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ABSTRACT: After inspection of the upper anchorage elements in a cable stayed bridge, it was 
found that 16 elements were structurally deficient. Rehabilitation considered 20 elements, 
including 4 classified as in good condition to evaluate their properties for a probabilistic 
reliability analysis on the remaining elements. Removal of the elements was in a sequential 
procedure limited by time; thus, two cables were simultaneously released and monitoring on the 
cables was necessary to avoid overloading.  

Monitoring showed that the load redistribution was controlled within 2% from predictions. 
Overloading on the cables was reduced by removing the asphalt carpet and the loads 
redistribution was limited to adjacent cables only. Monitoring permitted an optimal 
rehabilitation sequence, an assurance of the structural integrity of the bridge, and the design of a 
permanent monitoring scheme to follow tension changes on all cables with limited 
instrumentation. 

 
 

1 INTRODUCTION 

The Río Papaloapan Highway Bridge is a cable stayed structure with 203 m span length and 
422.37 m total length, and it is located in the state of Veracruz in México (figure 1). After the 
failure of the upper anchorage element of one cable, an extensive nondestructive evaluation 
reveled that 16 (out of 112) anchorage elements were structurally deficient with a steel with 
large microstructural grain size (1-2 ASTM) and a high content of internal defects (pores and 
inclusions), Carrión et al (2005). 

To prevent failure due to fatigue damage or to low fracture toughness of the constitutive steel of 
the anchorage elements, during 2008 an extensive rehabilitation program was carried out to 
replace the 16 structurally deficient elements, plus 4 additional randomly selected “good 
condition” elements to get a representative sample of the mechanical and microstructural 
properties of the remaining elements for a probabilistic reliability analysis, Schueller & Stix 
(1987). 

The bridge has 112 cables distributed in 8 semi-harps with 14 cables each. For identification, 
the semi-harps were labeled from 1 to 8 as indicated in figure 2, and cables labeled from 1 to 14, 
from the shortest to the longest in each semi-harp (figure 2). The unique design for the upper 
anchorage system of the cables was developed by Astiz (1997), and it consists of a steel tapered 



4th International Conference on Structural Health Monitoring of Intelligent Infrastructure (SHMII-4) 2009 

22-24 July 2009, Zurich, Switzerland 

 

 

 2

plate welded to the anchorage element, which is cylindrical shaped on one side to link to the 
cable cap, and flat on the other side to link the tapered plate (figure 3). In service, the anchorage 
elements are mostly embedded in concrete (figure 4a); thus, nondestructive evaluation required 
the development of a specific ultrasonic technique to evaluate microstructural grain size and to 
identify internal defects, López et al (2009). 

 

 

Figure 1. Río Papaloapan Highway Bridge. 

  

 

Figure 2. Front and top view diagrams of the bridge. 

 

 

Figure 3. Upper anchorage assembly used for the cable system of the Río Papaloapan Bridge. 
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Table 1 identifies the 20 upper anchorage elements that were replaced; as it may be seen, 
defective elements with large microstructural grain size go together with long cables from 8 to 
13. At the same time, the two elements with internal defects correspond to cables 1 and 3, which 
are short cables; and good condition elements were selected from medium to short size cables. 

 

Table 1. Identification and diagnosis for the 20 replaced upper anchorage elements. 

Semi-Harp Cable Diagnosis 
6 Good condition for statistical sampling 1 13 Large microstructural grain size 
4 Good condition for statistical sampling 

12 Large microstructural grain size 2 
13 Large microstructural grain size 
10 Large microstructural grain size 
11 Large microstructural grain size 3 
12 Large microstructural grain size 

4 8 Large microstructural grain size 
5 Good condition for statistical sampling 5 10 Large microstructural grain size 
1 Good condition for statistical sampling 
3 Internal defects 6 

13 Large microstructural grain size 
1 Internal defects 
8 Large microstructural grain size 
9 Large microstructural grain size 

10 Large microstructural grain size 
12 Large microstructural grain size 

7 

13 Large microstructural grain size 
8 None None 

 

During rehabilitation, temporary cables were not possible to carry out with the liberated load 
from the removed cable; thus, monitoring of the loads on the cables was required to assure that 
the design tension limits were not exceeded when the cables were released to replacing the 
upper anchorage elements. Moreover, due to time limitations, the rehabilitation program 
required the release of two cables simultaneously and sufficiently separated to avoid high extra 
loads on a single cable. 

2 MONITORING OF THE CABLES 

2.1 Description of the general rehabilitation process 

The general procedure applied for the rehabilitation of the anchorage elements was the 
following: 

a) Direct weighting of the cable with a hydraulic jack to measure actual tension. 

b) Distension of the cable; each cable was released from their bottom anchorage and then, 
unscrewed from the upper anchorage element (figure 4). 

c) Concrete removal to release the upper anchorage up to 5 cm away from the welded union in 
the tapered plate (figure 4). 
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d) Field nondestructive evaluation using penetrant and ultrasonic inspections, before removal of 
the anchorage element. 

e) Anchorage removal. 

f) Welding of the new anchorage element and rehabilitation of the concrete (figure 4). 

