











A copy of Mr. Celko's biosketch is attached. His monthly charge rate is
:omparable to Frank Vogler's rate so that the level of effort desired for the
romputer specialist is not reduced. The man—houfs expected for Mr. Celko afe
%91 in Phase I and 787 in Phase II, the level of effort for Mr. Vogler was
%61 and 737. (Note: Article XI of DOT-FH-11-9698 incorrectly reports 615 man-

hours due to an arithmetic error.)

5.0 Future Plans

During the next reporting period it is planned to:

1. institute of computerized literature search help to identify previous
and current efforts at computer assisted record keeping and evaluation of
coating performance;

2. start contacting raw material manufacturers, coatings manufacturers,
research institutes, etc. to inquire about efforts at computerized record and
data keeping;

3. identify major non-highway data sources for coatings performance data
(here SSPC will play a major rocle);

4., start designing plans (Tasks A-2 and B-2) to obtain detailed informa-
tion of programs and to characterize data sources;

5. Analyze the information processing system’ developed at Georgia Tech
(W. R. Tooke, Jr., "Paint Evaluation Manual", Technical Report No. 1, Research

Contract No. HPS-1(63), November 15, 1970).
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1.0 Introduction

The objective of the project is a determination of the feasibility,
merits, and workability of a data bank for'the performance of coatings on
steel bridges. The work expended during this reporting period was directed
at identifying previous and current efforts at computerized systems for
handling coating performance data and formulating plans for obtaining infor-
mation about them.

2.0 Research Results, Conclusions, Trends, and Progress

A computerizéd literature search was made on the subject of data banks
of coating performance data. This was supplemented by a brief manual search.
The literature data bases searched were Chemical Abstracts (1967 to current)
and Compendex or Engineering Index (1970 - Sepiember 1979). It was planned
-to search World Surface Coatings Abstracts also, but the system will not be
‘ready for computerized searching until February, 1980. The output from a
literature search used in proposal preparation was again reviewed. BHere, the
data bases were NTIS (1964-1978).

Few pertinent references were obtained from the literature search., The
work of Ray Tooke on a program for record keeping of performance and product
development data was retrieved from NTIS. The manual search found two papers
by Z. Hippe on the general subject of the utilization of computers in the
organic coatings industry ("Chemical Informatics in the Organmic Coating

Industry Part I. Research", Progress in Organic Coatings 5, 219-227 (1977)

and "Chemical Informatics in the Organic Industry Part II. Industrj", Progress

in Organic Coatings 5, 229-236 (1977)). Only a small part of the Hippe's

discussion deals with processing of laboratory and ouwtdoor data. It is a
highly generalized presentation dealing mainly with standard statistical
routines, regression analysis, curve fitting, etc, Most of the references

" are to European (i.e. foreign language) work.



The paucity of literature references on the project subject is not
surprising. As expected, it appears that most of the relevant work is on-
- going in the coatings industry where the copious amount of data generated in
developing new products requires automated processing.

Hajor raw material suppliers and coatings manufacturers have been
contacted to learn of their efforts at data banks on coating performance
data. To date the ones known to have programs of interest are Union Carbide
Corporation, Rohm and.Haas Company, and the Rust-Qleum Corporation. The data
is from test fence evaluations where the substrate predbminately used is wood.
The interest, of course, in these programs is their structure and organization.

The SSPC has been contécted further about their role in the project.
Ag outlined in the proposal, they will be taking the lead in accomplishing
the objectives of Task B of Phase I "Classify and Characterize Sources of
Coating Performance Data".

3.0 Estimated Cost to Complete Work

Budget (Phase I) $ 74,861
Cumulative Cost Prior to Reporting Period $1,597.92
" Estimated Cost for.Reporting Period ..§3,937.00
| $5,534.92 (.5,534.92)
EStima;ed Cost to Complete Work $ 69,326.08

4.0 TIdentification of Problems

None

5.0 "Fﬁfufe Plans
During the next reporting period it is planned to:
1. {Gontinue to contact raw material manufacturers, coatings manufacturers,
research institutes étc. to inquire about efforts at computerized

record keeping.



YZ. Submit an announcementbon the program to severalrtrade journals
-as an aid to learning about current efforts at computerized record
keeping and data sources |

3. Continue with plans for Tasks A-2 and B-2 to obtain detailed in-
.formation on programs and to characterize data sources

4. Analyze the information processing system developed at Georgia Tech
by W. R. Tooke, Jr., "Paint Evaluation Manual", Technical Report No. 1,

Research Contract No. HPS-1 (63), November 15, 1970.
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1.0 Introduction and Summary

~ Efforts have continued in seeking information about existing computerized
efforts of storing and retrieving coatings performance data and sources of
such data. Announcements of the program have been sent to several paint trade

journals as an aid in gathering information.
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2. "Computerized Numeric Data for Polymers", John Nardone (Plastice .

Technical Evaluation Center, U. S. Army ARRADCOM), Organic Coatings

‘& Plastics Chemistry 39, 655 (1978). Data is stored for mechanical,

thermal, electrical; optical; physical; and permeability properties.
The program has been developed but, apparently, it lacks good input.

Due to the close relationship between paints and coatings and polymers,
the structure of these programs; cost of establishing, updating, etc., will
likely be useful in assessing the feasibility of the data bank for coatings
performance. Current information about these data bases will be sought.

Al Dunn of the Louisiana DOT was contacted about his efforts in estab-
lishing a computerized system to monitor bridge maintenance and paintAperfor-
mance. He is sending a packet of information which includes 1) Structural
Painting Manual, 2) Recording and Coding Guide for Computer Master Structure
File, 3) information as listed in computer files on bridge paints, 4) computer
generated reports of bridge paint ratings from inspections, and 5) Master
Structure File computer sheets of data that can be included in the present
system.

John Trim was contacted in regards to the computerized data storage/
retrieval system developed through NACE Technical' Committee T-6H+l5 as part
of their study of the effects of surface preparation on the performance of
coatings for steel. The basic position on sharing detailed information about
the program is that it cost NACE a considerable amount of money to develop
the program, prepare coatings, and collect data; some of the cost has to be
recovered. A letter is to be written outlining the information wanted about
the program separate from the data. This will be presented to the committee
at the Corrosion/80 who will then decide what information will be made

available and associated cost.
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7.0 Current and Cumulative Costs
: Current Costs Cumulative Costs
Task Description (Phase I) Planned Actual Planned Actual
A. Review Previous/Current Computerized
Evaluation $13,746
1. Identify current/previous efforts 0 500 5,165 5194
2. Plan to obtain methodology information 0 691 2,138 2803
3. Execute plan 3,221 0 6,443
B. Classify & Characterize Sources of
Coatings Performance Data $24,120
1. Identify major non-highway sources 0 1797 9,202 2247
2. Prepare detailed plan to characterize
the data 0 691 2,759 1592
3. Select highway related sources of data 4,053 691 12,159 691
C. Evaluation of Merits of Centralized
i Data Bank - $19,956
1. Identify and discuss significant
. variables 2,149
2. Relationship of data to significant
variables 2,150
3. Factors in establishing data bank 5,979 492
4, Discuss product uniformity - 4,299
5. Describe type of coating data banks
that could be established 3,379
D. Format and Procedure for Data Bank $13,632
1. Prepare specific recommendations 0 654 - 4,544 654
2. Discuss incomplete data problems, etc. ) 4,544
3. Prepare specific Phase II plan 4,544
Reports, plans $ 3,406

8.0

.0

Level of Effort-Phase I (man-hours)

Level of Effort

Personnel Current
Charles J. Ray ‘ 106
Frank A. Rideout 26
Neil B. Hilsen 5
‘Joseph F., Celko 15

ADP Services

None

Cumulative

210
116

30
.- 35

—
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The detailed analysis of the Paint Evaluation Program developed.by
W. R. Tooke, Jr. will be done at Georgia Tech; Tapes containing the program
and data have been obtained from Georgia DOT. At this time, it is not certain
if the program and data are recoverable from the tapes; Joe Celko of the
Computer Science and Technology Lab at Georgia Tech will handle the task of
getting the program up and running; Ray Tooké will be>brought in to help if
needed.

The data processing system developed and used by NACE Technical Committee
T-6H-15 is also of interest; A request is to be made in writing to the
_ committee through John Trim for the type of information sought from the
program apart from the data. This reqﬁest will be presented to the committee
at Corrosion/80 in Chicago in early March; What information will be made
. avallable for this project and its associated cost will be determined by
NACE but an exact timetable cannot be established since any action will require
NACE board of directors approval.

