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USACE Caribbean District - Rio Puerto
Nuevo Project:
Design and Construction Considerations

US Army Corps
US.ARMY of Engineers.
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USACE Caribbean District - Rio Puerto Nuevo Project:
Design and Construction Considerations

Moderator:
Kevin Golinghorst, PE, Benham Design

Speakers:

» Luan M. Esteban, MECE, PE, Chief - Technical Support Branch

« Jorge A. Rivera-Cruz, PhD, PE, Structural Engineer

» Edgardo E. Bermudez Rodriguez, MSCE, PE, Geotechnical Engineer
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-
American Military Engineers

Kevin Golinghorst..

Benham Design
Director of Business Development — Federal

Design
7> BENHA

Sports Teams: Army West Point, St. Louis Battlehawks, Pittsburgh Steelers
Vacation Spots: Hawaii (thanks to SAME IPRS)

Did You Know: | married a USNA “squid”

Hobbies: Military History / Attending Reunion(s)

Coolest Project(s): Road Construction near Ketchikan, Alaska (1998)
Arecibo, Guanajibo, & Nigua on Puerto Rico (2022)
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SPEAKER

Luan M. Esteban..c-

USACE SAA, Chief - Technical Support Branch

-
American Military Engineers

Sports Teams: No favorite sports teams, unless pro tennis counts or my daughter’'s
team is playing

« Vacation Spots: Vieques and Isabela, PR

» Did You Know: I've gone full circle, literally around the world

» Hobbies: Pickleball, Travel planning and Travel

« Coolest Project(s): Rio Puerto Nuevo, Islandwide Reservoirs Feasibility
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SPEAKER

Jorge Rivera..
USACE SAA, Structural Engineer

American Military Engineers

Sports Teams: New York Yankees

Vacation Spots: West coast of Puerto Rico (Rincon beaches)
Did You Know: | played little league baseball (Second baseman)
Hobbies: Play chess

Coolest Project(s): Rio Puerto Nuevo, and Cano Martin Pena
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P | Edgardo BermUdeZMSCE,PE
' USACE SAA, Geotechnical Engineer

Sports Teams: LAKERS - KB Fan!
» Vacation Spots: Western beaches of Puerto Rico

* Did You Know: | been working in construction with my father since | had 7 years
old.

« Hobbies: Spend time with my kids and play basketball
« Coolest Project(s): Guajataca DAM, Rio de la Plata, and Rio Puerto Nuevo




Learning Objectives

« Know the USACE Mission and Engagement in Puerto Rico

« Completed Projects

« Ongoing and Future Projects

« Understand USACE multidisciplinary design and construction
considerations/requirements.

« Rio Puerto Nuevo Project
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Agenda

e Qverview

Hydraulic

Geotechnical

Structures

Construction Considerations

Summary
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Have you heard about USACE
Caribbean District Civil Works
Program?

a) Yes
b) Kind of?
c) No
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USACE Caribbean District Established in 2024

Provides additional leadership bandwidth and focus on priority missions in USVI and Puerto Rico

= &) Over 150 Civilians
Improved = dedicated to USVI
Communication with o0 W LU L and PR ensuring the
Sponsors, execution of the

Communities, and mission effectively
Stakeholders and efficiently

Prioritized

One Team, One One Door to

Mission

Implementation USACE

First USACE Army Expanded San Juan
Colonel Commander in Headquarters Office
Puerto Rico /
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Arecibo Harbor 5

San Juan Harbor
Fort Buchanan )

*,

amey Rio Grande ‘
.‘ Rio Culebrinas de Arecibo Rio de la Plata
Jl> - Rio Gmr@ Rio Puerto Nuevo
" BONUS Site '!hua'!ataca Dam de Manati
Mayaguez Harbar
|| Puerto Rico
A Rio Guanajibo
A Rio Aibonito
s GuayabalDam
Fort allen
Rio Guayanilla Ponce Camp
A A ‘ r Santiago

. Rio Nigua

- Deep Draft Navigation \
Ponce Harbor

‘ Flood Risk Management
. Aquatic Ecosystem Restoration
‘ Coastal 5torm Risk Management

4?» Interagency and International Services (l1S)

' Military Construction (MILCON) & Installation Readiness
*Regulatory (PR and USVI Jurisdiction)

Caribbean District Programs

Civil works, regulatory, Military,

San Juan Metro

Cafig Martin Pefia

1ir
P

atillas Dam

Puerto Nuevo USAR Solar Array

U.S. Virgin
Islands

Savan Gut . Wehicle Maintenance Shop
Charlotte Amalie Harbord 4 -
Sk Thomas

urpentine F'!IJI'I:L .

st Joh

Chinstiansted
m Harbor

St Croix ‘Estah La Grande

il Support Facility
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Portugues RPN Upper

Dam Margarita
Channel and
Stilling Basin
Guajataca
Dam RPN 2D
Walls

Contract
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RIO PUERTO NUEVO

Flood Risk Management PI‘OjeCt Tlmellne

ORIGINAL PLANNING PHASE (FULL PROJECT) _

: : O o f O f O
I 1978 1984 1986 I 1992 I 1993
| FEASIBILITY ! ENVIRONMENTAL CHIEF OF [ GENERAL DESIGN I WATER QUALITY
STUDY I IMPACT STATEMENT (EIS) ENGINEERS REPORT MEMORANDUM (GDM) CERTIFICATION
| “Rio Puerto prepared and signed April 25 I AND ENVIRONMENTAL | issued by the Puerto
I Nuevo Survey | completed in October. with a final Benefit ASSESSMENT (EA) Rico Environmental
Investigation” Cost Ratio (BCR) | completed. A | Quality Board (EQB)
| initiatedafthe | of 2.6to 1. I Finding of No Significant I with no expiration.
request of the I Impact (FONSI) was Water Quality remains
I Commonwealth of | signed July 30. | in conformity with
Puerto Rico. | section 401(a)(1) of
l | | the Clean Water Act.
| ' l |

LOWER PUERTO NUEVO PROJECT IMPLEMENTATION (1993-2022)

Puerto Nuevo Channel, Margarita Channel, Bechara Channel, De Diego Bridge Reftrofit,
_pper Morlgorlto Stilling Basin and 2D walls construction. All construction has been completed.

UPPE

BAMIA DE SAN JUAM

SAN JUAN
HARBOR

&

Tk
TRt
h -

G NUEVO DRATNAGE BASIN
L£ »CA'IT‘H F PRCLECT FEATLIRES

FUERTO RICO

UERTO NUEVO PROJECT IMPLEMENTATION (2017 - PRESENT)

| 1993 ' 2002 2010 2013-2014 2015 2015 I 2017 2018 ' 2019 2020 2022
| FIRST | UPDATED EA WETLAND UPDATED ESSENTIAL WETLAND HURRICANE BIPARTISAN l SUPPLEMENTAL CONTINUING SECTION 106,
I CONSTRUCTION I AND FONSI MITIGATION ENDANGERED FISH HABITAT MITIGATION | MARIA BUDGET ACT | CONTRACTS 1- 3 DESIGNS FOR CONSTRUCTION HISTORIC
PROJECT Bechara PLAN SPECIESACT  cONSULTATION  Completed, makes OF 2018 CONSTRUCTION INITIATED: VALIDATION PRESERVATION
| _AWARDED: Channel completed  (ESA) SECTION 7 WITH NMFS and I landfallin (BBA-18) | Upper Margarita Channel, REPORT ACT
Puerto Nuevo Project in March. INFORMAL requirements | PuerfoRico. (P.L. 115-123) Roosevelt Avenue Bridge signed in March (54 usC 300101)
I Channel, | Industrial CONSULTATION met April (BBA-18) Replacement, and recommending to _andifs
Miramar Trunk I Area design (USFWS, NMFS*) 2015. Planted | signed. I Rio Piedras main channel proceed with implementing
I sewer Siphon, ¥ changes and for remainder of over 25 acres — e o mm mm mm mm mm = construction up to implementation of regulations
I, Kenn%q2; pﬁloll%l\nmen’rTof projecgé:onsugoﬂon Molongﬂr Luis Mufioz Marin Park. TheBBpro]jgcT lfjr?der c(g%sCuFI"?o%r?g%
venue Bridge e Margarita addresse argarita A-18 within \
| Retrofit. | Levee. FONSI endangered species Channel. 2019-Present Chief's Authority. will be
signed that may occur USACE working with the non- completed
e o= = = = PR 29 within the federal sponsor, the Department prior to
: of Natural and Environmental construction.
project area. - b
o Resources (DNER), to coordinate Anticipated
Wetland Mitigation with all external stakeholders, date is
Plan Revised. including meetings with the October 2022.

