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1 Introduction 

Pedestrian bridges are structures that are required to provide pedestrians with a safe passage 

in areas that are not accessible by walking (i.e., crossing water bodies) or that impose special risks 

to pedestrian flow (i.e., crossing high volume roadways). As they are obviously used in different 

situations with different characteristics, pedestrian bridges can be built with different materials 

(such as reinforced concrete, prestressed concrete, steel, wood, stone, aluminum, among others) 

and use different structural systems (such as arches, beams and slabs, trusses, suspension cables, 

or cable-stayed, among others). As these structures are very important for the safety of the public, 

it is imperative to continuously evaluate their integrity and serviceability, especially after an 

extreme event like a hurricane. 

On September 20, 2017, Hurricane Maria crossed Puerto Rico from its southeast end to its 

northwest end (see Figure 1.1). The island suffered major damages in diverse structures, such as 

houses, multistory buildings, vehicular bridges, roads, sport venues, and storage facilities, among 

many others. The damages caused by Hurricane Maria in Puerto Rico and the Virgin Islands has 

been estimated to be around $90 billion, making it the third most expensive hurricane in the history 

of the United States (Pasch, Penny, & Berg, 2019). Due to the intensive and extensive damages 

produced by Hurricane Maria, it was decided to explore the effects of this extreme event on 

pedestrian bridges in order to evaluate to what extent they were affected.  

The objective of this project was assessing pedestrian bridge damages that may be attributed 

to Hurricane Maria and determining their causes and possible improvements that may have 

avoided such damages. The San Juan Metropolitan Area (SJMA) was selected as the case study 

area. The project had five principal stages: conduct a literature review on pedestrian bridges (the 

specifications that apply to the design and inspection of pedestrian bridges in Puerto Rico), identify 
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and geolocate the pedestrian bridges in the SJMA, consult and document available drawings and 

inspections performed in previous years for each pedestrian bridge identified in the SJMA, perform 

field visits and inspections to each pedestrian bridge, and finally evaluate the findings and assess 

if the encountered damages were related to the hurricane. This document covers all the stages of 

the project and presents conclusions and recommendations. 

Figure 1.1: Trajectory of Hurricane Maria over Puerto Rico (FEMA, 2018) 
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2 Literature Review 

Two important aspects for a resilient pedestrian bridge construction are the design process 

and the inspection and condition assessments that allows a proper maintenance.  In this chapter, a 

summary is presented of the specifications that apply to the design and inspection of pedestrian 

bridges in Puerto Rico. 

2.1 Design Specification for Pedestrian Bridges 

The design and construction of pedestrian bridges should be done in accordance with the 

LRFD Guide Specifications for the Design of Pedestrian Bridges (AASHTO, 2009). These 

specifications are meant to be used as a supplement to the LRFD Bridge Design Specifications 

(AASHTO, 2020), which are widely used for the design of vehicular bridges. 

Pedestrian bridges are designed to support different loads, such as dead load, pedestrian 

loading, maintenance vehicle load (unless vehicular access is prevented by permanent physical 

methods), equestrian load, wind load, and fatigue load, among others. Again, both sets of 

specifications mentioned in the previous paragraph must be used together in order to determine 

the applicable loads and their combinations. 

Given the objective of this project, the determination of wind loads is of particular interest. 

The LRFD Guide Specifications for the Design of Pedestrian Bridges (AASHTO, 2009) indicates 

wind loads shall be determined in accordance with the Standard Specifications for Structural 

Supports for Highway Signs, Luminaires, and Traffic Signals (AASHTO, 2015), unless otherwise 

required by the bridge owner. This is done because pedestrian bridges are potentially more flexible 

than vehicular bridges and because of the possibility of traffic signs being mounted on pedestrian 

bridges (AASHTO, 2009). The LRFD Guide Specifications for the Design of Pedestrian Bridges 
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(AASHTO, 2009) clearly indicate that signs mounted on pedestrian bridges must be considered 

when calculating wind loads. 

2.2 Inspection Procedures for Pedestrian Bridges 

The Puerto Rico Highway and Transportation Authority (PRHTA) used to be in charge of 

the inspection of pedestrian bridges in Puerto Rico. For these inspections, PRHTA followed the 

standards of the National Bridge Inventory (NBI). When visual inspections of pedestrian bridges 

were performed, they focused their assessments mostly to NBI Items 58, 59, and 60, which 

corresponds to the deck, the superstructure, and the substructure, respectively. A condition 

assessment was given according to the findings using a rating scale that ranges from nine (9) to 

zero (0). Table 2.1 presents the Condition Rating Scale used for the bridge Items 58, 59, and 60 

and a description of the condition. 

Table 2.1: NBI general condition rating guidelines (Federal Highway Administration, 1995) 

Code Description 

N NOT APPLICABLE 

9 EXCELLENT CONDITION 

8 VERY GOOD CONDITION (No problems noted.) 

7 GOOD CONDITION (Some minor problems.) 

6 SATISFACTORY CONDITION (Structural elements show some minor deterioration.) 

5 FAIR CONDITION (All primary structural elements are sound but may have minor 
section loss, cracking, spalling or scour.) 

4 POOR CONDITION (Advanced section loss, deterioration, spalling or scour.) 

3 SERIOUS CONDITION (Loss of section, deterioration, spalling or scour have seriously 
affected primary structural components. Local failures are possible. Fatigue cracks 
in steel or shear cracks in concrete may be present.) 

2 CRITICAL CONDITION (Advanced deterioration of primary structural elements. 
Fatigue cracks in steel or shear cracks in concrete may be present or scour may 
have removed substructure support. Unless closely monitored it may be necessary 
to close the bridge until correction action is taken.) 

1 “IMMINENT” FAILURE CONDITION (Major deterioration or section loss present in 
critical structural components or obvious vertical or horizontal movement affecting 
structure stability. Bridge is closed to traffic but corrective action may put back in 
light service.) 

0 FAILED CONDITION (Out of service; beyond corrective action.) 
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Appendix A presents the forms and procedures used by PRHTA for the documentation of 

inspections of pedestrian bridges. These documents are: 

• Bridge Load Capacity Summary Form 

• Critical Finding Memorandum 

• Safety Inspection Report 

o Initial Inspection Report 

o Routine Inspection Report 

• Standards for Photographs of Existing Bridges 

• Standard Element Numbering Procedure 

• Quality Assurance / Quality Control Forms 

• Scope of Work of Underwater Inspection 

• Procedure for Conducting Underwater Inspection 

• Failure Critical Inspection Procedures 

All inspections were carried out with the most up-to-date forms by PRHTA. These above-

mentioned forms were filled out based on findings, giving ratings (as per Table 2.1) and comments. 

Any rating of 7 or less was accompanied with an explanatory comment. When the rating was 4 or 

less, in addition to the comment, the inspector had to attach photographs that exemplify the 

condition and justify the rating. 

At some point before the passing of Hurricane Maria through Puerto Rico, the ownership of 

the pedestrian bridges passed to the municipalities, together with the responsibility of inspecting 

them. Still, old inspection reports by the PRHTA were collected for this project. 
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3 Methodology 

In order to achieve the objectives of this research, the following list of tasks summarizes the 

procedure followed to assess the impact of Hurricane Maria on pedestrian bridges in the San Juan 

Metropolitan Area (SJMA) of Puerto Rico:  

• Perform a literature review and collect background data. 

o Visit the offices of the Puerto Rico Highway and Transportation Authority to 

obtain relevant background data (i.e., inspection reports, photos, drawings, 

manuals of inspections).  

o Perform a literature review on pedestrian bridges.  

o Study the available inspections reports on pedestrian bridges.  

o Review news reports on bridge damages. 

• Identify pedestrian bridges in the SJMA. 

o Obtain a list of bridges in the area. 

o Geo-locate the pedestrian bridges with the platform Google Earth Pro.  

o Assess ownership and accessibility. 

• Perform field visit and visual inspection of pedestrian bridges in the area of study. 

o Try to identify possible damages that may have been produced by the 

hurricane. 

o Complement the visual inspection with interviews of local residents, when 

possible, to receive their input on the condition of the bridge previous to the 

hurricane.  

o Document with several high-quality photographs each bridge. 
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o Fill in forms with comments on the preliminary findings during the visit. The 

forms used for field inspections are presented in Appendix B. 

• Evaluate the findings and compare them to previous inspections finding by the 

PRHTA to identify damages that may be attributed to Hurricane Maria.  

• Document all information collected and the findings. 

It should be pointed out that, for this project, the inspected pedestrian bridges were not rated, 

since the objective was only to identify the damages that were understood to have been caused by 

the hurricane. Those damages are described in detail. 
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4 Pedestrian Bridges in the San Juan Metropolitan Area 

As previously mentioned, in the past the Puerto Rico Highway and Transportation Authority 

(PRHTA) was responsible for the inspections and evaluation of pedestrian bridges, but at some 

point before Hurricane Maria made landfall in Puerto Rico, that changed. Currently, the 

responsibility of inspecting and evaluating pedestrian bridges is of the municipality in which the 

bridge is located. Nonetheless, PRHTA performed visual inspections of many pedestrian bridges 

and still maintains information about them.  

For this project, PRHTA provided inspection reports (which include plans and photos) of 32 

pedestrian bridges located in the San Juan Metropolitan Area (SJMA). Out of the 32 pedestrian 

bridges, four had been removed prior to Hurricane Maria due to deteriorating conditions; one was 

removed between 2014 and 2017, while three had already been completely removed by April 2014. 

Interestingly, the four removed bridges were made of steel and were constructed between 1971 

and 1978. 

The information of the remaining 28 bridges was used to determine their location, as listed 

in Table 4.1. Also indicated in Table 4.1 is whether the owner of the bridge is a municipality or if 

it is owned by another type of entity. These bridges were then geolocated using Google Earth Pro, 

as shown in Figure 4.1.  

Out of the 28 bridges, it was decided to inspect only the 21 bridges owned by the 

municipality. The seven bridges privately owned were not inspected because they would require a 

permit from the owner. The following two chapters present the findings of the visual inspections 

of the 21 bridges. 
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Out of the 21 pedestrian bridges inspected, it was found that four presented damages that 

may be attributed to Hurricane Maria. These bridges are discussed in Chapter 5, including 

background information and descriptions of the damages attributed to the hurricane. 

Meanwhile, the bridges that did not present damages due to Hurricane Maria are discussed 

in Chapter 6. Although these bridges did not present damages due to the hurricane, the inspection 

team documented any deterioration they detected.   

Table 4.1: List of Pedestrian Bridges in the SJMA 

Bridge No. Latitude Longitude Ownership 

0626 18 23’ 46” N 66 03’ 09” W Municipality 

0745 18 27’ 08” N 66 05’ 12” W Municipality 

0748 18 23’ 42” N 66 02’ 50” W Municipality 

0960 18 23’ 35” N 66 04’ 14” W Municipality 

1095 18 25’ 03” N 66 02’ 36” W Municipality 

1137 18 26’ 50” N 66 02’ 59” W Municipality 

1307 18 26’ 47” N 66 02’ 41” W Municipality 

1418 18 24’ 36” N 66 02’ 37” W Municipality 

1478 18 23’ 57” N 66 06’ 17” W Municipality 

1513 18 21’ 04” N 66 05’ 26” W Municipality 

1616 18 27’ 38” N 66 04’ 52” W Hotel 

1736 18 23’ 42” N 66 02’ 41” W Municipality 

1743 18 23’ 48” N 66 02’ 35” W Municipality 

1762 18 24’ 03” N 66 03’ 02” W University 

1774 18 24’ 26” N 66 04’ 21” W Municipality 

1888 18 26’ 41” N 66 04’ 09” W Hospital 

1897 18 23’ 12” N 66 03’ 41” W University 

1926 18 25’ 27” N 66 04’ 14” W Municipality 

1927 18 25’ 29” N 66 03’ 33” W Airline 

2087 18 26’ 37” N 66 04’ 14” W Municipality 

2336 18 24’ 43” N 66 01’ 44” W Municipality 

2351 18 24’ 40” N 66 06’ 08” W Telecom Co. 

2355 18 24’ 30” N 66 02’ 10” W Municipality 

2549 18 23’ 22” N 66 04’ 51” W Hospital 

2566 18 24’ 28” N 66 03’ 32” W Municipality 

2665 18 27’ 55” N 66 05’ 27” W Municipality 

2682 18 26’ 53” N 66 03’ 35” W Municipality 

2683 18 26’ 51” N 66 03’ 21” W Municipality 
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Figure 4.1: Aerial photo of pedestrian bridges in the San Juan Metropolitan Area (Source: Google Earth Pro) 
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5 Pedestrian Bridges with Damages Possibly Caused by Hurricane Maria 

Out of the 21 pedestrian bridges in the San Juan Metropolitan Area (SJMA) inspected for 

this project, four exhibited damages that may have been caused by Hurricane Maria. These are: 

• PB 0960 – Traffic sign detached from mounting assembly and damaged handrail 

• PB 1137 – Lateral deflections in the plastic range 

• PB 1307 – Lateral deflections in the plastic range 

• PB 2336 - Traffic sign detached from mounting assembly 

In this chapter, background information is presented on these four pedestrian bridges, as well as 

the findings of the visual inspections performed for this project. The background information was 

obtained from information provided by the Puerto Rico Highway and Transportation Authority 

(PRHTA). 

5.1 Pedestrian Bridge 0960 

Pedestrian Bridge 0960 (shown in Figure 5.1 and Figure 5.2) was constructed in 1967. It is 

a slab type bridge made of reinforced concrete. The bridge is located at coordinates 18 23’ 35” N 

and 66 04’ 14” W, connecting Villa Nevarez Urbanization with Quintas de San Ramon 

Urbanization, which is next to the Puerto Rico Medical Center (see Figure 5.3). The bridge crosses 

above Las Americas Expressway (PR-18), where by 2005 it had an ADT of 178,900 and a Truck 

ADT of 4%. Neighbors from the area estimate that the bridge is mostly used by medical students 

living in Villa Nevarez and working at the Medical Center. 
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Figure 5.1: South view of PB 0960 

 
Figure 5.2: North view of PB 0960 
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Figure 5.3: Location of PB 0960 (Source: Google Earth Pro) 

5.1.1 PRHTA Inspection Reports 

PRHTA provided inspection reports with the following dates, (full reports are presented in 

Appendix C): 

• April 15, 2014 

• August 12, 2002 

• February 9, 2000 

• March 20, 1998 

• March 5, 1996 

• September 30, 1992 

The latest inspection report, dated April 15, 2014, refers to an inspection carried out on 

December 9, 2008. The report for the 2008 inspection was not available. Table 5.1 presents the 

ratings given to the bridge’s deck, superstructure, and substructure on two most recent inspections. 

It can be seen that the deck showed a slight improvement, but the superstructure and substructure 

kept the same rating. 
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Table 5.1: PB 0960 ratings from most recent inspections (Source: PRHTA) 

Item 

Rating 

December 9, 2008 April 15, 2014 

Deck (Item 58) 4 5 

Superstructure (Item 59) 4 4 

Substructure (Item 60) 5 5 

 

The latest inspection report made the following observations: “The wearing surface shows 

poor finishing, light scalings and fine to medium transverse cracks. Inadequate ramps for 

handicaps, holes and much vegetation along the wearing surface and railings. Ramps railings with 

broken sections from supports and movement. Large spallings with exposed reinforced steel due 

to traffic impact at beams of second span over route towards Caguas and over reversible lane. 

Medium horizontal crack at pier cap (East Side).” 

5.1.2 Plans of the Bridge 

Figure 5.4 and Figure 5.5 reproduce plans of the pedestrian bridge. The plans are dated 1976, 

but they were copied from the 2014 inspection report. 

 
Figure 5.4: PB 0960 plans sheet 1 of 2 (Source: PRHTA) 
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Figure 5.5: PB 0960 plans Sheet 2 of 2 (Source: PRHTA) 

5.1.3 Photos of Inspections by PRHTA 

Figure 5.6, Figure 5.7 and Figure 5.8 present photos of the bridge from 1972. It can be seen 

in this pictures that, back then, the bridge did not have chain-link fencing, nor did it have traffic 

signs attached to it. 