The programs at Rohm & Haas, Union Carbide, and Rust-0Oleum will be
analyzed by personal visits. Prior to the visit, a letter will be sent to
each organization which will list the information sought. A draft of this
letter is given in Appendix A; g

Rust-Oleum will be visited during Corrosion/80 since Frank Rideout is
scheduled to go to the conference. The contact person at Rust-0leum is Steve
Ozenich, Manager of Technical Service Laboratory. Frank Rideout is going since
several contacts and potential contacts for data and other information will be
there. Some of these contacts are NACE Technical Committee T-6H-15 members,

Richard Drisko (NCEL), Alfred Beitelman (CERL), and Daniel Gelfer (Ameron, Inc.).






3. Industrial User

* Monsanto Company

* Union Carbide Corporation
* Florida Power and Light

* Georgla Power

4. University, Research Agency, Trade Associatiomns

* Steel Structures Painting Council

* TInternational Lead & Zinc Research Organization (ILZRO)
* Zinc Institute -

* International Bridge; Tunnel and Turnpike Association
* North Dakota State University

* f;int Research Association (England)

For the government agency sources and the university, research institute
sources, it is planned to characterize their data from published reports where
possible. Much of the data from NCEL and CERL will lend itself to this method.
A 1list of published reports, papers, etc., in the area of coatings on structural
steel will be requested from the various agencies. Initial contact will be
made by phone in those cases where it has not already been made.

The data collected by SSPC through their coatings evaluation stations is
to be included for amalysis and characterization. This collection of data
represents the accumulation of performance data over a 25 year period. It will
be a good independent source of information on the durability of coatings on
steel. Specific examples of the data expected from SSPC are results from pro-
ject PACE, bridge paint tests on the Golden Gate Bridge, George Washington
Bridge, Bayonne Bridge, Robert Moses Bridge; Chesapeake Bay Bridge, Delaware
Memorial Bridge and the Passaic Bridge, and the results of SSPC work for the

Corrosion Committee of the Federation of Societies for Coatings Technology on



projects such as the minimum film thickness for protection of hot rolled steel
and painting wet and cold steel. The performance of paint systems on railroad
bridges from the Penn Central, Southern; Missouri-Pacific, and Sante Fe railroads
amongst others is part of the inventory of data at SSPC.

The data from organizations such as the International Lead and Zinc Research
Organization is expected to be available largely in published reports in suffi-
cient detail to be of direct use; The Zinc Institute and the Paint Research
Association are included here. Contact will first be made by phone and followed
up by letter detailing the request for information on the type of data available.
. A draft of this letter is included with the plan as Appendix B-1.

The data from users and manufacturers are expected to be case history
type or a serigs of maintenance records in addition to test fence results.

- Case history data can still be characterized as outlined in the statement of
work (page 2-3) recognizing the difference between experimental installations
and normal maintenance operations; |

The characterization of the data from users and manufacturers will not be
as easy to do as with the data from government agencies since the data are not
readily available to the general public; Here; on-site visits are expected to
be the best route to obtaining the desired information. As in other cases,
the visits will be preceeded by phone and letter contact. The phone contact
will be used to identify the correct people to see for the information. The

letter in Appendix B-1 with minor modification will be used.



“"Catalogue, Evaluate, and Process Performance Data for Highway Bridge Coatings"

Contract No. DOT-FH-11-9698

Plan for Task B-3, Phase I

Select Highway Related Sources of Data

The selection of highway related sources is to be done in consultation
with the FHWA contract manager. These sources are to be derived from various
strata of the highway bridge maintenance community; The consensus experience
of the research team has been with state departments of transportation and
. bridge authorities so we have not been able to identify city or county highway
agencles as potential sources of bridge coating data. We are dependent on
the contract manager for such sources.

The state DOTs felt to have information from controlled bridge coating
tests are:

California
Florida
Louisiana
Massachusetts
Michigan
Washington
West Virgina .

Port and Authorities which will likely have information of value are two,
New York and New Jersey Port Authority and Massport; Other such agencies will
be identified through the International Bridge; Tunnel and Turnpike Association.

For the state DOTs, the request for information on controlled, bridge
coating performance evaluations will be accompanied by a letter from FHWA re-

questing cooperation. The letter requesting the information is in Appendix B-2.



This letter with minor modifications will be used to request the same type of
information from other highway related sources. The initial characterization

of the data will be attempted by phone with follow-up visits when possible.






organization techniques, documentation, and overall organization complexity.

The computer resource requirement includes memory size, hardware, input/
output methods; etc. Here, program source code can be examined to determine
data area size and program length. |

The cost of establishing, operating; and updating the data base can be
measured in.terms of the person-hours required'to do these tasks.

There are other; more general questions of interest whose answers have
an impact on the feasibility of FHWA establishing a data base. Some of these
questions are:

1. What motivated the effort?

2. How was data generated (i.e:, used existing data and/or new data

generated which was standardized to fit the data base)?

3. What type of qﬁestions are asked of the data bank?

4., What type of answers are/were expected?

5. What is the frequency of updating? Method of updating?

6. How are requests (searches) of the data bank made?

For your general information; a computerized data'base was developed at
the Engineering Experiment Station under the direction of W. R. Tooke, Jr.
during the 1960's and early 1970's. A microfiche copy of the final report
describing this system plus ten years of R&D effort in protective paint
systems for highway structural steel is enclosed. A listing of the program
is also included with a breakdown into DBM, utility, and analysis routines.
These documents are proffered since we feel that people involved in the
development of a data base have a personal interest in the subject in addition
to a job oriented interest and we want to have some measure of a two-way ex-

change of information and experience.



If a listing of your program could be made available to us, we can do
mos£ of the analysis and information extraction. This will help minimize
your cost and effort. We will, of course, respect any restrictions on the
use of the listing you deem necessary.

We thank you in advance for your consideration shown to our request and
we look forward to visiting you and exchanging information in regards to
FHWA's interest in a goatings performance data bank.

Sincerely,

o Charles J. Ray, Project Director
Material Sciences Branch
Chemical & Material Sciences Division

Enclosure: Microfiche Copy of "Paint Systems for Highway Structural Steel"
Listing of Paint Evaluation Program



APPENDIX B-1

Draft of Letter Requesting Data on the Peformance of

Coatings on Structural Steel
. Date
Inside Address

Dear Person:

We are perforﬁing a research study for the Federal Highway Administration
ﬁith.the objective to determine the feasibility, merits; and ﬁorkability of a
data bank of coatings for structural steel and their performance thereon. The
project is entitled '"Catalogue, Evaluate, and Process Performance Data for
Highway Bridge Coatings".

Part of the study involves the classification and characterization of sources
of coatings performénce data. Since your organization is active in the field
of protecting steel from atmospheric corrosion we feel that your findings will
be of value in establishing of good base of data. Although the end interest
is the performance of coatings on bridges, perfoémance data of coatings on
strucutral steel in general is sought. These data predominately are to be
those derived from test fence studies and in-service testing. Data from
accelerated testing coupled with outdoor exposures are also desirable.

The information we seek is such that we can characterize the data as to:

1. Extent of the data, including amount of replication, number of

different coatings studied (at least by generic type).

2, Type, consistency, and objectivity of the rating system.

B-1.1






APPENDIX B-2

Draft of Letter Requesting Information from Controlled,

Bridge Coating Performance Tests
Date
Inside Address

DearvPerson:

We are perfor;ing a research study for the Federal Highway Administration
ﬁith the objective to determine the feasibility; merits; and workability of a
data bank of coatings for highway structural steel and their performance thereon.
The project is entitled "Catalogue, Evaluate, and Process Performance Data for
Highway Bridge Coatings'. It is part of FCP Project 4J "Coating Systems for
Controlling Corrosion of Highway Structural Steel".

We are contacting you as a potential source of data on the performance
.of coatings on bridges gathered from controlled, bridge painting tests and
case history records, past and current. We plan to characterize such data by
parameters such as: ‘

1. Extent of data including number of different coatings (generic type)

and exposure time.

2. Documentation as to surface preparation, thickness of coating layers,

application schedule, and exposure environment.

3. Rating system used to monitor the performance of the paint and frequency

of inspection.

4, Availability of the data, restrictions in use, and cost of acquiring

the data for the data base.

