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 Abstract

Securing the safety of transport between the metropolitan area and local areas and accelerate the flow of people and goods is the main objective of the rehabilitation  of  the damaged bridges along the road section in the Luzon island, which is the longest north-south highway in the Philippines and the Manila North Highway, which connects Metropolitan Manila and the northern Luzon island, thereby contributing to the economic development of the Luzon Island.The study determined the conditions of the major bridges in Isabela section of the Cagayan Valley Road like the Naguilian bridge, Ganano bridge, and Tumauini bridge and among others.  The study was conducted to examine the different structural parts of those bridges such as substructure, superstructure, other appurtenances and the defects were noted. The possible factors that may have caused the defects were also identified. Likewise, the sites around the bridges were examined to identify the conditions that may have affected the bridges.  The conditions of the major bridges in Isabela section of the Cagayan Valley Road was evaluated as not in good condition. The bridge defects as evaluated were spalling and scaling of concrete, cracks, eroded embankment, corrosion and paint peel-off of steel members, scouring, pot holes and honeycombs.  The bridge defects were caused by concrete expansion or contraction due to environmental factors like change of weather, weight of passing vehicles, perhaps fatigue, and action of water.   The joints of the bridges may have been caused by heavy traffic
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Transportation is a non-separable part in any society.  It exhibits a very close relation to the style of life, the range and location of activities and the goods and services which will be available for consumption. Advances in transportation have made possible changes in the way of living and this contributes to the great development of civilizations.  In the Philippines, the road network is the largest medium of transportation, handling about 90% of passenger transportation and 50% of freight transportation respectively. Because consideration of its functionality and quality was inevitably of secondary importance following concentrated investment to increase the road length until the early 1980s, many arterial national primary roads and national secondary roads serving as key road networks, were unpaved (pavement ratio: National Primary Roads 71%, National Secondary Roads 47% (1999)) and did not function sufficiently as trunk roads. Also, due to damage caused by natural disasters and a lack of alternative routes in emergencies, traffic efficiency is often inhibited. To promote domestic personnel and material interaction and support revitalization of local roads as well, the development of a safe and efficient arterial road network were required immediately (Ryujiro Sasao, 1999).  

Reyes quoted Gragasi (2001) illustrating the whole stretch of Cagayan Valley Road begins from Sta. Fe to San Luis, Diadi, the provincial boundary of Nueva Vizcaya and Isabela  which is the main artery of transportation in Nueva Vizcaya province.   Likewise, the Cordon, Ilagan to San Pablo and Cordon, San Mateo, Roxas to Enrile Cagayan are the main arteries of transportation in the province of Isabela.   It carries the volume of traffic from the province of Cagayan, Kalinga and Apayao in the North and Nueva Ecija, Nueva Vizcaya and Quirino in the South.   It is also linked with the  province of Ifugao by the Nueva Vizcaya-Mountain Province Road, with Pangasinan by the Nueva Vizcaya-Pangasinan Road and with the province of Benguet by the Nueva Vizcaya-Benguet Road.The study determined the conditions of the major bridges in Isabela section of the Cagayan Valley Road like the Naguilian bridge, Ganano bridge, and Tumauini bridge among others. 

There are many failures in bridges in the province and in the country as well.  Specifically, the study was conducted to examine the different structural parts of those bridges such as substructure, superstructure, other appurtenances and the defects were noted. The possible factors that may have caused the defects were also identified. Likewise, the sites around the bridges were examined to identify the conditions that may have affected the bridges.
The findings of this study would be beneficial particularly to the Department of Public Works and Highway(DPWH) officials, motorists, commuters, Civil Engineering students, researchers and future researchers.  The findings could serve as information and basis of the DPWH personnel to design project for the future rehabilitation or maintenance activities of these bridges to provide safe trip and comfort for the riding public.  Finally, this can also serve as resource material for future researchers who will be working on bridges.

II. METHODOLOGY

The research used the descriptive-evaluative method with the use of digital camera as the foremost data gathering equipment. Visual inspection was done at the site and the defects of the bridges during normal and critical times when possible were also documented.  The conditions of the major bridges in Isabela section of the Cagayan Valley Road like the Naguilian bridge, Ganano bridge, and Tumauini bridge among others were evaluated based on their defects which are described as follows:

Table 1: Evaluation Criteria

	Defects
	Description

	Severe damage
	Fair Condition

	Moderately Severe
	Good	Condition

	Slightly Severe
	Very Good 
Condition



III. RESULTS AND DISCUSSIONS

This section presents the findings of the study.  It discusses the defects of bridges as a result of the evaluation made by the researcher.