 
Figure 5.6: North side of PB 0960 on July 21, 1972 (Source: PRHTA) 
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Figure 5.7: Underside of PB 0960 on July 21, 1972 (Source: PRHTA) 

 
Figure 5.8: Walkway of PB 0960 on July 21, 1972 (Source: PRHTA) 

5.1.4 Photos Before and After Hurricane Maria 

 

To detect if the bridge suffered any major deformations due to Hurricane Maria, old 

photographs from PRHTA were compared to pictures taken in 2019. One such comparison can be 

made between a photo of the walkway from 2000 (Figure 5.9) and a another from 2019 (Figure 

5.10). No deformation in the structural elements was detected from the comparison of photographs. 
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Figure 5.9: Walkway of PB 0960 on September 6, 2000 (Source: PRHTA) 

 
Figure 5.10: Walkway of PB 0960 on March 13, 2019 

5.1.5 Inspection by PUPR 

The inspection by PUPR was conducted by Civil Engineering undergraduate students 

Adriana Murati-Núñez and Jonathan Hernández on March 13, 2019. During the inspection, the 

weather was sunny. The bridge was open to pedestrians. 
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During the visit, a neighbor approached the inspection team and expressed concern for the 

safety of the people that use the bridge. One of the concerns was that the sidewalk (at the location 

indicated in Figure 5.11) used to approach the bridge ramp on the west side has a hole with a depth 

of more than 1 ft. This hole was covered with a pallet, as shown in Figure 5.12. In the same area, 

a section of the sidewalk has sunk, as shown in Figure 5.13. Other observations made by the 

inspection team were the growing vegetation on the chain-link fence of the ramp (see Figure 5.14) 

and presence of corrosion on the support bases of the chain-link fence (see Figure 5.15). 

 
Figure 5.11: Pedestrian path with the red circle indicating location of tripping hazards (Source: Google Earth Pro) 
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Figure 5.12: Holes in sidewalk covered with a pallet  

 
Figure 5.13: Sunk section of sidewalk 
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Figure 5.14: Vegetation in chain-link fencing 

 
Figure 5.15: Corrosion in base support of chain-link fencing 
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At the time of the inspection, the bridge had attached five signs of different sizes, as it can 

be appreciated in Figure 5.1 and Figure 5.2. In terms of possible damages caused by Hurricane 

Maria, it was observed that one of the traffic signs mounted on the bridge was detached at the 

bottom end from the mounting assembly, as indicated in Figure 5.16. It is theorized that the 

detachment was due to wind induced vibrations that occurred during the hurricane. 

 
Figure 5.16: Traffic Signs partially detached from support 

It was observed that all the traffic signs mounted on the bridge were attached to the handrails, 

as shown in Figure 5.17. It was noticed that there were cracks at the base of handrails posts (see 

Figure 5.18), and one section was detached (see Figure 5.19) and bent, affecting the sign (see 

Figure 5.20). Wind vibrations may have induced the cracks and triggered the bent. 
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Figure 5.17: Sign mount attached to handrail 

 
Figure 5.18: Cracks at the base of the handrail posts 
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Figure 5.19: Detached handrail post 

 
Figure 5.20: Deformed sign due to handrail bent 
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5.2 Pedestrian Bridge 1137 

Pedestrian Bridge 1137 (shown in Figure 5.21) was a steel structure constructed in 1968. The 

bridge was located at coordinates 18 26’ 49.75” N and 66 02’ 59.80” W. This Bailey bridge 

connected Norte Shopping Center and Luis Lloréns Torres public housing complex at the north 

with the Villa Palmeras sector at the south, as shown in Figure 5.22. The structure is very important 

for the security of pedestrians, as it crosses over the Román Baldorioty de Castro Expressway, 

which has a very high vehicular flow (67,300 ADT with the Truck 4% ADT in 2017). As it will 

be explained later, PB 1137 was removed by PRDOT because it was highly affected by Hurricane 

Maria. Still, the PUPR team was able to inspect the structure before its removal. 

 
Figure 5.21: Pedestrian Bridge 1137 
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Figure 5.22: Location of PB 1137 (Source: Google Earth Pro) 

5.2.1 PRHTA Inspection Reports 

PRHTA provided inspection reports with the following dates, (full reports are presented in 

Appendix D):  

• May 15, 2017 

• January 23, 2014 

• June 29, 2001 

• March 11, 1999 

• August 19, 1996 

• December 22, 1994 

• February 24, 1993 

• June 8, 1991 

• June 23, 1989 

• July 28, 1987 



 

 26 

• April 21, 1986 

• July 16, 1975 

• November 13, 1972 

Table 5.2 presents the ratings given to the bridge’s deck, superstructure, and substructure on 

two most recent inspections. It can be seen that the deck had reached a rating of Poor (4), while 

the substructure kept deteriorating. 

Table 5.2: PB 1137 ratings from most recent inspections (Source: PRHTA) 

Item 

Rating 

January 23, 2014 May 15, 2017 

Deck (Item 58) 5 4 

Superstructure (Item 59) 5 5 

Substructure (Item 60) 6 5 

 

The latest inspection report made the following observations about the deck: “There is 

moderate to severe corrosion on the surface, there are several big holes due to corrosion on the 

decking plates, there is a big section with a detached and skewed corner creating a hole, big patches 

to repair corroded sections,  there are several sections of the deck that have disconnected from its 

weld points, …” Referring to the superstructure, the report indicates that “several of the lateral 

bracing components have light, moderate and sever corrosion and loss of section, some of the 

upper chord sections have moderate loss of section due to corrosion.” Finally, the report indicates 

that the “steel columns are in good condition, light corrosion.”  

5.2.2 Plans of the Bridge  

The oldest set of plans obtained for this bridge were undated and drawn by hand, as shown 

in Figure 5.23 and Figure 5.24. Also obtained were a plan from 1976 with a 1982 revision (Figure 

5.25) and 1987 revision (Figure 5.26), and a set of plans from 2001 (Figure 5.27 to Figure 5.32).  
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Figure 5.23: PB 1137 undated plan Sheet 1 of 2 (Source: PRHTA) 

 
Figure 5.24: PB 1137 undated plan Sheet 1 of 2 (Source: PRHTA) 
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Figure 5.25: PB 1137 plan from 1976 with 1982 revision (Source: PRHTA) 

 
Figure 5.26: PB 1137 plan from 1976 with 1987 revision (Source: PRHTA) 
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Figure 5.27: PB 1137 plans from 2001 sheet 1 of 6 (Source: PRHTA) 

 

 
Figure 5.28: PB 1137 plans from 2001 sheet 2 of 6 (Source: PRHTA) 
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Figure 5.29: PB 1137 plans from 2001 sheet 3 of 6 (Source: PRHTA) 

 
Figure 5.30: PB 1137 plans from 2001 sheet 4 of 6 (Source: PRHTA) 
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Figure 5.31: PB 1137 plans from 2001 sheet 5 of 6 (Source: PRHTA) 

 
Figure 5.32: PB 1137 plans from 2001 sheet 6 of 6 (Source: PRHTA) 
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5.2.3 Photos of Inspections by PRHTA 

Figure 5.33 presents a set of photos of the bridge taken in 1999. It can be seen in this pictures 

that, back then, the bridge did not have chain-link fencing, but that it already has at least two traffic 

signs attached to it.  

 
Figure 5.33: Photos taken by PRHTA in 1999 (Source: PRHTA) 

5.2.4 Photos Before and After Hurricane Maria  

To detect if the bridge suffered any major deformations due to Hurricane Maria, photographs 

from before and after the hurricane were compared. Examples of these are the comparison that can 

be made between Figure 5.34 and Figure 5.35, and between Figure 5.36 and Figure 5.37. By the 
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comparing the photographs, it is appreciated that the bridge experienced lateral deflections in the 

plastic range. 

 
Figure 5.34: Aerial photo of PB 1137 before Hurricane Maria (April 8, 2016) (Source: Google Earth Pro) 

 
Figure 5.35: Aerial photo of PB 1137 after Hurricane Maria (April 28, 2018) (Source: Google Earth Pro) 
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Figure 5.36: Underside of PB 1137 before Hurricane Maria (March 5, 1999) (Source: PRHTA) 

 
Figure 5.37: Underside of PB 1137 after Hurricane Maria (November 3, 2018) 
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5.2.5 Inspection by PUPR 

The inspection by PUPR was conducted by Civil Engineering graduate students Nelson 

Sotelo and Geoffrey Vega, and undergraduate students Adriana Murati-Núñez, Jonathan 

Hernández and Gustavo Cruz on November 13, 2018. During the inspection, the weather was 

sunny. The bridge was closed to pedestrians and there were no traffic signs attached to it. 

During the visit, it was evident that the bridge had corrosion problems in many components. 

Corrosion had caused holes in the walkway, as shown in Figure 5.38 and Figure 5.39. Some 

transveral elements were missing, as shown in Figure 5.40. (Further details about the inspection 

of this bridge can be found in Volume 2 of this document). 

In terms of possible damages caused by Hurricane Maria, it was evident that the bridge had 

experienced lateral deflections in the plastic range as evidenced by the curvature in the structure 

that can be appreciated in Figure 5.41 and Figure 5.42. Although the traffic signs that were attached 

to the bridge had already been removed, the mounting assembly was still present, as shown in 

Figure 5.43. It was observed that the location of the mounting assembly coincides with the section 

of the bridge with larger curvature. Therefore, it is theorized that the lateral deflection on the bridge 

was partly due to the extreme wind loads on the signs during Hurricane Maria. This theory is 

furthered studied in Volume 2 of this document. 

PRDOT deemed Pedestrian Bridge 1137 as unreliable and in danger of collapsing 

(ElNuevoDia.com, 2019). Therefore, in March 2019, PB 1137 was removed in sections to be later 

demolished at another site. 
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Figure 5.38: Some holes in the steel 

 
Figure 5.39: Original piece with all elements 
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Figure 5.40: Piece without one element 

 
Figure 5.41: Curvature in deck 
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Figure 5.42: Underside view of lateral deflection 

 
Figure 5.43: Base of the Traffic Sings 
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5.3 Pedestrian Bridge 1307 

Pedestrian Bridge 1307 (shown in Figure 5.44) was a steel structure constructed in 1968. The 

bridge was located at coordinates 18 26’ 48.40” N and 66 02’ 41.89” W. This Bailey bridge 

connected the Luis Lloréns Torres public housing complex at the north with the Villa Palmeras 

sector at the south, as shown in Figure 5.45. The pedestrian bridge crosses over the Román 

Baldorioty de Castro Expressway, which has a very high vehicular flow (67,300 ADT with the 

Truck 4% ADT in 2017). The reader may notice that PB 1307 is a structure very similar to PB 

1137, almost identical. They both are Bailey bridges constructed the same year, with each structure 

located down the road from the other. PB 1307 was also removed by PRDOT because it was highly 

affected by Hurricane Maria. Still, the PUPR team was able to inspect the structure before its 

removal. 

 
Figure 5.44: Pedestrian Bridge 1307 
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Figure 5.45: Location of PB 1307 (Source: Google Earth Pro) 

5.3.1 PRHTA Inspection Reports 

PRHTA provided inspection reports with the following dates, (full reports are presented in 

Appendix E): 

• May 15, 2017 

• January 24, 2014 

• June 30, 2008 

• March 14, 2003 

• March 12, 2003 

• November 17, 2000 
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• May 8, 1998 

• September 24, 1993 

• February 28, 1991 

• December 3, 1991 

• November 17, 1988 

• October 23, 1986 

• February 2, 1984 

• June 18, 1975 

• November 13, 1972 

Table 5.3 presents the ratings given to the bridge’s deck, superstructure, and substructure on 

two most recent inspections. It can be seen that the bridge maintained a rating of Fair (5) for its 

major items. 

Table 5.3: PB 1307 ratings from most recent inspections (Source: PRHTA) 

Item 

Rating 

January 24, 2014 May 15, 2017 

Deck (Item 58) 5 5 

Superstructure (Item 59) 5 5 

Substructure (Item 60) 5 5 

 

The latest inspection report made the following observations about the deck: “Steel surface 

with severe corrosion, slight loss of sections and slight perforations on the sides of the surface of 

the decking plates. Several decking plates have detached from their weld points, large sections 

have been repaired, although there are sections in poor conditions, several small holes due to 

corrosion and sections of the welded decking plates that leave small gaps between them.” Referring 

to the chain-link fencing, the report indicated: “Severe corrosion of the security mesh, several 

sections are detached from their points of support. In the stairways there are vertical fencing posts 
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detached from their welding supports.” superstructure, the report indicates that “” Finally, the 

report indicates that there is “moderate and severe corrosion on all lower members of the structure. 

There are perforations with loss of sections. Stairs have severe corrosion and perforations with loss 

of sections. There are railings that have severe corrosion in the anchors or bases, they have lateral 

movements." 

5.3.2 Plans of the Bridge 

PRHTA provided a plan drafted originally in 1976 and revised in 1993, as shown in Figure 

5.46. Another set of drawings from 1991 were obtained and shown on Figure 5.47 and Figure 5.48. 

The orientation of the stairways differs between the 1976 and 1991 drawings. It appears that, at 

some point, the stairways were modified. This is confirmed with photographic evidence.  

 
Figure 5.46: PB 1307 plan from 1976 with 1993 revision (Source: PRHTA) 
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Figure 5.47: PB 1307 plans from 1991 sheet 1 of 2 (Source: PRHTA) 

 
Figure 5.48: PB 1307 plans from 1991 sheet 1 of 2 (Source: PRHTA) 
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5.3.3 Photos of Inspections by PRHTA 

Several photographs were provided by PRHTA. Some undated photographs are shown in 

Figure 5.49 to Figure 5.52. As explained in the previous section, these photographs show the 

original orientation of the stairways. It is assumed that these undated photographs are from some 

point between 1968 and 1990. Figure 5.53 presents a photograph from 1991 which shows the 

stairways with the modified orientation. Other photographs from 1993 are shown in Figure 5.54 

and Figure 5.55. It can be seen in these photos that in 1993, the bridge still did not have chain-link 

fencing, nor any sign attached to it. A photograph from 2000 (see in Figure 5.56) shows the bridge 

with traffic signs attached to it, but still with no chain-link fencing. 

 
Figure 5.49: East side view of PB 1307 taken between 1968 and 1990 (Source: PRHTA) 
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Figure 5.50: Phot of west side view of PB 1307 taken between 1968 and 1990 (Source: PRHTA) 

 
Figure 5.51: Photo of south end of PB 1307 taken between 1968 and 1990 (Source: PRHTA)  
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Figure 5.52: Underside and north end of PB 1307 taken between 1968 and 1990 (Source: PRHTA) 

 
Figure 5.53: Photo of PB 1307 taken on November 27, 1991 (Source: PRHTA) 
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Figure 5.54: Photo of deck of PB 1307 taken on September 24, 1993 (Source: PRHTA) 

 
Figure 5.55: Photo of underside of PB 1307 taken on September 24, 1993 (Source: PRHTA) 
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Figure 5.56: Photo of PB 1307 taken on November 17, 2000 (Source: PRHTA) 

5.3.4 Photos Before and After Hurricane Maria  

To detect if the bridge suffered any major deformations due to Hurricane Maria, photographs 

from before and after the hurricane were compared. Examples of these are the comparisons that 

can be made between Figure 5.57 (taken in 1996) and Figure 5.58 (taken in 2019), and between 

Figure 5.59 (taken in 1993) and Figure 5.60 (taken in 2019). By the comparing the photographs, it 

is appreciated that the bridge experienced lateral deflections in the plastic range as evidenced by 

the curvature exhibited by the deck and the superstructure in the most recent photographs. 
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Figure 5.57: Deck of PB 1307 before Hurricane Maria (March 18, 1996) (Source: PRHTA) 

 
Figure 5.58: Deck of PB 1307 after Hurricane Maria (February 28, 2019) 
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Figure 5.59: Underside of PB 1307 before Hurricane Maria (September 24, 1993) (Source: PRHTA) 

 
Figure 5.60: Underside of PB 1307 after Hurricane Maria (February 28, 2019) 
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5.3.5 Inspection by PUPR 

The inspection by PUPR was conducted by Civil Engineering undergraduate students 

Adriana Murati-Núñez and Jonathan Hernández on February 28, 2019. When the inspection 

started, the weather was sunny, but it later started raining. The bridge was officially closed to 

pedestrians, but a hole had been cut through the meshing that was supposed to keep the public out. 

The traffic signs once attached to the bridge were not present, but the mounting assembly still 

remained. A neighbor from the area assured that he saw as the bridge “moved from side to side” 

and as the traffic signs were blown away during Hurricane Maria. 

During the inspection, the stairs and deck exhibited corrosion, as shown in Figure 5.61 and 

Figure 5.62, respectively. It can also be observed in Figure 5.62 that sections of the security 

messing attached to the guardrail had fallen off. Gaps and holes in the deck were observed as 

shown in Figure 5.63 and Figure 5.64. 

In terms of possible damages caused by Hurricane Maria, PB 1307 exhibited the same 

damage found on PB 1137, which was a lateral deflection in the plastic range. Although the traffic 

signs that were attached to the bridge had already been removed or had been blown away, the 

mounting assembly was still present, as shown in Figure 5.65. It was observed that the location of 

the mounting assembly coincides with the section of the bridge with larger curvature. Therefore, 

as with PB 1137, it is theorized that the lateral deflection in PB 1307 was partly due to the extreme 

wind loads on the signs during Hurricane Maria. 