B-2.1
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“Catalogue, Evaluate, and Process Performance Data for Highway Bridge Coatings”

Contract No. DOT-FH-11-9698

Plan for Task A-2, Phase 1

Review of Previous Computerized Evaluations of Coating Performance Data

The following is the plan to obtain detailed information on the methodo-
logy of data processing for selected efforts at computer assisted storage and
retrieval of coating performance data.

Five computerized systems of storing and retrieving ceoatings performance
lata have been selected based on the results of a computerized literature
search and contacts with industry. These five are the programs at Rohm. and
I[aas Company, Union Carbide Corporation, Rust-0Oleum Corporation, NACE
’echnical Committee T-6H-15 ("Effects of Surface Preparation in Service Life
1f Protective Coatings"), and Georgia Department of Transportation. This
ast effort was the one done under the direction of W. Rf Tooke, Jr. while
e was at Georgia Institute of Technology.

Several coatings manufacturers and raw material suppliers were contacted
o generate a list of computerized efforts at performance data. PPG Industries
oes not have a computerized system for their development work in heavy duty
aintenance paints. They do have a system in their industrial cecating area
ut it is small scale now. The performance data collected is typical for the
catings industry: fading, chalking, gloss, blistering, rusting, etc., in

ddition to detailed information on formulation, substrate, and coating thickness.

A TER

he ratings are on a scale of 0 te 9 but they are not ASTM designations. The
ata is collected at 6 month intervals at several test fence sites.
Glidden (SCM Corp.) has plans to computerize their test fence data record

:eping in the near future. They are going to use a commercial data base

ickage adapted to their specific needs.




The detailed analysis of the Paint Evaluation Program developed by
W. R. Tooke, Jr. will be done at Georgia Tech; Tapes containing the program
and data have been obtained from Georgié DOT. At this time, it is not certain
if the program and data are recoverable from the tapes; Joe Celko of the
Computer Science and Technology Lab at Georgia Tech will handle the task of
getting the program up and running. Ray Tooke will be brought in to help if
needed.

The data processing system developed and used by NACE Technical Committee
T-6H-15 is also of interest; A request is to be made in writing to the
committee through John Trim for the type of information sought from the
program apart from the data. This request will be presented to the committee
at Corrosion/80 in Chicago in early‘March: What information will be made
available for this project and its associated cost will be determined by
NACE but an exact timetable cannot be established since any action will require
NACE board of directors approval.

The programs at Rohm & Haas, Union Carbide, and Rust-Oleum will be
analyzed by personal visits. Prior to the visit, a letter will be sent to
each organization which will list the information sought. A draft of this
letter is given in Appendix A; '

Rust-0Oleum will be visited during Corrosion/80 since Frank Rideout is
scheduled to go to the conference. The contact person at Rust-Oleum is Steve
Dzenich, Manager of Technical Service Laboratory. Frank Rideout is going since
several contacts and potential contacts for data and other information will be
there. Some of these contacts are NACE Technical Committee T-6H-15 members,

Richard Drisko (NCEL), Alfred Beitelman (CERL), and Daniel Gelfer (Ameron, Inc.).


















APPENDIX A
Draft of Letter Requesting Information on Data Processing of Coatings

Performance Data

Date
mnside Address

lear Person:

As you know from our initial discussions; we are performing a research
tudy for the Federal Highway Administration with the objective to detefmine
hé feasibility, merits, and workability of a data bank of coatings for steel
ridges. After our initial review of existing computerized storage and
etrieval systems for paint performance data, we feel that your experience in
his area will be beneficial to the overall success of the project. We would
ike, then, to obtain some detailed information on your program.

A coarse classification of the type of information we would like to get

1. Extent and complexity of the computer prog;am

2. Computer memory and other hardware requirements

3. Costs of establishing, operating, and updating.

We have chosen as indicators or parameters of the extent and complexity
I the computer programs the division of the program into data base management
-ogram (DBM), utility programs, and analysis programs. TFor each type of
:ogram further characterization would entail the number of lines of code,
ttch between programming language and functions performed, variability of

tta format, sophistication of the software, sophistication of coding,




rganization techniques, documentation, and overall organization complexity.

The computer resource requirement includes memory size, hardware, input/
itput methods, etc. Here, program source code can be examined to determine
ita area size and program length.

The cost of establishing, operating; and updating the data base can be
sasured in terms of the person-hours required to do these tasks.

There are other; more general questions of interest whose answers have
1 impact on the feasibility of FHWA establishing a data base. Some of these
lestions are:

1. What motivated the effort?

2. How was data generated (i.e;, used existing data and/or new data

generated which was standardized to fit the data base)?

3. What type of questions are asked of the data bank?

4. VWhat type of answers are/were expected?

5. What is the frequency of updating? Method of updating?

6. How are requests (searches) of the data bank made?

For your general information, a computerized data base was developed at
ie Engineering Experiment Station under the direction of W. R. Tooke, Jr.
iring the 1960's and early 1970's. A microfiche cépy of the final report
:scribing this system plus ten years of R&D effort in protective paint
'stems for highway structural steel is enclosed. A listing of the program
i also included with a breakdown into DBM, utility, and analysis routines.
ese documents are proffered since we feel that people involved in the
velopment of a data base have a personal interest in the subject in addition
» a job oriented interest and we want to have some measure of a two-way ex-

ange of information and experience,






APPENDIX B-1

Draft of Letter Requesting Data on the Peformance of

Coatings on Structural Steel

Date

nside Address

ear Person:

We are performing a research study for the Federal Highway Administration
ith the objective to determine the feasibility, merits, and workability of a
ata bank of coatings for structural steel and their performance thereon. The
roject is entitled "Catalogue, Evaluate, and Process Performance bata for
ighway Bridge Coatings".

Part of the study involves the classification and characterization of sources

f coatings performance data. Since your organization is active in the field

n

protecting steel from atmospheric corrosion we feel that your findings will

"

of value in establishing of good base of data. Although the end interest

)

the performance of coatings on bridges, performance data of coatings on

s

‘rucutral steel in general is sought. These data predominately are to be
iose derived from test fence studies and in-service testing.- Data from
:celerated testing coupled with outdoor exposures are also desirable.
The information we seek is such that we can characterize the data as to:
1. Extent of the data, including amount of replication, number of
different coatings studied (at least by generic type).

2. Type, consistency, and objectivity of the rating system.

B-1.1










Please advise us so to what method would be most convenient to you that
t11 allow us to learn of and benefit from your experiences in protecting
lghway structural steel. We would alsoilike to learn about any future service
1sts of coatings you might have planned.

As part of the highway maintenance community, you will hopefully be a
ser of any data base that evolves from this study; Hence, we are vitally
iterested in your thoughts and comments about a computerized storage and re-
dieval system of bridge coatings. For example; we would like to know what
inds of questions you would ask of such a system; what type of answers you
tpect, and what mechanism should be used to request information from the
rstem,

We thank you in advance to the consideration shown to our request and
ok forward to working with you in regards to this program that has the
stential to help apply better corrosion control technology nationwide.

Sincerely,

Charles Ray, Project Director
Material Sciences Branch
Chemical & Material Sciences Lab.

2
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3.0

4.0

5.0

Estimated Cost to Complete Work

Budget (Phase I) $74,861
Cumulative Cost prior to Reporting Period $13,448
Estimated Cost for Reporting Period 3,634

$17,082 (517,082
Estimated Cost to Complete Work $57,779

Identification of Problems

None

Future Plans

During the next reporting period, it is planned to:

1; Contact Rohm & Haas and Union Carbide Corporation for detailed
information on their computerized coatings performance data storage/
retrieval systems.

2. Develop detailed plans for work with SSPC regarding sources of data
and characterization. .

3. Characterize data from literature search.

4. Continue to search for sources of data through4persoﬂal contacts.

5. Continue efforts to decipher PEP tapes.

6. Implement Task plans when approved.




6.0 Work Performed versua Scheduled Workl

Months After Start of Contract

Task Description (Phase I) - 1 2 ) 3| 4| 5| 6 7| 8| 9|10 |11 |12
A. Review of Previous Computerized Evalugtions TTIVTTTTIL I iyl
1. Identify current & previous efforts /11111 [/ ;
2. Plan to obtain methodology information - TTITTITT {
3. Execute Plan ///// ‘////_/
B. Classify & Characterize Sources of Coatings Performance Data RN jjjljhsll)/ YR ayIn
1. Identify major non-highway sources IR e ~
2. Plan to characterize the data . iﬁ% 4léjllﬁ?r N - TN
3. Select highway related sources of data LT
C. Evaluation of Merits of Centralized Data Bank /)/// u//}r///// 11141
1. Significant variables affecting coating performance g,
2. Data available versus significant variables i
3. Factors in establishing data bank BB i
4. Product Uniformity e
5. Types of Coating Dats Banks Possible LI A







7.0 Current and Cumulative Costs

Current Costs

Cumulative Costs

Task Description (Phase I) ' Planned Actual

Planned Actual

A,

5.

