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A B S T R A C T   

This study proposes a newly method for inspecting the load changes of ground anchors (or call smart anchor 
assembly). The smart anchor operates in a similar fashion to that of the tell-tale load cell in principle. It only 
requires the components used in a typical anchor assembly and consists of only one extra strand as the reference 
strand, which is not engaged on the anchorage. For this method, when the anchor load changes, the anchorage 
moves and a relative displacement between the reference strand and anchorage is generated. Based on the 
measured relative displacement and the characteristics of ground anchor, the change in anchor load can be 
approximately calculated. At the same time, by the use of linear potentiometer, data logger, power supply, and 
data transmitter, automating the self-inspection function of load monitoring can also be achieved. The reliability 
of automatic load monitoring capabilities of the smart anchor was confirmed by sensing tests performed on field 
anchors. It would reduce maintenance costs and the engineers can contribute their expertise to value tasks. 
Lastly, when there’s need to increase anchor loading, reference strands can also serve as restressing component. 
This can extend the service life of ground anchors and achieve the goal of sustainable development.   

Introduction 

Over the past 10 years, a comprehensive ground anchor inspection 
program has been practiced in Taiwan. According to the works reported 
that the inspection results of hundreds of thousands of existing ground 
anchors on slopes in Taiwan and discovered that most ground anchors 
can effectively stabilize slopes under normal conditions. However, 
because of the effect of groundwater, improper design, and construction 
defects, a small number of ground anchors exhibited corrosion in their 
steel strands, which results in damage to anchored slopes [1–4]. The 
result mentioned above highlights the importance of evaluating and 
tracking the behaviours of anchored slopes. Landslides on natural slopes 
is mainly induced by heavy rainfall or earthquakes, and it occurs 
instantly and quickly; therefore, the provision of effective early warning 
is difficult. By contrast, the sliding of anchored slopes or other artifi-
cially reinforced slopes is mostly progressive and is likely to occur 
without rainy or external force. Through effective monitoring equip-
ment and reliable early warning systems, abnormal situations can 
generally be detected, and necessary remediation can be implemented 
before damage occurs [5]. 

Typically, stressing load is applied to the ground anchors on 
anchored slopes to stabilize potential sliding soil blocks. Therefore, in 
the life cycle of an anchored slope, the level of load can be maintain and 
the trend of load change (increasing or decreasing) on ground anchors 
directly represent the performance of the ground anchors and indirectly 
represent the stability or safety of the slope. Although the lift-off pro-
cedure and some sensing devices (e.g., electrical load cells, strain 
gauges, fiber optic sensors, and elasto-magnetic technology) exist to 
examine load level and load change [6,7], most of these measures must 
be performed using special stressing equipment or additional sensors. 
Furthermore, additional limitations in equipment operation expertise, 
equipment durability and weather resistance, and difficulty in sensor 
installation may restrict the measurements that can be performed. When 
the recorded data feature substantial variability and inconsistency, as-
sessments of the state of anchored slopes become difficult and less 
reliable. 

In order to improve the corrosion protection of ground anchors and 
solve the restrict problems of load tracking, this study proposed a new 
anchor assembly method (called smart anchor production), and elabo-
rates the smart anchor features of self-inspection on loading changes and 
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restressing capabilities. The following content indicates that the smart 
anchor is a fully corrosion-protected ground anchor. The assembly 
process reduces possible sources of groundwater leakage associated with 
the use of conventional anchors without having to use new construction 
materials, change conventional construction practices, or employ new 
construction equipment [8,9]. Furthermore, we incorporated the 
concept of tell-tale devices [10]. That is, an additional strand was 
omitted to lock-in wedges (i.e., the reference strand, which is not 
stressed) alongside the stressed strands with lock-in wedges. In this 
manner, we could estimate anchor load change based on the relative 
displacement between the exposed length of the stressed strands and the 
reference strand, along with the known effective free length, material 
characteristics, and cross-section properties of the ground anchor 
[11,12]. In essence, the smart anchor aims to achieve self-inspection of 
loading change through the mechanical properties of anchor compo-
nents. An advanced automatic loading inspection system can be created 
by including automation devices (e.g., a linear potentiometer), a data 
logger, a power supply, and a data transmitter to the reference strand. To 
demonstrate the applicability and practicality of the automatic loading 
inspection capabilities of the smart anchor, this study performed a field 
test and the objectives that include (1) to introduce the smart anchor 
assembly and self-inspection functionality of loading change, (2) to 
describe the composition of automatic loading inspection capabilities of 
the smart anchor, and (3) to demonstrate the reliability of automatic 
self-inspection system for long-term load monitoring. 

