


:
:
:

/



(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 





–

–

–















 



73 78

84
5

50

















2mm
50%











28



29



GEOTECHNICS  vs. HYDRAULICS
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• : 60CM =24M 
• :
• =S-H350 W-H350 =S-H400 W-

H400 =S-H400 W-H400
• =H350 L=15M 80cm (fc,=175kg/cm2)
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Ladd (1977): some examples of 
CU stability analyses for clays

Tc

T

cT, T



• ( )
(Consolidated Undrained Test, CU CIU) ,

( ),
,

• CU ,
, ,

,
• CU ( ),

,
, , CU 

Test , ,



•

•



79

Nicoll  Highway case
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Reinforced Materials--Geogrid







Comparison of RC wall vs Geosynthetics-Reinforced Soil (GRS) Wall (1/2)

(after Chou, 1993, 2019)

Comparison item RC wall Geosynthetics-Reinforced wall

Cost Unit price increases significantly with 
height

Unit price lower, and not varies 
with height

Appearence Concrete pouring surface Vegetated surface or special 
modelling

Design concept External stability Internal stability 

Earthquake (EQ) resistance Low EQ resistance High EQ resistance 



1
4
5

1111
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GRS wall in Japan, before Osaka-Kobe earthquake



GRS wall in Japan, after Osaka-Kobe earthquake



Comparison of RC wall vs Geosynthetics-Reinforced Soil (GRS) 
Wall (2/2)

Comparison item RC wall Geosynthetics-Reinforced 
wall

Allowable settlement
/deformation 2.5 cm - 5.0 cm 30 cm

Carbon emissions
Higher

Much lower 
(about 1/5 of RC wall)
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Comparison of e for 
various walls

Gravity 
Wall

Cantilever 
Wall

Wrap around 
MSE wall

Wall type
Gravity

Wall

Cantilever 

Wall

Wrap 

Around 

MSE wall
Emission of (T)

During construction
322,196 147,830 43,429

Emission of (T)

During Service 

(vegetation)
__ __ -53,500

Total 322,196 147,830 -10,071

After , MS thesis, Taiwan Tech (2010)



Comparison of Carbon Footprints between RC and Reinforced 
Soil Structures (German) 

4,552 1,350

542 101

From:
Reduction of climate-damaging gases in geotechnical engineering by 
use of geosynthetics

Author:  
Prof. Dr.-Ing. Georg HEERTEN (CEO of NAUE Germany) 
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t1 Before 1980 —  Era of Man Can Prevail ( )

t2 1980 2002  —  Era of Earth Hits Back ( )
t3 After 2002    —  Era of Harmony Between Man and Earth ( )

(
)

1940 1960 1980 2000

921Chi-Chi 
Earthquake, 
Typhoon Nari 
Herb Toraji,etc.

Construction of Central 
Cross-Island Highway

Appreciate Harmony of 
Ecology and Landscape
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