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1. Introduction

Hurricane Maria affected all types of infrastructural systems in Puerto Rico, including the
transportation infrastructure. This project focused on gathering information on the collapse of

roadway bridges in Puerto Rico due to Hurricane Maria.

1.1. Background

In the last 50 years, five hurricanes have made landfall in Puerto Rico: Hugo in 1999, which
first made landfall in the municipal island of Vieques as a category 4 hurricane, and then made
another landfall in Puerto Rico’s northeastern corner as a category 3; Hortense in 1996, as a
category 1; Georges in 1998, as a category 3; Irene in 2011, which landed as a tropical storm, but
turn into a category 1 hurricane before leaving the island; and Maria in 2017, which landed as
category 4, very close to being a category 5 (NOAA, n.d.). No hurricane made landfall in Puerto
Rico from 1957 to 1988, but from 1900 to 1956, six hurricanes did make landfall (NOAA, n.d.).
Therefore, every hurricane season, Puerto Rico is at constant risk of being hit by a hurricane.
Sooner or later, another hurricane will make landfall in Puerto Rico.

A hurricane that did not make landfall in Puerto Rico was Irma in 2017. On September 6 and
7, this hurricane passed north of Puerto Rico as a category 5, as shown in Figure 1-1. Irma produced
tropical storm winds and 10 to 15 inches of rainfall in Puerto Rico (Cangialosi, Latto, & Berg,
2021). Although it did not make landfall in Puerto Rico, Irma caused a near-total loss of electricity
and water supply for several days, minor damages to home and businesses, with some weaker
structures collapsing in the Puerto Rico mainland, and several homes destroyed in the municipal
island of Culebra (Cangialosi, Latto, & Berg, 2021).

While the island was still recovering from the effects of Hurricane Irma, Hurricane Maria

made landfall on September 20, 2017, as a strong category 4 hurricane with sustained winds of



155 mph (Pasch, Penny, & Berg, 2019). As shown in Figure 1-2, the hurricane crossed the main
island of Puerto Rico from the southeast to the northwest, leaving as a category 3 hurricane with
sustained winds of 110 mph. Besides the strong winds, the hurricane brought heavy rains, reaching
40 inches of rainfall in 48 hours (NWS, 2017). The rain caused severe flooding in several parts of
the island that were furthered exacerbated in coastal regions due to the storm surge. The hurricane
also caused a large quantity of landslides with a large concentration on the center of the island,
where the topography presents higher elevations (NWS, 2017). The effects of Maria were probably

intensified due to saturated soils and increased stream flows caused by Irma.

British\Virgin
Islands
Puerto Rico
Virgin Islands
Figure 1-1: Trajectory of Hurricane Irma near Puerto Rico (NOAA, n.d.)
ld
British Virgin
Islands

Puerto Rico

Virgin Islands

Figure 1-2: Trajectory of Hurricane Maria through Puerto Rico (NOAA, n.d.)
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Hurricane Maria affected the different infrastructural systems of Puerto Rico, especially the
energy and transportation infrastructures. Among the impacts to the transportation infrastructure
were landslides affecting roadways, some bridges collapsing, and the failure of different types of
traffic signals, signs, and luminaires. This study focused on the motor vehicle bridges (i.e.,
roadway bridges) that collapsed or suffered major structural damage in Puerto Rico due to

Hurricane Maria.

1.2. Project Objectives
The objectives of this project were to:
e Collect, gather, and compile documented findings by diverse sources of the collapsed
bridges due to Hurricane Maria.
e Develop a common access repository of reports and multi-media multi-source

information of collapsed bridges as tool for further studies.

1.3. Methodology

In January 2019, personnel from the Puerto Rico Highway and Transportation Authority
(PRHTA) provided an Excel spreadsheet which contained the inventory of bridges of the territory,
indicating for each bridge a summary of the findings of the inspections. This inventory listed 1769
bridges, of which 24 bridges were unofficially identified to have collapsed due to Hurricane Maria.
PRHTA also provided pdf copies of the reports of the bridge inspections conducted after Hurricane
Maria.

Afterwards, PRHTA provided furthered information on the 24 bridges including pdf copies
of inspection reports conducted before Hurricane Maria, digital photographs taken during

inspections conducted before and after Maria, and pdf copies of reports of inspections conducted



by personnel of the Federal Highway Administration, when available. For each of the 24 bridges,

a digital folder was prepared and filled with the information provided by PRHTA.

Later, research team members started searching the internet for photos and videos from social

media posts and news reports about the collapse bridges in Puerto Rico during Hurricane Maria.

The found photos and videos were added to the corresponding bridge’s digital folder. During this

process, other bridges that were not in the PRHTA inventory were identified and available media

was collected and organized to later evaluate if these bridges should in fact be considered as having

collapsed due to Hurricane Maria.

As the collected media was organized, the 24 bridges initially identified as collapsed were

re-evaluated and re-organized as follows:

Collapsed bridges — This category includes bridges that had a complete or partial
collapse of its deck, as well as bridges for which there was a danger of imminent
collapse due to either severe structural damage or to severe deformations. From the
original list, 18 bridges were placed into this category. Afterwards, a bridge that was
not in the list of 24 was added to this category, for a total of 19 collapsed bridges.
Bridges with collapsed approach roadway — Two bridges were placed into this
category. In these two cases it was found that one of the roadways approaching the
bridge had collapsed, giving the impression of bridge collapse. In this research it was
found that several other bridges in the PRHTA inventory had also experienced
approach roadway collapse, but they were not confused with bridge collapse.
Bridges not in inventory — Two bridges that were not in the PRHTA inventory prior
to Hurricane Maria were placed into this category. This was done because it was not

entirely clear what was the bridge’s condition prior to the hurricane. It was later



found in this research that there were other bridges not in the inventory that
collapsed.

e Misreported bridges — Two of the bridges were found to have been misreported as
having collapsed: Bridges 1683 in the municipality of Utuado and Bridge 2869 in
the municipality Patillas. In the case of Bridge 1683, it’s a small structure that had
water flowing on top of it at the time it was inspected after Hurricane Maria. It may
be possible that the inspector was not familiar with this bridge and confused its
condition with a collapse, but later inspections shown that the bridge suffered minor
damages. In the case of Bridge 2869, it appears to have been listed as collapsed due
to human error, as the bridge was reported to be in good condition after Hurricane
Maria.

Finally, it was decided that this report itself would be the common access repository. Some

general conclusions and recommendations were developed to complete this report.

1.4. Report organization

Chapters 2 presents the 19 bridges that collapsed or had severe structural damages due to
Hurricane Maria and that were in the PRHTA inventory prior to the storm. Chapter 3 presents
three bridges that had an approach roadway collapse. Chapter 4 presents four bridges that were not
in the PRHTA inventory prior to Hurricane Maria and that might have collapsed due to the storm.
Chapter 5 presents other cases of bridges that do not fall into the four categories listed in the
previous section, but that had situations that may be of interest to the reader. Finally, Chapter 7
presents the conclusions and recommendations.

Chapters 2, 3 and 4 start with an introduction that included a table of the bridges that are

include in said chapter. After this introduction, each bridge listed in the table is dedicated a section.



Very few words are written in the sections dedicated to the individual bridges for the following
reasons:
e In accordance with the objectives of this project, the information was gathered and
offered for furthered evaluation by the reader.
e The description of the documents, photos and videos presented would become
repetitive.

Almost all the figures and videos in this report were either provided by PRHTA or obtained
from the internet, except for some of the photographs of Bridge 3053, which were taken by one of
the authors. For all the photos and videos, the authors have identified the source. When photos and
videos were obtained from the internet, the URL where it was found is provided right below where
the photo or video is presented. This was opted over doing a traditional references list, which
would have become quite extensive. Still, a traditional list of references cited for other information

that was not in the form of photos or videos is provided at the end of the report.



2. Collapsed bridges

In this chapter, the bridges were categorized as having collapsed due to the direct effects of
Hurricane Maria are presented. In the collapsed bridge category were included bridges that had a
complete or partial collapse of its deck due to the effects of Hurricane Maria. Also included were
bridges for which there was a danger of imminent collapse due to either severe structural damage
or to severe deformations.

For a bridge to be included in this category, it had to have been in the PRHTA inventory
prior to the landfall of Hurricane Maria in Puerto Rico. The reasoning behind this is that bridges
not in the inventory were not regularly inspected before Maria, so it is not clear what was their
condition prior to the event. A bridge not in the PRHTA inventory might have been severely
damaged before Hurricane Maria caused its collapse.

The list of collapsed bridges is presented in Table 2-1. It includes a total of 19 bridges; 18
were originally listed as having collapsed in the PRHTA inventory, with Bridge 1714 being added
due to the damage description offered in the report of the inspection conducted by Hurricane Maria.

Each of the 19 collapsed bridges is dedicated a section in this chapter. Each section has the
following subsections:

e General Information — Includes a table copied from BrideReports.com which
includes the bridges basic information. This is followed by another table with other
relevant data extracted from the PRHTA inventory. Finally, copies of drawings of
the bridges are included. These drawings were included in bridge inspection reports
from which they were extracted.

e Inspection before Hurricane Maria — Presents copies of the report of the last

inspection conducted before the landfall of Maria. In some cases, the report was not



available, so the previous report was included. When this happened, it is noted in the
section. Also, reports of bridges that were additionally inspected due to Hurricane
Irma are included.

Images before Hurricane Maria — Includes a satellite image of the bridge extracted
from Google Earth Pro, plus a series of photographs from an inspection conducted
prior to Hurricane Maria. This is offered so the reader can visualize the bridge before
it was damaged by the Hurricane.

Streamflow — This subsection is offered only for bridges that crossed over a stream
that is monitored by the United States Geological Survey (USGS). For streams with
more than one monitoring location, the closest to the bridge was selected. When
available, this section includes a table with the yearly peak flow from 2010 to 2017,
as obtained from the USGS National Water Dashboard

(https://dashboard.waterdata.usgs.gov). The purpose is to offer the reader an idea of

the effect that Maria had on streamflows that may have contributed to the collapse of
bridges.

Inspection after Hurricane Maria — Offers images of the report of the inspection
conducted after Hurricane Maria. In some cases, more than one inspection report was
available and therefore included. Some bridges appear to have been inspected twice
by PRHTA personnel, while for some bridges, an inspection report by FHWA was
made available.

Images after Hurricane Maria — This subsection typically starts with a satellite image
extracted from NOAA Hurricane Maria Imagery website

(https://storms.ngs.noaa.gov/storms/maria/index.html#7/18.056/-64.824), if the



https://dashboard.waterdata.usgs.gov/
https://storms.ngs.noaa.gov/storms/maria/index.html#7/18.056/-64.824

bridge location was properly photographed. This is followed by a satellite image of
the bridge extracted from NOAA Google Earth Pro. The section may also contain
photographs taken by PRHTA bridge inspector, and photos found on the internet. For
photos obtained from the internet, the URL in which they were found is provided.

e Videos after Hurricane Maria — Includes online videos that present images of the
collapsed bridge. When this subsection is not present, it means that no online videos
were found. YouTube videos will play directly from the electronic document, but
clicking on other videos will take the reader to the website where the video is located.
For all videos, the URL in which they were found is provided.

e Temporary replacement / Repaired bridge / Reconstructed bridge — Shows one of
more photos of the structure that was used to replace the collapse bridge, or the
repaired bridge, or the reconstructed bridge, according to the case. In most cases, the
collapsed bridges were replaced with temporary modular steel bridges.

Very few words are written in the sections dedicated to the individual bridges because, in
accordance with the objectives of this project, the information was gathered and is offered for
furthered evaluation by the reader. Additionally, the description of the documents, photos and
videos presented would become repetitive.

The reader will notice that for some bridges there are few images, while for others there is
an abundance of imagery. The main reason for this may be the bridge’s location. Collapsed bridges
closest to larger population and on state roadways were probably photographed more than bridges

in more remote locations.



Table 2-1: Bridges that collapsed due to Hurricane Maria

ID Municipality Name Coordinates

) . 18°15'35.45"N
505 Utuado PR-603 over Grande de Arecibo River 62042,333;.\/\}
, ) _ 18°20'17.83"N,
653 Candvanas PR-957 over Candvanas River 6?“52’18.33"W
. ) 18°21'35.20"N
679 Moca PR-404 over Culebrinas River 63“05’33.0(7)”V\}
769 Mayaglez PR-354 over Cafias River éi:é;:é:g;:u}
1125 Yauco Off PR-372 over Duey River éi“giég;?”\l}l\}
1130 Ciales PR-145 over Grande de Manati River éiég,g:jﬁ,.\%
. - 18°23'03.93"N,
1199 Arecibo PR-623 over Tanama River 6§°4§'22.(9)3"W
1355 Adjuntas Off PR-123 @ 46.2 over Grande de Arecibo River éi:g:iéz;\%
1453 Caguas Marginal Street over Bairoa River éi:;;gﬁzz:u}
. . 18°18'21.43"N,
1462 Morovis PR-567 over Grande de Manati River 6§°22’15.7§"W
1499 Utuado Rural Local Road over Grande de Arecibo River éiﬂlligiiéll”\l;l\;
1698 Corozal Felix Avenue over Corozal River éijg'igg“\%
1714 San German Off PR 330 over Duey River éiogi,igié,.\%
, , 18°06'58.76"N,
1728 San German PR-358 over Hoconuco River 6§°8§'§§).6S"W
- 18°21'32.08"N,
1733 | San Sebastian PR-111 over El Salto Creek 6§°02§0.2§"W
, N 18°23'31.58"N
1917 Arecibo PR-627 over Grande de Arecibo River 6204;,29;;\/\;
1962 Villalba PR-151 over Jacaguas River éi:g;ggg;:\%
, N 18°09'21.56"N
2574 Maricao Off PR-428 over Prieto River 62022,22;2,.\/\}
2842 Juana Diaz Local Road over Guayo River 18°0503.32°N,

66°32'21.57"W

10




2.1. Bridge 505

" :

A —
(Extracted from Figure 2-20)
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2.1.1. General information

Table 2-2: Bridge 505 general information from BridgeReports.com

Name

PR 603 over GRANDE DE ARECIBO RIVER

Structure number

005051

Location

0.07 Km FROM INT PR 10

Purpose

Carries highway over waterway

Route classification

Local (Urban)

Length of largest span 33.1ft
Total length 144 .4 ft
Roadway width between curbs 19.7 ft
Deck width edge-to-edge 23.3 ft

Owner

City of Municipal Highway Agency

Year built

1947

Historic significance

Bridge is not eligible for the National Register of Historic

Places.
Number of main spans 12
Main spans material Concrete
Main spans design Slab

Deck type

Concrete Cast-in-Place

Wearing surface

Monolithic Concrete (concurrently placed with structural
deck)

12




Table 2-3: Bridge 505 general information from the PRHTA

ID 505
Highway PR 603
Municipality Utuado
Year Built 1947
Functionality Urban-local
Lanes 2
ADT 7200

Maintenance

State Highway Agency

Owner State Highway Agency
Up Service Highway
Down Service Waterway
Width 7.1m
Length 44 m
Spans 12
Under clearance 0
Material Concrete
Design Slab
Scour Critical 4
Inspection Frequency 6 months
Approach Roadway Width 6.7 m
Bypass length 199 km
NBI Rating 1
NHS 0
Area 312.4 m?

13
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2.1.2. Inspection before Hurricane Maria

BRIDGE: 505
TEAM LEADER:

BRIDGE EVALUATOR: Mayra |. Zayas

INSPECTION REPORT SUMMARY & QC SHEET

Carlos M. Garcia

Other Checks (Y, N, NA)

.~ Seour Critical (items 113 & 60)
_~ AASHTO Core's& NBI CD consistent
= _Smart Flags (scour, steel plate
fire damage, etc)
7 _Channel Profile/Clearance Table
. FC & Underwater Members Tables
__Asphalt Overlay Thickness
= Drawings
_= Photos
- Critical Finding
_— Inspector & Team Leader Signature

Y ; S /zﬁq
Reviewer: i - ' ;’ﬂ/ i
-~/
K [1&&

i
g

I

Safery Eng.:

Review Comments:

INSPECTIOMN DATE: JULY 27,2017
1. Inspection Type and Dates: B
Performed? Freq Previous Insp.DATE MNext Insp. DATE
NEI Type (¥es / Mo f NA) (MONTHS) [MONTH/YEAR] {MONTH/YEAR)
| ITEM90 | Routine Inspection | YES 6 1/201F 1/2018
ITEM 93 A | FC Inspection N B
ITEM 93 B | Underwater Insp. M |
ITEM 93 C | Other: Sl Pl {es 4 1{;’ 28] F 1 ‘/’ 221% |
2. NBI Condition Rating Summary & Field Review of Bridge Posting: _
1 Itermn 58 | Item 59 | Item60 | Item61 | Item 62 | Item 113 | Itemn 41 |
| Previous Inspection | 5 ‘ 5 5 4 4 4 P
| Current Inspection 5 5 3 3 I | P

*BASED ON LRST ITEM41=P ITEME4 86=27 16.70

{ETONS)

Figure 2-3: Bridge 505 inspection summary of July 27, 2017 (source: PRHTA)
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0505 juby-27-2017 (8).PG 0505 july-27-2017 (11)JPG

0505 judy-27-2017 (16).JPG

0505 july-27-2017 (1).JPG 0505 july-27-2017 (4).JPG 0505 july-27-2017 (6).0PG

Figure 2-4: Bridge 505 inspection photos of July 27, 2017 (source: PRHTA)
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2.1.3. Images before Hurricane Maria

Image © 2022 Maxar Technologies

Google Earth

Imagery, Date: 2/21/2017 18215!37.08" N 66°943'19.86" W elev 0 ft eye alt 634 ft
Figure 2-5: Bridge 505 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figre 2-6: Bridge 505 photo from January 31, 2017 inspection (source: PRHTA)
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Figure 2-7: Bridge 505 photo from January 31, 2017 inspection (source: PRHTA)
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Figure 2-8: Bridge 505 photo from January 31, 2017 inspection (source: PRHTA)
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ction (source: PRHTA)

Figure 2-10: Bridge 505 photo from January 31, 2017 inspe
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2.1.4. Streamflow

Table 2-4: Peak streamflow at Grande de Arecibo River Above Utuado monitoring station (source: USGS)

Year Date Gage Height (ft) Streamflow (cfs)
2010 2010-04-23 12.79 15,200
2011 2011-09-13 13.78 18,500
2012 2012-07-08 10.14 8,130
2013 2013-06-25 12.00 12,900
2014 2014-08-24 13.38 17,100
2015 2015-05-27 9.50 6,710
2016 2016-09-21 10.51 8,970
2017 2017-09-20 20.33 44,700

24




2.1.5. Inspections after Hurricane Maria

[

Fh-

DETAILED DAMAGE INSPECTION REPORT
US Dopxs rrenct
of ¥ornpxriation . o Sheet
Pt s (Title 23, Federal-aid Highways) i o 1
Location (Name of Road and Milepost) FHWA Disaster Number
PR-603, ¥m. 0.1 - Municipio de Utuado
Inspection Dete
4 de octubre d= 2017
Description of Damage Federal-oid Route Number
Clerre de puente en Km. 0.1 de la carvetera PR-603.
[ State Country
Fuerto Rico Utuado
Cost Estimate
Description of Work to Date Cost
Unit it Price
{Equipment, Labor, and Materials) o o Completed R ining
Mobilization LE § 25,78 100.00 $ 2,578.00
Construction Signs SqM $275.00 20.00 $ 5,500,00
Drums Each $100.00 10.90 S 1,000,00
« |Temporary Concrete Barrier LnM $16C.00 60.00 § 9,600.00
ﬁ' Reflective Raised Pavement Markers Each $ 8.00 i210.00 $§ 5,680.00
o«
[
c
[
2
]
&
Method Subtotal $ 28 ,31%8.00
Dlocnl Forces [:] State Forces D Contract PE/CE
Emergency Repalr Total $ 28,358.00
5 -
s -
S .
5 -
§ —
2 5 -
: :
€
4
£
g
Method Subtotal | 3 -
Dtocal Forces D State Forces D Controct PE/CE
Right-of-Way
Perm, Repoir Totals L
Environmental Assessment Recommendation
DCateaoﬂcd Exclusion DEA/EB Estimated Total] : 28 =50 oo
Recommendation [ \ FHWA In«ll Date r
(] egivte [RAnetigivie FE11A | v o245 /VE
Concurrence : State Date
e =l 16 l/re
Concurrence Local Agegly Representative Date
e [w
Form FHWA-1547 (Rev. 4-98) This form was electronically produced by Elite Federal Forms, Inc.,

PICTURE (FOTO)

,o"'ﬁ

Figure 2-11
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: Bridge 505 inspection report from October 4, 2017 (source: FHWA)
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Figure 2-12: Bridge 505 photo from Octoer 4, 2017 inspecion (source: FHWA)
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SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

BRIDGEID: 505 MunicieAuTY: _ Udyads

DATE: 10 13 113 TIME: | 0§ pm_ EVALUATOR NAME: W [{recle IZQA,,'j,,

Camen Jiméner

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY);
[[] FLow DISCHARGE (] RAINFALL PER UNIT OF TIME [] waTER sTAGE

[[] FLOOD FORECAST/WARNING  [] BRIDGE-REFERENCED ELEVATION OTHER

TRIGGER (FOR CHECKED EVENT): Hn/ caag Nlorla

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:
[3d visuaL (] nsTRUMENT:

OBSERVATION AND/OR MEASUREMENT:

ACTION REQUIRED (PROVIDE COMMENTS):
[[] NO FURTHER ACTION  [] FURTHER INSPECTION REQUESTED [ ;) EMERGENCY CLOSURE

COMMENTS: _The bcég was o lad.

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-13: Bridge 505 inspection report from October 12, 2017 (source: PRHTA)
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Figure 2-14: Bridge 505 photos from October 12, 2017 inspection (source: PRHTA)
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- DETAILED DAMAGE INSPECTION REPORT R
o Tiwapanaicn
froisiitpey (Title 23, Federal-aid Highways) 1 9 2
Locotion (Nevre of Ased end Miepoit FHWA Dicarrer Nuvsowr
Bridge No. 505, #R-601 st Km Q.07, Meniopality of Utuado
Lspecton Daty
Octaber 30, 2017
Tion of Deveepe Federahald Foate Mamber
idge Mo 505 is 2 krw Bridge serh dammages cavead by Harmicans Maris on Sepuamiser 20, 2217 Currages sere cacved by (he B
hirande de Arecibe Macd g
o 1nsz¥1 5 Srghe 393 Pre-fabricatad Modular Yot Bridge 187 fength with LE"of roadwiy 53ppaned on corcrete Sactng pods Sreee Country
Cost Estimate
Description of Wevk to Dote Coat
{Equy Lobor, aed ) g Yk P = Completed Remahnisg
151-001) Mobiirakon W% S $750.00 100 5 75,000 00
. 2024001} Removal of Structure and Obatruction S $1,500.00 100 S 150,000.00
cec. 206-001) Unclissifed Excavation for Structure Tt $52%.00 134 $ 4,600 .00
pez. 210-004) Straw Eales Each $12.00 0 $ 60000
. 210-007] Sit Fencas i 5800 0 $ 24000
. 210-011} Fioating Turbidey Barrmr i 285.00 150 5 127900
po<. 301.002) Scbbase Course (A-24) Cu $20.00 200 ) 4,000.00
e, 304-002) Aquregate Base Course Class A CuM $50.00 " $ 4,000.00
pec, ADL-032| Hen Mant Bramincus Paverant S{73)(12) Ton $130.00 180 $ 20.820.00
pac. 401-034) Mot Mant BEwmincus Pavement BS) 34} Ton $130.00 200 5 26.000.00
. 403-001 Cobd Miting Bituminous Concrete Pavement CuM £12000 24 s 2.380.00
pec. €05-008) 0235 D" Comcrese CuM $300.00 100 5 30,000.00
pec. €02-008} Reinforcing Steed Pound $2.00 1500 £3.,000.00
L $12000 100 > 12,000.02
oM 540000 110 S 44,00000
Atonth £3,000.00 3 9,00000
Each 520000 2 $ 40000
Ench S200.00 2 5 40000
LnM $10.00 150 5 3,200.00
SqM $210.00 15 5 3,150.00
Each $60.00 20 5 1,200.00
o, 635-030) Temporary Concrete Barrier M 550,00 110 5 $,500.00
L 640-017) Aeflective s Puvemnant Marker One Way, Any Cd  Each 510.00 16 $ 160 00
. 828-151) Alowance for PRASA FA $100.00 100 $ 10,000.00
2. 951-016] Viahiulsr Modulse Steel Drcige Imtabation (Maubng, | 1S $1,050.00 100 $ 205,000.00
BNSpec. 961.017) of Launching Nose and Compy LS $150.00 100 S 15,000.00
Subdotal $ 62,550 .00
L_Jtocal parces |_Jsroterorces || conwrazt pejcs
Emergency Repak Todal | § 763,680.20
Mokization 3% LS $210,700.00 1 210,700.00
Femacement of Extig Brieer SaM | 33.000.00 572 2,016,000.00
d o Edsting - ) LS $91.000 00 1 2100000
3
&
s -
< -
- s =
& x
Method sabtotal| §_ 2,317,700.00
[rocst raees [ seeroces  [3X] controce PEACE
Right-of-Wey
Perm. Repair Torals
[eategoricor exctusion [Jeass Estimated Totol| $ 3,080,580,00
W FHWA Engineer | $
| State Date
v s Al EAN:
Loca] Agescy Nezreventatlr | Date
[Jves [

Form FHWA-1547 (Rev. 4-38)
Figure 2-15: Bridge 505 inspection report f
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This bzerm was whoctron iy produced by ETne Fedenl Farmes, Iec

rom October 30, 2017 (source: PRHTA)



Collapsed Low Bridge from North Abutment Upstream
Figure 2-16: Bridge 505 photos from October 12, 2017 inspection (source: PRHTA)

30



2.1.6. Images after Hurricane Maria

’

Figure 2-17: Bridge 505 satellite image after Hurricane Maria (source: NOAA)
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- ¢
[Magerei2022 Maxar Technologies v “olly - I — -
& Google Earth

ImagenylDate:11/3/2017  18°15;36:14% NI 66243'21.51* W/ elev. [ 0ift'" eyeialt 634 ft
Figure 2-18: Bridge 505 satellite after Hurricane Maria (source: Google Earth Pro)
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o

Htp4s'://flic.kr/p/224nSiA

Figure 2-19: Social media image of collapsed Bridge 505 (source: Julia Maldonado)
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https://flic.kr/p/224nSiA

https://flic.kr/p/2273iVP

Figure 2-20: Social media image of collapsed Bridge 505 (source: Julia Maldonado)
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https://flic.kr/p/2273iVP

https://flic. r/p/224nShRj

Figure 2-21: Social media image of collapsed Bridge 505 (source: Julia Maldonado)
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https://flic.kr/p/224nSRj

https://robertleeread.medium.com/a-day-in-post-maria-utuado-puerto-rico-5877edd49504

Figure 2-22: Social media image of collapsed Bridge 505 (source: Robert L. Read)
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https://robertleeread.medium.com/a-day-in-post-maria-utuado-puerto-rico-5877edd49504

2.1.7. Temporary replacement

37



2.2. Bridge 653

(Extracted from Figure 2-39)

38



2.2.1. General information

Table 2-5: Bridge 653 general information from BridgeReports.com

Name

PR 957 over CANOVANAS RIVER

Structure number

006531

Location

5 KM SOUTH OF CANOVANAS

Purpose

Carries highway over waterway

Route classification

Minor Collector (Rural)

Length of largest span 41.7 ft
Total length 94.8 ft
Roadway width between curbs 19.7 ft
Deck width edge-to-edge 21.7 ft

Owner

State Highway Agency

Year built

1953

Historic significance

Bridge is not eligible for the National Register of Historic
Places

Number of main spans

3

Main spans material

Concrete Continuous

Main spans design

Slab

Deck type

Concrete Cast-in-Place

Wearing surface

Bituminous
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Table 2-6: Bridge 653 general information from the PRHTA

ID 653
Highway PR-957 km 0.1
Municipality Candvanas
Year Built 1953

Functionality

Rural-minor collector

Lanes

ADT

1400

Maintenance

State Highway Agency

Owner State Highway Agency
Up Service highway
Down Service waterway
Width 6.6 m
Length 289 m
Spans 3
Under clearance 0

Material Concrete Continuous
Design Slab
Scour Critical 3
Inspection Frequency 24 months
Approach Roadway Width 6 m
Bypass length 12 km
NBI Rating 2
NHS 0
Area 190.74 m?
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2.2.2. Inspection before Hurricane Maria

INSPECTION REPORT SUMMARY & QC SHEET

smoss(k[) 5 ;_33 :
TEAM LEADER: Mayra |. Zayas Rodriguez/ /'? T l 3 f) €2

INSP.DATE: ], | 12 201

1. Inspection Type and Dates:

Performed? Freq Previous Insp. DATE Next Insp. DATE
NBI Type (Yes /No/NA) | [MONTHS) (MONTH/YEAR) (MONTH/YEAR) |

ITEM 90 Routine Inspection \/('S *-:)4 *j{’(‘[ - Do 4 :-lﬂv t2: 2018 _

.

|

| ITEMS3 A FC Inspection 7~ /

ITEM93B | underwater Insp. 7\/ B
ITEMS3C Other: 7\‘.
2. NBI Condition Rating Summary:
Item58 | Item59 |item60 |Item61 | Item62 & Item 113 :
Previous Inspection 5 5 (p | 5 ~N j ‘
' Current Inspection 5 B 5 (ﬁg l 5 ]\1 5 - J
Other Checks: (Y, N, NA) Review Comments:

_ Scour Critical (tems 113 & 60)
- AASHTO Core's & NBI CD consistent
~ Smart Flags (scour, steel plate,
fire damage, etc)
_ Channel Profile/Clearance Table
. FC & Underwater Members Tables
_ Asphalt Overlay Thickness
_ Drawings
_ Photos
__ Critical Finding
_ Inspector & Team Leader Signature

I p) ’
— 7.

