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ABSTRACT: A block-faced geogrid reinforced soil wall was built and monitored in São José dos Campos,
SP, Brazil. Fine-grained residual soils were used as backfill. Comparison of measurements and prediction of 
tension in the reinforcements is presented and discussed. It is point out relevant factors for determination of 
mobilized tension in the reinforcements. Significance of soil matrix suction, shear resistance parameters and 
efforts acting on the blocks facing in the results is shown. Critical analysis of conventional procedures for de-
termination of tension in the reinforcement is present.        

1 INTRODUCTION 

A block-faced geogrid reinforced soil wall was built 
and monitored in São José dos Campos, SP, Brazil 
(Riccio Filho, 2007 and Riccio Filho & Ehrlich, 
2009). The wall is part of a link between Carvalho 
Pinto and Presidente Dutra highways. The wall was 
monitored. External and internal movements, efforts 
on blocks that compose wall face and tension in the 
reinforcement were measured.  

Comparison of measurements and prediction of 
tension in the reinforcements is presented. Theoreti-
cal determinations were performed both using shear 
resistance parameters obtained from plane strain and 
triaxial tests, in order to verify the difference on re-
sults. Significance of shear resistance parameters 
and efforts acting on the blocks facing in the results 
is verified. Based on those analyses it is point out re-
levant factors on determination of mobilized tension 
in the reinforcements. 

2 MATERIALS AND METHODS 

2.1 Materials 
 
The wall facing is composed by segmental pre-cast 
concrete blocks (TERRAE W type block) and geogr-
ids were used as reinforcements (FORTRAC 55/30-
20 & FORTRAC 35/20-20). 

A deep soft clay deposit occurs in the area. Thus, 
the wall was constructed over a piled concrete plat-

form. The backfill material consisted of residual 
clayey silty sand.  Two soil types were used as back-
fill: a yellow sandy clay (soil A), used from the top 
of the wall to 3.2m depth, and a red sandy clay (soil 
B), used from 3.2m to bottom of the wall at 4.2m 
depth. Table 1 presents results of grain-size distribu-
tion and Atterberg limits of those soils.  Dynapac 
CA 250 PD roller was used for soil compaction. 

In Table 2 shear resistance parameters determined 
using triaxial and plane strain tests are presented 
(CW – constant water content). The soil samples 
were compacted statically at representative field 
moisture content and density. Tests were performed 
under constant water content and controlled air pres-
sure inside the soil sample (atmospheric pressure). 
Pore-water pressure was measured during the tests.  

In Table 2 Ceq is the equivalent soil cohesion that 
includes the effect of pore-water suction on shear re-
sistance. 

 
 
Table 1. Soils characteristics 
Soil ≤ 2μm

(%) 
≤ 20μm

(%)
≤ 2mm 

(%) 
wL 
(%) 

PI 
(%) 

A 42 49 99 38 22 
B 42 47 99 49 29 

  
Table 2. Triaxial tests results 
Soil Boundary

Condition
γ

(kN/m3)
W 
(%) 

φ’ 
(°) 

ceq 
(kPa) 

A Plane Strain 16.7 20 36 60 
Triaxial 16.5 21 25 42 

B Plane Strain 16.7 20 38 50 
Triaxial 16.5 21 26 52 
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2.2 Instrumentation and results 
 
The locations of monitoring instruments are 

shown in Figure 1.  Load cells for measurement of 
tension in the reinforcements were located in five 
different layers of reinforcements (main section, P) 
with a redundancy section (12th layer, 1.8m depth, 
R2A set on main section and R2B set on the redun-
dancy section). Each instrumented geogrid layer was 
monitored in four different points throughout its 
length. In Figure 1, P1 to P10 assign the location of 
the magnetic settlement plates and I1a, I1b and I2 
the positions of the inclinometer measurements. A 
specific device was design and used for monitoring 
vertical and horizontal internal loads on blocks that 
composed the wall face.  
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Figure 1 Instrument position – cross view.  
 