Pedestrian Bridge 1307 was also deemed as unreliable and in danger of collapsing by 

PRDOT (ElNuevoDia.com, 2019). Therefore, in March 2019, PB 1307 was removed in sections 

to be later demolished at another site. 
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Figure 5.61: Corrosion on stairway 

 
Figure 5.62:Corrsoion on deck and section of guardrail without security meshing 
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Figure 5.63: Detached plates 

 
Figure 5.64: Hole in plates 
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Figure 5.65: Lateral deflection at mounting assembly location 

5.4 Pedestrian Bridge 2336 

Pedestrian Bridge 2336 (shown in Figure 5.66) was constructed in 1994. It is a slab type 

bridge made of reinforced concrete. Access to the bridge is given by a circular ramp at each end. 

The bridge located at coordinates 18 24’ 39” N and 66 01’ 43” W. It connects Matienzo Cintron 

Urbanization and the San Juan School of Sports in the West with the Ramos Antonini Public 

Housing complex and the Mall of San Juan in the East (see Figure 5.67). The bridge crosses above 

Jesus T. Piñero Expressway (PR-17), which by 2005 had an ADT of 89,200 and a Truck ADT 5%. 
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Figure 5.66: Pedestrian Bridge 2336 (Source: Google Earth Pro) 

 
Figure 5.67: Location of PB 2336 (Source: Google Earth Pro) 

5.4.1 PRHTA Inspection Reports 

PRHTA only had available on inspection report for PB 2336. This report is date April 16, 

2014. The full report is included in Appendix F. This report refers to a previous inspection carried 

out on December 10, 2008. Table 5.4 presents the ratings given to the bridge’s deck, superstructure, 
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and substructure on two most recent inspections. It can be seen that the ratings of the main items 

remain unchanged. 

Table 5.4: PB 2236 ratings from most recent inspections (Source: PRHTA) 

Item 

Rating 

December 10, 2008 April 16, 2014 

Deck (Item 58) 6 6 

Superstructure (Item 59) 7 7 

Substructure (Item 60) 7 7 

 

The latest inspection report made the following observations: “At the present time (04-16-

2014) this structure is being reconstructed, construction of additional span at south side by 

construction of ramp with access to PR-17.” It has been determined that the bridge was not being 

reconstructed, as stated in the inspection report, by examining the photos from the same report and 

historical aerial photography. It is theorized that merely there was a construction of a new ground 

level ramp to give access to the circular ramp on the east side. It appears that the bridge structure 

itself was not modified.  

The 2014 inspection report also states: “Fine transverse and longitudinal cracks, exposed 

aggregates and small spallings at wearing surface some holes at cyclone fence of railings.”  

5.4.2 Plans of the Bridge 

Figure 5.68 and Figure 5.69 reproduce plans of the pedestrian bridge. The plans are dated 

1994, but they were copied from the 2014 inspection report. 
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Figure 5.68: PB 2336 plans from 1994 sheet 1 of 2 (Source: PRHTA) 

 
Figure 5.69: PB 2336 plans from 1994 sheet 2 of 2 (Source: PRHTA) 
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5.4.3 Photos of Inspections by PRHTA 

Figure 5.70 presents a set of photographs taken for the inspection report dated April 16, 2014. 

It can be seen that in 2014, the bridge had traffic signs mounted on it. 

 
Figure 5.70: Photos of the inspection report dated April 14, 2016 (Source: PRHTA) 
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5.4.4 Photos Before and After Hurricane Maria 

To detect if the bridge suffered any major deformations due to Hurricane Maria, photographs 

from 2014 by PRHTA were compared to pictures taken in 2019. An example of this is the 

comparison between Figure 5.71 and Figure 5.72. No deformation in the structural elements was 

detected from the comparison of photographs. 

 
Figure 5.71 Walkway of PB 2336 on April 16, 2014 (Source: PRHTA) 

 
Figure 5.72: Walkway of PB 2336 on April 12, 2019 
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5.4.5 Inspection by PUPR 

The inspection by PUPR was conducted by Civil Engineering undergraduate students 

Adriana Murati-Núñez and Jonathan Hernández on April 12, 2019. During the inspection, the 

weather was sunny. The bridge was open to pedestrians. 

The bridge itself did not appear to have any problems. In terms of possible damages caused 

by Hurricane Maria, it was observed that one of the traffic signs mounted on the bridge (the larger 

sign inside the red rectangle indicated in Figure 5.73) detached at the bottom end from the 

mounting assembly (see Figure 5.74) It is theorized that the detachment was due to wind induced 

vibrations that occurred during the hurricane. It was also observed that the smaller airport sign has 

only one support (see Figure 5.75), and it was oscillating and twisting. 

 
Figure 5.73: Transit Signs in south side of PB 2336 (Source: Google Earth Pro) 
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Figure 5.74: Transit sign detached from mounting assembly 

 
Figure 5.75: Small airport sign on top of larger sign 
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6 Undamaged Pedestrian Bridges 

As explained in Chapter 4, a total of 21 pedestrian bridges were inspected for this project, 

out of which four were determined to have suffered some kind of damage due to Hurricane Maria. 

These four bridges were covered in Chapter 5. 

This chapter presents the remaining 17 pedestrian bridges that were inspected but that did 

not exhibit damages due to the hurricane. Although these bridges did not present damages due to 

wind loads, they showed problems commonly associated to lack of maintenance. 

6.1 Pedestrian Bridge 0626 

Pedestrian Bridge 0626 was built in 1959 and is made of reinforced concrete. It has one span 

and is approximately 91 feet long. The following findings were made during the visual inspection: 

• Presence of mold and silt on access ramps (see Figure 6.1) 

• Blocked pluvial drains (see Figure 6.2) 

• Corrosion on the railings (see Figure 6.3) 

• Missing sections of safety meshing (see Figure 6.4) 

• Exposed rebars (Figure 6.5) 
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Figure 6.1: Mold and silt in the access ramps of PB 0626 

 
Figure 6.2: Blocked pluvial drain in PB 0626 
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Figure 6.3: Corrosion in the railings of PB 0626 

 
Figure 6.4: Missing section of safety meshing on PB 0626 
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Figure 6.5: Exposed rebar on PB 0626 

6.2 Pedestrian Bridge 0745 

Pedestrian Bridge 0745 was built in 1957 and is made of reinforced concrete. It has three 

spans and is approximately 176 feet long. The following findings were made during the visual 

inspection: 

• Vegetation (see Figure 6.6) 

• Blocked pluvial drains (see Figure 6.7) 
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Figure 6.6: Vegetation in PB 0745 

 
Figure 6.7: Blocked pluvial drains in PB 0745 
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6.3 Pedestrian Bridge 0748 

Pedestrian Bridge 0748 was built in 1958 and is made of reinforced concrete. It has two spans 

and is approximately 147 feet long. The following findings were made during the visual inspection: 

• Broken pluvial drainpipe blocked with vegetation (see Figure 6.8) 

• Exposed rebars (see Figure 6.9) 

 
Figure 6.8: Broken drainpipe blocked with vegetation on PB 0748 
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Figure 6.9: Exposed rebar on PB 0748 

6.4 Pedestrian Bridge 1095 

Pedestrian Bridge 1095 was built in 1974 and is made of a prestressed concrete beam on top 

of reinforced concrete columns. It has one span and is approximately 112 feet long. The following 

findings were made during the visual inspection: 

• Presence of mold and silt on the deck (see Figure 6.10) 

• Holes in safety fence (see Figure 6.11) 
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Figure 6.10: Mold and silt on PB 1095 

 
Figure 6.11: Hole in safety fence on PB 1095 
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6.5 Pedestrian Bridge 1418 

Pedestrian Bridge 1418 was built in 1975 and is made of a prestressed concrete beam on top 

of reinforced concrete columns. It has two spans and is approximately 125 feet long. The following 

findings were made during the visual inspection 

• Mold on the stairways (see Figure 6.12) 

• Cracks on concrete (see Figure 6.13) 

• Holes in security fence (see Figure 6.14) 

• Broken railings (see Figure 6.15) 

• Corrosion on railings (see Figure 6.16) 

• Exposed steel tendons (see Figure 6.17) 

 
Figure 6.12: Mold on stairways of PB 1418 
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Figure 6.13: Cracks on PB 1418 

 
Figure 6.14: Hole in security fence of PB 1418 
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Figure 6.15: Broken railings on PB 1418 

 
Figure 6.16: Corrosion on railing on PB 1418 
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Figure 6.17: Exposed steel tendon on PB 1418 

6.6 Pedestrian Bridge 1478 

Pedestrian Bridge 1478 was built in 1973 and is made of a prestressed concrete beam on top 

of reinforced concrete columns. It has one span and is approximately 100 feet long. The following 

findings were made during the visual inspection: 

• Exposed rebars (see Figure 6.18) 

• Transverse cracks on the deck (see Figure 6.19) 
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Figure 6.18: Exposed rebars on PB 1478 

 
Figure 6.19: Transversal cracks on deck of PB 1478 
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6.7 Pedestrian Bridge 1513 

Pedestrian Bridge 1513 was built in 1975 and is made of prestressed concrete beam on top 

of reinforced concrete columns. It one span and is approximately 111 feet long. The following 

finding was made during the visual inspection: 

• Mold and silt on one of the stairways (see Figure 6.20) 

 
Figure 6.20: Mold and silt on PB 1513 

6.8 Pedestrian Bridge 1736 

Pedestrian Bridge 1736 was built in 1981 and is made of a prestressed concrete beam on top 

of reinforced concrete columns. It has one span and is approximately 113 feet long. The following 

findings were made during the visual inspection: 

• Exposed rebar (see Figure 6.21) 

• Mold and silt on stairways (see Figure 6.22) 

• Corrosion of security fencing (see Figure 6.23) 

• Cracks on stairways (see Figure 6.24) 
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Figure 6.21: Exposed rebar on PB 1736 

 
Figure 6.22: Mold and silt on stairway of PB 1736 
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Figure 6.23: Corrosion of security fencing on PB 1736 

 
Figure 6.24: Crack on stairway of PB 1736 
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6.9 Pedestrian Bridge 1743 

Pedestrian Bridge 1743 was built in 1981 and is made of a prestressed concrete beam resting 

on top of reinforced concrete columns. It has one span and is approximately 111 feet long. The 

following findings were made during the visual inspection: 

• Mold and silt on the stairways (see Figure 6.25) 

• Corrosion of security fencing (see Figure 6.26) 

• Vegetation growing on one of the piers (see Figure 6.27) 

 
Figure 6.25: Mold and silt on stairway of PB 1743 
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Figure 6.26: Corrosion of security fencing of PB 1743 

 
Figure 6.27: Vegetation on pier of PB 1743 
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6.10 Pedestrian Bridge 1774 

Pedestrian Bridge 1774 was built in 1980 and is made of steel superstructure and a reinforced 

concrete substructure. It has three spans and is approximately 186 feet long. No findings were 

made during the visual inspection. 

6.11 Pedestrian Bridge 1926 

Pedestrian Bridge 1926 was built in 1989 and is made of reinforced concrete substructure. It 

has one span and is approximately 65 feet long. The following findings were made during the 

visual inspection: 

• Electrical cables block the pathway of pedestrians (see Figure 6.28 and Figure 6.29) 

• Mold and silt on deck and stairways (see Figure 6.29) 

 
Figure 6.28: Electrical cables passing closely over PB 1926 
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Figure 6.29: Electrical cables blacking pathway and mold and silt on PB 1926 

6.12 Pedestrian Bridge 2087 

Pedestrian Bridge 2087 was built in 1979 and is made of a prestressed concrete beam resting 

on reinforced concrete columns. It has one span and is approximately 131 feet long. The following 

findings were made during the visual inspection: 

• Exposed rebars (see Figure 6.30 and Figure 6.31) 

• Corrosion of guardrail and security fencing (see Figure 6.32 and Figure 6.33) 
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Figure 6.30: Exposed rebar on PB 2087 

 
Figure 6.31: Exposed rebars on PB 2087 
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Figure 6.32: Corrosion of guardrail on PB 2087 

 
Figure 6.33: Corrosion of security fencing on PB 2087 
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6.13 Pedestrian Bridge 2355 

Pedestrian Bridge 2355 was built in 1995 and is made of reinforced concrete. It has two spans 

and is approximately 129 feet long. The following finding was made during the visual inspection: 

• Holes on security fence (see Figure 6.34) 

 
Figure 6.34: Security Fence with holes, Pedestrian Bridge 2355 

6.14 Pedestrian Bridge 2566 

Pedestrian Bridge 2566 was built in 1998 and is made of prestressed concrete superstructure 

with a reinforced concrete substructure. It has one spans and is approximately 142 feet long. The 

following finding was made during the visual inspection: 

• Detachments of security mesh from guardrail (see Figure 6.35) 

• Vegetation-covered drains (see Figure 6.36) 
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Figure 6.35: Detachment of security mesh from guardrail on PB 2566 

 
Figure 6.36: Vegetation covered drains on PB 2566 
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6.15 Pedestrian Bridge 2665 

Pedestrian Bridge 2665 was built in 2000 and is made of a prestressed concrete 

superstructure and a reinforced concrete substructure. It has a main It has one span and is 

approximately 84 feet long. No findings were made during the visual inspection. 

6.16 Pedestrian Bridge 2682 

Pedestrian Bridge 2682 was built in 2000 and is made of steel. It has two spans and is 

approximately 174 feet long. The following findings were made during the visual inspection: 

• Damaged to the façade of and signs of corrosion on the central pier (see Figure 6.37) 

• Corrosion on the superstructure (see Figure 6.38) 

• Detachment of security mesh (see Figure 6.39) 

 
Figure 6.37: Damage to the facade and sings of corrosion on the center pier of PB 2682 
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Figure 6.38: Corrosion on the superstructure of PB 2682 

 
Figure 6.39: Detachment of security mesh on PB 2682 
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6.17 Pedestrian Bridge 2683 

Pedestrian Bridge 2683 was built in 2000 and is made of steel. It has three spans and is 

approximately 174 feet long. The following findings were made during the visual inspection: 

• Corrosion on the superstructure (see Figure 6.40) 

• Missing roof panel (see Figure 6.41) 

• Detachment of security mesh (see Figure 6.42) 

 
Figure 6.40: Corrosion on the superstructure of PB 2683 
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Figure 6.41: Missing roof panel on PB 2683 

 
Figure 6.42: Detachment of security mesh on PB 2683 
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7 Conclusions and Recommendations 

Out of the 21 pedestrian bridges inspected for this project, only two experience structural 

damages. It is apparent that these two bridges were not designed considering that traffic signs were 

going to be attached to them. Another two bridges were structurally undamaged, but signs attached 

to them, and their mounting assemblies, exhibited damages that appear to have been caused by the 

hurricane. The remaining 17 bridges showed no evidence of damages due to the hurricane. 

Therefore, it is concluded that, in general, pedestrian bridges in the San Juan Metropolitan Area 

behaved adequately during Hurricane Maria. 

The two pedestrian bridges that experienced structural damages and were ultimately removed 

by PRDOT (PB 1137 and PB 1307) were constructed in 1968, were made of steel trusses, and 

showed severe deterioration due to corrosion. Prior to Hurricane Maria passing through Puerto 

Rico, another four bridges made of steel trusses and constructed between 1971 and 1978 had been 

removed due to deteriorating conditions. The other two pedestrian bridges made of streel trusses 

and inspected for this project (PB 2682 and PB 2683) were constructed in 2000 and are already 

showing signs of corrosion, although they did not show any structural damages. When designing 

a pedestrian bridge, many aspects have to be taken into consideration. It is not suggested here that 

steel trusses should not be used in Puerto Rico, but that their past performance should be further 

investigated when this structural system is being considered for new bridges. 

Given the findings of this project, the following recommendations are given: 

• Attaching signs to pedestrian bridges require the following considerations: 

o If signs are to be attached to existing pedestrian bridges, the structure needs 

to be adequately reinforced to support additional loads, especially if the 
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original design of the bridge did not consider signs attached to the structure. 

This was the case of PB 1137 and PB 1307. 

o  Systems used to attach signs to pedestrian bridges have to be carefully 

design, considering support layout and maintenance, in order to avoid 

damages and disconnection during high wind events, like it happened to PB 

0960 and PB 2336. 

