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For bridges such as cable-stayed, suspension, and PSC (Prestressed Concrete) girder, 
tension of cable or tendon affects the whole behavior of a structure because they 
perform a role as a structural member. Due to this reason, measuring and managing of 
tension is necessary during construction and service. There are some methods to 
measure tension of cable or tendon, direct way using load cell or EM sensor and indirect 
way with acceleration sensor. Acceleration sensor can be applied to bridges with cables 
but cannot to the tendon which is placed in a member. Load cell is used widely for 
measuring tension of prestressing tendon in PSC girder. However, it needs additional 
space for install and should be installed permanently even though is not so cheap. In this 
study, anchor head which have sensors (anchor head load cell) was manufactured and 
tested to solve these problems. It was developed from the characteristics of fiber-optic 
sensor which is very small, thin, and durable and elastic material property of anchor 
head. Fiber-optic sensor embedded in an anchor head measures the elastic strain of 
anchor head. From tension test, it was observed that it showed linearity and good 
agreement with readings of conventional load cell. It does not need additional space to 
be installed, is much cheaper than conventional load cell, and has no concern for 
alignment between anchor head and loadcell. Moreover, it has many advantages of 
those of fiber-optic sensor such as small size, light weight, non-conductivity, fast 
response, resistance to corrosion, higher temperature capability, and immunity to 
electromagnetic noise and radio frequency interference. Finally, it was concluded that 
anchor head load cell has feasibility as a role of sensor. 
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ABSTRACT: Since prestressed concrete members rely on the tensile strength of the 
prestressing steels to resist loads, loss of even few wires or strands per member could 
result catastrophic. Therefore, it is important to measure present residual prestress force. 
Although there are some techniques for obtaining present prestress force, there are still 
some problems such as accuracy, reliability, and cost. One method for it is to install 
load cell in front of anchor but this increases construction cost. Load cell is a transducer 
using the elastic material property and the anchor head is also an elastic material. 
Consequently, it is possible to monitor the present prestress force by measuring the 
deformation of anchor head. Special features of fiber optic sensor such as small size, 
great sensitivity, high durability, and so on can successfully assign sensing function to 
anchor head. This paper presents the concept of smart anchor head which acts a role of 
load cell for PSC members and experiment programs for investigating the applicability 
of it. Test results showed the smart anchor head worked good and strong linear 
relationship between load and response. 

 

 

1 GENERAL INSTRUCTIONS 

The prestressing of concrete are inter-related features of the modern building industry 
(see Figure 1). Through the application of imaginative design and quality control, they 
have had an increasing impact on architectural and construction procedures since the 
1930’s. Prestressed concrete (PSC) can provide significant cost advantages over 
structural steel sections or ordinary reinforced concrete. Because PSC has steel 
reinforcements, PSC is subject to the same adverse effects of reinforcement corrosion as 
reinforced concrete members are. Documented cases of prestressed tension member 
failure as a result of corrosion make this a most pressing problem. Since PSC members 
rely on the tensile strength of the prestressing steels to resist loads, loss of even few 
wires or strands per member could result catastrophic (Proverbio & Bonaccorsi, 2002). 
There were some collapses of PSC structure in Europe. Tthe Bickton Meadows bridge 
and the Ynys-y-Gwas bridge (Figure 2), both in UK; and a bridge over the River 
Schelde in Belgium collapsed without any warning.  

Because that the application of PSC technology in civil structures is relatively recent, 
the existing PSC members are still relatively healthy. The corrosion and the concrete 
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deterioration problems in PSC members have become clearly evident only in the early 
1980’s and the interest on structural health monitoring for PSC girder bridges has been 
emerged as a recent issue. 

It is important to investigate present residual prestress force for evaluating the state of 
PSC member. A few techniques used to determine condition states of prestressing steel 
wires include: (1) Utilization of x-ray methodologies, (2) Application of remnant 
magnetism methodologies, and (3) a sound print acoustic monitoring system (Scheel & 
Hillemeir, 2003). The surest method is to attach strain gages to the strand or to install a 
load cell in front of  anchor. However, they are not practical due to difficult installing, 
cost, maintenance, and so on. 