Reviewer:

Safety Eng.: ‘ : y

Figure 2-25: Bridge 653 inspection summary of July 12, 2016 (source: PRHTA)
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0653-jul-12-2016-006.jpg

0653-jul-12-2016-010jpg

0653-jul-12-2016-001.jpg

0653-jul-12-2016-002jpg 0653-jul-12-2016-005 jpg

e, sy pr BT

0653-jul-12-2016-012pg 0653-jul-12-2016-017jog

Figure 2-26: Bridge 653 inspection photos of July 12, 2016 (source: PRHTA)
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2.2.3. Images before Hurricane Maria

Google Earth

Imagery Date: 5/11/2017  18°20'17.67" N 65°53'16.67"W elev 0ft eyealt 718ft
Figure 2-27: Bridge 653 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 2-28: Bridge 65§ phoo from July 12, 2016 ispection (source: PRHTA)
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‘Fiure 2-29: Bridge 653 photo from July12, 2016 inspection (surce: RHTA)

46



47



Figure 2-31: Bridge 653 photo from July 12, 2016 inspection (source: PRHTA)
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Figure 2-32: Bridge 653 photo from July 12, 2016 inspection (source: PRHTA)
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2.2.4. Streamflow

Table 2-7: Peak streamflow at Candvanas River Near Campo Rico monitoring station (source: USGS)

Year Date Gage Height (ft) Streamflow (cfs)
2010 2010-05-17 8.77 2,910
2011 2011-08-23 13.06 9,120
2012 2011-12-10 9.18 3,360
2013 2013-07-18 9.59 3,860
2014 2013-11-22 6.64 1,140
2015 2014-12-16 7.76 1,960
2016 2016-04-25 5.73 681

2017 2017-09-20 17.33 15,100
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2.2.5. Inspections after Hurricane Maria

FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

y i 6 /
BRIDGEID'o 6 53 MUNICIPALITY: (L Aag Vanr <

DATE: OM 7 TIME: /Z 00F H EVALUATOR NAME: [} /M/L lén 5"/,».,

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[] FLOW DISCHARGE [ ] RAINFALLPERUNITOFTIME ~ [] WATER STAGE
0

[ ] FLOOD FORECAST/WARNING [ BRIDGE-REFERENCED ELEVATION THER

: /
TRIGGER (FOR CHECKED EVENT): /44// Vi /%/ R

EVALUATION SUMMARY AND RECOMMENDATIONS

MQNITORING TYPE:
VISUAL [] INSTRUMENT:

OBSERVATION AND/OR MEASUREMENT: 0"@ SP4) of br Ié 0 f'«»/épm/,
J//r/(%v/l’/ /(m(ﬂl:) /(/"’r"\)/':} arl Vﬂ/%ﬁé/(

ACFION REQUIRED (PROVIDE COMMENTS):
NO FURTHER ACTION E] FURTHER INSPECTION REQUESTED D EMERGENCY CLOSURE

COMMENTS: *ﬁ‘/ﬂ/ﬂb é/v(r/u (’J//l’p)é’,/ u/ /(pa/f&’,_/ /0 (/105
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INCLU#E PHOTOS IN A SEPARATE SHEET

Figure 2-33: Bridge 653 inspection report from September 25, 2017 (source: PRHTA)
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Figure 2-34: Bridge 653 photos from September 25, 2017 inspection (source: PRHTA)
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Figure 2-35: Bridge 653 inspection report from October 4, 2017 (source: FHWA)
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PR-957-E-01

Figure 2-36: Bridge 653 photos from October4, 2017 inspection (source: FHWA)
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2.2.6. Images after Hurricane Maria

Figure 2-37: Bridge 653 satellite image after Hurricane Maria (source: NOAA)
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22 Maxarsliechnologies

Google Earth

Imagery Date: 10/31/2017  18°20:17.13" N 65°53'19.28" W elev 0ft eyealt 718ft
Figure 2-38: Bridge 653 satellite after Hurricane Maria (source: Google Earth Pro)
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https://twitter.com/leydaisabel3/status/910593673229946880

Figure 2-39: Social media image of collapsed Bridge 653 (source: L. Anqueira)
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https://twitter.com/leydaisabel3/status/910593673229946880

2.2.7. Videos after Hurricane Maria

https://youtu.be/ehDtoP3yLv0

Video 2-1: Social media video of collapsed Bridge 653 (source: Love Me)

58


https://youtu.be/ehDtoP3yLv0
https://www.youtube.com/embed/ehDtoP3yLv0?feature=oembed

https://youtu.be/3ESDnXjUZvw?t=140

Video 2-2: Drone video of damages in Candvanas including Bridge 653 (source: Radazone)
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https://youtu.be/3ESDnXjUZvw?t=140
https://www.youtube.com/embed/3ESDnXjUZvw?start=140&feature=oembed

2.2.8. Temporary replacement

g ¥ ~

http://www.presenciapr.com/wp-content/uploads/2018/02/palma-sola-010218.jpg

Figure 2-40: Bridge 653 replacement (source: Presencia)
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http://www.presenciapr.com/wp-content/uploads/2018/02/palma-sola-010218.jpg

2.3. Bridge 679

(Extracted from Figure 2-56)




2.3.1. General information

Table 2-8: Bridge 679 general information from BridgeReports.com

Name

PR 404 over CULEBRINAS RIVER

Structure number

006791

Location

3.5 KM SOUTHEAST OF MOCA

Purpose

Carries highway and pedestrian walkway over waterway

Route classification

Local (Rural)

Length of largest span 56.8 ft
Total length 212.0 ft
Roadway width between curbs 19.7 ft
Deck width edge-to-edge 28.9 ft

Owner

State Highway Agency

Year built

1953

Historic significance

Bridge is not eligible for the National Register of Historic
Places

Number of main spans

4

Main spans material

Concrete continuous

Main spans design

Tee beam

Deck type

Concrete Cast-in-Place

Wearing surface

Monolithic Concrete (concurrently placed structural deck)
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Table 2-9: Bridge 679 general information from the PRHTA

ID 679
Highway PR-404
Municipality Moca
Year Built 1953
Functionality Rural-local
Lanes 2
ADT 600
Maintenance State Highway Agency
Owner State Highway Agency
Up Service Highway-pedestrian
Down Service waterway
Width 8.8 m
Length 64.6 m
Spans 4
Under clearance 0

Material Concrete continuous
Design Tee beam
Scour Critical 4
Inspection Frequency 12 months
Approach Roadway Width 95m
Bypass length 11 km
NBI Rating 2
NHS 0
Area 568.48 m?
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Figure 2-41: Bridge 679 drawings (source: PRHTA)
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2.3.2. Inspection before Hurricane Maria

sringey) ( 14

TEAM LEADER: Mayra |. Zayas Rodriguez

1. Inspection Type and Dates:

INSP.DATE:  ({ /W,L /5, 20/

INSPECTION REPORT SUMMARY & QC SHEET

Performed? Freq Previous Insp. DATE Next Insp. DATE

NBI Type (Yes / No / NA) {MONTHS) (MONTH/YEAR) (MONTH/YEAR)
ITEM 90 Routine Inspection \(:_() / cl 'j’(/( f 3 ') "ZS (;QZ_/S:M&{LZ
ITEM 93 A | FC Inspection l
ITEMS3B | underwaterInsp. | )
ITEM93C | Other: ,%‘ » /‘;2 /{[{/_5 205 Q‘” 5. 2017
2. NBI Condition Rating Summary: - S

Item58 | Item59 | ItemB0 |Item6l | Item62 | Item 113
Previous Inspection 5 f) \5— \3 U '\}L
Current Inspection 5 -.5 f - //\/ 17/

Other Checks: (Y, N, NA)

2 Scour Critical (items 113 & 60)
_ AASHTO Core's & NBI CD consistent
- Smart Flags (scour, steel plate,
fire damage, etc)
_ Channel Profile/Clearance Table
~ FC & Underwater Members Tables
~ Asphait Overlay Thickness
- Drawings
~ Photos
- Critical Finding
/_Inspector & Team Leader Signature

) 3 ” ’ ,’
NS Y4
Reviewer: / y. V&
:‘,‘ = 2
= Y N2
Safety Eng.: / y R 4

Review Comments:

Figure 2-42: Bridge 679 inspection summary of April 15, 2016 (source: PRHTA)
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0679 apr-15-2016 (1)JPG 0679 apr-15-2016 {2)JPG 0679 apr-15-2016 (13).PG

0679 ape-15-2016 (16).JPG D579 apr-15-2016 (18).9G D679 apr-15-2016 (231IPG

0679 apr-15-2016 (24).JPG 0679 apr-15-2016 (311JPG 0679 ape-15:2016 (38) PG

Figure 2-43: Bridge 679 inspection photos of April 15, 2016 (source: PRHTA)
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2.3.3. Images before Hurricane Maria

Image © 2022 Maxar Technologies

Google Earth

Imagery Date: 2/2/2017  18°21'34.61" N 67°05'32.12" W elev 0ft eyealt 1147ft O
Figure 2-44: Bridge 679 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 2-45: Bridge 679 photo from March 3, 2015 inspection (source: PRHTA)
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Figure 2-47: Bridge 679 photo from March 3, 2015 inspection (source: PRHTA)
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Figure 2-48: Bridge 679 photo from March 3, 2015 inspection (source: PRHTA)
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Figure 2-49: Bridge 679 photo from March 3, 2015 inspection (source: PRHTA)
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Figure 2-50: Bridge 679 photo from March 3, 2015 inspection (source: PRHTA)
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2.3.4. Streamflow

Table 2-10: Peak streamflow at Culebrinas River at Highway 404 Near Moca monitoring station (source: USGS)

Year Date Gage Height (ft) Streamflow (cfs)
2010 2010-07-27 24.41 15,800
2011 2010-10-08 28.69 29,100
2012 2012-03-29 25.79 19,700
2013 2012-11-06 24.82 17,000
2014 2013-10-10 25.39 18,500
2015 2015-08-16 25.93 20,100
2016 2015-12-13 24.49 16,200
2017 2017-09-20 43.16 54,100
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2.3.5. Inspection after Hurricane Maria
SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT
GENERAL INFORMATION
erinGe 10: 06 79 MUNICIPALITY: /Mom
oArc;.?);’fq,&.g,z TIME: _] ) 4o PlI] EVALUATOR NAME: __Eric W. Rios Mera
FLOOD MONITORING PROGRAM
EVENT DEFINITION (CHECK ALL THAT APPLY):
(] FLOW DISCHARGE [] RAINFALL PER UNIT OF TIME [] water staGe

[[] FLOOD FORECAST/WARNING || BRIDGE-REFERENCED ELEVATION  [X] OTHER

TRIGGER (FOR CHECKED EVENT): Huracan Maria < 200 /glfj/),()f 7
= e

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:
[ wisuaL [] nsTRUMENT:
OBSERVATION AND/OR MEASUREMENT: | Jorv |13 = /) 4/

ACTION REQUIRED (PROVIDE COMMENTS):
[[] NO FURTHER ACTION [ ] FURTHER INSPECTION REQUESTED  [5] EMERGENCY CLOSURE

; - 4
COMMENTS: [/t(qAa —fwal;/ (pl@flso [‘1‘ §,/qm,) —

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-52: Bridge 679 inspection report from September 22, 2017 (source: PRHTA)
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Figure 2-53: Bridge 679 photos from September 22, 2017 inspection (source: PRHTA)
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Figure 2-54: Bridge 679 photos from September 22, 2017 inspection (source: PRHTA)
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Figure 2-55: Bridge 679 photos from September 22, 2017 inspection (source: PRHTA)
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2.3.6. Images after Hurricane Maria

Figure 2-56: Bridge 679 satellite image after Hurricane Maria (source: NOAA)
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Image © 2022 Maxar Technologies

Google Earth

Imagery Date: 9/25/2017  18°21'33.68" N 67°05'32.63"W elev 0ft eyealt 1147 ft
Figure 2-57: Bridge 679 satellite after Hurricane Maria (source: Google Earth Pro)
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2.3.7. Videos after Hurricane Maria

-~ >
7 ':f g

' Federi.c.b.Salinas- Residente

- -

https://youtu.be/RhRh1T3-Zic

Video 2-3: Amateur news report about the collapse of Bridge 679 (source: Nydia Gonzéalez aka Dyani07)
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https://youtu.be/RhRh1T3-Zic
https://www.youtube.com/embed/RhRh1T3-Zic?feature=oembed

2.3.8. Temporary replacement
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2.4. Bridge 769

(xtracted from Figur 2-78)
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2.4.1. General information

Table 2-11: Bridge 769 general information from BridgeReports.com

Name

PR 354 over CANAS RIVER

Structure number

007691

Location

8.8 KM EAST OF MAYAGUEZ

Purpose

Carries highway over waterway

Route classification

Local (Rural)

Length of largest span 17.4 ft
Total length 59.7 ft
Roadway width between curbs 17.7 ft
Deck width edge-to-edge 19.7 ft

Owner

State Highway Agency

Year built

1957

Historic significance

Bridge is not eligible for the National Register of Historic
Places.

Number of main spans

3

Main spans material

Concrete continuous

Main spans design

Slab

Deck type

Concrete Cast-in-Place

Wearing surface

Monolithic Concrete (concurrently placed with structural
deck)
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Table 2-12: Bridge 769 general information from the PRHTA

ID 769
Highway PR 354
Municipality Mayagliez
Year Built 1957
Functionality Rural-local
Lanes 2
ADT 1300

Maintenance

State Highway Agency

Owner State Highway Agency
Up Service Highway
Down Service Waterway
Width 6m
Length 18.2m
Spans 3
Under clearance 0

Material Concrete continuous
Design Slab
Scour Critical 8
Inspection Frequency 24 months
Approach Roadway Width 6.8 m
Bypass length 6 km
NBI Rating 2
NHS 0
Area 109.2 m?
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Figure 2-59: Bridge 769 drawings (source: PRHTA)
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2.4.2. Inspections before Hurricane Maria

Note: The last inspection of Bridge 769 before Hurricane Maria was carried out in June
2017. The Report Summary and QC Sheet of this inspection was not available. Therefore, Figure
2-60 shows the summary of the June 2015 inspection. The photos of the June 2017 inspection were

made available, as shown in Figure 2-61.
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INSPECTION REPORT SUMMARY & QC SHEET

BRIDGE{ | F =Y

TEAM LEADER: Heriberto Gonzadlezr Medina

INSP. DATE: 7 & ~ Junio-2o/5

1. Inspection Type and Dates:

Performed? Freg Previous Insp. DATE | Next Insp. DATE ]
MBI Type [Yes / No [ NA) IMONTHS) IMONTH/YEAR) [MONTH/YE AR
ITEM90 | Routine Inspection | VZ=5" 24 /f/ft; 2043 | Tan 20/ -4
ITEM93 A | FCInspection o ’ .
ITEM93 B Underwater Insp. T
ITEM93C | other: - !
|
2. NBI Condition Rating Summary:
Item5S8 | Item59 | item60 | Item61 | Item 62 | Item 113
i Previous Inspection é;' 4:. C; = /"‘-/ ﬁ
| Current Inspection < - < = A g
Other Checks: (Y, N, NA) Review Comments:

~ Scour Critical (items 113 & 60)

< AASHTO Core's & NBI CD consistent

= Bmart Flags (scour, steel plate,
fire damage, eic)
- Channel Profile/Clearance Table

# FC & Underwater Members Tables

Z Asphalt Overlay Thickness
Crawings

~ Photos

“ Critical Finding

7 |nspector & Team Leader Signature

SR &/ /i

Safety Eng.: KI;_X _&7%/

Figure 2-60: Bridge 768 inspection summary of June 16, 2015 (source: PRHTA)
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0769 Jun-30-2017 {7)jpg

0769 Jun-30-2017 (91jpg

Figure 2-61: Bridge 769 inspection photos of June 30, 2017 (source: PRHTA)
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2.4.3. Images before Hurricane Maria

Image © 2022 CNES / Airbus

Google Earth

Imagery Date: 9/13/2016 18°13'29.03" N 67°03'58.53" W elev 0ft eyealt 470ift
Figure 2-62: Bridge 769 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 2-63: Bridge 769 photo from June 30,2017 inspection (source:
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Figure 2-64: Bridge 769 photo from Juﬁé 30 2017 |nspéct|0n (source PRHTA)
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Figure 2-66: Bridge 769 photo from June 30,2017 inspection (source: PRHTA)
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Figure2—6 m June 30,2017 inspection (source: PRHTA)
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Figure 2-68: Bridge 769 photo from June 30,2017 inspection (source: PRHTA)

97



2 ™

—

: PRHTA)

K

igure 2-69: Bridg 769 poto from June 3,2017 inspection (source
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2.4.4. Inspections after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION
BRIDGEID: __ £ 7L9 MUNICIPALITY: f‘iu,‘#?z.'z
DATE: ‘4/‘1 £ 1 |7 TIME: [0 27 4) EVALUATOR NAME: _ Eric W. Rios Mera

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[ ] FLow piscHARGE [] RAINFALL PER UNIT OF TIME [] waTER sTAGE

[[] FLOOD FORECAST/WARNING [ ] BRIDGE-REFERENCED ELEVATION  [] OTHER

TRIGGER (FOR CHECKED EVENT): _Huracan Maria

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:
<] visuat [] mwsTRUMENT:

OBSERVATION AND/OR MEASUREMENT: |47, 11 =0 ... 47

ACTION REQUIRED (PROVIDE COMMENTS):
[[] NO FURTHER ACTION [ ] FURTHER INSPECTION REQUESTED ] EMERGENCY CLOSURE

<
Ly n . |

COMMENTS: Isdv hine 7olanc Ab a4t 4, dEasnn | "QF A~

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-70: Bridge 769 inspection report from October 4, 2017 (source: PRHTA)
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Figure 2-71: Bridge 769 photos from October 4, 2017 inspection (source: PRHTA)
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Figure 2-72: Bridge 769 photos from October 4, 2017 inspection (source: PRHTA)
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DETAILED DAMAGE INSPECTION REPORT Repon Number. PRy
115, Depariment 354-W-001
o Transponiation (Title 23, Federal-aid Highways) [Sheet
Fedaral Highwe
| Adreinistration 4 e ——
Locason (Mame of Rosd and Milspest) FHWA Disastar Namber:
Road PR-354 Km, 2.2 PR-2017-01
Inspecton Dale
(ndse # 269 @27117; 108117
Description of Damage Fodural-aid Route Number:
Bridge Colaped on PR-354 Km 22 The bridge & six meters wide with three span. The Span #1 ( Ses Attachment [PR-354
No.1) colapsed sinking the abutment No, 1 It could be caused by the overfiow of the river scour and averthiow the
soll wall around two hundred meters up the river until the bridge and let down the approach embankment behind State Courty
abutrnent No 1. The road Is closed there and a mayor action is necessary to repar the bridge, PR Mayagiez
Cost Estimate
Cesaription of Work 1o Date X Cost
(Equip Labor, and Unt Unit Price Quantity 5 = i
1- Mobilization LS 107%) 100.00 s 401.58
87- Drums Ea | $ 10350 10,00 $ 1,035.00°
89- Temporary Concrete Barriers InM| § 16560 18.00 ) 2,980.80
_ |90- Construction Signs SqM | $ 28460 12.00 $ 341520
3 93. Raised Pavement Mackers Ean | § 828 30000 5 4,140.00
g
w
fomod Satotn S 11,972.58
Local Forcss Stals Ferces Contract PEICE
Emergency Repav Tca| § 11972.58
1= Mobilizagion (151) LS 10% 100,00 § 13128508
4~ Debais Removal (202) CuM | § 3445 12000 $ 653400
6-Borrow Class B (203) CuM | § 3570 $0.00 $ 2835600 ]
[12- Subbase Course (301) S 3570 40,00 § 1,428 00|
B 13- Asgresate Base Course > 10001 $ 561.50
16- HPM Bituminous S(75)(12) Ton | § 17500 $50.00| § 5
19- HPM Bituminous B(75) Ton | § 17500] 1100.00( § 192,500.00 |
22- Clss A Congrete CuM | § 68185 S 340925
|24+ Reinforcing Steel Ith $ 2.10 2200.00| $ 4.620.00
§ [52- Gabions (614) CuM | §  21960] 213000/ § §93.748 00 |
50. i i oM | S 724 100,00/ § 724.00
e 62- Stone Revetment Type V (623) Ci $ 13110 200.00] $ 2622000
& |Bridge Construction SqM | € 3,000.00 28.00] § 84,000.00
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Figure 2-73: Bridge 769 inspection report from September 27 and October 9, 2017 (source: FHWA)
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Figure 2-74: Diagram from October 9, 2017 report indicating collapsed span of Bridge 769 (source: FHWA)
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Figure 2-75: Bridge 769 inspection report dated February 2018 (source: PRHTA)
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2.4.5. Images after Hurricane Maria

Figure 2-76: Bridge 769 satellite image after Hurricane Maria (source: NOAA)

105



022 Maxar Technologies

Google Earth

Imagery Date: 9/25/2017  18°13'29.51" N 67°03'58.72"W elev 0ft eyealt 470 ft
Figure 2-77: Bridge 769 satellite after Hurricane Maria (source: Google Earth Pro)
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.https://WWW.facebbok.com/richard.]ibarito/posts/pfbidOZKbDWHI\/I NBnN chGSEtZRHoJ 1zgxs3Nist
d8voojl4EaMfin7YwrR45m8H5poeSl!

Figure 2-78: Collapsed Bridge 769 image from Facebook post (source: Richard Gonzélez Sonera)

https://laislaoeste.com/instalaran-puente-de-rio-canas-en-mayaguez/

Figure 2-79: Collapsed Bridge 769 image from news report (source: La Isla Oeste)
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https://www.facebook.com/richard.jibarito/posts/pfbid02KbDWHMNBnNKzGcGSEtZgRHoJ1zgxs3NjsfDd8voojJ4EaMfjn7YwrR45m8H5poeSl
https://www.facebook.com/richard.jibarito/posts/pfbid02KbDWHMNBnNKzGcGSEtZgRHoJ1zgxs3NjsfDd8voojJ4EaMfjn7YwrR45m8H5poeSl
https://laislaoeste.com/instalaran-puente-de-rio-canas-en-mayaguez/

2.4.6. Temporary replacement
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2.5. Bridge 1125

(Extracted from Figure 2-94)




2.5.1. General information

Table 2-13: Bridge 1125 general information from BridgeReports.com

Name

OFF PR 372 over DUEY RIVER

Structure number

011251

Location

0.2 KM EAST OF PR 372

Purpose

Carries highway over waterway

Route classification

Local (Rural)

Length of largest span 33.8 ft
Total length 38.4 ft
Roadway width between curbs 18.7 ft
Deck width edge-to-edge 20.3 ft

Owner

City or Municipal Highway Agency

Year built

1978

Historic significance

Bridge is not eligible for the National Register of Historic
Places

Number of main spans

Main spans material

Steel

Main spans design

Stringer/Multi-beam or girder

Deck type

Concrete Cast-in-Place

Wearing surface

Monolithic Concrete (concurrently placed with structural
deck)
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Table 2-14: Bridge 1125 general information from the PRHTA

ID 1125
Highway OFF PR 372
Municipality Yauco
Year Built 1978
Functionality Rural-local
Lanes 2
ADT 100

Maintenance

Municipal Highway Agency

Owner Municipal Highway Agency
Up Service Highway
Down Service Waterway
Width 6.2m
Length 11.7m
Spans 1
Under clearance 0
Material Steel
Design Stringer or Girder
Scour Critical 3
Inspection Frequency 6 months
Approach Roadway Width 8m
Bypass length 2 km
NBI Rating 2
NHS 0
Area 72.54 m?

111




Mo bee 2

la socavacior esés’
meal lusébradea,

_SECTION A8
METAHING WhLL: ~—f——RETLmNG WALL
- AN ~_4{
we- . 2d ‘
A - " AR50 s e
Py A /20 %0 pe BRIDGE OVER DUEY RIVER -
oyurs | A /\gﬂ \Q\o ROAD OFF 372 YAUCO

O el 9_:\"] 3t

1DSOm

" 2.2 580
Se —Blix {25 | |

Figure 2-81: Bridge 1125 drawings (source: PRHTA)
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2.5.2. Inspections before Hurricane Maria

Note: The last inspection of Bridge 1125 before Hurricane Maria was carried out on January
2, 2017. The Report Summary and QC Sheet of this inspection was not available. Therefore, Figure
2-82 shows the summary of the July 2016 inspection. The photos of the January 2017 inspection

were made available, as shown in Figure 2-83.
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INSPECTION REPORT SUMMARY & QC SHEET
BRIDGE: 1125
TEAM LEADER: Micky Santiago
INSP. DATE: July 20, 2016

1. Inspection Type and Dates:

Performed? Freq Previous Insp. DATE Next Insp. DATE
NBI Type {Yes / No / NA) (MONTHS) (MONTH/YEAR) (MONTH/YEAR)
ITEM S0 Routine Inspection Yes 6 Dec-2015 Jan-2017
ITEM 93 A | FC Inspection N - -
ITEMS3 B | Underwater Insp. N s =
ITEMSG3 C Other: . o
Scet Yes 6 Dec-2015 Jan-2017
2. NBI Condition Rating Summary:
!
ltem58 | Item59 | Item60 |Item61 | Item62 | Item 113
| Previous Inspection 5 5 2 4 N 3 l
Current Inspection 5 5 2 B N 3 I

Other Checks: (Y, N, NA) Review Comments:
/ Scour Critical (items 113 & 60)
_ AASHTO Core's & NBI CD consistent
~ Smart Flags (scour, steel plate,

fire damage, etc)
_ Channel Profile/Clearance Table
-~ FC & Underwater Members Tables
~ Asphalt Overlay Thickness
~ Drawings
_ Photos
- Critical Finding
~ Inspector & Team Leader Signature

1 N 78

/

Reviewer:

Safety Eng.:

Figure 2-82: Bridge 1125 inspection summary of July 20, 2016 (source: PRHTA)
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1125-jan-02-2017-001 jpg

1125-j2n-02-2017-002,jpg

1125-jan-02-2017-004,jpg

1125an-02-2017-018 jpg

1125-jan-02-2017-008 jpg

1125-jan-02-2017-020 jpg

1125-jan-02-2017003 jpg

1125-jan-02-2017-027 jpg

Figure 2-83: Bridge 1125 inspection photos of January 2, 2017 (source: PRHTA)
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2.5.3. Images before Hurricane Maria

Image © 2022 Maxar Technologies

‘ Google Earth

Imagery Dé7té‘:'?‘8,'."61’2016 18°03'09.19" N 66°51'02.62"W elev 0ft eyealt 745ft ()
Figure 2-84: Bridge 1125 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 2-85: Bridge 1125 photo from January 2, 2017 inspection (source: PRHTA)
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Figure 2-86: Bridge 1125 photo from January 2, 2017 inspection (source: PRHTA)
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Figure 2-87: Bridge 1125 photo from January 2, 2017 inspection (source: PRHTA)
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2.5.4. Inspections after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

BRIDGE ID: Al 5 MUNICIPALITY: b)w
c b
DATE: Wf “’{ B mime_ WY evaLUATOR NAME: D LM» / B- Aobye

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[] FLOW DISCHARGE [} RAINFALL PER UNIT OF TIME [ ] waTER STAGE

| FLOOD FORECAST/WARNING [ BRIDGE-REFERENCED ELEVATION [ OTHER

Il
TRIGGER {FOR CHECKED EVENT): _ Ihoyin LA 1 AL

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:
Eq VISUAL [] INSTRUMENT:

OBSERVATION AND/OR MEASUREMENT:

ACTION REQUIRED (PROVIDE COMMENTS):
[[] NO FURTHER ACTION [ FURTHER INSPECTION REQUESTED [ ] EMERGENCY CLOSURE

COMMENTS: B'-r{l.plf L{:H;{:tri J—w ‘]‘u los)_eyepad- Dl H11
SCevt  D-

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-88: Bridge 1125 inspection report from October 10, 2017 (source: PRHTA)
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Figure 2-89: Sketch from October 10, 2017 inspection representing collapse of Bridge 1125 (source: PRHTA)
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Figure 2-90: Bridge 1125 photos from October 10, 2017 inspection (source: PRHTA)
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SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

srioGe I0: [ ] 2% MUNICIPALITY: yq.ucq ,

DATE: Oc.ﬁ( ;L[{QOI z TIME: 2 . Ilz AM EVALUATOR NAME: __ Eric W. Rios Mera

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[] FLOW DISCHARGE (] RAINFALL PER UNIT OF TIME [ ] waATER STAGE

[] FLOOD FORECAST/WARNING [ ] BRIDGE-REFERENCED ELEVATION  [X] OTHER

TRIGGER (FOR CHECKED EVENT): _Huracan Maria

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:
VISUAL [ ] nsTRUMENT: B

. /
OBSERVATION AND/OR MEASUREMENT: Tj;gm 1Ua3-0 = ﬁ‘“:ﬁé e (0 lgpgg/
' .
;Ca,_ﬂa_(/ S P4 17/ [91 < if.,!;of

ACTION REQUIRED (PROVIDE COMMENTS):
[_] NO FURTHER ACTION [ ] FURTHER INSPECTION REQUESTED EMERGENCY CLOSURE

/
COMMENTS: Esﬁruc '}J—(m {g lg pg )

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-91: Bridge 1125 inspection report from October 12, 2017 (source: PRHTA)

123




1125 (1).JPG

1125 (4).JPG

1125 (7)JPG

1125 (2).JPG

1125 (5)JPG

1125 (8).JPG

1125 (6)JPG

1125 (9)JPG

Figure 2-92: Bridge 1125 photos from October 12, 2017 inspection (source: PRHTA)
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1125 (10).0PG 1125 (11)JPG

1125 (15).JPG

1125 (16).)PG 1125 {17)JPG

Figure 2-93: Bridge 1125 photos from October 12, 2017 inspection (source: PRHTA)
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2.5.5. Images after Hurricane Maria

Figure 2-94: Bridge 1125 satellite image after Hurricane Maria (source: NOAA)

126



Image © 2022 Maxar Technologies

Google Earth

Imagery Date [22/2017  18°03'13.28" N 66°51:07.65" W, elev. 0ft  eyealt 745 ft
Figure 2-95: Bridge 1125 satellite after Hurricane Maria (source: Google Earth Pro)

127



2.5.6. Temporary replacement

sy =
Figure 2-96: Bridge 1125 replacement (source: PRHTA)
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2.6. Bridge 1130

(Extracted from Figure 2-115)
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2.6.1. General information

Table 2-15: Bridge 1130 general information from BridgeReports.com

Name

PR 145 over GRANDE DE MANATI RIVER

Structure number

011301

Location

1 KM NORTHEAST OF CIALES

Purpose

Carries highway and pedestrian walkway over waterway.

Route classification

Minor Arterial (Rural)

Length of largest span 72.2 ft
Total length 249.0 ft
Roadway width between curbs 23.3 ft
Deck width edge-to-edge 29.2 ft

Owner

State Highway Agency

Year built

1955

Historic significance

Bridge is not eligible for the National Register of Historic
Places

Number of main spans

4

Main spans material

Concrete Continuous

Main spans design

Tee beam

Deck type

Concrete Cast-in-Place

Wearing surface

Monolithic Concrete
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Table 2-16: Bridge 1130 general information from the PRHTA

ID 1130
Highway PR 145 km 1

Municipality Ciales

Year Built 1955

Functionality

Rural — Minor Arterial

Lanes

ADT

12400

Maintenance

State Highway Agency

Owner State Highway Agency
Up Service Highway — Pedestrian
Down Service Waterway
Width 8.90m
Length 75.9 m
Spans 4
Under clearance 0

Material Concrete Continuous
Design Tee Beam
Scour Critical 4
Inspection Frequency 12 Months
Approach Roadway Width 7.10m
Bypass length 9 km
NBI Rating 1
NHS 1
Area 675.51 m?
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Figure 2-97: Bridge 1130 drawings (source: PRHTA)
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2.6.2. Inspection before Hurricane Maria

INSPECTION REPORT SUMMARY & QC SHEET

gripge: BR- 1 1 3 O

sRiDGE INspecTor : Marcos Rivera H\'Aal‘]o
BRIDGE EVALUATOR /“TEAM |_eADER - Avrnaldo MU‘C&JD

INSP. DATE: Augus-r 24, 2013

1. Inspection Type and Dates:

NBI T Performed? Freq Previous Insp.DATE Next Insp. DATE
e (Yes/No/NA) | (MONTHS) |  (MONTH/YEAR) (MONTH/YEAR)
ITEM 90 Routine Inspection YES ‘ 2, AUGUS* 24, 2016 Auausr 24, 20IH
ITEMS3 A FC Inspection —
ITEM 93 B Underwater Insp. —
Other: S. L. ; : < z4 2018
MEMOIC |l S orume Y ES |2 Ausus‘\ 24,2014 | Avgu >

2. NBI Condition Rating Summary & Field Review of Bridge Posting:

Item58 | Item 59 | Item 60 Item61 Item62 @ Item 113  Item 41

Previous Inspection 4_. _7) Af A N 4__ P
Current Inspection 3 4 s 4— N - P

Other Checks: (Y, N, NA) Review Comments:

_ Scour Critical (items 113 & 60)
~ AASHTO Core's& NBI CD consistent
ZSman Flags (scour, steel plate,
fire damage, etc)
_~ Channel Profile/Clearance Table
_~ FC & Underwater Members Tables
__~ Asphalt Overlay Thickness
_ Drawings
_ Photos
Critical Finding
~__Inspector & Team Leader Signature

Reviewer: s 4P

/

: V7
Safety Eng.: ,:)///

Figure 2-98: Bridge 1130 inspection summary of April 22, 2017 (source: PRHTA)
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1130-aug-24-2017-001 jpg 1130-20g-24-2017-002jpg 1130-aug-24-2017-003jpqg

1130-aug-24-2017-010.pg 1130-aug-24-2017-011 jpg 1130-2ug-24-2017-012 jpg

ks S

130-aug-24-2017-018jpg 1130-2ug-24-2017-019)pg 1130-23ug-24-2017034 Jpg

Figure 2-99: Bridge 1130 inspection photos of August 24, 2017 (source: PRHTA)
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2.6.3. Images before Hurricane Maria

.y
xar! Teﬁno!ogues .

