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CALL TO ORDER – ACI 350 Main 

Chair Kianoush called the meeting to order at approximately 8:00 am in C-202 at the Quebec Convention Centre in Quebec City, QC. 

Committee Roster/Roll Call
Kianoush requested everyone present to introduce themselves, sign attendance sheet, and update personal info on the online committee roster as needed. The online roster is the official roster and it is essential that all members correct contact information is updated on the ACI website. 

Regrets:
Ron Fiore
Ahmed Hafez
Chuen-Shiow Chen
Keith Jacobson
Khalid Motiwala
Kiran Chandran
Manny Sinha 
Satish Sachdev
Kevin Monroe
Jon Ardahl

Agenda
Presentation by Ahmad Hooshmand on Use of EEC material in Environmental Structures
Resolve Negatives from Subcommittee C
Future Code Format 
Steve Close would like to discuss unbonded tendons for 15 minutes
Subcommittee Reports
Agenda Approved

Announcements

Larry Tabat – The committee took a moment of silence to honor his loss
Reza will speak with ACI to find a way to recognize him for his contributions in ACI 350-XX along with Ramon Lucero

Committee organization and member changes

ACl 350-B Durability- New Chair/Kevin Monroe replacing Jon Ardahl
ACl 350-C Reinforcement- New Chair Lisa Giroux replacing Larry Tabat
AC l 350-D Structural - New Chair Andrew Minogue replacing Carl Gentry

350 – Karl Kuebitz – Associate to Voting 
350 – Mehdi Bakhski – Associate to Voting 
350 – Payam Vosoughi – Associate

350-B Hugo Rojas – New Member
350-D Chris Dixon – New Member
350-D Mr. Zechmann dropped from 350-D based on his request

32 Voting Members
18 Consulting Members
41 Associate Members
7 Subcommittee Members

Meeting Minutes

The minutes from the 2018 Fall Las Vegas meeting and virtual meeting (January 17th, 2019) were approved – Motion by Close. Second by Wallace 19Y-0N-0A

Meeting Schedule

For the next Fall Convention in Cincinnati, the meeting schedule will change as follows:
The main committee meeting will start at 8:30 am instead of 8:00 am on Wednesday. 
Seismic will meet Tuesday from 8:30am – 2:00 pm. 
Specifications will meet Tuesday from 4:00pm – 6:00 pm. 

BALLOTING STATUS

3 Ballots since the last convention:
350.1 Tightness Testing Spec
350-XX Response to TAC
Future Code Format



TECHNICAL PRESENTATION 
Use of EEC material in Environmental Structures
Ahmad Hooshmand presented the following presentation: 



FUTURE CODE FORMAT 

Letter Ballot Passed to incorporate 318-14 into 350.
ACI editorial staff will start on changing 350 to incorporate 318-14.
The committee still needs to decide which Option to proceed with:
	Option 1
	Option 2
	Option 3

	Continue with updating 350 in accordance with 318. Update to 318‐14 format after updating to 318‐11 is complete. Per Matt Senecal, ACI editorial staff will do the “heavy lifting” of the reformatting/reorganization to 318-14 format. Can include special 350 chapters as necessary.
	Same as option 1, but update 350 to 318‐14 and no further updates based on 318 except technical changes as needed.
	Continue updating 350 in accordance with 318 but make it similar to ACI 349 (i.e. delete clauses that are similar to 318)
See attached mock‐up.



The committee reviewed a draft of which Chapters from 318-14 will be in each subcommittee. Subcommittee Chairs will look at the following document and determine the best approach for chapter distribution. 


The Task Group is finished. Thanks to the Task Group for the work on this. 

The next version of the 350 Code will also be updated to 318-19.

350-C Ballots – New Business Items
 
Giroux led a discussion of New Business items that will be sent out as ballots in new code change proposals. 

Monroe Negative RE.3 on the use of non-adhesive anchors in submerged or wet/dry cycles.
Monroe Negative RE.3 on the material of anchors in submerged or wet/dry cycles.
Jacobson Negative R12.13.2.1 on shrinkage-compensating concrete. The subcommittee will look at this further.

Unbonded Tendon Discussions

Close discussed proposed provisions on unbonded tendons to address the negatives in the most recent ballot that did not pass. Steve is trying to address the negatives on corrosion protection at the anchorage and structural redundancy.
Steve approached the negatives voters on why the negatives were balloted including Ron Fiore, Pericles Stivaros, and John Tehaney. Steve is hoping that these will address their negatives in addition to the by Lisa Giroux and Jon Ardahl.
The other negative in regard to trimming of the sheath has a proposed section.

SUBCOMMITTEE REPORTS AND ACTIONS

SUBCOMMITTEE REPORTS AND ACTIONS

350-A	General and Concrete (Surali for Cunningham)

Committee 350-A met in Quebec. A short meeting occurred. A qurom was not present. Need a virtual meeting to address negative from subcommittee ballots. 