Fiber optic sensors have been emerging as a promising sensor in civil engineering field 
due to various advantages such as small size, high durability, greater sensitivity, 
electrical passiveness, freedom from electromagnetic interference, wide dynamic range 
and both point and distributed configuration over the conventional electrical resistance 
strain gages (Bashir et al., 2005). 

These special features of fiber optic sensor can successfully assign sensing function to 
anchor head. This paper presents the concept of smart anchor head which acts a role of 
load cell for PSC members and experiment programs for investigating the applicability 
of it. Test results showed the smart anchor head worked good and strong linear 
relationship between load and response. 

 

                        

Figure 1. Marina bay sands hotel (Singapore).      Figure 2. Ynys-y-Gwas bridge (UK). 

 

2 SMART ANCHOR HEAD 

2.1 Load cell 

A load cell shown Figure 3 is a transducer for measuring force with converting physical 
quantity such as force into electric signal. It consists of an elastic body which deforms 
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linearly in proportion to the increase of external load and generally four strain gages 
which convert deformation into electric signal. 

When a force is applied to a load cell so that the elastic body deforms, strain gages 
attached to the body measure the quantity of deformation. The deformation measured by 
strain gage is the quantity of electrical resistance and it is converted into voltage by a 
"Wheatstone bridge" and the value is expressed into a force. 

Therefore, the elastic body which is the one of the most important components and 
decides the performance of a load cell should deform uniformly for the applied load and 
the strain should change linearly in proportion to the load. The linear relationship 
between load and strain is the most important requisite to dominate the reliability and 
accuracy of a load cell. 

2.2 Fiber optic sensor 

Over the past decades many product revolutions have taken place due to the growth of 
the optoelectronics and fiber optic communications industries. An offshoot of fiber optic 
technology was to use optical fibers in sensing systems, which led to the fiber based 
sensing devices and components (Bahareh & Hooman, 2008). 

Fiber optic sensors can be used to monitor various different parameters such as strain, 
temperature, vibration, deformation and acceleration. Optical sensors have other 
advantages over conventional sensors including: greater sensitivity, electrical 
passiveness, freedom from electromagnetic interference, wide dynamic range and both 
point and distributed configuration.  

There are many types of fiber optic sensors such as Fabry-Perot , Polarization, Bragg 
Grating, Mach-Zender, and so on. Among of these optic sensors, Fiber Bragg Grating 
(FBG) has some attractive special characteristics. It has ability, so called multiplexing, 
to merging data from several channels into 1 channel and acts as an "absolute" strain 
gauge so that the FBG provides an absolute measure of strain, which can be connected 
to optoelectronics at any time for real time measurements. This kind of absolute 
measurement is not available with standard foil type strain gauges (Xu et al., 1993). 

 

               
Figure 3. Load cell.                                    Figure 4. Anchor head load cell. 



5th International Conference on 
Structural Health Monitoring of Intelligent Infrastructure (SHMII-5) 2011 
11-15 December 2011, Cancún, México 
 
 

- 5 - 

2.3 Anchor head load cell 

Anchor head is a device which settles prestressed strands and transfers prestressing 
force to a structural member. Generally it is made of SMC 45C steel and that means 
anchor head is an elastic body like that of load cell. 

Developed anchor head load cell is designed taking advantage of elastic material 
property to act a role as elastic body which is a component of general load cell. It is a 
simple case to measure the strain of anchor head with electrical resistance strain gages 
attached to the lateral surface of anchor head. However, unlike the elastic body of a load 
cell which deforms relatively uniformly because it takes tensile/compressive force over 
the face, anchor head has many holes to settle strands and the holes transfer prestressing 
force to the anchor head. Consequently strains between outside and the settlement 
position of strands might be not same. 