• After an extreme wind event, preliminary inspections should not only contemplate 

the main bridge structure, but any flexible elements attached to it, including signs, 

guardrails, safety meshing, luminaires, and any other element that, if detached, may 

imply a safety risk to pedestrian or vehicles 

• Teams of routine and emergency inspectors should be established by the 

municipalities in Puerto Rico. Currently, PRHTA Bridge Department does not 

inspect pedestrian bridges as they have experienced large reduction in personnel due 

to budget cuts.  
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 Inspections Forms 

A.1 Bridge Load Capacity Summary Form Example 
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A.2 Critical Finding Memorandum Example 
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A.3 Safety Inspection Report Forms (Initial Inspection) Example 
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A.4 Safety Inspection Report Forms (Routine Inspection) 
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A.5 Standards for Photographs of Existing Bridges 
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A.6 Standard Element Numbering Procedure 
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A.7 Quality Assurance / Quality Control Forms 
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A.8 Scope of Work of Underwater Inspection 
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A.9 Procedure for Conducting Underwater Inspection 
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A.10 Failure Critical Inspection Procedures 
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 Forms for Field Inspections 
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 Inspection by PRHTA of PB 0960 

C.1 April 15, 2014 

 



 

 148 

 



 

 149 

 



 

 150 

 



 

 151 

 



 

 152 

 



 

 153 

 



 

 154 

 



 

 155 

 



 

 156 

 



 

 157 

 



 

 158 

 



 

 159 

 



 

 160 

 



 

 161 

 
 



 

 162 

C.2 August 12, 2002 

 



 

 163 

 



 

 164 

C.3 February 9, 2000 

 



 

 165 

 



 

 166 

 



 

 167 

 



 

 168 

 



 

 169 

 



 

 170 

 
 
  



 

 171 

C.4 March 20, 1998 

 



 

 172 

 



 

 173 

 



 

 174 

 



 

 175 

 



 

 176 

 



 

 177 

 
 
  



 

 178 

C.5 March 15, 1996 

 



 

 179 

 



 

 180 

 
 
  



 

 181 

C.6 September 30, 1992 

 



 

 182 

 



 

 183 

 
 
 
  



 

 184 

 Inspection by PRHTA of PB 1137  

D.1 May 15, 2017 

 



 

 185 

 



 

 186 

 



 

 187 

 



 

 188 

 



 

 189 

 



 

 190 

 



 

 191 

 



 

 192 

 



 

 193 

 
  



 

 194 

D.2 January 23, 2014 

 



 

 195 

 



 

 196 

 



 

 197 

 



 

 198 

 



 

 199 

 



 

 200 

 



 

 201 

 



 

 202 

 



 

 203 

 



 

 204 

 
 
  



 

 205 

D.3 June 29, 2001 

 



 

 206 

 



 

 207 

 



 

 208 

 



 

 209 

 



 

 210 

 

 



 

 211 

D.4 March 11, 1999 

 



 

 212 

 



 

 213 

 



 

 214 

 



 

 215 

 



 

 216 

 



 

 217 

 
 
  



 

 218 

D.5 August 19, 1996 

 



 

 219 

 



 

 220 

 
 
  



 

 221 

D.6 December 22, 1994 

 



 

 222 

 



 

 223 

 
 
  



 

 224 

D.7 February 24, 1993 

 



 

 225 

 



 

 226 

 



 

 227 

 
 
  



 

 228 

D.8 June 18, 1991 

 



 

 229 

 



 

 230 

 



 

 231 

 



 

 232 

 



 

 233 

 



 

 234 

 
 



 

 235 

D.9 June 23, 1989 

 



 

 236 

 



 

 237 

 



 

 238 

 



 

 239 

 



 

 240 

 
 
  



 

 241 

D.10 July 28, 1987 

 



 

 242 

 



 

 243 

 



 

 244 

 



 

 245 

 



 

 246 

 
 
  



 

 247 

D.11 April 21, 1986 

 



 

 248 

 



 

 249 

 



 

 250 

 



 

 251 

 



 

 252 

 



 

 253 

 
 
  



 

 254 

D.12 July 16, 1975 

 



 

 255 

 



 

 256 

 



 

 257 

 



 

 258 

 



 

 259 

 



 

 260 

 
 
  



 

 261 

D.13 November 13, 1972 

 



 

 262 

 



 

 263 

 



 

 264 

 



 

 265 

 



 

 266 

 
 
  



 

 267 

 Inspection by PRHTA of PB 1307 

E.1 May 15, 2017 

 



 

 268 

 



 

 269 

 



 

 270 

 



 

 271 

 



 

 272 

 



 

 273 

 



 

 274 

 
 
  



 

 275 

E.2 January 24, 2014 

 
 



 

 276 

 



 

 277 

 



 

 278 

 



 

 279 

 



 

 280 

 



 

 281 

 



 

 282 

 



 

 283 

 



 

 284 

 



 

 285 

 
 
  



 

 286 

E.3 June 30, 2008 

 



 

 287 

 



 

 288 

 



 

 289 

 



 

 290 

 
 
  



 

 291 

E.4 March 14, 2003 

 



 

 292 

 



 

 293 

E.5 November 17, 2000 

 



 

 294 

 



 

 295 

 



 

 296 

 



 

 297 

 



 

 298 

 



 

 299 

 
 
  



 

 300 

E.6 May 8, 1998 

 



 

 301 

 



 

 302 

 



 

 303 

 



 

 304 

 



 

 305 

 



 

 306 

 
 
  



 

 307 

E.7 September 24, 1993 

 



 

 308 

 



 

 309 

 
 
  



 

 310 

E.8 February 28, 1991 

 



 

 311 

 



 

 312 

 



 

 313 

 



 

 314 

 
 
  



 

 315 

E.9 December 3, 1991 

 



 

 316 

 



 

 317 

 



 

 318 

 



 

 319 

 



 

 320 

 



 

 321 

 
 
 



 

 322 

E.10 November 17, 1988 

 



 

 323 

 



 

 324 

 



 

 325 

 



 

 326 

 
 
  



 

 327 

E.11 October 23, 1986 

 



 

 328 

 



 

 329 

 



 

 330 

 



 

 331 

 



 

 332 

 
 
  



 

 333 

E.12 February 2, 1984 

 



 

 334 

 



 

 335 

 



 

 336 

 



 

 337 

 



 

 338 

 
 
  



 

 339 

E.13 June 18, 1975 

 



 

 340 

 



 

 341 

 



 

 342 

 



 

 343 

 



 

 344 

 



 

 345 

 
 
  



 

 346 

E.14 November 13, 1972 

 



 

 347 

 



 

 348 

 



 

 349 

 



 

 350 

 



 

 351 

 
 
  



 

 352 

  



 

 353 

 Inspection by PRHTA of PB 2336 

F.1 April 16, 2014 

 



 

 354 

 



 

 355 

 



 

 356 

 



 

 357 

 



 

 358 

 



 

 359 

 



 

 360 

 



 

 361 

 



 

 362 

 



 

 363 

 



 

 364 

 



 

 365 

 



 

 366 

 



 

 367 

 



CAIT-UTC-REG18    

Improving Transportation Infrastructure Resilience 

Against Hurricanes, Other Natural Disasters, and 

Weathering: Part II - Analysis of Pedestrian Bridges 

Failures Due to Hurricane Maria 

Volume 2 

FINAL REPORT 
August 2021 

Submitted by: 

Héctor J. Cruzado, PhD, PE 
Professor 

Gustavo Pacheco-Crosetti, PhD, PE 
Professor 

Nelson Sotelo-Acevedo 
Graduate Student 

Transportation Infrastructure Research Center – TIRC 
Polytechnic University of Puerto Rico 

377 Ponce de Leon Ave, San Juan, PR 00918 

External Project Manager 

In cooperation with 

Rutgers, The State University of New Jersey 
And 

Puerto Rico  
Department of Transportation and Public Works 

And 
U.S. Department of Transportation 
Federal Highway Administration 

Juan Carlos Rivera, Engineer
Puerto Rico Highway and Transportation Authority



i 

TABLE OF CONTENT 

1 INTRODUCTION ........................................................................................................................... 1 

2 LITERATURE REVIEW .................................................................................................................... 3 

2.1 STRUCTURAL FAILURES ON STEEL MEMBERS ................................................................................................ 3 

2.1.1 Plastic Deformation ................................................................................................................. 3 

2.1.2 Corrosion in Structural Elements ............................................................................................. 7 

2.1.3 Bridge Inspection ................................................................................................................... 10 

2.2 DESIGN AND MODELING OF PEDESTRIAN BRIDGES ...................................................................................... 12 

2.2.1 Modular Bridges .................................................................................................................... 12 

2.2.2 Pedestrian Bridge Design ....................................................................................................... 13 

2.2.3 Installation of Road Signs ...................................................................................................... 16 

2.2.4 Bridge Modeling .................................................................................................................... 17 

3 METHODOLOGY .......................................................................................................................... 19 

3.1 GENERAL PROCEDURE ........................................................................................................................... 19 

3.2 ADDITIONAL CONSIDERATIONS ............................................................................................................... 20 

4 BRIDGE INFORMATION AND PREVIOUS STUDIES ......................................................................... 21 

4.1 LOCATION ........................................................................................................................................... 21 

4.2 DRAWINGS RECOVERED FROM PUERTO RICO DEPARTMENT OF TRANSPORTATION ............................................ 23 

4.3 PREVIOUS INSPECTIONS FROM PUERTO RICO DEPARTMENT OF TRANSPORTATION ............................................ 24 

5 VISUAL INSPECTION AND CONDITION EVALUATION .................................................................... 27 

5.1 SITE VISITS .......................................................................................................................................... 27 

5.2 FORM CREATION FOR BRIDGE CONDITION EVALUATION ................................................................................ 31 

5.3 ASSESSMENT ....................................................................................................................................... 35 

5.4 COMPARING RESULTS ........................................................................................................................... 43 



ii 

6 ASSESSMENT OF BRIDGE DEFLECTED GEOMETRY ........................................................................ 45 

6.1 PROCEDURE ........................................................................................................................................ 45 

6.2 OUTCOMES ......................................................................................................................................... 46 

7 LABORATORY TESTING OF BRIDGE FRAGMENTS .......................................................................... 50 

7.1 BRIDGE DEMOLITION AND SAMPLE PROCUREMENT .................................................................................... 50 

7.2 APPLICABLE ASTM STANDARD ............................................................................................................... 53 

7.3 SPECIMEN PREPARATION AND TEST PROCEDURE ........................................................................................ 55 

7.4 RESULTS ............................................................................................................................................. 58 

8 BRIDGE ANALYTICAL MODEL AND RESULTS ................................................................................. 61 

8.1 ANALYTICAL MODEL ............................................................................................................................. 61 

8.2 ANALYSIS WITHOUT SIGNAGE ................................................................................................................. 64 

8.3 ANALYSIS WITH SIGNAGE ....................................................................................................................... 67 

8.4 RESULTS ANALYSIS ................................................................................................................................ 71 

9 CONCLUSIONS AND RECOMMENDATION .................................................................................... 74 

REFERENCES ........................................................................................................................................ 76 

APPENDIX A – BRIDGE DRAWINGS 2001 ............................................................................................... 78 

APPENDIX B - COLLECTION OF IMAGES OF THE BRIDGE ........................................................................ 81 

APPENDIX C – LETTER REQUESTING BRIDGE SAMPLES .......................................................................... 89 



iii 

List of Figures 

FIGURE 2.1: STRESS VS. STRAIN DIAGRAM (GERE & GOODNO, 2008) ........................................................................... 5 

FIGURE 2.2: SECTION PLASTIC MOMENT: (A) CROSS SECTION; (B) SEGMENT; (C) STRAIN DISTRIBUTION; AND (D) STRESS 

DISTRIBUTION (CHEN & EL-METWALLY, 2011) ................................................................................................ 6 

FIGURE 2.3: PRINCIPAL FORMS OF CORROSION (ROBERGE, 1999) ................................................................................ 9 

FIGURE 2.4: BAILEY BRIDGE MODEL BY MABEY (MABEY BRIDGE, 2019) ..................................................................... 13 

FIGURE 4.1: AERIAL VIEW OF THE BRIDGE LOCATION (SOURCE: GOOGLE MAPS) ............................................................ 22 

FIGURE 4.2: IMAGE OF THE BRIDGE FROM MARCH 2016 (SOURCE: GOOGLE MAPS) ...................................................... 22 

FIGURE 4.3: IMAGE OF THE BRIDGE FROM SEPTEMBER 2018 (PROVIDED BY PRHTA) .................................................... 23 

FIGURE 5.1: METAL MESH USED TO CLOSE PEDESTRIAN BRIDGE ................................................................................ 27 

FIGURE 5.2: SIGN INDICATING PEDESTRIAN BRIDGE IS CLOSED .................................................................................... 28 

FIGURE 5.3: TOTAL STATION ................................................................................................................................ 28 

FIGURE 5.4: TOTAL STATION POSITIONED TO MEASURE BRIDGE ................................................................................. 28 

FIGURE 5.5: DRONE OPERATION AT BEGINNING OF FLIGHT ........................................................................................ 29 

FIGURE 5.6: AERIAL PHOTOGRAPH OF THE PEDESTRIAN BRIDGE .................................................................................. 29 

FIGURE 5.7: UP-CLOSE PHOTO OF THE BRIDGE ........................................................................................................ 30 

FIGURE 5.8: LOSS OF DECKING DUE TO CORROSION AND MISSING BRACING ELEMENTS ................................................... 38 

FIGURE 5.9: MISSING BRACING ELEMENTS ............................................................................................................. 38 

FIGURE 5.10: CORROSION IN TRUSS ELEMENT (EXAMPLE 1) ...................................................................................... 39 

FIGURE 5.11: CORROSION IN TRUSS ELEMENT (EXAMPLE 2) ...................................................................................... 40 

FIGURE 5.12: CORROSION IN TRUSS ELEMENT (EXAMPLE 3) ...................................................................................... 40 

FIGURE 5.13: CORROSION IN FLOOR BEAMS (EXAMPLE 1) ......................................................................................... 40 

FIGURE 5.14: CORROSION IN FLOOR BEAMS (EXAMPLE 2) ......................................................................................... 41 

FIGURE 5.15: LOOSE CONNECTION AT COLUMN TOWER............................................................................................ 41 

FIGURE 5.16: SECTION LOSS DUE TO CORROSION AT COLUMN TOWER ......................................................................... 42 

FIGURE 5.17: PAINTING EFFECTIVENESS IN CORROSION ............................................................................................. 42 



iv 

FIGURE 6.1: DJI PHANTOM DRONE (SOURCE: DJI) .................................................................................................. 45 

FIGURE 6.2: AREAL MAPPING OF THE PEDESTRIAN BRIDGE ........................................................................................ 46 

FIGURE 6.3: 2016 (GOOGLE EARTH) AND 2018 (DRONE SURVEY) BRIDGE GEOMETRY COMPARISON ............................... 47 

FIGURE 6.4: GOOGLE EARTH DIMENSION VERIFICATION ............................................................................................ 48 

FIGURE 6.5: BRIDGE DIMENSION .......................................................................................................................... 48 

FIGURE 6.6: BRIDGE MAXIMUM PLASTIC DEFLECTION (IN INCHES) .............................................................................. 49 

FIGURE 7.1: BRIDGE RIGGING .............................................................................................................................. 51 

FIGURE 7.2: BRIDGE BEING REMOVED ................................................................................................................... 51 

FIGURE 7.3: TRANSPORTATION OF DEMOLISHED BRIDGE ........................................................................................... 52 

FIGURE 7.4: DEMOLISHED BRIDGE AT JUNKYARD (APRIL 26, 2019) ............................................................................ 52 

FIGURE 7.5: BRIDGE FRAGMENTS RECOVERED ......................................................................................................... 53 

FIGURE 7.6: DIMENSIONS OF RECTANGULAR TENSION TEST SPECIMENS (ASTM E8, 2016) ............................................ 54 

FIGURE 7.7: WATER-JET CUTTER .......................................................................................................................... 55 

FIGURE 7.8: TESTING SPECIMENS .......................................................................................................................... 56 

FIGURE 7.9: SPECIMEN CUT VERIFICATION (1 OF 2) ................................................................................................. 56 

FIGURE 7.10: SPECIMEN CUT VERIFICATION (2 OF 2) ............................................................................................... 56 

FIGURE 7.11: MEASUREMENT OF SPECIMEN THICKNESS ............................................................................................ 57 

FIGURE 7.12: MEASUREMENT OF SPECIMEN WIDTH ................................................................................................ 57 

FIGURE 7.13: TENSILE TESTING APPARATUS ............................................................................................................ 58 

FIGURE 7.14: STRESS VS. STRAIN DIAGRAMS ........................................................................................................... 59 

FIGURE 8.1: GRID MESH USED TO DEVELOP THE ANALYTICAL MODEL .......................................................................... 62 

FIGURE 8.2: FRAME CONNECTION OF PEDESTRIAN BRIDGE WITH COLUMN (1 OF 2) ....................................................... 63 

FIGURE 8.3: FRAME CONNECTION OF PEDESTRIAN BRIDGE WITH COLUMN (2 OF 2) ....................................................... 63 

FIGURE 8.4: SIMPLIFIED FINITE ELEMENT MODEL ..................................................................................................... 64 

FIGURE 8.5: SUMMARY OF COMPUTATIONS FOR WIND PRESSURE OVER TRUSS ELEMENTS .............................................. 65 

FIGURE 8.6: LATERAL DEFLECTIONS DUE TO WIND - WITHOUT SIGNS .......................................................................... 66 

FIGURE 8.7: INTERACTION EQUATION (STRENGTH DEMAND) RESULTS - WITHOUT SIGNS ................................................ 67 



v 

FIGURE 8.8: SIGNAGE INSTALLED AT THE PEDESTRIAN BRIDGE .................................................................................... 68 