Google Earth

D-e' § w——
i i e

Imagery Date: 8/18/2016  18°20'09.87" N 66°27'50.65" W elev 0ft eyealt 1296 ft
Figure 2-100: Bridge 1130 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 2-101: Bridge 1130 photo from April 22, 2017 inspection (source: PRHTA)
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Figure 2-102: Bridge 1130 photo from April 22, 2017 inspection (source: PRHTA)
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Figure 2-103: Bridge 1130 photo
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from Aril Zé, 2017 inspection (source: PRHTA)
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Figure 2-104: Bridge 1130 photo from April 22, 2017 inspection (source: PRHTA)
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2.6.4. Streamflow

Table 2-17: Peak streamflow at Grande de Manati River at Ciales monitoring station (source: USGS)

Year Date Gage Height (ft) Streamflow (cfs)
2010 2010-05-28 14.76 27,300
2011 2011-08-23 17.97 45,200
2012 2012-05-05 16.37 35,900
2013 2012-10-26 12.16 16,700
2014 2014-08-23 13.31 21,100
2015 2014-11-07 8.06 5,570
2016 2015-11-24 10.58 14,000
2017 2017-09-20 43.36 284,000
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2.6.5. Inspections after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

BrRioGED: [ 30 MUNICIPALITY: C~rpaes

pATE: /O-Z- 17 TimE: EVALUATOR NAME: MA%; /\2_1:\.»‘;(&\
FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[] FLOW DISCHARGE [] RAINFALL PER UNIT OF TIME [] WATER STAGE

[VA7LOOD FORECAST/WARNING (] BRIDGE-REFERENCED ELEVATION [ OTHER

TRIGGER (FOR CHECKED EVENT): Jé/w'ﬂcmu MA.'L;A! Tren 113 -F2croie = M
Arrert = @ O

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:
[ VisuaL [] INSTRUMENT:

OBSERVATION AND/OR MEASUREMENT: 65100 0 u (L (Jb A P

ACTION REQUIRED (PROVIDE COMMENTS):
[_] NO FURTHER ACTION [ ] FURTHER INSPECTION REQUESTED [FFEMERGENCY CLOSURE

COMMENTS:

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-106: Bridge 1130 inspection report from October 3, 2017 (source: PRHTA)
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Figure 2-107: Bridge 1130 photos from October 3, 2017 inspection (source: PRHTA)
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L. DETAILED DAMAGE INSPECTION REPORT
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Facvabapyy [Title 23, Federal-oid Highways) 1 o 1
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|Bridge 1130 In FR-14E, KM, 1.0, Munisicalty of Cinlins
lsgection Fare
Desrvigtisn of Domage Fednd il Powe farmber
Bridpa 1130 rollapeed totaly Sud T fzadicg of thi Ris Grands of Masati during Hirricane kMarda. Tha Bridge was a 4
Epan eagt-n-place stractune of 155 meters (n length aad T.07 matars of redwsy @eiens with ddesalis, T
Pusarts ez S Garrndn
Cost Estimate
Peroription of Mok fo Dute Cast
[Equipemant, tatar, and Matzriafs) i e e
|iSpeme 155000} ol nati o 13 L5 |5 AmREaLRs i 5 A B
[Sper. 203-007 ) Chay s 50 d Snibiing == 580000 1 5 £.000.00
[8 pses. 2010011 | mameran | o Btnsh res 3o Dherrgrsions [ EELE 1 5 37500000
|15 -t} Umchinsifind Excavation For S uture M [ EE) TAZE % 257,000,00
li5pec., Zut-in} Soriw Babs Each | 5 Lieg 100 5 1, 2000
{5, ZUI-I7) 5 R Fence e ] 200 5 1, 5O |
[ paa, 2130002 | Subbenem Corvres (0-7-0 Oeky) Cubd | % ] 142 [ 3, B40.00
| B 040002} Aggrapats bicw Covares Chama & M |4 whsd wa 5 1000400
[P, #03-02} Hot # Lvsts b i Bl Prvessers 575][22) fon | % Ladn 475 5 10450000
|iszee, 40 1-035] Mot B bvet-h b BRuminous Framet BISIE] Tan | % ] (] 5 99,0000
|z 10010 | Cod Siling Wnumingus Conorens Pavesent T E [ 90 & 155000
[i5pec. B03-003} Ous "0 Comeae WM | 5 e 335, & RrL IO
|i5aec. G3-00L] Rein foecieg Steel A |5 B 173,000 T
iﬁmmtlmmmmsmmlﬁqeuu e e [13) % 3450000
! L5 me, ES-081 | Corr ogpate St lirid pe Srosrcrall ot | & s 183 ] 1T AR0
[Sser. BL3-001] Faid e Laseratory Offiza hietal 1 wanth] & ] B ]
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Figure 2-108: Bridge 1130 inspection report dated January 2019 (source: FHWA)

144




Figure 3. View from west abutmeant ta PR-145
Figure 2-109: Bridge 1130 photos from report dated January 2019 (source: FHWA)

145



Figure 4. Downatream View
Figure 2-110: Bridge 1130 photos from report dated January 2019 (source: FHWA)
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2.6.6. Images after Hurricane Maria

o -E.

Figure 2-111: Bidge 1130 satellite image after Hurricane Maria (source: NOAA)
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5

- Google Earth

Imagery/Date: 11/29/2017  18°20'09.00" N 66°27'48.29" W elev 0ft eyealt 1296 ft
Figure 2-112: Bridge 1130 satellite after Hurricane Maria (source: Google Earth Pro)
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https://nypost.com/2017/10/09/fuI|-scope—of—puerto—ricos—devastation—seen—from—a bove/#14

Figure 2-113: Aerial image of collapsed Bridge 1130 (source: NY Post)
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https://nypost.com/2017/10/09/full-scope-of-puerto-ricos-devastation-seen-from-above/#14

https://www.elnuevodia.com/noticias/locales/notas/el-cuerpo-de-ingenieros-estudia-manejo-de-
inundaciones-en-ciales/

Figure 2-114: News outlet image of collapsed Bridge 1130 (source: El Nuevo Dia)
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https://www.elnuevodia.com/noticias/locales/notas/el-cuerpo-de-ingenieros-estudia-manejo-de-inundaciones-en-ciales/
https://www.elnuevodia.com/noticias/locales/notas/el-cuerpo-de-ingenieros-estudia-manejo-de-inundaciones-en-ciales/

htts://www.facebook.com/JayFonseca PR/photos/a.163264163691056/1918667841484004

Figure 2-115: Social media image of collapsed Bridge 1130 (source: Jay Fonseca)
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https://www.facebook.com/JayFonsecaPR/photos/a.163264163691056/1918667841484004

P

- \

https://huracanmaia.elnuevodia.com/2017municipio/ciales/

Figure 2-116: News outlet image of collapsed Bridge 1130 (source: EI Nuevo Dia)
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https://huracanmaria.elnuevodia.com/2017/municipio/ciales/

https:/fi.kr/p22brg

Figure 2-117: Social media image of collapsed Bridge 1130 (source: Julia Maldonado)
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https://flic.kr/p/22brg3p

https://flic.kr/p/CwShTD

Figure 2-118: Social media image of collapsed Bridge 1130 (source: Julia Maldonado)
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https://flic.kr/p/CwShTD

\.'\&1? ) 1
https://flic.kr/p/CwQRV6

Figure 2-119: Social media image of collapsed Bridge 1130 (source: Julia Maldonado)
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https://flic.kr/p/CwQRv6

N hs://flic.kr/p/228Fqcs

Figure 2-120: Social media image of collapsed Bridge 1130 (source: Julia Maldonado)
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https://flic.kr/p/228Fqcs

2.6.7. Videos after Hurricane Maria

https://fb.watch/eFkEboZgdH/

Video 2-4: Social media video of stream flow at location of Bridge 1130 (source: Huracan Maria-Videos y Fotos)
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https://fb.watch/eFkEboZqdH/
https://fb.watch/eFkEboZqdH/

https://youtu.be/2-T3siP73po

Video 2-5: News report about the collapse of Bridge 1130 (source: Notiséis 360)
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https://youtu.be/2-T3siP73po
https://www.youtube.com/embed/2-T3siP73po?feature=oembed

https://youtu.be/CQFofyglkFc

Video 2-6: Social media video depicting the remains of Bridge 1130 (source: Jose Garcia)
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https://youtu.be/CQFofyglkFc
https://www.youtube.com/embed/CQFofyglkFc?feature=oembed

https://youtu.be/FAAYY96TURS

Video 2-7: Social media video of collapsed Bridge 1130 (source: Johann Otero)
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https://youtu.be/FdAYY96TuR8
https://www.youtube.com/embed/FdAYY96TuR8?feature=oembed

https://flic.kr/p/22bgsQe

Video 2-8: Social media video of collapsed Bridge 1130 (source: Julia Maldonado)
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https://flic.kr/p/22bqsQe
https://flic.kr/p/22bqsQe

https://youtu.be/aMi506 3-vc

Video 2-9: Drone video of Bridge 1130 before and after Hurricane Maria (source: Puerto Rico Desde el Aire)
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https://youtu.be/aMi506_3-vc
https://www.youtube.com/embed/aMi506_3-vc?feature=oembed

PUENTEEN -

CIALES

ANTES Y DESPUES DEL HUI

https://fb.watch/eF6WsNaQ3a/

Video 2-10: Social media video of Bridge 1130 before and after Hurricane Maria (source: Prohibido Olvidar - Boricua)

163



https://fb.watch/eF6WsNaQ3q/
https://fb.watch/eF6WsNaQ3q/

= UPPER™"
VIEWPR

https://youtu.be/c7UEMA472fiA?t=222

Video 2-11: Social media video about damages to Ciales municipality, including Bridge 1130 (source: Jibaro Aventurero -
Antes Upper ViewPR)
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https://youtu.be/c7UEM472fiA?t=222
https://www.youtube.com/embed/c7UEM472fiA?start=222&feature=oembed

2.6.8. Temporary replacement

ttps://www.facebook.com/puertaelacordiIIeracentraI/posts/pfbidOZijpSGtHAfu2n3SS
vzsgThTWjmiNRaodQndUZEcNinHdZetAJhR43wsEzsrG4AAwI

Figure 2-121: Bridge 1130 replacement (source: Municipio de Ciales)
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https://www.facebook.com/puertadelacordilleracentral/posts/pfbid02kVjp5GtHAfu2n3S5vzsgThTWjmiNRaodQndUZEcNinHdZetAJhR43wsEzsrG4AAwl
https://www.facebook.com/puertadelacordilleracentral/posts/pfbid02kVjp5GtHAfu2n3S5vzsgThTWjmiNRaodQndUZEcNinHdZetAJhR43wsEzsrG4AAwl

2.7. Bridge 1199

(Extracted from Figure 2-141)
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2.7.1. General information

Table 2-18: Bridge 1199 general information from BridgeReports.com

Name

PR 623 over TANAMA RIVER

Structure number

011991

Location

9 KM SOUTH OF ARECIBO

Purpose

Carries highway over waterway

Route classification

Local (Rural)

Length of largest span 36.1 ft
Total length 95.1 ft
Roadway width between curbs 19.7 ft
Deck width edge-to-edge 22.3 ft

Owner

State Highway Agency

Year built

1970

Historic significance

Bridge is not eligible for the National Register of Historic

Places
Number of main spans 3
Main spans material Steel

Main spans design

Stringer/Multi-beam or girder

Deck type

Concrete Cast-in-Place

Wearing surface

Bituminous
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Table 2-19: Bridge 1199 general information from the PRHTA

ID 1199
Highway PR623
Municipality Arecibo
Year Built 1970
Functionality Rural-local
Lanes 2
ADT 1318

Maintenance

State Highway Agency

Owner State Highway Agency
Up Service Highway
Down Service Waterway
Width 6.8 m
Length 29m
Spans 3
Under clearance 0
Material Steel
Design Stringer or Girder
Scour Critical 2
Inspection Frequency 6 months
Approach Roadway Width 55m
Bypass length 12 km
NBI Rating 1
NHS 0
Area 197.2 m?
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Figure 2-122: Bridge 1199 drawings (source: PRHTA)
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2.7.2. Inspections before Hurricane Maria

BRIDGE:

INSPECTION REPORT SUMMARY & QC SHEET

BR-1199

BRIDGE EVALUATOR: Arnaldo Mercado

TEAM LEADER/BRIDGE INSPECTOR: Angel T. Lpez Torres

INSP. DATE:  January 17, 2017
1. Inspection Type and Dates:

- Performed? | Freq -_F_Prf_:\rinu.s Insp.DATE MNext Imp- m
MBI Type [Yes/No/MA] | [MONTHS] [MONTH/YEAR) (MONTH/YEAR)
ITEM 90 Routine Inspection Yes [ luly 27, 2016 July 1?. gﬂ_l_?__ |
ITEM 93 A | FCInspection MNA _ .
ITEM 93 B Underwater Insp. MA

Other: 5.l
ITEMS3C |  Scour Yes 6 | July 27, 2016 July 17, 2017

2. NBI Condition Rating Summary & Field Review of Bridge Posting:
Itern 58 | tem 59 | Item 60 | Item 61 Iltem 62 | Item 113 | Item 41

Previous Inspection [ [ 3 4 | M 2 P
Current Inspection 6 6 3 4 | N 2 _P

Other Checks (Y, N, NA) Review Comments:;
_# Scour Critical (items 113 & 80)
_Z AASHTO Core's& NBI CD consistent
Smart Flags (scour, steel plate,
fire damage, etc)
_» Channel Profile/Clearance Table
_# FC & Underwater Members Tables
~_Asphalt Overlay Thickness
- _Drawings
_~_Photos
< Critical Finding
= Inspector & Team Leader Signature

)y

- o

2
safety Eng.: :}/% | Ji;if/

Reviewesr:

L

rd

Figure 2-123: Bridge 1199 inspection summary of January 17, 2017 (source: PRHTA)
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1199-jan-17-2017-001 jpg 119%-jan-17-2017-002jpg 1199-jan-17-2017-003 jpg

119%-jan-17-2017-012jpg

1199-jan-17-2017-024jpg

1199-jan-17-2017-020jpg

Figure 2-124: Bridge 1199 inspection photos of January 17, 2017 (source: PRHTA)
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SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

1) G4 Arzenze
BRIDGE ID: ___ [/ 7 MUNICIPALITY: el BC
DATE: 3 £ ZJo0 TIME: EVALUATORNAME: _ (A 4ll s Lo =l
FLOOD MONITORING PROGRAM

? (A T

EVENT DEFINITION (CHECK ALL THAT APPLY): [/ Zncms 1L amn,
[ ] FLow DISCHARGE [ ] RAINFALL PER UNIT OF TIME [] waTeR sTaGe

[7] FLOOD FORECAST/WARNING [ ] BRIDGE-REFERENCED ELEVATION [~} OTHER

TRIGGER (FOR CHECKED EVENT): L1 & ({7 e ot = £

(’1';.‘61" - & 3

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:
VISUAL [] INSTRUMENT:

OBSERVATION AND/OR MEASUREMENT:

ACTION REQUIRED (PROVIDE COMMENTS):
NO FURTHER ACTION  [_] FURTHER INSPECTION REQUESTED [ | EMERGENCY CLOSURE

COMMENTS:

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-125: Bridge 1130 scour inspection of September 8, 2017 (source: PRHTA)
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11955ep-8-2017-001 Jpg

1199-45ep-8-2017-004.jpg

1155-5ep-8-2017-010 Jpg

1199-5ep-8-2017-002.jpg

1199-sep-8-2017-005 jpg

1199.56p-8-2017-012pg

1199-5ep-8-2017-003 jpg

119%-sep-8-2017-006 jpa

1199-4ep-8-2017-013 jpg

Figure 2-126: Bridge 1199 inspection photos of September 8, 2017 (source: PRHTA)
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2.7.3. Images before Hurricane Maria

Image © 2022 Maxar Technologies

Google Earth

Imagery Date: 3/17/2016  18°23'02.27" N 66°43'44.56" W elev 0ft eyealt 829ft
Figure 2-127: Bridge 1199 satellite image before Hurricane Maria (source: Google Earth Pro)
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“Figure 2-128

: Bridge 1199 photo fro January 17, 2017 inspection (source: PRHTA)
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Figure 2-129: Bridge 1199 photo from January 17, 2017 inspection (source: PRHTA)

176



e k- B
Figure 2-130: Bridge 1199 photo from January 17, 2017 inspection (source: PRHTA)
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Figure 2-131: Bridge 1199 photo from January 17, 2017 inspection (source: PRHTA)
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2.7.4. Streamflow

Table 2-20: Peak streamflow at Tanama River at Charco Hondo monitoring station (source: USGS)

Year Date Gage Height (ft) Streamflow (cfs)
2010 2009-10-14 12.28 3,800
2011 2010-10-08 13.61 5,270
2012 2012-03-28 16.30 9,430
2013 2012-10-31 13.49 5,110
2014 2014-08-02 14.15 5,970
2015 2015-04-10 11.75 3,380
2016 2015-11-24 11.61 3,260
2017 2017-09-20 22.39 23,000
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2.7.5. Inspection after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

sriocem: [/ F 7 MUNICIPALITY: (L€ 3O
DATE: 7- 29 - 17 TimE: EVALUATOR NAME: MA% /\2"‘_..\;5-‘(&\-

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[ ] FLOW DISCHARGE [] RAINFALL PER UNIT OF TIME [] WATER STAGE

[VAFLOOD FORECAST/WARNING [] BRIDGE-REFERENCED ELEVATION  [“OTHER

f -~
TRIGGER (FOR CHECKED EVENT): A/z»'qcm MA-%A, Lén-u 13 - (%fole = Z
Arren- = O

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:
[Fisua [ ] nsTRUMENT:

g )
OBSERVATION AND/OR MEASUREMENT: bS‘r Locgoila ( DA SO

ACTION REQUIRED (PROVIDE COMMENTS):
[] NO FURTHER ACTION [ ] FURTHER INSPECTION REQUESTED [ EMERGENCY CLOSURE

COMMENTS:

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-133: Bridge 1199 inspection report from September 29, 2017 (source: PRHTA)
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1199-5ep-29-2017-001 Jpg

1199.50p-29-2017-005 Jpg 1195-58p-29-2017-006 jpg

RIS I o W | :
1199-5ep-29-2017-007 jpg 1199-5ep-29-2017-008 Jpg 1199-5ep-29-2017-009 Jpg

Figure 2-134: Bridge 1199 photos from September 29, 2017 inspection (source: PRHTA)
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2.7.6. Images after Hurricane Maria

Figure 2-135: Bridge 1199 satellite image after Hurricane Maria (source: NOAA)
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Image ©® 2022 Maxar Technologies

Google Earth

Imagery Date: 11/3/2017 18°23'06.36" N 66°43!149:07° W, elev. 0 ft eyealt 829 ft

Figure 2-136: Bridge 1199 satellite after Hurricane Maria (source: Google Earth Pro)
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Figure 2-137: Bridge 1130 image from PRHTA inspection report
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Figure 2-138: Bridge 1130 image from PRHTA inspection report
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Figure 2-140: Bridge 1130 iage from PRHTA inspction port
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o i B TR TN R e ARG g 4 - A
Figure 2-141: Bridge 1130 image from PRHTA inspection report
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2.7.7. Temporary replacement
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2.8. Bridge 1355

(Extracted from Figure 2-161)




2.8.1. General information

Table 2-21: Bridge 1355 general information from BridgeReports.com

Name

OFF PR 123 AT 46.2 over GRANDE DE ARECIBO RIVER

Structure number

013551

Location

6 KM SOUTH OF UTUADO

Purpose

Carries highway over water

Route classification

Local (Rural)

Length of largest span 18.0 ft
Total length 174.9 ft
Roadway width between curbs 24.3 ft
Deck width edge-to-edge 26.2 ft

Owner

City or Municipal Highway Agency

Year built

1967

Historic significance

Bridge is not eligible for the National Register of Historic
Places

Number of main spans

10

Main spans material

Concrete continuous

Main spans design

Slab

Deck type

Concrete-in-Place

Wearing surface

Bituminous
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Table 2-22: Bridge 1355 general information from the PRHTA

ID 1355
Highway OFF PR 123 AT 46.2
Municipality Adjuntas
Year Built 1967
Functionality Rural-local
Lanes 2
ADT 250

Maintenance

Municipal highway agency

Owner Municipal highway agency
Up Service Highway
Down Service Waterway
Width 8m
Length 53.3m
Spans 10
Under clearance 0

Material Concrete Continuous
Design Slab
Scour Critical 2
Inspection Frequency 6 months
Approach Roadway Width 7.4 m
Bypass length 199 km
NBI Rating 1
NHS 0
Area 426.4 m?
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Figure 2-144: Bridge 1355 drawings (source: PRHTA)
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2.8.2. Inspections before Hurricane Maria

INSPECTION REPORT SUMMARY & QC SHEET
BRIDGE: BR-1355
TEAM LEADER: Micky Santiago
BRIDGE EVALUATOR: Kiomarie Valle

INSP. DATE:  July 27, 2017

1. Inspection Type and Dates:

Performed? Freq Previous Insp.DATE Next Insp. DATE
NBI Type (¥es/No/NA) | (MONTHS) [MONTH/YEAR) (MIONTH/YEAR]
ITEM 90 Routine Inspection Yes ] [P OE lan-2018
- T LoV
ITEM 93 A FC Inspection MNA }"" _
ITEM 93 B | Underwater Insp. MNA
o LOTT
ITEM 93 C Other: 51 Super MNA fi kb= O lan-2018
.H.r.l,
~ 2. NBI Condition Rating Summary & Field Review of Bridge Posting: B
|
) _ ltem58 |Item59 Item60 | Item 61 | ltem 62 | Item 113 | Item 41
| Previous Inspection 5 5 3 5 M 2 P
Current Inspection 5 5 3 5 M 2 P

Other Chacks: (Y, N, NA)

_“ Scour Critical (items 113 & 60)
= AASHTO Core's& NBI CD consistent

Review Comments:

rd C&Lkﬁ[,j% tfa.n.hf

\nd- U [ e r-

~_Smart Flags (scour, steel plate,
fire damage, efc)
_—_Channel Profile/Clearance Table
- FC & Underwater Members Tables
- Asphalt Overlay Thickness
__- Drawings
__. Phatas
__ Critical Finding
~_Inspector & Team Leader Signature

= e

Reviewer: A

Safety Eng.:

Figure 2-145: Bridge 1355 inspection summary of July 27, 2017 (source: PRHTA)
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1355-Jul-27-2017-001 jpg 1355-Jul -27-2017-002 jpg 1355-Jul -27-2017-004 jpg

1355-Jul -27-2017-009 jpg 1355-Jul-27-2017-012jpg

1355-Jul.-27-2017-015 jpg 1355-Jul-27-2017-018jpg 1355-Jul -27-2017-022 jpg

Figure 2-146: Bridge 1355 inspection photos of July 27, 2017 (source: PRHTA)
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SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION
1 ] - : |
BRIDGEID: /75 5 MUNICIPALITY: Aoxexzo

23 MMazcns Vo en
DATE: 5xF & - 7ol TIME: EVALUATOR NAME: “\NA (a3 v U

FLOOD MONITORING PROGRAM

i T
EVENT DEFINITION (CHECK ALL THATAPPLY): 1\ 2 a A, ~Alen
[ ] FLow DISCHARGE [ ] RAINFALL PER UNIT OF TIME [] water sTaGE

(L4 FLOOD FORECAST/WARNING | BRIDGE-REFERENCED ELEVATION [} OTHER

-
TRIGGER (FOR CHECKED EVENT): ~| TtA 15 FrEX Bipane = &

A eren % 7/

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:
VISUAL [] INSTRUMENT:

OBSERVATION AND/OR MEASUREMENT:

ACTION REQUIRED (PROVIDE COMMENTS):
[}'NO FURTHER ACTION [ FURTHER INSPECTION REQUESTED ] EMERGENCY CLOSURE

COMMENTS:

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-147: Bridge 1355 scour inspection of September 8, 2017 (source: PRHTA)
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1355-5ep-8-2017-001 Jpg 1355-5s8p-8-2017-002 Jpg 1355-5ep-8-2017-003 jpg

1355-3ep-8-2017-004 jpg 1355-5ep-8-2017-005jpy 1355-5ep-8-2017-006)pg

1355-sep-8-2017-008 jpg 1355-5ep-8-2017-009.jpa 1355-sep-8-2017-010jpa

Figure 2-148: Bridge 1355 inspection photos of September 8, 2017 (source: PRHTA)
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2.8.3. Images before Hurricane Maria

Image © 2022 Maxar Technglogles

Google Earth

Imagery Date: 2/21/2017  18°13'16.56" N 66°43'13.63"W elev 0ft eyealt 1192ft
Figure 2-149: Bridge 1355 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 2-150: Bridge 1355 photo from July 27, 2017 inspection (source: PRHTA)
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Figure 2-151: Bridge 1355 photo from July 27, 2017 inspection (soure:PRHTA)
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Figure 2-152: Bridge 1355 photo from July 27, 2017 inspection (source: PRHTA)
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Figure 2-153: Bridge 1355 photo from July 27, 2017 inspection (source: PRHTA)
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Figur 2-154: Bridge 1355 photo from July 27, 2017 inspection (source: PRHTA)
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2.8.4. Streamflow

Table 2-23: Peak streamflow at Grande de Arecibo River Above Utuado monitoring station (source: USGS)

Year Date Gage Height (ft) Streamflow (cfs)
2010 2010-04-23 12.79 15,200
2011 2011-09-13 13.78 18,500
2012 2012-07-08 10.14 8,130
2013 2013-06-25 12.00 12,900
2014 2014-08-24 13.38 17,100
2015 2015-05-27 9.50 6,710
2016 2016-09-21 10.51 8,970
2017 2017-09-20 20.33 44,700
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2.8.5.

Inspection after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

BRIDGEID: __ [ 5 5 5 ) MUNICIPALITY: (/(7u ADD

DATE: /(- & i TimEe: EVALUATOR NAME: M@u}\; /Qﬂ_'u"ﬂg

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
D FLOW DISCHARGE D RAINFALL PER UNIT OF TIME D WATER STAGE

[AFLOOD FORECAST/WARNING [_] BRIDGE-REFERENCED ELEVATION  [4OTHER

TRIGGER (FOR CHECKED EVENT): /74145;«,« Maﬂm, IXew 113 Pepole = L

AFT‘&.{L- - L

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:
VISUAL [ ] INSTRUMENT:

3.ty bl 6) / 7

OBSERVATION AND/OR MEASUREMENT:

ACTION REQUIRED {PROVIDE COMMENTS):
(L] NO FURTHER ACTION [ ] FURTHER INSPECTION REQUESTED E{MERGENC‘( CLOSURE

COMMENTS:

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-155: Bridge 1355 inspection report from November 8, 2017 (source: PRHTA)
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1355-nov-8-2017-001 jpg 1255-nov-8-2017-002,jpa 1355-nov-8-2017-003.jpg

1355-n0ov-8-2017-004 jpg 1355.nov-8-2017-005 jpg 1355-nov-8-2017-006.jpg

1355-nov-8-2017-007 jpg 1355-nov-8-2017-008 jpg 1355-nov-8-2017-009jpg

Figure 2-156: Bridge 1355 photos from November 8, 2017 inspection (source: PRHTA)
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2.8.6. Images after Hurricane Maria

I{=a3

Figure 2-157: Bridge 1355 satellite image after Hurricane Maria (source: NOAA)
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022 Maxar, Technelogies

Google Earth

Imagery Date: 11/3/2017 18°13'21.68" N 66°43'20.92" W elev 0ft eyealt 1192ft
Figure 2-158: Bridge 1355 satellite after Hurricane Maria (source: Google Earth Pro)
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Fgure 2-160: Iage of colapsed ride355 (source: FHWA)
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Figure 2-161: Image of collapsed Bridge 1355 (source: FHWA)
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Figure 2-162: Image of collapsed Bridge 1355 (source: FHWA)
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Figure 2-163: Bridge 1355 i‘mag;;‘rom PRHTA inspection report
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Figure 2-164: Bridge 1355 image from PRHTA inspection report
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Figure 2-166: Bridge 1355 image from PRHTA inspection report
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Figure 2-167: Bridge 1355 iage rom PRHTA inspection report
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2.8.7. Temporary replacement
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Figure 2-168: Bride 1355 replaceent under construction (oure: PRHTA)
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2.9. Bridge 1453
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(Extracted from Figure 2-189)



2.9.1. General information

Table 2-24: Bridge 1453 general information from BridgeReports.com

Name

MARGINAL STREET over BAIROA RIVER

Structure number

014531

Location

WEST SIDE OF CAGUAS

Purpose

Carries highway and pedestrian walkway over waterway

Route classification

Local (Urban)

Length of largest span 39.0ft
Total length 82.4 ft
Roadway width between curbs 40.0 ft
Deck width edge-to-edge 52.8 ft

Owner

City or Municipal Highway Agency

Year built

1973

Historic significance

Bridge is not eligible for the National Register of Historic
Places.

Number of main spans

2

Main spans material

Prestressed concrete

Main spans design

Box beam or girders - Multiple

Deck type

Concrete Cast-in-Place

Wearing surface

Bituminous
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Table 2-25: Bridge 1453 general information from the PRHTA

ID 1453
Highway Marginal Street
Municipality Caguas
Year Built 1973
Functionality Urban-local
Lanes 2
ADT 4000

Maintenance

Municipal Highway Agency

Owner Municipal Highway Agency
Up Service Highway-pedestrian
Down Service Waterway
Width 16.1m
Length 25.1m
Spans 2
Under clearance 0

Material Prestressed concrete
Design Box beam or girder - simple
Scour Critical 8
Inspection Frequency 24 months
Approach Roadway Width 3m
Bypass length 17 km
NBI Rating 1
NHS 0
Area 404.11 m?
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Figure 2-169: Bridge 1453 drawings (source: PRHTA)
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2.9.2. Inspection before Hurricane Maria

r i1

BRIDGE:
TEAM LEADER: Heriberto Gonzalez Medina
INSP, DATE: 7~ [

./_,-;-_'{,:l'_.'.-__ L ¥,

1. Inspection Type and Dates:

INSPECTION REPORT SUMMARY & QC SHEET

Other Checks: (Y, N, NA)

 Beour Critical (items 113 & 60)
= AASHTO Core's & NEBI CD consistent
# Smart Flags (scour, steel plate,
fire damage, etc)
# Channel Profile/Clearance Table
# FC & Underwater Members Tables
. Asphalt Overlay Thickness
= Drawings
# Photos
«_Critical Finding
< Inspector & Team Leader Signature

J;‘F.i
-~/ L fﬁ‘f‘
o 2

¥

Reviewer:

)

Safety Eng.: ?le __} ,,»: /‘/?_,;’/f

Performed? Freqg Pre;.r-iuus Insp. DATE - MNext Insp. DATE

MBI Type : {ves f Mo/ NA) [MONTHS) [MONTH/YEAR) [MONTH/YEAR)
ITEM S0 Routine Inspection .-//‘1 -_—_ =& Jere Zeity | Feon Zo/E
ITEM 93 A | FCInspection o
ITEMS3B | Underwaterinsp. |
ITEM 93 C | other: -

‘2. NBI Condition Rating Summary:

- |Iem58 | ltem 59 | Item 60 | ltem61 | Item 62 | Item 113
Previous Inspection = | & = =, A &
Current Inspection = - - _’ -

Review Comments:

Figure 2-170: Bridge 1453 inspection summary of February 10, 2016 (source: PRHTA)
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1453-feb-10-2016-001 jpg 1453-feb-10-2016-002jpg 1453-feb-10-2016-008 jpg

1453-feb-10-2016-010.jpg 1453-feb-10-2016-011.jpg 1453-feb-10-2016-014.jpg

1453-feb-10-2016-015.jpg 1453-feb-10-2016-019 jpg 1453-feb-10-2016-022 jpg

Figure 2-171: Bridge 1453 inspection photos of February 10, 2016 (source: PRHTA)
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2.9.3. Images before Hurricane Maria

A »
Google Earth

|mage'© 20224Maxar Teehnologies

Imagery Date: 4/25/2017 18°15'24.45" N 66°02'35.30" W elev. 0 ft eye alt 666 ft
Figure 2-172: Bridge 1453 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 2-173: Bridge 1453 photo from February 10, 2016 inspection (source: PRHTA)
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Figure 2-174: Bridge 1453 photo from February O, 2016 inspection (source: PRHTA)
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Figure 2-175: Bridge 1453 photo from February 10, 2016 inspection (source: PRHTA)

230



Figure 2-176: Bridge 1453 photo from February 10, 2016 inspection (source: PRHTA)
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Figure 2-177: Bridge 1453 photo from February 10, 2016 inspection (source: PRHTA)
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2.9.4. Streamflow

Table 2-26: Peak streamflow at Bairoa River Above Bairoa, Caguas monitoring station (source: USGS)

Year Date Gage Height (ft) Streamflow (cfs)
2010 2010-08-30 9.72 2,040
2011 2011-08-03 10.54 2,550
2012 2012-08-24 851 2,250
2013 2013-07-18 9.43 1,870
2014 2014-08-23 8.84 2,690
2015 2014-11-07 8.96 2,860
2016 2015-10-24 7.83 1,440
2017 2017-09-20 14.50 5,600
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2.9.5. Inspection after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

BRIDGE ID: /4527 MUNICIPALITY: Cﬁjwb

/ - - . ”
pate: /2/1TN7  mime:_{-30 EVALUATOR NAME: @Aﬁi—ffém PR S

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[] FLow piscHARGE [] RAINFALL PER UNIT OF TIME [] waTeR sTAGE

[[] FLOOD FORECAST/WARNING ] BRIDGE-REFERENCED ELEVATION  [V] OTHER

. /
TRIGGER (FOR CHECKED EVENT): J/(/// reane_ /"{ﬂ/m_

EVALUATION SUMMARY AND RECOMMENDATIONS

MOKITORING TYPE:
VISUAL ] INSTRUMENT:

OBSERVATION AND/OR MEASUREMENTﬁOée, pﬁ-/‘tL'd//V co//dp’ é’/// Olo(/'#b

pm/ 'pA./U/(/ _)av»/n)! 46:/{'/"“’/\ _;vﬂ% uj&s}wc/ é‘ckﬁf/anlalqud 5Tewgnu
Bo)( ée‘m\) Ur?Dvalé( AAJ Wmf /eé/, o‘sf/./c-#.nj o/:otnmju_