Smart anchor assembly and self-inspection functionality 

Ground anchors stabilize slopes and prevent them from sliding by 
converting the stressing strands into compression force on the ground. 
The key elements of a ground anchor are (1) the ground anchor body, 
composed of a free-length and a fixed-length section; (2) the anchor 
head; and (3) relevant accessories. The design principle of all ground 
anchors are the same in essence; however, the assembly materials and 
construction methods are flexible [13]. The following will explanation 
the assembly details of smart anchor: 

Address the water leakage sources of conventional ground anchor 

Since the incident of anchored slope failed along Taiwan Freeway 3 
in 2010, the functioning of the approximately 100,000 ground anchors 

in Taiwan has been inspected. The inspection results revealed that 
ground anchor corrosion is a common problem, and the cause of the 
corrosion is the contact of steel strands with rainwater or groundwater 
[1,4,12]. As displayed in Fig. 1, possible sources of water leakage into 
strands of conventional ground anchors are (1) the open tip of the strand 
assembly (Fig. 1a), (2) the joint (sealing device) between the smooth 
sheath of the free-length section and corrugated sheath of the fixed- 
length section (Fig. 1b), and (3) the ungrouted void under the 
anchorage head (Fig. 1c). To delay the development of corrosion in 
existing anchors and maintain their residual load, a set of standard in-
spection procedures and remedial measures has been established in 
Taiwan [8,12]. However, new anchors must be reinforced through 
fundamental corrosion protection, which can be conducted through the 
following measures (1) replace steel strands with corrosion-resistant 
materials, such as glass fiber–reinforced polymer strands, carbon fiber-
–reinforced polymer strands, or epoxy-coated and epoxy-filled strands; 
and (2) use factory assembly anchors rather than on-site assembly an-
chors because factory assembly anchors have more integrity and the 
details of component corrosion can be controlled more precisely. 
Nevertheless, these two measures have limitations, including an in-
crease in cost due to the new materials used, the need to adjust assembly 
techniques, the inability to adapt to individual geological, and a change 
in construction techniques, which have not been commonly applied in 
Taiwan’s ground anchor industry. In this study, we rectified the water 
leakage problem that occurs in conventional anchors by adjusting the 
assembly procedures without having to incorporate any new materials 
or construction techniques. 

The smart anchor assembly method emphasizes fully corrosion- 
protected (Fig. 2a). The first adjustment introduced by the method 
was to apply a closed-tip strand assembly and change the sequence of 
cement grouting. It grouted the anchor hole first and inserted the strand 
assembly afterward to block possible sources of groundwater intrusion 
(Fig. 2b). Second, we removed the seal device between the fixed-length 
and free-length sections, where water leakage may occur, and encased 
the entire length of the steel strands with a corrugated sheath. Cement 
was grouted from the bottom of the corrugated sheath to the anchor 
head, facilitating the cement grouting in the corrugated sheath. How-
ever, to keep the stress transmission and extension of the free-length 
section, each strand separately in the free-length section was coated 
with grease and covered with a small polyethylene (PE) sheath. Heat- 
shrink tubes sealed the bottom of the small PE sheaths to isolate the 