FIGURE 8.9: SIGNAGE SUPPORT STRUCTURE (1 OF 3) ............................................................................................... 68 

FIGURE 8.10: SIGNAGE SUPPORT STRUCTURE (2 OF 3) ............................................................................................. 69 

FIGURE 8.11: SIGNAGE SUPPORT STRUCTURE (3 OF 3) ............................................................................................. 69 

FIGURE 8.12: LATERAL DEFLECTIONS DUE TO WIND - WITH SIGNS INCLUDED ................................................................ 70 

FIGURE 8.13: INTERACTION EQUATION (STRENGTH DEMAND) RESULTS - WITH SIGNS INCLUDED ...................................... 71 

FIGURE 8.14: ECCENTRICITY OF PIN-PLATE AND LATERAL LOAD .................................................................................. 72 

FIGURE 8.15: TWISTED PIN-PLATE AND SUPPORTING BEAM ...................................................................................... 72 

FIGURE 8.16: LOCATION OF THE SIGNS SUPPORT ..................................................................................................... 73 

FIGURE 8.17: TWIST OF THE TRUSS PANEL .............................................................................................................. 73 

FIGURE A - 1: BRIDGE DRAWINGS 2001 – SHEET 1 78 

FIGURE A - 2: BRIDGE DRAWINGS 2001 – SHEET 2 78 

FIGURE A - 3: BRIDGE DRAWINGS 2001 – SHEET 3 79 

FIGURE A - 4: BRIDGE DRAWINGS 2001 – SHEET 4 79 

FIGURE A - 5: BRIDGE DRAWINGS 2001 – SHEET 5 80 

FIGURE A - 6: BRIDGE DRAWINGS 2001 – SHEET 6 80 

FIGURE B - 1: EAST SIDE PANELS FROM RIGHT TO LEFT 1, 2 & 3 81 

FIGURE B - 2: EAST SIDE PANELS FROM RIGHT TO LEFT 2, 3 & 4 81 

FIGURE B - 3: EAST SIDE PANELS FROM RIGHT TO LEFT 3, 4 & 5 81 

FIGURE B - 4: EAST SIDE PANELS FROM RIGHT TO LEFT 3, 4 & 5 82 

FIGURE B - 5: EAST SIDE PANELS FROM RIGHT TO LEFT 6, 7 & 8 82 

FIGURE B - 6: EAST SIDE PANELS FROM RIGHT TO LEFT 8, 9 & 10 82 

FIGURE B - 7: EAST SIDE PANELS FROM RIGHT TO LEFT 9, 10 & 11 83 

FIGURE B - 8: EAST SIDE PANELS FROM RIGHT TO LEFT 10, 11 & 12 83 

FIGURE B - 9: EAST SIDE PANELS FROM RIGHT TO LEFT 10, 11, 12 & 13 83 



vi 

FIGURE B - 10: EAST SIDE PANELS FROM RIGHT TO LEFT 11, 12, 13 & 14 84 

FIGURE B - 11: EAST SIDE PANELS FROM RIGHT TO LEFT 13, 14 & 15 84 

FIGURE B - 12: EAST SIDE PANELS FROM RIGHT TO LEFT 16, 17, 18 & 19 84 

FIGURE B - 13: EAST SIDE PANELS FROM RIGHT TO LEFT 17, 18, 19 & 20 85 

FIGURE B - 14: WEST SIDE PANELS FROM LEFT TO RIGHT 1, 2, 3 & 4 85 

FIGURE B - 15: WEST SIDE PANELS FROM LEFT TO RIGHT 2, 3, 4 & 5 85 

FIGURE B - 16: WEST SIDE PANELS FROM LEFT TO RIGHT 4, 5, 6 & 7 86 

FIGURE B - 17: WEST SIDE PANELS FROM LEFT TO RIGHT 6, 7, 8 & 9 86 

FIGURE B - 18: WEST SIDE PANELS FROM LEFT TO RIGHT 8, 9, 10 & 11 86 

FIGURE B - 19: WEST SIDE PANELS FROM LEFT TO RIGHT 10, 11, 12 & 13 87 

FIGURE B - 20: WEST SIDE PANELS FROM LEFT TO RIGHT 11, 12, 13 & 14 87 

FIGURE B - 21: WEST SIDE PANELS FROM LEFT TO RIGHT 13, 14, 15 & 16 87 

FIGURE B - 22: WEST SIDE PANELS FROM LEFT TO RIGHT 14, 15, 16, 17 & 18 88 

FIGURE B - 23: WEST SIDE PANELS FROM LEFT TO RIGHT 17, 18, 19 & 20 88 

FIGURE B - 24: WEST SIDE PANELS FROM LEFT TO RIGHT 17, 18, 19 & 20 88 



vi 

List of Tables 

TABLE 2-1: EXAMPLE OF DEFECT DEFINITIONS (AASHTO, 2013)............................................................................... 11 

TABLE 2-2: EXAMPLE OF DEFECT RATING (AASHTO, 2013) ..................................................................................... 11 

TABLE 2-3: LOAD COMBINATIONS AND LOAD FACTORS (AASHTO, 2020) ................................................................... 15 

TABLE 2-4: LOAD COMBINATIONS FOR STRUCTURES SUPPORTING SIGNS (AASHTO, 2015) ............................................ 16 

TABLE 4-1: SUMMARY OF PREVIOUS INSPECTION REPORTS ........................................................................................ 25 

TABLE 5-1: DECKS AND SLABS (AASHTO, 2013) .................................................................................................... 31 

TABLE 5-2: SUPERSTRUCTURE (AASHTO, 2013) .................................................................................................... 32 

TABLE 5-3: SUBSTRUCTURE (AASHTO, 2013) ....................................................................................................... 32 

TABLE 5-4: WEARING SURFACES AND PROTECTIVE COATINGS (AASHTO, 2013) .......................................................... 33 

TABLE 5-5: CONDITION STATE DEFINITIONS FOR STEEL DECK (AASHTO, 2013) ........................................................... 33 

TABLE 5-6: ELEMENT QUANTITY AND CONDITION STATE SUMMARY ............................................................................ 34 

TABLE 5-7: SURFACE AREA .................................................................................................................................. 36 

TABLE 5-8: ELEMENT QUANTITY AND CONDITION STATE SUMMARY EVALUATE .............................................................. 36 

TABLE 5-9: EQUIVALENCY BETWEEN CURRENT AND PRDOT CONDITION STATE CRITERIA ................................................ 44 

TABLE 5-10: CONDITION STATE COMPARISON ......................................................................................................... 44 

TABLE 7-1: MEASUREMENTS OF SPECIMENS ........................................................................................................... 58 

TABLE 7-2: TENSILE TESTS RESULTS ....................................................................................................................... 59 

TABLE 7-3: YIELD STRENGTH AVERAGE ................................................................................................................... 60 

TABLE 8-1: ELEMENTS LIST TABLE ......................................................................................................................... 61 

TABLE 8-2: ELEMENTS LOCATION TABLE ................................................................................................................. 62 



1 

1 Introduction 

On September 20, 2017, Puerto Rico was impacted by Hurricane Maria, causing 

devastation across the island. After Hurricane Maria, Puerto Rico was left with its 

communication, electrical power, potable water, and transportation infrastructure severely 

affected. While for some sectors the restoration of services took days, in other areas it took 

several months. The damages caused by Hurricane Maria in Puerto Rico and the Virgin 

Islands was about $90 billion, making it the third most expensive hurricane in the history 

of the United States (Pasch, Penny, & Berg, 2019). Utilities services were not the only ones 

affected. Among the irreparable damaged were structures such as houses, buildings, roads, 

and bridges.  

This research project focuses on a pedestrian bridge that used to be located at 

kilometer 4.1 of the Román Baldorioty de Castro Expressway in San Juan, Puerto Rico. 

After Hurricane Maria, it was observed that the bridge experienced permanent lateral 

deflections. Based on preliminary observations, it was theorized that the plastic lateral 

deflection was the result of the pressure generated by the strong winds on guide signs that 

were installed on the bridge at some point after the bridge was constructed.  

The objective of this project is to assess if the presence of the signs played a key role 

in the resulting inelastic lateral deflections. To that end, the bridge’s general information 

(geometry and material properties) was obtained in order to develop a structural model of 

the bridge. This model was subjected to lateral loads consistent with those of the winds 

cause by Hurricane Maria. Two cases were considered in the analysis of the model: with 

and without the presence of the guide signs that were present on the bridge during the 

hurricane. When the results of both cases were compared, it was determined that the signs 
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were an important factor in the lateral deflection of the bridge. There were also other factors 

observed that may have contributed to the large lateral deflections. Conclusions and 

recommendations on the impacts of placing signs on pedestrian bridges are presented, 

together with suggestions that can be considered as preventive measures. 
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2 Literature Review 

To develop the case study, relevant background information was collected, focusing 

on bridge types and characteristics, bridge modeling, wind loads modelling, steel material 

behavior (plastic deformations, corrosion), bridge inspection and condition assessment 

procedures, and bridge design. In this chapter, the topics mentioned were synthesized into 

two sections. The first section covers the issues of failures and how to identify them, while 

the second section focuses on pedestrian bridge design.    

2.1 Structural Failures on Steel Members 

A structure can react in different ways, depending on its current conditions. 

Therefore, this section covers topics relevant to the structural failure of steel bridges 

(plastic deformations and corrosion in structural members) and bridge inspection 

procedures to help identify these and other failures. 

2.1.1 Plastic Deformation   

When materials are exposed to loads, they suffer deformations. Most of these 

deformations are in the elastic range and the material returns to its original form when 

unloaded, but this is not always the case. Materials can also deform in the plastic range, in 

which the material does not return to its original form when unloaded. In this section, basic 

concepts of mechanics of materials are reviewed to further explained the subject of plastic 

deformations.  

Stress is a measure of how a force applied to a body is distributed over a particular 

area. In the case of an axially loaded bar, normal stress is computed with the following 

equation: 
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σ =
𝑃

𝐴
              (1) 

where: 

σ = normal stress 

P = axial load  

A = cross sectional area of the bar 

Typically, a positive sign is used for tensile loads, while a negative sign is used for 

compressive loads. When using the United States Customary System (USCS), stress is 

most typically measured in pounds per square inch (psi).  

When a body experiences stress, it will generally cause deformations. For an axially 

loaded bar, a positive normal stress will cause the member to stretch in its longitudinal 

direction. If the normal stress is negative, the bar will contract in its longitudinal direction. 

This deformation in the material is known as normal strain and it can be computed using 

the following formula: 

ε =
𝛿

𝐿
                 (2) 

where: 

ε = normal strain 

δ = change in length of the bar  

L = length of the bar before it is deformed by being loaded 

The interaction between stress and strain in an axially loaded bar can be analyzed to 

understand the behavior of the material. This interaction is best represented with the stress 

vs. strain diagram. In the diagram, the vertical axis represents the normal stress of the bar, 

while the horizontal axis represents the normal strain of the bar. 



 

5 

Figure 2.1 is an illustration of a typical stress vs. strain diagram for steel. The first 

section of the diagram is known as the linear elastic region. In the linear region, the material 

will suffer a deformation as the stress is applied, but once the stress is removed, the material 

will return to its original shape with no permanent deformations. In this section, the stress 

is proportional to the strain. The slope of the line in this linear elastic region is known as 

the modulus of elasticity of the material, and has the same stress units, since the strain is 

dimensionless. 

 
Figure 2.1: Stress vs. Strain Diagram (Gere & Goodno, 2008) 

If the stress is continued to be increased, it will reach the proportional limit, and then 

the material enters the next region which is known as the perfect plasticity or yielding 

region. In this region, the material’s deformation stops being proportional to the stress. The 

deformation rate increases until reaching the yield point, where the slope becomes 

practically zero and the material continues its deformation without any increase in stress. 
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Once the material reaches this region, if the stress is removed, the material does not return 

to its original shape, therefore a permanent deformation is created.  

The following region in the stress vs. strain diagram is known as the strain hardening 

zone, where the material undergoes changes in its structure, resulting in increased strength 

resistance. This increase in resistance continues until the ultimate stress point is reached, 

where the material loses the ability to resist further load. During this process, a necking in 

the material is observed while it continues to deform until finally reaching the point of 

fracture. 

In terms of the response of a bar element to lateral loads, the idealized elastic-

perfectly plastic model for the material stress-strain behavior can be used, in conjunction 

with the Bernoulli-Navier hypothesis of beam behavior, to obtain the member plastic 

moment Mp. As presented in the Figure 2.2, Mp is the moment required to produce full 

plasticization of the cross section, that is to say, all the cross-section points are working at 

yielding stress.  

 
Figure 2.2: Section Plastic Moment: (a) Cross Section; (b) Segment; (c) Strain Distribution; and (d) Stress 

Distribution (Chen & El-Metwally, 2011) 
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In this model of concentrated plasticity, it is considered that, once this condition is 

reached, a plastic hinge is developed at the location of the cross section where Mp is acting, 

and that the element reached its maximum moment capacity, and the structure could start 

experiencing large plastic displacements and/or exhibiting failure mechanisms behavior 

due the plastic hinge formation.  

This plastic moment Mp is the maximum moment capacity considered in steel design 

(that may be reduced due to lateral torsional buckling). It is included as the nominal 

moment capacity Mn in the interaction equations used for combined actions in beam-

column members analysis. Thus, the use of this design equations is an indirect way of 

observing if such full plasticization condition, due to high strength demands imposed by 

the loading, is close to be reached in a particular member. 

2.1.2 Corrosion in Structural Elements  

Corrosion is the destructive attack of metal caused by it reacting to its environment 

(Roberge, 1999). Corrosion may cause failures to any steel structure to which an adequate 

maintenance has not been given. These failures may turn into costly damages and may 

threaten the safety of the public. Corrosion can be present in different environments. For 

example, steel can experience corrosion while being in direct contact with the atmosphere, 

with fresh water, with seawater, with soils, with reinforced concrete or with biofilms 

(Roberge, 1999). This section describes atmospheric corrosion, how it affects the 

structures, how to identify it, and how to control it.  

Atmospheric corrosion occurs when a corrosive material is exposed to air and its 

contaminants (Roberge, 1999). For this electrochemical corrosion to take place in the 

atmosphere, the presence of an electrolyte is required, which, having free ions, is a good 
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electrical conductor and allows balancing between the anode and cathode reactions. An 

anode is an electrode that is positively charged, and a cathode is an electrode that is 

negatively charged. During the balancing of the reactions the metal loses electrodes in the 

balancing of the reactions, starting the corrosion process. 

According to the damage it produces, corrosion can be classified into three groups 

(Roberge, 1999): 

• Group 1 – Identifiable by visual inspection 

• Group 2 – Identifiable with special inspection tools  

• Group 3 – Identifiable by microscopic examination 

Figure 2.3 presents these three groups, with examples of different types of damages that 

may occur in each category. 

Group 1 consists of uniform corrosion, pitting, crevice corrosion, and galvanic 

corrosion. Uniform corrosion is characterized by being uniformly distributed on the surface 

of the material and the material starts thinning until it reaches failure. Pitting is 

characterized by being in a specific area where cavities form on the surface. This type of 

corrosion is more difficult to identify; therefore, it is more dangerous than uniform 

corrosion. Crevice corrosion, in the same way, is a corrosion characterized by being in a 

specific area. This type of corrosion is formed when there is a stationary solution creating 

a microenvironment favorable to corrosion. Examples of areas where crevice corrosion can 

occur are in gaskets, washers, insulating material, surface deposits, loose coatings, threads, 

and clamps. Finally, the galvanic corrosion occurs when two metals are put in contact with 

an electrolyte in between. The metal with the noblest corrosion potential then becomes the 

cathode, while the less noble material is consumed in the anodic solution (Roberge, 1999). 
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Figure 2.3: Principal Forms of Corrosion (Roberge, 1999) 

The modes of failure of Groups 2 and 3 are not discussed here since they are out of 

the scope of this research because they cannot be identified visually and require additional 

methods of examination. 

To avoid corrosion, it is essential that good prevention methods are carried out. For 

the prevention of corrosion there are five methods (Roberge, 1999):  

• Switch to a more suitable material. 

• Modify the material’s environment. 

• Use protective coatings. 

• Apply cathodic or anodic protection. 

• Design modifications to the system or component. 
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However, it is important to remember that the best protection against corrosion is to take it 

into consideration during the design process. Designs should take into consideration low 

points where the water accumulates, provide good ventilation and drainage, avoid 

absorbent materials, provide a good preparation of surface before installing any protective 

material, and implement a plan of inspection and maintenance.  

2.1.3 Bridge Inspection   

To facilitate bridge inspection, the Manual for Bridge Element Inspection (AASHTO, 

2013) can be used as a reference. This manual includes a list of the elements that can be 

found in bridges with the different types of defects that they may experience. These 

elements should be evaluated during inspections to determine the condition of the bridge. 