ACTION REQUIRED (PROVIDE COMMENTS):
NO FURTHER ACTION [ | FURTHER INSPECTION REQUESTED [ ] EMERGENCY CLOSURE

COMMENTS: ﬁ/‘a/l!c/ 4//¢a/q chosed L)g m.mwp,a/#q /eepmi-c/ 4

CofF. A/ .//%e/ Ac%o/)
INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-178: Bridge 1453 inspection report from October 17, 2017 (source: PRHTA)
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Figure 2-179: Bridge 1453 photos from October 17, 2017 inspection (source: PRHTA)
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Figure 2-180: Bridge 1453 photos from October 17, 2017 inspection (source: PRHTA)
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Figure 2-181: Bridge

1453 photos from October 1
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7, 2017 inspection (sou

rce: PRHTA)



2.9.6. Images after Hurricane Maria
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Image © 2022 Maxar Te,ehnologxes

) éoogle Earth

-
¢ g Imagery Date: 10/31/2017 18°15'24.12" N  66°02'38.49* W elev = 0ft eyealt 666 ft

Figure 2-18: Bridge 1453 satellite after Hurricane Maria (source: Google Earth Pro)
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Figure 2-185: Bridge 1453 image from PRHTA inspection report
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Figure 2-187: Bridge 1453 image from PRHTA inspection report
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Figure 2-188: Bridge 1453 image from PRHTA inspection report
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Figure 2-189: Bridge 145 image from PRHTA inspection rebort
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Flgu 2-190: Brige 1453 image from PRHTA inspectionreport
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Figure 2-191: Bridge 1453 image from PRHTA inspection report
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Figure 2-194: Image of damaged Bridge 1453 (source: PRHTA)
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Figure 2-195: Image of damaged Bridge 1453 (source: PRHTA)
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Flgure 2- 196 Image of damaged ridge 1453 (source PRHTA)
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Figure 2-198: Image of damaged Bridge 1453 (source: PRHTA)
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Figure 2-199: Image of damaged Bridge 1453 (source: PRHTA)
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https://twitter.com/ivettesosaT2/status/920353013121904640

Figure 2-200: Tweet showing damaged Bridge 1453 (source: lvette Sosa)
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https://twitter.com/ivettesosaT2/status/920353013121904640

2.9.7. Videos after Hurricane Maria

https://youtu.be/55-NPacw Kg

Video 2-12: Social media video of damaged Bridge 1453 (source: Abner Correa)
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https://youtu.be/5S-NPacw_Kg
https://www.youtube.com/embed/5S-NPacw_Kg?feature=oembed

https://youtu.be/-2aeQeWt-PY

Video 2-13: Social media video of damaged Bridge 1453 (source: Abner Correa)
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https://youtu.be/-2aeQeWt-PY
https://www.youtube.com/embed/-2aeQeWt-PY?feature=oembed

https://youtu.be/s8-TvynONDs

Video 2-14: Social media video of damaged Bridge 1453 (source: Valexanddraa)
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https://youtu.be/s8-TvynONDs
https://www.youtube.com/embed/s8-TvynONDs?feature=oembed

2.9.8. Repaired bridge
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§

Figure 2-01: Repaired Bridge 1453
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2.10. Bridge 1462

(Extracted from Figure 2-219)
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2.10.1. General information

Table 2-27: Bridge 1462 general information from BridgeReports.com

Name

PR 567 over GRANDE DE MANATI RIVER

Structure number

014621

Location

4.7 KM S W OF CIALES

Purpose

Carries highway over waterway

Route classification

Local (Rural)

Length of largest span 65.6 ft
Total length 274.0 ft
Roadway width between curbs 26.6 ft
Deck width edge-to-edge 30.5 ft

Owner

State Highway Agency

Year built

1978

Historic significance

Bridge is not eligible for the National Register of Historic
Places

Number of main spans

4

Main spans material

Prestressed concrete

Main spans design

Stringer/ Multi-beam or girder

Deck type

Concrete Cast-in-Place

Wearing surface

Bituminous
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Table 2-28: Bridge 1462 general information from the PRHTA

ID 1462
Highway PR-567 km 11.7
Municipality Morovis
Year Built 1978
Functionality Rural-local
Lanes 2
ADT 2200

Maintenance

State Highway Agency

Owner State Highway Agency
Up Service Highway
Down Service waterway
Width 9.3m
Length 83.5m
Spans 4
Under clearance 0

Material Prestressed Concrete
Design Stringer or girder
Scour Critical 3
Inspection Frequency 24 months
Approach Roadway Width 8.1m
Bypass length 14 km
NBI Rating 2
NHS 0
Area 776.55 m2
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Figure 2-203: Bridge 1462 drawings (source: PRHTA)
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2.10.2. Inspection before Hurricane Maria

BRIDGE:

TEAM LEADER:

BRIDGE EVALUATOR:

INSPECTION REPORT SUMMARY & QC SHEET

1462

AT LOPEZ

MI ZAYAS

Inspection Type and Dates: JAN. 31,2017

1. Bridge Inspection Schedule Summary:

Performed? Freq Previous Insp. DATE Next Insp. DATE
NBI Type (Yes/No/NA)  (MONTHS) (MONTH/YEAR) (MONTH/YEAR)
Routine YES 24 2/2015 1/2019
ITEM S0 Inspection
N
ITEM93 A  FClInspection
N
ITEM 93 B  Underwater Insp.
ITEM 93 C Other: N
2. NBI Condition Rating Summary:
7 ' ' Item Item
ltem 58 | Item 59 | Item 60 | Item 61 | Item 62 | 113 41
) . 7 6 | 7 N o >ﬁ o
Previous Inspection \
|6 K e |7 N E P

Current Inspection

Other Checks: (Y, N, NA) Review Comments:

/_AASHTO Core's & NBI CD consistent Smart Flags (scour, steel plate, fire damage, etc)
= Channel Profile/Clearance Table
/_I’C & Underwater Members Tables
ZAsphalt
Overlay Thickness < Drawings
“"Photos
~ZCritical Finding
““Inspector & Team Leader Signature

Reviewer: [

Safety Eng.:

Figure 2-204: Bridge 1462 inspection summary of January 31, 2017 (source: PRHTA)
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14624an-31-2017-001 Jpg 1462+4an-31-2017-003 jpg 1462-jan-31-2017-004 jpg

14624an-31-2017-006 jpg 1462-4an-31-2017-008 Jpg 1462-an-31-2017-015 jpg

14624an-31-2017-019jpg 1462-jan-31-201 7030 |Jpg 1462-jan-31-2017-035jpg

Figure 2-205: Bridge 1462 inspection photos of January 31, 2017 (source: PRHTA)
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2.10.3. Images before Hurricane Maria

Image ©2022 Maxar Technologies

Google Earth

Imagery Date: 8/18/2016  18°18'17.72" N 66°26'18.34" W elev 0ft eyealt 1892ft
Figure 2-206: Bridge 1462 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 2-207: Bridge 1462 photo from February 1, 2015 inspection (source: P
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Figure 2-208: Bridge 1462 photo from Februafy 1

-

x _
1, 2015 inspection (source: PRHTA)
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Figure 2-209: Bridge 1462 photo from February 11, 2015 inspection (source: PRHTA)
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Figure 2-210: Bridge 1462 photo from February 11, 2015 inspection (source: PRHTA)
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Figure 2-211: Bridge 1462 photo from February 11, 2015 inspection (source: PRHTA)
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Figure 2-212: Bridge 1462 photo from February 11, 2015 inspection (source: PRHTA)
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Figure 2-213: Photo of structure upstream from BridgeA142 from February 11 iﬁspection (source: PRHTA)
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2.10.4. Streamflow

Table 2-29: Peak streamflow at Grande de Manati River at Ciales monitoring station (source: USGS)

Year Date Gage Height (ft) Streamflow (cfs)
2010 2010-05-28 14.76 27,300
2011 2011-08-23 17.97 45,200
2012 2012-05-05 16.37 35,900
2013 2012-10-26 12.16 16,700
2014 2014-08-23 13.31 21,100
2015 2014-11-07 8.06 5,570
2016 2015-11-24 10.58 14,000
2017 2017-09-20 43.36 284,000
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2.10.5. Inspections after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

BRIDGE |D: __j4/b2. MUNICIPALITY: _ Murguig

DATE: _/%02/77 _ TIME: A 3w EVALUATOR NAME: Jase M"—"J’ g -’Q-m;ﬂ FL.EL..E

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[[] FLow piscHARGE [_] RAINFALL PER UNIT OF TIME [] waTeR sTAGE

[] FLOOD FORECAST/WARNING [ ] BRIDGE-REFERENCED ELEVATION G{THEH

s
TRIGGER (FOR CHECKED EVENT}: _Luraem P o <

EVALUATION SUMMARY AND RECOMMENDATIONS

MORITORING TYPE:
[¥] visuaL _ [] insTRUMENT:

OBSERVATION AND/OR MEASUREMENT:

ACTION REQUIRED (PROVIDE COMMENTS):
[ no FuRTHER AcTiON ]f?unmzn INSPECTION REQUESTED | | EMERGENCY CLOSURE

COMMENTS: ﬂ-,,w_.g ;‘;L‘g* ¢ raien g"slgﬂ,, LU F,,;, alls
ENTS o O, ¢ . J'wnm " =

i Joal
i v o
ﬂL -ﬂ.— INELLIDE PHOTOS iN A SERARATE SHEET
o Spam encendicdo o« 3som . afvee abefs y une L-!r'ha.. -] o
Al 'E‘il'-l - c.hl'lu SF:LHLH ne ‘Ttl::rn ?ﬂ'tml‘l H‘I-l. ' Pe s s L

Figure 2-214: Bridge 1462 inspection report from October 9, 2017 (source: PRHTA)
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Figure 2-215: Bridge 1462 photos from October 9, 2017 inspection (source: PRHTA)
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Figure 2-216: Bridge 1462 photos from October 9, 2017 inspection (source: PRHTA)
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Figure 2-217: Bridge 1462 photos from October 9, 2017 inspection (source: PRHTA)
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Report Number
oy — DETAILED DAMAGE INSPECTION REPORT iaarsan
o Towtaportatin Sheer
e ety (Title 23, Federal-aid Highways) 1 o 1
{tocation (Name of Rood and Myepost) FHWA Disenter Nembers
PR-567 km 11.8, Muncipalty of Maravis PA201701
(nspection Dute
October 19, 2017
Oweseription of Dawmoge Federakold Route Namber
PRSGT
£l puente ubaado o e carretera PR-567 en el HItmetso 11.8 colapso tatakments, Las dimenciones no s
pudernn astimar debido 3 la magnitud de los dafos. En of lugar se pudo Observar una tuberia de ARA £° diam. eate Comery
de "pAistica”. En base 3 lo acantecido #n el kigar recomendames & CErre 1013l 6o la Grreters y que personal de Pusrto Ao o
Ias Ofcinad de Ingenieria de Suelos v del Ara de Disefio visiten |2 L0ng 912 que £5503 presenten sus
racomendaciones. Tamben recomendamos gue s Brigada de Agrimensura visite & zona para que evéiien ks
posibles desvios,
Para atender la seguiidad val en el lugar recomendamos nstalar contiokes TMpoeeos para la prateccidn del
trafico, Entre los contiokes de proteccion Gue se Teren que instalas estan la instalacdn de: mddulos temporeros
en Bormagdn con placas reNectorss, drangs, Marcado oo pavimento, rotulstion para el mantenimsnto del
transito, etc.
Para atencer las condiciones exstentes para |a recomstrwcddn de |3 secton e B cantar requiere apoyo
técnko, Ws cuales deben contempler & posibilided de 13 construccion de unpusnte o cambier la atnescion de o
carrelens.
Cost Estimate
Description of Wark to Date R S Cost
(Equi 1, Lador, and ) Bntleekiaing > Completed Remaining
Mobilization |Spec. 151) 5 |5 10000 14.182 S 141820
[Removal of Structure and Oastruction (Spec. 202) 15 |5 wWooo 50 $ 500000
Thermoplastic Pavement Marking {Any Color) (Spec. 618| s 700 26 5 182.00
Drums (Spec, 638) Each | § 10000 20 $ 200000
Temporary Concrete Barrier (Spec. 638) LM | $ 16000 30 S 4.B00.00
-; Construction Signs (Spec. G38) SaM | 20500 [] $  2,200.00
Method Subtotal | S 15,600.20
Dlnmltou'n D State Forces D Controct PE/CE
Emergency Repalr Totel | S 15,600.20
New Bridge 1S |5 10000 70,000.00 S 7.000,000.00
$
$
3
$
<
$
: =
8 3 =
K $
- 5
i —
S
£ 5
- 5
$
5
Method b 5 7,000,000.00
[)eocat Forces [ state rorces [¥] contract PE/cE (15%) | S 1,050,000 00
Right-of-way
Perm. Repair Totals
[ X]cotegonicol xciusion [Tensess Estimated Totol| § §050,000.00
Recommendation WA!}MM Date
[ eniose [Aunengwe (e1) |27 . o2feallt
Concurrence State Engincer "V\ Dote
[Jre [Ine ! ivas 19-Oct-17
Comcurrence Local Agency Representetive Dote
[Jres (e

Figure 2-218: Bridge 1462 inspection report from October 19, 2017 (source: FHWA)
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-219: Bridge 1467 from October 19, 2017 inspection (source: FHWA)

Figure 2
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2.10.6. Images after Hurricane Maria

Google Earth

Imagery Date: 11/29/2017  18°18'25.01" N 66°26'22.74" W, elev 0ft eyealt 1892 ft
Figure 2-220: Bridge 1462 satellite after Hurricane Maria (source: Google Earth Pro)
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Figure 2-221: Inspection of collapsed Bridge 1462 (source: PRHTA)
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Figure 2-222: Inspection f collapsed Bridge 1462 (source: PRHTA)
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Figulre 2-223 Inspection of collased Bridge 1462 (source: PRTA)
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Figure 2-224: Inspection of collapsed Bridge 1462 (source: PRHTA)
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Figure 2-225: Inspection of collapsed Bridge 1462 (source: PRHTA)
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https://flic.kr/p/DY9SWE

Figure 2-226: Social media image of collapsed Bridge 1462 (source: Julia Maldonado)

https:/lic.kr/p/224an]

Figure 2-227: Social media image of collapsed Bridge 1462 (source: Julia Maldonado)
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https://flic.kr/p/DY9SWE
https://flic.kr/p/224nBkj

"

https://flic.kr//leKJ29

Figure 2-228: Social media image of collapsed Bridge 1462 (source: Julia Maldonado)
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https://flic.kr/p/211KJ29

htt‘r;s://ﬂic.kr/p224nxK3

Figure 2-229: Social media image of collapsed Bridge 1462 (source: Julia Maldonado)
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https://flic.kr/p/224nxK3
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https://flic.kr/pZzyy

Figure 2-230: Social media image of collapsed Bridge 1462 (source: Julia Maldonado)
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https://flic.kr/p/224nzyy

https://www.facebook.com/giovannibrignoniblog/photos/a.517078145294915/523880147948048

Figure 2-231: Social media image of collapsed Bridge 1462 (source: Giovanni Brignoni)
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https://www.facebook.com/giovannibrignoniblog/photos/a.517078145294915/523880147948048

v g N

https://www.facebook.com/giov nnibrignonibIog/photos/a.S17078145294915/523_880077948055

Figure 2-232: Social media image of collapsed Bridge 1462 (source: Giovanni Brignoni)
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https://www.facebook.com/giovannibrignoniblog/photos/a.517078145294915/523880077948055

e "l e Jospss.

https://apnews.com/article/puerto;rico—donaId—trump—us—news—ap—top—news—hurricane—ma ria-
475dbbe238ac4820a5¢c2¢32091aab499

Figure 2-233: Collapsed Bridge 1462 image from news report (source: AP News)
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https://apnews.com/article/puerto-rico-donald-trump-us-news-ap-top-news-hurricane-maria-475dbbe238ac4820a5c2c32091aab499
https://apnews.com/article/puerto-rico-donald-trump-us-news-ap-top-news-hurricane-maria-475dbbe238ac4820a5c2c32091aab499

—— e ——

https://top.com/media—gaIIeries/Z17/09/photos—scenes—devastétion—puerto—rico—mari

Figure 2-234: Collapsed Bridge 1462 image from news report (source: AP News)
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https://wtop.com/media-galleries/2017/09/photos-scenes-devastation-puerto-rico-maria/

https://www.elnuevodia.com/noticias/locales/notas/tres-barrios-en-morovis-continuan-

incomunicados/?TB iframe=true&width=370.8&height=658.8

Figure 2-235: Collapsed Bridge 1462 image from news report (source: El Nuevo Dia)
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https://www.elnuevodia.com/noticias/locales/notas/tres-barrios-en-morovis-continuan-incomunicados/?TB_iframe=true&width=370.8&height=658.8
https://www.elnuevodia.com/noticias/locales/notas/tres-barrios-en-morovis-continuan-incomunicados/?TB_iframe=true&width=370.8&height=658.8

R X ¢ S e rrey i 1S - LA

%) - .

https://www.elnuevodia.com/noticias/locales/notas/aislado-el-barrio-san-lorenzo/

Figure 2-236: Collapsed Bridge 1462 image from news report (source: EI Nuevo Dia)
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https://www.elnuevodia.com/noticias/locales/notas/aislado-el-barrio-san-lorenzo/

https://twitter.com/jestevesT2/status/915997147371151360

Figure 2-237: Social media image of collapse of Bridge 1462 (source: Jose Esteves)
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https://twitter.com/jestevesT2/status/915997147371151360

»

https://nypost.com/2017/10/09/full-scope-of-puerto-ricos-devastation-seen-from-above/#6

Figure 2-238: Collapsed Bridge 1462 image from news report (source: New York Post)

https://bridgehunter.com/pr/morovis/bh81844/

Figure 2-239: Screenshot of collapsed Bridge 1462 from FEMA video (source: Bridgehunter.com)
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https://nypost.com/2017/10/09/full-scope-of-puerto-ricos-devastation-seen-from-above/#6
https://bridgehunter.com/pr/morovis/bh81844/

2.10.7. Videos after Hurricane Maria

https://www.facebook.com/1614771861/videos/10212592662124234/

Video 2-15: Social media video of collapsed Bridge 1462 (source: Johnny Rodriguez)

P> o28/052

https://www.facebook.com/832251257/videos/10156693467061258/

Video 2-16: Social media video of collapsed Bridge 1462 (source: Sirio Arnaldo Alvarez-Cruz)
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https://www.facebook.com/1614771861/videos/10212592662124234/
https://www.facebook.com/832251257/videos/10156693467061258/
https://www.facebook.com/832251257/videos/10156693467061258/

https://www.facebook.com/100000565791309/videos/2241274072568097/

Video 2-17: Social media video of collapsed Bridge 1462 (source: lvette Pabon)

Thursday

Morovis, Puerto Rico Morovis, Puerto Rico

6:04 PM |
- |

10:04 PM GMT

https://www.cnn.com/videos/world/2017/09/28/bridge-collapse-morovis-
puerto-rico-watson-lok-cnni.cnn

Video 2-18: News report about the effects of collapsed Bridge 1462 (source: CNN)
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https://www.facebook.com/100000565791309/videos/2241274072568097/
https://www.cnn.com/videos/world/2017/09/28/bridge-collapse-morovis-puerto-rico-watson-lok-cnni.cnn
https://www.cnn.com/videos/world/2017/09/28/bridge-collapse-morovis-puerto-rico-watson-lok-cnni.cnn
https://www.cnn.com/videos/world/2017/09/28/bridge-collapse-morovis-puerto-rico-watson-lok-cnni.cnn

https://fb.watch/etxJs1Fugl/

Video 2-19: Social media video of collapsed Bridge 1462 (source: Giovanni Brignoni)
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https://fb.watch/etxJs1Fuq1/
https://fb.watch/etxJs1Fuq1/

https://youtu.be/IYy78BmWgB4?t=130
Video 2-20: Drone video of Morovis, including collapsed Bridge 1462 (source: Jibaro Aventurero - Antes Upper ViewPR)
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https://youtu.be/IYy78BmWgB4?t=130
https://www.youtube.com/embed/IYy78BmWgB4?start=130&feature=oembed

2.10.8. Temporary replacement

Figure 2-240: Bridge 1462 replacement (source: PRHTA)
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2.11. Bridge 1499




2.11.1. General information

Table 2-30: Bridge 1499 general information from BridgeReports.com

Name

RURAL LOCAL ROAD over GRANDE DE ARECIBO RIVER

Structure number

014991

Location

5 KM NORTHEAST OF UTUADO

Purpose

Carries highway over waterway

Route classification

Local (Rural)

Length of largest span 73.8 ft
Total length 231.0ft
Roadway width between curbs 22.6ft
Deck width edge-to-edge 26.6 ft

Owner

City or Municipal Highway Agency

Year built

1973

Historic significance

Bridge is not eligible for the National Register of Historic
Places

Number of main spans

3

Main spans material

Prestressed Concrete

Main spans design

Stringer / Multi-beam or girder

Deck type

Concrete Cast-in-Place

Wearing surface

Monolithic Concrete (concurrently placed with structural
deck)
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Table 2-31: Bridge 1499 general information from the PRHTA

ID 1499
Highway PR 123 km 0.03
Municipality Utuado
Year Built 1973
Functionality Rural-Local
Lanes 2
ADT 250

Maintenance

Municipal Highway Agency

Owner Municipal Highway Agency
Up Service Highway
Down Service Waterway
Width 8.1m
Length 70.4 m
Spans 3
Under clearance 0

Material Prestressed Concrete
Design Stringer or Girder
Scour Critical 4
Inspection Frequency 6 months
Approach Roadway Width 7m
Bypass length 199 km
NBI Rating 0
NHS 0
Area 570.24 m?
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Figure 2-241: Bridge 1499 drawings (source: PRHTA)
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Figure 2-242: Bridge 1499 drawings (source: PRHTA)
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Figure 2-244: Bridge 1499 drawings (source: PRHTA)
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2.11.2. Inspection before Hurricane Maria

INSPECTION REPORT SUMMARY & QC SHEET
s i
BRIDGE: | L{ (4]

TEAM LEADER: (% i\ 1 () 4 e cla

BRIDGE EVALUATOR: | I | “ZeA®3

INSPECTION DATE: 3y (it t(j \0, 2017

1. Inspection Type and Dates:

Performed? Freq Previous Insp.DATE Next Insp. DATE
NBI ! Type (Yes / No / NA) (MONTHS) (MONTH/YEAR) (MONTH/YEAR)
! = £ 17 )\ £)2
ITEM 90 Routine Inspection \{‘([_) /'/ JL(' (f 2 Ol (2 W
9 " [P
ITEMS3 A | FCInspection = I iy Vantdo) v
_ J ¥
ITEM 93 B Underwater Insp.
R ¥ I” f g T » 1. ‘ 1
(ITEM93C | Other: 51 Nes | L p “J'-L{' 02 LMM
-y 7 ¥
2. NBI Condition Rating Summary & Field Review of Bridge Posting: / !
Item 58 Item 59 | Item Item 61 ] Item 62 | Item 113 | Item 41

IPreviouslnsAge_cLip_qi (_‘7 !"iﬁ,é Q.f { N ,/l Li ,92
| Current Inspection (_/J FI l [\_\rz é ;l . 7\[ 7‘2_‘1 ‘49‘:,

» "4
v 2
Other Checks: (Y, N, NA) Review, Comments 7 ¢
_~_Scour Critical (items 113 & 60) /— S5 v y\,,_..' Sccur wan fid r"“‘}
_z_AASHTO Core’s& NBI CD consistent .
2__Smart Flags (scour, steel plate, < . J'T' it taan I3 = L'
fire damage, etc) i :
_~_Channel Profile/Clearance Table " e .
~_FC & Underwater Members Tables p S & Tinren; KO = 6
* _Asphalt QOverlay Thickness "
~_Drawings
" Photos — SI @ 1L pusac 2V
7 Critical Finding B ;
-~ __Inspector & Team Leader Signature Men f YN /c c7. W) SCeur
Y v v ,
Reviewer: A LA b s f Jé /
- ¢ v Sl
7 7 ; C AW
Safety Eng.: A7 ¥ S S Y L
i.\la ¢ 1 £ 2 le

Figure 2-246: Bridge 1499 inspection summary of January 10, 2017 (source: PRHTA)
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1499 jan-10-2017 (1).JPG 1499 jan-10-2017 (3).JPG 1499 jan-10-2017 (3).JPG

T
1499 jan-10-2017 (13).JPG 1499 jan-10-2017 (14).JPG 1499 jan-10-2017 (15).0PG

1499 jan-10-2017 (17).JPG 1499 jan-10-2017 (23).JPG
Figure 2-247: Bridge 1499 inspection photos of January 10, 2017 (source: PRHTA)

Note: According to the National Bridge Inventory, another inspection was conducted in
April 2017. The Report Summary and QC Sheet and the photos of this inspection were not

available.
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2.11.3. Images before Hurricane Maria

Image © 2022 Maxar Technologies

Google Earth

Imagery Date: 2/21/2017  18°18'06.42" N 66°42'01.25" W elev. 0ft eyealt 2257 ft (
Figure 2-248: Bridge 1499 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 2-249: Bride 1499 photo rom January 10, 2017 inspetion (source: PRHTA)
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Figure 2-250: Bi'dge 1499 photo from January 10, 2017 inspection (source: PRHTA)
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Figure 2-253: Bridge 1499 hoto from January )

318



319



320



2.11.4. Streamflow

Table 2-32: Peak streamflow at Grande de Arecibo River Below Utuado monitoring station (source: USGS)

Year Date Gage Height (ft) Streamflow (cfs)
2010 2010-04-23 16.81 18,900
2011 2010-10-08 19.78 30,500
2012 2012-03-28 15.17 14,200
2013 2012-11-19 13.97 11,000
2014 2014-08-24 17.28 17,100
2015 2014-11-03 13.20 7,120
2016 2016-09-21 13.14 7,010
2017 2017-09-20 31.84 70,700
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2.11.5. Inspections after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

srioGeD: /A7 . .

DATE:_Z/'ZéZQZ TIME: _// //meVALUATOR NAME: [ _éa <ﬁd/’ gﬂz%

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[] FLow DISCHARGE [ ] RAINFALL PER UNIT OF TIME [] WATER STAGE

[_] FLOOD FORECAST/WARNING [ ] BRIDGE-REFERENCED ELEVATION  [C}-OTHER

TRIGGER (FOR CHECKED EVENT): &[t"{‘(mig MZLM_L

EVALUATION SUMMARY AND RECOMMENDATIONS

MONIT@RING TYPE:
[ Jisuat [] INSTRUMENT:

OBSERVATION AND/OR MEASUREMENT: Jits) [ 2 ) = SpanS (west: ,/r/é/] Collay S((/

beams >; Pler an(/ diel i river /26 maLningd Spaqn ua:/a/)/d wWith
remamnirg Pler Cracked . J

ACTIO QUIRED (PROVIDE COMMENTS):
NO FURTHER ACTION D FURTHER INSPECTION REQUESTED D EMERGENCY CLOSURE

COMMENTS: ) iam; /163 /1’)0[)(! JCIIS) erv{m‘ at plber ,;n'{

IUPH)UH/Z MEYCY 100 JIM /))Q}) p’nfrf}l—l
INCLUDE PHOTOS IN A SEPARATE SHEET
g/(‘/bt//

Figure 2-256: Bridge 1499 inspection report from October 5, 2017 (source: PRHTA)
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Figure 2-257: Bridge 1499 photos from October 5, 2017 inspection (source: PRHTA)
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SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

BRIDGEID: _ /499 MUNICIPALTY: _ Uduado
DATE: 1ol il TIME: EVALUATOR NAME: Wi [ {rodo Pads o

C.Ehf‘mnﬁ :!ﬁfné"EL

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[ ] FLOW DISCHARGE [_] RAINFALL PER UNIT OF TIME [ WATER STAGE

[] FLOOD FORECAST/WARNING [ | BRIDGE-REFERENCED ELEVATION (X OTHER

TRIGGER (FOR CHECKED EVENT):  Hurricome  Viars b

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:
[X] visuaL [ ] INSTRUMENT:

OBSERVATION AND/OR MEASUREMENT:

ACTION REQUIRED (PROVIDE COMMENTS):
[_] NOFURTHER ACTION [] FURTHER INSPECTION REQUESTED EMERGENCY CLOSURE

COMMENTS: _Tlowm 113 — O Fle bridgo wot o leef
J

INCLUDE PHOTOS I A SEPARATE SHEET

Figure 2-259: Bridge 1499 inspection report from October 11, 2017 (source: PRHTA)
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Figure 2-260: Bridge 1467 from October 11, 2017 inspection (source: PRHTA)
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2.11.6. Images after Hurricane Maria

Figure 2-261: Bridge 1499 satellite after Hurricane Maria (source: NOAA)
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Google Earth

Imagery Date: 11/3/2017  18°18'09.53" N 66°42'02.88"W elev 0ft eyealt 2257 ft

R - : 2

: \

https://abc7‘nv.cc;m‘/news/puerto—rico—town—gets—nevv—bridge—6—months—after—hurricane—vvasheél—
away-old-one/3214063/
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https://abc7ny.com/news/puerto-rico-town-gets-new-bridge-6-months-after-hurricane-washed-away-old-one/3214063/
https://abc7ny.com/news/puerto-rico-town-gets-new-bridge-6-months-after-hurricane-washed-away-old-one/3214063/

Figure 2-263: News report image of collapsed Bridge 1499 (source: ABC)

: . ~ = o = —~

— e o

https://www.thestar.com/ews/world/ZO18/07/13/report—shows—fema—unprepared—for—pueto—rico—
hurricane.html

Figure 2-264: News report image of collapsed Bridge 1499 (source: Toronto Star)
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https://www.thestar.com/news/world/2018/07/13/report-shows-fema-unprepared-for-puerto-rico-hurricane.html
https://www.thestar.com/news/world/2018/07/13/report-shows-fema-unprepared-for-puerto-rico-hurricane.html

https://www.dvidshub.net/image/3872963/hurricane-maria-aid-delivery-utuado

Figure 2-265: Social media image of collapsed Bridge 1499 (source: US Air Force)
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https://www.dvidshub.net/image/3872963/hurricane-maria-aid-delivery-utuado

-

https://www.nytimes.com/es/2017/10/18/espanol/despues-del-huracan-maria-los-puertorriquenos-
recurren-a-la-creatividad-para-sobrevivir.html

Figure 2-266: News report image of collapsed Bridge 1499 (source: NY Times)

https://www.noticel.com/huracanes/el-tiempo/ahora/top-stories/20200814/puentes-impactados-
por-maria-ya-sufrian-por-falta-de-mantenimiento/

Figure 2-267: News report image of collapsed Bridge 1499 (source: Noticel)
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https://www.nytimes.com/es/2017/10/18/espanol/despues-del-huracan-maria-los-puertorriquenos-recurren-a-la-creatividad-para-sobrevivir.html
https://www.nytimes.com/es/2017/10/18/espanol/despues-del-huracan-maria-los-puertorriquenos-recurren-a-la-creatividad-para-sobrevivir.html
https://www.noticel.com/huracanes/el-tiempo/ahora/top-stories/20200814/puentes-impactados-por-maria-ya-sufrian-por-falta-de-mantenimiento/
https://www.noticel.com/huracanes/el-tiempo/ahora/top-stories/20200814/puentes-impactados-por-maria-ya-sufrian-por-falta-de-mantenimiento/

rico-still-crisis-mode-n822536

Figure 2-268: News report image of collapsed Bridge 1499 (source: NBC News)
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https://www.nbcnews.com/storyline/puerto-rico-crisis/two-months-after-hurricane-maria-puerto-rico-still-crisis-mode-n822536
https://www.nbcnews.com/storyline/puerto-rico-crisis/two-months-after-hurricane-maria-puerto-rico-still-crisis-mode-n822536

2.11.7. Videos after Hurricane Maria

https://fb.watch/etGiWajuGf/

Video 2-21: Social media video of Bridge 1499 before collapsing (source: Huracan Maria-Videos y Fotos)
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https://fb.watch/etGiWajuGf/
https://fb.watch/etGiWajuGf/

https://youtu.be/LI85rQoxhPQ

Video 2-22: News report of collapsed Bridge 1499 (source: CNN en Espafiol)
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https://youtu.be/LI85rQoxhPQ
https://www.youtube.com/embed/LI85rQoxhPQ?feature=oembed

https://youtu.be/sNRcSIXiGpE

Video 2-23: Social media video of collapsed Bridge 1499 (source: Jibaro Aventurero - Antes Upper ViewPR)
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https://youtu.be/sNRcS1XiGpE
https://www.youtube.com/embed/sNRcS1XiGpE?feature=oembed

2.11.8. Temporary replacement

B

Figure 2-269: Bridge 1499 réplaféemvent (source: RH)'
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2.12. Bridge 1698

(Extracted from Figure 2-284)
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2.12.1. General information

Table 2-33: Bridge 1698 general information from BridgeReports.com

Name

FELIX AVENUE over COROZAL RIVER

Structure number

016981

Location

ENTRANCE TO FELIX DEV

Purpose

Carries highway and pedestrian walkway over water way

Route classification

Local (Urban)

Length of largest span 65.6 ft
Total length 71.5 ft
Roadway width between curbs 26.2 ft
Deck width edge-to-edge 36.4 ft

Owner

City or Municipal Highway Agency

Year built

1975

Historic significance

Bridge is no eligible for the National Register of Historic
Places.