Review Previous/Current Computerized
Evaluation

1'
2.
3.

Identify current/previous efforts
Plan to obtain methodology information
Execute plan $3222 $1178

Classify & Characterize Sources of

1,
2.

3.

Coatings Performance Data
Identify major non-highway sources 0 $ 833
Prepare detailed plan to characterize

. the data :
Select highway related sources of data $4053 $1623

Evaluation ofbMerits of Centralized

1.
2.
3'

4.
5.

Data Bank

Identify and discuss significant:
variables

Relationship of data to significant
variables

Factors in establishing data bank

Discuss product uniformity

Describe type of coating data banks
that could be established

Format and Procedure for Data Bank

‘1.

2.
3.

Prepare specific recommendations
Discuss incomplete data problems, etc.
Prepare specific Phase II plan

eports, plans

.Q Level of Effort

Level of Effort-Phase I (man-hours)

$13,746
5,165 $6372

2,138 2803
6,443 1178

$24,120
9,202 $3080

2,759 $1592
12,159 $2314

- $19,956

2,149

2,150
5,979 § 492
4,299

5,379

oy a1y e r

$13,632 :
4,545 $ 654 .

4,544
4,544

$ 3,406

Personnel Current
Charles J. Ray 32
Frank A. Rideout 21
Neil B. Hilsen 8
Joseph F. Celko 14

ADP Services

None

Cumulative

242
137
38
49
















w3 ENGINEERING EXPERIMENT STATION

—‘J GEORGIA INSTITUTE OF TECHNOLOGY e ATLANTA, GEORGIA 30332

- February 13, 1980

iel Gelfer

ron, Inc.

N. Berry Street

a, California 92621

r Mr. Gelfer:

Thank you for your offer to participate in the FHWA project on a coatings
formance data bank of highway bridge coatings. The type of information
ired now is intended to classify and characterize sources of data. Al-
ugh the end interest is the performance of coatings on bridges, performance
a of coatings on structural steel in general is sought, including test
ce studies. Data from accelerated testing (laboratory) coupled with
door exposures are also acceptable.

The information we seek is such that we can characterize the data as

1. Extent of the data including amount of replication and number of
different coatings studied (at least by generic type).

2. Type, consistency, and objectivity of the rating system (e g.
ASTM methods).

3. Number and significance of variables included in the experimental
design such as exposure environment, cocating thickness, and surface
preparation. ,

If the data you have available is in published reports, brochures, case
tories, etc., please provide us with a listing of such documents and, if
sible, a copy of each. This will allow us to analyze the data at a minimum
ense of your time.

If your data is not available through reports, manuals, booklets, case
tories, etc., please advise us as to the method by which we may examine
data, any restrictions in its use, and any associated costs in procuring
for inclusion in the data bank. ¢

Attch. 6

An Equal Employment/Education Opportunity Institution
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_:"3 ENGINEERING EXPERIMENT STATION

GEORGIA INSTITUTE QF TECHNOLOGY e ATLANTA, GEORGIA 30332

February 13, 1980

iald Varina
rozo Coatings Company
"W" Street

coln, Nebraska 68508

r Mr. Varina:

Thank you for your offer of help in regards to FHWA's interest in a
tings performance data base, As we discussed, the interest is in the
formance of coatings on structural steel, especially highway bridges.

a from test fence studies and service or field testing is the preferred
ncipal source. Data from accelerated laboratory tests coupled with
door exposures is also desired. :

At this time, we want to classify and characterize the data sources.
information we seek is such that we can analyze the data as to:

1. Extent of the data including amount of replication and number
of different coatings (at least by generic type).

2. Type, consistency, and objectivity of the rating system (e.g;,
ASTM methods).

3. Number and significance of variables included in the experimental
design or test installation such as exposure environment, coating
thickness or weight, surface preparation, etc.

If the results of your R&D efforts are available in published form
se histories, brochures, reports, etc.), please provide us with a listing
:he documents and, where possible, a copy of each. This will allow us to
:he analysis or characterization at a minimum expense of your time. Please

.se us as to any restrictions in the use of the information you might
11y, '

Again, we thank you for your consideration to our request and the interest
m in helping to develop better corrosion control technology. If you have

questions, please do not hesitate to call me. My telephone number is
424-9651.,

Sincerely,

Charles Ray, Project Director
Material Sciences Branch
Chemical & Material Sciences Laboratory

p

B. R. Appleman, FHWA Attch. 9
File, A-2490 An Equal Employment/Education Opportunity Institution
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116U FORMAT(/ /1%, 1SHLNEY/ (10=Y) ) = , DEG. 3, 2H»T, 92X, 17, 16, 6X, ES. 3 . .
127,67 33 ' ) t S 4Fbkw1
1130 FORMAT(//3X, GHLHCY) = , 2E8. 3, 2HRY, 11X, 17, 16, 6X, ES. 3, 2X, EB, 3)
1140

FLAMAT(/ /3%, BHLN(Y)Y = , 2EB. 3, DH*T, 97%, 17, 16, X, EB. 3, 2X,. EB. 3)
1150 FORMAT(1H+, T20, 1H+)

1150 FORMAT(4AL)

1170 FORMATIFIO O)

1180 FLivAT(/Ss, 'ELAFSED TIME FOR DATA INPUT, LEAST-SQUARES FIT AND -
1A&, * 15 “,F0 4, EZECCNDS. %)

1190 FOPMAT(IHL, 50, "ERROR IN READING RECORD FROM MASS STORAGE. LAST .

IFILE FUMBER WAS -, 13, JH, /75X, 'LAST 1TEM NUMBER WAS’, IS,

17 LAST FORM tHMEER WAS ', 12, TH. )

1290 FORMATOIHL, SX, 'RUN COMPLETE. * 16, ° SETS OF DATA REDUCED. *)

1210 FURMATITIHL, 5X, "FUKM NUMBER 1S5 BAD, FILE’, 13, I1TEM', 15,
17, FCUM ', 12,114, )

1230 FORMATUIX, 14,2Y, 14, 4%, 11, 3(F10. 1, 5(1X, 11)))

1240 FORMAT (1ML, AHF TLE, LW PANEL, UM FORM, 3(204 EXP. TIME GRADES )) *

1280 FOURMAT(IML, O, *THTEGRITY AND APPEARANCE PARAMETERS AFTER THE CALL

TTN THE SORT ROUTINE /95X, IBHEXPOQGURE TIME. 5X, FHINTEGRITY, 5X, { ONAPPE
[T AHS NS

COMEONZDNCNRRZ TTUF (1000)
COMIT 7 JETOINA7 0T
Commivmi/MCcoM M
L TELOT(103), GPLOT(103), DPLOT(103),PT(103, 4)
HALOA), HULABEL C4) . XLABEL (4), YLABEL(4)
IGTYCZ0), JAPP(30), T1(3), 11(3,5), J1(3,2), IEXP(30)

DIversion
DIMENTION AX1(2,4), HLI(Z, 8), XLI(2, 4, YLI(2, &), TLI(D)
1000 FORMAT(12, 14, 11,3(F4. 0,511, Ab, AD), 29X)
1010 FTEMATCIR 14, 11, 1767 3, EQ. 3)