This manual was used in this research as a reference to make a list of the items to be 

inspected in order to identify the areas where the bridge defects were located. 

The manual divides the elements found in a bridge into two categories. The first is 

the National Bridges Elements (NBE). This category includes all the structural elements 

that make up a bridge and are the main elements that support the loads, e.g., columns, 

beams, trusses, among others. The second is the category Bridge Management Elements 

(BME). This category focuses on joints, surfaces with wear, and protective layers of 

materials. 

To determine the condition of a bridge, AASHTO (2013) identifies different defects 

that the components of the NBE and MBE categories may have. For example, a beam can 

have signs of cracking, corrosion, and loose connections, among others. To evaluate a 

component being inspected, all the conditions found are rated using a scale of 1 to 4, where 

1 represents good and 4 represents severe condition. All these defects are to be evaluated 
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during the field inspection. AASHTO (2013) defines the defects and indicates how to rate 

their severity. Examples of these are shown in Table 2-1 and Table 2-2. 

Table 2-1: Example of Defect Definitions (AASHTO, 2013) 

 

Table 2-2: Example of Defect Rating (AASHTO, 2013) 

 

To carry out the inspection, it is necessary to define all the components of the bridge 

and their quantities. For this is important to have available the drawings of the bridge, or 

an initial field visit may be required to quantify the different elements. Once all the 

elements and their quantities are defined, it can be proceeded to identify all the faults found 

in the bridge components by a site inspection. 
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2.2 Design and Modeling of Pedestrian Bridges 

The topic of pedestrian bridge design was researched in order to have the necessary 

knowledge to perform adequate modeling of this type of structure. This section discusses 

modular bridges, the design loads of pedestrian bridges, the installation of signs on these 

structures, and modeling a bridge using a finite element program.  

2.2.1 Modular Bridges  

Modular bridges are bridges that are designed to be prefabricated and easy to install 

on site. These bridges are designed with prefabricated concrete or steel, in controlled 

environments. These bridges can be installed temporarily or permanently. One of the most 

famous bridges of this type is the Bailey Modular Bridge. 

The Bailey Bridge was designed by the British engineer Donald Coleman Bailey 

during the Second World War. The safe, quick, and efficient way to assemble the bridge 

gave it the recognition of being the preferred bridge for military use. Once the Second 

World War ended, other adaptations for urban and rural use for the bridge were found. 

Currently, there are improved versions of the bridge like the Acrow Bridge in USA and the 

Mabey Bridge in Great Britain.  

The Bailey bridge consists of two principal beams composed of trusses. 

Perpendicularly to the two main beams there are also transverse beams which reinforce the 

bridge. The deck rests on the upper part of the transverse beams. For additional horizontal 

reinforcement, diagonal bars are installed between the two main beams. In the same way, 

other reinforcing bars are installed between the transverse beams and the trusses to keep 

the trusses in vertical position. A main beam could consist of one, two or three trusses that 
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are mounted side by side. One can also add additional truss floors to increase the reach or 

load capacity. Figure 2.4 shows an example of the Bailey bridge.  

 
Figure 2.4: Bailey Bridge Model by Mabey (Mabey Bridge, 2019) 

2.2.2 Pedestrian Bridge Design 

For the design of pedestrian bridges, AASHTO developed the LRFD Guide 

Specifications for the Design of Pedestrian Bridges (AASHTO, 2009). The guide 

summarizes the design process for pedestrian bridges by citing other design books from 

AASHTO, the American Welding Society, the American Steel Construction Institute, and 

others. 

Chapter 3 of this guide indicates the loads on the deck of the pedestrian bridge. The 

first load that is identified is the pedestrian live load of 90 psf. This load is distributed 

evenly over the length of the pedestrian bridge, and the contemplated load must be for a 

bridge width equal to or greater than 2 ft.  

The guide continues with the vehicular load that must be contemplated in the design 

of a pedestrian bridges when access to vehicles is not blocked with a permanent structure, 
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such as concrete pedestals, or that the width of the bridge does not allow access of a vehicle. 

For this project’s case study, the vehicular live load is not contemplated since the bridge 

does not have access for vehicles, not is it wide enough.  

The next live load that is identified in the guide is the patch load for equestrian traffic. 

This patch load has a magnitude of 1,000 pounds distributed over a 4-in by 4-in square.  

The next loads discussed in the guide are the ones related to wind. For wind loads, 

the guide refers directly to the Standard Specifications for Structural Supports for Highway 

Signs, Luminaires, and Traffic Signals (AASHTO, 2015), in particular to articles 3.8 and 

3.9, which covers wind loads and their effects on structures. These two sections will be 

discussed in the next section.  

Likewise, for wind loads, the guide refers to section 3.8.2 of the LRFD Bridge Design 

Specifications (AASHTO, 2020) which indicates that the design of a pedestrian bridge 

must contemplate the vertical wind load on a quarter of the bridge on the windward side. 

The vertical load to be contemplated is 200 psf multiplied by the width of the bridge.  

Table 2-3 presents the combination of loads specified in the LRFD Bridge Design 

Specifications (AASHTO, 2020), where: 

DD = negative surface friction 

DC = dead load of structural components and non-structural accessories 

DW = dead load of wear surfaces and utilities 

EH = horizontal earth pressure load 

EL = cumulative effects of blocked force resulting from the construction 

process, including secondary forces of post-tensioning 

ES = additional ground load 
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EV = vertical pressure of dead load of landfill 

BR = vehicle braking force 

CE = vehicular centrifugal force 

CR = creep 

FR = friction 

IM = vehicle dynamic load tolerance 

LL = vehicular live load 

LS = surcharge for live load 

PL = pedestrian live load 

SH = contraction 

TU = uniform temperature 

WA = water load and current pressure 

WL = wind live load 

WS = wind load in the structure 

Regarding Table 2-3, the combinations Strength II, Strength IV and Strength V do not 

apply according to the Manual for Bridge Element Inspection (AASHTO, 2013). 

 

 

 

 

Table 2-3: Load Combinations and Load Factors (AASHTO, 2020) 
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2.2.3 Installation of Road Signs 

For the installation of road signage in existing structures, a specific design must be 

developed for the structure that will hold the sign in place. For this purpose, AASHTO 

developed specifications for structures supporting signs, traffic signals and luminaires 

(AASHTO, 2015). As mentioned in the previous section, these specifications must be used 

for the calculation of wind loads on pedestrian bridges, even if the bridge is not supporting 

signs, traffic signals or luminaries. These specifications consider dead loads (DL), ice 

loads, wind loads (W) and fatigue loads. The combinations for these loads are presented in 

Table 2-4. 

Table 2-4: Load Combinations for Structures Supporting Signs (AASHTO, 2015) 
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Regarding wind loads, the design wind pressure is calculated as follows:  

𝑃𝑧 = 0.00256𝐾𝑧𝐾𝑑𝐺𝑉
2𝐶𝑑    (3) 

where: 

Pz = design wind pressure in pounds per square feet (psf) 

Kz = height and exposure factor 

Kd = directionality factor 

G = gust effect factor 

V = basic wind speed, expressed as a 3-s gust wind speed, at 33 ft above the 

ground in open terrain, in miles per hours (mph) 

Cd = drag coefficient 

Equation (3) is based on the formulation developed for and presented in the ASCE/SEI 7 

Standard. The AASHTO specifications indicate how to calculate or determine the different 

parameters of Equation (3). 

2.2.4 Bridge Modeling 

There are several finite element programs that may be used to model bridges. Among 

the programs with commercial licenses are Abaqus, ANSYS, LUSAS, Midas, CSiBridge, 

and SAP2000. These programs include tutorials that help the user to understand how to 

perform the modeling of bridges.  

However, at the time of modeling, a limiting factor is the availability and accessibility 

of the program. For this reason, open-source programs are also an option. There are 

different open-source programs to perform non-linear analyzes such as Elmer and 

OpenSEES. 
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For the current project, due to its robustness and availability, SAP2000 v21 was 

selected to perform the comparative analysis of the bridge response to wind loads. 
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3 Methodology 

A brief description of the steps followed to develop this research project is presented 

in this chapter. Also, some additional considerations to the methodology are mentioned. 

3.1 General Procedure 

The following list briefly describes the process followed in this project to achieve the 

research objective:  

1. Perform a literature review on the type of bridges to be analyzed. 

2. Collect background information and available data on the specific bridge to 

be studied. 

3. Develop an inspection list using the Manual for Bridge Element Inspection 

(AASHTO, 2013). 

4. Perform a field visual inspection of the bridge in the field to determine the 

condition of the elements of the bridge and confirm that there are no existing 

failures that influenced the bridge deformation. This inspection was carried 

out using the list that was made in step 3. 

5. Obtain the geometry of the bridge performing a detail survey. A total station 

and a drone survey (that obtains high-quality, orthorectified images) were 

used. 

6. Select a finite element program for the structural analysis. The program 

selected was SAP2000 v21. 

7. With the field data that was obtained, develop a finite element model using 

the program that was chosen in step 6. 
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8. Model the bridge without the signage and observe the behavior of the 

pedestrian bridge to see if it fails when the wind pressures, equivalent to those 

produced by Hurricane Maria, are applied. 

9. Model the bridge with the signage and observe the behavior of the pedestrian 

bridge to see if it fails when the wind pressures, equivalent to those produced 

by Hurricane Maria, are applied. 

10. Compare the behaviors of the bridge obtained in steps 8 and 9. With the 

comparison of these results, assess if the signs presence was the main reason 

for the inelastic deformation that had occurred. 

11. Offer recommendations regarding the installation of signs on modular 

pedestrian bridges. 

3.2 Additional Considerations 

The condition observed in the pedestrian bridge during the inspection (such as the 

large amount of corrosion in several elements) and other findings (such as bridge support 

details, and signs support details) that may have played a role in the lateral deflections are 

also described in the results analysis and conclusions. 

This research will help future assessments to be carried out on different bridges 

around Puerto Rico to which road signs were added without the proper reinforcement of 

the original structure. 
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4 Bridge Information and Previous Studies 

During this research phase, the Puerto Rico Highway and Transportation Authority 

(PRHTA) of the Puerto Rico Department of Transportation and Public Works (PRDOT) 

was visited to obtain all the available information on the bridge being studied. It was found 

that the bridge is identified as Pedestrian Bridge (PB) 1137 and that it was constructed in 

1968, The following sections include information about its location, and the recovered 

drawings and inspection reports. 

4.1 Location 

PB 1137 was located at kilometer 4.1 of the Roman Baldorioty de Castro 

Expressway, San Juan, Puerto Rico. The bridge connected the Norte Shopping Center and 

the Luis Lloréns Torres public housing complex located north of the expressway with the 

Villa Palmeras sector south of the expressway. 

Figure 4.1 presents an aerial view of the area. In the figure, the area north of the 

expressway, that includes the Norte Shopping Center and the Luis Lloréns Torres complex, 

are shaded blue. The area south of the expressway that includes the sector Villa Palmeras 

is shaded yellow. The bridge has been shaded red and finally the expressway is marked 

with a green line. 

Figure 4.2 presents a view of the bridge from March 2016, while Figure 4.3 presents 

a view of the bridge after the damages produced by Hurricane Maria. Notice that at some 

point between March 2016 and the passage of Hurricane Maria in September 2017, a sign 

on the bridge was replaced with multiple signs. At the time of the field visit, all the signs 

had been removed. 
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Figure 4.1: Aerial View of the Bridge Location (Source: Google Maps) 

   
Figure 4.2: Image of the Bridge from March 2016 (Source: Google Maps) 
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Figure 4.3: Image of the Bridge from September 2018 (Provided by PRHTA) 

4.2 Drawings Recovered from Puerto Rico Department of Transportation 

During the visits that were performed to the Department of Transportation, copies of 

two different set of drawings were obtained. The first set of drawings obtained was from 

1976, and the second set of drawings acquired was from 2001. The 2001drawings are 

presented in Appendix A. Since the bridge was built in 1968, based on the inspection 

reports, both sets of drawings are as-builts. 

The set of drawings from 2001 includes one drawing for the existing condition, one 

drawing for the proposed layout and one drawing for the sections and details. Since one of 

the drawings is a proposed layout, is understood that this set of drawings was for a 

remodeling of the bridge. Even though this set of drawings is for a remodeling of the bridge, 

the existing condition drawing is still different from the existing condition drawing of 1976. 

Meaning that between 1976 and 2001 there might had been another bridge remodeling for 

which information was not obtained.  
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Comparing the existing layout of the 1976 drawings with the one from the 2001 

drawings, the bridge was extended from 52.140 meters to 59.585 meters. Additionally, the 

proposed layout modifications of the 2001 drawing were confirmed to be completed during 

the site inspections.  

4.3 Previous Inspections from Puerto Rico Department of Transportation 

During the visits that were done to the Puerto Rico Department of Transportation, 

copies of different inspection reports of the bridge were obtained. The inspection reports 

date from 1972 to the most recent of May 2017, just a few months before Hurricane Maria 

made landfall in Puerto Rico. A total of 13 reports were obtained. There are two major gaps 

of inspection reports, either because the reports were not saved or because the report was 

never prepared. These gaps are from 1975 to 1986 and from 2001 to 2014. Outside of these 

major gaps, the time between reports ranged from one to three years.  

The inspection reports have the structural information of the bridge and the 

evaluation of the condition of three mayor areas: the deck, the superstructure, and the 

substructure. The evaluation is based on a 0 to 9 scale system, where 9 represents the best 

evaluation and 0 represents the poorest evaluation. In addition to the condition evaluation, 

the inspection also consisted in appraising the structural condition of the structure with the 

same point system. The inspection reports end with recommendations based on the 

findings. Table 4-1 summarizes the findings of reports that where recovered. In this table, 

Item 58 represents the deck, Item 59 represents the superstructure, Item 60 represents the 

substructure and Item 67 represents the structural condition. 
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Table 4-1: Summary of Previous Inspection Reports 

Year  58  59  60  67  Remarks (as included in the reports)  

1972 7 7 8 7 
Rehabilitation should include replacing missing bolts and safety pins 

and also painting 

1975 8 7 7 7 

Rehabilitation should include: (a) Removal of rust from structural 

steel by means of wire brush or any other acceptable method and the 

protection of it with paint; (b) The replacement of any structural 

element if necessary 

1986 7 7 7 7 Rehabilitation consists of Maintenance, sand blasting and painting 

1987 6 6 7 7 

Rehabilitation consists of repairing light corrosion at steel plate. The 

structure was painted recently. Fine cracking, small spalling and light 

corrosion at footing and columns respectfully.  

1989 6 6 6 6 

Rehabilitation consists of repairing ponding, holes, and rust stains at 

deck steel plates. Severe corrosion at angles. Moderate corrosion at 

some structural members. Moderate Corrosion at columns. Fine 

crack, small spalling, and light scaling at footings. Stair railings are 

broken due to moderate corrosion.  

1991 5 5 5 5 Severe Corrosion 

1993 6 6 6 6 
This bridge was rehabilitated last year (1992), and no improvement is 

needed 

1994 5 5 6 5 

Rehabilitation consists of repairing severe corrosion and light section 

loss at wearing surface due to ponding. Fine cracks, small spallings 

and light scaling at columns footings. Ponding at stairs and rest area.  

1996 5 5 6 5 
Rehabilitation consists of repairing light corrosion and light section 

loss. Bridge was painted 

1999 5 5 6 5 

Rehabilitation consists of repairing severe corrosion and light section 

loss at wearing surface due to ponding. Fine cracks, small spallings 

and light scaling at columns footings. Ponding at stairs and rest area.  

2001 5 5 6 5 

Rehabilitation consists of repairing severe corrosion and light section 

loss at wearing surface due to ponding. Fine cracks, small spallings 

and light scaling at columns footings. Ponding at stairs and rest area.  

2014 5 5 6 / 

Light to moderate corrosion and some holes by corrosion at steel 

plates. Lateral components of bracings show light to moderate 

corrosion and section loss. Moderate section loss by corrosion at 

upper chords.  

2017 4 5 5 / 

There is moderate and severe corrosion on the deck surface, including 

several large perforations. The deck surface of the structure is in poor 

condition. Several of the lateral components of the "bracing" have 

light, moderate and severe corrosion, and loss of section. Some 

sections in the upper chord have moderate loss due to corrosion. Steel 

columns in good condition, light corrosion 

  

From Table 4-1 it may be appreciated that the substructure was, in the most cases, 

considered in a better condition that the deck and the superstructure. It is also appreciated 
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that, as the years passed, the condition of the structure for the three major areas kept on 

deteriorating. In the recommendations, in 1987 and 1993, the inspection reports mentioned 

that the bridge was recently rehabilitated. Nonetheless, with the exception of the report of 

1993, all the other reports mentioned that corrosion was present, and that it needed to be 

repaired. 

