
Geosynthetics - 7   ICG - Delmas, Gourc & Girard (eds) © 2002 Swets & Zeitlinger, Lisse ISBN 90 5809 523 1  

291

th

1 INTRODUCTION 

The geosynthetic reinforced soils are used in Taiwan construc-
tion projects gradually, since they are economic in construction 
cost as well as are acceptable in their vegetative facing.  Some 
mechanically stabilized earth retaining walls (It will be named as 
MSE-RW hereafter) have been reported as high as 30 meters.  
The design codes, such as FHWA, AASHTO etc., gave users 
more confidence in employing those geosynthetic-reinforced 
soils.  However, the seismic resistant design methods in these 
codes are simple and limited.  But, designs of high walls under 
seismic conditions are necessarily in Taiwan since it is in the 
west Pacific seismic zone.  Recent huge Chi-Chi earthquake with 
magnitude 7.3 has caused very serious damage and human life 
loss in the central Taiwan. 

The general seismic resistant design codes of MSE-RW only 
required using traditional static parameters such as extension 
strength and pullout strength (Lee and Pan, 1999).  But the dy-
namic parameters of interface elements in reinforced soils were 
found very important in a numerical model. Therefore, dynamic 
extension test and dynamic pullout test results were introduced 
in this article to define the dynamic parameters of a MSE-RW.  
The dynamic behaviors of MSE-RW analyzed with dynamic pa-
rameters under sinusoidal loads were then used to compare with 
an MSE-RW estimated with traditional static parameters. 

2 DYNAMIC TESTS 

2.1 Dynamic test device 

The experimental set-up for geosynthetics pullout test by Geo-
synthetic Research Institute in GG5 specification was adopted in 
this research.  Figure 1 shows the set-up with a hydraulic oil sys-
tem and oil jack, which were used to automatically control the 
pullout test performance.  According to the paper of Seed et al. 
(1985), the cyclic loading numbers are 5,10,15 and 26 corre-
sponding to the earthquake magnitudes of 6.0, 6.75, 7.5 and 8.5.  
All dynamic sinusoidal forces in this research were then per-
formed 30 cycles with frequency of 1 Hz, as shown in Figure 2, 
in order to obtain the dynamic strengths of geosnthetics under 
different earthquakes. 

Figure 1. Schematic drawing of dynamic extension and pullout test de-
vice

Figure 2. Dynamic sinusoidal forces with frequency 1 Hz and 10 cycles 

2.2 Determination of cyclic loading 

The Mononobe-Okabe theory, which is suggested by FHWA 
(1997), was used to calculate the dynamic earth pressure behind 
MSE-RW in this article.  The dynamic force was considered to 
be equally distributed to the reinforced geosynthetics in each 
layer.  For a 5 m high MSE-RW with 50 cm in vertical spacing 
and under an earthquake with acceleration of 0.23 g, the cyclic 
loading to each reinforced layer will be 5.32 kN/m (Lee and Hsu, 
2000).
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2.3 Dynamic extension test 

A 100 kN/m geogrid, which is made in Taiwan, was adopted for 
a 5 m high MSE-RW in this research.  The sustained forces of 
geosynthetics were selected as 40 %, 60 % and 80 % of the ulti-
mate strength.  The test results of dynamic extension test results, 
with cross symbol, for the central high of the MSE-RW under 
different earthquake magnitudes was shown in Figure 3. The 
static test result is also presented with solid circle.  One can see 
that the dynamic ultimate strength of geosynthetics loses about 
20 % after 26 cyclic loadings.  But there is almost no influence 
to the reinforcement if the sustained stress is less than 25 % of 
the ultimate strength.  The dash lines in Figure 4 were used to 
simplified the stress-strain curve of the extension test results of 
Taiwan geogrid under M=7.5 earthquake.  These simplified 
curves were then employed as the stress-strain relationship of the 
reinforced geosynthetics in the MSE-RW. 

Figure 3. The dynamic extension test results for the central high (2.5m) 
of a 5 m high MSE-RW under different earthquake magnitudes. The 
static results are also presented. 

Figure 4. The simplified dynamic extension test results (dash line) for the 
central high (2.5m) of a 5 m high MSE-RW under earthquake magnitude 
7.5. The static results are also presented. 

2.4 Dynamic pullout test 

A static pullout test was finished first under a normal pressure of 
45.8 kN/m2. This is the overburden pressure of soil with 2.5 m in 
height.  The values of 40 %, 60 % and 80 % of the ultimate 
strength were again used as the sustained force and 5.32 kN/m 
was used as the cyclic loading.  A cyclic pullout test result under 
the situation of suspension force equaling 60% of ultimate force 

and pulsating force equaling 20% of ultimate force was shown in 
Figure 5.  The dynamic pullout test results for the 5 m high 
MSE-RW under different earthquakes is presented in Figure 6.  
The static results are also shown with solid circles.  Here is not 
only 20 % loss in the ultimate strength but also serious loss in 
the initial stiffness.  This simplified result in Figure 7 for the 
case of M=7.5 earthquake was therefore used as the interface 
stress-strain relationships between soils and geosynthetics. 

Figure 5. A cyclic pullout test result that is under the situation of suspen-
sion force equaling 60% of ultimate force and pulsating force equaling 
20% of ultimate force. 

Figure 6. The dynamic pullout test results for the central high (2.5m) of a 
5 m high MSE-RW under different earthquake magnitudes. The static re-
sults are also presented. 