350-B	Durability (Giroux for Ardahl)

Committee 350-B met in Quebec. Worked on new business item table. 201 liaison attended the meeting and indicated that 201 is looking to develop a Code for durability and handle durability for ACI.
Carl Larosche offered clarification on the liaison report to 350-B from 201. Carl confirmed that 350 will continue to handle durability for environmental structures. 

350-C	Reinforcement and Development (Giroux)

Committee 350-C met in Quebec. Covered new business items that were discussed above that would like to be included in 350-XX . 
A subcommittee ballot had a number of negatives on new business items. 350-C will have a virtual meeting to resolve negatives.

350-D	Structural (Minogue for Gentry)

Committee 350-D met in Quebec. 
Resolved negatives on tabled subcommittee items for 350.4 
Reviewed the seismic design examples for rectangular and circular tanks for 350.4. Design criteria and schedule were set. 
Main committee ballot for 350.4 ballots have passed. Will resolve negatives in virtual meetings/Cincinnati.

350-E Precast – Prestress (Harvey)

Committee 350-E met in Quebec. Reviewed new business items. 
One item will be balloted in the main committee:
A letter ballot item on hydrostatic pressure for 19.16.3 “Unbonded single-stand tendon systems shall meet the hydrostatic pressure testing requirements of ACI 423.6 except with a hydrostatic pressure of 10 psi, instead of the specified 1.25 psi.” changing the 10 psi to 15 psi will be put together. 
Ballot information will need to be ready soon to be incorporated in 350-XX.
The 350-XX that was sent to TAC has the 15 psi. The version for public comment will have 10 psi unless a ballot is past. 



350-F	Seismic (Tehaney)

Committee 350-F met in Quebec. 
Updated references to the latest versions of D110 and D115.
There was a long discussion on the Dome Buckling equations.
Task groups on R-values and long period (TL)
Reviewed Public Comments on 350.3. A few edits. Subcommittee vote then main committee. Then back to TAC.

350-G Tightness Testing and 350-K Hazardous (Close)

Committee 350-G&K met in Quebec.
Hazardous - Editorial comments have been incorporated in the document. The response tables will need to be included with document to be sent to TAC.
Tightness Testing negatives will be resolved shortly.

350-H	Editorial (McCarthy)

Committee 350-H did not meet in Quebec. Editorial will go through 350-XX to make sure all the responses to TAC are incorporated before going to Public Comment.

350-J	Education (Kianoush)

Committee 350-H met in Quebec. Dome Buckling Equation. Corner sloshing paper was sent to subcommittee F. Presentation on ECC this morning. A paper will be 

350-L	Specifications (McCarthy)

Committee 350-L met in Quebec. First draft of the specs is being worked on. There are 11 sections. 3 are ready for ballot. Looking to have ballots to the main committee after the Fall Convention.

Task Group V – New Code Format (Wallace)
(William Wallace (Chair), Ron, Pericles, Reza, Steve, Andrew, Sach) 
Completed Tasks

Liaison Reports (Need to Evaluate Liaisons)

ACI 201 Durability Ardahl – No report
ACI 223 Shrinkage – Compensating Concrete – Need a new liaison. No report
ACI 224 Cracking – Hafez  – Zanotti reported that there is a section on joints for Environmental Structures. Ahmed will discuss this section with 224 to provide perspective from 350.
ACI 301 Specifications for Structural Concrete Ardahl – No report
ACI 318 Code & Commentary - Felder – Public Comment just completed. The new version should be published in June 2019. 
ACI 334 Shells Hanskat – No report.
ACI 355 Anchorage Sinha – No report.
ACI 371 Concrete-Pedestal Water Towers – Kianoush – Met Monday afternoon. Discussed work that was done on shear provisions. 
ACI 372 Wrapped Prestressed Concrete Tanks - Minogue – Revising document and will be balloting shortly. Incorporating work that was done in 350-E on floors and domes. Presentation on the Dome Buckling Equation. 
ACI 376 Concrete Structures for Refrigerated Liquid Gas Containment Hanskat – No report.
ACI 506 Shotcrete Hanskat – No report.
ASCE Alsamsam & Tehaney – Next version is ASCE 7-22. ASCE 7 submitted public comments on the R-values and Long Period 
TCSC Ardahl – No Report
544 – Working on Tech note on permeability. Tech note on corrosion of steel fibers is being proposed. A mini session on fibers took place at Quebec – Steel fibers in pipe for wastewater. After 15 years the video should no signs of corrosion. Mehdi will share the presentation with the committee. 
562 – Concrete repair code. 562 would like to work with 350 on collaborating for repairs of environmental structures by reference. Pericles and Zanottii will be the liaisons 

Meeting adjourned approximately at 11:00 am.

