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Overview

 Project Overview
* What we did

o Construction Challenges
e |nnovation
 How we did it
o Design
o Verification

e Closure and Conclusions
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Front Street Interceptor (FSI)

27 sections of cast-in-place concrete
“box” constructed in 1911

e 1 section of circular 30”
o 4545m (14,911’) of non-circular interceptor

* In the heart of the historic and popular
Susquehanna Riverfront Park

o Carrying over 25 MGD in a wet weather
event

 And sitting completely within the 100-
year flood inundation extent
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Project Overview

» The FSI was a very challenging undertaking

e 725,000 pounds of resin in 28 shots (27 of those, the complex
“box” from 1911!)

« \ery innovatively transported to the site and processed without a
single OTH install

» Designed and Verified with the aid of ASCE MOP 145

» $18.4 M of CIPP rehabilitation on a critical sewer interceptor
between Seneca Street and the |-83 bridge

e Along the Susquehanna Riverfront in downtown Harrisburg, PA

e A lot of innovation to achieve success

» Excellent process control and a pile of testing ultimately saved the
day

* Following NASTT CIPP Good Practices to a tee, made success both
achievable and verifiable
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This was a
Challenging Site
to Work At!!!
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Did we say this was a complex site to
access?

e From FSPS to @ Maclay St, FSI west
(below) flood berm, adjacent to or
on river walk

e From Maclay St to Seneca St,
alignment closer to Front Street, g s aresni re so0ems
under Greenbelt BT P

e Access to the southern river walk
area was challenging, but feasible,
minimal disruption to Front Street

e Access to northern area off Front
Street, likely result in loss of lane,
loss of pathway, or both

e
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Bypass Setup
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Bypass Setup
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https://youtu.be/t_SFvldlDWY?si=_eAyp0wT0CnI9Fc2

CIPP Installation Setups — MOP 145 and iPlus

100% Factory Resin Wet-Outs 0% On-Site/Over the Hole Wet-Out
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CIPP Installation
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Design Alternatives

* Reviewed all of the full segment technologies
applicable to Non-Circular Sections

Cured in Place Pipe (CIPP) with glass and/or
carbon reinforced tubes

Discrete pipe/Segmental sliplining with GRP
composites

Spiral Wound PVC strip lining
Spray applied pipe liners (SAPL)

« Cementitious and Geopolymer Based
Spray-on Products

Bonded FRP laminates

 CIPP and GRP technically feasible with reasonable
risk profiles and cost

CIPP advanced to detailed design based on

hydraulics
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ASCE MOP 145 Design

* Predesign predated release of MOP 145.
e Was carried out with French Standard ASTEE 3R -2014 and
WRc reviews m
e ASTEE 3R formed the primary technical basis for MOP 145 —F=

o AECOM was part of Blue Panel review of MOP 145 Design of

which was actively in Final Review at that time Close-Fit Liners

: . for the

e Early design transition to MOP 145 was not a problem el e

for the Design Team Rehabilitation of

| | Gravity Pipes

 Considerably more complex to communicate to e Ifasactne oy

Bidders (and Owner) commies Jadranka Simicevie
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To facilitate the Bid Process
MOP 145 has a lot of moving parts...
» Designers need to do some design

« For this project:

* Ranover 2000 load cases to clarify range of limit states that would
control design over a range of CIPP products

» Developed “Rating curves” to relate mechanical properties to
minimum design thickness for base Bids.
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Included Contract mechanism for any major change in liner
thickness due to a change in cross section or design conditions
after bidding

Articulated all of the above clearly in a Technical Memorandum

» Need to articulate enough of controlling design
parameters for Bidder to understand risk

* Need to balance that with the ability to manage
change and fully meet more complex design
objectives
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In this configuration it meant conveying
dimensional stability too

e ASTEE 3R-2014 and MOP 145 have minimum corner radius checks
for stability

o Aflexible close-fit liner needs curved corners to be structurally
stable

« Preformed corners were initially required but successfully Bidder
knew something unique about CIPP
e |tdoesn’t snap to corners with proper process control

e Actual radius if a function of thickness design and “other”
factors

 Bid process was modified by Addendum
« Contractor option to pre-form or grout post-install

e \Verification checks at Contractor risk for dimensional
stability, post install

Grouting spec added for grouting post-install
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We didn’t have to invent the Verification Functional

. . ; " Flexural Modulus Creep Testing
P ro Ce SS —_ b ut Sam p I I n g S u re m ad e It _I[?;sleg_?easr:::]g N - 100 Year Projection with Confidence Limits >95%

C h al I e n g i n g ° o U%’d&“::::::;;::;z

1. Functional design
s
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Acceptance/Verification Testing
. e A

3. Detail design

Wet out and
Installation Logs

4. Installation process control

— Sampling Approach to

. . confirm design (e.g.
5. Verification — mechanical
properties, degree of
CIPP Good Practices - 2024 cure, etc.)
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Design Reconcliliation/Verification
Concept and Process

The correct amount of resin goes into the correct
nominal thickness tube and the viscosity and
thixotropic properties are monitored at the wet out.