* USFWS: U.S. Fish and Wildlife Service
* NMFS: National Marine Fisheries Service

public to provide project
information and updates.
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Rio Puerto Nuevo Flood Risk Management
Project overview

Supplemental Contract Design | Construction __JSl i oecunuan

Contract 1: Upper Margarita Channel Stanley Consultants _

Contract 2: Roosevelt Bridge Arcadis Ferrovial i AN IIAN

Contract 3: Main Channel (Rio Piedras) Arcadis Upcoming award

Contract 4: Las Americas Bridges CDM Smith

Contract 5a: Pinero Bridge and Josefina Channel CDM Smith _ : ; # :

Contract 5b: Notre Dame Bridge Philadelphia District St ENeS S e o e, COMIN
Contract 6: Main Channel and Buena Vista Huntington District I. p 1 b ST

Contract 7: Josefina and Dona Ana Channel Pre-Award

Contract: La Chuleta Material Management Area  Stanley-Stantec JV

100-YEAR POST-PROUJE

Contract: Bechara Material Management Area Stanley-Stantec JV N 7 s '_ e |k % RocEee
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« Design Considerations

Hydrologic updates

Hydraulic studies

HEC-RAS

Channel sediment transport

Bridge scour analysis

Sedimentation analysis

Physical model

Computational fluid dynamics 3D hydraulic model

N N N N N N NN
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 General Design Memorandum (GDM)

e TP-42 rainfall

e« 10.4 inches for 0.01 annual exceedance
probability (AEP)

» Curve Number methodology
« SCS Type Il distribution
* 24-hour rainfall distributed into a 4-2-1-3

H drologc

e SN T L T ] DT

Upd
« 2019 Supplemental Update

ates

NOAA Atlas 14 rainfall

13.3 inches basin average of approximately
(11.9-14.7 in. spatially varying rainfall).

Curve Number methodology

NRCS Incremental Intensity Temporal
Distribution

balanced storm six-hour distribution « HEC-HMS
« HEC-1
0.01 AEP Design Storm Flow Comparison (cfs)
USGS . 1986 Survey 1986 Survey
. Location 2019 HMS 2009
Station Report 1985 Report 2035
Model USACE . L. FEMA
condition condition
Rio Piedras at Hato Rey (at
50049100 . } 25,150 28,390 35,700 25,380
Pinero Bridge)
50048770 | Rio Piedras at El Senorial 13,774 16,490 22,700 13,941

dLegend

. FlowGauges

A RainGauges
Tributary Centerline

Rio Puerto Nuevo Basin
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Hydraulic Studies

« HEC-RAS 1D/2D & full 2D
v' Existing condition model
v Proposed conditions
v Construction sequence
v" Diversion during construction

* Channel Sediment Transport

v To evaluate the scour potential on the channel
bottom

« Bridge scour analysis
v To evaluate scour potential on bridge piers
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Hydraulic Studies
Sedimentation Analysis

v Adaptive Hydraulics 2d (Adh)

v To evaluate the channel performance due to
sediment deposition and to develop an O&M
procedure.

v Designed channel capacity to convey storm
events after several years of sediment
deposition without maintenance.

Sedimentation Frequency Storm
Condition 2yr Syr 10yr 25yr 100yr

1 year Yes Yes Yes Yes Yes

2 years Yes Yes Yes Yes Yes

3 years Yes Yes Yes Yes Yes

4 years Yes Yes Yes Yes Yes

5 years Yes Yes Yes Yes Yes

6 years Yes Yes Yes Yes No
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Physical Model

v" Roughness flume

v" To determine the roughness of the drilled shaft walls and the
composite roughness of drilled shaft walls and articulated
concrete blocks channel bottom (ACB).

v' Determine ACB type needed for different project reaches.

v" Project reach hydraulics flume

v" To analyze the channel hydraulics performance due to sharp
channel bends and effect of drilled shafts for the design of
the channel scour protection.

v Verify the effect of standing waves, flow separation.
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Computational Fluid Dynamics 3D Hydraulic
Model (CFD)

Depth Averaged Velocity

Depth-averaged Velocity (ft/s)
0.000 10 15 20 25,000

 Validated numerical model calibrated to the
physical model that can be used to test
alternatives for the channel scour protection:

v" Articulated Concrete Blocks (ACB)
v Concrete Armor Units (CAU)

« Provide detail hydraulic results visualization

« Channel hydraulics controlled by the tangent
walls with flow concentrating to the middle of

the channel.
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Geotechnical
« DESIGN CONSIDERATIONS

AN N N N NN N Y N U NN

Design Standards

Geotechnical Subsurface Investigations

Seismic Considerations

Seismic Site Classification and Peak Ground Acceleration Estimate
Geotechnical Seismic Explorations

Seismic Site-Specific Study

Probabilistic Seismic Hazard Analysis (PSHA) and Deterministic Seismic Hazard
Analysis (DSHA)

Site Response

Soil Parameters

Liquefaction Screening and Cyclic Softening in Clays and Plastic Silts Assessment
Linear and Non-linear Model

Global Stability Analysis

Soil Remediation
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Geotechnical design must follow Engineering Manuals, Regulations and Design Codes.

EM 1110-1-1804 Geotechnical Investigations

EM 1110-2-1906 Laboratory Soils Testing

ER 1110-2-1806 (2024) Earthquake Analysis, Evaluation, and Design for Civil Works Projects
EC 1110-2-6000 Selection of Design Earthquakes and Associated Ground Motions

EM 1110-2-6053 Earthquake Design and Evaluation of Concrete Hydraulic Structures

ETL 1110-2-580 Guidelines for Seismic Evaluation of Levees

EM 1110-1-1905 Bearing Capacity of Soils

EM 1110-2-2502 Floodwalls and other Hydraulic Retaining Walls

ITL-92-11 The Seismic Design of Waterfront Retaining Structures m
EM 1110-2-1902 Slope Stability ool e
ASCE 7 Minimum Design Loads and Associated Criteria for Buildings and Other Structures

NCEER - Liquefaction Resistance of Soils
FHWA-NHI-16-027 Ground Modification Methods Reference Manual

FHWA-HRT-13-046 Deep Mixing for embankment and Foundation Support
FHWA-NHI-18-024 Drilled Shafts: Construction Procedures and Design Methods LS. Department of Transpestation

1
Federal Highway Administration
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* Following: T p— T
v' EM-1110-1-1804 o e

* Common Subsurface Investigation Methods
v' Standard Penetration Testing, SPT
v' Cone Penetration Testing, CPT
v" Vane Shear Test

Bags modifd trom LLS. Geclopical sarnsy daital das ¥ 0 10 KILOMETERS
[ E—
" 5 0 MILEE
EXPLANATION
Quaternary deposits Miocene rocks
Alhvium P Aymamon Limestone
Landslide deposits Aguada (Los Puertcs) Limestone
Qb Beach depasits - Guanajine Formation
II' Swamp, marsh deposits - Cibao Formation
Artificial il B Monebelo Limestone Member
|I| Undifferentiated surficial depasits - Cuebrada Arenas Limestone Membar—
Inchudes Miranda Sand Member
Pliccene and Miocene rocks
- Rio Indio Limestone Member—Inchsdes
Quebradillas Limestone Almirante Sur Lenti]
”‘I’ﬁ Ponce Limesione - Guajataca Member