Fig. 1. Possible sources of water leakage into strands of conventional ground anchors in Taiwan.  
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cement inflow from fixed-length, which avoid affected the extension of 
the free-length strand (Fig. 2c). A third possible source of water intru-
sion is the ungrouted void beneath the anchorage head. It employed a 
custom bearing plate assembly to prevent this. The bearing plate as-
sembly consists of an extension pipe mounted with a rubber seal to 
prevent groundwater from flowing into the sheath, and a grouting slot 
and ventilation hole for filling the annular space between the sheath and 
the hole with cement. Finally, it can grouted cement or other sealants 
from the secondary grouting hole to fill the void beneath the anchor 
head (Fig. 2d). Because the materials used in the smart anchor are the 
same as those used in conventional assembly methods (e.g., steel 
strands, cement, and plastic sheaths), they can be easily accepted by 
designers and contractors. In addition, if the blockage of the leakage 
sources and the operation procedures can be effectively implemented, 
the requirements for permanent corrosion protection for ground anchors 
proposed by the British Standards Institution [14] can be satisfied 
(guarantee of fully corrosion-protected ground anchors). 

Principle of self-inspection of anchor load change 

The self-inspection function of the smart anchor was created based 
on the assembly method in Fig. 2. In the life cycle of a ground anchor, 
each strand in the free-length section can be extended. However, the 
reference strand, without lock-in wedges, is not connected to the 
anchorage head. When all the strands are of the same length and the 
exposed length is known, a relative displacement between the stressed 
strands and the reference strand (unstressed strand) indicates a change 
in the anchor load. Although the principle of the loading inspection of 

smart anchor is similar to that of a tell-tale device, the reference strand is 
not as difficult to install as a tell-tale device is during construction 
because it is a part of the assembly like the other strands. Fig. 3a displays 
the initial state of self-inspection of load change of the smart anchor. 
Considering the size of the anchor head commonly used in Taiwan, we 
set the designed exposed length to be 15–20 cm. The reference strand 
could reflect the state of load increase or decrease. When the slope 
moves outwards, the load on the anchor increases, and the reference 
strand becomes relatively shorter than the engaged strands (Fig. 3b). By 
contrast, when the load on anchor decreases because of slope material 
creep, anchor material creep, or anchor corrosion, the reference strand 
becomes relatively longer than the engaged strands (Fig. 3c). This 
concept was proven feasible by Liao et al. through an on-site stress test 
[11]. Anchor load change (ΔP) can be estimated by Eq. (1). The accuracy 
of the estimation had an approximately 2 %–5% error compared with 
that produced by a lift-off test. 

ΔP =
δ × E ×

∑
A

Leff
(1)  

where δ is the relative displacement of the reference strand in response 
to the anchor load change (cm); E is the Young’s modulus of steel strands 
(2000 t/cm2); 

∑
A is the sum of cross-sectional area of all engaged steel 

strands (the diameter and cross-sectional area of the steel strands 
commonly used in ground anchors are 12.7 mm and 0.9871 cm2, 
respectively); and Leff is the designed free-length of a ground anchor. 
Furthermore, when anchor load change (ΔP), whether an increase or a 
decrease, the residual load (Pr) of a ground anchor can be estimated by 

Fig. 2. Production of the smart anchor: (a) schematic of the fully corrosion-protected production; (b) details and photo of the closed-tip strand assembly; (c) details 
and photo of the opening joint removed; (d) details and photo of the custom bearing plate assembly under the anchorage head. 
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adding the initial locked-in load of the ground anchor (Pi): 

Pr = Pi +ΔP (2)  

where Pi is the initial locked-in load of a new ground anchor (or residual 
load for existing anchor), which is typically designed to be 1.1–1.2 
deigned load (Tw). 

Different from commercial monitoring systems, the self-inspection 
function of the smart anchor enables manual value reading without 
additional components. Moreover, when detected a loss in anchor load, 
restressing can be applied to the non-engaged reference strand to sup-
plement the anchor load if other components are complete and not 
corroded. In other words, the smart anchor is anti-corrosive, has a self- 
inspection function for load change, and facilitates maintenance for re- 
stressing. 