Installation and curing heads are maintained and
the cure cycle is either fully completed or extended
to completion if the heat sink is observed to be
complex.

Visually, the liner installation should meet all fit and
finish standards with respect to degree of fit with
the host pipe and the resin distribution in the cured
pipe wall.

The overall liner’s initial structural resistance (the
unique combination of a liner’s flexural modulus -
stiffness, flexural strength and wall thickness) is
checked versus the design loads with full
consideration and all load and resistance factors
used in the design process.

Do your design and then...

1. Audit the Wet-Out Process for Each
Install

2. Complete Installation Process Control
Audit

3. Meet all visual conformance standards
- Additional dimensional checks for stability
- Post install grouting and termination seals

4.  Testing all mechanical properties to
confirm all design objectives met

- Additional challenges due to both sampling process
and minimum size requirements for anisotropic
material
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Wet out and Cure Process ReViews |pessemben o ceeeew
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Figure 2: Shot 6 Wet Out Log - Typical
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Plate Samples are always complex

 Plate samples need additional verification to confirm wall thickness
* Need on-site cure in heat sink reasonably representative as installed liner

 For reinforced sample, they need to be really big!
* When sampled in wrong direction, you need to do a lot more sampling!!!

» Review Included 110 design cases; a deep, deep, dive into the Type Testing for the
Product, and a pile of supplemental testing
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Hoop to Axial Assessment

Deep dive into type testing and the following additional
job specific tests:

° A” Sltes exce pt Insta” 6 had Valld teStI ng Wh ICh cou Id be Table 1: Comparative Testing Summary — Type Testing versus Project Specific Testing

reviewed either directly or indirectly versus the design [t RS Direstion o

o) bj ectives Type Test Ratio m:ct Values  Type Test Ratio s::t)::ct Values
e Additional tests included: e 235 192 NA NA
e 10 tests each of flexural modulus and strength 767 318 NA NA
determined in both the hoop and axial Fiexure —Tensiie = = = .5
directions. Note, as each test is comprised of 5 = — - —

samples, 10 tests included 50 unique samples Strength
that were tested.

o 17 tensile tests in the hoop direction with
comparative measurements in flexure in the
hoop direction. Note, as each test is comprised
of 5 samples, 17 tests included 85 unique
samples that were tested.
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Design Reconciliation
Summary — 110 Load Cases
for 28 Shots

» 14 shots were able to be assessed in a
conventional manner by Direct Measurement
method

» 13 shots were assessed for structural adequacy
using Indirect Measures in a conservative
manner

» 1 shot, Shot 6, needed to estimate mechanical
properties minimum properties for the project

» Multiple values were available to interpret
thickness, stiffness and strength for most
samples.

* Where multiple valid values were available, the

lowest value was used for the Design
Reconciliation Assessment.

. Actualto |
Actual Actual | Governing ) Resolved
3 Governing ; Flexural | Flexural -
wall wall Required with full Mechnical Wet out Cure by Modulus | strength Basis of
Thickness | Thickness | Thickness e Properties |compliance| Rating | Increased ) g Estimate
alues Si si
(mm) (in) (in) (%) Cure Time (psi) (psi)
o
19.80) 0.78 0.44 75.96% Direct
Yes Excellent N/A 415,000 4,230 Actual
Measure
20.41 0.80 0.77 4.22%
Direct
Yes Excellent N/A 635,000 | 18,300 Actual
Measure
21.73 0.86 0.73 16.70%
Direct
Yes Excellent N/A 743,000 | 16,000 Actual
Measure
22.98 0.90 0.85 6.19%
Direct
Yes Excellent N/A 757,000 | 10,400 Actual
Measure
22.28 0.88 0.87 0.84%
1SDless
Estimated Yes Excellent N/A 675,000 | 11,742 than
average
20.80) 0.82 0.75 9.64%
Direct
Yes Moderate] N/A 708,000 | 14,900 Actual
Measure
23.17 0.91 0.73 24.44%
Direct
Yes Excellent N/A 730,000 | 12,600 | Actual
Measure
21.92 0.86 0.73| 18.89% X
Indirect 1SDless
Measure - Yes Moderate| N/A 753,843 13,563 than
Axial average
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summary

e PROJECT ACHIEVEMENTS:
« Structurally Rehabilitate 111 yr. old interceptor (100-year design life)

* Minimal excavation and impacts - 725,000 pounds of resin in 28 shots (27 of those,
the complex “box” from 1911!)

e Constructed without a single OTH Wet-out
e Design Objectives Fully Verified in Construction Phase
« Meet requirements of EPA Partial Consent Decree

e COST & SCHEDULE:
e Contract Start — August 2022
e Substantial Completion — September 2023

e 1-year Warranty Inspections — fall 2024
e Awarded to Insituform for $17MM, $18.4MM final (PV Pro-Fi loan)

o I e

L
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