Miccene and Oligocens rocks
- Mucarabones Sand
A  Juana Disz Formation
IE Lares Formation
I  sen Sebastian Formation
Eocene, Paleccene, and Cretaceous rocks
E Wolcanic and sedementary rocks
[ ]

| ™p | Plutonic rocks—Maostly quartz diorile
and grancdiarite

- Meatamaorphic (serpentine), sedementary,

and igneous rocks

Fault
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* ER1110-2-1806

Table 1
v Site SpeCiﬁC Stu dy - Response Spectru m Consequence-based project feature classification
. . . . Project Direct Loss of Disruption or Loss of Property Adverse
An a lyS IS — T| me- H Isto l’y An a lyS IS Feature Life? Project Feature Service or Losses* Environmental
Type' Functionality; Loss of Impacts®
Service or Access for
et ) Lifeline Facilities?
Non- None expected None or damages are Minimal Minimal damage
Critical cosmetic or rapidly repairable
Critical None expected to | Probable or likely Major to Major to extensive
probable or likely extensive damage®
- e (one or more)
8o
s g x Table 2
- 2z E Criteria for seismic design ground motions
< @y
Howll e g §§ Project | Minimum Earthquake Return | Earthquake Return Period for MDE-GM
" vig ;; Feature | Period for OBE-GM'
o |:1§|cn:ronn Puerta Rico/Virgin lslands E Typ e
’ '; e g?iﬂ;:al 145-year return period? 975-year return period
Seismic Hazard T s me Greater* of the following:
Low Y e % 1) 2,475-year return period®®
— ﬁﬁb,f’il,w«i_‘ w3
. Moderate Lo, b P Critical | 475-vear return period? 2) MCE-GM (84th percentile values from ground motion
- High Sy 28 y P models for source slip rate, SR = 0.9 mm/year,
median or 50th percentile values for SR = 0.3
mm/year, and interpolation for SR values between
0.3 mm/year and 0.9 mm/year (see paragraph 9¢c(4))
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Seismic site Classification and Peak ground acceleration estimate
* EM-1110-2-6053 - Development of Standard Horizontal Response Spectrum

* Seismic Coefficient method

§S :Fasa
S =ES,

Sy = b{TR ]m
| _log(8F™™)  log(sE")
0.7169

log(b)=4.7338 log(S~*") —3.7338 log(S™2*7) | gwe

* Spectral 0.2 and 1-second period responses

Table B-3. Site correction coefficient F,

ASCE 7-22 Seismic Site Classification

Table 20.2-1. Site Classification.

v, Calculated Using Measured or Estimated

Site Coefficient F,
Class
Sg<025 Sg=0.50 Sg=0.75 Sg=1.00 Sg=1.25
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
c 1.2 1.2 1.1 1.0 1.0
D 16 14 12 11 1.0
E 25 1.7 1.2 0.9 0.9
Table B-4. Site correction coefficient F,
Coefficient F,
Class
S, <0.10 S, =0.20 S, =0.30 S, =0.40 S, 20.50
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.7 1.6 1.5 1.4 1.3
D 24 2.0 1.8 1.6 15
E 3.5 3.2 238 24 24

Site Class Shear Wave Velocity Profile (ft/s)
A. Hard rock >5,000

B. Medium hard rock >3,000 to 5,000

BC. Soft rock >2,100 to 3,000

C. Very dense sand or hard clay

CD. Dense sand or very stiff clay

D. Medium dense sand or stiff clay

DE. Loose sand or medium stiff clay

E. Very loose sand or soft clay

F. Soils requiring site response analysis in accordance with

>1,450 to 2,100
>1,000 to 1,450
>700 to 1,000
>500 o 700
=500
See Section 20.2.1

Section 21.1

* United States Geological Survey (USGS) - Seismic Hazard Maps, ASCE 7-22

6730 5700 " 56700 530 500 84730 Note: For SI: 1 ft = 0.3048 m; 1 fi/s = 0.3048 m/s.
el : ' » Effective Peak Ground Acceleration
dby” T il i «  ITL-92-11 - Seismic coefficient (kh)
. YIS0 B .
| AT v' Typically, kh =2 to 2/3 PGA
g ,f s v’ Seismic coefficient equal to 2/3 of the peak ground acceleration, where
7 ' e liquefiable soils are present.

(UNITED STATES)

v' kh =full PGA if deflection is small or structure is anchored/braced.
. . Design Earthquakes
. ‘ o v' Most Credible Earthquake (MCE-GM), Maximum Design Earthquake
(MDE-GM), and Operating Basis Earthquake (OBE-GM)

* 2% probability of exceedance in 50 years (2,475-year return period)
*  10% probability of exceedance in 50 years (475-year return period)
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Seismic site Classification and Peak ground acceleration estimate

* United States Geological Survey (USGS) HAZARD TOOL - 2025

Peak Ground Acceleration Sources
Hazard Curves - Total

l (m > Hazard > —e— Total
Dynamic Hazard Curves )

—— PGA
a

—e—0.015SA
— Model * ] E 102

A\

—e— FaultSystem

—e— Grid

—— InterfaceSystem
Slab

]
L

—e—0.03sSA
—e— 0.055sSA
——0.0755SA
—+—0.15SA
—+—0.155SA
—e—0.25SA
—e— 0.25 s SA
—e—0.3s5SA
== 0.45 SA
—+—0.55SA
—+—0.755SA
—e— 15SA
—*— 155 5A

[15,21.2]
—+—255A
——3sSA

— Longitude (°) *
-66.92 w 10
4sSA

[-70.95,-61.7 ] 102 s 5sSA
7.55 SA 10-10

M1 B
2 3 4 56789 2 3 4 56789 2 1 4 se7809 2 3 4 5678
33 eserey 73 assTes 2 3 aserey ., 2 3 4 se7Es 23 asere o= Rt 4
[ SelectSite G i i
round Motion (g) Ground Motion (g)
50 (40%

— Site Class Presets

Vs30 (M/s) *
(760 BC (Vs30760) ~

—e—0.02sSA
NSHM Puerto Rico & U.S. Virgin Isla... ¥

—_————— ., . .
——l ]

1074
107

— Latitude (°) *

18.4 ‘ Response Sp

Annual Frequency of Exceedance
5]
&

Annual Frequency of Exceedance
=
S
&

5]
&

100 (40% Peak Ground Acceleration Magnitudes Uniform Hazard Response Spectra

200 (40% 1 ———5 —e— 50 (40% in 25)

——52 2
= —e— 100 (40% in 50)
225 (20% 162 . —_ :.: )
a =25 .
Plot Options I 2 —e— 200 (40% in 100)
— Return Period (yr) * Presets ————————————————— 475 (10% g ~EIEs (| e S ——6 s . ®— 225 (20% in 50)
R T 104 == - ——62 o
2475 W (2475 (2%in 50) ~ 3 ——ca4 : D
975 (5% 5 ~— < ——56 CHE L] —e— 975 (5% in 50)
- ¢ - N ——6.8 = L] e
5 10 § 10 —o— 1033 (7% in 75)
Source Type 1033 (7% > NN B ——7 = [
2 N\ N ——72 s 2475 (2% in 50)
Total v =, \ ——74 T s )
J 2475 (2% g 107 \. e E 10000 (1% in 100)
= \ —— 78 [CI O PGA
AAAT i e - ] \ — 38
10000 (1% E 10-10 — 82 102
\ 8.4
AX Plot Service Calls © Reset 4 = \ 86 ]
\
1071 \ 52
\ =
2
T T 2 s 4 ssas > s 4 s e7ss 2 s 4 ses
107 107 6789 2 3 4 56789 2 3 4 56789 2 3 4 56789 2 3 4 56789
Ground Motion (g) 107* 107% 107 1 10

Spectral Period (s)
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Geotechnical Seismic Explorations