Monitoring was performed for two months, in-
cluding construction period. Additional results are 
shown in Riccio Filho & Ehrlich 2009. Figure 2 
shows the relationship between maximum rein-
forcement tension values and depth at the end of 
construction period. Note that the measured values 
exhibit a tendency to be constant in relation to depth, 
in accordance with the predictions of Ehrlich & Mit-
chell (1994). 

Figure 3 shows the measured verticals and hori-
zontal internal loads acting on the instrumented 
block at different stages of wall construction. Ver-
tical loads were measured at the frontal (V1) and 
rear (V2) parts of the block and horizontal forces (H) 
at the centre. At the end of construction, the meas-
ured horizontal force was equal to 41% of the vertic-
al force acting on the block (V1 + V2). In Figure 3 
the dashed line indicates the calculated vertical loads 
corresponding to the self weight of the blocks full of 

gravel assuming the vertical piling of these blocks. 
Note that the actual facing inclination is not vertical 
but 1H:10V. Measured values were always higher 
than the ones corresponding to the blocks self 
weight. These results indicate that there was friction 
mobilization at the soil block interface and backfill 
vertical stress transference to blocks. 
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Figure 2. Maximum reinforcement tension vs. depth. 
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Figure 3. Vertical and horizontal forces on instrumented block. 

3 COMPARISON OF MEASUREMENTS AND 
THEORETICAL CALCULATIONS 

Comparison of measured and calculated values of 
summation of maximum tension, ΣTmax, in the rein-
forcements at the end of construction is presented 
from Figure 4 to Figure 7. Leshchinsky & Boedeker 
(1989), Rankine’s theory, Ehrlich & Mitchell (1994) 
and Bathurst et al (2003) analytical procedures were 
used on calculations. In the analysis using the me-
thod proposed by Ehrlich & Mitchell (1994) the in-
duced stress due to soil compaction, soil cohesion 
and reinforcement and soil-stiffness properties were 
explicitly taken into account on reinforcement ten-
sion determination.  

In order to verify the significance on results anal-
ysis using different conditions were performed. 
Theoretical determinations were based on shear re-
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sistance parameters from plane strain and also from 
triaxial tests (Table 2). Ehrlich & Mitchell’s (1994) 
method and Rankine’s procedure analysis were car-
ried on considering or not the determined value for 
soil cohesion, Ceq,. Note that Leshchinsky & Boe-
deker 1989 and Bathurst et al. 2003 methods have 
been proposed for granular soil and thus, for both 
methods analyses were performed assuming no soil 
cohesion condition only. 
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Figure 4. Comparison of ΣTmax measured and calculated values 
(plane strain tests parameters and measured loads at block fac-
ing). 
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Figure 5. Comparison of ΣTmax measured and calculated values 
(triaxial tests parameters and measured loads at block facing) 
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Figure 6. Comparison of ΣTmax measured and calculated values 
(plane strain parameters and neglecting measured loads at 
block facing) 
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Figure 7. Comparison of ΣTmax measured and calculated values 
(triaxial parameters and neglecting measured loads at block 
facing) 

 
Calculations considering or not the contribution 

to the stability of the measured horizontal loads at 
block facing were also performed and results shown 
in Figure 4 to Figure 7. Note that the measured loads 
were not included in the analysis using the method 
proposed by Bathurst et al (2003). Bathurst et al’s 
(2003) method has its own procedure to take into 
consideration on reinforcement tension determina-
tion facing presence through a reduction factor, Φfs. 
The original suggested procedure was always used 
in the performed calculations. Thus, from Figure 4 
to Figure 7 the determined values using Bathurst et 
al (2003) method vary only with shear resistance pa-
rameters taken into analyses (triaxial or plane strain 
tests results) but keep the same no matter the used 
hypothesis for facing loads. 

4 DISCUSSION ON CONTROLLING FACTORS 
IN REINFORCEMENT TENSION 
DETERMINATION 

In Table 2 depending on the type of test used signif-
icant difference on results is verified. Triaxial test 
leads to lower determined for shear resistance para-
meters compare to plane strain test results.  

