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1 PROJECT 

On behalf of the DEGES (Deutsche Einheit Fern-
straßenplanungs- und -bau GmbH) the new highway 
A143 is presently under construction. This highway will 
present the western bypass of the city of Halle (Saale), 
Germany from the highway A 38 in the south to the 
highway A 14 in the north. 

In some parts the alignment of the A 143 is located 
in the area of abandoned room and pillar lignite mines 
which were in use up to the 1950s. 

According the Bergamt Halle (public authority) the 
main subsidence caused by these mining activities 
already has occurred. Nevertheless the underground 
above the seam is loosened and not all openings cau-
sed by mining have collapsed. Therefore sinkholes can 
occur especially in the area of former drifts and shafts 
as well as in the shadow of broken pillars. 

To secure the pavement of the highway from larger 
subsidence and a sudden collapse due to such sink-
holes, several measures were taken (Figure 1-1). To 
demolish cavities which are located near the surface  

 
Figure 1-1: Design Concept 

and revealing a potential for sinkholes within the 
near future the method of dynamic compaction was 
used. By means of this procedure also the loosened 
zones in the ground should be compacted as deep as 
possible.  

Since after the dynamic compaction is carried out 
the occurrence of sinkholes still can not be outruled a 
single-layer geosynthetic reinforcement was placed in 
the respective areas. It is planned, that by means of 
this measure a sudden collapse of the pavement will 
be prevented and that the subsidence due to a sink-
hole is kept within acceptable limits. 

The geosynthetic reinforcement is placed in a layer 
of gravel and sand (Figure 1-2). Above the gravel and 
sand a layer of Glacial Sand or Glacial Till is placed, on 
which the pavement is located. The minimum overbur-
den of the geosynthetic reinforcement was fixed to 2 m. 
In the area of dams the overburden can result to up to 
6 m. 

By means of the described design sinkholes with a 
diameter of up to 4 m will be bridged until the corre-
sponding area is renewed. 

 
Figure 1-2: Statement of Problem 
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ABSTRACT: In the areas where the new highway A 143, the western bypass of the city of Halle (Saale), is located above 
abandoned room and pillar lignite mines, a geosynthetic reinforcement is placed to prevent the pavement from a sudden 
collapse and keep the subsidence in acceptable limits. Because of the low costs for material and simple construction 
procedure a structure with a single layer geosynthetic reinformcement was chosen. 
The used geogrid obtains a high tensile strength and a low deformability. The deformability of such a geogrid is signifi-
cantly lower in warp direction than in weft direction. The tensile strength is remarkably higher. 
In the presented 3D-FE-analyses the geosynthetic reinforcement and the underground are modeled in one system. The 
described anisotropic behavior of the geosynthetics is taken into account. By an analysis according to the geometrically 
non-linear theory it is possible to evaluate the forces in the geosynthetic reinforcement, both, in warp and weft direction 
and thus to design the reinforcement. The analysed subsidence cavity at the surface fulfill the requirements given by the 
owner. Thus the suitability of a single-layer geosynthetic reinforcement to bridge potential sinkholes could be proven for 
the given circumstances. 
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2 BEARING BEHAVIOR OF THE GEOSYNTHETIC 
REINFORCEMENT  

A geosynthetic reinforcement bridges a sinkhole like a 
rope or a hammock. Thus the main force is tension. 
This behavior is modeled in the FE-analysis by the 
implementation of rows of pin-jointed beam elements in 
two directions (Figure 2-1). 

To provide vertical support, the originally horizontal 
geosynthetic reinforcement must rotate. Thus the ten-
sile forces get a vertical component. It is obvious that 
the forces in the geosynthetic reinforcement can only 
be evaluated, when the state of equilibrium is analysed 
for the deformed system (geometrically non-linear 
behavior). 

The geosynthetics which are used to bridge poten-
tial sinkholes usually have a high tensile strength. Such 
geosynthetics often possess a smaller deformability 
and a remarkable higher tensile strength in warp direc-
tion than in weft direction. This extremely anisotropic 
behavior must be taken into account for the design, 
especially when a single-layer structure is planned. 

