970) are not the very valugssepting
the material in the field but the values of similmaterial,
which used for the analysis of a dam behavior aoigined
from large triaxial compression tests. In additioonuniform
compaction energy between struck zone and nonkszaoce
might induce a different settlement as well.
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