* Following:
v' EM-1110-1-1804
v’ ASTM D4428/4428M-14

Measure S-Wave and P-Wave Velocities

Ve = G Vo= K+*%/5G
P-S suspension logging ST p \J P
» Geophysical Investigation Methods:

Time (m
4 or 7-Conductor cable OYO PS-170 or e (msec)

v" Downhole essay /
Cable Head

e Micrologger2 0 20 40 60 BO 100 120 140 160 180 200 220 ~ Gedlogic log
/ Cross_hole essay \ Logger/Recorder M - B ’: _-"2500 v. = 800 - 0
[ s i
\/ i I Head Reducer /‘ Diskette e 21
OYO-type P-S suspension logging Or Tolomety | COR or USE = 1950 vio3a0 | By
Unit with Data B 42
5 LY Upper
§ sof % ‘:‘% sands 845
% By V=500 we=T100 | gt clay
Upper Geophone 3% XL; and sands
£ 5 \‘q: =3400 v, =750 | gy ojay %
TR - —— . 110.5
Source Lower Geophone 8 120} %’ \b\a‘ St clay °
3 vp=5000 v, =900 — . N
ii "\‘_ Sand
..... . 1 S \ o 144 5
& =9000 v, =3700 ;Q
1 ; Filter Tube ¥ % Rock
o |- » ([ Receiver 180 |- } ﬁ
Receiver [l ' N 8 \
Source 2 T' 20
X \ 210 p - wave s - wave
Do thOIe \ \ arrivals arrivals
\ Source Driver
N
i}\VE Weight
N
% Overall Length ~ 25 ft

;//
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Geotechnical Seismic Explorations

* Following: « Comparison of Geophysical Investigation Methods:
v' EM-1110-1-1804 v" Downhole essay
v’ ASTM D4428/4428M-14 v' Cross-hole essay

v" OYO-type P-S suspension logging
Lsm DOWNSTREAM CROSSHOLE, DOWNHOLE, AND SUSPENSION LOGGING 52 Vs
B D/S Dowhole DH-16-03 o
< /5 Suspension Logging DH-16-03 e
# DfS Crosshole DH-16-(01-02-03) a0 |

1,450

Downstream
Grawvel Zone (Sandy 20
Gravel to Gravelly

1o
Sand with Cobbles)

B |t e e e e e e e e e e e L
10 |

1,400

=210
=30

=40 |

1,350

T ——

-50
640

Elevation [ft)

7.0
20

90

1,300 = Downhole

<100 |
-110
-120

130 |

-140

— I My 2017 Zlune 2016 —Z April 2016 ZZero PortSea Leve| ZOriginal Seafinor

0 500 1,000 1,500 2,000 2,500 3,000 3500 4,000
Mormalized Shear Wave Velocity, Vs1 (ft/sec) * Sugp. log May 2017 & Sutp. Log June 2016 ====Down-Hole May 2016 —— SASW April 2016
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Geotechnical Seismic Explorations

Depth (feat. BGS)
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» Soil Profile Characterization
« Wave Velocity Propagation Profiles

« |dentify top of bedrock and bedrock Vs30 condition.
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Probabilistic Seismic Hazard Analysis (PSHA) AND
Deterministic Seismic Hazard Analysis (DSHA)

* Following: Level Method Probability or Percentile

i 3

TN

pl

i

v ER-1110-2-1806 Most Credible Earthquake (MCE-GM) DSHA Median or 84" percentile

v EC-1110-2-6000
Maximum Design Earthquake (MDE-GM) PSHA and DSHA 2,475 year (2% probability of exceedance in 50
v AASHTO 2017 years) or Median and 84" percentile

o Seismology Study Operating Basis Earthquake (OBE-GM) PSHA 475 year (10% probability of exceedance in 50

«  Ground Motion Model (GMM) years)
v' Seismic source characterization
v Historical seismicity (M = 3) of Puerto Rico
v Historical seismicity catalog
v Logic tree for subduction zones and crustal sources

P2 BidouDesgarvoation for 18 reae Beturm Poo, T =134 secards

FIGURE
6-9

. . L %™ . \ \ Y
UNDECLUSTERED SEISMICITY THROUGH OCTOBER 2020 (M >= 3)

Gannett Site Specific Seismic Investigation for PR-2 Bridge
i Flerning Rio de la Plata, Puerto Rico

N DA [Scle. 135000 [ ProjectNo: 067360

DEAGGREGATION FOR 1,000 YEAR RETURN PERIOD, PGA
i Gannett Fleming Site Specific Sesmic Investgation for 9F.-2 Bridge

Rio de ks Plata, Puerto Rico
Date: 8/10/2021 [By: 1. BEUTEL [Scaler — [ Project Na: 067360

FIGURE
3-3
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‘Probabilistic Seismic Hazard Analysis (PSHA) AND
Deterministic Seismic Hazard Analysis (DSHA)
* Following: v' Source characterization

v ER-1110-2-1806 v' Vs30
v EC-1110-2-6000 v GMM

Deterministic Median Events, UHS & 65% Design Spectra
PR-2 Bridgle Unifqn'n Il-lazgrd Spalctlra

I
1,000 year UHS

A 150 year return period | |
o 500 year UHS

1.5 / == 475 year return period
1000 year refurn period s 5,000 year UHS
/ 2500 year return period 14 10,000 year UHS I
= ww Site Class D (from PR-2 Bridge 65% DDR)

=== 5000 year return period
== w Site Class E (from PR-2 Bridge 65% DDR)

10000 year return period [|

e 8.0 PRSZ Deterministic (median) H

1.25
1.2
M7.8 MSZ Deterministic (median)
/ / e V| 7.25 Salinas-San Marcos Deterministic (median)

-
[=]

e
=

Spectral Acceleration (g)
5 .
Spectral Acceleration (g)
o
[o=]

\g

TN\

I - 0.0
0.01 01 , 1.0 10 0.01 0.1 1 10
Spectral Period (s) i
Period (s)

 Uniform Hazard Spectra
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Probabilistic Seismic Hazard Analysis (PSHA) AND
Deterministic Seismic Hazard Analysis (DSHA)

* Following:
v" ER-1110-2-1806
v EC-1110-2-6000 Historical Seismicity Catalog Spectrally Matched

PR2-16-TH2 - Acceleration Time-Histories at Ehv. 7t

Target Spectra

— Hl
02 I |
s o | Acceleration Response Spectrum
Target Spectra £ |
08 . % o0 W.IUWWM”“VU AR~ A —_ mi: ; : Erusta:;
: s - - ta
— 000 year UHS g .1 | [ 0.8 4 Iy Custe).
8.0 PRSZ Deterministic (84th%) l 4 | T T:i:: :g:x:g:::i
0.7 M7.8 MSZ Deterministic (59th%) H -02 | | s 1y ;
- . N ! | ! - - - - . 0.7 LR Y TH3-H1 (Subduction)
=—M7.25 Salinas-San Marcos Det (B4th%) H 10 15 20 s 0 3 0 = AV TH3-H2 (Subduction)
= i
06 y A\ . [ T [ I [ Wz 5 rl:d e H —— THA4-H1 (Subduction)
' N £ 064 oo W | == TH4-H2 (Subduction)
/ - 02 1 g v
E] / - =
c 05 g | [ FLEE
-% ¥ oo «J,\qulh | T O N
2 s .01 L | 'g Fil
E : \ a1 { u
- N - ' - + - . . - o
o __,_,-f-""'--...\ a 5 w 15 0 5 0 35 a0 EL 0.3
Fos3 = ) : : ) &
=3 015 i 7| - B e e
k= 018 =
010 ] { 024
0.2 B
] 0.08 | i | f ' I i {
__-/ \ -b- 1 | lu gy ] a A
\\ § oo '#\r M!w | | '.'] 'l[ﬁ | 'F-'!'i."}/.'.r‘f{lul. | i
0.1 § 005 1L r B B A i |
i = T ! 1
0.0 - - —
\ -0.15 ‘ | 0= 101 100 100
0.0 P period [sec]

L] i 15 0
0.1 1 10 Time [sec]

peid (9 _ _ Bedrock Acceleration Response Spectra
Time History

=
=1
=

Based on earthquake events that control seismic hazard
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S IT E R E S P O N S E Acceleration Response Spectrum
e THI-HI (Crustal)

ﬂ‘ — = TH1-H2 (Crustal}
1 = TH2-H1 (Subduction}
]

) FOllOWIng: i ﬁ: 3 == IHZ-H2 [subduction)
‘/ EM'1 1 1 0‘2‘6053 | 1 I 11 T m - TH3-H1 (Subduction}

DEEPSOIL
* FLAC Model

] (i

t
\
)

=
o

&
el
L

¥

TH4-H2 (Subduction)

=
o

[ ]
o
i

5% Damped Spectral Acceleration [g]
£
.

