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Design Improvement of the Road Expansion on a
Deep Thick Soft Ground

7 ¥ &' Kim, Tae-Hyung gl 9’ Park, Tae-Young
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Abstract

The expansion of a road on soft ground could induce an additional settlement to the existing road because of the
consolidation characteristics of the soft soil layer subjected to additional load by an adjacent banking. In such case,
the existing road could be faced with various problems during the stages of the construction and maintenance, such
as deterioration of not only the surface smoothness yielding the decrease in automobile performance safety but also
the structural stability of the embankment. These kinds of problems are expected to occur more freguently especially
for the deep ground level with a fairly thick soft soil layer. Therefore, they should be examined and studied adequately
during the design stage. As a reference case study, this paper deals with the project named Namhae Expressway of
2nd Branch with the soft soil layer with the thickness upto about 50m. After a lengthy review of the original design,

an improved design is proposed.
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Fig. 1. Route map of expansion construction for 2nd branch of
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Namhae expressway and distribution status of soft ground on its route
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Fig. 3. Flow chart of road expansion
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Table 1. Required settlement to satisfy the 10cm of allowable residual settlement for different thickness of soft ground

Thickness of Total Target Allowable residual Degree of
soft ground settlement settlement settlement consolidation
(m) (cm) (cm) (cm) (%)

10 140 130 10 92
50 450 440 10 98

Table 2. Adopted allowable residual settlements in other sites(Korea expressway corporation, 2008d)

Classification Road Drainage culvert
Allowable residual 15 20 30 50~100 30
settlement (cm)
K )
Korea expressway orea exprgssway . Haneda airport Korea expressway
. ) ) corporation/ Gwanyang steel mill/ ) :
Institutions/Sites corporation/ (after operation corporation /
) Noksan 1 phase, Kobe port
2nd Incheon bridge 50years) Noksan 1 phase
Asan factory
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Original design

Improved design

Removing the embanking of the existed Road + P.B.D. + Preloading

= Satisfy the residual settlement during construction period

Non—treatment of the existed road + Preloading
= Induce long—term settlement

Upward adjustment of Longitudinal height and
Connecting both ways

Controlling the upward adjustment of Longitudinal height and
dividing a median strip bilaterally

Table 4. Results of the pilot test in the Namhae expressway completed in 1996 (Korea Expressway Corporation, 2006)

Results of pilot test(cm)

Classification Ground improvement

Measured settlement

Expected settlement (Settlement Rate/Design)

Removal of existed road
+ Sand drain(2x 2)

2 None

64 (35%)
184

2 (28%)

Table 5. Japanese highway public corporation standard for allowable residual settlement (Korea Expressway Corporation, 2008e)

Thickness of soft ground D = 10m

D = 30m D > 30m

Allowable residual settlement(cm) 10.0

20.0 30.0
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Fig. 5. Comparison of settlement trends for different thicknesses of soft ground

Table 6. Analysis of settlement behavior to the thickness of soft ground

(@) Input data

Thickness of Planr?ed Final banking Effective Increment Time factor Coefficient of
banking . stress stress _ ) .
soft ground height height P.) (AP) consolidation C, | Drain condition
© U=100% Public U 2
(m) m) (m) (ton/m?) (ton/m?) ublic Use (cm®/sec)
10.0 5.0 7.80 8.00 14.82 3.58 0.394 0.0016 Both Sides
20.0 5.0 8.70 11.50 16.53 3.58 0.102 0.0016 Both Sides
30.0 5.0 9.30 15.00 17.67 3.58 0.047 0.0017 Both Sides
40.0 5.0 9.70 18.50 18.43 3.58 0.024 0.0015 Both Sides
(b) Output data
) ) ) ) . Residual
Thickness of Settlement in Residual Final settlement|Settlement time Settlement
Total settlement . : ) . settlement
soft ground public use settlement time after public use velocity )
(m) (om) (cm) (cm) (year) (year) (cm/year) velocity
(cm/year)
10.0 146.2 101.4 44.8 18 16 0.26 1.094
20.0 248.5 91.9 156.6 74 72 0.11 0.874
30.0 325.7 90.6 235.1 166 164 0.07 0.574
40.0 385.6 91.0 294.6 295 293 0.04 0.403
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Table 7. Variation of settlement for different volume of extra embankment

Total Expected Residual settlement (cm)
Typical settlement construction P.B.D.+ Extra embankment
section (cm) period Non—treatment | Designed extra| Design
(month) embankment +1m +2m +3m +4m
STA. 1 62.2 18 31.6 3.6 31.6 29.1 26.9 24.8 23.0
STA. 2 196.13 22 90.9 9.3 90.9 771 64.3 52.2 40.9
STA. 3 305.72 22 233.5 7.0 233.5 228.7 224.2 219.9 215.9
STA. 4 125.05 22 22.9 1.8 22.9 13.5 4.7 - -
Table 8. Change of residual settlement due to adjustment of longitudinal height
} Residual Settlement in case of adjustment of longitudinal height(cm)
) Total settlement in )
Section design settlement in Adjustment of Total settlement Residual settlement
non—treatment longitudinal height (expected) (expected)
Design 62 32
=1m 56 27
STA. 1 62 31.58cm
-2m 50 23
—-3m 43 18

- Settlement(Expected) : Total settlement in design * (100 — Rate of increase(10%/m))
- Residual settlement(Expected) = Total settlement(Expected) — Change of settlement(2.151x + 30.826)
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Table 9. Current status for pavement rehabilitation of zone “W. Gimhae”~“E. Gimhae” on namhae expressway (Korea Expressway

Corporation, 2008g)

Classification

W. Gimhae~E. Gimhae

Naengjeong bound
(Existed road)

Daejeo bound

(New expansion road)

Soft ground improvement

Non—Application

Application (Sand drain)

Traffic Volume ('08) car/day

36,954 33,271

Length

6km 6km

Rehabilitation area (compared with total area)

60,480m’ (140%) 61,920m” (143%)

Pavement

Rehabilitation Area per km (4-lane)

20,160m?/km 20,633m?/km

Compared with traffic volume

1.63m?/car/day 1.86m?/car/day

Rehabilitation
Period

within 3 years 26% 28%
3~5 years 14% 31%
over 5 years 60% 41%
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How to adjust Descriptions Applicable length Remark
' Underground rigid frame bridge = _
Change the way to cross a bridge Pedestrian bridge 1.0km 5m
Adjustment of minimum Longitudinal slope 0.5% = 0.3% 4.5km - 1m
Adjustment of passing extra height of bridge Secure the minimum overhead clearance 3.5km - 0.8m
Fig. 6. A plan to adjust longitudinal height
Table 10. Design criterion of changed allowable residual settlement
Thickness of soft ground Allowable residual settlement Degree of consolidation
10m below 10cm
30m below 20cm 90% above
30m above 30cm
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Fig. 8. Simplification of construction phases
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