Automating the self-inspection function of the smart anchor 

To transform the mechanical loading inspection function into a de-
vice with an automation function as with other commercial systems, an 
additional linear potentiometer, data logger, power supply, and data 
transmitter can be mounted on the anchor head, a visible position that is 
convenient for maintenance. The composition and the suitable range for 
anchor load monitoring are elaborated as follows: 

Components of automated self-inspection device 

Originally, the load change estimation of the smart anchor was 
performed manually. Engineers must visit the site, remove the protec-
tive cap from the anchor head, and measure the relative displacement 
between the engaged strands and the reference strand. Transforming the 
load change estimation of the smart anchor into automated monitoring 

Fig. 3. Self-inspection for anchor load change of the smart anchor: (a) initial condition; (b) load-increased condition; (c) load-decreased condition.  

Fig. 4. Main components of the automated self-inspection device on the anchorage head.  
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would reduce maintenance costs; allow engineers to observe, almost in 
real-time, load changes of the complete anchored system. In addition to 
the reference strand on the smart anchor, a linear potentiometer, power 
supply, data logger, and data transmitter are mounted on the anchor 
head in the same manner as the commercial system (Fig. 4). Following 
are characterizes of the automated device:  

(1) Linear potentiometer: A device installed on the reference strand 
to automatically measure the relative displacement between the 
engaged strands and the reference strand. The size of a linear 
potentiometer and the effective travel length is flexible, but they 
should be within the space limitations in the protective cap of the 
anchor head (typically within 25 cm) and should be waterproof, 
grease-resistant, and easy to assemble and disassemble. Fig. 5a is 
a photo of a linear potentiometer mounted on a reference strand. 
The extension rod is equipped with a spring to control the value 
reading of the linear potentiometer when the anchor load in-
creases or decreases. 

(2) Integration of the power supply, data logger, and data trans-
mitter: Low energy consumption, high transmission, and high 
expandability (compatibility of different sensing devices) are the 
current trends in the development of monitoring systems. The 
commercial integrated device was used in this study can receive 
data from four sensor nodes simultaneously and be set to save 
data in the logger or transmit it wirelessly through the sensor 
nodes; the data can also be downloaded manually using a mobile 
application. As illustrated in Fig. 5b, the device is powered by 3.6- 
V lithium batteries. Under normal conditions, if the four nodes 
operate simultaneously and the sampling rate is set to 30 min, the 
power supply can last for more than two years. 

Suitable range for anchor load change monitoring 

The key factors affecting the automatic monitoring of the smart an-
chor are the effective travel length and sensitivity of the linear poten-
tiometer. Although the effective travel length is flexible as long as it 
complies with the height of the protective cap, it recommends taking the 
designed load (or the residual load) of ground anchor into account; 

because of both an excessively long and short effective travel length are 
not adequate. For example, according to the score criteria of residual 
anchor load by the Taiwan Freeway Bureau [15], if the designed load of 
a ground anchor is 45 t, the Young’s modulus of its strand (E = 2000 t/ 
cm2), the cross-sectional area (A = 6 × 0.9871 cm2), and the effective 
free-length (12 m) are all known conditions. Therefore, the elongated 
length and shortened length of the reference strand under different re-
sidual loads can be estimated by using Eq. (1) and Eq. (2), and the 
effective travel length of the linear potentiometer can be determined 
according to the result. As summarized in Table 1, when the residual 
anchor load reaches a critical level (Level A), the anchor load may in-
crease to more than 1.2 Tw (54 t) or decrease to less than 0.2 Tw (9 t). The 
linear potentiometer must then be able to shorten by 0.87 cm 
(compressible length) or increase by 3.47 cm (extensible length), 
respectively. That is, the effective travel length of the linear potenti-
ometer must exceed 4.31 cm. However, when the designed load of the 
ground anchor, the effective free-length, or the cross-sectional area of 
the strands is adjusted, the effective travel length of the linear potenti-
ometer (the sum of the compressible length and the extensible length) 
must be suitably modified according to the needs of the site. 