03
02
JOB TITLE - PR2-17 .
) . N
FLAC (Version 8.10) - Shear Wave Vielocity [ft/sec]
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LEGEND 0
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25-Jun21 1041 4
—PR2-16 0.0 1
Fﬂwﬂnr:;wswizamscm FAAASAND = 10=? 10! 107 10t
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il

We get initial stiffness, Gy, from Vg

S O I L PA RAM E I E RS (if measured correctly). In-situ tests (BPT,
SPT, etc.) and lab tests provide complete

* Common Practice use of Correlations Based on N values (EM-1110-1-1905).

strength and stiffness behaviors.

axial Compression

A
* Laboratory Test to Determine: 11 Peak trength =0, {
. .pe . © S e g s;\o‘ =
v Soil classification L | fjsans g, (P
. S=Cc+0Cian g <
v' Strength parameters based on undisturbed samples 2
v'  Settlement parameters based on consolidation tests 7
v’ Stiffness parameters based on undisturbed samples and geophysical tests g [¥
a ; NAS.ZD1e
_ " s"ain’ - (%)
During Construction and End-of- Undrained strength Unconsolidated-Undrained (UU,Q) test Q:Ze??ﬁﬁgrgcal Eisnvn%
Construction (Q-Case) max | 7P s
Long-term (S-Case) Effective stress shear strength Consolidated-drained (CD,S) test P —— .
Consolidated-Undrained (CU,R) test o e vpat _
: very low strains (~10° %) ; (a) Typical strain ranges in the field
Rapid Drawdown (R-Case) Undrained and Effective stress Consolidated-Undrained (CU,R) test | T e Retaning vatis
).__.l Foundations
Seismic (0.8R-Case) Residual strength (Due to Seismic event soil Consolidated-Undrained (CU,R) test o Lincar slesiic oo Tomnee
Post-Earthquake shear strength is represented by undrained g Norwinear siastic
and drained conditions) 2 Pre-yied plastic
Full plastic
10L 10"\:' 10L 10?‘ 105’ 10!

Strain %
Dynamic methods

Local gauges

- ]

Conventional soil testing
-

Figure 3. Stiffness vs. Strain based on different types of testing. soil behaviors, and types
of applications [modificd from Soga (2017) and Atkinson (2000)]
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I LIQUEFACTION SCREENING AND CYCLIC SOFTENING IN CLAYS AND PLASTIC

SILTS ASSESSMENT

* Following:
v’ ETL-1110-2-580

* Liquefaction Workshop, Youd, Idriss, et al. (2001)
v" Cyclic Stress Ratio, N corrected values, Cyclic Resistance Ratio

v Sand Behavior

0.6 o =0 T
Idriss & Boulanger (2004, 2008)
(] ® [

0.5
O i
o © ]
04 o ¢ ]
g %B 00 ]
"
- o
w 0.3 o]
£ © o
o« o O
[7]
O o2}
All data
0.1F ) @ Liguefaction
(o] 6 A  Marginal
Q No liquefaction |1
0 P U TN | ]
0 10 20 30 40
(N'l')GOcs

* Non-Liquefiable FS=1.4

* Marginally Liquefiable 1<FS<1.4

[ Applicable for:
50 b (@ FC=z=20%ifPl>12%
(b) FCz35%if Pl <12%

40 |

30 |

Pl (Plasticity Index)

—— Zone B: Test ifw,20.85(LL)

‘| _}—— Zone A: Potentially Liquefiable
Ifw, > 0.80(LL)

37
0 10 20 30 40 50 60 70 80 90
LL (Liquid Limit)

Cyclic Softening - Idriss and Boulanger, 2007
v' Sand-Like Behavior or Clay-Like Behavior

Boulanger and Idriss (2007)

Tcyc Su,)'ef
CRRy75,a=0 = C2p (S f) P
wref /) n=3p c

Cop is a correction for two-dimensional versus one
dimensional cyclic loading [~0.96 by Boulanger
and Idriss (2004)]

(;w ) is the ratio of cyclic stress to Su for the number
“wrel/x=0 of equivalent uniform cycles representative of an
Mw=7.5 earthquake

Sy
H",ef SHANSEDP stress normalized strength ratio

C
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LIQUEFACTION SCREENING AND CYCLIC SOFTENING IN CLAYS AND PLASTIC

SILTS ASSESSMENT

Sensitivity Estimated from

v" §, as a function of LI and Vertical Effective
Stress (Mitchell and Soga, 2005)

v' Vane Shear Tests
v CPT Tests

-PL)
(LL-PL)

Wy

Liquidity index, LI

-0.5

o

\\St=30
|
TR 20

y——T T
_ _ peaks,

BT Secen.

rermolded s,

\ o

0.5

Mitchell & Soga (2005):

Average coniours of sensitivity

based on daia from several clays.
PR AT |

0.1

1 10
Vertical effective stress, ¢’ (atm)

100

(ﬂ% Designation: D2573/D2573M - 18
ul
INTERNATIONAL

Standard Test Method for

Field Vane Shear Test in Saturated Fine-Grained Soils’

9.3 Sensitivity, S§;—Calculate the sensitivity of the soil as

follows:

S,_,\ = (s, b_n;'is“]_n
where:
Syp = sensitivity (dimensionless),

(syly = peak undrained shear strength, kPa [Ibf7t?], and
(Sur)y = remolded undrained shear strength, kPa [Ibi/ft].

Table 7-14, Sensitivity of Cohesive Soils

Modified from Spangler and Hand! (1982)
Sensitivity Descriptive Term

<1 Insensitive
1-2 Slightly Sensitive
3-4 Medium Sensitive
5-8 Sensitive

9-16 Very Sensitive

17 -32 Slightly Quick

33-64 Medium Quick
>G4 Quick

* Soil Parameter Adjustments due to Liquefaction and/or Cyclic Softening
v 20% strength reduction for non-liquefiable soils (clay soils)

SCDOT Geotechnical Design Manual 2022

Table 7-15, Residual Shear Strength Loss Factor (A-)

Soil Type Residual Shear Strength
uscs Description Loss Factor (A-)
Low Plasticity Clay CL-ML 0.57
Medium to High Plasticity Clay CL & CH 0.50

1400
1200
1000
800
:

(psf)
600
400

200

Liquefiable Soils

STATIC  CYoLic T Aaim  dalm
(N [ | oy =27 s . B atm
) @ 1ameo, =27 am .
& i 07 gl <&, - 1.3 8 "
& * 0 507 alm r
Recommendad Detarministic Curves .i' 1
33" Parcentile Probabilistic Curves) ¢ 2 atm
A
| Koramer (2008] ,’ A am i
133" Parcer Probabilistic Curves) [ P
an Sand Adjusted] =
o', =1 am
2 atm T
0.5 atm
T atm 7
0.25 atm
0.5 atm
0.1 atm
0.25 mim
0.1 atm
—= = = 1
4 & B 10 H 14 16 18

20

Residual Shear Strength Ratio, S,/ &'y

0.4

=
@

=
L]

=]

2
=]