Therefore it is compulsory to carry out three dimen-
sional finite element analyses, in which the under-
ground as well as the geosynthetic reinforcement are 
modeled. As described above, also the anisotropy of 
the geosynthetics is taken into account in the pre-
sented analyses. Thus it is possible to determine the 
tensile forces in warp and weft direction of the geosyn-
thetic and by this to design the reinforcement in a safe 
and economic way. 

 
Figure 2-1: Load Bearing Behavior 

 

 
Figure 2-2: Tensile Force in the Geosynthetic Reinforcement 

3 FE-ANALYSES 

In the FE-analyses the geosynthetic reinforcement as 
described is modeled by pin-jointed beam elements 
orientated in x- and y-direction The tensional stiffness 
of the single elements is equal to the tensional stiffness 
of the represented strip of the geosynthetic (Figure 3-
1). The beam elements are embedded in an upper and 
lower layer of thin isoparametric interface elements. By 
these elements an angle of friction along the geosyn-
thetic smaller than that of the gravel and sand layer 
can be taken into account in the analyses. 

The 3D-FE-analyses were carried out using the WBI 
computer code FEST03 taking into account the geo-
metrically non-linear behavior. The finite element mesh 
and the parameters assumed for the presented case 
are given in figure 3-2. The sinkhole is modeled by a 
cubic cavity with a side length of 4 m. The action of 
geotextiles as well as of geogrids with a high tensile 
strength was investigated. 

The boundary conditions were chosen as follows: 
• nodes on the lower boundary plane fixed, 
• nodes on the lateral boundary planes fixed in 

the direction vertical to the respective plane. 
 
The height of the overburden of the geosynthetics 

was varied between 2 m and 6 m. In the presented 
case it results to the minimum of 2 m. The whole cover 
material is modeled to be elastic-viscoplastic assuming 
Mohr Coulomb's criterion of failure. According to the 
statement of problem the sinkhole can be assumed to 
be stable. 

 
Figure 3-1: Simulation of the Geosynthetic Reinforcement 

 
Figure 3-2: FE-Mesh and Boundary Conditions 
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The analyses were conducted in two steps. In the 
first step (primary case) the construction of the highway 
is completed and a sinkhole is not existing. By chang-
ing the material properties in the respective area to 
"air" the occurrence of a sinkhole is modeled in calcula-
tion step 2. It is assumed that the settlements resulting 
from the construction of the highway have already 
occurred once a sinkhole is created. 

The most important results of the FE-analyses are 
the subsidence of the pavement dS, it's extendt DS and 
the maximum forces in the geosynthetics, both in warp 
and weft direction (Fx,max and Fy,max). It is demanded by 
the owner that the slope of the depression dS/DS is less 
than 0,01. 

 
Figure 3-3: Principal Stresses (y=0, FORTRAC R 1200/100 
AM) 

 
Figure 3-4: Displacements (y=0, FORTRAC R 1200/100 AM) 

 
Figure 3-5: Forces in the Geosynthetic Reinforcement      
(y=0, FORTRAC R 1200/100 AM) 

The principal stresses in the plane y = 0 resulting 
from the analyses when the sinkhole is bridged by a 
geogrid (FORTRAC R 1200/100 AM) are given in fig-
ure 3-3. The arching action above the sinkhole can be 
seen clearly. At the edge of the sinkhole stress concen-
tration is apparent. This indicates that the correspond-
ing area is acting as an abutment for the arch in the 
overburden. Because of the arching action the principal 
stresses at the edge of the sinkhole are inclined and 
shear stresses directed away from the sinkhole are 
transmitted from the ground to the geogrid. This affects 
the clamping of the geosynthetic reinforcement posi-
tively. 