The concrete slab-on girder is the most common bridge superstructure in the country. As shown in Figure 1 below, the evaluation of the superstructure of bridges in 
Figure 1. Defects on the superstructure of Bridges
Figure 2. Defects on the substructure of Bridges




































































































the Cagayan Valley is presented.  The researcher found out and noted  that the concrete deck-slab of many bridges have a fatigue-type of failure and surface deteriorations like spalling and scaling that caused disintegration, cracks and abnormal spacing of slab.  The fatigue-type of failure and cracks were not yet repaired and so with concrete spalling.  Some have been repaired using asphalt through patching. There were few small and shallow pot holes, and cracks that were found in the deck of the bridges.  Moreover, the concrete girders and diaphragms of some of the bridges have cracks, delamination and spalling.  Delamination occurs in reinforced concrete structure subject to reinforcement corrosion, likewise spalling is caused by corrosion of the steel reinforcement bars embedded in the concrete matrix or by the exposure of the concrete to high temperature causing the chunks of the concrete to separate from the concrete structure. The deck joints of some bridges were already destroyed.  The finding conforms with the study of Hopewood (2004) which states that for major bridge elements, and for specific deck components, the average condition ratings for the major bridge elements (decks, superstructures and substructures) all decreased over the 7- 8 years intervals between KYTC inspection or assessment.
3.1 Evaluation of the  Substructure of Bridges in Cagayan Valley

The defects on the Substructure of Bridges in Cagayan Valley is shown in Figure 2.   As shown in the figure, the researcher observed that the abutment of Curilao Bridge and Calao I Bridge manifested surface cracks while that of the other bridges were still in good condition.  The piers of some bridges manifested slight damages only except for Minanga and Malalam bridges that have severe damage. The pier reinforcement of Minanga Bridge was already exposed due to spalling while the bridge seat of Malalam developed cracks. On the other hand, scouring of the base of bridge piers resulted in  exposed piles.  The embankment of some bridges were damaged due to the sinking or settlement of soil fill while the others were still in good condition.  Cracks on these embankments were developed due to settlement.  

Generally, findings revealed that the substructure of bridges in Cagayan Valley has defects which implies that the status of the bridge is not in good condition.  The findings of the study confirmed the research of Hopwood (2004) which viewed that the condition/distress from the bridge abutments and embankments erosion rating ranges from fair to very good. 

3.2 Evaluation of the  Appurtenances of Bridges in Cagayan Valley

Figure 3 presents the defects on the appurtenances of the bridges.  The figure shows that the railings and posts of some of the bridges were destroyed due to cracking and spalling. Some were with exposed reinforcement. The other bridges with steel railings were also defective due to distortion and loss of some of its parts.  Furthermore, the utilities of some of the bridges were made up of PVC and GI pipes that carry water and telephone lines and some utilities were still in good condition. However, the bridges were found to have no lighting appurtenances.  If signages are present these are just on the load capacity of the bridges.  

Findings on the appurtenances of bridges in Cagayan Valley showed that the presence of defects  is evident which means that appurtenances of bridges in Cagayan Valley is not in good condition.  

3.3 Conditions of the Major Bridges in Isabela in Cagayan Valley

The conditions of the major bridges in Isabela section of the Cagayan Valley Road is evaluated as not in good condition.   This could be
[image: ]Figure 3. Defects on the appurtenances of bridges

evidenced by its defects that were commonly caused by the concrete expansion or construction due to environmental factors like: change of weather, heavy weight of passing vehicles,  and even fatigue.  Action of water is also a great factor in the scouring of the base of bridge piers as well as their abutments.  Weight of heavy trucks greater than the capacity of old bridges greatly affect the bridges that carry them and truck wheel cause the pavement to flex slightly, resulting in fatigue which often leads to cracking.  Human activities also are factors in these bridge defects. 

IV. CONCLUSIONS
In view of the foregoing findings of the research, it can be concluded that  in general, the bridge defects as observed by the researcher  were spalling and scaling of concrete, cracks, eroded embankment, corrosion and paint peel-off of steel members, scouring, pot holes and honeycombs. The defects were caused by concrete expansion or contraction due to environmental factors like change of weather, weight of passing vehicles, perhaps fatigue, and action of water.  The joints of the bridges may have been caused by heavy traffic/increased traffic loads that make the bridge system weak in terms of performance and service life.  Human activities also caused damages to the structure.  The Minanga, Gamu, Mallig, Siffu, Paza and Upi bridges had the most number of serious defects.

Wearing surface should be provided to the bridges with cracks and these must be treated with epoxy bonding compound. One advisable wearing surface to be used maybe made of latex modified concrete (LMC) or polymer modified concrete (PMC) which is composed of cement, aggregates and latex emulsion admixture.  This type of wearing surface provides a surface which is less porous, enhance the ability of an overlay to adhere to the existing concrete slab and resist thermal forces caused by fluctuations.

The eroded embankment of the bridges must be replaced or repaired depending on the nature of the defect.   The bridge should undergo retrofitting measures to prevent serious damage later on.   The houses under the bridges should be demolished to prevent the effect of heat to the bridges in case fire happens. It has been found out that fire reduces the strength of concrete.  Quarrying operations should be done at a minimum distance of 500 meters from the bridges to prevent scouring of bridge piles.  The National Government should provide enough funds for DPWH for the regular inspection, maintenance and rehabilitation of the different bridges in their areas of responsibility. Transportation agency should be very strict in monitoring the vehicles passing these bridges.  They should make sure that no vehicle will pass a bridge beyond its capacity, otherwise these bridges will deteriorate easily.  Future researchers should also consider excessive deflections and abnormal sounds emanating from the structure in the evaluation of bridges.  Injection of epoxy bonding compound should be done to the cracks found in the abutment and piers whenever applicable.
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