Application to field anchors in freeway-side anchored slopes 

To verify the applicability of the automatic monitoring for the smart 
anchor, this study performed a field test at freeway-side anchored slope. 
Furthermore, to confirm the reliability of the recorded data, we attached 
an electric load cell to the sensing anchor to synchronize recorded 
loading for verification. The site condition, characteristics of field an-
chors, device assembly, and recorded data were explained as follows: 

Site condition and field anchors characteristics 

The test site was located on an anchored slope above a tunnel 
entrance on Freeway 6 in central Taiwan (Fig. 6). The anchored slope is 
divided into left and right zones and is reinforced by a tie-back anchor 
system (installed 84 ground anchors). The geology condition of the test 
site consisted of gravel and sandstone–shale couplets with a favorable 
texture. Groundwater is not abundant, and the slope surface is equipped 

Fig. 5. Photo of: (a) linear potentiometer mounted on the reference strand and (b) integration device connected to the anchorage head.  
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with a proper drainage system; therefore, no obvious corrosion was 
discovered in the ground anchors according to previous inspection re-
sults, and the load was kept at a stable level [16]. 

As shown in Fig. 6, two ground anchors were selected for sensing 
tests, one from the left (under direct sunlight side) and one from the 
right zones (not under direct sunlight side). The two sensing anchors 
were installed in 2015. They had a designed load of 45 t and a designed 
length of 40 m, where the free length section was 30 m and the fixed 
length section was 10 m. The construction materials and assembly 
method of those two sensing anchors were the same as those presented 
in Fig. 2. One of the strands served as reference strand, which was 
without locked-in wedge and used as a measuring component to assess 
anchor load changes (Fig. 7). Although the design of the sensing anchor 
has been well-established, the estimated value obtained by the self- 
inspection device of the sensing anchor requires a residual load for 
comparison according to Eq. (2). Therefore, before installing the 

automated device to activate the reference strand, we conducted a lift- 
off test to determine the value of residual load of the two sensing an-
chors to provide a reliable load reference value. The results of the lift-off 
test (Fig. 8) indicated that the residual loads of sensing anchor 1 and 
sensing anchor 2 were 54 t and 47 t, respectively. 

Set up the automated recording devices on reference strand and anchor 
head 

As mentioned above, the linear potentiometer is a key device for 
automated smart anchors. After determining the residual load of sensing 
anchors 1 and 2, a linear potentiometer with an effective travel length of 
5 cm was attached to the reference strand of the two field anchors 
(compressible length: − 1 cm; extensible length: 4 cm). When the load of 
the sensing anchor changes, the twisted strand will be displaced and 
accompanied by a certain degree of torsion of the anchorage head. 

Table 1 
Effective travel length (shortened length and elongated length) corresponding to different grades of residual anchor load.  

Fig. 6. Perspective view and sensing anchors in an anchored slope (freeway-side 6 in central Taiwan).  

Fig. 7. The photo of a sensing anchor during installed: (a) reference strand and engaged strands and (b) engaged strands and anchor head protected with mastic.  

S.-H. Cheng et al.                                                                                                                                                                                                                               



Transportation Geotechnics 36 (2022) 100825

7

Therefore, to prevent the probe of the linear potentiometer from sliding 
into the wedge hole on the anchorage head and being twisted off, it had 
to cover the wedge hole with an appropriate washer (Fig. 9a). To verify 
the recorded obtained from the linear potentiometer and the reliability 
of the load estimated by Eq. (1) and Eq. (2), this study installed an 
electric load cell on the sensing anchors through a special steel seat to 
transmit the stress forces from the anchorage head to bearing plate 3 
(Fig. 9b and Fig. 9d) and applied the integrated device to record data 
concurrently. After anticorrosion paste or grease was applied to the 
anchor head, we covered it with a protective cap. The power wring and 
the recording wring could pass through the designated hole on the 
protective cap and be connected to the integrated device (in the pro-
tective cover) with the power supply, data logger, and data transmitter 
(Fig. 9c). 