Comparison between Idriss and Boulanger,
2008 and Olson and Stark, 2002

T T T R T T I
® = P cGrour 1 ] /
Curve !
e & D Group 2 & for conditions where /
Group 3 void redistribution effects /]
are expected to be negligible ’
= [
| I 7 E
B == ! 3
L |t f 1
| L8 ] A
) . " for conditions where void i
2 effects
| R could be significant X
o T 2
| / ’J B
-
= l=="" (Olspn & Stark,[2002, Ady
D* 4 q ®  Seed (1957)

M & Seed & Harder (1950) ||
(B @ oOison & Stark (2002) ||

10 15

20 25 30

Equivalent Clean Sand SPT Corrected Bloweount, (N;) socs-sr
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'LINEAR AND NON-INER MODEL

* Model Pressure Distribution using CWALSHT, or PYWall Software
v Include seismic load as a horizontal pressure/force (Pseudo static Modeling)
v' P andY multipliers must be included to account for the effect of pile spacing (group effect). Generally, P-multiplier is 0.5 for
tangent piles and Y-multiplier is 4 under seismic loading (large deformations).
P and Y multipliers vary with soil type and loading condition (NCHRP 611/AASHTO)

v
v' More advanced modeling: PLAXIS and FLAC software.

Bending Moment (in-kips) Shear (kips)
-?E04 -1 5E04 -1E04 -5000 a 5000 1E04 1SEDL TEO4 -120-100 -80 -60 <40 -20 0 20 40 60 80 100 120 140
R L L Bl L e L L AN A RN AR R LR LR R R LR

-0 35°-0"

VERT SURCHARGE [NTENSITT=250PSF

CAP BEAM
(EL VARIES)

f - S 2 s
5 / 2 = — 100-YR WSE +1’ g
STRUT - | & — " 5

ABC SUBGRADE B E
GHANNEL 1NV ] TEMSION 5 af
- CRACK T E

— FINAL CHAMMEL S ik mf
/ K. 8 s g
:E 3 2 g°r

s§ — ] © & :_

— 2% . i

i 2 aF
o E

4] o 25 E

<} 5 £ by ok

3 ¢ Ee iz :
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[ Ei i REH = =F
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LT

g

‘Global stability Analysis

* POINT LOAD 1 (EL. 11.9): 21,605 LBF (STRUT FORCE) RIO PUERTO NUEVO CONTRACT 5B (RPN5SB)
. » POINT LOAD 2 (EL. -1.4): 360 LBF (PILE INERTIAL LOAD) RESULTS OF SLOPE STABILITY ANALYSIS
e GeoStudio Slo pe/W « POINT LOAD 3 (EL. 12): 1,120 LB (WALER/CAP BEAM LOAD) CROSS SECTION AT DESIGN SECTION 1 — TYPICAL DOWNSTREAM
* POINT LOAD 4 (EL. 11.9): 80 LBF (STRUT INERTIAL LOAD) LT6 — NON-OPTIMIZED ENTRY EXIT
* PHREATIC SURFACE NOT APFLIED TO SUBSURFACE MATERIALS Color |Mame | Type| Shear Force (Ibf| Apply Shear g.mo_mrla';\'e
pacing
B | king File |Pie |520,000 Berp. to Reinf [ 8.8
Rio Puerto Nuevo Contract 5B (RPN 5B) e P T
Design Section 1 - Typical Downstream R s [ e
LT6-Long-Term Static MDE 0.8R-Case B | oo |worcouem |10 Y "
Horz Seismic Coef.: 0.23 [ |2-anmacHe sooL | sorecowomd [ 10 250 12
No. 1-0.8R-Case
Top of Grade El. 13.2 ] 21-poenaly NervCowamo | 112 = o
Hle Tip E' -&'a . 3- Resioual Soils - NOhr-Cowomb 13 2,000 21
Channel Bottom El. -13.56 Felae
1] ;&u:mm MobrCoulomt | 143 4,000 2
147 W | comowan Ungrained Phi=0)| 110 40,000

Elevation (ft)
Elevation (ft)

-150 -125 -1 75 -50 25 0 25 50 75 100
Distance (ft)
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SOIL REMEDIATION

* Following:

v" FHWA Standards

v' USACE EM’s

* Deep Soil Mixing

Bechara Industrial Area
Sewer 90-in Line Relocation

= | Neei
XA

)

Chiee == 1

GRANULAR FILL
THICKNESS VARIES

37'-)@" FACE TO FACE

27'-6° CLEAR SPACE

GEOTEXTILE
(SEE NOTE 3)

20 Max) — /Ll

/1'—5' STONE CHANNEL BASE
o]

SEE COFFERDAM PROFILE,
/ THIS DRAWING, FOR TOP
OF SHEET PILE waLL

J}————NEW PIPE LOCATION

EL VARIES

CONTINUOUS SOIL MIXING
/ID\IE C(TYP)

-36

———STAY-IN-PLACE COFFERD&M
(TYP)

RDAM
(STA 23+73 TO STA 24+@6)

NOT TO SCALE

H-PILES (TO 8E
INSTALLED BEFDRE SOIL
MIXING

LIMITS OF SOIL MIXING

I

e e Sic/aE
by [T

Il
n EL -15 (+/-)
EL -26 t+/)

EL -385

9@' FORCE M&IN RELOCATION,
SEE SERIES 3 DRAWINGS

TOP OF SHEET PILE WALL
DUARING CONSTRUCTION

COFFERDAM

(STA 23+73 TO STA 24+06)
NOT TO SCALE

FINISHED CHAMMEL GRADE

TOP OF SHEET PILE walLL
FINAL ELEVATIOM

TOF DF NEW FIFE

—MATCH EXISTING GRADE (TYF)

St 7
Lo

J_Lf_;,__ o NP ol NN

CONTINUOUS SOIL MIXING ZONE C
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STEP 3 STEP 4
BACKFILL BEHIND SHEET BYPASS WATER/TIDE TO THE NORTH DIVERSION CHANNEL
PILE AS REQUIRED SEE MAX
ALLOW) R

ABLE CANTILEVE|

* Following. |
v FHWA Standards
v USACE EM’s

i\

| (N AL
AR T

h Ill\\\\\\!"’

|
]

CHANNEL CiL

INVERT EL \

IMPROVEMENT

* Deep Soil Mixing - I——

THE SOUTH DIVERSION CHANNEL
THEN EXCAVATE TO PROFILE
SHOWN ON SHEETS GC124 TO GC128

J\f_ STEP6
FLIP BYPASSED WATER AND
PERFORM SOIL STABILIZATION

STABILIZED SOIL BOTTOM
EL CHANMEL INVERT -18"

R LINE RW LINE
\ . ) o (‘

ASFHALT MAINTENANGE ROAD  GUASDRAIL
SEE PLAM AND PROFILE
SOR LOCATION A0 LIMITS

ASPHALT MANTENANGE

EXJSTING GRADE ROAD » SEE PLAN AND
PROFLE FOR LOCATIGN

AND LIMITS

GRADELINE (T¥F)

VARIES (SEE PROFILE)

[™=— s=LECT crarL AR FILL

[~ EDGE OF SHORING

[~ WALL DRAINE (TR}

HANNEL JOINT HANNEL GRADE cRETE
/';\ ol / @ R
EDGE wwawu/' : . . ST

| commonFLL

SHEETFILE AL

b

. ci
L SEF SHESTS 1 L1020 THROUGH
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(SEE NOTE 1)
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1219
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« Design Considerations
v" Design Standards
v Design Limit States
v’ Service Life
v Load Conditions

v Earthquake Loads

v Design Requirements
v' Structural Systems
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Design Standards: Structural design must be in compliance with Engineering Manuals, Regulations

and Design Codes.

