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ABSTRACT: Development of Tabriz metropolis on marl layers and increased tendency to build high-rise buildings; have resulted in 
deep excavations in these layers. Restrictions of work space have resulted in using soil reinforcement methods in excavations, 
including grouted anchors. The objectives of this study were to evaluate the load carrying capacity of tension type grouted anchors 
implemented in Tabriz marl, their behavior against creep tests and long-term monitoring against lock-off tensile loads. To this 
purpose, ten full-scale similar anchors were constructed with free length of 4m, injected (bonded) length of 3m and diameter of 11 cm 
in marl soil in experimentation site with an area of 800 m2 located in University of Tabriz. Pull out tests were conducted on four 
anchors and using its results, ultimate bond friction was measured 2.8 kg/cm2 to 3.1 kg/cm2 and empirical reduction factor of marl 
layer 0.61 to 0.67. For long-term relaxation survey of anchors and estimating load decrease over time, six anchors were locked off 
and their residual load was read for six month. It was tried to predict anchor movement and relaxation over time and compare them 
with real data on site and finally obtain long-term behavior of grouted anchors implemented in Tabriz marl. 

RÉSUMÉ: Le développement de la métropole de Tabriz sur les couches de marne et la tendance accrue à construire des immeubles de 
grande hauteur, ont entraîné des fouilles profondes dans ces couches. Les restrictions imposées à l'espace de travail ont entraîné 
l'utilisation de méthodes de renforcement des sols dans les fouilles, y compris les ancrages avec injections de coulis. Les objectifs de cette 
étude étant l’évaluation de la capacité de chargement des ancrages  à la traction, en place dans la marne de Tabriz, leur comportement 
par rapport aux essais de fluage et la surveillance à long terme des charges de traction bloquées. À cet effet, dix ancres de grandeur 
comparable ont été mises en place avec une longueur libre de 4m, injectée sur une longueur de 3m et diamètre de 11 cm en sol marneux 
sur le site d'expérimentation avec une superficie de 800 m2 situé à l'Université de Tabriz. Des essais d’extraction ont été effectués sur 
quatre ancrages et en utilisant ses résultats, le frottement final de la liaison a été mesuré de 2.8 kg/cm2 à 3.1 kg/cm2 et le facteur de 
réduction empirique de la couche de marne de 0.61 à 0.67. Pour le relevé de relaxation à long terme des ancres et l'estimation de la 
diminution de la charge au fil du temps, six ancres ont été verrouillées et leur charge résiduelle a été lue pendant six mois. Il a été tenté de 
prédire le mouvement d'ancrage et la relaxation au fil du temps et de les comparer avec des données réelles sur place et enfin d'obtenir un 
comportement à long terme des ancres de jointoiement mises en œuvre dans la marne de Tabriz.
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1  INTRODUCTION 

The primary core of the City of Tabriz was formed on smooth 
topography surfaces and alluvial beds. However, with the city 
developing eastward, a vast part of the city acquired an uneven 
topography bed which lay mostly on marl layers.  Due to the 
high price of land in the studied area, interest in the 
construction of taller buildings with more stories, and the need 
for deeper excavations on the one hand and the existence of 
previously built structures around the area as well as limitations 
of working space on the other, builders have turned to in-situ 
reinforcement methods. These are of two types: anchoring 
methods and nailing methods. The objectives of this study were 
to evaluate the load carrying capacity of tension type grouted 
anchors implemented in Tabriz marl, their behavior against 
creep tests and long-term monitoring against lock-off tensile 
loads.To this purpose, ten full-scale similar anchors were 
constructed with free length of 4 m, injected (bonded) length of 
3 m and diameter of 11 cm in marl soil in experimentation site 
with an area of 800 m2 located in University of Tabriz. Pull out 
tests were conducted on four anchors and using its results, 
ultimate load of anchors, maximum friction resistance between 
grout and marl, load of creep failure and critical creep tension 
were estimated. 

Grouting pressure has significant effect on pull out behavior 
of anchor (Chalmovský et al., 2013, Park et al., 2013), so, 
gravity grouting used for this study to avoid side effects of 

grouting. Also, stiffness of soil is very important in load 
transfer in depth (Do et al., 2016) and because of small bond 
length and soil stiffness in this study, bond stress will migrate 
all over the length. 
2   MARLS IN THE REGION 

The marls around Tabriz are in the forms of carbonated lake 
sediments outcropping in the eastern, northern, and southern 
parts of the city, forming in most areas the bedrock under 
alluvial deposits (Sadrekarimi, 2002). These marls are in 
different colors including yellow, olive green, brown, and gray. 
The yellow and olive layers appear on the surface, whereas the 
brown and gray layers are in greater depth. From the viewpoint 
of classical Soil Mechanics, these materials are classified as 
clay or silt materials with high plasticity, which are prone to 
severe weathering. Their strength is somewhat increased with 
soil depth. According to the test results conducted during the 
present study, mineral marls in Tabriz mostly consist of quartz, 
illite, calcite, and albite. Organic materials in Tabriz marls were 
less than 6% and have little effect on soil properties. Calcium 
carbonate content varied between 11% and 34%. 