1C20 FLoAT(lZ, 14, 11, 73X, &11)
1030 FOHMATOIZL 14, 1L 1244, AL, 611)
CEFINE CLO8W, 3T, ST, ZWT, N =(GWASTR/ST-SHT) / (N*ST2/5T-8T)
LEFINE C2{EW, ST ST, SWT, t) = (GW~-N#C 1 (8W, ST, 8T, SWT, N) } /8T
DEFMNE WIY)I= ALUGIY/(10. =Y))
LEFINE (JINTCA. . TI=(10 *EXP(A+BRT))/ (1, +EXP(A+B&T))
CEFINE WiiY)= ALDG(Y)
CEFINE YINTI(A,B, T)= EXP(A+B=T)
1IFCRM2=2
HFL =0
N7=7
H5=5
1PLOT=0
PEADES, 1160) INDPLT
IFCINDPLT. NE &HPLDT  )GO TO 9
1PLOT=1
CALL PLOTS( IBUF, 1000, 10)
0o 3 1=1,2
READ{IZ2, 11E£D2(AXTI(L,J), d=1,8), (HLIC(T, J), Jml, 8), (XLLIC(T,J).Jml, &),
10L10T, ). Jnt, 4) ‘» ‘ o
REAL(12. 1170TLY(Y)
3 CUNTINUE
S CONTINUVE '
LRED=0 ~
10 CONTINUE
CALL TIME(K3. K4E)
READ(8, 1000, END=100, ERR=200) 1F ILE, ITEM, I1FORM
IF(IFILE. LT. 3)C0 TNh 10

e a3 e St AR e G






Characterization of Paint Evaluation Program, PEP, Routines

Routine
Name Computer Language Purpose Type
FILE/ADDITION B5500™ COBOL Addition of card images DBM2
(1PB~-008) to Master Data File
DELETE-2
(1IPB~009) B5500 COBOL Deletion of card images DBM
to Master Data File
UPDATE B5500 COBOL Addition and/or deletion DBM
(1PB-002) of card images to or from
Master Data File
CLEANUP B5500 COBOL Redundancy check and DBM
(IBP-003) exposure time computation
SHAPEUP/SHIPOUT B5500 COBOL Record check for experi- DBM & UP
(1IPB-004) mental data portion of
the Master Data Tape
FILE-SETUP B5500 COBOL Rearrangement of experi- up
(NOT FORMALLY mental data for rapid
DOCUMENTED) processing
LISTING B5500 COBOL Production of complete and UP
(IPB-005) readable listing of paint
and constituents information
INTEGI B5500 COBOL Generation of performance AP4
(also referred distribution from the
to as CURRENT output of the FILE/SETUP
AWARENESS) routine
(IPB-006)
SYSTEM B5500 COBOL Generation of listing of up
(IPB-012) paint names table and paint
systems table from Master
Data File
FORMULA B5500 COBOL Generation of listing of Up
(1IPB-013) paint formulation from in-

formation stored on Master
Data File

Attch. 12
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4,0 Future Plans

During the next reporting period, it is planned to:

1. Finish sending the formal letters of request under Tasks A and B.

2, Visit Rohm & Haas and Union Carbide Corporation to get information
on their programs.

3. Develop a work plan for coordination of efforts with SSPC.

4. Procure and characterize data sources.

5. Start work on Tasks C and D.



5.0 Work Performed versus Scheduled‘Work1

Months After Start of Contract

'Task Description (Phase I) 1 2 3 4 3 6 7 8 9 10 11 12
A. Review of Previous Computerized Evaluations LI
1. Identify current & previous efforts {]Z/// //,, b
2. Plan té obtain methodology information - ’w7//?7////l .
3. Execute Plan T 7171 i —
B. Classify & Characterize Sources of Coatings Performance Data IR NNy sra s ///j7 yrsasi
1. Identify major non-highway sources I _ . »
2. Plan to characterize the data /i/’////[i-;<m; ///// [
3. Select highway related sources of data £ }////”/777/ 1111
C. Evaluation of Merits of Centralized Data Bamk LT TV TTTT
1. Significant variables affecting coating performance sy
2. Data available versus significant variables N
3. Factors in establishing data bank LA
4. Product Uniformity Viadal
5. Types of Coating Data Banks Possible LEHH RN







6.0 Current and Cumulative Costs

Y _Current Costs Cumulative Costs
Task Description (Phase I) Planned Actual Planned Actual
A. Review Previous/Current Computerized
Evaluation $13,746
1. Identify current/previous efforts ' 5,165 6,372
2. Plan to obtain methodology information 2,138 2,803
3. Execute plan 0 648 6,443 1,826
B. Classify & Characterize Sources of
Coatings Performance Data $24,120
1. Identify major non-highway sources 0 3,577 9,202 6,657
2. Prepare detailed plan to characterize
the data 2,759 1,592
3. Select highway related sources of data O 394 12,159 2,708
C. Evaluation of Merits of Centralized
Data Bank $19,956
1. Identify and discuss significant
variables 2,149
2. Relationship of data to significant
variables 2,150
3. Factors in establishing data bank : 5,979 492
4. Discuss product uniformity 4,299
5. Describe type of coating data banks
that could be established _ 5,379
D. TFormat and Procedure for Data Bank $13,632
1. Prepare specific recommendations 4,544 654
2. Discuss incomplete data problems, etc. 4,544
3. Prepare specific Phase II plan 4,544
Reports, plans : $ 3,406
7.0 Level of Effort ’
Level of Effort-Phase I (man-hours)
Personnel Current Cumulative
Charles J. Ray 64 306
Frank A. Rideout 50 187
Neil B. Hilsen 4 42
Joseph F. Celko 15 64

8.0 ADP Services

None
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of 30 case histories and preferably 100 case histories are needed to make valid
comparisons. However, the level of significance was not cited.

Copies of the questionnaire used in the course of the program are included
here as Figure 1 and Figure 2. The "Ship/Paints Coatings Performance-Service
Histories Questionnaire" was put together because of the recognized need to
have standarized data.

The analogy between ships and bridges is obvious so that the work done in
the National Shipbuilding Program can be very beneficial to the FHWA project.

A correspondence of data is:

Type of ship 4—— Type of bridge

Age of ship &—% Age of bridge

Age of paint system —————— Age of paint system (years since last painting)

Trade route ¢—+# Bridge environment

Area of ship4&—» Areas or major structural members of a bridge

% are rusted ¢ 7% area rusted

% fouling #—» pilings, footings immersed in water?

# failure #~—# covers things like blistering, peeling, fading, etc.

No information hias been obtained on the program used by NACE Technical
Committee T-6H-15 subsequent to the request made during Corrosion/80. Discussions
with Hercules Tarlas, T-6H-15 Chairman, have indicated that there is no time
avallable to respond to the request since the Committee's effort is on the writ-
ing of a report presenting the 10 year exposure history data from the project.
Since there is some confusion on exactly what was requested at Corrosion/80, a
letter redefining the request was sent to Hercules Tarlas, Ken Tator, and Ken

Buf fington.

1.2 Data Characterization

The collection of data or at least information sufficient to characterize
the data has been slow at best.

The extraction of data from published reports has continued. For the
overall objectives of the program however, this data will not be sufficient. The

most beneficial data will come from maintenance records on bridges.



For the non-highway related data sources, the following contacts were made
during the report period:

1. John Williams, Koppers - travel schedule has hampered the
delivery of case history and test panel data.

2. Tom Ginsberg, UCC - a letter was sent defining what was
wanted in terms of performance data.

3. Michael Masciale, Mobil Chemical Company - phone contact
and letter; Mr. Masciale referred us to Bill Richter for
information.

4, M. Lichtenstadter, Hercules - referred us to Rufus Wint
who had already sent us performance data. Briefly, the
exposure data supplied was: (a) 58 months marine
exposure on inorganic zinc~rich topcoated with chlorinated
rubber paints, (b) 4000 hours of salt spray testing on
zinc-rich primers plus chlorinated rubber topcoats, (c) case
history of 7 years duration of inorganic zinc-rich primer
with chlorinated rubber and epoxy type paint topcoats on a
tank and alkyd primer plus chlorinated rubber topcoat on
pipes in a synthetic rubber plant in southeastern Mississ-
ippi, (d) 22 coatings (12 prototype + 10 commercial) eval-
uated on KTA panels and channel iron in marine, tidal, and
industrial environment for 3-4 year period (rating system
not specified), (e) ® ccating systems evaluated in environ-
ments of atmospheric/salt spray, tidal zome, and over
cathodically protected steel with 0-10 rating system (not
specifically identified with any standard rating system) for
at least a 30 month period, and (f) brief, verbal descrip-
tions of performance of chlorinated rubber paints on the
interior surfaces of water tanks. 1In addition, the meeting
notes from SSPC Advisory Committee on Chlorinated Rubber
Paints (Nov. 27, 1979) indicate that C.M. Winchester also
of Hercules presented color photographs describing the
results of 7 years exposure testing at the Hercules Research
Center. The data from this study is also wanted. Mr. Wint
has offered to help further, if possible, so he will be
contacted for information on the SSPC study and for some
detail information on the reports already sent.

5. Florida Power & Light - The initial contact person was Dr.
Ed Pilton. However, we have not be successful in reaching
him after several attempts. Review of the SSPC Advisory
Committee on New Surface Preparation Methods (Nov. 29, 1979)
has identified Mr. Richard Ackerman of Florida Power & Light
as another contact person.