One solution for this problem is to measure strain of the closest position possible to the 
hole into which strand settles. But the space between holes is narrow and gages should 
be installed inside the anchor head to measure the strain in the direction of applied 
force.  

Sensor installing problem can be solved by the feature that optic fiber sensor is very thin 
and small as stated early. Anchor head load cell is manufactured by inserting fiber optic 
sensor into bored small hole between strands settlement holes and grouting (see Figure 
4). 

3 APPLICABILITY INVESTIGATION OF ANCHOR HEAD LOAD CELL 

3.1 Laboratory test 

Tensile test of a strand was performed to observe the behavior of the designed anchor 
head load cell. A strand settled by with a pair of anchor head was tensioned using 
Universial Testing Machine with a capacity of 1,000 kN. Four conventional strain gages 
and one FBG sensor were attached to the strand for measuring strain of strand. 

The objective of this test is to investigate the linear relationship of response of anchor 
head load cell which is the most important property of a sensor. Load was applied up to 
50 kN by five stages with 10 kN and this process was repeated four times. 
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(a) Strain gages.                                                              
(b)  FBG sensor. 

Figure 5. Load vs. sensor response of strand. 

 

 

            
Figure 6. Load vs. response of anchor head (lab.)        Figure 7. Field test of anchor head 
load cell. 
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Figure 8. Load vs. response of anchor head (field)       Figure 9. Relationship btw. strand 
and anchor head. 

 

Figure 5 shows the relationship between load and response of sensors (electrical 
resistance strange gage and FBG) attached directly to the strand. With linear regression, 
the results showed strong linearity due to the high R-squared value (coefficient of 
determination) over 99%. This means that test was performed successfully and FBG 
sensor worked well. 

Figure 6 shows the behavior of anchor head according to the increasing load. For the 
response of FBG sensor embedded in anchor head, this also showed strong linearity as 
shown in Figure 6. This means that the anchor head deformed elastically and FBG could 
measure well the deformation of anchor head, consequently anchor head with embedded 
FBG sensor could act a role of sensor successfully.  

3.2 Field test 

A test for observing the in-situ applicability of anchor head load cell was performed. 
The objective structure was a PSC I type girder with a length of 60 m (see Figure 7). To 
investigate the prestressing force, a load cell was installed in front of anchor head and 
FBS sensors were attached to a strand. 

Figure 8 shows the relationship between load and the response of FBG embedded in 
anchor head. Even though the R-squared showed high value of 99.66%, it was observed 
that the relationship showed a little non-linearity. If regression analysis is performed 
with a second order equation, R-squared changed to 99.97% and this result was same 
for the strand. However, the relationship between FBGs of strand and anchor head 
showed strong linearity as shown in Figure 9. From these graphs, it might be considered 
there was a problem for load cell but it is not easy to find out the reason due to various 
in-situ conditions. 

The strong linearity between the responses of strand and anchor head in Figure 9 proves 
that present prestress force of a strand is able to be estimated by measuring the strain of 
anchor head. With further investigation, two equations could be obtained. One is y 
(load) = a1 x (response of strand) and another is y (response of anchor head) = a2 x 
(response of strand). With these equations, the strain of strand and present prestress 
force can be estimated from the response of anchor head. 
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4 CONCLUSIONS 

In this paper, a simple method to manage prestressing force for PSC members was 
introduced. The basic concept is to use the elastic material property of anchor head as 
that of conventional load cell. Some special features of fiber optic sensor make this 
possible.  

From laboratory and field tests, the performance of anchor head load cell was verified. 
For linearity which is a key property of sensor, anchor head load cell showed strong 
behavior for load and strain of strand. 

It provides some advantages as followings; 1) it is very simple and does not require 
extra load cell for measuring prestressing force. 2) it could be possible to manage all 
tendons with easy installing work and low cost. 3) Manager can check present prestress 
force with data acquisition system when needed due to the attractive property of FBG 
optic sensor which indicates absolute readings. 
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