Number of main spans

Main spans material

Prestressed concrete

Main spans design

Stringer/Multi-beam or girder

Deck type

Concrete Cast-in-Place

Wearing surface

Bituminous
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Table 2-34: Bridge 1698 general information from the PRHTA

ID 1698
Highway Felix Avenue
Municipality Corozal
Year Built 1975
Functionality Urban-local
Lanes 2
ADT 3000

Maintenance

Municipal highway agency

Owner Municipal highway agency
Up Service Highway-pedestrian
Down Service Waterway
Width 111m
Length 21.8m
Spans 1
Under clearance 0

Material

Prestressed concrete

Design

Stringer or girder

Scour Critical

Inspection Frequency 24 months
Approach Roadway Width 8m
Bypass length 2 km
NBI Rating 2
NHS 0
Area 241.98 m?
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Figure 2-270: Bridge 1698 drawings (source: PRHTA)
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2.12.2. Inspection before Hurricane Maria

BRIDGE: BR-1698

TEAM LEADER: Micky Santiago

BRIDGE EVALUATOR: Kiomarie Valle

INSP. DATE:  Janwary 12, 2017

1. Inspection Type and Dates:

INSPECTION REPORT SUMMARY & QC SHEET

Other Checks: (Y, N, NA) Review Comments:

__Scour Critical (items 113 & 60)
AASHTO Core's& NBI CD consistent

2 Smart Flags (scour, steel plate,
fire damage, etc)

" _Channel Profile/Clearance Table

~_FC & Underwater Members Tables
Asgphalt Overlay Thickness

~ Drawings

= _Photos

~_Critical Finding

«"_Inspector & Team Leader Signature

- A1 .2
V ”ff-y
) A
Reviewer: . i .
= ';1 el e Ve
o . =
//f/
Safety Eng.. A i

? Performed? Freq Previous Insp.DATE Next Insp. DATE

| NBI - Type [Yes £ Mo f NA) [MONTHS) {MONTH/YEAR] (MIONTH/YEAR)
ITEM S0 | Routine Inspection Yas 24 Jan-2015% Jan-2019
ITEM 93 A | FCInspection Na___ ( ! 0000 ]
ITEM 233 B Underwater Insp. MA
ITEM93C | Other: SI Super WA |
2. NBI Condition Rating Summary & Field Review of Bridge Posting:

' tem58 | Item59 | ltem60 | ltem61 | ltem 62 | tem 113 | Itemd1

i Previous Inspection 6 ] . & ] M g8 A

i Current Inspection 6 | B (] ] M g A

Figure 2-271: Bridge 1698 inspection summary of January 12, 2017 (source: PRHTA)
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1698-Ene-12-2017-001 jpg 1698-Ene-12-2017-003 jpg 1698-Ene-12-2017-004 jpg

1698-Ene-12-2017-009,jpg 1698-Ene-12-2017-010jpg 1698-Ene-12-2017-012jpg

1698-Ene.-12-2017-015 jpg 1698-Ene-12-2017-016jpg 1698-Ene-12-2017-017 jpg

Figure 2-272: Bridge 1698 inspection photos of January 12, 2017 (source: PRHTA)
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2.12.3. Images before Hurricane Maria

2 Max chnologies

Imagery Date: 8/18/2016  18°20'15.92" N 66°19'12.43" W elev  0ift. Je
Figure 2-273: Bridge 1698 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 2-274: Bridge 1698 photo from January 12, 2017 inspection (source: PRHTA)

344



345



Figure 2-276: Bridge 1698 photo from January 12, 2017 inspection (soUrce: PRH'TA)
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Figure 2-277: Bridge 1698 photo from January 12, 2017 inspection (source: PRHTA)
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Figure 2-278: Bridge 1698 photo from January 12, 2017 inspection (source: PRHTA)
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Figure 2-279: Bridge 1698 photo from January 12, 2017 inspection (source: PRHTA)
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2.12.4. Inspection after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

o ~
BRIDGEID: / (5 78 MUNICIPALITY:  C o Tae

DATE: (©-% - /7 TIME: EVALUATOR NAME: MA(&c,o\.- /\;\frﬂa

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[] FLOW DISCHARGE [_] RAINFALL PER UNIT OF TIME [] WATER STAGE

B{LOODFORECAST/WARNING [] BRIDGE-REFERENCED ELEVATION ~ [} OTHER

TRIGGER (FOR CHECKED EVENT): Hrtaces MAMA{ Tren 13 -PBerote = 8
Arret- = O

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:
[Hisuat [] INSTRUMENT:

OBSERVATION AND/OR MEASUREMENT: ___ EsxAuerutn (o . /5o

ACTION REQUIRED (PROVIDE COMIMENTS):
[] NO FURTHER ACTION [ ] FURTHER INSPECTION REQUESTED [*] EMERGENCY CLOSURE

COMMENTS:

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-281: Bridge 1698 inspection report from October 3, 2017 (source: PRHTA)
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1698-0ct-3-2017-001 jpg corozal 1698-0ct-3-2017-002)pg

corozal 1698-0t-3-2017-004.jpy corozal 1698-0¢t-3-2017-005.jpg corozal 1698-oct-3-20117-006.)pg

Figure 2-282: Bridge 1698 photos from October 3, 2017 inspection (source: PRHTA)
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2.12.5. Images after Hurricane Maria

L8

=2 -
Imagery/Date: 10/23/2017 18°20'15.29" N  66°19'11.74" W'/ elev. 0 ft eyelaltii372ift:

Figure 2-283: Bridge 1698 satellite after Hurricane Maria (source: Google Earth Pro)
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https://www.elnuevodia.com/noticias/locales/fotogalerias/corozal-luego-del-paso-de-maria/

Figure 2-284: Collapsed Bridge 1698 image from news report (source: El Nuevo Dia)

https://Ww.presreaaer.com'/puerto—rico/el—r{uvo—diai/ZO171008/281663960222791

Figure 2-285: Collapsed Bridge 1698 image from news report (source: El Nuevo Dia)
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https://www.elnuevodia.com/noticias/locales/fotogalerias/corozal-luego-del-paso-de-maria/
https://www.pressreader.com/puerto-rico/el-nuevo-dia1/20171008/281663960222791

2.12.6. Videos after Hurricane Maria

https://youtu.be/8D2zXBhQd s

Video 2-24: Social media video of collapsed Bridge 1698 (source: Nicole Joan Morales Ortiz)
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https://youtu.be/8D2zXBhQd_s
https://www.youtube.com/embed/8D2zXBhQd_s?feature=oembed

2.12.7. Reconstructed bridge

Figure 2-286: Bridge 1698 replacement (source: PRHTA)
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Figure 2-287: Bridge 1698 replacement (source: PRHTA)
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2.13. Bridge 1714

(Extracted from Figure 2-20)

Note: Bridge was not among the bridges identified as collapsed in the PRHTA inventory.
Therefore, no additional information was obtained from PRHTA, including inspection reports
prior to Hurricane Maria. In the final stages of this project, as a final check was given to the
inventory, a closer look was given to the report of the inspection conducted after Maria. In this
report, the inspector stated in Spanish that the bridge collapsed and that the piers had settled,
causing the bridge to deform. He also indicated that, at one end, the approach roadway had lost fill

material, producing a huge pothole.
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2.13.1. General information

Table 2-35: Bridge 1714 general information from BridgeReports.com

Name

OFF PR 330 over DUEY RIVER

Structure number

017141

Location

BO. DUEY FRENTE ESCUELA

Purpose

Carries highway and pedestrian walkway over waterway

Route classification

Local (Rural)

Length of largest span 128.0 ft
Total length 128.0 ft
Roadway width between curbs 18.0 ft
Deck width edge-to-edge 23.6 ft
Skew angle 28°
Owner City or Municipal Highway Agency
Year built 1976

Historic significance

Bridge is not eligible for the National Register of Historic
Places

Design load

MS 18 / HS 20 [5]

Main span material

Steel

Main span design

Stringer/Multi-beam or girder

Deck type

Not applicable
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Table 2-36: Bridge 1714 general information from the PRHTA

ID 1714
Highway OFF PR 330
Municipality San German
Year Built 1976
Functionality Rural-local
Lanes 2
ADT 250

Maintenance

Municipal Highway Agency

Owner Municipal Highway Agency
Up Service Highway-pedestrian
Down Service Waterway
Width 7.2m
Length 26.4m
Spans 3
Under clearance 0
Material Steel
Design Stringer or girder
Scour Critical 8
Inspection Frequency 24 months
Approach Roadway Width 56m
Bypass length 199 km
NBI Rating 1
NHS 0
Area 190.08 m?
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2.13.2. Images before Hurricane Maria

“

Image © 2022 Maxar Technologies

oy
K «&)%lke;Earth

Imagery Date: 2/2/2017  18°08'09.65" N¥ 67°04'19.90" W, elev, C]"A'f't“'\qu@t 556ift
Figure 2-289: Bridge 1714 satellite image before Hurricane Maria (source: Google Earth Pro)
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2.13.3. Inspection after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

C,

~ QA /
riDGeID: | /|4 MUNICIPALITY: _ 2¢in (7€ 1 man B
3P o = 5 W gL
pATE: 22/ Svn _[,'g-.j e 0:50A] evawatorname: oo W Kios Me

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[ ] FLOW DISCHARGE [ ] RAINFALL PER UNIT OF TIME [] WATER STAGE

[] FLOOD FORECAST/WARNING || BRIDGE-REFERENCED ELEVATION  [}] OTHER

/ /a ’
TRIGGER (FOR CHECKED EVENT): H aeeican  Mayig

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:
[X] visual [ ] INSTRUMENT:

/
OBSERVATION AND/OR MEASUREMENT: ,J.. tf 7, ) 8 b R O rb«//\"b' (-L ’q L5

A D{ ’/\(l\ I) R 330 “CYCJM_ _14[‘ ! f/\qgf i ed { .’_{{' ((,L/\‘C (‘v,«u(a\ '/]ﬂ'YL'}
t’\' D {}f’ (24 )/I\h(vﬂl ) (! r( ¢ "t( 5 k“ (lr\-é/ ,v\" J
ACT ION REQUIRED (PROVIDE COMMENTS):

[ ] NO FURTHER ACTION [ ] FURTHER INSPECTION REQUESTED EMERGENCY CLOSURE

/

0 '
COMMENTS: Fosnte  (0lan

INCLUDE PP;OTOS IN A SEPARATE SHEET

Figure 2-290: Bridge 1714 inspection report from September 22, 2017 (source: PRHTA)
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IMG_4344.JPG

Figure 2-291:

Bridge 1714 photos from September 22, 2017 inspection (source: PRHTA)
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[MG_4348.JPG

IMG_4351.JPG
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Figure 2-292: Bridge 1714 photos from September 22, 2017 inspection (source: PRHTA)
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Figure 2-293: Bridge 1714 photos from September 22, 2017 inspection (source: PRHTA)
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IMG_43606.JPG IMG_4367.0PG IMG_4368.1PG

IMG_4370JPG IMG_4371.JPG

Figure 2-294: Bridge 1714 photos from September 22, 2017 inspection (source: PRHTA)
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Figure 2-295: Bridge 1714 photos from September 22, 2017 inspection (source: PRHTA)
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2.13.4. Images after Hurricane Maria

Figure 2-296: Bridge 1714 satellite image after Hurricane Maria (source: NOAA)
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Image © 2022 Maxar Technologies

v B i P -~ .
Imagery Date:'11/29/2017, 18208;09165% N 679_04'18.58" W elevi i0 f;\«_gy.gvalt 556&(,

Figure 2-297: Bridge 1714 satellite after Hurricane Maria (source: Google Earth Pro)
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2.13.5. Temporary replacement

ttps://www.facebook.com/Ciudad DeSa nGerman/poéts/pf&dOZAHWEFMélkn3H925pzA8U6Yn89 LR
JP7SyXsxVdFn4hAePVTeAPtBwwFQVAS8atFnil

Figure 2-298: Bridge 1714 replacement (source: Ciudad de San German)
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https://www.facebook.com/CiudadDeSanGerman/posts/pfbid02AHWEFMW61kn3H925pzA8U6Yn89LRJP7SyXsxVdFn4hAePVTeAPtBwwFQVA8atFnil
https://www.facebook.com/CiudadDeSanGerman/posts/pfbid02AHWEFMW61kn3H925pzA8U6Yn89LRJP7SyXsxVdFn4hAePVTeAPtBwwFQVA8atFnil

2.14. Bridge 1728

(Extracted from Figur 2-314)



2.14.1. General information

Table 2-37: Bridge 1728 general information from BridgeReports.com

Name

PR 358 over HOCONUCO RIVER

Structure number

017281

Location

2 KM OF INT PR2 & PR358

Purpose

Carries highway over waterway

Route classification

Minor Collector (Rural)

Length of largest span 4.9 ft
Total length 61.7 ft
Roadway width between curbs 16.1 ft
Deck width edge-to-edge 18.0 ft

Owner

State Highway Agency

Year built

1978

Historic significance

Bridge is no eligible for the National Register of Historic

Places
Number of main spans 11
Main spans material Concrete
Main spans design Culvert

Deck type

Concrete Cast-in-Place

Wearing surface

Monolithic Concrete (concurrently placed with structural
deck)
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Table 2-38: Bridge 1728 general information from the PRHTA

ID 1728
Highway PR-358
Municipality San German

Year Built 1978

Functionality

Rural-minor collector

Lanes

ADT

1,000

Maintenance

State Highway Agency

Owner State Highway Agency
Up Service Highway
Down Service Waterway
Width 55m
Length 18.8 m
Spans 11
Under clearance 0
Material Concrete
Design Culvert
Scour Critical 4
Inspection Frequency 24 months
Approach Roadway Width 4.6m
Bypass length 6 km
NBI Rating 1
NHS 0
Area 103.4 m?
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Figure 2-299: Bridge 1728 drawings (source: PRHTA)
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2.14.2. Inspection before Hurricane Maria

INSPECTION REPORT SUMMARY 8 QC SHEET
BRIDGE: BR-1728

TEAM LEADER: Micky Santiago

BRIDGE EVALUATOR: Kiomarie Valle

INSP. DATE:  May 12, 2017

1. Inspection Type and Dates:

Performed? Freq Previous lrlsp.nnﬁ Hl;:ct Insp. DATE
MBI Type [Yes / Mo/ NA} [MONTHS) [MONTH/YEAR) [MIONTH/YEAR)
| ITEM 90 Routine Inspection Yes 12 24 April-2015 May-2019
ITEM 93 A | FCInspection NA - 2! i_
| ITEM 93 B | Underwater Insp. NA _
ITEM 93 C | Other: §I Sufier— =4+ NA |- T My 20/ .

2. NBI Condition Rating Summary & Field Review of Bridge Posting:

Item 58 Item 59 | Item 60 Item 61 Item 62 | Item 113 | Item 41

Previous Inspection N M N 3 4 4 A
| Current Inspection M M M 3 4 Fil A
Other Checks:(Y, N, NA) Review Comments:
{_icﬁusul-rlﬁ]n tgzléﬁsagnrjgl1géc?r¥sislent / e '“5f @ [ X = "
—?m%r;;[aag: {:.ttéour_ steel plate, wJJS . C'I"E*
i Clir:annel Pgréfileil?::learanoe Table ﬂ\frr_q)‘pf 'ﬁ:b J'LJ c-

< FC & Underwater Members Tables
= _Asphalt Overlay Thickness

= Drawings

" Photos

= Critical Finding

= Inspector & Team Leader Signature

Reviewer: ,>’( /;’”%
—/ , /)Z{f"

Safety Eng.: P

Figure 2-300: Bridge 1728 inspection summary of May 12, 2017 (source: PRHTA)
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Figure 2-301: Bridge 1728 inspection photos of May 12, 2017 (source: PRHTA)
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2.14.3. Images before Hurricane Maria

Image © 2022 CNES / Airbus

Google Earth

Imagery Date: 9/13/2016  18°06'58.68" N 67°03'31.69" W elev 0ft eyealt 778ft (
Figure 2-302: Bridge 1728 satellite image before Hurricane Maria (source: Google Earth Pro)
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303: Bridge 178 phto fro May 12, 2017 inépectAion (sore: PRHTA)

Figure 2
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Figure 2-304: Bridge 1728

P RISV 4 J J Z ¥
photo from May 12, 2017 inspection (source:

PRHTA)
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T - % -
- \

: Bridge 1728 phot from May 12, 2017 inspection (source: PRHTA)

“r ik

"Figure 2-305
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306: Bridge 1728 photo from May lé, 207 inspection‘ (soure: PRHTA)

Figufé 2
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Figure 2-307: Bridge 172 phdto from May E 2017 in"sp;ection (soﬂrce: PRHA)
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2.14.4. Inspection after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

BRIDGEID: |12 % MUNICIPALITY:  —vin ¥€ ¢ ney,

DATE: 2 [az17 TvE: 3 HE AP evawuaTor NAME: _ Eric W. Rios Mera

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[ ] FLOW DISCHARGE [] RAINFALL PER UNIT OF TIME [ ] WATER STAGE

[_] FLOOD FORECAST/WARNING [ | BRIDGE-REFERENCED ELEVATION OTHER

TRIGGER (FOR CHECKED EVENT): _Huracan Maria

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:

VISUAL [] INSTRUMENT:
OBSERVATION AND/OR MEASUREMENT: J+/n ' S~71 0 Roviols  cprniaro:
‘.I« (4 L a0/A ‘1‘ Ll

ACTION REQUIRED (PROVIDE COMMENTS):
[] NO FURTHER ACTION  [_] FURTHER INSPECTION REQUESTED EMERGENCY CLOSURE

COMMENTS: [' 111 { (LJ;"I I\"'J,_L'{:d YI»"’ A”l on

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-308: Bridge 1728 inspection report from September 23, 2017 (source: PRHTA)
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Figure 2-309: Bridge 1728 photos from September 23, 2017 inspection (source: PRHTA)
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Figure 2-310: Bridge 1728 photos from September 23, 2017 inspection (source: PRHTA)
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MG_0073.9G

IMG_DD74%G

IMG_0075.19G

IMG_0O78UPG
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MG 0077 PG

IMG_0080JPG

Figure 2-311: Bridge 1728 photos from September 23, 2017 inspection (source: PRHTA)
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2.14.5. Images after Hurricane Maria

Figure 2-312: Bridge 1728 satellite image after Hurricane Maria (source: NOAA)
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Image © 2022 Maxar Technologies

Google Earth

(%)
A Imagery Date: 10/20/2017  18°07'01.23"N 67°03'35.20" W elev 0ft eyealt 778ft
Figure 2-313: Bridge 1728 satellite after Hurricane Maria (source: Google Earth Pro)

f\\>°0

389



ks =

T 4. .A.;“_“:_: "': B N it o S : s g
https://www.facebook.com/coleccionistas.coampi/posts/pfbid02dmkS5Yi5xfGKM9HtopEMJMnpTaMg

e 2 e,

PoUZMu6Hi3bUBXnLk6Zpoo7b8KxtlptGzTW?2I

Figure 2-314: Social media image of collapsed Bridge 1728 (source: Coleccionistas Coampi)
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https://www.facebook.com/coleccionistas.coampi/posts/pfbid02dmkS5Yj5xfGKM9HtopEMJMnpTaMgPoUZMu6Hi3bUBXnLk6Zpoo7b8KxtJptGzTW2l
https://www.facebook.com/coleccionistas.coampi/posts/pfbid02dmkS5Yj5xfGKM9HtopEMJMnpTaMgPoUZMu6Hi3bUBXnLk6Zpoo7b8KxtJptGzTW2l
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https://www.facebook.com/leyda.ortiz.50/posts/pfbid0x6h8PLTh DAdQGsCYZtuI\/IelHEZ6Haijc9Gm
S9enXR3AUMCY4xJAxkfXatstEAVDI

Figure 2-315: Social media image of collapsed Bridge 1728 (source: Leyda Ortiz)

391



https://www.facebook.com/leyda.ortiz.50/posts/pfbid0x6h8PLThDAdQGsCY2tuDMe1HEZ6HavjUc9GmS9enXR3AUMCY4xJAxkfXatstEAVDl
https://www.facebook.com/leyda.ortiz.50/posts/pfbid0x6h8PLThDAdQGsCY2tuDMe1HEZ6HavjUc9GmS9enXR3AUMCY4xJAxkfXatstEAVDl
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https://www.facebook.com/miriam.cruzmiranda.92/posts/pfbid03pURP2c5Bwcv49agtz9KHAWYUgLxJwg

6fZXzrcPtCIwL5vdepFMfNzawSjkjTzUgwl

Figure 2-316: Social media image of collapsed Bridge 1728 (source: Miriam Cruz Miranda)
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https://www.facebook.com/miriam.cruzmiranda.92/posts/pfbid03pURP2c5Bwcv49qtz9KHAwyuqLxJwg6fZXzrcPtCJwL5vdepFMfNzawSjkjTzUgwl
https://www.facebook.com/miriam.cruzmiranda.92/posts/pfbid03pURP2c5Bwcv49qtz9KHAwyuqLxJwg6fZXzrcPtCJwL5vdepFMfNzawSjkjTzUgwl

https://www.facebook.com/miriam.cruzmiranda.92/posts/pfbid03pURP2c5Bwcv49qtz9KHAwyuglxJwg
6fZXzrcPtCIJwL5vdepFMfNzawSikjTzUgwl

Figure 2-317: Social media image of collapsed Bridge 1728 (source: Miriam Cruz Miranda)

393



https://www.facebook.com/miriam.cruzmiranda.92/posts/pfbid03pURP2c5Bwcv49qtz9KHAwyuqLxJwg6fZXzrcPtCJwL5vdepFMfNzawSjkjTzUgwl
https://www.facebook.com/miriam.cruzmiranda.92/posts/pfbid03pURP2c5Bwcv49qtz9KHAwyuqLxJwg6fZXzrcPtCJwL5vdepFMfNzawSjkjTzUgwl

s e >

https://Www.facebook.com/miriam.cruzmiranda.92/posts/pfbid03pUPZCS Bwcv49gtz9KHAwyuglLxJwg
6fZXzrcPtCIJwL5vdepFMfNzawSikjTzUgwl

Figure 2-318: Social media image of collapsed Bridge 1728 (source: Miriam Cruz Miranda)
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https://www.facebook.com/miriam.cruzmiranda.92/posts/pfbid03pURP2c5Bwcv49qtz9KHAwyuqLxJwg6fZXzrcPtCJwL5vdepFMfNzawSjkjTzUgwl
https://www.facebook.com/miriam.cruzmiranda.92/posts/pfbid03pURP2c5Bwcv49qtz9KHAwyuqLxJwg6fZXzrcPtCJwL5vdepFMfNzawSjkjTzUgwl

2.14.6. Temporary replacement

https://www.facebook.com/noticiasareaoeste/photos/.164503062390018/23 13724465520871/

Figure 2-319: Bridge 1728 replacement (source: Noticias Area Oeste)
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https://www.facebook.com/noticiasareaoeste/photos/a.1645033062390018/2313724465520871/

2.15. Bridge 1733

(Extracted from Figure 2-332)




2.15.1. General information

Table 2-39: Bridge 1733 general information from BridgeReports.com

Name

PR 111 over EL SALTO CREEK

Structure number

017331

Location

5 KM N W OF SAN SEBASTIAN

Purpose

Carries highway over waterway

Route classification

Minor Arterial (Rural)

Length of largest span

11.5ft

Total length

25.9 ft

Roadway width between curbs

Deck width edge-to-edge

Owner

State Highway Agency

Year built

1980

Historic significance

Bridge is not eligible for the National Register of Historic

Places
Number of main spans 2
Main spans material Steel
Main spans design Culvert

Deck type

Not applicable

Wearing surface
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Table 2-40: Bridge 1733 general information from the PRHTA

ID 1733
Highway PR-111
Municipality San Sebastian
Year Built 1980

Functionality

Rural-minor arterial

Lanes

ADT

26000

Maintenance

State highway agency

Owner State highway agency
Up Service Highway
Down Service Waterway
Width 151m
Length 7.9m
Spans 2
Under clearance 0
Material Steel
Design Culvert
Scour Critical 8
Inspection Frequency 6 months
Approach Roadway Width 15.1m
Bypass length 6 km
NBI Rating 1
NHS 0
Area 119.29 m?
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Figure 2-320: Bridge 1733 drawings (source: PRHTA)
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2.15.2. Inspection before Hurricane Maria

BRIDGE: BR-1733

TEAM LEADER: Eric W, Rios Mera

BRIDGE EVALUATOR: Sadl J. Sandoval

INSPECTION REPORT SUMMARY & QC SHEET

Dther Checks: (Y, N, MA) Review Comments:
_ s Becour Critical (ilerms 113 & 80)
_# AASHTO Core'sS& NBI CD consistent
2 Smart Flags (scour, steel plate,
fire damage, etc)

_# Channel Profile/Clearance Table

# FC & Underwater Members Tables
_"'._Asphalt Owverlay Thickness
" Drawings
7 Photos
#°_Critical Finding
< _Inspector & Team Leader Signature

P
Reviewer: R
Safety Eng.: ’)/ /F/-”%_._

INSPECTION DATE: July 14, 2016
1. Inspection Type and Dates:
Performed? T H-'eq Previﬂu;s Insp. BATE Mext Insp. DATE

MEI Type (¥es / Mo/ NA) (MONTHS) (MONTH/TEAR] [MONTH/YEAR]
ITEN S0 Routine Inspection Yes ] 1/2016 1/2017
ITEM 93 & | FC Inspection HA B
ITEM 93 B Underwater Insp. Ma& - N
ITEM 932 C | Other: S Culvert Yes & 1/2016 1/2017
2. NBI Condition Rating Summary & Field Review of Bridge Fasting.:

Item 58 ltem 58 | Item 60 | ltem 61 | Item 62 | Item 113 | Item 41
Previous Inspection N M N 5 2 A
Current Inspection N M M 5 2 A

Figure 2-321: Bridge 1733 inspection summary of July 14, 2016 (source: PRHTA)
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1733-5ul-14-2016 {2)JPC 1733-jul-14-2016 {1 )JPG 1733-)ul-14-2016 (3)UPG

1733.Jul14-2016 (4} JPG 1733-jul-14-2016 (5)JPG

1733-jul-14-2016 (7] JPG 1733-Jul-14-2016 (B)LJPG 1733-jul 142016 (9)JPG

Figure 2-322: Bridge 1733 inspection photos of July 14, 2016 (source: PRHTA)

Note: According to the National Bridge Inventory, another inspection was conducted in July

2017. The Report Summary and QC Sheet and the photos of this inspection were not available.
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2.15.3. Images before Hurricane Maria

Image © 2022 Maxar Technologies

Google Earth

Imagery Date: 2/2/2017 ~ 18°21'31.91" N 67°02'30.44"W elev 0ft eyealt 726ft
Figure 2-323: Bridge 1733 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 2-324: Bridge 1733 photo from January 12, 2016 inspection (source: PRHTA)
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Figure 2-325: Bridge 1733 photo from January 12, 2016 inspection (source: PRHTA)
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Figure 2-326: Bridge 1733 photo from January 12, 2016 inspection (source: PRHTA)
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2.15.4. Inspection after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

BRIDGE 1D: _[ 7 33 MUNICIPALITY: /Vo 7

DATE: 2}_[@;[;0!1 TIME: _/). |0 f[) EVALUATOR NAME: __ Eric W. Rios Mera

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[] FLow pISCHARGE [ ] RAINFALL PER UNIT OF TIME [ ] wATER STAGE

[[] FLOOD FORECAST/WARNING [ ] BRIDGE-REFERENCED ELEVATION  [X(] OTHER

TRIGGER (FOR CHECKED EVENT); Huracan Maria — 20/ 5;! / 2017

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:

[X] visua [ ] INSTRUMENT:

OBSERVATION AND/OR MEASUREMENT: _| £¢m |10~ /1 Lo by, 1::%&4’"- :
] J

L2 Y <8y 1

ACTION REQUIRED (PROVIDE COMMENTS):
[_] NO FURTHER ACTION [ ] FURTHER INSPECTION REQUESTED  [X] EMERGENCY CLOSURE

COMMENTS: (gcgui; chi;é (ét/l,aia/_u_él_éﬂ_##uﬁn__h-_
Aalare.) |

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-327: Bridge 1733 inspection report from September 22, 2017 (source: PRHTA)
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Figure 2-328: Bridge 1733 photos from September 22, 2017 inspection (source: PRHTA)
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Figure 2-329: Bridge 1733 photos from September 22, 2017 inspection (source: PRHTA)
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Figure 2-330: Bridge 1733 photos from September 22, 2017 inspection (source: PRHTA)
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MG_34%7.90G IMG_3498JPG

Figure 2-331: Bridge 1733 photos from September 22, 2017 inspection (source: PRHTA)
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2.15.5. Images after Hurricane Maria

Figure 2-332: Bridge 1733 satellite image after Hurricane Maria (source: NOAA)
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Google Earth

Imagery Date: 9/25/2017  18°21'31.28" N 67°02'32.39"W elev 0ft eyealt 726ft ()
Figure 2-333: Bridge 1733 satellite after Hurricane Maria (source: Google Earth Pro)

Image © 2022 Maxar Technologies
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https://www.facebook.com/Mariahuracan20deseptiembre/posts/722078228251589

Figure 2-334: Social media image of collapsed Bridge 1733 (source: Joaquin Lebrén Rosado)

https://huracanmaria.elnuevodia.com/2017/municipio/moca

Figure 2-335: Collapsed Bridge 1733 image from news report (source: El Nuevo Dia)
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https://www.facebook.com/Mariahuracan20deseptiembre/posts/722078228251589
https://huracanmaria.elnuevodia.com/2017/municipio/moca

https://www.cbsnews.com/pictures/hurricane-maria-puerto-ricos-long-road-to-recovery/26/

Figure 2-336: Collapsed Bridge 1733 image from news report (source: CBS News)
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https://www.cbsnews.com/pictures/hurricane-maria-puerto-ricos-long-road-to-recovery/26/

2.15.6. Videos after Hurricane Maria

https://twitter.com/NotiUno/status/911381359637221376

Video 2-25: News report about collapsed Bridge 1733 (source: NotiUno 630)
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https://twitter.com/NotiUno/status/911381359637221376

2.15.7. Temporary Replacement

Figure 2-337: Bridge 1733 replacent (source: PRHTA)
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2.16. Bridge 1917

(Extracted from Figure 2-353)




2.16.1. General information

Table 2-41: Bridge 1917 general information from BridgeReports.com

Name

PR 627 over GRANDE DE ARECIBO RIVER

Structure number

019171

Location

11 KM S E OF ARECIBO

Purpose

Carries highway over waterway

Route classification

Minor Collector

Length of largest span 43.3 ft
Total length 337.9 ft
Roadway width between curbs 16.4 ft
Deck width edge-to-edge 18.7 ft

Owner

State Highway Agency

Year built

1988

Historic significance

Bridge is not eligible for the National Register of Historic
Places

Number of main spans

8

Main spans material

Concrete Continuous

Main spans design

Slab

Deck type

Concrete Cast=in-Place

Wearing surface

Monolithic Concrete (concurrently placed with structural
deck)
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Table 2-42: Bridge 1917 general information from the PRHTA

ID 1917
Highway PR-627
Municipality Arecibo

Year Built 1988

Functionality

Rural-minor collector

Lanes

ADT

259

Maintenance

State Highway Agency

Owner State Highway Agency
Up Service highway
Down Service Waterway
Width 57m
Length 103 m
Spans 8
Under clearance 0

Material Concrete Continuous
Design Slab
Scour Critical -
Inspection Frequency 24 months
Approach Roadway Width 6.1m
Bypass length 199 km
NBI Rating 2
NHS 0
Area 587.1 m?
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Figure 2-338: Bridge 1917 drawings (source: PRHTA)
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2.16.2. Inspection before Hurricane Maria

Note: The last inspection of Bridge 1917 before Hurricane Maria was carried out on July 28,
2017. The Report Summary and QC Sheet of this inspection was not available. Therefore, Figure
2-340 shows the summary of the July 2015 inspection. The photos of the July 2017 inspection

were made available, as shown in Figure 2-341.