Figure 7. The simplified dynamic pullout test results for the central high 
(2.5m) of a 5 m high MSE-RW under M=7.5 earthquake. The static re-
sults are also presented. 

3 DYNAMIC BEHAVIOR OF MSE-RW 

3.1 MSE-RW on Taipei basin 

A 5-m high MSE-RW reinforced with 100 kN/m geogrid was 
shown in Figure 8.  The vertical spacing is 0.5 m.  The embed-
ded length of geogrid is designed according to FHWA. Both 
static and dynamic parameters were employed for  comparison 
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under earthquake magnitude 7.5.  This 5-m high MSE-RW was 
considered seated on the surface of Taipei Basin. 

  A seismic acceleration (0.23 g) with 15 sinusoidal cycles 
and 1 Hz frequency was input from the 40 m deep bedrock in 
Figure 9. The basic element of this mesh is 0.5 m by 0.5 m. The 
detail introduction of the dynamic analysis program is far be-
yond this article. Please refer to the paper of Lee and Lian, 
(1998).

.

Figure 8.  A sketch of 5 m high MSE-RW 

Figure 9. The mesh of a 5 m high MSE-RW seated on top of 40 m thick 
Taipei Basin. 

3.2 Deformations of MSE-RW 

The deformations of the front face of a 5 m high MSE-RW were 
presented in Figure 10. It is obvious that the final displacements 
at the end of cyclic loadings are always larger than the static 
condition.  The dynamic parameters always gave larger deforma-
tions than the static parameters did.  The total lateral displace-
ment at the mid-high of a real MSE-RW will be 6.2 cm at the 
end of an earthquake with seismic acceleration 0.23 g and 15 si-
nusoidal cycles in 1 Hz frequency.  However, it will only be 4.7 
cm if static parameters were used to estimate this lateral dis-
placement. It means a real MSE-RW will move outward 1.5 cm 
more than one expected if he used static parameters for the dy-
namic analysis.  In the mean while, the bottom of a real MSE-
RW will move 2 cm more than the one estimated with static pa-
rameters.  This means that a MSE-RW will not be so tilt after an 
earthquake as one expected with the static parameters. 

Although the difference of later displacements of a five-meter 
high MSE-RW is not very much by using dynamic and static pa-
rameters, it is getting greater when the wall is higher.  A study of 
a 15 m high MSE-RW shows that the difference is as large as 15 
cm in Figure 11, because the lateral displacement is 45 cm at the 
end of earthquake.  Therefore, a seismic design with dynamic 
parameters is extremely necessary for a high MSE retaining wall. 

Figure 10. The lateral deformation of front face of 5 m high MSE-RW 
with static and dynamic parameters. 

Figure 11. The normalized lateral deformations of 5 m, 10 m and 15 m 
high MSE-RW compared with FHWA code. 

3.3 Lateral deformation of higher MSE-RW 

The expected lateral deformation of a MSE-RW has been proposed in 
FHWA (1997) for a wall less than six meters high. Since MSE-RW in 
Taiwan is usually higher than 10 m, three walls with different highs were 
presented in Figure 11. One can see that the dash line of 5 m high wall, 
estimated with equations in FHWA, coincided with calculated value in 
this research.  However, the estimated deformations for the 10 m and 15 
m walls are getting different from the values of this study gradually. It is 
recommended that more studies, especially in site large-scale MSE-RW 
experiments, are necessary for higher walls.  

3.4 Effect of embedded length and acceleration 

The lateral deformations of 5 m MSE-RW with 4 m, 5 m and 6 m em-
bedded length were calculated and shown in Figure 12. The 4 m embed-
ded length was designed under the requirement of static condition in 
FHWA code. The 5 m embedded length was designed with the seismic 
code of FHWA. The 6 m one was calculated with the design chart sug-
gested by Bonaparte et al. (1986).  It is obvious that the lateral deforma-
tion of MES-RW is getting smaller when the embedded length is gradu-
ally longer. However, they are all safe in this study. 

3.5 Effect of seismic accelerations 

Figure 13 shows three safe MSE retaining walls under different 
seismic accelerations. The lateral deformation of MSE-RW is 
gradually increased as expected when the seismic acceleration is 
getting larger. The seismic acceleration of 0.23 g is required in 
the new seismic design code of Taipei. The value of 0.33 g is re-
quired in the central Taiwan areas. 

5 m high MSE-RW with embedded 

length L = 9 m, seated on 40 m thick soil 

of Taipei Basin 
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Figure 12. A comparison of lateral deformation of MSE-RW with differ-
ent embedded length. 

Figure 13. A comparison of lateral deformation of MSE-RW, with L=5 
m, under different seismic accelerations 

4 CONCLUSION 

(1). The performance of a MSE-RW calculated with dynamic parameters 
was found really different from the one with static parameters in this 
study. 
(2). For the seismic design of a MSE-RW, this article recommends a dy-
namic extension test and a dynamic pullout test. 
(3). The lateral deformation suggested by FHWA (1986) is only for a 
MSE-RW with high less than 6 m.  A specific estimation, especially for 
the seismic condition, is necessary for a higher wall. 
(4). A MSE-RW with embedded length longer than the value recom-
mended by FHWA (1986) will behavior less lateral deformation. More 
study about the most adequate and economic length is recommended 
herein. 
(5). A larger seismic acceleration will cause more serious lateral defor-
mation of a MSE-RW. 
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