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	For Quarter Ending:
	June 30, 2020

	Date Submitted:
	July 8, 2020


	Project Title:
	Structural Design Methodology for Spray Applied Pipe Liners in Gravity Storm Water Conveyance Conduits

	Research Agency:
	CUIRE/The University of Texas at Arlington

	Principal Investigator(s):
	PI: Mohammad Najafi, Ph.D., P.E., F. ASCE, Professor and Director, CUIRE

Co-PI: Xinbao Yu, Ph.D., P.E., Associate Professor

	State Job Number:
	5501.03
	Agreement Number:
	31347

	Project Start Date:
	20 December 2017
	Contract Funds Approved:
	25 September 2017

	Project Completion Date:
	20 December 2020
	Spent to Date:
	$441,095.73

	% Funds Expended:
	83%
	% Work Done:
	90%
	% Time Expired:
	83%


List the ODOT Technical Liaisons and other individuals who should receive a copy of this report:

1. Jeffrey E. Syer, P.E. – Ohio DOT
2. Brian R. Carmody, P.E. – NYSDOT

3. Matthew S. Lauffer, P.E. and Charles Smith P.E. – NCDOT

4. Paul Rowekamp and Aislyn Ryan – MnDOT

5. Sheri Little – PennDOT

6. Carlton Spirio – FDOT

7. Jonathan Karam and Nicholas Dean – DelDOT
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Schedule of Research Activities Tied to 
Each Task Defined in the Proposal 
and Percentage Completion 
of the Research
Table 1: SAPL Research Project Schedule
[image: image3.jpg]7o)

O oo conuting 11 @

Project schedule Sorted by Start date (Extended Schedule End by December 20, 2020)

L Q| STRUCTUREPOINT 2020
CUIRE i
Gompletion (Completion 9th Quarter 10th Quarter 11th Quarter e 12th Quarter e
n n
Task | Responsibility Description 201782018| 2019 san Feb ar Apr May | June it g sep et Nov Dec
2 [Dr.MoNajaf Literature Search/Participation Material Vendors Deliverad g
O Mo pe— = = Dermer 3
e [— inprogr inprogr = 8
10 [or.xinsbovu computationsi Modeing Inprograzs | In-progress Daes I N
1 [oumotoan SurverafUs00Tsand Canstan gancies s HI :.
7 | caKampbetl | Fila Data Colecion and Assstance fom DOT Parners Deinersa H - 5
= H = b
3 |MrEakampben |saaionsiReimforcamant Detvered il 3 -
N T HI 3
the Soray Acplied Liner a2 Part of th Sructura Desizn gl & %
& |Mr.caKampbell|Revew the Curscn-Pace Pipe (PP)Dssign quations Deinersd ilf: £
o Frarsewr ST — T || e I £ 3
2| eaKampben evelops ! Desien Equations e eecoer sble. gl 2 2
Dot o evelop Performance Construction Specification ress ~progress. D & b &
B> D veiop Perormanca Cons: peci inprog oo e H
5 |ormonsan comparison o Construcion and nvironmental Costs. Delvered i
] E
or- o orate Finsl Report and Factshest gl &
or- o it Reportand Prazentation
12 [wetmosen _Josee ETF
9th Quarter 10th Quarter 11th Quarter 12th Quarter

“Milestone





[image: image4.png]FDOT\) || =

M pennsylvania Department of
- Emmsmo)rl wansrormanon Transportation

A

DelDOT

CUIRE rRaRsrortaTion






Table 2: Completion Percentage of SAPL Research Project Tasks over the 1st through 10th Quarters

	Structural Design Methodology for Spray Applied Pipe Liners in Gravity Storm Water Conveyance Conduits

[image: image5.png]2

"
— 0
STRUCTUREPOINT ﬂ LEO Consulting, LLC  CUIRE

TEXAS

ARLINGTON






	Task Number
	Task Description
	Percentage Completed by the end of:

	
	
	1st - 8th Quarters
	9th Quarter
	10th Quarter

	
	
	Dec 2017 through

Dec 2019
	Apr 2018 through

Jun 2018
	Jul 2018 through

Sep 2018

	1
	Survey of US DOT’s and Canadian Agencies
	100%
	100%
	100%

	2
	Literature Search/Participation Material Vendors
	100%
	100%
	100%

	3
	Additional Reinforcement
	100%
	100%
	100%

	4
	Evaluation if Corrugations Needed to be Completely Filled by the Spray Applied Liner as Part of the Structural Design
	100%
	100%
	100%

	5
	Life Cycle Cost Analysis
	90%
	100%
	100%

	6
	Review the Cured in Place (CIPP) Design Equations
	100%
	100%
	100%

	7
	Field Data Collection and Assistance from DOT Partners
	100%
	100%
	100%

	8
	Develop a Recommended Structural Design Equations
	60%
	70%
	80%

	9
	Develop Performance Construction Specification
	60%
	80%
	100%

	10
	Computational Modeling
	70%
	80%
	90%

	11
	Lab Testing
	70%
	80%
	90%

	12
	QA/QC
	67%
	78%
	89%


*Percentages are changed based on the budget and time extension.