6. Gary Satterfield, American Hot Dip Galvanizer Association -
Mr. Satterfield has not been successfully contacted since a
protracted illness has reduced his work schedule.




10.

11.

For

Randy Sharp, Tnemec -~ Mr. Sharp followed-up on initial response
of Tnemec to solicitation for performance data. He will try to
get case history data from company headquarters on coatings used
on bridges.

Armco Steel Corp., Mr. Herbert Lawson -~ Armco Steel was selected
as a data source based on listing in NBS Special Publication
396-3 "Critical Survey of Data Sources: Corrosion of Metals".
However, it was learned that they do little work on structural
steel, mostly sheet steel and coil stock. The request for per-
formance data of coatings on structural steel has been forwarded
to their Western Steel Division. Mr. Heney, who is in charge

of organic coatings research, indicated that they had little
data from their own facilities maintenance program since they
rely on paint manufacturers and general experience with coatings.

Dr. Dodd Carr, and Albert R. Cook, ILZRO - Dr. Carr indicated
that ILZRO work with paints and zinc has been directed at the
level of zinc in primers and the topcoating of zinc-rich and
galvanized steel. This work, however, is all done at SSPC. Mr.
Cook suggested that a letter describing the information sought
be sent and that, perhaps, a visit to their office would be the
most beneficial in finding what useful information they have.

He also suggested that Ernest Horvich of the Zinc Institute be
contacted. This has been done.

The Paint Research Association -~ Their response referred us to
two UK Governmeut depariments for the information requested.
These are the Bridges Engineering Standards Division, Department
of Transport and the Transport and Road Research Laboratory.

The PRA estimated that it would be too costly to them and to us,
consequently, to supply detailed information.

ASTM ~ ASTM headquarters was called for information on Committee
A-5 (suggested during briefing at FHWA). Mr. Jim De Martini
indicated that A-5 was involved in coated sheet steel, organic
and metallic types,and that it has several atmospheric test sites.
Much of their data has been published in the Proceedings. There
is also a Gl Committee interested in the corrosion of metals
with Gl1.04 specifically involved with atmospheric corrosion. He
suggested contacting Seymour Coburn, U.S. Steel, or Darryl
Tonini, American Hot Dip Galvanizers Association for specific
information on Gl1.04 activities. Mr. De Martini also was to
check with the paint committee people for other leads.

the highway related sources, the following activities occured:

Ohio DOT, Martin Borke, Jr. - Due to man-power restrictions it
would be impossible to retrieve information from maintenance
files. Data available would be ten years old at the best since
storage size restrictions require discarding older files., Paint
inspection about once per year but the information recorded is
generalized comments. Zinc-rich systems in use now for 5-6 years.



For zinc-rich primers, field application and surface preparation
were the biggest problems. These difficulties are compounded
since conflicting recommendations are obtained from suppliers.
Mr. Borke suggested that California DOT be contacted as a source
most likely to have useful data.

2. Massachusetts Department of Public Works, Richard McGinn, Struc-
ture Maintenance Engineer and Leo Stevens, Research & Materials -
Massachusetts is participating in efforts to improve the Bridge
Corrosion Cost model. More data is to be used, garnered from
existing records, and additional independent variables are to be
incorporated such as a location cost or distance (distance to
the work site), a greater selection of bridge types, and special
rigging costs (essentially a rating on the degree of difficulty).
The type of input data includes surface preparation, type of
paint and thickness, type of structure, and performance rating
based on percent area rusted on a scale of (-9.

3. WNorth Carolina Department of Transportation, Bill Medford -
NCDOT has run an experimental evaluation of coatings on a
coastal bridge in which an exterior and interior girder were
coated and the system performance monitored. The report on
this work is in progress; more information is to be sent. The
protective systems now used are zinc-rich primers for marine
environment and Cor-Ten steel on inland bridges. Mr. Medford
suggested that Jimmy D. Lee, Head, Bridge Maintenance Unit be
contacted.

2,0 Estimated Cost to Complete Work

Budget (Phase I) $74,861
Cumulative Cost Prior to Report Period  $27,492
Estimated Cost for Report Period 4,370
$31,862

Estimated Cost to Complete Work ($31,862)

' $42,999

3.0 Identification of Problems

As indicated above, the receipt of data or information sufficient to charac-
terize the data has been slow. Hence, a no cost extension of three months was
requested during the report period.

4,0 Future Plans

During the next report period, it is planned to:

1. Continue follow-up on people who volunteered data during
Corrosion/80.

2, Complete and/or follow-up on sources of data: Florida Power &

R A | e e A ' £ AP« reep et i oran 1o i e e« e = e oam



Light, Georgia Power, NCEL, West Virginia DOT, Califormia DOT,
Michigan DOT (Gary Tinklenberg), AHDGA (Gary Satterfield),
North Carolina DOT (Jimmy Lee), Massachusetts Dept. of Public
Works (Richard McGinn and Leo Stevens).

Contact Ben Fultz regarding the program for case history data
of paint performance on ships (cost, size, effort, plans, etc.)}.

Continue characterization of data from the literature.

Work on AOP aspects and optiomns of Task C and D.




s

mAvin reLivimed versus Scheduled Work™

Months After Start of Contract

Tagk Description (Phase I) 1 2 3 4 5 6 7 8 9 10 1 12

A. Review of Previous Computerized Evaluations AT Ty i iiini

1. Identify current & previous efforts 7{!/7/ /7

2. Plan t; obtain methodology information Eﬁ: - ///V///(A

3. Execute Plan IS O N 7727 /7211 N N
B. Classify & Characterize Sources of Coatings Performance Data IR InnnInTnnTm,

1. Identify major non-highvay sources MM%QW(#f: ]

2. Plan to characterize the dats }___‘ T :31 T

3. Select highway related sources of data LTI
C. Evaluation of Merits of Centrslized Data Bank i ST T 11117

1. Significant variables affecting coating performance YR ‘

2. Data available versus significant varisbles A

3. Factors in establishing data bank L “

4. Product Uniformity : LTV

5. Types of Coating Data Banks Possible | ﬂ/ﬂ/[rﬂllﬂd ~ ;1
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:\.“gﬂi Figure 1. Marine Coatings Supplies

Questionnaire

June 20, 1977

Dear Sir:

The National Shipbuilding Research Program, chartered by
the Merchant Marine Act of 1970, has a major objective,
the reduction of shiphuilding cost, thus reducing the
percentage subsidy required for American Yards to be
competitive with the foreign shipbuilding industry. This
objective can be accomplished by greater productivity
created by new and improved technology.

The Ship Production Committee of the Society of Maval Ar-
chitects and Marine Engineers was selected as the evalua-
tion and selection organization for proposed Maritime
Research and Cevelopment Projects to accomplish the
objectives of the 1970 Act. In accordance with this
functional responsibility, the Ship Production Committee
of SNAME recommended that the following two (2) projects
for study during 1977 and early 1978: .

A. Practical Shipbuilding Standards for Surface
Preparation and Coatings

B. Marine Coatings Performance for Different Ship
Areas,

Offshore Power Systems was selected to perform these
two (2) studies.

The first step toward accomplishment of the objectives
of these R&D projects is to poll the various facets of
the Marine Industry. Your company, as a recognized
leader in the Marine Coatings field, was selected to
participate on a voluntary basis. Two (2) question-
naires are attached for this purpose. Please have
someone in your organization fill out these question-
naires and return them to the undersigned at your
earliest convenience.

B-1
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Coatings Suppliers
June 20, 1977
Page 2

The first questionnaire attempts to determine
coatings suppliers interpretation of coatings
criteria and generic recommendations for

different geographical locations of application

and ship area coated, and to determine formula-

tion constraints imposed by raw material properties,
availability and cost. The second questionnaire
requests information on service histories.

Completed questionnaires will be compiled and
incorporated into a computer evaluation program.
A copy of this evaluation will be sent to each
participant. Furnished data will be used on a
cumulative basis with specific information used
only as agreed upon.

The success, failure or usefulness of these pro-
jects is dependent upon the amount of participation

by each respondent. This is a MarAd Project for
the Marine Industry, OUR Industry. Please help.

Respectfully yours,

.Benjamin S. Fultz
Project Manager
Paints and Coatings
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MARIHE COATINGS SUPPLIERS - QUESTICNNAIRE

CONSOLIDATED LIST

IAME and ADDRESS of participating activity:

A. Ameron E. Exxon I. Mobil M. Sigma
B, Briner F. Imperial J. M& 7T N. Tnemec _
C. Carboline ¢. International K. Napko

D. Devoe H. Keeler and Long | L. Porter

hat factors should be considered in selecting an optimum paint/cocatings system?
ist as many as you like in order of priority.