 
Cable in service Cable distension 

  

Concrete removal Rehabilitated element 

  

Figure 4. Rehabilitation general process. 

2.2 Monitoring strategy 

Cable vibration was measured using a Tec 195 low frequency accelerometer, with a Smart 
Meter acquisition and processing system, Model 1330 VLF. Accelerometer was fixed to the 
cable and four independent measurements during a 16 seconds period each, at a sampling rate of 
64 Hz were done under normal operation conditions. The number of tests was determined from 
preliminary test, where acceptable statistical variation was observed considering experimental 
conditions. Tension of the cable was calculated using a non linear model, Carrión et al (2008). 

2.2.1 Initial reference and asphalt carpet removal 

While the bridge was going into a complete rehabilitation, it was also decided to rehabilitate the 
bridge surface to meet the geometrical and roughness standards. Taking advantage of this, the 
supporting material and the asphalt on one side of the bridge deck (two lanes) were removed 
prior to the distension of the cables on that same side; this to reduce the dead loads of the bridge 
and to lessen the effect on the remaining cables. As a consequence, the rehabilitation program 
was first done on semi-harps 1 to 4 on the down stream side; and completed on semi-harps 5 to 
7 on the up stream side. 

Initial vibration measurements, prior to the rehabilitation, were used for reference. Figure 5 
shows the tensions on the cables in two semi-harps after removal of the asphalt on the down 
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stream side and compared to the reference data. In this figure, it can be seen the difference 
between two opposite side semi-harps, where the average load decrease per cable in semi-harp 2 
(on the down stream side) is 205 N, while for cables in semi-harp 7 (on the up stream side) is 
107 N. 
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SEMI-HARP 7
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Figure 5. Tension loads after asphalt removal on cables in semi-harps 2 and 7, with respect to the initial 
reference tensions. 

 

Full calculation of the total vertical load reduction in the 112 cables, resulted in 9181 kN. 
Estimation from the total material removed from the bridge deck was 9326 kN, which 
represents a 1.55% difference. 
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Figure 6. Variation of the tension on the cables along the bridge after distension of cable 10 in semi-harp 
3 (the x axis represents the position of the lower anchorage of each cable). 

2.2.2 One cable distension 

The first cable to be removed was cable 10 in semi-harp 3. In this case, cables tensions were 
compared to the asphalt removed data. Figure 6 shows the total load variation along the bridge 
at each side (down stream and up stream), where the influence of the cable distension affected 
mainly the 5 neighboring cables. Initial tension in cable 10 was 2363 kN and its corresponding 
vertical load was 1059 kN. Calculation of the vertical load changes in the 111 remaining cables 
resulted in 1129 kN, which corresponds to a 6.6% difference. If variations are calculated 
considering only the 7 closest neighboring cables, the total vertical increase is 1070 kN, which 
is within 1.1% difference; from this, it is concluded that the total cumulative error from the 112 
cables is within 5.5%. 
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Figure 7 shows the comparison among the tensions in the cables of semi-harp 3 in the reference 
condition, after removal of the asphalt on body B, and after the removal of cable 10. From this 
analysis, the load tensions on the contiguous cables to cable 10, show values within the 
maximum design limit, which is acceptable to a limited time period required for the 
rehabilitation of the upper anchorage element. 
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Figure 7. Monitoring for different load conditions for semi-harp 3 during the first stage of rehabilitation 
of the bridge. 

2.2.3 Two cables distension 

To evaluate the condition where two anchorage elements were replaced simultaneously, figure 8 
shows the case where cables 6 from semi-harp 1 and 11 from semi-harp 3, were removed. In 
this case, again it is noted that the distension effect is limited up to the 5 closest neighbors from 
the removed cable. In this case, the total removed vertical load was 1900 kN, while the total 
vertical load increase for the 110 remaining cables was 1962 kN; which corresponds to a 3.2% 
difference. Again, if variation is calculated only to the 7 closest cables, the difference is reduced 
to 1.4% from the total removed vertical load. 

2.3 Statistical influence of the distension of a cable 

Different load conditions were evaluated and statistical vertical load redistribution was 
calculated for each removed cable condition (table 2). From this analysis, it is shown that the 
distension of one cable has limited influence to a few neighboring cables; thus bridge behavior 
can be estimated beforehand. 
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Figure 8. Variation of the tension on the cables along the bridge after distension of cables 6 in semi-harp 
1 and 11 in semi-harp (the x axis represents the position of the lower anchorage of each cable). 
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Figure 9. Average load distribution to neighboring cables for a released cable. 

3 CONCLUSIONS 

Structural behavior of the Río Papaloapan cable stayed bridge was fully monitored during 
rehabilitation and it was possible through the measurement of the cables vibration and analysis 
using a non linear model. Results are within a 2% error if engineering criterion is used to 
calculate the total loads distributions and to avoid cumulative errors; nonetheless, if all data is 
included, errors are within 7%.  

In general, the complete rehabilitation of the Río Papaloapan Bridge was fully monitored and its 
structural behavior was secured, even if two cables were replaced simultaneously. Load 
distributions from the removed cable to the immediate neighbors were in average 17.2%; and 
the load redistribution affected only to the seventh closest cables. 
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