3  DESIGN METHODS 

The ultimate capacity of anchors is basically equal to whichever 
of the following that has the smallest value: the frictional 
resistance between the grout and soil, the frictional resistance 
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 between the tendon and grout, rupture strength of grout, and 
rupture strength of tendon. According to the objectives of this 
study, only the frictional resistance between the grout and soil is 
investigated. 

The implementation of anchors in real-scale experiments 
was used for comparison purposes. The maximum friction 
between soil and grout will be calculated based on Eq. (1) for 
fine-grained soils and the ultimate load of anchors can be 
calculated using Eq. (2) (Xanthakos, 1991). 
 

fmax=α.Su                                    (1) 
Quf=πDLafmax                                 (2) 

 
Where fmax=maximum friction between soil and grout; 

α=empirical reduction factor; Su=undrained shear strength; Quf 
=ultimate friction; D=diameter of anchor or effective diameter 
of borehole; La=anchor bonded length. 

The α values for cohesive soils and maximum friction of fmax 
are shown in tables 1 and 2 (Sabatini et al., 1999). 
 
Table. Empirical reduction factor Values for Cohesive Soils 

Soil Type 
Shear 

Strength 
(kg/cm2) 

α Value 

Stiff Clay of Texas A&M 
(Briaud et al., 1998b) 

1.2 0.43-0.66

Stiff to Very Stiff Marl at 
Leicester, England 
(Littlejohn, 1990) 

2.87 0.48-0.6 

London Clay(Littlejohn, 1968) 0.9 0.3-0.35 
Clayey Silt at Johnesburg, South 
Africa (Neely et al., 1974) 

0.95 0.45 

Very Stiff Overconsolidated 
Clay at Taranta, Italy 
(Sapio, 1975) 

2.7 0.28-0.36

 

Table 2. Average Ultimate Bond Stress for some Soils and rocks 

Soil or Rock Type 
Average Ultimate

Bond Stress 
kg/cm2 

Soft Silty Clay 0.3-0.7 
Silty Clay 0.3-0.7 
Stiff Clay, med. to high Plasticity 0.3-1.0 
Very Stiff Clay, med. to high 
Plasticity 

0.7-1.7 

Stiff Clay, med. Plasticity 1.0-2.5 
Very Stiff Clay, med. Plasticity 1.4-3.5 
Very Stiff Sandy Silt, med. Plasticity 2.8-3.8 
Weathered Marl 1.5-2.5 
Hard Shales 8-14 
Soft Shales 2-8 

4  ANCHOR PULL-OUT TESTS 

4.1  Geotechnical Experimentation Site 

Tabriz University is situated in the east of the city. The 
underlying soil strata in this area generally consist of a thin 
layer of coarse grained alluvium at the top, followed by marl. 
To establish the geotechnical experimentation site, boreholes 
were drilled at a number of points inside the university site for 
identifying a location where marl could be found throughout the 
studied soil – from the surface layers to the deeper layers. Such 
conditions were observed on the outskirts of the hills opposite 
the central building in the university. 

For sampling and identification tests, two 10 m deep bore 
holes were made within the site boundaries. Olive colored marl 
was observed from the top to the bottom of both these 
boreholes, making them ideal for our research. Table 3, shows 
the test results of this layer around bonded length of anchors. 

Table3. Laboratory test results on marl layer of experimentation site 

Test Result 

Wet Density, Kg/m3 1978 
Wet (%) 30 
L.L. (%) 75 
P.L. (%) 58 

U.C.T., kg/cm2 5.8 
Undrained Shear Strength, Su, kg/cm2 4.6 

Direct Shear 
φ⁰ 21 

C, kg/cm2 2.6 
S.P.T. 52 

4.2  Construction of Anchors 

Considering the existing facilities and the requirements in terms 
of construction codes, we considered the total anchor length and 
the bonded length as 7 m and 3 m respectively. Therefore, the 
free length of each anchor – including the projected length for 
connecting the anchor to the test jack- would be 4.5 m. Each 
anchor had a diameter of 11 cm.  