See Attached List

T

at, if any,formulation contraints are imposed by raw material properties?

See Attached List

1t formulation contraints are imposed by raw material availability and/or cost?

Availablity of solvents meeting air pollution requirements.

. Toxicological restrictions

- long delivery timey
Unavailability of some antifouling toxins sucn as arsenic and mercury

Cost is a major factor depending on market, 7 solids in formula and raw material

price rises.

Temporary ingredient scarcity; e.g., recent zn dust shortage.
. Availability of resins to formulate 100% solid materials and wqueous coatings

with corrosion resistance comparable to best solvent type, :
<+ B3



your option, what is the optimum number of coats of paint which should be used
a given paint system ?

Three

t the environmental factors which should be considered when applying a paint
tem. Also include a method or standard for measuring a particular factor or
dition.

See Attached List

. method or standard should be used to measure substrate cleaniness prior to
iting/coating? visual by owners representative, Japanese SPSS - SSPC Surface '
paration Standards, NACE Visual Standards, SNAME Standards, Swedish Pictorial
ndards; white hankerchief.

1d a materials qualification testing program be instituted to qualify coating
ems for the following ships areas? If so, what standard should be used?

ndemater Bottom 7 - yes; 2—- No; 5 - No comment

reeboard . 4 ~ yes; 4 - No; b — No comment .
anks, Ballast 6 — ves; 3 — No; 5 — No comment

anks, Potable Water 4 — yes: 3 — No: 7 — No comment :
2an5, Clean Cargo 5 — yves: 3 — No: 6 ~ No_comment ]
anks, Crude 6 ~ves: 3 - No: 5 - No comment

argo Holds/Spaces _2 —- vyesy 5 - No; 7 -~ No comment .
ngine/Machinery Spaces 2 - yes; 5 - No; 7 - No comment

iving Spaces 1 - ves: 6 — No; 5 — No comment "

Id paint inspectors be qualified/certified to a standard? If yes, what standard/
yd? 14 - yes; 0 - no; 0 - No comment — No standard presently available. Some
ors provide service; ASTM, NACE presently working on standards.

ast profile an important factor in paint/coating system performance? If yes,
is the optimum, how can it be measured and to what standard? "g

- Varies with vendor. Depends on dry film thickness; "optimum is 1/3 of DFT";

standard presently exists. Keane-Tator Profile comparator; Clemco comparator; ;

> Microscopic method; Profilometer; pull off thickness gauge; select abrasive .
ticle size,

hould dry film measurement be accomplished? SSPC-PA+2-Magnetic pull-off gauge; Ca k
ifacturer" method not taking into account profile, 'Tooke" gauge.

hwoutd film thickness measuring devices be calibrated and to what standard?
. using NBS Standards; ASTM E-376-69

uld volume solids be measured and verified? What standard should be used?

ganic zinc - volatile measurement or wet/dry film (GSA Method) Organic Coatings - {

i D-2697 4
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SHIPS PAINTS/COATINGS PERFORMANCE-SERVICE HISTORIES QUESTIONNAIRE

- cONTROLNUMBER [ L 1 [ ||

'] OPTIONAL INFORMATION:

OWNER SHIPS NAME BUILODER

B TYPE OF SHIP (Please circle most appropriate type)

TANKER / DRY CARGO / FISHING /0BO / CONTAINER /FERRY [1.5] ¢
RO-RO [1 6] / REEFER /

] TRADE ROUTE (Please circle most appropriate route)

SOUTH PACIFIC / WEST INDIES / NORTH ATLANTIC / SOUTH ATLANTIC /
NORTH PACIFIC / CARIBBEAN / MEDITERRANEAN /

IT SYSTEMS UTILIZED (See table below for Code Numbers)

AREA Surface PRIMER COAT #2 COAT %3 COAT =4 COAT =5 COAT =6
Prep. TYPE {MILS] TYPE | MILS| TYPE [MILS TYPE—[MILS TYPE [MILS]| TYPE |MILS
f
| UNDERWATER BOTTOM 1 ] 2 J J 3 l l 4 ! J 5 [ l 6 l l 7 l J
BOOTTOP 1 l 2 l l 3 l l 4 i i 5 J l 6 l l 7 |
FREEBOARD 1 J 2 [ L 3 L J 4 J l S I l 3] ! 1 7 1| j
i
EXTERIOR DECKS 1 2 3 4 5 6 7 !
l 1] L] ! [ 11 L1 Loyt il
EXTERIOR SUPER~ ' .
1 2 3 4 s 6 7
RN AN AR N AR AR |
CARGO HOLDS & SPACES i L 2 I I 3 l l 4 ' 1 5 l l 3] [ [ ? | L
PRODUCT TANKS 1 2 3 4 5 6 7
| I O 0 O N I Y | 11 P ]
BALLAST TANKS 1 2 3 4 5 3] 7
] NSNS RN
MACHINERY SPACES 1 2 3 4 5 6 7
SR L1 L1 L 1] 1] 11
FACE PREPARATION CODE NUMBERS:
\SPC-SP-1 12. SSPC-SP-5
'SPC-SP-3 13. SSPC—-SP-6 14. SSPC-S5P-10
T TYPES
kyd 31. Bitumenous 49. Polystyrene
kyd, Silicone 32. Chlorinated Rubber 6§0. Polyurethane
kyd. Modified Acrylic ‘ 33. Emulsion Latex 51. Polyvinyl Chloride Copolymer
kyd, Vinyl 34. Epanol, Phenoxy 52. Powder
wtifouting, F:oal Tar Epoxy, 35. Epoxy, Adduct 53. Vgrmsh
ganometalic 38. Epoxy, Coal Tar 54. anyl
wifouling, Chlorinated Rubber, 37. Epoxy, Ester 55. Vinyl Alkyd
wpper 38. Epoxy, Ketamine 56. Wash Primer
1tfouling, Chiorinated Rubber, 39. Epoxy, One Component 57. Water gorne, EDOXYI
ganometalic 40. Epoxy, Phenolic 58. Water Borne, Ename
wtifouling, Epoxy, Copper 41. Epoxy, Polyamide B59. Zinc, Galvanized
1tifouling, Epoxy, Organometalic 42. Epoxy, Polyamine 60. Zinc, Inorganic, Past Cure
wifouling, Hot Plasuc, Copper 43. Epoxy, Polyester 61. Zinc, tnorganic, Self Cure Solvent Based
1iifouling, Rubber Sheet. Organo. 44. Epoxy, Other 62. Zinc, Inorganic, Self Cure ‘Water Based
9. L Lrg poxy, . g
nahe 45. Lacquer 63. Zinc.Inorganic,with concuctive Extenders
tifouling, Vinyl, Copper 46. Metal Spray, Aluminum 64. Zinc, Inorganic, Other
tifouling, Vinyl Organometalic 47. Metal Spray, Zinc 65. Zinc, Organic
tifauling, Other 48. Polyester 66. Others {Over)

FORM 621

haaitad oo




'ERFORMANCE EVALUATION

NOERWATER BOTTOM:
511ta) % Fouling

312(b) % Corrosion
113]lc} % Coatings Failure

E(d) General Appearance
@(e) Type Fouling
OTYOP:
'1ita) % Fouling
21{b) % Corrosion
3jle) % Coatings Failure
g(d) General Appearance
:](e) Type Fouling

EBOARD:
](a) % Corrosion
{b) % Coating Failure

{c} General Appearance

RIOR DECKS:
a) % Corrosion
b) % Coatings Failure

1} General Appearance

I CUTERSTRUCTURE
) % Corrosion
) % Coatings Failure

General Appearance

HOLDS & SPACES
% Corrosion
% Coatings Failure

General Appearance

T TANKS
% Corrosion
u Coatings Failure

ieneral Appearance

TANKS
Corrosion
Coatings Failure

wneral Appearance
Y SPACES
Carrosion

toaungs Failure

weral Appearance

Please Mark Appropriate Box(s)

0% 1% 5% 10% 15% 2% 50%  75%  90% 100%
0 1 2 3 4 3 6 7 8 9
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
[ I Unsat. :ﬁ] [ ] Poor [2] [ i Fair JB] { | Good 14] | [Excellent[S]
L ] Grass |1} ] snen 21| | stime [3]| | Comb. 4}
0 1 2 3 4 5 6 7 8 Tg
0 1 2 3 4 5 6 ¥ 8 | is
0 1 2 3 4 5 3 7 8 i9
I Tunsat. 1] | Poor [2]| 1 Fair [3]| | Good l4]| [Excellent|s]