In the middle of the sinkhole the displacements of 
the geogrid result to approximately 17,8 cm (Figure 3-
4). Due to the arching action the corresponding subsi-
dence of the pavement results to only dS = 4,6 cm. The 
extent of the depression of the pavement results to 
approximately 4 m. Thus the value of the maximum 
slope is ca. 0,0095, which is less than the limit value 
presented by the owner. Remarkable is the extent of 
the depression zone at the surface. The subsidence 
basically is limited to the area immediately above the 
sinkhole. The assumption of a depression zone accord-
ing to British Standard BS 8006 is not in agreement 
with the results of the analyses of the presented case. 
The computed shape of the depression zone is how-
ever at least qualitatively confirmed by the large-scale 
experiments presented by Paul&Schwerdt. 

The maximal tensile forces in the geogrid in warp di-
rection (x-direction) result to approximately 178 kN/m 
(Figure 3-5). Beyond the sinkhole the forces rapidly 
decrease. At a distance of ca. 5,2 m from the sinkhole 
they result to only 10 % of the maximum value. In weft 
direction (y-direction) the tensile forces result to ap-
proximately 19 kN/m and decrease to practically zero 
within a distance of ca. 1,7 m from the edge of the 
sinkhole. 

If the short-term tensile strength of the geosynthetic 
is reduced by the use of the factors A1 – A4 and the 
factor of safety η to determine the long-term tensile 
strength the degree of utilization of the geosynthetic 
reinforcement can be determined. In warp direction it 
results to ca. 41 % and in weft direction to ca. 52 % 
(Figure 3-6). The dashed line in figure 3-6 shows the 
measured dependency between the tensile force and 
the strains for the geogrid FORTRAC R 1200/100 AM. 
The measured and the assumed dependencies are in 
good agreement for the calculated forces. 

 
 
 

 
Figure 3-6: Rate of Utilization (y=0, FORTRAC R 1200/100 
AM) 
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Figure 3-7: Principal Stresses (y=0, Stabilenka 1000/100) 

 
Figure 3-8: Displacements (y=0, Stabilenka 1000/100) 

The presented analyses results show that a sinkhole 
with the assumed extent can be bridged by a single-
layer geosynthetic reinforcement (FORTRAC R 
1200/100 AM). To clarify the influence of the deform-
ability of the geosynthetic reinforcement on the settle-
ments of the pavement the analyses results for a case 
will be presented, where instead of the geogrid a geo-
textile with a higher deformability is used (Stabilenka 
1000/100). The corresponding principal stresses in the 
plane y = 0 are given in figure 3-7. Also in this case an 
arching action can be seen in the ground above the 
sinkhole. Due to the higher deformability the resulting 
subsidence of the pavement is however significantly 
higher than in the first case (Figure 3-8 and 3-4). The 
extent of the depression zone is similar in both pre-
sented cases. The admissible value of the maximum 
slope is therefore exceeded when a geotextile (Stabi-
lenka 1000/100) is used as reinforcement (Figure 3-8). 

4 SUMMARY 

By means of the presented 3D geometrically non-linear 
FE-analyses the feasibility of a single-layer anisotropic 
geosynthetic reinforcement to bridge potential sink-
holes could be proven. Thus an economic way of con-
struction could be carried out. Due to the anisotropic 
behavior of the geosynthetics, which are usually used 
to bridge sinkholes, the dimensioning of such a rein-
forcement can only be carried out by threedimensional 
FE-analyses, in which the subsoil as well as the geo-
synthetic reinforcement are modeled close to reality. 

To fulfill the requirements regarding the maximum 
slope of the pavement a geosynthetic reinforcement 
with a very low deformability must be used. In the ana-
lyses the requirements could only be fulfilled by the 
geogrid FORTRAC R 1200/100 AM of Huesker Syn-
thetic GmbH & Co. The tensile strength of the geogrid 
is however only partly utilized. Geosynthetics with a 

higher deformability are not suitable to bridge a sink-
hole with the assumed extend. 

The authors thank the DEGES for the support and 
the excellent cooperation. 
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