INSPECTION REPORT SUMMARY & QCSHEET
BRIDGE: BR-1917
TEAM LEADER: Eric W, Rios Mera
INSP. DATE:  July 30, 2015

1. Inspection Type and Dates:

Performed? Freq ‘T Previous Insp.DATE Next Insp. DATE
NBI | Type {Yes / No / NA) (MONTHS) (MONTH/YEAR) (MONTH/YEAR)
ITEM 90 | Routine Inspection Yes 4 | 7/2013 7/2017
ITEMS3 A | FCInspection | No
ITEM 93 B ‘ Underwater Insp. No — —
ITEM 93 C ‘ Other: No

2. NBI Condition Rating Summary:

Item 58 Item 59 | Item 60 Item 61 Item 62 | Item 113

Previous Inspection 6 6 | 5 7 N 4
\
| Current Inspection 6 6 5 il 7 N 4
Other Checks:(Y, N, NA) Review Comments

7 Scour Critical (items 113 & 60)
__ Z AASHTO Core's& NBI CD consistent
__ Smart Flags (scour, steel plate,
~ fire damage, efc)
_7/ Channel Profile/Clearance Table
_~ FC & Underwater Members Tables
_~<_Asphalt Overlay Thickness
_~ Drawings
_~ Photos
_~_Critical Finding
~_Inspector & Team Leader Signature

~ I

Reviewer: K L
\ / / ﬂ/ /,",/; l
Safety Eng.: o I

Figure 2-340: Bridge 1917 inspection summary of July 15, 2015 (source: PRHTA)
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1917-Jul.-28-2017-001 jpg 1917-Jul -28-2017-010jpa 1917-Jul-28-2017-011 jpg

1917-Jul-28-2017-018jpg

1917-Jul.-28-2017-021 jpg 1917-Jul -28-2017-027 jpa 1917-Jul -28-2017-028 jpg

Figure 2-341: Bridge 1917 inspection photos of July 28, 2017 (source: PRHTA)
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2.16.3. Images before Hurricane Maria

Image © 2022 Maxar Technologies

Google Earth

Imagery Date: 3/17/2016 18923'31.41" N 66°40'49.36" W elev 0ft eyealt 1429 ft @
Figure 2-342: Bridge 1917 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 2—343: Bridge 1917 photo frb “july 28, 2017 inspection (source: PRHTA)
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on (source: PRHTA)
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2.16.4. Streamflow

Table 2-43: Peak streamflow at Grande de Arecibo River Near San Pedro monitoring station (source: USGS)

Year Date Gage Height (ft) Streamflow (cfs)
2010 2010-04-23 16.08 19,900
2011 2010-10-08 18.53 30,500
2012 2012-03-28 19.70 36,400
2013 2012-11-20 11.75 6,350
2014 2014-08-24 15.36 17,100
2015 2014-11-04 10.98 5,360
2016 2015-10-26 9.932 3,600
2017 2017-09-20 33.32 164,000
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2.16.5. Inspections after Hurricane Maria

> DETAILED DAMAGE INSPECTION REPORT i
US Dopartment

bt il (Title 23, Federal-aid Highways) A . 3
Locotion (Neme of Road and Milepost) FHWA Disaster Number
PR-627, Em. 1.1 - Municipio de Arecibo PR2017-01
182337 N 66'41'23" Inspection Date

4 de cctubre de 2017

Deseription of Damage Federal-aid Route Number
Colapso de puentc #1917 de la carretera FR-627 del Em. I1.1. PR-627
State Country
Puerto Rico Arecibo
Cost Estimate
Description of Work to Date Cost
Unit | Unit Pri
{Equipment, Labor, and Materials) i RS | Quavtny Completed Remaining
Mobilization $ 12.63
Construct Sians 284 .¢ 4]
Drums $103.5( 1
o |Vemporary Con te Bazricr 5165, 6( 30.50 3
Blreflective sed Pavenent Markers [ 550,00 S
o
o
3
£
o
&
]
E
w
Method Subtotal $ 13,895,00
DLocal Forces D Stote Forces @ Controct PE/CE S 694,75
Emergency Repair Total | § 14,589.75
Reparacion de Puente LS .:.u;»o-t::l 100,00 P d3sbdberidrres
0,500 % ) 51,506 860
Q0 0 § =
[~ = S =
e s =
2 s -
5 :
7 = =
& 3 =
-
c
]
£
E ¢*%* NOTA: Es necesario evaluacidn de la oflicina de
g Disefic y Puentes. ***
|Method Subtotal| ¢1,200,000.00
[Jeocor Forces [ ]stoterorces [ X] contraet PE/CE| 715
Right-of-Way
Perm, Repair Totals £1,150,000.00
Environmental Assessment Recommendation
[ Jcategorical exclusion [(eavess Estimated Total| 5 1,161,589.75
Recommendation FHWA Engineer | Date
[] etiginte [Finchgte ( FEHH R g A o2/or/wE
Concurrence sfate Engi ! Date
o, - . .
[ ves [ = 2l g
Concurrence Lufﬂ?yxfﬁ@pﬁtﬂ;‘u Date
e e -
Form FHWA-1547 (Rev. 4-98) This form was electronically produced by Elite Federal Forms, Inc.

Figure 2-348: Bridge 1917 inspection report from October 4, 2017 (source: FHWA)
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Figure 2-349: Bridge 1917 diagram from October 4, 2017 inspection report (source: FHWA)
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SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

srinceD: /G /7 MUNICIPALITY: m%’fl AZ )
pate: JO/%5) é?‘ nmve: 7 523177 EVALUATOR NAME: (_%F/Sﬁd/‘) g(rn?) S

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[ ] FLOW DISCHARGE [ ] RAINFALL PER UNIT OF TIME [] WATER STAGE

[] FLOOD FORECAST/WARNING || BRIDGE-REFERENCED ELEVATION [ J-0FHER

TRIGGER (FOR CHECKED EVENT): /L/ W I0ané. //[I/’ 3

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:

E*(LSUAL [] INSTRUMENT:
OBSERVATION AND/OR MEASUREMENT: Br /'(/a é /IMLS /Z‘zl/“/{ ) ‘37,;‘0/1«5

(ollapscd due o eontraction in Corver sPans.

ACTION REQUIRED (PROVIDE COMMENTS):
NO FURTHER ACTION || FURTHER INSPECTION REQUESTED [ | EMERGENCY CLOSURE

COMMENTS:

Mlice.

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-350: Bridge 1917 inspection report from October 5, 2017 (source: PRHTA)
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Figure 2-351: Bridge 1917 photos from October 5, 2017 inspection (source: PRHTA)
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Figure 2-352: Bridge 1917 photos from October 5, 2017 inspection (source: PRHTA)
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2.16.6. Images after Hurricane Maria

Figure 2-353: Bridge 1917 satellite image after Hurricane Maria (source: NOAA)
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Image © 2022 Maxar Technologies

Google Earth

-
Imagery Date: 11/3/2017 3 66°40'54.75" W elev 0ft eyelalt 1429 ft
Figure 2-354: Bridge 1917 satellite after Hurricane Maria (source: Google Earth Pro)
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Figur 2-355: Collapsed ri‘ge 1917 (source:
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Figure 2-356: Collapsed Bridg 1917 (source: PRHTA)
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Figure 2-357: Collapsed Bridge 1917 (source: PRHTA)
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Figure 2-358: Ilapsed Bidge'i9l7 éo-u.r. PRHTA)
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Figure 2-359: oIIapsed Bridge 1917 (source: PRHTA)
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Figure 2-360: Collapsed Bridge 1917 (source: PRHTA)
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£

re 2-361: Collased Bridge 1917 (soce: PRA)
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Figure 2-62: Collapsed Bridge 1917 (source: PRHTA)
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https://Www.atlantafed.org/econmv—matters/inside—the—fed/2018/01/04/atlanta—fed—cash—staff—
steps-up-to-support-puerto-rico

Figure 2-363: Social media image of collapsed Bridge 1917 (source: FEMA)

https://www. mabeybndge com/es/not|C|as -y-medios/news/el-nuevo-puente-de-mabey-consigue-

reconectar-las-comunidades-puertorriquenas-tras-el-huracan-maria

Figure 2-364: Social media image of collapsed Bridge 1917 (source: Mabey Bridge)
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https://www.atlantafed.org/economy-matters/inside-the-fed/2018/01/04/atlanta-fed-cash-staff-steps-up-to-support-puerto-rico
https://www.atlantafed.org/economy-matters/inside-the-fed/2018/01/04/atlanta-fed-cash-staff-steps-up-to-support-puerto-rico
https://www.mabeybridge.com/es/noticias-y-medios/news/el-nuevo-puente-de-mabey-consigue-reconectar-las-comunidades-puertorriquenas-tras-el-huracan-maria
https://www.mabeybridge.com/es/noticias-y-medios/news/el-nuevo-puente-de-mabey-consigue-reconectar-las-comunidades-puertorriquenas-tras-el-huracan-maria

http://www.carroconstruction.com/pr FEMA Bridge1917 Arecibo.html

Figure 2-365: Social media image of collapsed Bridge 1917 (source: Construcciones José Carro)
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http://www.carroconstruction.com/pr_FEMA_Bridge1917_Arecibo.html

* = T A

http://www.carroconstruction.com/pr FEMA Bridge1917 Arecibo.html

Figure 2-366: Social media image of collapsed Bridge 1917 (source: Construcciones José Carro)
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http://www.carroconstruction.com/pr_FEMA_Bridge1917_Arecibo.html

2.16.7. Temporary replacement

https://www.mabeybridge.com/es/noticias-y-medios/news/el-nuevo-puente-de-mabey-consigue-
reconectar-las-comunidades-puertorriguenas-tras-el-huracan-maria

Figure 2-367: Bridge 1917 replacement (source: Mabey Bridge)
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https://www.mabeybridge.com/es/noticias-y-medios/news/el-nuevo-puente-de-mabey-consigue-reconectar-las-comunidades-puertorriquenas-tras-el-huracan-maria
https://www.mabeybridge.com/es/noticias-y-medios/news/el-nuevo-puente-de-mabey-consigue-reconectar-las-comunidades-puertorriquenas-tras-el-huracan-maria

2.17. Bridge 1962
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2.17.1. General information

Table 2-44: Bridge 1962 general information from BridgeReports.com

Name

PR 151 over JACAGUAS RIVER

Structure number

019621

Location

EAST SIDE OF VILLALBA

Purpose

Carries highway and pedestrian walkway over waterway

Route classification

Minor Collector (Rural)

Length of largest span 47.9 ft
Total length 153.6 ft
Roadway width between curbs 24.0 ft
Deck width edge-to-edge 40.0 ft

Owner

State Highway Agency

Year built

1990

Historic significance

Bridge is not eligible for the National Register of Historic

Places
Number of main spans 3
Main spans material Concrete

Main spans design

Box beam or girders - Multiple

Deck type

Concrete Precast Panels

Wearing surface

Bituminous
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Table 2-45: Bridge 1962 general information from the PRHTA

ID 1962
Highway PR 151 km 0.17
Municipality Villalba
Year Built 1990

Functionality

Rural-minor collector

Lanes

ADT

7200

Maintenance

State Highway Agency

Owner State Highway Agency
Up Service Highway-Pedestrian
Down Service Waterway
Width 122 m
Length 46.8 m
Spans 3
Under clearance 0
Material Concrete
Design Box Beam or Girder-Simple
Scour Critical 8
Inspection Frequency 24 months
Approach Roadway Width 7.5m
Bypass length 9 km
NBI Rating 2
NHS 0
Area 570.96 m?
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DRAWN BY: MLVILLAFANE MAY-1991 | BRIOSE ND. |ORAWING NO,
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APPRQVED BY: |ING. R.PIZARRD A‘?%— 1962 -2
REV. Mae.4.81/ :

Figure 2-368: Bridge 1962 drawings (source: PRHTA)
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Figure 2-369: Bridge 1962 drawings (source: PRHTA)
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2.17.2. Inspection before Hurricane Maria

INSPECTION REPORT SUMMARY & QC SHEET

" r'F
BRIDGE: 7/ 7

INSP. DATE: 74/ — /72

Re = ZofL

TEAM LEADER: Heriberto Gonzdlez Medina/Inspector: {f-a:'.‘m_?i W= (/_J—:v.”. e

i S

e e
1. Inspection Type and Dates:

Performed? Freq o Previous Insp. DATE Mext Insp. DATE
MNE| Type {Yes / No / NA) [MONTHS) (MONTH/YEAR) [MIOMNTHYEAR)
ITEM 90 Routine Inspection | //’c 3 Zf A e b (At Zoje
ITEM 93 A | FCInspection o
ITEM 53 B | Underwater Insp. B )
ITEM 93 C Other: B
2. NB| Condition Rating @mm&__rg:

; Item 58 | Item 59 ﬂ',ell'l‘l &0 Item 61 Item 62 | Iterm 113

Previous Inspection & ! e - i | A _ 3
Current Inspection 2| I 7 k4 <l I & |
Other Checks: (Y, N, NA) Review Comments:
 Scour Critical (items 113 8 60) | T J T
# AASHTO Core's & NEI CD congistent vy P | e _cr Cooat_a &ody | g

A Smart Flags (scour, steel plate,
fire damage, etc)
/' Channel Profile/Clearance Table
4 FC & Underwater Members Tables
2 Asphalt Overlay Thickness
 Drawings
# Photos
+ Critical Finding
< Inspector & Team Leader Signature

[ o

X Y
Reviewer: A LA _w”r/*” '
Safety Eng.: A ol

Figure 2-370: Bridge 1962 inspection summary of October 14, 2016 (source: PRHTA)
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1962 oct-14-2016 (2).JPG 1962 oct-14-2016 (5).JPG 1962 oct-14-2016 (9).2PG

1962 oct-14-2016 (15).1°G

1962 oct-14-2016 (10).)PG

1962 oct-14-2016 (18).JPG 1962 oct-14-2016 (29).0PG 1962 oct-14-2016 (30).1PG

Figure 2-371: Bridge 1962 inspection photos of October 14, 2016 (source: PRHTA)
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2.17.3. Images before Hurricane Maria

Godgle Earth
-

Imagery Date: 12/21/2016 18°07'35.03" N 66°29'26.83" W elev. 0 ft “eye alt 1048 ft
Figure 2-372: Bridge 1962 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 2-373: Bridge 1962 photo from October 29, 2014 inspection (source: PRHTA)
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Figure 2-374: Bridge 1962 photo from October 29, 2014 inspection (source: PRHTA)
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"Figure 2-375: Bridge 1962 photohfrom October 29, 2014 inspection (Sodrcé: PRH:I'A)

- s ¥ 3
~— t3s -

X\

459



Figure 2-376: Bridge 1962 photo from October 29, 2014 inspection (source: PRHTA)
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2.17.4. Streamflow

Table 2-46: Peak streamflow at Jacaguas River Above Lago Guayabal monitoring station (source: USGS)

Year Date Gage Height (ft) Streamflow (cfs)
2010 N/A N/A N/A

2011 N/A N/A N/A

2012 N/A N/A N/A

2013 2012-10-26 10.61 4,520
2014 2014-08-23 12.87 9,600
2015 2015-04-20 10.90 5,030
2016 2016-08-28 12.29 7,990
2017 2017-09-20 17.19 21,000
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2.17.5. Inspections after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

BRIDGE ID: fQél MUNICIPALITY: V/ﬂé,/&,
DATE: 23[1{” /;plj TIME: 2:20F/4 EVALUATOR NAME: _ Eric W. Rios Mera

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[ ] Frow DISCHARGE [ ] RAINFALL PER UNIT OF TIME [ ] wATER STAGE

[ ] FLOOD FORECAST/WARNING ~ [_] BRIDGE-REFERENCED ELEVATION OTHER

TRIGGER (FOR CHECKED EVENT): _Huracan Maria

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:

[X] visuaL [ ] INSTRUMENT:
/ ]
OBSERVATION AND/OR MEASUREMENT: 7 drm = '; Liahe <4 ﬁ, i,,,
\ | / | i
'ftfil: -‘““U’; y (9 ‘17/ “(QfL.

ACTION REQUIRED (PROVIDE COMMENTS):
[_] NO FURTHER ACTION [ ] FURTHER INSPECTION REQUESTED  [] EMERGENCY CLOSURE

COMMENTS: [ ((d@ i £

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-378: Bridge 1962 inspection report from September 23, 2017 (source: PRHTA)
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Figure 2-379: Bridge 1962 photos from September 23, 2017 inspection (source:
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Figure 2-380: Bridge 1962 photos from September 23, 2017 inspection (source: PRHTA)
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Figure 2-381: Bridge 1962 photos from September 23, 2017 inspection (source: PRHTA)
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Figure 2-382: Bridge 1962 photos from September 23, 2017 inspection (source: PRHTA)
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SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION
BRIDGEID:  /7¢ 2 MuniciPaLTy: W, L\
DATE: _24/e-4 )17 TIME: 2 ¢ EVALUATORNAME: A7 S Ao o

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY): M wvece Movi-

(] FLOW DISCHARGE [] RAINFALL PER UNIT OF TIME [] WATER STAGE

[] FLOOD FORECAST/WARNING  [] BRIDGE-REFERENCED ELEVATION [ ] OTHER

TRIGGER (FOR CHECKED EVENT): __ "= D4 T L AR, - &

Ad.J)- o

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:

[] visuaL [] INSTRUMENT:
OBSERVATION AND/OR MEASUREMENT: £ cogeen sihie pnioi Vo by Ao
e P, P | VRN LES o e A AN car avg gy Boedavoe o SpLp— V2w

Estrmi by 4o llg celopaia da A <p wy b A - oY dan

ACTION REQUIRED (PROVIDE COMMENTS):
[_] NO FURTHER ACTION [ FURTHER INSPECTION REQUESTED EMERGENCY CLOSURE

COMMENTS:

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-383: Bridge 1962 inspection report from October 24, 2017 (source: PRHTA)
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Figure 2-384: Bridge 1962 photos from October 24, 2017 inspection (source: PRHTA)
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- DETAILED DAMAGE INSPECTION REPORT essrtMamber
Pt vipoets (Title 23, Federal-aid ) et
T e ! Highways, 14 of 1
Lecation iome of Rord and Mingast) FHULA Dimstar Nombar
Bridge 1952 i PR-151, KWL 01T PR-2017-01
Inspactine Date
Sesnption of Bamage Faderei-ma Roste Nomber
Tha biriclge cuer lacaguas River collopsed due to the fiooding in the event af Hurricars Maris. PR-151
prere County
Puama Rico wllalka
Cost Estimote
Description of Work to Dats Cost
e Kb, v M) Unir | UnitPrice | Quantity Fre—— oG
{5per. 151-00L} Mobiization 108 5 |5 weesemm 1 5 16B,546.30
iapac. 21001 | Remeval of Structures and Dbstructions LS |3 70000 1 5 137,300.00
(Spec. 205-D00 | Unclassified Excasatian far Structure Cuk | 5 e 144 5 5, MO0
e, 21007 | Straw Balas Each | 4 1M a5 5 30000
(Spec. 200007 Sit Ferce Lnid | 5 m 25 E 200030
Sgae., 210001 Elgarting Terbid by Barriar Lnmg | 8 a5m 150 5 13,7T=0.00
(5reer. 308-002] Subbase Course Ja-2-4 Dk} cum | 5 3520 156 5 5,480.00
(Spere, 304-000| Agpregate Base Course Cls A CuM | 5 5500 EL] El 1,820.00
(g, H01-002] Mot Plant-fix Btuminous Pavermant 5[7SH8Z) Tan |3 Fa0m 426 5 27, 730,00
iSpac. AT8-036] Hot Mant-Mis Btumingus Paverment 8151 34} Tan | 5 i) 120 ] 206, 400,00
(fgenr, H03-001) Cobd MPing BRuminous Conoroe Pavermanm Cubd | 3 a1m 16 5 1,360,000
(Sgac. BAL-008] Class D" Concrete b | 5 TR 1D & 115,200.00
(Soac. BODI0H | Raifonsng Stasl Pds. | & 1m 45,600 & pd,200.00
& |iemr, GOG-001) Corrugated Steel Beam Geardral, Singe Facs L | % 11m 100 5 11,500.00
(Seac. BO6-051] Carrugated Steal Drdge Guandral LM | U500 110 5 12,650.00
P Spec. G11-001] Aekd and Labaraaony OfTica stedal 2 bt 5 430000 F 5 B,400.00
€ [ons. 823000 Traffic Sign Assembty. Cose OM-3R (Chiect Markarh Each | & 0 F! 5 FO0.00
g (5pec. B13:001 ) Traffic Sign Axsarrisly, Cofa Of-3L {Dbject Miarkar) Eachi | % 1M 2 F TO0.00
E |i5ewe. 624-002) Gablans T E 4L A S 16,000.00
S, B18-008] Thermoplstc Faverent baking Strge jall Calarm) e |5 m 150 ] 1,330.00
(ees, BI8-000) Construction Slgns T E et i5 5 4,135 00
(5o, B38.005] Druvs Esch | 5 nem 0 5 2,000.00
(Spms, BIB-OL0] Temporary Canorete Barrier LnM | % 160 00 g5 5 15,128.00
[Spec. B384005) Fliching Arow Sim Day | 5 ] ao g 240000
(5pec. 638.047) Portabin Changeble Mkisge Sgn (PEME) Month & wsmam F 5 2,000.00
[Sew. BAHILT) Meflective Reised Farsement Marker One Way, & Color Each | § A 15 3 128,00
. BEL-OLA] Vehicular Modular Soeel w Feotwalé (nekding Fursig
;;:: AHTA - Ha Bid) e —— "l |5 e 1 $ £57,902.00
BELEA1] Vahicular Mosalar Seal T TF 2.
E:Cu.\._- 1] mmml: Stanl Brides Iratabation wy Footestk |Hauling 5 |5 s 1 % A
[Spec. BE1-593) Dismanting of Lyunching Mose ond instylation Comganents 15 |4 =somm 1 %5 54000.00
5 =
Method Subtode! 5 1,854,047.30
[ Jeocat Forces [Jstaterorcas  [3] coneraee PEfCE 3 monn
Emergency Repair Tetal | 5 1,5945,754.42
Mobilization 0% L5 [§ assssoo 1 5 DA A35.00
Raplacement of Sdsting Brdge Sk |4 2smm 22 5 1.555,000.00
Ramoel of Existing Structures {§botm eres) L5 |4 easam 1 3 £3,250.00
¥ Canstnact 15 |4 emomm 1 500,000.00
=
] .
g  I—
H H :
& ] -
E B B
§ : k
E ] -
& E -
Mathod Suk 5 ,688,673.00
[ Juecat Farces s roras [a] controce PEfCE[ 5 430135
Right-of-ay| 5 30000000
Perm. Repaie Todol | 5 3,291976.25
Er Rec
[ ] eategorical Exciusion [ Jeasms Estimated Totol| § 5,238,720.67
Fecammendotion FHWA B F«u
(4 eaivie [ imeaivie m %’f )27
Comsurrance Ergineer - = | Derdie
[res [me =
COmCurTenss D
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Figure 2-385: Bridge 1962 inspection report dated November 22, 2017 (source: FHWA)
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2.17.6. Images after Hurricane Maria

Figure 2-386: Bridge 1962 satellite image after Hurricane Maria (source: NOAA)
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Gdo‘g{e Earth

ImagenylDate: 10/23/2017.  18207:37.80" N 66°29'31.38%W, elev 0 ft eyelalt 1048 ft
Figure 2-387: Bridge 1962 satellite after Hurricane Maria (source: Google Earth Pro)
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https://wwfacebook.com/cheboricua/pdsts/pfbidOZQq3G7eKQB‘dScfbkhiAJDLLSPciopZPnyREYkH
gNnaheSWNNnp5711duUQPHr8Al

Figure 2-388: Social media image of collapsed Bridge 1962 (source: CHE)

https://huracanmaria.elnuevodia.com/2017/municipio/villalba/

Figure 2-389: News report image of collapsed Bridge 1962 (source: EI Nuevo Dia)
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https://www.facebook.com/cheboricua/posts/pfbid02Qq3G7eKQBdNVScfbkhjAJDL8NPcbpZPfHyREYkHgNnaheSwNNnp5711duUQPHr8Al
https://www.facebook.com/cheboricua/posts/pfbid02Qq3G7eKQBdNVScfbkhjAJDL8NPcbpZPfHyREYkHgNnaheSwNNnp5711duUQPHr8Al
https://huracanmaria.elnuevodia.com/2017/municipio/villalba/

vega-en-villalba/

Figure 2-390: News report image of collapsed Bridge 1962 (source: Voces del Sur)
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https://www.vocesdelsurpr.com/2018/06/siguen-los-problemas-con-instalacion-de-puente-de-la-vega-en-villalba/
https://www.vocesdelsurpr.com/2018/06/siguen-los-problemas-con-instalacion-de-puente-de-la-vega-en-villalba/

2.17.7. Temporary replacement
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2.18. Bridge 2574

(Extracted from i:igure 2-407)
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2.18.1. General information

Table 2-47: Bridge 2574 general information from BridgeReports.com

Name

OFF PR 428 over PRIETO RIVER

Structure number

025741

Location

17 KMS. SE. OF MARICAO

Purpose

Carries highway and pedestrian walkway over water way.

Route classification

Local (Rural)

Length of largest span 30.2 ft
Total length 90.2 ft
Roadway width between curbs 10.2 ft
Deck width edge-to-edge 16.7 ft

Owner

City or Municipal Highway Agency

Year built

1968

Historic significance

Bridge is not eligible for the National Register of Historic

Places.
Number of main spans 3
Main spans material Steel

Main spans design

Stinger/Multi beam or girder

Deck type

Concrete Cast-in-Place

Wearing surface

Monolithic Concrete (concurrently placed with structural
deck)
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Table 2-48: Bridge 2574 general information from the PRHTA

ID 2574
Highway OFF PR-428
Municipality Maricao
Year Built 1968
Functionality Rural-local
Lanes 1
ADT 100

Maintenance

Municipal highway agency

Owner Municipal highway agency
Up Service Highway-pedestrian
Down Service waterway

Width 51m

Length 27.5m

Spans 3

Under clearance 0

Material Steel

Design Stringer or girder

Scour Critical

Inspection Frequency 12 months
Approach Roadway Width 51m
Bypass length 199 km
NBI Rating 1
NHS 0
Area 140.25 m?
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Figure 2-392: Bridge 2574 drawings (source: PRHTA)
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2.18.2. Inspection before Hurricane Maria

INSPECTION REPORT SUMMARY & QC SHEET

BRIDGE: -~ if 7
r
TEAM LEADER: Heriberto Gonzalez Medina/Inspector: ,hf,{,;.". e /f_/,f 0 &
. e e e —
INSP. DATE: 7 ,-/ﬁ_ Ny

1. Inspection Type and Dates:

Performed? Freq | Previous Insp. DATE MNext Insp. DATE
NBI Type [Yes /No/NA) | [MONTHS) (MONTH/YEAR) [MONTH/YEAR)
om0 | noutmemspeeton | VES | /2| Ay 2048 | te Zo/3
ITEM 93 A | FC Inspection /'Il/ﬂ"i_'-:' S fé.?— S, A K Z0/5
ITEM93B | underwater insp. S i |
TEMEIE | ot Jes | /2 A 2o | AMag 278
2. NBI Condition Rating Summary: S
Itemn 58 Item 59 | Item 60 Item 61 Item 62 | Item 113

Previous Inspection -"i,f" j & ‘- A / -/

Current Inspection ""';'ff S =S - A &

Other Checks: (Y, N, NA) Review Comments:

{ Scour Crtical (iterms 113 & 60)
£ AASHTO Core's & NBI CD consistent
2 Smart Flags (scour, steel plate,

fire damage, eic)

Channel ProfilefClearance Table
7 FC & Underwater Members Tables
':—ﬂEpl‘lElt Owverlay Thickness
~Drawings
o~ Photos
|~ Critical Finding
# Inspector & Team Leader Signature

y

Reviewer: A

safety Eng.: ‘:I/_ Q/ff

Figure 2-393: Bridge 2574 inspection summary of March 7, 2017 (source: PRHTA)
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2574-mar-07-2017-(14)jpg 2574-mar-07-2017-{17)jpg 2574-mar-07-2017- (19)pg

2574-mar-07-2017- (20)jpg 2574-mar-07-2017- (34)jpg

Figure 2-394: Bridge 2574 inspection photos of March 7, 2017 (source: PRHTA)
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2.18.3. Images before Hurricane Maria

Image © 2022 CNES / Airbus

Google Earth

Date: 9/13/2016  18°09'19.19" N 66°51'19.99" W elev  0ft eyealt 849 ft C
Figure 2-395: Bridge 2574 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 2-397: Bridge 2574 photo from March 7, 2017 inspection (source: PRHTA)
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Figure 2-398: Bridge 2574 photo from March 7, 2017 inspection (source: PRHTA)
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Figure 2-399: Bridge 2574 photo from March 7, 2017 inspection (source: PRHTA)
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2.18.4. Inspections after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

BRIDGE ID: )5 74 municiPauTY: iz, s

DATE: n,}{ 2017 TIME: 2 4 F/h EVALUATOR NAME: _ Eric W, Rios Mera

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[ ] FLOW DISCHARGE [] RAINFALL PER UNIT OF TIME [] waTer sTaGE

[ ] FLOOD FORECAST/WARNING [ | BRIDGE-REFERENCED ELEVATION OTHER

TRIGGER (FOR CHECKED EVENT): _Huracan Maria

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:
VISUAL [] insTRUMENT:

OBSERVATION AND/OR MEASUREMENT: |47 HY ~ 0 T paito i 165 vspmbes

N \ / /
Olaspong g/ Id o ‘f; ) 27 (WERaln 5¢ ‘}‘t 1%‘H {0 4 )
f f r f | B ?

r! 4p L"-"V" Y l‘f-‘! Enng YHadas 4« _'"']'“ fhen Tt < f;f/‘ ’1
ACTION REQUIRED (PROVIDE COMMENTS): ;

[] NO FURTHER ACTION  [] FURTHER INSPECTION REQUESTED  [] EMERGENCY CLOSURE

— | | | =
COMMENTS: 'I"; «1LA L .quzi (O 1’ L Qn‘-/4 3 {I%C lj(.‘ll" ] L ‘L' iV ¥/ 0 ‘ff//A_ 24
f /
"1 L[4 [\£1 [*k i H\}\/f LT‘ 7)(LL!LL

/ " INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-401: Bridge 2574 inspection report from October 2, 2017 (source: PRHTA)
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20171002 122736.jpg

20171002 122904 |pg
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20171002_122958.jpg
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Figure 2-402: Bridge 2574 photos from October 2, 2017 inspection (source: PRHTA)
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20171002_123042 jpg 20121002 123130,pg 20171002_123223jpg

20171002 123232 jpg 20171002 123317 jpg

20171002 123240,jpg

20171002_123527 jpg

20171002 123404jpg

Figure 2-403: Bridge 2574 photos from October 2, 2017 inspection (source: PRHTA)
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Figure 2-404: Bridge 2574 photos from October 2, 2017 inspection (source: PRHTA)
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DETAILED DAMAGE INSPECTION REPORT P'wm NTIDor. PRAZE-W-001
U S, Ospanment
of Trarapanssen (Title 23, Federal-aid Highways) [Shast
Federal Higtway " A )
Locabon (Mame of Rioad and Wapast) Broge AR Trmnuummmu PR:2017-1
2574, PR-428 Km. 1.8, Mancao. Puano Rico
inspection Dato
October 2, 2017
Déscrgption of Damage Fodernhac Route Number PRAE
Exatng Broge with struchural taiures a8 cap beams provossng Gock Seacton 1118 necassary tha nsialianon of ramc coneal covices
(w road closure. Bndgo Dimensons - Wetn 5 10 LnM, Lerght. 27 50 Lo
State County
L Mancso
Cost Estimate
= Deacr ption of Work 10 Date Ceat
g {Equipmert. Lubor, and Malones) Une | -UnkPrice ot Comgialod Remoining
‘Z- Mobilzation { 105%6) 1S |$ 700 100 S 70000
Construction Sigas SqM | $ 28460 3 3 2276 80
E Temporary Concecte Barriee LaM | § 16560 24 s 31974 40
Deaums Each|$ 10350 10 s 1,035.00
| O] Subi [3 7.086 20
Lecal Forcos Saave Forcus X Contrsct PECE
Evsrgency Repar Toe
c 1S |5 98400 100 b 98,400 00 |
g LS | S 250000 100 5 250,000 00 |
CuM| S 2040 1000 $ 20,400 00
S CaM|S 40RO 1000 s 40,800 00
= uM[Ss 3000 800 s 24.000.00
! CuM | § §000 50 $ 3.00000
§ 1S | S 320250 100 $ 420,250 00 |
CuM | § S6.15 100 5 S615 (L
Ton | § 22000 20 5 4,400.00
Ton | 2 hut] $ 1100000 |
InMI$ 12060 4% 3 S TR 80 |
Thermoplastic Pavt Marking IaM | § 7.24 100 $ 724 .00
Signs (Small) SgM | § 1.03500 B 5 8.280.00
[Rased Pyt Markers Each| § £33 50 s $12.50
Project Funding Sign (16" x 8') Each | § 408000 2 $ 816000
Faeld Office and Laboratory Moat] § 4.285.00 18 $ 77.130.00
Drurms Tach $ 103 50 56 $ 517500
Fashing Arrows Day | § 82 50 1100 S 91 080.00
[ Temporary Concrete Barrier IaM1S 16560 24 $ 397440
Construction Signs SgM | $ 254 & 15 $ 3.819.00
Mathod Sutrsal 3 1082 408 70
Locs Foroes State Forcos X Cortract 18% PEICE Rght-of-Way| ¢ 162 361 31
Porm Ropai Tolasl ¢ | 244 770.0)
Ervironmonial Reocor 1 k)
|Catogor cat Exchusion X ENEIS esmanatom| > 12477001
[FFWA Enginos Datko
Ekgiie Incligtio A \
Concuronce St Engreur C
Yos No Vmua’l‘:’omm W,b 2 m /%lla
Contuarencn Local Agercy Reprosentatve U Duie
You No