Comparative Status of Actual Versus 
Estimated Expenditures

Table 3: The 8th, 9th and 10th Quarterly Progress Work of SAPL Research Project
	Structural Design Methodology for Spray Applied Pipe Liners in Gravity Storm Water Conveyance Conduits
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	Task Number
	Task Description
	Total Duration

(Months)
	Duration Completed

(Months)
	Budgeted

Amount

($)
	Percentage of Total Budget (%)
	Percentage of Completion Based on Schedule (%)
	Percentage Completed These Three Quarters (%)
	Actual Amount Completed this Quarter ($)

	1
	Survey of US DOT’s and Canadian Agencies
	7
	7
	$25,751
	5.09
	100
	0
	0

	2
	Literature Search/Participation Material Vendors
	7
	7
	$21,875
	4.32
	100
	0
	0

	3
	Additional Reinforcement
	3
	3
	$2,100
	0.41
	100
	0
	0

	4
	Evaluation if Corrugations Needed to be Completely Filled by the Spray Applied Liner as Part of the Structural Design
	4
	4
	$3,900
	0.77
	100
	0
	0

	5
	Life Cycle Cost Analysis
	12
	12
	$29,123
	5.75
	100
	10
	$2,912.3

	6
	Review the Cured in Place (CIPP) Design Equations
	5
	6
	$13,751
	2.72
	100
	0
	0

	7
	Field Data Collection and Assistance from DOT Partners
	5
	5
	$71,704
	14.17
	100
	0
	0

	8
	Develop a Recommended Structural Design Equations
	21
	11
	$34,081
	6.73
	52
	10
	$21,658.92

	9
	Develop Performance Construction Specification
	22
	12
	$27,392
	5.41
	55
	14
	$13,670.92

	10
	Computational Modeling
	32
	21
	$60,013.44
	11.86
	90
	24
	$8,527.49

	11
	Lab Testing
	32
	21
	$115,137.94
	22.75
	90
	24
	$25,993.74

	12
	QA/QC
	36
	21
	$13,000
	2.57
	89
	30
	$1,700.00

	13
	Draft Final Report and Fact Sheet
	7
	Not Started
	$88,270
	17.44
	0
	0
	0

	14
	Final Report and Presentation
	3
	Not Started
	
	
	
	
	

	Total
	$506,098.38**
	100
	-
	-
	$74,463.37


* Percentages are changed based on the budget and time extensions.
** The total budget does not reflect the indirect cost of additional budget.


Table 4: Expenditures Summery of SAPL Research Project (October 2019 - July 2020)
	Structural Design Methodology for Spray Applied Pipe Liners in

Gravity Storm Water Conveyance Conduits

	Description
	Sum Amount

	Salaries and Benefits

	Students Salaries and Benefits

	Faculty Salaries will be Paid During Summer Months

	Subtotal
	$27,167.99

	Partner Companies

	American Structurepoint, Inc.
	$5,541.83

	Rehabilitation Resource Solutions
	$18,888.00

	LEO Consulting
	$12,600.00

	Subtotal
	$37,029.83

	Direct Costs

	Hardware and Materials

	Subtotal
	$2,818.70

	Other Indirect Costs

	F&A

	Fringe Benefits

	Subtotal
	$7,446.84

	Total
	$74,463.36







Brief Description of the Activities Accomplished by 
Each Member of the Research Team as 
Listed in the Project Budget
Principal Investigator: Dr. Mohammad Najafi

Task 5: Construction and Environmental Cost Analysis
· Completed and submitted the draft final report.
Task 11: Laboratory Testing
Research Managers: 
Zahra Kohankar Kouchesfehani, Ph.D. Candidate
Amin Darabnoush Tehrani, Ph.D. Candidate
Soil Box Test Setup
· cementitious SAPL material from Standard Cement for

· Completed soil box test of polymeric SAPL material from Sprayroq for invert-cut circular CMPs.
· SAPL thicknesses: 0.25 in., 0.5 in. and 1.0 in.

· Submitted results to Ohio DOT through the monthly meetings.