Respectfully submitted:

Andrew Minogue

Page 4 of 9
EEC material in Environmental Structures - ACI Convention Spring 2019.pptx
Investigation of Water Leakage and Self-healing Through Direct Tension Cracks in Engineered Cementitious Composite (ECC) Panels



A. Hooshmand, M.Sc,

M. R. Kianoush, Ph.D., P. Eng.,

M. Lachemi, Ph.D., P. Eng.





Presented by:

Ahmad Hooshmand





March 2019









1



Introduction

Concrete is well known as a brittle and rigid material.

Lack of ductility and low tensile strength are among the major causes of sever cracking, and damage in concrete structures.

The development towards tensile ductility may provide a rational basis to support the construction of new infrastructure.

ECC is a great option. 
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What is ECC?

Engineered Cementitious Composite

ECC is a High Performance Cementitious Composite (HPFRCC) with high tensile strength and tensile strain capacity. 
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		Component`		Cement		Fly Ash		Sand		Water		Superplasticizer		Fiber (Vol. %)

		Proportion		1.0		1.2		0.8		0.58		0.013		2







Tensile and cracking behavior of ECC

ECC can suppress crack widths to less than 0.1 mm (0.004 in). 

Development of several micro-cracks at high tensile strains.
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Mechanical Properties of ECC
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		 		Compressive Strength (MPa) 		First cracking strength (MPa)		Ultimate tensile strength (MPa)		Ultimate tensile strain (%)		Young modulus
(GPa)		Flexural strength
(MPa)		Density
(g/ml)

		ECC		20-150		3-10		4-20		3-12		18-40		10-50		0.95-2.3

		NC		20-40		2-5		2-5		<0.25		14-40		3-5		2.2-2.4







Self-healing in ECC

Cracked concrete is able to heal itself over time when in contact with water.

The primary mechanism is attributed to 

The crystallization of calcium carbonate

 Further hydration of the unreacted cement or any other cementitious material

ECC is considered to have high self-healing potential because of its large amount of cementitious materials, together with its self-controlled crack width. 
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General performance of ECC 

		Item		 ECC

		Durability		ECC is more durable than conventional concrete.

		Self-healing 		ECC has a high self-healing capability as it can heal the micro-cracks itself by the reaction of carbon dioxide and water.

		Repair & maintenance		It is less in ECC as it does not develop that much cracks in comparison with normal concrete.

		Self-weight		ECC is 30-40% lighter than conventional concretes.

		Reinforcement		The fiber can provide additional tensile strength in ECC so less steel reinforcement is required than conventional concrete.

		Curing time		Generally ECC require 7 days curing.

		Casting		ECC has self-consolidating casting.

		Construction Cost		Initial construction cost of ECC is more than conventional concrete structures due to use of PVA fibers, silica sand and higher amount of cement.
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Experimental Program

Specimens represent a wall or slab segment of a liquid containing structure subjected to direct tensile force. 



Study the water leakage at different water pressures representing different water level in water reservior.



Examines the permeability through cracked full-scale specimens made of ECC and normal concrete (NC).



Investigate the short and long-term self-healing of cracks in ECC and NC panels.
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Loading Test Set-up
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 Loading test set-up

(a)

(b)





Leakage Test Set-up







 

















Simulate the leakage in water tanks



Transverse notches at top and bottom were created.
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Membrane





Test Procedure

Both water chambers were placed at the prescribed location and fully sealed.

The panel is loaded incrementally to initiate cracking and leakage.

At different stage of loading the panel is subjected to water pressures of 28, 55 and 83 kPa (4.0, 8.0 and 12.0 psi) while leakage test was carried out.

The water leaking from bottom face of panel is recorded over certain time intervals to study the short and long-term self-healing.
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Actual side-view of specimen and test set-up





Test Specimens

		Panel		Cement		Silica Sand		River sand		Gravel		Fly Ash/Slag		Water		Fiber (Vol. %) 

		ECC1		1.0		1.2		-		-		0.8 (Slag)		0.58		1.2

		ECC2		1.0		1.2		-		-		0.8 (Fly ash Type F)		0.58		1.2

		ECC3		1.0		1.2		-		 		0.8 (Fly ash Type C)		0.58		1.2

		NC		1.0		-		3.12		3.45		-		0.48		-



12

		Material		7 days  Cylinder Compressive strength (MPa)		28 days Cylinder Compressive strength (MPa)		Tensile strength
(MPa)

		ECC1		66.5		71.9		7.8

		ECC2		45.5		50.1		6.1

		ECC3		43.9		53.3		5.6

		NC		35.1		40.5		2.9







Leakage Test- NC panel

The first crack was developed in the north notch at 151 kN with the average width of 0.40 mm.

Second major crack was developed in the south notch at 178 kN with the average crack width of 0.25mm. 

Water flow from the south crack started at 266 kN. The crack width was 0.55 mm at the north and 0.4 mm at the south notch.
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(NC-North).

(NC-South).
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