EM 1110-2-2100
m ‘ 1 December 2005

US Army Corps
of Engineers

ENGINEERING AND DESIGN

STABILITY ANALYSIS OF
CONCRETE STRUCTURES

ENGINEER MANUAL

EM 1110-2-2104

30 November 2016

US Army Corps
of Engineers
ENGINEERING AND DESIGN

STRENGTH DESIGN FOR
REINFORCED CONCRETE
HYDRAULIC STRUCTURES

ENGINEER MANUAL

DEPARTMENT OF THE ARMY ER 1110-2-1806
U.S. Ay Corps of Engineers

GECW-CE Washington, DG 20314-1000

Regulation

No. 1110-2-1806 31 May 2016

Engineering and Design
EARTHQUAKE DESIGN AND EVALUATION FOR CIVIL WORKS PROJECTS

TABLE OF CONTENTS

Purpose
Applicability ...
Distribution Statement
References

Policy
General Provisions .

Design d Ground Motions

Site ChAraGerizations ......................cccevvrvereriiorioros
Concrete and Steel Structures and Substructures ...
10. Embankments, Slopes and Soil Foundations

11. Actions for New Projects
12. Actions for Existing Projects

IR o
Bumib s |8

CENOO A PN~

Appendix A - References
Appendix B — Hazard Potential Classification for Civil Works Projects

® >
o

Appendix C —
Appendix D - INLB
Appendix E -
Appendix F - An ACI Standard
2

Building Code for
Structural Concrete—
Code Requirements and

This engineer

Commentary

Reported by ACl Committee 318

ACI CODE-318-25

(0 ci‘,’ American Concrete Institute
‘Aiways advancing
oL wys odvancing

AMERICAN INSTITUTE
OF
STEEL CONSTRUCTION

AASHIO

Aewricn st of St ey s Tranortatio Ol

LRFD BRIDGE DESIGN
SPECIFICATIONS

10% Edition | 2024

978-1.56051-828.0 | LRFDBDS-10
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Design considerations

« Serviceability Limit State
v Usual (tr<10 years)
v Unusual loads (tr<300, 750 years)
v" Limit cracking and provide durability

«  Strength Limit State
v Extreme loads (tr>300, 750 years)
v" Lower load factors

« Stability

Service loads (load factor = 1)

Sliding

Rotation

Bearing

Flotation
Global Stability

SN X XXX

Load Magnitude

t, = 10years

U=ual

t, = 300years 1= F50years

Unusual, Critical

Extreme, Critical

-

¥

Unusual, Marmal

v

Extreme, Normal

4
|

10

e e e e o

100 1,000

Return Period, t,

10,000

EM 1110-2-2104
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Service Life

» Environmental Exposure
v' Traffic movement
v' Water, salt and other corrosive materials
v' Extreme temperatures

» Materials Quality
v' Construction specifications
v' ASTM standards

« Design and Construction
v' Concrete — limit cracking
v Steel — Corrosion protection

* Operational
v Operation of the structure following design considerations
v" Routine inspections and maintenance
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Steel Corrosion Protection
* Concrete Facing

Coating

0.102m COVER [TYP)
1!2".‘(4 HEADED

/ CONCRETE ANCHOR
_ * @ EVERY FLANGE (TYP)

0.152m

CONCRETE PILE CAP

3-#5 BAR CONTINUOUS

EACH FACE - 0.025 m CLEARANCE
BETWEEN SHEET FILE AND BAR (TYP)

‘— BURN 0.051 m MAXIMUM DIAMETER

HOLE TO PASS TIE BAR - DO NOT
BURN HOLES AT THE INTERLOCK
CONNECTION (TYP)

SHEET PILE

H_ 1000 ] _
S ——
== TOP OF PZ27 58P
(R
1 -
- e I 0.030m CHAMFER (TYP)
e
T 51 i ]
e [0
I §
n 50 |L° - ‘L/_u.m E
| P
2|
| Fl
J _ | p
|
FIGURE 7.27 Curing concrete by wet covering. (Courtesy of FHWA) N #4TIES @0.305 mO.C. rr‘n‘P}.—'I
N CLEAR DISTANCE OF THE FIRST
| 4| STIRRUP TO BE 0.102 m FROM
| [ THE EXPANSION JOINT ANDIOR f
A END OF CONCRETE CAP 4
PINISHED GRADE | [ FINISHED GRADE ."’:
SEE CIVIL DWGS | - SEE CIVIL DWGS STOP COAL TAR
| 'l 0 -te0 EPOXY PAINT
| N
| ‘\ H
T P Cano Martin Pena
} )
| p
| :
| 4
| i 3 CLEARANGE TYP
|,7 “ BL 21,00
|
mm@lj\'jamnmm

FIGURE 7.28 Curing concrete with impervious fabrics.

Margarita Channel

Reference: Materials for Civil and Construction Engineers,
4th Edition, by Michael S. Mamlouk and John P. Zaniewski

e Sacrificial Thickness
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Load Conditions

7] SURCHARGE

« Construction (Unusual)
v' Temporary loading oy

v Construction equipment, Temporary — : g
H a. CONSTRUCTION LOADING CONDITION
excavation

.| BACKFILLK

INCLUGE
COMPACTION | ©
EFFECTS

4

BACKFILL Ky PLLY
EARTHQLAKE

« Post-Construction (Usual)
v' Long term condition

NORAMAL WATER LEVEL IN CHANNEL \ X
=
==

« Drawdown (Usual - Unusual) |
v Post-flood condition with saturated soils | omest crames wares Leves
v Water in channel to drawdown condition

¢. DRAWDOWN LOADING CONDITION




Load Conditions
Maintenance (Unusual)

v' Maintenance equipment, dewatering

Earthquake (Unusual - Extreme)
v" Operational Basis Earthquake (OBE)
v Maximum Design Earthquake (MDE)
v Maximum Credible Earthquake (MCE)

Design

grade \

KnWourenar ge 1

Concentrated dead load
surcharge, Ao,

boade o ol ol ol ol

il

Fp = kydo,

> H
i
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Earthquake Loads * Generalized Limit Equilibrium (GLE) Method (AASHTO LRFD 2021, NCHRP 611)
» General Wedge Earthquake Analysis cxematosd_ _?‘9""'\@":1%;\'\'@
(EM 1110-2-2100, 2502) ‘l y kW :J\\
EM 1110-2-2100 kW1 kW2 ‘-VIVg ! l h
PAE7 ‘VI\M | \/

wal //‘\

Ry
F2

AR -
T EP‘T F1
b h
h, Figure 4-3. Limit equilibrium method for estimating
seismic active earth pressures.

a. Driving wedge

=Sz

e Mononobe-Okabe Method Modification to Consider Cohesion (AASHTO LRFD-
2011-Appedix A11)

i

s

b. Resisting wedge

Ilq

Figure G-4. Static and dynamic pressure diagrams, water table within wedge

jkhwnti /

'kv)wnd
L

(@ = Wall Angle
C, =Adhesion
=Weight ABCDEF+ q,+f

. W,.,=Weight ABCDEGI+q, +q, +
Figure A11.3.2-1—Active Seismic Wedge
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« Seismic coefficient and Nonlinear Time History Analyses Comparison
v" RPN Contract 3 - DeSign Evaluation Seismic coefficient method of analysis

maximum moment

STA 104+40 Right Wall Factored Moment over Depth

Elevation (ft)

-2 22 -42 -82 -102

13500

Time history analysis 11500

maximum moment \

9500

ps

7500

5500

Bending Moment (ft-ki

3500

1500

-500

—— Case 4A-1 OBE-factored FLAC TH4-2 OBE Env-fact =~ ——"OBE approx. phi-Mn"
——Case 4B-1 MDE-factored —=-FLAC TH4-2 MDE Env-fact = —"MDE approx. phi-Mn"
- ="Arcadis phi-Mn2" - ="Arcadis phi-Mn1"
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Design Requirements (Strength Design)

RPN Contract 3 — Drilled Shaft Design

Fxial Load, kip

Interaction Diagram (STA 104+00 LT)