Recorded data and environmental impact 

The field test for the automated smart anchor began on July 30, 
2019, and ended on June 9, 2020. It encompassed nearly-one year of 

seasonal temperature changes, with a high temperature of approxi-
mately 36 ℃ in summer and a low temperature of approximately 4 ℃ in 
winter. Recorded data in Fig. 10 indicates that for both sensing anchors 
1 and 2, the load estimated by the linear potentiometer of the smart 
anchor and the data directly recorded by the electric load cell were 
consistent, which verified that the automated self-inspection of the 
smart anchor was reliable. However, after carefully inspecting the 
changes in the recorded data, it can be discovered that the value reading 
of the electric load cell was not as stable as that of the self-inspection 
device. The electric load cell was affected by the environmental tem-
perature (Fig. 11). In general, the reading was lower when the ambient 
temperature decreased and higher when the ambient temperature 
increased. Also, we should pay attention that whether exposure to direct 
sunlight is an important factor to load cell reading, which is the sensing 
anchor 1 under direct sunlight. Relatively, sensing anchor 2 is not. As 
shown in Fig. 11, it can be seen that the load cell reading shift of sensing 
anchor 1 is about 2 times larger than that of sensing anchor 2. Based on 
this observation, when there is direct sunlight and constant temperature 
changes, the load cell reading on sensing anchor 1 has more significant 

Fig. 8. Lift-off test result and residual load of: (a) sensing anchor 1 and (b) sensing anchor 2.  

Fig. 9. Automated recording devices set up on the sensing anchors: (a) linear potentiometer mounted on the reference strand and washer placed on the wedge hole; 
(b) set up the special steel seat and electric load cell; (c) integrate device protected by the protective cover; (d) schematic of the automated devices in the pro-
tective cap. 
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shift than that on sensing anchor 2 (Fig. 10). This demonstrated that the 
zero point of the electric load cell shifts by ambient temperature changes 
after it is in service for some time; it must be removed for calibration to 
maintain a normal monitoring function. However, regular calibration is 
unworkable in practice; therefore, most long-term values provided by 
electric load cells are likely unstable. 

Power supplies, data loggers, and data transmitters are fundamen-
tally non-waterproof electronics, although they can be protected by 
protective covers (Fig. 9c). When the sensing anchors are located outside 
of the city, the problem of insects entering the protective covers should 
also be paid attention to. Insect secretions, excrement, or eggs may cause 
battery leakage, short circuits, or otherwise affect the service life of the 
devices. It recommends that strict protective measures (e.g., pest control 
and circuit board coating and packaging) be taken to ensure normal 
monitoring function (Fig. 12). 

Discussion of field studies and future development 

Compared to the electric load cell, the field test results verified that 
the automated self-inspection of the smart anchor was reliable and had a 
stable function. Based on experience from the field test, it can highlight 
the features of the automated self-inspection function of the smart an-
chor (1) the reference strand is a part of the anchor assembly like the 
other stands, it can be easily implemented during the assembly process 
with no limitations in installing equipment; (2) the reference strand 
serves as the self-inspection device, except the cost of wire material, no 
more extra cost of construction and sensor occur; (3) the self-inspection 
device on the smart anchor had a mechanical element that was not 
affected by ambient temperature and did not require calibration; (4) the 
whole system had to be waterproof, grease-resistant, and insect- 
resistant. As mentioned above, the smart anchor is worthy of practical 
applications. 

Fig. 10. Comparison of recorded data for the automated smart anchor and electric load cell from field sensing anchors 1 and 2.  