Form FHWA-1647 (Rev. 4-98)

T brow wun wuchanasy praduced by Eee Fesers Foor, Inc

1t is necessary that personnel from the Bridge Design Office evaluate the existing structure and carry out the design,

Figure 2-405: Bridge 2574 inspection report from October 2, 2017 (source: FHWA)
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Figure 2-406: Bridge 2574 photos from October 2, 2017 inspection (source: FHWA)
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Figure 2-407: Bridge 2574 photos from October 2, 2017 inspection (source: FHWA)

494




2.18.5. Images after Hurricane Maria

Figure 2-408: Bridge 2574 satellite image after Hurricane Maria (source: NOAA)
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Image © 2022 Maxar Technologies

Google Earth

Imagery Date: 11/22/2017 18°09'21.27" N 66°51'21.85"W elev 0ft eyealt 849ft @)
Figure 2-409: Bridge 2574 satellite after Hurricane Maria (source: Google Earth Pro)
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2.18.6. Temporary replacement

http://desja.net/tproyect.html

Figure 2-410: Bridge 2574 replacement (source: Desarrolladora J.A., Inc.)
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http://desja.net/tproyect.html

2.19. Bridge 2842
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(Extracted from Figure 2-429)
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2.19.1. General information

Table 2-49: Bridge 2842 general information from BridgeReports.com

Name

LOCAL ROAD over GUAYO RIVER

Structure number

028421

Location

.01 km from PR 512 KM 4.3

Purpose

Carries highway over waterway

Route classification

Local (Rural)

Length of largest span 12.1 ft
Total length 65.9 ft
Roadway width between curbs 27.6 ft
Deck width edge-to-edge 34.1 ft

Owner

City or Municipal Highway Agency

Year built

2006

Historic significance

Bridge is not eligible for the National Register of Historic
Places

Number of main spans

Main spans material

Concrete Continuous

Main spans design

Culvert

Deck type

Concrete Cast-in-Place

Wearing surface
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Table 2-50: Bridge 2842 general information from the PRHTA

ID 28472
Highway Local Road
Municipality Juana Diaz
Year Built 2006
Functionality rural-local
Lanes 2
ADT 100

Maintenance

Municipal highway agency

Owner Municipal highway agency
Up Service Highway
Down Service Waterway
Width 104 m
Length 20.1m
Spans 1
Under clearance 0

Material Concrete continuous
Design Culvert
Scour Critical 8
Inspection Frequency 24 months
Approach Roadway Width 8m
Bypass length 100 km
NBI Rating 2
NHS 0
Area 209.04 m?
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Figure 2-411: Bridge 2842 drawings (source: PRHTA)
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Figure 2-412: Bridge 2842 drawings (source: PRHTA)
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2.19.2. Inspection before Hurricane Maria

INSPECTION REPORT SUMMARY & QC SHEET
BRIDGE: = 4 /-
TEAM LEADER: Heriberto Gonzdlez Medina/Inspector: LM A s L bo 2

INSP. DATE: 1 (¢ .»?Lff{ifjé - Len/

1. Inspection Type and Dates:

Performed? Freq Previous Insp. DATE MNext Insp. DATE
NBI Type {Yes /Mo /NA) | [MONTHS) [MONTH/YEAR) (MONTH,YEAR)
ITEM S0 Routine Inspection JES e d ) et 2o/ e =28
ITEM93 A | FC Inspection o
ITEM 93 B | Underwater Insp.
TEM93C | Other: D

2. NBI Condition Rating Summary:

ltem58 | Item59 | Item&0 | Item6&1 | Item 62 | Item 113
/ ) F s — -
Previous Inspection AL A A = - . _I
/ . ) . 4 =
Current Inspection A - o LA r =

Other Checks: (Y, N, NA) Review Comments:

4 Scour Critical (items 113 & 60) - F T s
2 AASHTO Core’s & NBI CD consistent oL E-M
2 Smart Flags (scour, steel plate,
fire damage, etc)
# Channel Profile/Clearance Table
# FC & Underwater Members Tables
LAsphalt Overlay Thickness
2 Drawings
= Photos
. Critical Finding
- Inspector & Team Leader Signature

Reviewer: f:/ _‘7: Q/{;/

a7y 4

Safety Eng.: A

Figure 2-413: Bridge 2842 inspection summary of October 14, 2016 (source: PRHTA)
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2842-0ct-14-2016-(18)jpg 2842.0ct-14-2016-(2) jpg 2842-0c1-14-2016-(21) jpg

2842-01-14-2016- (28).jpg 2842-0ct-14-2016-(5). jpg 2842-0ct-14-2010- 1) Jpg

Figure 2-414: Bridge 2842 inspection photos of October 14, 2016 (source: PRHTA)
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2.19.3. Images before Hurricane Maria

T -
Google Eartlﬂ

Image © 2022 Maxar Technologies

Imagery Date: 1/17/2017  18°05'04.72" N 66°32'24.83"W elev 0ft eyealt 1083 ft
Figure 2-415: Bridge 2842 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 2-416: Bridge 2842 photo from October 14, 2016
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Ifigure 2-417: Bridge 2842 photo from October 14, 2016 inspection (source: ‘PRHTA)
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(source: PRHTA)

Fiure 2-418: Bridge 2842 photo from October 14, 2016 inspectio
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Figure 2-420: Bridge 2842 photo from Octobe
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Figure 2-421: Bridge 2842 photo from October 14, 2016 inspection (source: PRHTA)
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Figure 2-422: Bridge 2842 photo from October 14, 2016 inspection (source: PRHTA)
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2.19.4. Inspections after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

BRIDGE ID: ,2842- MUNICIPALITY: vang. Ioiaz .

DATE: /0‘(/%7 nive: /IF30AM  byaLUATOR NAME: /)A//"-‘fj"h/) PelnsS

FLOOD MONITORING PROGRAM

EVENT DEFINITION {CHECK ALL THAT APPLY):
[[] FLow DISCHARGE [] RAINFALL PER UNIT OF TIME D/WATER STAGE

/
[[] FLOOD FORECAST/WARNING  [_] BRIDGE-REFERENCED ELEVATION  [V] OTHER

TRIGGER (FOR CHECKED EVENT): /—;/(///}'c, Me Mﬂ V2.

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:
[V] visuaL ] INSTRUMENT:

OBSERVATION AND/OR MEASUREMENT: 5(,J,,._, £ 7éd-//-{ Oo//dp_;(ol a/ooq with

"‘*W/ozwh /Mz/vvmj‘ Aw’/f/’z" s, [\/6 oéﬁét// ayal /Aé/'—, vesv/%»v CVeES) 3

f
/ iy wn’/ﬁ /of?
AC;TION REQUIRED (PROVIDE COMMENTS):

[V] NO FURTHER ACTION  [_] FURTHER INSPECTION REQUESTED [ ] EMERGENCY CLOSURE

COMMENTS: Eﬂc/qe/ a,/ftdu chsed Jr_ s Co/@,s@ ({p,,,,é,c/m =
7p/ ‘vp.//ﬁw/ a—fl'w/)

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 2-423: Bridge 2842 inspection report from October 17, 2017 (source: PRHTA)

513



¥ >4 b? & i AR )

Figure 2-424: Bridge 2842 photos from October 17, 2017 inspection (source: PRHTA)
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Bridge 2842 photos from October 17, 2017 inspection (source: PRHTA)
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Figure 2-425:
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Figure 2-426: Bridge 2842 photos from October 17, 2017 inspection (source: PRHTA)
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2.19.5. Images after Hurricane Maria
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Image © 2022 Maxar Technologies

Google Earth

Imagery Date: 10/23/2017  18°05'04.62" N 66°32'23.88" W elev 0ft eyealt 1083 ft
Figure 2-428: Bridge 2842 satellite after Hurricane Maria (source: Google Earth Pro)

518



https: //WWW theoaklandpress com/2017/10/17/pont|ac f|ref|ghter reunites-families-in- puerto rico-

how-to-help-those-affected/

Figure 2-429: News report image of collapsed Bridge 2842 (source: Héctor Martinez)
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https://www.theoaklandpress.com/2017/10/17/pontiac-firefighter-reunites-families-in-puerto-rico-how-to-help-those-affected/
https://www.theoaklandpress.com/2017/10/17/pontiac-firefighter-reunites-families-in-puerto-rico-how-to-help-those-affected/

2.19.6. Temporary replacement

Figure 2-430: Bridge 2842 replacehﬁeht (source: PRHTA)
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3. Approach roadway collapse

An approach is a segment of a roadway that connects directly to the end of a bridge. It is
typically formed by an approach embankment with an approach slab on top. It is estimated that
the approach roadway of about 60 bridges was affected by the high stream flows caused by
Hurricane Maria. The severity of this type of damage varied greatly from minor erosion that did
not affect the traffic over the bridge to complete collapse of the approach roadway.

The cases of complete approach roadway collapse varied themselves from cases that were
quickly fixed to cases where the stream’s causeway was so severely affected that a new bridge had
to be put in place. The approach roadway collapse is sometimes confused with a bridge collapse,
but the bridge structure itself is unaffected.

Table 3-1 lists three of the bridges which had an approach roadway collapse. For a complete
list of the bridges that experienced approach roadway collapse, further analysis of the available
data is required. The table does include two bridges that were originally reported to have collapsed:
Bridges 606 and 1684. Bridge 606 ultimately replaced with temporary modular steel bridge, while
satellite imagery from Google Earth Pro suggests that the repair of the approach of Bridge 1684
was completed at some point in 2020. Meanwhile, Bridge 635 had an approach collapse that was
repaired within three months of the passing of Hurricane Maria through Puerto Rico. Each of the
three bridges is dedicated to a section in this chapter, with the information organized in the same

format used in the previous chapter.

Table 3-1: Some of the bridges with collapsed approach roadway due to Hurricane Maria

ID Municipality Name Coordinates
606 Canodvanas PR-962 over Canévanas River 6158"5231'1430.:;'V|:l/
635 Toa Baja PR-165 Cocal River 61623"1217'|5538;81':;/|:l/
1684 Utuado Local Road over Chiquito River 6168"4167'|53786301"“\/|:l/
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3.1. Bridge 606

e £

(Extracted from Figure 3-15)
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3.1.1. General information

Table 3-2: Bridge 606 general information from BridgeReports.com

Name

PR 962 over CANOVANAS RIVER

Structure number

6061

Location

2.6 KM SOUTH OF CANOVANAS

Purpose

Carries highway over waterway

Route classification

Collector (Urban)

Length of largest span 30.2 ft
Total length 73.5 ft
Roadway width between curbs 19.7 ft
Deck width edge-to-edge 22.3 ft

Owner

State Highway Agency

Year built

1947

Historic significance

Bridge is not eligible for the National Register of Historic
Places

Number of main spans

3

Main spans material

Concrete continuous

Main spans design

Slab

Deck type

Concrete Cast-in-Place

Wearing surface

Bituminous
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Table 3-3: Bridge 606 general information from the PRHTA

ID 606
Highway PR 962 km 1.6
Municipality Candvanas
Year Built 1947

Functionality

Urban-Collector

Lanes

ADT

3972

Maintenance

State Highway Agency

Owner State Highway Agency
Up Service Highway
Down Service Waterway
Width 6.8 m
Length 22.4m
Spans 3
Under clearance 0

Material Concrete Continuous
Design Slab
Scour Critical 3
Inspection Frequency 24 months
Approach Roadway Width 6 m
Bypass length 11 km
NBI Rating 2
NHS 0
Area 152.32 m?
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Figure 3-1: Bridge 606 drawings (source: PRHTA)
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Figure 3-2: Bridge 606 drawings (source: PRHTA)
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3.1.2. Inspection before Hurricane Maria

INSPECTION REPORT SUMMARY & QC SHEET

BRIDGE:O (j O (ﬂ

p
TEAM LEADER: Mayra |. Zayas Rodriguez i A T La f"e &
INSP. DATE: JU.Q L2 20 (o

1. Inspection Type and Dates:

T Performed? ] Freq Previous Insp. bate Next Insp. DATE '
NBI Type (Yes / No / Na) (MONTHS) (MONTH/YEAR) | (MONTH/YEAR) |
| ITEM S0 | Routine Inspection l{ﬁg 24 Jun. ( [+ Do Tedl, (220l
ITEM 93 A | FC Inspection ,\[
ITEMS3B | underwater Insp. f\(
ITEMS3C ¥ [
Other: M l i l

2. NBI Condition Rating Summary:

Iltem 58 | Item 59 | item 60 Item 61 1 Item 62 | Item 113
Previous Inspection B 3. o (o N 2
Current Inspection 5 5 5 | 5 l N l ‘5 _‘
Other Checks: (Y, N, NA) Review Comments:

— Scour Critical (items 113 & 60)
_AASHTO Core's & NBI CD consistent
— Smart Flags (scour, steel plate,
fire damage, etc)
—. Channel Profile/Clearance Table
_ FC & Underwater Members Tables
~ Asphalt Overlay Thickness
- Drawings
Z Photos
~ Critical Finding
~ Inspector & Team Leader Signature

Reviewer:

Safety Eng.:

Figure 3-3: Bridge 606 inspection summary of July 12, 2016 (source: PRHTA)
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0606-jul-12-2016-004 jpg 0606-jul-12-2016-008 jpg 0606-jul-12-2016-017jpg

0606-jul-12-2016-019 jpg 0606-jul-12-2016-020.jpg jul-12-2016-023 jpg

Figure 3-4: Bridge 606 inspection photos of July 12, 2016 (source: PRHTA)
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3.1.3. Images before Hurricane Maria

Image © 2022 Maxar Technologies

Google Earth

Imagery Date: 5/11/2017  18°21'39.42" N 65°53'13.02"W elev 0ft eyealt 546ft O
Figure 3-5: Bridge 606 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 3-6: Bridge 606 photo from July 12, 2016 inspection (source: PRHTA)
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Figure 3-7: Bridge 606 photo from July 12, 2016 inspection (sorce: PRHTA)
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Figure 3-8: Bridge 606 photo from July 12, 2016 inspection (source: PRHTA)

532



3.1.4. Streamflow

Table 3-4: Peak streamflow at Candvanas River Near Campo Rico monitoring station (source: USGS)

Year Date Gage Height (ft) Streamflow (cfs)
2010 2010-05-17 8.77 2,910
2011 2011-08-23 13.06 9,120
2012 2011-12-10 9.18 3,360
2013 2013-07-18 9.59 3,860
2014 2013-11-22 6.64 1,140
2015 2014-12-16 7.76 1,960
2016 2016-04-25 5.73 681

2017 2017-09-20 17.33 15,100
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3.1.5. Inspections after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT
GENERAL INFORMATION

/
BRIDGE 1D: 90 MUNICIPALITY: aua vanis,

DATE: o_ﬂ/’-@/lf TIME: 4'0041‘1 EVALUATOR NAMIT:_({/‘/"SJ"A_/] Deryfas

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[] FLow DISCHARGE [] RAINFALL PER UNIT OF TIME [] WATER STAGE

[] FLOOD FORECAST/WARNING || BRIDGE-REFERENCED ELEVATION ﬁ OTHER

TRIGGER (FOR CHECKED EVENT): //V’/I'W_e/ MM/A—

EVALUATION SUMMARY AND RECOMMENDATIONS

MOMITORING TYPE:
VISUAL [] mnsTRUMENT:

OBSERVATION AND/OR MEASUREMENT: _ (/e 2p20 of éfv'ajb 09//7«_0/”/
clemerts c&//iﬂ/mw7 67 s, /Qﬂl.'n:c‘_}_ffm inaccesible bvt f/oulj wisLble.

ACTJON REQUIRED (PROVIDE COMMENTS):
NO FURTHER ACTION [ ] FURTHER INSPECTION REQUESTED [ | EMERGENCY CLOSURE

COMMENTS: ﬂ/-?/;da 4‘//&:117@/_/?}%/%/'5i/*{m5V'fh_o-”k"/' of
PR=962. Regoited fo CoE Ao mmediate. wolks.

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 3-9: Bridge 606 inspection report from September 26, 2017 (source: PRHTA)
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17 inspection (source: PRHTA)
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Report Mumber
|-M_ DETAILED DAMAGE INSPECTION REPORT .01
Z‘w"‘.,l..; (Title 23, Federal-ald Highways) ! 1 o2
Locathon (Nome of Rood and Miepost) FHWA Ma_urmm
Bricge 606 In PR-962, K. 4.1 (Cambalache) 2017-PR-01
Inspection Date
Octeber 6, 2017
Devcription of Damoage Federal-ald Route Numeer
The bridge over Candvanas River callapsed due ta the flacding in the cvent of Hurricane Maris, As a tamporary PR-962
MEAsLrh & accrow bridge will be installed and the permanent work required design. riote County
Puerto Rico Sanoanas
Cost Estimate
Description of Work te Date = Cost
(Equipment, Labar, and Matericls) B | Uk Price ¥ preerrrer a =
|Spec 151001 ) Mobikzation 10% IS |5 19908 100 s 108,976,00
(Spec. 207.011) Foundaton Fil (A-2-4) Cund | 5 6300 48200 $ 29,280.00
(Spc. 202-001| Removal of Stretures and Cbstrections LS |$ sacoace 1.00 $ 54,000,00
|Spec. 206-001) Unclasifiod Excavation for Sructure CuM |5 0. 3.142.00 s 62,880.00
(Spec, 210.0012) Straw Zakes Each | $ 120 2500 (3 300.00
(Spec, 210-007} Silf Ferce LM | 5 800 25.00 3 200.00
[Spoc. 301-002) Subbm Course (424 Only) CuM | s 000 192,00 s 7,620.00
{Spec. 304-002) Agpregate Base Coursa Class A CuM ¢ 0 2800 $ 1,680.00
(Spac. 301032} Het Phant-wix Bitusinous Pavasm e 5| 75812] Ton |5 0000 245.00 S 4900000
(Sp0c 401-036) Hot PLan-hix Btumincus Pyvemeat B(75)[5a) Ton | ¢ ) 105.00 S 2200000
Spec. 403-001) Cokd MiNing Bitumizous Concruto Pavement M |5 1320 50.00 $ 9,000.00
(Spec, 602-005) Class "D Concrete Cut | & 40100 16000 3 64,000.00
(Spec. 602-001| Reinforcing Steel Pds. |5 120 37,5C0,00 5 45,000.00
I$pec E06-001) Cornupated Steal B m Guartvail, Single Face M |5 12000 100.00 S 1200000
= [1506c. €06-051) Corrupnted Sten! Bridge Guardrall M | 23300 110,00 5 25,300.00
gum_ £13-013) Fied and Labaratory Office Madm 2 Moeth| 5 aoooo 5.00 $ 30,000,00
'; (Spec, 613-001] Traffc Sign Assemly, Code OM-3R (Object Marker) SaMm | s 330,80 2.00 S 450.00
§ |ISe0c. 635-001) Tramic Skan Assorrbly, Code OM-3¢ (Object Markes SaM |3 23000 200 3 460,00
B [iSpec. 614001 Gabions oM s 1mm 1.200.00 $  216,000.00
E[Gpec s18008 Tharmophstic Pavamare Marking Steigas (Al Colors) BB 16.00 220.00 3 4480.00
(Spac. 638-001) Corctruction Signs Sqm |5 oo 15.00 s 5,700.00
(Spec. 632-008) Drums Each | $ 108.0) 2000 $ 2,000.00
|Spec. 622-013) Greutwd Mip Rap, Class I8, at SqM | ¢ nm 135000 $ 16200000
(Spec. 210011 Floating Turtidey Rarrier, at nM | & 500 100.00 S 850000
(Spec, 536-265) 12° Oucti Iron Fipe, at oM | 3 0.0 80,00 $ 16,000.00
|Spec. £36-252) 4° Ouctll lren Pipe, at Each | § 22000 80.00 S 9,600,00
|Spec. 28E-151) Allowance PRASA, at FA |4 Soo0o0 100 s 5,000.00
(Spac. 620017} Reflacthon Aalsed Pavestiust Morker One Way, Ary Color 2B 1500 16.00 s 240,00
(Spec. 851-014] Vehicu s Mosular Steel Bridge [hauling, dehvery snd unicodinghat | 1S |5 soecoe 1,00 5 2000000
|Spec. 961-014) Veh Meduber Soeed Bridge dl ® 5 |5 ts00m 1.00 $  160,000.00
(Spac. 963-852) Dismantiing of Launching Nose and kstalation Compenents IS |5 1d0mm0 100 5 18,000.00
s &
Method Subtotal $ 120073600
[Jeocal rorces [] state rorces [ contrace PE/CT A o480 )'lif
Emergency Repair Total | $ 3,270, 2224 ¢
£ |Wcbitzakn 10% LS |$ 1msesoo 1 S 17839500
2 [Reslacement of Exting Oridge SaM s zsoco 257 5 742,500m
C [Rermireal of Bdsting Struztures (Abtme ) 1S |5 easom 1 S 4746000
g Constrction of roodway LS |$ 30000000 1 5 1,000,000.00
] .
-8- Subtotal | § 1,968,956.00
% [Jtocat Farces [ steterorces [ contraer PE/CE[ S 50058500
g Aght-of-Wuy | £ 200,000
Perm. Repolr Totols | § 2,755 642 40
Categorical Exclusian [Jeases ; Etimated Total| 2, 0241, 20571
Recommendation FHWA ‘"w%/ te
[] esigivie [] mesiitve Velyn £ 114}
Corcurrence Stote Mu% %l'—' Dofe 7
E Yes D No Ani ifan /‘M_
Concurrence Local Agency Pate
] ves e A g;; vfiste

Form FHWA-1547 (Rev. 4-98)

Thia form was electranically produced by Chte Foderal Forms, Inc.

Figure 3-11: Bridge 606 inspection report from October 6, 2017 (source: FHWA)
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PR-962 Km-4,1 PR-962-E-01

Figure 3-12: Bridge 606 photos from October 6, 2017 inspection (source: FHWA)
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3.1.6. Images after Hurricane Maria

Figure 3-13: Bridge 606 satellite image after Hurricane Maria (source: NOAA)
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Image © 2022 Maxar Technologies

Google Earth

Imagery Date: 10/31/2017  18°21'40.30" N 65°5314.35" W elev 0ft eyealt 546 ft
Figure 3-14: Bridge 606 satellite after Hurricane Maria (source: Google Earth Pro)
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https://twitter.com/ivettesosaT2/status/911281729385746436

Figure 3-15: Social media image of collapsed approach of Bridge 606 (source: lvette Sosa)
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https://twitter.com/ivettesosaT2/status/911281729385746436

3.1.7. Videos after Hurricane Maria

https://youtu.be/spRéwlvUdhw

Video 3-1: News report showing collapsed approach of Bridge 606 (source: Notiséis 360)
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https://youtu.be/spR6w1vUdhw
https://www.youtube.com/embed/spR6w1vUdhw?feature=oembed

https://youtu.be/3ESDnXjUZvw?t=577

Video 3-2: Drone video of damages in Candvanas including Bridge 606 (source: Radazone)
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https://youtu.be/3ESDnXjUZvw?t=577
https://www.youtube.com/embed/3ESDnXjUZvw?start=577&feature=oembed

3.1.8. Temporary replacement

https://www.facebook.com/municipio.canovanas/photos/pcb.860593040795462/860592964128803

Figure 3-16: Bridge 606 replacement (source: Canévanas es mas Facebook page)
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https://www.facebook.com/municipio.canovanas/photos/pcb.860593040795462/860592964128803

3.2. Bridge 635

(Extracted from Figure 324)
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3.2.1. General information

Table 3-5: Bridge 635 general information from BridgeReports.com

Name

PR 165 over COCAL RIVER

Structure number

6351

Location

7 KM EAST OF TOA BAJA

Purpose

Carries highway and pedestrian walkway over waterway

Route classification

Minor Arterial (Urban)

Length of largest span 65.3 ft
Total length 130.9 ft
Roadway width between curbs 28.2 ft
Deck width edge-to-edge 37.7 ft

Owner

State Highway Agency

Year built

1959

Historic significance

Bridge is not eligible for the National Register of Historic
Places

Number of main spans

2

Main spans material

Prestressed concrete

Main spans design

Stringer/Multi-beam or girder

Deck type

Concrete Cast-in-Place

Wearing surface

Bituminous
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Table 3-6: Bridge 635 general information from the PRHTA

ID 635
Highway PR 165 km 25.4
Municipality Toa Baja
Year Built 1959

Functionality

Urban-Minor Arterial

Lanes

ADT

20,300

Maintenance

State Highway Agency

Owner State Highway Agency
Up Service Highway-Pedestrian
Down Service Waterway
Width 115m
Length 399 m
Spans 2
Under clearance 0

Material Prestressed concrete
Design Stringer or girder
Scour Critical 8
Inspection Frequency 24 months
Approach Roadway Width 11.1m
Bypass length 4 km
NBI Rating 1
NHS 1
Area 458.85 m?
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3.2.2. Images before Hurricane Maria

J

“Google Earth
Imagery Date: 3/16/2016 . 18°27'59.32"' N 66°11'52.60" W. e!evh 0ft. eyealt 646 ft
Figure 3-17: Bridge 635 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 3-18: Bridge 635 street view image from March 2016 (source: Google Earth Pro)
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3.2.3. Inspections after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

BRIDGE ID: é %9 MUNICIPALITY: ’Do:’la v O

DATE: 7-2€ - (7 TimE: EVALUATOR NAME: MA%; @uﬁﬂ«

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY):
[_] FLOW DISCHARGE [_] RAINFALL PER UNIT OF TIME [] waTeR sTAGE

[LAFLOOD FORECAST/WARNING (] BRIDGE-REFERENCED ELEVATION [} OTHER

TRIGGER (FOR CHECKED EVENT): Jg/uw'acmu l'\{,q.ua{ Tren, 13 aﬁ;& = B

Arret = 8
EVALUATION SUMMARY AND RECOMMENDATIONS
MONITORING TYPE:
[ isuat [ ] INSTRUMENT:
OBSERVATION AND/OR MEASUREMENT: /C L PG e | /: U} "rj.n LS,
v il

ACTION REQUIRED (PROVIDE COMMENTS):
[_] NO FURTHER ACTION  [X] FURTHER INSPECTION REQUESTED [ ] EMERGENCY CLOSURE

17 £ Y
COMMENTS: foogny  Kpprigvely « )«

INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 3-19: Bridge 635 inspection report from September 26, 2017 (source: PRHTA)
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Figure 3-20: Bridge 635 photos from September 26, 2017 inspection (source: PRHTA)
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Figure 3-21: Bridge 635 photos from September 26, 2017 inspection (source: PRHTA)
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3.2.4. Images after Hurricane Maria

Figure 3-22: Bridge 635 satellite image after Hurricane Maria (source: NOAA)
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Image © 2022 CNES / Airbus

18°27'58.01" N 66°11'55.69" W elev  0ft eyealt 646 ft

https://huracanmaria.elnuevodia.com/2017/municipio/toa-baja/

Figure 3-24: News report image of partial collapse of approach of Bridge 635 (source: El Nuevo Dia)

553



https://huracanmaria.elnuevodia.com/2017/municipio/toa-baja/
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Figure 3-25: News report image of partial collapse of approach of Bridge 635 (source: Cuba Debate)
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http://www.cubadebate.cu/noticias/2017/09/26/puerto-rico-despues-de-maria-la-catastrofe-no-ha-terminado-fotos/
http://www.cubadebate.cu/noticias/2017/09/26/puerto-rico-despues-de-maria-la-catastrofe-no-ha-terminado-fotos/

3.2.5. Repaired approach

Image © 2022 Maxar Technologies

Google Earth

Date: 11/21/2017  18°28'00.49" N 66°11'59.74"W elev 0ft eyealt 800ft O
Figure 3-26: Satellite view of Bridge 635’s repaired approach (source: Google Earth Pro)
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3.4. Bridge 1684




3.4.1. General information

Table 3-7: Bridge 1684 general information from BridgeReports.com

Name

LOCAL ROAD over CHIQUITO RIVER

Structure number

016841

Location

0.6 KM OF PR 111 AT KM 14

Purpose

Carries highway over waterway

Route classification

Local (Rural)

Length of largest span 12.8 ft
Total length 27.2 ft.
Roadway width between curbs 13.5 ft.
Deck width edge-to-edge 13.5ft

Owner

City or Municipal Highway Agency

Year built

1948

Historic significance

Bridge is not eligible for the national register of historic
places

Number of main spans

2

Main spans material

Concrete continuous

Main spans design

Slab

Deck type

Concrete Cast-in-Place

Wearing surface

Bituminous
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Table 3-8: Bridge 1684 general information from the PRHTA

ID 1684
Highway Local Road
Municipality Utuado
Year Built 1948
Functionality Rural-local
Lanes 1
ADT 110

Maintenance

Municipal highway agency

Owner Municipal highway agency
Up Service Highway
Down Service Waterway
Width 41m
Length 8.3m
Spans 2
Under clearance 0

Material Concrete continuous
Design Slab
Scour Critical 3
Inspection Frequency 24 months
Approach Roadway Width 56m
Bypass length 199 km
NBI Rating 1
NHS 0
Area 34.03 m?
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Figure 3-27: Bridge 1684 drawings (source: PRHTA)
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3.4.2. Inspection before Hurricane Maria

BRIDGE: 1684

TEAM LEADER: Marcos Rivera

INSP. DATE: July 13, 2016

INSPECTION REPORT SUMMARY & QC SHEET

1. Inspection Type and Dates:

Previous Insp. DATE

- AASHTO Core's & NBI CD conszistent
# Smart Flags (scour, steel plate,
fire damage, etc)
_ Channel Profile/Clearance Table
< FC & Underwater Members Tables
__Asphalt Overlay Thickness
_ Drawings
“ Photos
= Critical Finding
- Inspector & Team Leader Signature

_’/ -

)

Safety Eng.: r

Reviewer:

Performed? Freq Next Insp. DATE

NEI Type {Yes / No f NA) [MONTHS) (MONTH/ YEAR) (RAONTH/YEAR)
ITEM 90 Routine Inspection Yes 24 July-2014 July-2018
ITEM 92 A | FC Inspection NA - = -
ITEM 93 B | Underwater Insp. MNA = 2
ITEM93C | Other:

MA - - =

2. NBI Condition Rating Summary:
) items8 | item59 | 1tem 60 Item 61 | Item 62 | Item 113

Previgus Inspection 2 5 4 3 N 3
Current Inspection | 5 4 5 N -]
Other Checks: (Y, N, NA) Review Comments:
_ Scour Critical (items 113 & 60) 3= 3 sckyy Oudetind Grag o

Figure 3-28: Bridge 1684 inspection summary of July 13, 2016 (source: PRHTA)
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1684ul-13-2016-005 jpg 1684-jul-13.2016.008./pg 1684-jul-13-2016-009,jpg

1684-jul-13-2016-010jpg 1684-jul-13-2016-017.jpg 1684-Jul-13-2016-019jp g

Figure 3-29: Bridge 1684 inspection photos of July 19, 2017 (source: PRHTA)
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3.4.3. Images before Hurricane Maria

Image © 2022 Maxar Technologies

Google Eartl

Imagery Date: 8/6/2016 18°17'37.82" N 66°46'59.41"W elev 0ft eyealt 567ft ‘
Figure 3-30: Bridge 1684 satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 3-31: Bridge 1684 photo from July 13, 2016 inspection (source: PRHTA)

563



564



f

e: PRHTA)

Figre 3-33: Bide 1684 photo from July 13, 2016 inspection (sourc
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Figure 3-34: Bridge 1684 photo from July 13, 2016 inspection (source: PRHTA)
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Figure 3-35: Bridge 1684 photo from July 13, 2016 inspection (source: PRHTA)
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Fiure 3-3: Brid91684 to from le 3, 2016 inspection (source: PRTA)
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Figure 3-37: Bridge 1684 photo from July 13, 2016 inspection (source: PRHTA)
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3.4.4.