Before implementing the anchors and to create a proper 
loading surface for tests, reinforced concrete pads (110 cm by 
110 cm) were constructed on the test area. During concreting, 
central holes were made (13 cm in diameter) in the pads for 
placing the anchors. Subsequently, the anchor sites excavated 
using rotary drilling chains and removed the drilled material 
using pneumatic equipment, as shown in Fig. 1. The nature of 
the soil material as well as low risk of collapse rendered the use 
of casings unnecessary. Then, 32 mm bars - which had been 
prepared, threaded, and sleeved beforehand – were placed 
inside the boreholes and grouting was immediately 
implemented to a bonded length of 3 m.  

Grouting pressure was maintained below 0.5 bar and a water 
to cement ratio of 0.5 was considered. The mean 28 day 
unconfined compressive strength of the grouts was obtained as 
230 kg/cm2.  

Ultimately, a pedestal was constructed and a metal plate 
with dimensions 30 cm × 30 cm and thickness of 1 cm was 
attached to the anchor heads to provide for secure attachment to 
the test jack as well as to provide the possibility of lock off. 
 

 
Figure 1. Construction of Anchors 

4.3  Pullout Load Test 

To conduct the pullout test, an anchor pullout test apparatus, 
capable of exerting 40 ton-force and including a jack and a 
hydraulic pump was procured. Fig. 2, shows the equipment 
used for conducting the pullout test. 
The pullout load test and the lift-off test (including creep 
measurement) were conducted in accordance with the federal 
highway administration codes for studying the long-term tensile 
behavior of the anchor within the marl, as well as long term (6-
month) monitoring of the locked load developed within the 
anchor (Sabatini et al.,1999). To conduct the pullout test, the 
test apparatus was first installed and a minimum initial 
alignment load was applied. Then, the deformation gages were 
reset and the required forces applied in several 
loading/unloading steps until rupture occurred in the anchor. 
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Creep is equal to the deformation created in each loading step in 
the anchor within a one-minute interval - from the initial load 
application- to the ultimate loading. This is equal to the creep 
deformation created under any load and any time interval. The 
ultimate strength is defined as the force required for creating a 
permanent deformation in the anchor up to 10% its diameter 
(Briaud et al., 1998b). 
 

 
Figure 2. Pullout Test Apparatus 

5  RESULTS 

5.1  Ultimate Strength and Maximum Friction 

The force-deformation diagrams obtained from the pull-out 
tests conducted on the anchors 1 to 4, is shown in Figure 3 for 
anchor 1. The residual deformation is irreversible and equal to 
the deformation of the anchor upon returning to its initial 
condition (alignment force). Elastic deformation is the 
subtraction of residual deformation from total displacement 
under each loading condition. These three deformations, 
obtained for the tested anchors, is shown in the diagrams of 
Figure 4 for anchor 1.  
 

 
Figure 3. Pull-out test results for anchor 1 

 

 
Figure 4. Total, residual and elastic movements for anchor No.1 

The ultimate strength in each anchor was defined as the load 
caused to a permanent deformation in the anchor up to 10% its 
diameter (Briaud et al., 1998b, Kim, 2003). Accordingly, this 
tension was calculated for Anchors 1 to 4 (Table 4). As a result, 
the ultimate bond strength was obtained as 2.8 to 3.11 kg/cm2 
which is equal to the ultimate skin friction, corresponding to 

that of highly stiff clay (medium plasticity) and soft clay shales, 
according to the recommended values in the FHWA codes 
(Sabatini et al.,1999). This strength was somewhat above that of 
weathered marls, possibly because the studied marl was not 
weathered. 

The empirical reduction factors α obtained for the tested 
anchors based on the shear strength of undrained soil (Su) are 
given in Table 4. As can be observed, these values are between 
0.61 and 0.67. 
 
Table 4. Pull-out and creep test results for anchors no. 1 to 4 
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1 29 2.80 0.61 28 30.5 
2 29.2 2.82 0.61 29.5 31 
3 30 2.89 0.63 26 29 
4 32.2 3.11 0.67 26 31.5 

Ave. 30.1 2.90 0.63 27.4 30.5 

5.2  Creep and Critical Creep Tension 

Creep deformation of the tested anchors was measured under 
different loads can be seen for anchor no.1 in figure 5. The time 
datum for starting these measurements was 1 min after 
application of each load (Sabatini et al.,1999). The creep rate in 
one logarithmic cycle of time was calculated from these 
diagrams at each loading step for all steps. The diagrams in 
Figure 6 show creep rates (in mm per logarithmic cycle of time) 
vs. the applied load in each step for all anchors. 
 