G000
4000
2000

12000
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—a— CHE (Mo L) (L0 HIDLT] e WD | M LIEY) [104-400 LT)

el Ui (| A0S0 LT

Factored Moment vs_ Depth of Bhaft (5TA 112458 ET)
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 Structural Systems: Rio Puerto Nuevo Contract 2 — Roosevelt Bridge Replacement

BFPR-BEGIN BRIDGE .
STA, 4901472 170 (OVERALL BRIDGE LENGTH) BFPR-END BRIDGE
(MEASURED ALONG ¢ ROOSEVELT BLVD.} STh 0v85 22
200" 853" 853"
APPRH. SPAN1 SPAN 2 . AEFREL
sLag BRG
30— I,.l— ] ~ "
= . =—— GPERZ 42" F-SHAPE
- 11z g0t | e 'ERG FRAFEIE RAILING 1 1i2 JOINT
E [ )
2o | &y J 100 YR WsE 6.50 € € (TYR) & 2
= S —
E R T
1 - - 10
F E[TY
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= ELEV. 9.77
-0 " EXIST. GRADE 40
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F f ==
E < | .
-0 = L | 20
T A ' ' Florida I-Beam
/_ CHANNEL . ,t—— == _ _| g
WALL ﬂ \ FACE OF RIGHT CHANNEL WALL —=| \
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 Structural Systems: Rio Puerto Nuevo Contract 4 — Bridge 1
Steel Plate Girder
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Construction Requirements
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Specification documents outline construction requirements necessary for complete a project
successfully as scope of work, materials to be used, installation methods, equipment, quality of the
work, testing requirements and criteria for acceptance.

DoD - Unified Facilities Guide Specifications (UFGS) are published in an electronic format and are
intended to be used with Specsintact’s software.
v' https://www.wbdg.org/ffc/dod/unified-facilities-guide-specifications-ufgs

M WBDG

SErARTMINT OF DO

Related Links

Whole

i

UMD IACLITICS G SPICHICATIONS [LFOS)

woun CREATE ACCOUNT

Unified Facilities Guide Specifications (UFGS) o

UFGS Manter Updated February %, 2023; Posted February 162023

Guestions, comments, suggestions and b for guide specifs and should be
submitted as a Criteria Change Request (CCR). To submit a Criteria Change Request, click on the CCA link mext to the
document below. I & CCR does not fit cleandy into an sxisting section, submit 3 CCR to the section most closely
related to the CCR. CCRE are not appropriate whn they pertain to.a specific project solicitation, request for preposal
or after 3 profect award, Questions or pertaining to th or situation showld be refermed to
the Cosracting OMcer.

%, Ingicatid the LUFOS had an stischmenl. Click the e 1o view e sbischment under Relited Materisli’

Statn Diwisian

DIVISION 03 - CONCRETE

03 01 00 02/18
03 11 19.00 08/22
03 23 00 0s5/16,
03 30 00 02/19,
03 30 53 05/14
03 31 29 02/19
03 31 30 02/19
03 33 00 11/09
03 37 00 11/09
03 37 13 02/18
03 37 23 11/09
03 37 29 11/09
03 41 16.08 11/19
03 41 33 11/16,
03 42 13.00 10 05/16
03 44 00 02/13
03 45 00 05/186,
03 45 33 05/16,
03 47 13 08/16
03 51 13 05/16
03 52 00 08/11
03 52 16 04/08
03 52 16.19 08/11
03 53 14 08/21
03 62 16 02/18

03 70 00 02/10,

REHABILITATION OF CONCRETE

INSULATING CONCRETE FORMING
08/18 STRESSED TENDON REINFORCING
08/22 CAST-IN-PLACE CONCRETE

CHG 1:
CHG 4:

MISCELLANEOUS CAST-IN-PLACE CONCRETE
MARINE CONCRETE WITH SERVICE LIFE
MODELING
MARINE CONCRETE
CAST-IN-PLACE ARCHITECTURAL CONCRETE
PREPLACED-AGGREGATE CONCRETE
SHOTCRETE
ROLLER-COMPACTED CONCRETE FOR MASS
CONCRETE CONSTRUCTION
CONCRETE FOR CONCRETE CUTOFF WALLS
PRECAST CONCRETE ROOF SLABS (MAX. SPAN
8 FEET 0.C.)

11/18 PRECAST STRUCTURAL PRETENSIONED
CONCRETE
PLANT-PRECAST CONCRETE PRODUCTS FOR
BELOW GRADE CONSTRUCTION
REINFORCED AUTOCLAVE AERATED CONCRETE
PANELS

11/21 PRECAST ARCHITECTURAL CONCRETE

11/21 PRECAST[ PRESTRESSED] STRUCTURAL
CONCRETE
TILT-UP CONCRETE
CEMENTITIOUS WOOD FIBER DECKS
LIGETWEIGHT CONCRETE ROOF INSULATION
LIGHTWEIGHT INSULATING CONCRETE
LIGHTWEIGHT INSULATING CONCRETE OVERLAY
LIGHT REFLECTIVE NONFERROUS METALLIC
AGGREGATE FLOOR SYSTEM
METALLIC NON-SHRINK GROUTING

CHG 2: 08/20 MASS CONCRETE

CHG 1:

CHG 2:
CHG 1:
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Ongoing Construction
* Rio Puerto Nuevo CNT2 Demonstration Wall

= il =

Shaft Excavation Reinforcement Cage Installation Concrete Placement
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« Routine Inspections
v Inspection of structures to verify any deficiencies or signs of distress.

« Operation and Maintenance
v" Operation of structure (control water EL of a dam or reservoir)
v Maintenance of structure elements (gates, riprap, valve houses,
bridges, concrete elements)

« Emergency Response
v Inspection of structures after an extreme event
v Hurricane Maria
v Hurricane Fiona
v’ 2022 Earthquake

Portugues Dam Inspection after Hurricane Fiona



h S5 ) S X el .

) h ) L | 1 e g & g 7 B Cr 9

_— X ~ & = it NG GRS o } | | &1
e ] L g Thly SL{AR R i | _—— s
» ==Z2m : 1 = : HiEHE | i e

| iy ican Miltary Engineers : i % E ! - = :
Bl o : - S 7 U - = - B ¥/ . ’v ,‘_,;,, - = =N ——
i B e iFT=" = A ) e S i T ~at
= e i e e - B L rrs e 5 i it b E

SUMMARY

« USACE - SAA designs are up-to-date with current engineering manuals, regulations, and
standards of practice:

« Hydraulic

v Design Optimization: Hydrologic, hydraulic, sediment transport, sedimentation analysis, and
physical modeling

« Geotechnical
v Subsurface Investigations
v' Seismic Explorations
v’ Site Specific Study
v' Soil Remediation

« Structures
v Design in accordance with Current Design Standards
v Design Optimization
v' Lesson Learned from previous designs, and construction projects
v" Value Engineering Studies
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Contact Us

0 [E Caribbean District Intranet - Hor %

& C© (M G htips//usace.dps.mil/sites/INTRA-SAA

Highest Pos

et CU ||

SAA HUB

SharePoint

Intranet  Collaboration Site Indext  Publications

Caribbean District Intranet

District Offices

Training & Development

O Saarch this site

Quick Links USACE HUB

Employes Resaurces ~

Publications {Local: Employes Portal  Site Contents  Training  SAA Presentations Library

News Seeall

QUR MISSION:

To safely deliver quality public .
B B 7 Charles L Decker
infrastructure projects on time an Caribbean District

within budget. ‘Commander

Commander's Comner

Seeall
"3 Columbus Day | Time to Fall back’ . eterans Day e Thanksgiving
ﬁ Mo, Oct 13, Al day h Sun, Nov 2, All day m Tue, Mo 11, All day ﬂ Thu, Now 27. All day
Virgin lstands Caribbean District Facebook Page A Ricardo Herrera
vt S g, Caribbaan District
2 87 ST W0/08/2025  MSM Weather Deputy Commander
ﬂ Caribbean District Linkedin Page
San Jusn Puerto Rico
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