Inspections after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

BRIDGE ID: ___J 684 MUNICIPALITY: _ Ve do
DATE: __ tey/u it TIME: _5'“%6gm  EVALUATOR NAME: ;&_wqm&?
FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY);
[] FLOW DISCHARGE [] RAINFALL PER UNIT OF TIME [] water sTaGe

[_] FLOOD FORECAST/WARNING [ ] BRIDGE-REFERENCED ELEVATION [ FCTHER

i i
TRIGGER (FOR CHECKED EVENT): _ Hmacem Mowe

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:
|~ visuaL [] INSTRUMENT:

OBSERVATION AND/OR MEASUREMENT:

ACTION REQUIRED (PROVIDE COMMENTS):
[ ] NO FURTHER ACTION | /| FURTHER INSPECTION REQUESTED [ ] EMERGENCY CLOSURE

COMMENTS: L ! Sa :

l!mF L P""'L gﬁiw Seeeve J #ﬁé .dmklm-l ;&’g&b
INCLUIDE PHOTOS IN' A SEPARATE SHEET

Figure 3-38: Bridge 1684 inspection report from October 11, 2017 (source: PRHTA)
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Figure 3-39: Bridge 1684 diagram from October 11, 2017 inspection (source: PRHTA)
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Figure 3-41: Bridge 1684 photos from October 11, 2017 inspection (source: PRHTA)
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Figure 3-42: Bridge 1684 photos from October 11, 2017 inspection (source: PRHTA)

574




DETAILED DAMAGE INSPECTION REPORT
U.E. Dapaiimant
af Tranapertaton (Title 23, Federal-aid Highways)

Faderal Higire ey

Reeport Mumber

Sheet

1 of s

Location {Hams of Road and Milsposct]
Brigge & 7004- Megrest inersection PR 111 MW £7
Crossing creek near Tanama River
Coominates: W TO.Z03020 (15" 17 301347 & W OO 7O263T (B6" 468" ST.4TS

FHW A Disasker Mumber

Inspeeciion Dol
Movember S2097

Decoription of Damage
Bridge Wo. 1684 over creek close o Tarama river with damages caused by humicans Maria on Sepiember 20, 2017. This ks a 2 span
bridge measuring £0 it Debris blocked the Sow of the waber fhrough the bridpe resulting Inthe washowt of e West approach. This lefta

Fedemab-aid Roule Mumber

40 % span batwesr he bridge abutment and the road. The deer migrated. ok PR County: Uhada
Criveal froing: Ercge abuiments wars damages
Meed b demalish and remove faling Struckune,
Sroposad EmEnERCy raman
Suld a3 40 ft, 2 span bridge similar bo the existng
Flace riprap at the abuiment sides.
Cost Estimate
:5 Descripbon of Wiork o Date Cost
E [Equipment, Labor, and Matsrak Unz  |Uinit Frice Sruandty Comeied REmaring
-|_.‘-' (Spec. 131001 Mobilization 107 L35 5 B040141 5 206014
B [[Spec. 2024001 Femoval of Strachares and Obstructzons L3 5 500000 (1 3 5.000.00
E‘ (Spec. 202-001) Debris Femoval cYy |5 204 (30 5 100191
w |(Spec. 203-002) Boorow Class D CY |5 11.68 |30 5 58397
(Spec. 206-001) Unclassified Excavation Stmachies CY |3 31.15 |10 3 31143
(Spec_ 201) HPM Binandnous TON |5 220004 |10 5 220000
(Spec. §01-002) Clasz D Concrete CY |3 7653 |60 5 34,591 .60
(Spec. §02-001) Bemforcing Seeel LB ] 2.10 | 2000 5 1800000
(Spec. S06-001) Guardrail LF ] 2316 80 5 345180
[Spec. 512-001) Rip Fap CY |5 5008 |50 5 3003 82
(Spec. §38-003) Temporary Concrete Bamiers LF ] 12641 |40 3 505649
[Spec_ 638-004) Consmuction Sizns SQFI|§ 2643 |1 5 8125
3 _
3 -
(Spec. §13-001) Management of Traffic L3 § 38381411 5 383814
Merod Suohots 3 BE. 646150
Local Forces Siate Foroes Confract PECE 5 13.200.24
Emergency Reparr Toti| § 100.0451 .04
5
B
g
]
rr.
B
;
(1
Method Subiota
Lizcal Foross Stale Forces Contract FE/CE Right-of-iWay
Pem. Repair Tokais)
Erwvronmentsl Aszassmant Recommendation
Categorical Excusion EAZIZ Ezomated Total
Recommandatian FHWA Enginesr Date
Sigimie roaligibis
ConcureEnoe Ctate Snginaar Date
Yes -]
ConoureEnce Local Apency Fiepreseniafive Ciate
Yes [L1-]
Form FHWA-1547 [Rav. 4-38) T Faorr wak wac e niealy prod Losd by D Fasarsl Forem, Ine

Figure 3-43: Bridge 1684 inspection report of November 5, 2017 (source: FHWA)
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DETAILED DAMAGE INSPECTION REPORT [Report Number
US Degpartment
o Trarmoortaen (Title 23, Federal-aid Highways) B3
Foteral Higtway 2 of_8
Adminatation e e
Locaton (Name of Road and Mispost) FHWA Dizaster Number -
Bridge = 1554~ Nearest iInterzection PR 111 XM &7 PR Emergency Damage Asseszement
Crossing creek near Tanama River epecion Date
Coordinates: N 18293826 (18° 17" 35.134%) & W 656.732632 (66" 45" 57.475") Nowember £,2017
Description of Damage Faderai-ald Route Number
Sridge No. 1684 gver creek cloze to Tanama rver with damages caused by humicane Mard on Saptember 20, 2017, Thiz 12 3 2 zpan
bridge meazuring 40 it Debris biocked the flow of the water trough the bridge nthe of the West This lefta
40 ft zpan between the bridge abutment and the road. The river migrated. [State =R County. Utuado

Criscal fnding: Bridge abutments were damaped
Need to demolish and remove faling structure.

Froposed emengency repar:
Suld 34011, 2 span bridge simiar o the exizTng
Fiace riprap & e sbutment sides.

Photo 1 - Location Maps for Bridge 1683

"o -

Addrein PR-1TY, Wnoacs, GOOLT, Puerto Rioo Map  Surdb
Gt GPS Cooed ies
-
DD (decimal degrees) —
Lattue g2 Piws
Lorgitiado 782652 '
DMS (degrees, minutes, secondes)*
Latitude «N 8 ] * M1 RN 3
Loapibude E aw -~ * a0 ST 4TS
Google

Va3 faes 030

o Coguans Ceremuniad
ndigenous Herleoe

Tocoge Temeos Ues  Buport areap

+

-

Form FHWA-1547 (Rav. 4-98)

Tha o7 wma slacromcaly produces by Tite Fadery Forra ine

Figure 3-44: Bridge 1684 inspection report of November 5, 2017 (source: FHWA)
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U S Degatrrent

DETAILED DAMAGE INSPECTION REPORT

Report Number

Proposed emerngency repar:

Flace riprap 3t the sbutment sides.

Cridcal fnaing: Bridge abutments were damaged
Need to demoiish and remove faling structure.

Sulid 3 401, 2 span bridge similar %0 the exizang

of Transgcrtason (Title 23, Federal-aid Highways) e
Fodersl Highway 3 of 6
Adminstation — e
Locagon (Name of Road and Miepost FHWA Otzaster Number -
Bridge # 1554~ Nearest intersection PR 111 XM 47 FR Emergency Damage Assessement
Crozzing creek near Tanama River
. 148% 1T - - . gmt - nzpection Date
Coorginates: N 13223326 (18° 17" 35.138") & W 66.752632 (66" £45' 57.475") November 5,2017
Description of Damage Federai-ald Route Number
Sridge No. 1684 over creek cloze to Tanama river with damages cauzed by humicane Maria on September 20, 2017. This Is 3 2 zpan
brigge maasuring 40 ft. Debris biockad the flow of the water through the Dridge resuling In the washowt of the West approsch. This iefta
40 ft zpon betseen e bridpe abutment and the road. The river migrated. State: PR County: Utuado

Photo 2 - Before event photo : Photo 3 - Aerial view after event

Form FHWA-1547 (Rav. 4-98)

T 7T wes slacTomicaly prodocas by Tie Faceny Forma ine

Figure 3-45: Bridge 1684 inspection report of November 5, 2017 (source: FHWA)
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DETAILED DAMAGE INSPECTION REPORT

Froposed emergency repair:

Place riprap & e sbutment sides.

Cridcal fnding: Bridge abutments were damaped
Need to demolish and remove faling structure.

Sulld 3 401, 2 zpan bridge similar 10 the exizing

US Depetimant
of Trarmgotaton (Title 23, Federal-aid Highways) Sreet
Fodersl Highway 4 Of 8
Adminat-ation —
Locaon (Name of Road ana Miepost) FHWA Dizaster Number -
Brigge = 9554~ Nearest interzection PR 111 XM 47 PR Emergency Damage Aszessement
Crozzing creek near Tanama River
X 148° 1T - . 2er e nzpection Date
Coordinates: N 15253526 (18" 17" 35.134%) & W 65.782632 (66" 45" 57.475") Nowembar 5, 2017
Description of Damage Federai-aid Route Number
Sndpe No. 1684 over creek cioze to Tanama river with damages cauzad by hurricane Maria on Saptember 20, 2017. This 1s 3 2 zpan
bridge measuring 40 ft. Debriz biocked the fow of the water trough the bridge resuling In the washowt of the West approach. This iefta
40 ft zpan between e bridge abutment and the rodd. The river migrated. State: FR County: Utuado

S A

Photo 4 - Looking West, asphalt washout: Photo 5 - Looking West, road approach washout

- \ af

Form FHWA-1547 (R8V. 4-96)

Thia fomr was alacromicaly produces by Tits Faceny’ Forma, Inc

Figure 3-46: Bridge 1684 inspection report of November 5, 2017 (source: FHWA)
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DETAILED DAMAGE INSPECTION REPORT [Repart Mumber
US Department
o Trarmportaton (Title 23, Federal-aid Highways) Treet
Foderal Highway 5 of 8
Adminstation _—
Location (Name of Road and Misposty FHWA Dizaster Number -
Bridge = 1554~ Nearest intersection PR 111 XM 47 PR Emergency Damage Asseszement
Crozzing creek near Tanama River =
z ‘8" - . 220 £7 47E" Zpection Cate
Coordinates: N 18293826 (18" 17" 35.134%) & W 66.732632 (66" 45" 57 .475") November 5,2017
Description of Damage Federai-ald Route Number
Endge No. 1684 over creek cioze to Tanama river with damages caused by hummicane Mard on Saptember 20, 2017. Thiz Iz a3 2 zpan
bridge measuring 40 ft. Debris biockad the flow of the water trough the bridge resuling In the washowt of the West approach. This lefta
40 ft zpan between e bridge abutment and the road. The rver migrated. [State °F County. Utuado

Cridcal fnding: Bridge abutments wene damaged
Need to demolish and remove faling structure.

Froposed emengency repar:
Suld 3401, 2 span bridge similar 10 the exizing
Fiace riprap & the sbutment sides.

Photo 6 - Looking North, existing bridge : Photo 7 - Asphalt washout East approach

Form FHWA-1547 (Rav. 4-96)

This 27T wma slacomcaly produces by Tite Faders Forra Ine

Figure 3-47: Bridge 1684 inspection report of November 5, 2017 (source: FHWA)
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DETAILED DAMAGE INSPECTION REPORT Report Mumber
US Depwtimant
o Trermortase (Title 23, Federal-aid Highways) Sreet
Foderal Highway 8 of 6
Adminatation [— . —
Locaton (Name of Road and Miepost) FHWA Dizaster Number -
Bricge 2 1554~ Neares: Interzection PR 111 XM &7 FR Emergency Damage Assessement
Crozsing creek near Tanama River
. = 48 47 32 1L - . gzt —ce nzpection Cate
Coordinates: N 183253525 (18° 17" 35.134%) & W 66.782632 (66" £&5' 57 475") November 5,2017
Description of Damage Federai-aid Route Number
Snidge No. 1684 over creek cioze to Tanama river with damages caused by humicane Mara on September 20, 2017, This Iz a 2 zpan
bridge measuring 40 ft. Debris biocked the flow of the waler Bvough the bridge resuling In the washout of the West approach. This lefta
40 ft zpan between e bridpe abutment and the road. The river migrated [State °F County. Utuads

Cridcal fnding: Bridge abutments were damaped
Need to demolish and remove faling sructure

Froposed emergency repair:
Suiid 3401, 2 zpan bridge simiar 10 the exizing
Flace riprap 3 e abutment sides

Photo 8 - River channel migration

Form FHWA-1547 (RaV. 4-98)

s 57T vas slacromcaly producat by Clte Taceny Forrma inc

Figure 3-48: Bridge 1684 inspection report of November 5, 2017 (source: FHWA)
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3.4.5. Images after Hurricane Maria

Figure 3-49: Bridge 1684 satellite after Hurricane Maria (source: NOAA)
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022 Maxar Technologies

Google Earth

Imagery Date: 11/3/2017 18°17'39.57* N 66°46'58.90" W elev 0ft eyealt 567 ft
Figure 3-50: Bridge 1684 satellite after Hurricane Maria (source: Google Earth Pro)
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51: Bride 1684 imae from PRHTA inspection report

7 Figure
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Figure 3-52: Brigé 1684 image from PRHTA inspection reprt
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5: Bidge 1684 image from PRHTA inspection repor

Figure 3
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image from ‘PRH'I:A”iAnspe'ctioih réport

Figure 3-56: Bridge 1684
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Figure 3-57: Bridge 1684 image from PRHTA ispection report
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https://flic.kr/p/211KVD7

Figure 3-58: Social media image of damaged Bridge 1684 (source: Julia Maldonado)
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https://flic.kr/p/211KVD7

Figure 3-59: Social media image of collapsed approach of Bridge 1684 (source: Julia Maldonado)
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https://flic.kr/p/ZKKLK6

1

https:/flc.kr/xvp

Figure 3-60: Social media image of collapsed approach of Bridge 1684 (source: Julia Maldonado)
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https://flic.kr/p/HaxXvp

3.4.6. Repaired approach

Image © 2022 Maxar Technologies

Google Earth

Imagery Date: 12/5/2020 18°17'38.72" N  66°46'56.44" W elev. 0ft eyealt 438ft G
Figure 3-61: Satellite image of Bridge 1684 with repaired approach (source: Google Earth Pro)
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4. Bridges not in inventory

There is an unknown number of bridges in Puerto Rico that are not in the PRHTA inventory.
Among the possible reasons for this is that the bridge might have been constructed by the
municipality or by the local community and it was never reported to the PRHTA.

Table 4-1 lists four bridges that were not in the PRHTA inventory before Hurricane Maria
made landfall in Puerto Rico and that might have collapsed due to the storm. At the time this
research project was conducted, two of these bridges had been given an ID number by the PRHTA,;
therefore, reports of inspections conducted by PRHTA after Hurricane Maria were available for
these two bridges. This project gained knowledge of the other two bridges without ID number
through internet research of news reports and social media. There might be other bridges that are
not in the PRHTA inventory and that collapsed due to Hurricane Maria.

Each of the four bridges listed in Table 4-1 is dedicated a section, in a similar format to the
one used in previous chapters. As they were not in the inventory, there are very few photographs
of the bridges’ condition and no inspection reports before Hurricane Maria. Also, there are no
inspection reports after Hurricane Maria for the bridges that had not been given an ID number.
Clarification comments have been added for Bridges 3051 and 3053 to offer the reader relevant
information that might help decide if these bridges should be counted toward the total number of

bridges that collapsed due to the hurricane.

Table 4-1: Some of the bridges that were not in inventory when affected by Hurricane Maria

ID Municipality Name Coordinates
. . Off PR-149 @ 42.3 over Toro Negro 18°10'57.36"N
3051 Ciales/Orocovis River 66°30'46.02"W
3053 Yauco Off PR-372 @ 9.2 over Los Muertos 18°06'14.00"N
Creek 66°50'56.88"W
La Riviera . . 18°18'00.72"N
Sector Corozal Off PR-803 over Mavilla River 66°17'43.04"W
. . . . 18°19'49.46"N
Seis Bocas San Sebastian PR-451 over Guajataca River 66°54'57 12" W
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4.1. Bridge 3051
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.a. I 4
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(Extracted from Figure 4-8)
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4.1.1. Image before Hurricane Maria

$2022/CNESIFAITDUS

Google Earth

Figure 4-1: Bridge 3051 satellite |magebefore Hurricane I\/Iarla (source: Google Earth Pro)
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4.1.2. Inspection after Hurricane Maria

SCOUR CRITICAL BRIDGE PLAN OF ACTION (POA)
FLOOD MONITORING PROGRAM REPORT

GENERAL INFORMATION

2 i .
BRIDGE ID: 306 | MUNICIPALITY: ua}{’s - U,ozows

DATE: 23[@1:/291 7 1Me: 4:53 PM EVALUATOR NAME: _ Eric W. Rios Mera

FLOOD MONITORING PROGRAM

EVENT DEFINITION (CHECK ALL THAT APPLY);
[ ] FLow DISCHARGE [ ] RAINFALL PER UNIT OF TIME [ ] WATER STAGE

[ ] FLOOD FORECAST/WARNING || BRIDGE-REFERENCED ELEVATION  [3¢] OTHER

TRIGGER (FOR CHECKED EVENT): Huracan Maria

EVALUATION SUMMARY AND RECOMMENDATIONS

MONITORING TYPE:
VISUAL [] INSTRUMENT:

OBSERVATION AND/OR MEASUREMENT: | ke [ |3 - G, ‘Fqg J‘z oy EX ﬂﬁ&c

/
(s}.;n'bo FR-1%49 /()/4'1‘)m

ACTION REQUIRED (PROVIDE COMMENTS):
[] NO FURTHER ACTION  [] FURTHER INSPECTION REQUESTED <] EMERGENCY CLOSURE

COMMENTS: E,ic..ui‘:um 'azj,:f;qn})_]g m,/gpgz/ (.gm,'amtﬁ

_i/ P wm,(nﬁa UeAYE =
INCLUDE PHOTOS IN A SEPARATE SHEET

Figure 4-2: Bridge 3051 inspection report from October 28, 2017 (source: PRHTA)
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Figure 4-3: Bridge 3051 photos from October 28, 2017 inspection (source: PRHTA)
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Figure 4-4: Bridge 3051 photos from October 28, 2017 inspection (source: PRHTA)
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Figure 4-5: Bridge 3051 photos from October 28, 2017 inspection (source: PRHTA)
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4.1.3. Images after Hurricane Maria

Figure 4-6: Bridge 3051 satellite image after Hurricane Maria (source: NOAA)
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Google Earth

Imagery Date: 1/1/2018 18°10'56.80" N 66°30'46.61" W elev 0ft eyealt 903ft
Figure 4-7: Bridge 3051 satellite after Hurricane Maria (source: Google Earth Pro)
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https://www.elnuevodia.com/noticias/locales/notas/vecinos-de-ciales-viven-angustiados-por-puente-
agrietado-tras-maria/
Figure 4-8: News report image of Bridge 3051 (source: EI Nuevo Dia)

4.1.4. Comments

The engineer that conducted the inspection after Hurricane Maria indicated in the report that
one of the abutments had collapsed, that the bridge was unstable, and that collapse was imminent.
He recommended that the bridge be closed.

According to a newspaper article (Mora Pérez, 2018), residents that regularly used the bridge
indicated that the bridge was already in bad conditions before Hurricane Maria, but that the
hurricane aggravated the condition of the bridge. They also indicated that river caused the

movement of a “retaining wall” that supported the bridge.
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4.2. Bridge 3053

o

r -
.

-
(Extracted from Figure 4-11)
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4.2.1. Image before Hurricane Maria

Image © 2022 Maxar Technologies

Google Earth

Imagery Date: 6/28/2015 18°06'14.54" N 66°50'57.14" W elev 0ft eyealt 351ft O
Figure 4-9: Satellite image of Bridge 3031 before Hurricane Maria (source: Google Earth Pro)
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Figure 4-10: Bridge 3053 inspection report from October 12, 2017 (source: PRHTA)

606




Figure 4-11: Bridge 3053 photos from October 12, 2017 inspection (source: PRHTA)
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4.2.2. Images after Hurricane Maria

Figure 4-12: Bridge 3053 satellite image after Hurricane Maria (source: NOAA)
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Imagery Date: 5/1/2018  18°06'14.35" N.  66°50'57.91"W elev 0ft eyealt 351ft ()
Figure 4-13: Bridge 3053 satellite image after Hurricane Maria (source: Google Earth Pro)
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Figure 4-14: Photo of ridge 3053 takn une 8, 2022
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Figure 4-1: Phto of Bridge 305 taken une , 2022
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Figure 4-16: Photo of Bridge 3053 taken June é 2022

4.2.3. Comments

The engineer that conducted the inspection after Hurricane Maria indicated that one
abutment and one span of the bridge had collapsed. Photos from the inspection report show a
collapsed slab.

In June 2022, a member of the research project visited this structure. Residents from the area
indicated that the bridge had collapsed due to Hurricane Maria. From this inspection another theory
was raised: that no span had collapsed, that this was a case of collapsed approach roadway, and
that the approach slab had originally been poured together with the bridge’s deck. Without

drawings or photos of the bridge before Hurricane Maria, the type of failure remains uncertain.
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4.3. La Riviera Sector Bridge

<4

(Extracted from Figure 4-20)




4.3.1. Images Before Hurricane Maria

Image © 2022 Maxarjlieg

Google Earth

Imagery Date: 8/18/2016  18°17'59.81" N 66°17'42.64" W elev 0ft eyealt 368ft O
Figure 4-17: La Riviera Sector Bridge satellite image before Hurricane Maria (source: Google Earth Pro)
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4.3.2. Images after Hurricane Maria

Figure 4-18: La Riviera Sector Bridge satellite image after Hurricane Maria (source: NOAA)
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Google Earth

Imagery Date: 4/28/2018 18°17'59.60" N 66°17'41.94"W elev 0ft eyealt 368ft
Figure 4-19: La Riviera Sector Bridge satellite image after Hurricane Maria (source: Google Earth Pro)
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https://www.abcactionnews.com/news/photos-puerto-rico-devastated-after-hurricane-maria#id12

Figure 4-20: News report image of collapsed La Riviera Sector Bridge (source: ABC)
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https://Wtop.com/media—ga||ries/2017/09/potos—scenes—devastation—puertorico—ma ria/

Figure 4-21: News report image of collapsed La Riviera Sector Bridge (source: WTOP News)
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https://www.facebook.com/RafaelluneRivera/posts/pfbid02wHE6BNWc7iWYSjFheEJCquWHOwWNwcDJm

s5e18E25RctyuMhMQMqaqoP4CkWMs8rRisBlI

Figure 4-22: Social media image of collapsed La Riviera Sector Bridge (source: Rafael June Rivera)
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ad e
https://www.facebook.com/geovanny.t.rivera/posts/pfbid022YDyqYiT4CieANDwcxM9uzPeYEGFHFXMP

-

witwpW1lo7xevY8Z406yJfRBn77j7cgoDl

Figure 4-23: Social media image of collapsed La Riviera Sector Bridge (source: Geovanny Torres Rivera)
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https://www.facebook.com/geovanny.t.rivera/posts/pfbid022YDyqYiT4CieANDwcxM9uzPeYEGFHFXMP

witwpW1lo7xevY8Z406yJfRBn77j7cgoDl

Figure 4-24: Social media image of collapsed La Riviera Sector Bridge (source: Geovanny Torres Rivera)
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4.3.3. Videos after Hurricane Maria

LM AP B N I8 i VI VR 3,

https://www.telemundopr.com/noticias/puerto-rico/familias-en-peligro-tras-colapso-de-puente tlmd-
puerto-rico/1908340/

Video 4-1: News report of collapsed La Riviera Sector Bridge (source: Telemundo PR)

https://www.wapa.tv/noticias/locales/ponen-en-riesgo-sus-vidas-para-entrar-y-salir-de-sus-

hogares 20131122436760.html

Video 4-2: News report of collapsed La Riviera Sector Bridge (source: Noticentro)
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https://www.wapa.tv/noticias/locales/ponen-en-riesgo-sus-vidas-para-entrar-y-salir-de-sus-hogares_20131122436760.html
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pa.tv/noticias/locales/vecinos-de-corozal-pide-restauren-el-unico-puente-que-les-da-

acceso-a-la-zona-urbana 20131122466773.html

https://wWw.wa

Video 4-3: News report of collapsed La Riviera Sector Bridge (source: Noticentro)
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4.4. Seis Bocas Bridge

(Extracted from Figure 4-27)




4.4.1. Image before Hurricane Maria
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Imagery Date: 3/12/2017  18219'49.54" N 66°54'57.74" W elev 0ft eyealt 351 ft
Figure 4-25: Bridge Seis Bocas satellite image before Hurricane Maria (source: Google Earth Pro)
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Figure 4-26: News report image of Bridge Seis Bocas (source: Noticel)
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4.4.2. Streamflow

Table 4-2: Peak streamflow at Guajataca River Below Guajataca Lake monitoring station (source: USGS)

Year Date Gage Height (ft) Streamflow (cfs)
2010 2010-06-07 8.61 674

2011 2011-06-04 8.94 730

2012 2012-04-14 8.72 692

2013 2013-05-14 8.48 647

2014 2013-10-09 7.92 513

2015 2015-09-23 8.87 702

2016 2016-07-27 841 609

2017 2017-09-20 17.10 10,800

Note: USGS has another monitoring station at the Guajataca River that was closer to the Seis
Bocas Bridge, but there is not streamflow data offered from 2003 to 2016, and only the gage height

is offered for 2017.
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4.4.3. Images after Hurricane Maria

Figure 4-27: Bridge Seis Bocas satellite image after Hurricane Maria (source: NOAA)
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https://w.wapa.v/noticias/locales/llv—mas—de—un—a nosin—puente—en—san—
sebastian 20131122439526.html

Figure 4-29: News report image of collapsed Bridge Seis Bocas (source: Noticentro)
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https://www.elnuevodia.com/noticias/locales/notas/comunidad-en-san-sebastian-lleva-mas-de-un-
ano-esperando-por-un-puente-provisional/

Figure 4-30: News report image of collapsed Bridge Seis Bocas (source: EI Nuevo Dia)

e

https //www ‘metro. pr/pr/not|C|as/2018/10/28/sector abrahonda-espera-puente.html

Figure 4-31: News report image of collapsed Bridge Seis Bocas (source: Metro)
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https://www.metro.pr/pr/noticias/2018/12/06/e><igen—fema—agiIizar—avuda—reL;afaAr—puente—seis—bocas;
san-sebastian.html
Figure 4-32: News report image of collapsed Bridge Seis Bocas (source: Metro)

https://laislaoeste.com/exigen-a-fema-agilizar-ayuda-para-reparar-puente-seis-bocas-en-san-

sebastian/
Figure 4-33: News report image of collapsed Bridge Seis Bocas (source: La Isla Oeste)
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5. Other cases

This chapter presents other effects that Hurricane Maria had on vehicular bridges and that

may be of interest to the reader.

5.1. Other bridges that were replaced
Table 5-1 lists four bridges that were ultimately replaced due to Hurricane Maria. None of

these bridges were considered to have collapsed or to had one of its approach collapse.

Table 5-1: Other bridges that were replaced due to Hurricane Maria

ID Municipality Name Coordinates
122 Naguabo PR-3 over Santiago River 6158"04131':%108..22;";I|:1/
878 Utuado PR-111 over Vivi River égii,izogzv\'/\l
2681 Coamo PR-555 over Coamo River 61;2018,581.516,,\2]/

18°22'13.50"N
3048 Moca PR-111 over creek 678"03'55%0500“W

Following is a summary of the conditions that lead to each bridge being replaced:

e Bridge 122 was constructed in 1918, therefore it was 99 years old when Hurricane
Maria made landfall in 2017. It has been reported that the bridge was already in bad
condition before the arrival of Hurricane Maria and that there were plans for it being
replaced (Santiago Caraballo, 2013; Diaz Torres, La mayoria de los puentes
impactados por el huracdn Maria ya estaban en estado critico por falta de
mantenimiento, 2020). After Hurricane Maria, the bridge did not collapse, as shown
in Figure 5-1 and remained open. A temporary steel bridge was built over Bridge
122, as shown in Figure 5-2. It has been reported that Hurricane Maria increased
scouring problems that the bridge had, which lead to the construction of the steel
structure (Diaz Torres, 2019).
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Bridge 878 was made of concrete and constructed in 1965. Before Hurricane Maria
made landfall in Puerto Rico, Bridge 878 was already in bad condition and had a
temporary modular steel bridge constructed over it, as shown in Figure 5-3.
According the inspection reports, Hurricane Maria caused the collapse of one of the
piers and two spans of the deck of the original concrete structure, as well as the
erosion of one the bridges embankments, as shown in Figure 5-4 and Figure 5-5. A
note in the PRHTA inventory appears to indicate that the collapse of the concrete
structure caused some damages to the steel structure. The temporary steel structure
was removed and replaced with another temporary modular steel bridge over the
original concrete structure.

Bridge 2681 was a concrete structure constructed in 1951. The images of the
inspection report conducted after the hurricane show that the bridge did not collapse,
but that one of its approaches was damaged, as shown in Figure 5-6. The inspection
report indicates that the bridge had lost some segments of its parapets and indicated
a scouring critical rating of 3. The bridge was partially demolished and replaced with
a temporary modular steel bridge (Primera Hora, 2018), as shown in Figure 5-7.
Bridge 3048 was a steel modular bridge that was not in the PRHTA inventory at the
time Hurricane Maria hit Puerto Rico. Figure 5-8 and Figure 5-9 show photos from
an inspection conducted after Hurricane Maria. The inspection report indicates that
the river impacted the embankment, which endangers the bridge stability. The
temporary steel structure was removed and used to replace collapsed Bridge 1733,
which was further down the roadway (Rodriguez, 2018). A new temporary modular

steel bridge was constructed at Bridges 3048’s location, as shown in Figure 5-10.
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Figure 5-1: Bridge 122 photo from November 2, 2017 inspection (source: PRHTA)

]}}n |1  ,

SRR (LR

FlgUre 5-2: New steel bide over Bridge 122 (source: Centro de Periodismo Investitivo)
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Figure 5-3: Bridge 878 photos from September 8, 2017 inspection (source: PRHTA)
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Figure 5-4: Bridge 878 photos from October 2, 2017 inspection (source: PRHTA)
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Figure 5-5: Bridge 878 photos from October 5, 2017 inspection (source: PRHTA)

638




639




https://www.primerahora.com/noticias/puerto-rico/notas/construyen-un-puente-mas-seguro-en-
coamo/

Figure 5-7: Bridge 2681 replacement (source: Primera Hora)
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Figure 5-8: Bridge 3048 photos from September 29, 2017 inspection (source: PRHTA)
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Figure 5-9: Bridge 3048 photos from September 29, 2017 inspection (source: PRHTA)
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Figure 5-10: Bridge 3048 replacement (source: La Isla Oeste)
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5.2. Bridges closed temporarily due to scouring

Several bridges were temporarily closed due to scouring problems caused by Hurricane
Maria. An example of this is Bridge 863, located in the municipality of Bayamaén. One of the piers
of its bridge had it piles exposed due to scouring, as shown in Figure 5-11. Other bridges that
received media attention due to being in main highways were Bridge 1078 in Juan Diaz and Bridge
1309 in Candvanas. Further research would have to be conducted to determine the total number of

bridges that were closed temporarily due to scouring.
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Figure 5-11: Bridge 863 photos from October 4, 2017 inspection (source: PRHTA)
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5.3. Wingwall collapse

In several inspection reports, problems with wingwalls were indicated. The problems with
wingwalls range from the loss of backfill material to complete collapse. An example of a collapsed
wingwall is shown in Figure 5-12. Most of the time, the problem with wingwalls did not lead to
the closing of bridges. The mechanisms that cause problems with wingwalls are probably related

to the ones that lead to approach roadway collapse.
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5.4. Debris accumulation

During the examination of photographs done for this research it was observed that many
bridges had debris accumulation in their upstream side after Hurricane Maria. This was a very
common occurrence in both damaged and undamaged bridge. The main components of the debris
appear to be vegetative material and soil. An example of a mostly undamaged bridge with debris
accumulation is shown in Figure 5-13. Is possible that debris accumulation led to the collapse of

several bridges as well as the collapse of approach roadways.
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ttps://www.nbcnews.com/storyline/puerto—rico—crisis/puerto—ricans—find—solace—fresh—water—
roadside-spout-n808246
Figure 5-13:Debris accumulation in a bridge in Utuado (source: NBC News)
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6. Conclusions and Recommendations

This research identified a total of 19 bridges from the PRHTA inventory that collapsed or
have severe structural damage due to the effects of Hurricane Maria. The compiled data and images
of these structures suggest that the principal causes of the collapse were:

e Scouring of the piers and abutments, and

e Hydrodynamic pressure combined with debris impact.
Of the 19 bridges, 17 were replaced with temporary structures. For future permanent bridges it
would be advisable to review hydrologic and hydraulic (H&H) studies to revise:

e The required span and abutment location to reduce souring.

e The required elevation to reduce hydrodynamic impact.
An alternative on how to deal with debris is an area of opportunity for research.

Crowdsourcing and social media data could give valuable graphical information to assess
damages under extreme events. Automated and real time collection and processing tools are an

area of opportunity further research and development.
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