Fig. 11. Effect of environmental temperature on the recorded data for the automated smart anchor and the electric load cell.  
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Some studies have applied geotechnical instruments, water level 
gauges, laser scanning, global positioning systems, and geographic in-
formation systems to implement slope safety monitoring and early 
warning systems [17–20]. They integrated multiple monitoring in-
dicators, such as groundwater level, deformation, and geological evo-
lution. In the smart anchor, although it did not use integrated indicators, 
the self-inspection system we proposed could monitor the load level and 
its changes, which is a critical factor for anchored slopes. The automated 
smart anchor is extensible. Vibrating wire and resistance sensing devices 
can be connected to the integration device. Moreover, as in 

commercially monitoring systems, an inspection IoT can be established 
using wireless to connect with sensor nodes and gateways. All types of 
monitoring data can be uploaded to an inspection platform to create an 
intelligent system with a pre-warning function (Fig. 13). 

In Taiwan, inaccurate electric load cells are generally not dis-
assembled for renewal or calibration. One of the reasons is cost- 
effectiveness considerations, the other is disassembly procedure of the 
electric load cell may change the engaged position of the lock-in wedges 
on steel strands (the bite marks and weak location shown as Fig. 14) and 
hinder corrosion prevention in tendon assembly. Therefore, most long- 

Fig. 12. Environmental impacts on the integrated device and damage prevention in the field.  

Fig. 13. Concept and future development of an intelligence platform for the smart anchor system.  
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term values recorded from electric load cells are likely unstable, which 
makes the development of the automation smart anchor promising. At 
present, we detected the loss of anchors load is typically installing more 
anchors to increase the safety of the anchored slopes. However, the 
reference strand in smart anchor is not only used as a component for 
load measurements. When an anchor requires restressing, the reference 
strand also can be engaged with a lock-in wedge after stressing is applied 
without having to install more anchors [the maximum supplement 
stressing of each reference strand is approximately 18.7 (yield strength 
of steel strand at 0.1 % elongation) × 0.5 (minimum safety factor for 
tendon strands) = 9.35 t]. 

Conclusions 

The automated self-inspection function on the smart anchor differs 
from commercial monitoring systems. It can perform the load moni-
toring of anchored slopes without having to install additional sensors. 
The near 1-year field monitoring results indicated that the automated 
smart anchor had high reliability and stability. Additionally, the refer-
ence strand on the smart anchor is in line with the sustainable devel-
opment goals of anchor life cycle. It can perform re-stressing and 
positive benefit of maintenance. The following conclusions can be 
drawn from this study:  

1) Corrosion is one of the common problems of ground anchors in 
Taiwan. The smart anchor assembly can satisfy the requirements of 
permanent anchors by being integrated. Furthermore, new materials, 
techniques, or equipment are not required for construction, so it can 
be easily accepted by designers and contractors.  

2) The reference strand on the smart anchor can serve as the self- 
inspection device for long-term load change. Meanwhile, the reli-
ability of automatic self-inspection capabilities for anchor load 
monitoring was demonstrated through two field sensing anchors. It 
would reduce maintenance costs and the engineers can contribute 
their expertise to value tasks.  

3) Smart anchors have been solved by innovative assembly procedures. 
It features no limitations in installing equipment, and no extra cost of 
construction and sensor occurs. They are not affected by ambient 
temperature and did not require calibration. Although the whole 
system had to be waterproof, grease-resistant, and insect-resistant 
when being implemented on-site, the smart anchor is still worthy 
of practical applications.  

4) In the field, insect invasion and survival responses (e.g., secretions, 
excrement, or eggs) are the main cause of short circuits and damage 
to electronic loggers. Appropriate protective measures are required 

(e.g., pest control for the protective unit and coating and packaging 
for circuit boards).  

5) When a smart anchor detection requires restressing (detected a loss 
in anchor load), the reference strand can be engaged with a lock-in 
wedge after stressing is applied (maximum supplement load =
9.35 t/per strand). If necessary, it can rely on supplementary 
restressing instead of installing more anchors to increase the safety of 
the anchored slopes. It has the positive benefit of maintenance in the 
anchor life cycle. 
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