The corrosion emphasis grew per report and, starting with the report of 1994, the 

section loss due to corrosion was evident. The final report had the deck condition set as 4 

and the superstructure and substructure set as 5, which meant that the bridge was in poor 

condition.  
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5 Visual Inspection and Condition Evaluation 

In this chapter, the performed visual inspections are described and the corresponding 

findings are discussed. For the condition evaluation, the lateral deformation of the bridge 

was not considered. 

5.1 Site Visits 

As part of the inspection of the bridge, different site visits were conducted. On the 

first visit it was observed that the bridge was closed to pedestrians because of its poor 

structural condition. An expanded metal mesh was welded against the steel frames of the 

bridge and a banner indicating the bridge was closed was installed, as shown in Figure 5.1 

and Figure 5.2. During this visit, different photos of the bridge were taken and the 

dimensions of the elements that were accessible were measured. In addition, a Total Station 

(shown in Figure 5.3 and Figure 5.4) was used to take points along the bridge to delineate 

the bridge's lateral displacement. When the points taken were traced in AutoCAD, no 

significant deflection was observed, thus not enough points during the measuring process 

were collected to capture the deformation. Since the deflection was not captured with the 

Total Station, it was decided that another method had to be used. 

 
Figure 5.1: Metal Mesh Used to Close Pedestrian Bridge 
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Figure 5.2: Sign Indicating Pedestrian Bridge is Closed 

  
Figure 5.3: Total Station 

 
Figure 5.4: Total Station Positioned to Measure Bridge 
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During the second inspection, a DJI PHANTOM drone (as shown in Figure 5.5) was 

used to take aerial photos. The photos taken during this visit (an example is shown in Figure 

5.6) were of low quality probably because the drone flight was done rapidly because of 

security concerns. It was decided that another flight was needed. 

 
Figure 5.5: Drone Operation at Beginning of Flight 

 
Figure 5.6: Aerial Photograph of the Pedestrian Bridge  
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For the third site visit, the Administration of the Public Housing Residency was 

visited, and permission was asked to enter the area and to stay several hours. Security was 

offered during the site inspection. During this final site visit, another drone flight was made, 

and a series of high quality and high-definition photographs were taken. Also, closer 

images were taken so that the structural elements could be analyzed for their condition 

assessment directly from the photos. Every picture taken up-close included two to three 

truss panels. An example of this is presented in Figure 5.7. More photos taken of the bridge 

are presented in Appendix B.  

 
Figure 5.7: Up-close Photo of the Bridge 

The series of aerial photos that were taken were orthorectified, meaning that the 

photos were geometrically corrected so that the scale of the photo is uniform. After this 

procedure, the photos that were taken were assembled to form a map and real 

measurements were obtained from the aerial photos. 
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5.2 Form creation for bridge condition evaluation 

Using as a basis the Manual for Bridge Element Inspection (AASHTO, 2013), a 

checklist form was created with the elements that could be found in the pedestrian bridge 

that was being evaluated. The inspection manual also includes different failures that may 

occur per structural elements, and they were also taken into consideration. 

The elements that were to be inspected were determined from Chapter 2 of the 

manual. The first element that was determined to be inspected was obtained from Table 

2.1.1 of the manual, reprinted in this report as Table 5-1. From this table, the steel deck 

was the only element that was determined to be inspected. In the manual, this element has 

the identification number 30 and is measured in square feet. 

Table 5-1: Decks and Slabs (AASHTO, 2013) 

 

The second, third and fourth elements that were determined were obtained from Table 

2.1.3 of the manual, reprinted in this report as Table 5-2. From this table, the trusses, the 

floor beams, and the pins were determined. In the manual the truss and the floor beams are 

measured by length and their identifications numbers are 120 and 152, respectively. The 
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pins identification number is 161 and they are quantified by the total number of units the 

bridge contains. 

Table 5-2: Superstructure (AASHTO, 2013) 

 

The fifth and sixth elements that were determined to be inspected were obtained from 

Table 2.1.5 of the manual, reprinted in this report as Table 5-3. From this table the columns 

and the column tower were determined to be inspected. The columns identification number 

is 202 and the number of units quantify it. The column tower identification number is 207 

and they are measured by height. 

Table 5-3: Substructure (AASHTO, 2013) 

 



 

33 

Finally, the seventh and eighth elements that were determined were obtained from 

Table 2.2.3 of the manual, reprinted here as Table 5-4. From this table, the wearing surfaces 

and steel protective coating were determined to be inspected. In the manual these elements 

have the identification numbers 510 and 515, respectively, and are measured in square feet. 

Table 5-4: Wearing Surfaces and Protective Coatings (AASHTO, 2013) 

 

After determining the elements that were to be inspected, Chapter 3 of the manual 

was used to choose the conditions for which each element would be evaluated. The 

conditions chosen, with their corresponding identification numbers, where the following: 

corrosion (1000), connection (1020), distortion (1900), damage (7000), chalking (3410) 

and effectiveness (3440). These conditions are evaluated in a point system going from 1 to 

4, where 1 is good and 4 is severe. An example of this evaluation may be seen in Table 

5-5, which illustrates the different defects and how they are categorized. Note that this scale 

is different from the one used in previous inspections reports presented in the section 4.3, 

where the evaluation is done from 0 to 9 where, 0 is bad and 9 is very good.  

With all the elements and conditions established, a table based on the Table B3.3 of the 

manual was developed.  

Table 5-6 includes all the elements that were decided to be evaluated. 

 

Table 5-5: Condition State Definitions for Steel Deck (AASHTO, 2013)  
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Table 5-6: Element Quantity and Condition State Summary 
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5.3 Assessment 

To complete the form presented on  

Table 5-6, all the elements had to be quantified and visually given a value condition 

from 1 to 4. To determine the quantity of the elements, the following computations were 

made: 

• Deck 

o The deck is composed of steel plates.  

o Steel Deck (Element 30): Quantity 204 ft (in length) x 5.5 ft (in width) 

= 1,122 ft2 

• Superstructure 

o The superstructure is composed of trusses, floor beams and pins.  

o Truss (Element 120) Quantity: 9 ft (in length) x 2 truss (per span) x 

20 (spans) = 360 ft 

o Floor Beam (Element 152) Quantity: 9 ft (in length) x 1 beam (per 

span) x 20 (spans) = 180 ft  

o Pins (Element 161) Quantity: 8 (pins per span) x 20 (spans) = 160 pins 

• Substructure 

o The substructure is composed of columns and columns towers.  

o Columns (Element 202) Quantity: 4 in total  

o Column Towers (Element 207) Quantity: 2 in total 

• Protective Coating  

o The surface of the structure is completely painted.  



 

36 

o Steel Protective Coating (Element 515) Quantity: (Calculated from 

"as-built" drawings presented in Appendix A) = 8,490 ft2 

o To determine the area of the structure, Table 5-7 was created.  

Table 5-7: Surface Area 

 

With the quantities established, the bridge was evaluated. The results from the 

evaluation are presented in Table 5-8. Following is a discussion of how these results were 

obtained. 

Table 5-8: Element Quantity and Condition State Summary Evaluate 
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To evaluate the pedestrian bridge, it is important to understand the points system. 

This is summarized as follows (AASHTO, 2013):  

• 1 - Good - No observation is made. 

• 2 - Fair - Corrosion has initiated, loose fasteners, distortion not requiring 

mitigation, the surface is substantially effective. 

• 3 - Poor - Section loss is evident, missing elements, distortion that requires 

mitigation, the surface has limited effectiveness.  

• 4 - Severe - The condition warrants a structural review to determine the effect 

on strength or serviceability of the element or bridge. 

Based on this points system, the following overall condition was given to the 

structure: 

• Deck - Condition State 4 - It was evaluated in this condition due to the 

corrosion along the complete deck, causing some holes. Also due to 

corrosion, some bracing elements had fallen off. Falling elements are a major 

threat to safety since the bridge is located above a principal roadway of Puerto 

Rico. Figure 5.8 shows that corrosion had already eaten up part of the steel 

deck surface (as appreciated by the sunlight passing through the deck) and 

that diagonal bracings have fallen off. The type of diagonal bracing that is 

missing in Figure 5.8, can be somewhat appreciated in Figure 5.9, which itself 

shows an incomplete set of diagonals. 
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Figure 5.8: Loss of Decking due to Corrosion and Missing Bracing Elements 

 
Figure 5.9: Missing Bracing Elements  

• Superstructure - Condition State 4 - Even though the superstructure consists 

of three different items (the truss, the floor beam, and the pins), the overall 

condition given to this item was 4 due to the evident corrosion along the truss 

elements, including section loss. Since the truss was determined in condition 
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state 4, the whole superstructure was determined as this state. This 

determination was based on if a truss element fails, it will compromise the 

integrity of the whole structure. In Figure 5.10, Figure 5.11 and Figure 5.12 

the uniform corrosion along the truss may be seen. Going even further, in 

Figure 5.11 and Figure 5.12 some areas have holes in the channel of the truss 

due to the corrosion. Because of this level of corrosion, the channels were 

given a condition state 4. In Figure 5.13 and Figure 5.14 a uniform corrosion 

may be seen on top of the beam and crevice corrosion may be seen where the 

beam is in contact with the channel. It is evident that corrosion is present, but 

since the bridge was closed at the time of the inspection, a closer observation 

was not possible. From afar, section loss of the beams was not evident, so 

they were evaluated as condition state 2.  

 
Figure 5.10: Corrosion in Truss Element (Example 1) 
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Figure 5.11: Corrosion in Truss Element (Example 2)  

 
Figure 5.12: Corrosion in Truss Element (Example 3) 

 
Figure 5.13: Corrosion in Floor Beams (Example 1) 
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Figure 5.14: Corrosion in Floor Beams (Example 2) 

• Substructure - Condition State 4 - The substructure consists of the columns 

and the column tower. Even though the columns were found in good 

condition, the column towers were missing connections. Due to the missing 

connections the overall condition given to the substructure was 4, as in the 

case of the superstructure. In Figure 5.15 and Figure 5.16 a loose connection 

and a section loss due to corrosion are presented, respectively.  

 
Figure 5.15: Loose Connection at Column Tower  
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Figure 5.16: Section Loss due to Corrosion at Column Tower 

• Wearing Surfaces - Condition State 3 - This item was evaluated in the 

condition state 3 because of the limited effectiveness the paint has, due to the 

evident corrosion in the structure, as it may be appreciated in Figure 5.17.  

 
Figure 5.17: Painting Effectiveness in Corrosion 
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Appendix E of the element inspection manual indicates different actions that may be 

taken given a state condition, as follows: 

• 1 - Good - Do nothing; Protect. 

• 2 - Fair - Do nothing; Protect; Repair. 

• 3 - Poor - Do nothing; Protect; Repair; Rehabilitate; Replace. 

• 4 - Severe - Do nothing; Protect; Repair; Rehabilitate; Replace. 

Based on these indications, it was determined that for the deck, replacement would 

be the best action due to the section loss of the steel deck, the pedestrian safety could not 

be assured. On the other hand, it is evident that the superstructure merits a structural review. 

Once a structural review has been carried out, if the pedestrian bridge may still be used, 

repair or replacement of the compromised sections would be required. For the substructure, 

repair and rehabilitation would be needed. Finally, for the wearing surfaces, it would be 

necessary to repair by removing the corrosion and rehabilitation by application of a new 

layer of protective coating.  

5.4 Comparing Results  

With the evaluation of the bridge condition completed, the values obtained were 

compared with those presented in the latest inspection report recovered from the 

Department of Transportation of Puerto Rico dated May 2017. To be able to carry the 

comparison, a relationship needed to be established between the 1-to-4-point system used 

in this report with the 0-to-9 scale used in PRDOT inspection reports. The relationship 

established between the two systems is presented in Table 5-9. For example, it was 

determined that a Good Condition corresponding to the number 1 on the 1-to-4 scale 

corresponds to a value on 7 to 9 in the 0-to-9 scale. 
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Table 5-9: Equivalency Between Current and PRDOT Condition State Criteria 

Condition  Current Inspection  PRDOT Inspection 

Good 1 9 - 7 

Fair 2 6 - 5 

Poor  3 4 - 3 

Severe 4 2 - 0 

 

Having established the relationship between the different rating systems, Table 5-10 

presents a comparison between the assessment of the May 2017 inspection report by 

PRDOT and the evaluation carried out for this project in 2018. It can be seen that for the 

2017 inspection the condition state given to the bridge was poor, while for this project the 

condition state was determined to be sever. It is apparent that the degradation of the bridge 

due to corrosion was accelerating, and although the current evaluation could have been too 

strict, it is evident that immediate action was required for the bridge. 

Table 5-10: Condition State Comparison 

Inspection Deck Superstructure Substructure 

2017 

(Previous) 

4 (Poor)  5 (Fair)  5 (Fair)  

2018 

(Current) 

4 (Severe) 4 (Severe) 4 (Severe) 

 

 

  



 

45 

6 Assessment of Bridge Deflected Geometry 

The surveying of the bridge was performed with a DJI Phantom Drone, as mentioned 

in Chapter 5. The following two sections will describe how the surveying of the bridge was 

done using the drone.  

6.1 Procedure 

The use of drones for surveying has become more practical due to the advancement 

in image processing and GIS/Mapping software. Aerial mapping is now done with the use 

of drones and the orthorectified images obtained gives accurate surveying dimensions. For 

the surveying of the pedestrian bridge, a DJI Phantom Drone was used (see Figure 6.1). 

Using the software PIX4D, first the area in which the mapping will be done must be 

selected. The selection is done directly from the smart device that is used to fly the drone. 

Once the area is selected, the photo mapping starts.  

 
Figure 6.1: DJI Phantom Drone (Source: DJI) 

During the mapping, the drone flew over the pedestrian bridge taking pictures of the 

bridge every few feet. Approximately 100 pictures were taken overall. These pictures were 

then processed with PIX4D software. The software overlayed the pictures taken, creating 

a map of the area. Then, the same software orthorectifies their dimension creating an 
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accurately dimensioned map. Figure 6.2 illustrates the result of the orthorectified-mapping 

image obtained from PIX4D. 

 
Figure 6.2: Areal Mapping of the Pedestrian Bridge 

6.2 Outcomes 

With the image obtained from the aerial mapping, measurements of the bridge may 

be obtained. First, the image was compared to the aerial image that was retrieved from 

Google Maps. In Figure 6.3, the image from Google Maps is compared to the one obtained 

from the survey. A red line was overlaid on both images to make the lateral deformation 

of the bridge after Hurricane Maria more noticeable. To accurately determine the lateral 

deformation of the bridge, the image obtained from the survey was imported to AutoCAD. 
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Figure 6.3: 2016 (Google Earth) and 2018 (Drone Survey) Bridge Geometry Comparison 

Using Google Earth, the dimension of the bridge was verified, as illustrated in Figure 

6.4. The length obtained from Google Earth was 202 ft. Considering that the bridge has a 

length equivalent to 20 truss panels, and every truss panel measures approximately 10 ft, 

the distance obtained from Google Earth is considered accurate. The distance of 10 feet of 

the truss panel was verified in the field, and it is also the same length indicated in an old 

manual for the Bailey Bridge (U.S. War Department, 1943). With the surveyed image 

imported to AutoCAD, it was scaled to measure the same distance measured using Google 

Earth. As illustrated in Figure 6.5, the length of the pedestrian bridge was scaled to measure 

2,424 inches (202 feet). 
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Figure 6.4: Google Earth Dimension Verification 

 
Figure 6.5: Bridge Dimension 
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In addition to the bridge length, the deflection was also measured. For this, two 

colored lines were drawn in AutoCAD and the distance between them was measured (as 

presented in Figure 6.5 and Figure 6.6). The first line drawn was the red line, which runs 

straight from north to south of the bridge. The second line drawn was the blue line, which 

follows the contour of the bridge. Then an offset was given to the red line so that it touched 

the tangent of the blue line. In the intersection of the tangent point, the distance between 

the original red line and the blue line measured 25 inches, as illustrated in Figure 6.6. With 

this dimension, it is understood that the bridge had an approximate lateral deflection of 25 

inches in its most critical point. In addition, looking closely, it can be appreciated that this 

point corresponds to the location of the second to last structural beam that supported the 

signs.   

 
Figure 6.6: Bridge Maximum Plastic Deflection (in inches) 



 

50 

7 Laboratory Testing of Bridge Fragments  

Due to its condition, the pedestrian bridge was demolished. This permitted the 

collection of fragments of the bridge to be tested for determining material strength. This 

chapter presents information on how the bridge was demolished, how the fragments were 

recovered and tested, and what were the results of the tests.  

7.1 Bridge Demolition and Sample Procurement 

The bridge was constructed to cross over the expressway Roman Baldorioty de 

Castro, one of the main roads of the San Juan Metropolitan Area. This meant that, for the 

bridge demolition, the expressway had to be closed and traffic redirected. The Puerto Rico 

Department of Transportation granted permission for the demolition, and it was scheduled 

to start on March 10, 2019, at midnight, and to last 12 hours.  