· Completed soil box test of polymeric SAPL material from Sprayroq for invert-cut arch CMPs

· SAPL thicknesses: 0.25 in., 0.5 in. and 1.0 in.

· Submitted results to Ohio DOT through the monthly meetings.

· Completed soil box test of cementitious SAPL material from Standard Cement for invert-cut arch CMPs.

· SAPL thicknesses: 1.0 in., 2.0 in. and 3.0 in.
Participation in the Meetings during Conferences, Internal Meetings, Progress Meetings
· Attended nine monthly progress meetings with DOTs.
· Held internal meetings with CUIRE team and research partners (Dr. Xinbao Yu, Dr. Firat Sever, Mr. Ed Kampbell and Mr. Lyn Osborn).
· Submitted four journal papers to Canadian Journal of Civil Engineering and Transportation Geotechnics Journal.

· Submitted two abstracts to No-Dig Show Conference 2021.
Co-Principal Investigator: Dr. Xinbao Yu
The following are the tasks performed this quarter:
Task 10: Computational Modeling

· Completed the FEM modeling of invert-cut bare circular and arch CMPs.
· Completed the FEM modeling of polymeric SAPL for invert-cut circular and arch CMPs.

Subcontractor: Mr. Ed Kampbell
Rehabilitation Resource Solutions, LLC
Accomplishments in the Quarter that ended on June 30, 2020:

Task 6: Review the Cured-in-Place Pipe (CIPP) Design Equations
· Completed a final write up of Task 6 – CIPP Design acting on the comments received from the DOTs

Task 8: Develop Structural Design Equations

· Completed the writing of Task 8 - Design Equations.
· Prepared recommended design equations for the polymeric materials per the existing methodology in the AASHTO LRFD Design Specifications; modified as appropriate for the trenchless installation method.
· Reviewed and prepared a set of design equations for the cementitious liners. Because there was no soil cell information available from UTA, I cited examples of other testing that gave credence to the proposed design method.

Subcontractor: Dr. Firat Sever
American Structurepoint, Inc. (ASI)
· American Structurepoint’s progress in this period is included in Lynn Osborn’s report as they work jointly on the performance specification development.

· American Structurepoint contract with UTA is terminated on February 28, 2020.

Subcontractor: Mr. Lynn Osborn
LEO Consulting, LLC

For work completed April 1 through June 30, 2020 (Q2):

SUMMARY OF PROGRESS FOR QUARTER:
Task 9: Prepare Performance Construction Specifications
· Completed the working draft of the cementitious specification and transmitted the master file to UTA.
· Completed a checklist of items left to be answered by the SAPL study that will lead to modifications of the cementitious specification working draft.
· Completed the working draft of the polymer specification and transmitted the master file to UTA.
· Completed a checklist of items left to be answered by the SAPL study that will lead to modifications of the polymer specification working draft.

Task 12. QA/QC
As QA/QC Reviewer, much of my work depends upon the work and progress of other team members and items that require quality checks. 

· Reviewed and modified the cementitious specification as a result of DOT review comments.

· Reviewed and modified the polymer specification as a result of DOT review comments.

· Reviewed the Task 8 (Design) document.
· Reviewed the Task 4 Document - Fill Corrugation Valleys or Follow Corrugations
Proposed Work for New Quarter
Table 5: SAPL Research Project Tasks for 11th Quarter (July 1 through September 30, 2020)
	Structural Design Methodology for Spray Applied Pipe Liners in Gravity Storm Water Conveyance Conduits
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	Task Number
	Responsibility
	Task Description
	Percentage of Work to be Completed by the end of 11th Quarter

	
	
	
	July 1st through September 30th

	
	
	
	July
	August
	September

	8
	Mr. Ed Kampbell
Dr. Firat Sever
	Develop a Recommended Structural Design Equations
	To be Completed

	9
	Mr. Lyn Osborn
	Develop Performance Construction Specification
	To be Completed

	10
	Dr. Xinabo Yu
	Computational Modeling
	To be Completed

	11
	Dr. Mo Najafi
	Lab Testing
	To be Completed

	12
	Mr. Lynn Osborn
	QA/QC
	To be Continued


Principal Investigator: Dr. Mohammad Najafi

Task 11: Soil Box Testing

Research Managers:
Zahra Kohankar Kouchesfehani, Ph.D. Candidate
Amin Darabnoush Tehrani, Ph.D. Candidate
· To complete soil box tests of cementitious SAPL material from Standard Cement for circular CMPs.

· To perform data analysis on the results of soil box tests of cementitious SAPL for circular and arch CMPs.

