
Use of geosynthetic reinforced structure for debris dam 
 
 
 

Keywords: geosynthetic reinforced structure; geogrid; gabion, debris dam  
 

This paper synthesizes the findings from recent 
case studies and field applications to demonstrate 
the benefits and efficiency of geosynthetic 
reinforced structures (GRS) for debris dams in 
Taiwan's mountainous terrain. Highway No. 18 is 
the connecting artery of the Alishan Forest 
Recreation Area, one of Taiwan's most important 
scenic areas, and a vital lifeline to ensure local 
community, economy, and tourism activities. 
However, its downslope at Sta. 42K~43.2K has been 
confirmed for its vulnerability to headward erosion 
and poses a great potential to trigger large-scale 
landslides, which could lead to a significant hazard 
to highway safety (Tsai, 2006). 

The site is a historical landslide area with several 
different-sized sliding blocks. Its colluvium 
geological formation consists of varying sizes of 
fractured shale fragments intermixing different 
types of soils in poor engineering properties. Little 
plants or vegetation exist on the slopes. The site is 
under constant threat due to significant deep gullies, 
ravines, and ditches caused by the year-round 
erosions. Consequently, historical records indicate 
that the slopes are prone to debris flow during 
heavy rainfalls.  

The highway authority has previously attempted 
to restore the site using reinforced concrete debris 
dams to control the debris flows. However, 
experiences indicate that these restorations all 
appeared unsuccessful due to the enormous 
amount of debris and the strong hydraulic attacks 
of the flooding. 

 Based on the site experiences, the capability of 
the rebuilt structures must achieve these functions: 
(1) Stop further erosion or expansion of the existing 
damaged surface; (2) Prevent headward erosion of 
the slope and thus minimize the potential 
downslope failure of the above highway; (3) 
Provide merits of economics and efficiency of the 
construction and (4) Qualify as aesthetic, eco-
friendly and sustainable facility. 

 At the beginning of 2024, the highway authority 
decided to use GRS to mitigate the problematic site. 
The remedy system consists of a series of GRS 
debris dams stepped down from the head to the toe 
of the slope. The GRS was built using composite 
materials combined with geosynthetic geogrid, 
geotextile, galvanized gabion, and reinforced 
concrete (RC) micropile foundation. GRS was used 
as the main structure, and it had sufficient weight to 
counterbalance the sliding and overturning exerted 

by the debris flow. The base of the GRS was 
stabilized with cement to reduce the risk of bearing 
failure and differential settlement. Additional 
micropiles supported the strip foundation, which 
was placed at the toe of the gravity earth structure 
to provide further lateral resistance against sliding 
and toe stabilization. 

Galvanized gabions infilled with selected broken 
rocks were placed all around the circumference of 
the GRS. It provides armored protection against 
hydraulic attacks and also serves as the drainage 
pathway to accommodate surface runoff and 
groundwater seepage. By using such a robust 
configuration with sound durability and high 
permeability, the risk of hydraulic destruction of the 
GRS dam structure thus can be safeguarded. 

The GRS was constructed directly using the 
geological materials selected on-site, including 
broken rocks and granular soils. Compaction for 
backfill construction was necessary to ensure the 
reliability and quality of GRS. Stacked soil-filled and 
hydro-seeded sandbags were used for slope face 
protection and to maintain an aesthetic natural 
appearance. Using locally available broken rocks or 
granular soils as backfill for GRS or gabion 
structures not only enhances construction 
efficiency and reduces carbon footprint emissions 
due to less transportation but also significantly 
lowers the costs of acquisition and transport, 
making it a financially prudent choice. 

In addition, the adopted solution has proven 
sustainable for protecting the local ecosystem by 
using mostly natural materials. The construction 
minimized the use of reinforced concrete, which 
further improved the project's perspective on 
carbon reduction. 

The entire GRS debris dam was completed less 
than five months before the flood season, as 
required by the project’s schedule. Currently, the 
construction site is in good condition, with abundant 
greenery. Despite several heavy rainfalls, there has 
been no damage, demonstrating its excellent safety. 
While this approach may not be common, the 
experience described herein has shown that the 
reported composite GRS structure meets all the site 
criteria. 
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