The demolition started as scheduled. For the demolition, the bridge was moored with 

two cranes. Figure 7.1 illustrates the rigging of the bridge. The bridge consisted of three 

spans from which the middle span was the first section to be moored. After the middle span 

was secured with the cranes, using a man lift that section was cut out with oxyacetylene.  

After the middle section was completely cut out (as shown in Figure 7.2), it was lowered 

to the street. Once it was laying in the street it was cut into smaller sections and loaded to 

a flatbed for final transportation to its disposal facility, as shown in Figure 7.3. This 

procedure was repeated with the other sections. 

After the bridge had been removed and transported to a yard (see Figure 7.4), the 

company in charge of the demolition was contacted. A formal letter from the Polytechnic 

University of Puerto Rico (see Appendix C) was submitted to the demolition contractor 

requesting bridge fragments to be tested to determine mechanical properties of the bridge 
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elements. After several months of negotiations, on April 26, 2019, the contractor handed 

the fragments presented in Figure 7.5. 

 
Figure 7.1: Bridge Rigging 

 
Figure 7.2: Bridge Being Removed 
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Figure 7.3: Transportation of Demolished Bridge 

 
Figure 7.4: Demolished Bridge at Junkyard (April 26, 2019) 
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Figure 7.5: Bridge Fragments Recovered 

7.2 Applicable ASTM Standard 

The standard applied to the testing of the recovered bridge fragments was ASTM E8 

– Standard Test Methods for Tension Testing of Metallic Materials (2016). The purpose of 

following this ASTM is to perform tension tests to determine the yield strength of the 

fragments of the bridge that were recovered.  

When conducting the tension test, it is important the specimen is held in a position 

where the load is transmitted axially through the whole cross-sectional area. For this, 

special care must be taken during the gripping of the specimen in the testing machine. Once 

the specimen is ready to start the load test, special attention also must be made for the speed 

of testing. The speed shall not be greater than that at which the lectures can be accurately 

recorded. When determining yield properties, the speed of testing shall be between 10,000 

and 100,000 psi/min. 
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The specimens used in the tension tests must have the appropriate dimensions. For 

this project, the specimens were prepared following the ASTM requirements for a 

Rectangular Tension Test Specimen, as presented in Figure 7.6. The dimensions 

established from the figure are the following:  

• Gauge Length (G):   2.000 ± 0.005 in 

• Width (W):    1½ + 1/8 in  

• Thickness (T):    Thickness of material 

• Radius of fillet, min (R):  ½ in   

• Overall length, min (L):  8 in 

• Reduced section (A);   2¼ in 

• Length of Grip Section (B):  2 in  

• Width of Grip Section (C):  2 in 

Once the specimen has been cut, gauge marks have to be placed on it to determine 

the elongation. This marks may be painted, scribed, or drawn. 

 
Figure 7.6: Dimensions of Rectangular Tension Test Specimens (ASTM E8, 2016) 
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7.3 Specimen Preparation and Test Procedure  

The recovered fragments of the pedestrian bridge were taken to a metal workshop 

where a water-jet cutter (shown in Figure 7.7) was used to cut out the specimens to be 

tested. The specimens were specifically cut out from a C3x5 section used as a diagonal. 

The water-jet cutter was used so that the properties of the material were not altered by heat. 

Since deformations and heating by welding, or cutting may affect the properties of the 

material, special attention was taken to avoid areas of the channel that could have been 

affected during the demolition of the bridge. 

 
Figure 7.7: Water-jet Cutter 

Figure 7.8 illustrates four specimens that were ready to be tested. Prior to testing, the 

specimens were measured to assure that they had the dimensions required by the ASTM 

standard, as shown in Figure 7.9 and Figure 7.10. 
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Figure 7.8: Testing Specimens 

 
Figure 7.9: Specimen Cut Verification (1 of 2) 

 
Figure 7.10: Specimen Cut Verification (2 of 2) 
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To determine the cross-sectional area in which the load for the tensile stress would 

be applied a Mitutoyo Digital Caliper was used. Using the caliper, three different 

measurements were taken for the thickness and the width of the specimen as illustrated in 

Figure 7.11 and Figure 7.12. Then the average of these measurements was calculated and 

used to compute the cross-sectional area of the specimen. 

 
Figure 7.11: Measurement of Specimen Thickness 

 
Figure 7.12: Measurement of Specimen Width 

The tensile tests on the specimens were conducted at Construction Materials 

Laboratory of the Polytechnic University of Puerto Rico, San Juan Campus. The apparatus 
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that was used to conduct the tests was an Instron 300DX shown in Figure 7.13. A total of 

six specimens were tested and the results will be discussed in the following section. 

 
Figure 7.13: Tensile Testing Apparatus  

7.4 Results  

Initially, only two specimens were tested for equipment verification, procedures 

verification, grip adjustment, and calibration purposes. After these two run tests, the other 

four specimens were tested, and the results were within expected ranges for the material 

strength. Table 7-1 illustrates the measurements that were obtained from those four 

specimens with respect to their width and thickness. With their width and thickness their 

corresponding area was determined, and this information was used with the tensile testing 

apparatus. 

Table 7-1: Measurements of Specimens 
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Sample  Width  
Average 
Width 

Thickness 
Average 

Thickness 
Area 

1 

0.4690 

0.4690 

0.1740 

0.1743 0.0818 0.4690 0.1745 

0.4690 0.1745 

2 

0.5020 

0.5033 

0.1665 

0.1670 0.0841 0.5030 0.1670 

0.5050 0.1675 

3 

0.5055 

0.5057 

0.1695 

0.1690 0.0855 0.5045 0.1680 

0.5070 0.1695 

4 

0.5040 

0.5030 

0.1740 

0.1728 0.0869 0.5020 0.1750 

0.503 0.1695 

 

Figure 7.14 presents the stress vs. strain diagrams that were obtained from the tension 

tests. Table 7-2 illustrates the results obtained from each curve. From these results, an 

average yield strength of 56.58 ksi, was obtained, as presented in Table 7-3. Given the 

results of the testing tests, it is suspected that the steel used for the construction of the 

bridge was A572. Still, the average yield stress of 56.6 ksi was used when modeling the 

bridge to evaluate the impact of wind loads. 

 
Figure 7.14: Stress vs. Strain Diagrams 

Table 7-2: Tensile Tests Results  



 

60 

 

 

Table 7-3: Yield Strength Average 

Curve  
Yield Strength 

(ksi) 
Average 

(ksi) 

1 53.46 

56.58 
2 57.85 

3 58.70 

4 56.30 
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8 Bridge Analytical Model and Results 

A model was developed to analyze the expected performance of pedestrian bridge 

PB-1137 when subjected to wind loads similar to those of Hurricane Maria. This chapter 

presents a description of the analytical model generated and the steps followed to that end. 

Afterwards, it presents the results obtained when the model was analyzed considering two 

cases: the bridge with no signs attached to it and the bridge with the signs it had attached 

when it underwent Hurricane Maria. 

8.1 Analytical Model 

Using the Bailey Bridge Drawings and the field inspection results, an element list 

table was created in Excel. With the element list table and the drawings, the total quantities 

of elements in the bridge were determined. A partial view of the table is presented in Table 

8-1. 

Table 8-1: Elements List Table 

 

Using the element list table created with the drawings, another excel table was 

developed, identifying the location of every member using XYZ coordinates. A partial 
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view of this table in presented in Table 8-2. The locations identified in the table were used 

to develop a grid mesh in SAP2000 v21, the program adopted for the analysis. 

Table 8-2: Elements Location Table 

 

To build the model, a grid mesh system was created, as presented in Figure 8.1. For 

this, the dimensions known of the bridge either by site inspection or obtained from 

drawings or from the War Department Technical Manual 5-277, were taken into 

consideration. The supports of the bridge extreme towers were modeled as pin supports (as 

per the detail shown in Figure 8.2 and Figure 8.3). 

 
Figure 8.1: Grid Mesh Used to Develop the Analytical Model 
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Figure 8.2: Frame Connection of Pedestrian Bridge with Column (1 of 2) 

 
Figure 8.3: Frame Connection of Pedestrian Bridge with Column (2 of 2) 

Figure 8.4 presents the simplified finite element model developed. The structural 

model adopted was a simplified bar element assembly, allowing 3D behavior. The model 

did not consider eccentricities, the effect of the bars used to support the security netting on 

top of the bridge, or the decking as a rigid diaphragm. All the bar elements have the shape 

obtained from the inspection and construction drawings. The main idea of the analysis was 

to propose a simple model and apply wind loads according to AASHTO specifications 

considering that the signs are not present, and then apply wind loads considering the 

presence of the signs. By comparing analysis results, it could be determined if the presence 
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of the signs produced a significant increase on members strength demand on the elements 

located in the area that experienced plastic lateral deflections, by comparing interaction 

equation results in both cases (without and with signs). 

 
Figure 8.4: Simplified Finite Element Model 

8.2 Analysis Without Signage 

The first model analyzed was assuming no signage was installed in the pedestrian 

bridge, to determine the behavior of the bridge in its neutral state (previous to the 

installation of traffic signs).  
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Regarding wind loads, the LRFD Guide Specification for the Design of Pedestrian 

Bridges (AASHTO, 2009) refers to the AASHTO Standard Specifications for Structural 

Supports for Highway Signs, Luminaries, and Traffic Signals for the calculation of wind 

loads. Therefore, wind loads were calculated according to the LRFD Specifications for 

Structural Supports for Highway Signs, Luminaries, and Traffic Signals, 1st edition (2015), 

with interim revisions of 2017 to 2020. 

Considering a wind gust speed of 135 mph, the computations presented in Figure 8.5 

summarize the computations to obtain the pressure over truss elements, which resulted in 

106.4 psf. 

 
Figure 8.5: Summary of Computations for Wind Pressure over Truss Elements 
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Figure 8.6 presents an image of the resulting lateral deflections due to wind action, 

while Figure 8.7 presents the results of the design check, showing that the interaction 

equation results in most of the elements in the plastic deflected area working at low stress 

demand. 

 
Figure 8.6: Lateral Deflections due to Wind - Without Signs 
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Figure 8.7: Interaction Equation (Strength Demand) Results - Without Signs 

8.3 Analysis with Signage  

The second model that was created was of the pedestrian bridge with the signage 

installed. With this model, the bridge can be analyzed to understand the implications that 

the signage brought to the bridge. Figure 8.8 illustrates the signage that was installed on 

the bridge at the time Hurricane Maria made landfall in Puerto Rico. Figure 8.9 through 

Figure 8.11 illustrate the structure that held the signage in place. From Figure 8.11 it was 

determined that the structure that held the signage in place had 5 vertical beams, and from 

Figure 8.10 it is evident that the beams were attached to the truss vertical channels with U-

bolts in two points. 
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Figure 8.8: Signage Installed at the Pedestrian Bridge 

 
Figure 8.9: Signage Support Structure (1 of 3) 
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Figure 8.10: Signage Support Structure (2 of 3) 

 
Figure 8.11: Signage Support Structure (3 of 3) 
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Since the transportation signs had been removed previous to the moment of 

inspection, the dimensions of the signs were estimated from previous photos as 35-ft wide 

ad 10-ft in height. It was assumed that the distribution of loads to the supporting beams 

was by tributary areas, and that each beam, in turn, distributed half the load to each support. 

To evaluate an overall response, instead of a local response, these support loads were 

applied directly to the top and bottom chord in the connection of the vertical elements to 

the chord. 

Figure 8.12 presents an image of the resulting lateral deflections due to wind action. 

It can be appreciated that the general behavior observed on the bridge, with the plastic 

deformation, is captured. 

 
Figure 8.12: Lateral Deflections due to Wind - With Signs Included 
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Figure 8.13 displays the results of the design check, showing that the interaction 

equation results in most of the elements in the plastic deflected area working with a much 

higher stress demand that the previous analysis. This leads to the conclusion that the 

installation of the signs had an important role in the lateral inelastic deformations. 

 
Figure 8.13: Interaction Equation (Strength Demand) Results - With Signs Included 

8.4 Results analysis 

The simplified FE analysis proposed demonstrated that large signs may impose 

significant overstress in bridge elements, and that the signs should have played a major role 

in the inelastic lateral deflections that the bridge experienced due to Hurricane Maria.  

In addition to the presence of the signs, the resulting inelastic lateral deflections that 

actually occurred in the bridge may have been aggravated by: (a) the presence of many 

corroded elements and connections, (b) the detail of hinge support (explained below), and 

(c) the detail of sign connection to the truss (also explained below). 



 

72 

Figure 8.14 displays that the hinge support plate appeared to have experienced lateral 

deflection, resulting in twisting of the upper beam. This situation may be probably due to 

eccentricity between the lateral load applied by chords on top of the beam and the hinge 

location. Figure 8.15 presents other view of this situation. This condition requires further 

study to assess a proper design and may be an extension of current project. 

 
Figure 8.14: Eccentricity of Pin-Plate and Lateral Load 

 
Figure 8.15: Twisted Pin-Plate and Supporting Beam  
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Due to their layout (see Figure 8.16), sign supports applied significant load to the top 

chord (with lateral bracing trough transverse beams and diagonals) that may be responsible 

of the resulting twisting of the truss panel displayed in Figure 8.17. 

 
Figure 8.16: Location of the Signs Support 

 
Figure 8.17: Twist of the Truss Panel 
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9 Conclusions and Recommendation 

The main conclusions and recommendations of the project are the following: 

• The visual inspection revealed advanced corrosion in almost all components 

of the bridge, that presented loss of section, loose connections, and some 

missing elements.  

• The condition assessment based on the visual inspection resulted in a severe 

condition for all the components evaluated.  

o The bridge would have been probably dismantled despite the inelastic 

lateral deflections. 

o It was also a significantly old bridge (1968), 49 years old at the time 

of Hurricane Maria, probably near its expected service live. 

• The simplified FE analysis performed demonstrated that large signs may 

impose significant overstress in bridge elements. This leads to the conclusion 

that the installation of the signs had an important role in the lateral inelastic 

deformations experienced by the bridge during Hurricane Maria. 

• In addition to the presence of the transportation signs, the resulting inelastic 

lateral deflections that actually occurred in the bridge may have been 

aggravated by: 

o The presence of corroded elements and connections. 

o The details of truss hinge support. 

o The details of sign connection to the bridge elements. 

• Placing signs on existing bridges should be avoided without the proper:  

o Analysis to determine if reinforcement of the structure is required.  
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o Design (and maintenance) of the sign support. 

The analysis and design should be performed according to current codes 

(treated as a retrofit), to assure resilience under current design loads and state 

of the practice. 
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Appendix A – Bridge Drawings 2001  

 
Figure A - 1: Bridge Drawings 2001 – Sheet 1 

 
Figure A - 2: Bridge Drawings 2001 – Sheet 2 
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Figure A - 3: Bridge Drawings 2001 – Sheet 3 

 
Figure A - 4: Bridge Drawings 2001 – Sheet 4 
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Figure A - 5: Bridge Drawings 2001 – Sheet 5 

 
Figure A - 6: Bridge Drawings 2001 – Sheet 6 
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Appendix B - Collection of images of the bridge  

 
Figure B - 1: East side panels from right to left 1, 2 & 3 

 
Figure B - 2: East side panels from right to left 2, 3 & 4 

 
Figure B - 3: East side panels from right to left 3, 4 & 5 
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Figure B - 4: East side panels from right to left 3, 4 & 5 

 
Figure B - 5: East side panels from right to left 6, 7 & 8 

 
Figure B - 6: East side panels from right to left 8, 9 & 10 
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Figure B - 7: East side panels from right to left 9, 10 & 11 

 
Figure B - 8: East side panels from right to left 10, 11 & 12 

 
Figure B - 9: East side panels from right to left 10, 11, 12 & 13 
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Figure B - 10: East side panels from right to left 11, 12, 13 & 14 

 
Figure B - 11: East side panels from right to left 13, 14 & 15 

 
Figure B - 12: East side panels from right to left 16, 17, 18 & 19 
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Figure B - 13: East side panels from right to left 17, 18, 19 & 20 

 
Figure B - 14: West side panels from left to right 1, 2, 3 & 4 

 
Figure B - 15: West side panels from left to right 2, 3, 4 & 5 
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Figure B - 16: West side panels from left to right 4, 5, 6 & 7 

 
Figure B - 17: West side panels from left to right 6, 7, 8 & 9 

 
Figure B - 18: West side panels from left to right 8, 9, 10 & 11 
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Figure B - 19: West side panels from left to right 10, 11, 12 & 13 

 
Figure B - 20: West side panels from left to right 11, 12, 13 & 14 

 
Figure B - 21: West side panels from left to right 13, 14, 15 & 16 
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Figure B - 22: West side panels from left to right 14, 15, 16, 17 & 18 

 
Figure B - 23: West side panels from left to right 17, 18, 19 & 20 

 
Figure B - 24: West side panels from left to right 17, 18, 19 & 20 

  



 

89 

Appendix C – Letter Requesting Bridge Samples 
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