· To prepare the draft reports.
· To prepare journal papers out of the results of soil box tests of cementitious SAPL for circular and arch CMPs.
Co-Principal Investigator: Dr. Xinbao Yu

Planned Task for the Next Quarter

Following are the tasks planned for the coming quarter:
Task 10: Computational Modeling

· To prepare the final report of the FEM work.
Subcontractor: Mr. Ed Kampbell
Rehabilitation Resource Solutions, LLC
Task 8: Develop Structural Design Equations

· Updating of Task 8 report once the testing is completed by UTA and comments have been received from the DOT’s.

Subcontractor: Dr. Firat Sever
American Structurepoint, Inc. (ASI)
Task 8: Develop Structural Design Equations

· Updating of Task 8 report with Mr. Kampbell.
Subcontractor: Mr. Lynn Osborn
LEO Consulting, LLC
Task 12. QA/QC.
QA/QC reviews will continue on design and development planning, inputs, control and outputs. This will include general project oversight as required.

Implementation (if any):
N/A
Problems & Recommended Solutions (if applicable):
N/A
Equipment Purchased (if any):
N/A
Contacts and Meetings

Progress Meeting
Table 6: SAPL Progress Meeting during the 8th, 9th and 10th Quarters
October 1, 2019 through June 30, 2020
	No.
	Progress Meeting Agenda
	Date

	21
	· Schedule Update

· Task 5: Life Cycle Cost Analysis

· Task 11: Soil Box Testing

· Task 10: Finite Element Modeling

· Task 9: Develop Performance Construction Specifications
	October 9, 2019

	22
	· Schedule Update

· Task 11: Soil Box Testing

· Phase Two: Invert-cut Circular CMP with Spraywall Liner

· Task 10: Finite Element Modeling

· Comparison of Experiment with Numerical Analysis of Invert-cut Circular CMP
	November 13, 2019

	23
	· Schedule Update

· Task 11: Soil Box Testing

· Polymeric SAPL: Invert-cut Circular CMP with Spraywall Liner
	December 11, 2019

	24
	· Schedule Update

· Task 10: Finite Element Modeling
	January 08, 2020

	25
	· Schedule Update

· Task 11: Soil Box Update

· 3rd Soil Box Test Setup Preparation: Polymeric SAPL – Arch CMP

· Task 5: Life Cycle Cost Analysis (Draft Report)

· Task 9: Performance Construction Specification (Status Update)

· Task 8: Develop a Recommended Structural Design Equations

· Allocation of 10 Hours for Mr. Kampbell
	February 12, 2020

	26
	· Schedule Update

· Task 11: Soil Box Update

· Completion of 3rd Soil Box Test Setup: Polymeric SAPL - Arch CMP

· Preparation of 4th Soil Box Test Setup: Cementitious SAPL - Arch CMP

· Cementitious SAPL Vendor
	March 11, 2020

	27
	· Schedule Update

· Additional Time and Budget (due to COVID-19)

· Task 9: Performance Construction Specification (Presented by Mr. Osborn)

· Draft of Polymeric SAPL Specifications are ready to be Reviewed by DOTs.
· Cementitious SAPL Thickness Measurement – Research Team Recommendation is to Fill the Corrugations.

· Task 8: Design Equations

· Internal Meeting with Mr. Kampbell, Mr. Osborn and Dr. Sever
· April/May Timeframe Design Equations will be Completed
· Refine in June/July Based on Soil Box Testing

· Task 11: Soil Box Update

· 4th Soil Box Test Setup is Ready for Cementitious SAPL – Invert-cut Arch CMP
· Cementitious SAPL Vendor? Can we have a Second Vendor? CentriPipe?
· 7-Day Curing Time

· Material Property Results – Correct Young Modulus?

· Structurepoint Budget Reallocation

· Additional $10,000 Allocated to Rehabilitation Resource Solutions
· Task 10: Finite Element Modeling
	April 08, 2020

	28
	· 1. Schedule Update

· 2. Task 11: Soil Box Update

· 4th Soil Box Test Setup is Ready for Cementitious SAPL – Invert-cut Arch
· Soil Box Testing Cementitious SAPL Vendor?
· CMP Strong Seal or CentriPipe?
· How about Milliken (ClOCK SPRING/GeoTree), Quadex, A.W. Cook, Standard Cement
· Schedule Delay

· SAPL Field Inspection and Strong Company Project in Delaware

· Budget Reallocation
	May 13, 2020

	29
	· Schedule Update

· Task 11: Soil Box Update – Standard Cement Installation on Saturday, June 6, 2020

· Task 10: Finite Element Modeling Update
	June 10, 2020
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