Note that plane strain condition better represent 
walls in which its length are significant larger than 
its height. That may be considered the mostly typical 
condition and it was the case of the wall under anal-
ysis.  

In Figure 4 to Figure 7 it may be observed that 
depending on the parameters used very different 
values of reinforcement tension are determined. Re-
sults show as expected that soil cohesion and also 
the induced stresses due to soil compaction are sig-
nificant factors in the determined values of rein-
forcement tension and can not be neglected in the 
analyses. Note that the measured loads at the blocks 
facing correspond to 26% of the determined value of 
ΣTmax using this procedure and plane strain tests pa-

ΣTmax calculated (N/m) 

ΣTmax calculated (N/m) 

ΣTmax calculated (N/m) 

ΣTmax calculated (N/m) 
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rameters (Figure 4). Those results are in accordance 
to Tatsuoka 1993 & Tajiri et al. 1996 demonstrated 
that facing may reduce the required tension along 
the reinforcements. 

Ehrlich & Mitchell 1994 in general lead to the 
mostly consistent results between measurements and 
predictions. It is interesting to note that Ehrlich & 
Mitchell 1994 method lead to higher determined 
value of ΣTmax when plane strain tests parameters 
are used on calculations. This apparent contraction 
occurs because according to this procedure the de-
termined value for the induced stress due to soil 
compaction increases with soil friction angle. Thus, 
it compensates the expected reduction in the calcu-
lated tension in the reinforcements due to increase 
value of soil friction angle. All others methods on 
reinforcement tension determination do not explicit 
include the induced stresses due to soil compaction 
and thus, the determined corresponding values show 
opposite behavior. 

Leshchinsky & Boedeker (1989) presented good 
fit between measurement and prediction, although 
this results from error compensation. Note neither 
that this method does take into account soil cohesion 
(which may lead to a reduction in reinforcement ten-
sion) nor the stress induced by backfill compaction 
(which may lead to an increase in reinforcement ten-
sion). For the no cohesion condition Rankine’s ac-
tive and Leshchinsky & Boedeker (1989) lead to 
similar reinforcement tension values. Nevertheless, 
Rankine’s active condition leads to negative rein-
forcement tension values when cohesion is consi-
dered. That means that in this case reinforcements 
are not necessary for equilibrium.  

Bathurst et al.’s (2003) method provided a ten-
sion value significantly smaller than the measured 
one. The difference of results occurs even though 
this method does not take into account soil cohesion 
in the analysis. 

5 CONCLUSIONS 

A block-faced geogrid wall using fine-grained tropi-
cal soils as backfill was monitored. Laboratory tests 
show that to due soil suction significant soil cohe-
sion occurs at representative field moisture content 
and density. That may be considered typical to the 
type of soil used in the wall construction.  

Ehrlich & Mitchell (1994) presented the best pre-
dictions for tension in the reinforcements. Results 
show that induced stresses due to soil compaction, 
soil cohesion and reinforcement and soil-stiffness 
properties should not be neglected in this type of 
analysis. Note that the measured values exhibit a 
tendency to be constant in relation to depth, in ac-
cordance with the predictions of Ehrlich & Mitchell 
(1994). 

  

Efforts on the facing blocks and tension in the 
reinforcement were measured.  Loads in the facing 
bocks had a significant influence in reinforcement 
tension mobilization – estimated in 26% of the value 
of the summation of the maximum tension in the 
reinforcement. 

Leshchinsky & Boedeker 1989 presented good fit 
between measurements and predictions, although 
that results from error compensation. Note neither 
that this method does take into account soil cohesion 
nor the stresses induced by backfill compaction. For 
the no cohesion condition Rankine’s active and 
Leshchinsky & Boedeker 1989 leads to similar rein-
forcement tension values. Nevertheless, Rankine’s 
active condition lead to negative reinforcement ten-
sion values when cohesion is considered.  

Bathurst et al. 2003 method provided tension val-
ue significantly smaller than the measured one.  
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