 
Figure 5. Creep test results for different loads 

 

 
Figure 6. Load vs. creep movement in one logarithmic cycle of time 

Studying these diagrams shows that in all the tested anchors, 
creep rate in logarithmic cycle of time increases with increasing 
loads. This increasing trend continues linearly with a mild slope 
to a certain point whereupon a sudden further increase occurs. 
This point is referred to as “critical creep tension” (Sabatini et 
al.,1999). The tension corresponding to this point for each 
anchor can be calculated from the diagrams in Figure 6 (Table 
4). As can be observed, this tension is in general less than the 
ultimate capacity measured based on residual deformation. As 
large creep deformations often lead to loss of locked loads in 
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 the anchor, the tension corresponding to critical creep tension 
was considered as the upper limit for the lock-off load. 

Table 4, also shows the loads corresponding to 2 mm of 
creep in a logarithmic cycle of time. These values in fact 
correspond to a deformation of 15 mm per one years of load 
application, and were used as equivalent creep failure load 
(Briaud et al., 1998a). This load was observed to be greater than 
the critical creep tension load in the tested anchors. Finally, it 
was concluded that – in the soils tested in this study – the 
critical creep criterion acted before other criteria to limit large 
deformations or ruptures, and, therefore, had to be considered. 

5.3  Relaxation and Lock-off load Tests 

Upon conducting the anchor tests 1 to 4 and analyzing their 
results, the loading and lock-off operations for Anchors 6 to 10 
were started. The loading was both above and below the design 
load (23 ton). Figure 7 shows the locking system used for 
attaching the anchor to the plate on the pedestal. Then, the 
residual loads in the anchors were measured for the next six 
months at different intervals.  

To predict anchor residual load after a specified time lapse, 
its creep deformation had to determine during that interval. To 
this end, the diagrams in Fig. 5 was used and obtained the 
deformations corresponding to each load at the specified time. 
From these diagrams and in accordance with experience 
obtained during testing, it was found that the slope of the 
deformation diagram remained constant in the region between 
of 0.5 to 0.8 of failure loads. With due regard of this, Eq (3) 
was recommended for modeling lock-off loads movement. 
Therefore, the anchor deformation corresponding to each 
tension at the required time can be easily calculated and 
predicted (Briaud et al., 1998a, Kim, 2003). 

 
Δt/Δt1=1+log(t/t1)n                            (3) 
 
The settlement of the concrete pads during the anchor lock-

off tests (even during creep tests) was measured using gages 
that were attached to an independent support. Also, the 
settlement of lock plates for a number of the anchors during a 6-
month interval was monitored. The data collected in this way 
provided the possibility of predicting pad settlement in time at 
different loads and times. Ultimately, having the sum of anchor 
and pad settlements, the lost tension for each locked anchor in a 
given interval was predicted.  
 

 
Figure 8. Residual load prediction from lock-off load tests 

Figure 8 shows the residual load prediction diagrams 
obtained for anchors 5 as sample. The points corresponding to 
the loads read at different times within the 6-month period 
(after the lock was in place) are also given. These results are in 
good agreement with those obtained from the prediction model, 
pointing out to the efficiency of this model results from tests 1 
to 4. To observe the reduced loads status in the anchor without 
considering the settlement effect at the support, we eliminated 
the settlement from the prediction model and modified the 
actual tension read (assuming no settlement existed), and 

subsequently added these up to obtain the values shown in the 
diagrams of Figure 8. Anchors 6 to 10, shows the same good 
agreement as anchor 5. 

6  CONCLUSION 

- Tabriz marl with high plasticity exhibits large deformations in 
time under constantly applied loading. Thus, anchors must be 
implemented in these layers with due regard of the long term 
and creep behaviors of these marls. 
- Ultimate bond friction was measured 2.8 kg/cm2 to 3.1 kg/cm2 
and empirical reduction factor of marl layer was measured 0.61 
to 0.67 in anchors. The load corresponding to critical creep 
tension was measured 0.9 of ultimate load and considered as the 
upper limit for the lock-off load. 
- The load reduction of 6 locked anchors subjected to different 
loadings was monitored for 6 months. The obtained results were 
compared with models obtained from anchor pull-out tests 1 to 
4, and a very good agreement was observed between these 
results, indicating the proposed models were acceptable.  
- The lost load in 6 months obtained for Anchors 6 to 10 was 
found on average to be 54% of the initial lock-off load. This can 
be reduced to about 20% by assuming no settlement at the 
concrete pads. Therefore, it was concluded that considerable 
settlement occurred due to creep at the concrete pads 
implemented as head of anchors in Tabriz marls, and that this 
settlement greatly affected the reduction of the locked load 
within the anchor. As a result, eliminating this settlement in any 
way can reduce the load lost in the anchor lock. 
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