. [ L Grass l‘l] [ l Shell I2J [ l Slime r3l L l Comb. j4]
0 2 3 4 5 6 7 8 fo
0 1 2 3 4 5 6 7 8 19
[ L Unsat. [1] [ ] Poor J?J [—[ Fair [3] [ I Good It_tJ [ jExcellemIS]
0 1 2 3 4 5 6 7 8 9l
0 1 2 3 4 5 6 7 8 9|
{ | Unsat. lﬂ[ [ Poor ]2“ | Fair (3] [__ ! Good 4] [_IExceHent[S]
¢] 1 2 3 4 5 5 7 8 9|
0 1 2 3 4 5 6 7 8l | _19
[ 1 Unsat. ]1] [ [ Poor IZI [_ J Fair JS] [ J Good jg] ! lExcelleﬁE
0 1 2 3 4 5 5 7 8 9
Y 1 2 3 < |4 5 6 7 8 9
Ll Unsat. [tf| | Poor [2f{ [ Fair [3[| | Good [4][ [Excellent]s]
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 5 7 8 g
| 1 Unsat. Iﬂ [ ] Poor 12] [ ] Fair [3]1 | Good LAJ[ jExceHen(lS]
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
[ Junsae. 1} T Poor [2][ T Far 3] | Good l4][ [Excettent|s}
0 1 2 3 4 5 6 7 | 8 9
0 1 2 3 4 5 6 7 8 9
[ l Unsat, Jl] [ l Poor i?] [ I Fair ]3] l | Good ]4] [ JExcelIenIISJ































6.0 Current and Cumulative Costs

Task Description (Phase I)

Current Costs

Cumulative Costs

Planned Actual

Planned Actual

A. Review Previous/Current Computerized
Evaluation

1. Identify current/previous efforts

2. Plan to obtain methodology information

3. Execute

B. Classify &

plan

Characterize Sources of

Coatings Performance Data
1. Identify major non-highway sources 0
2. Prepare detailed plan to characterize

the data

o

3. Select highway related sources of data 0

C. Evaluation

of Merits of Centralized

Data Bank
1. Identify and discuss significant

variables 0
2., Relationship of data to significant
variables
3. Factors in establishing data bank 0
4. Discuss product uniformity
5. Describe type of coating data banks
that could be established 0
D. TFormat and Procedure for Data Bank
1. Prepare specific recommendations 0
2. Discuss incomplete data problems, etc. 2272
3. Prepare specific Phase II plan 1515

Reports, plans

7.0 Level of Effort

Personnel

Charles J.

Ray

Frank A. Rideout
Neil B. Hilsen
Joseph F. Celko

8.0 ADP Services

None.

486

944

715
649

486

486

o OO

$1

5,165

4,120

$2

1

9,956

$1

$1

4,544

$

3,746

2,138
6,443

9,202

2,759
2,159

2,149
2,150
5,979
4,299
5,379
3,632

4,544
4,544

3,406

6372
2803
3985

10,114

2307

4668

431

2119

1627

1709
417
217

Level of Effort-Phase I (man-hours)

Current

84
10
12
32

552
232

72
144

Cumulative

T3
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course for bridge inspections. Georgia DOT will try to identify those sections
of the course dealing with the paint and provide it to us.

James Marshall, Research Project Coordinator, Division of Planning &
Research, Arkansas State Highway and Transportation Department, was contacted
about service history data. Although there is interest, it is felt that the
State cannot get directly involved with providing input data due to full com-
mitment of available man-power already. However, information will be sent
about evaluation of paints through test fence exposure, guidelines used in
bridge inspection, and sample inspection records. Again, it was felt that
the inspection records would only contain information about the need to
paint or not.

Parker Helms, UCC, has also sent us copies of drum test data. Mr. Helms
estimates 3-6 months to computerize all the drum test data collected since
1954. All of it may not be needed so some judgement will be needed in selection.

Data potentially available from Ken Tator, KTA Associates Inc., has also
been examined. Ken Tator would like the data used bu£ needs to know what
actually will be done with it if released. The data recorded includes product
name, generic type, test panel type, surface preparation, film thickness,
application method, classification of exposure, and sets of exposure time-

performance rating pairs for rusting, blistering, peeling, etc.

Data Bank Considerations

A meeting was held with Ray Tooke in which the incorporation of field
data was the main subject (subsequent reflections of Ray Tooke are attached).
Although the importance of providing corrosion protection to critical struct-
ural members or units is recognized, the evaluation of paints from an appearance

standpoint will, most likely, always be a part of an inspection and the con-

(4)



2.0

3.0

clusions or recommendations stemming therefiom.

The case of performance data from field structures had been included in the
Paint Evaluation Program. The evaluation procedures follows closely the ones
used in evaluating a coating system on KTA panels, i.e., performance on
topographic features is rated. These features include plane (flat) surfaces,
rounded edges, sharp edges, crevices, welds, and pockets. The things rated
are rusting, peeling, cracking, blistering, etc. This type of evaluating
of paints on bridges has been considered in the overall design of the data

bank.

Estimated Cost to Complete Work

Budget (Phase 1) $74,861
Cumulative Cost Prior to Report $40,236
Period (estimated)
Estimated Cost for Report Period 4,418

44,654 (44,654)
Estimated Cost to Complete work $30,207

Identification of Problems

At the end of the report period, no notification about the requested

three month, no cost extension had been received.

Future Plans

1. Write draft final report.

2. Write specific Phase II plan.

(5)









6.0 Current and Cumulative Costs

Current Costs Cumulative Costs
Task Description (Phase I) Planned Actual Planned Actual
A. Review Previous/Current Computerized
Evaluation $13,746
1. Identify current/previous efforts 5,165 6372
2. Plan to obtain methodology information 2,138 2803
3. Execute plan 0 394 6,443 5085
B. Classify & Characterize Sources of
Coatings Performance Data $24,120
1. Identify major non-highway sources 0 992 9,202 12,481
2. Prepare detailed plan to characterize
the data 2,759 2307
3. Select highway related sources of data 0 742 12,159 5727
C. Evaluation of Merits of Centralized
Data Bank . $19,956
1. Identify and discuss significant
variables 2,149 748
2, Relationship of data to significant
variables ’ 2,150
3. Factors in establishing data bank 0 589 5,979 4095
4. Discuss product uniformity 0 394 4,299
5. Describe type of coating data banks
that could be established 0 590 5,379 25334
D. Format and Procedure for Data Bank $13,632
1. Prepare specific recommendations 0 717 4,544 3243
2. Discuss incomplete data problems, etc. 4,544
3. Prepare specific Phase II plan 4,544
Reports, plans $ 3,406

7.0 Level of Effort

Level of Effort-Phase I (man-hours)

Personnel Current Cumulative
Charles J. Ray 60 672
Frank A. Rideout 42 336
Neil B. Hilsen 4 50
Joseph F. Celko 24 200

8.0 ADP Services

W
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and”Process Performance Data for Highway Bridge Coatings (Phase 1).

Evaluate

‘MONTHS AFTFR START OF CONTRACT

TASK DESCRIPTION. (PHASE 1) 73 1A 1516 7 8 TO[ATJIZ J13 14 J15
A. Review of previous computerized evaluations %
1. Identify current & previous efforts
2. Plan to obtain methodology information
3. Execute plan ; Wi744d “
B. glas%éfy & characterize sourcas of coatings performance data 7
. entify major non-highway sources .
2. Plan to characterize the data; execute plan i
3. ‘Select highway related ' : _
C. Evaluation of merits of centralized data bank !
1. Significant variables affecting coating performance
2. Data available versus significant variables - {
3. Factors in establishing a data bank l f - — wrt. —
4. Product uniformity —] — -
5. Types of coating data banka possible f ! — | —
D. Format and procedure for data banks possible | ; 7 =
1. Specific recommendations :
2. Incomplete data, etc. : 5
3. Specific phase II plans ; ? Lza
1Py TRRRRR NN EEY
2. Task A-2, B-7, D-3 plan
3. Draft Final
4. Final

%72 scheduled; Bl actusl
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Input to the system will be handled by a library of subroutines
whenever a new set of data is added to the data base. The data dictionary
will be used in conjunction with the input routines for on-line processing.

To build a sub~file (i.e., a set of records of particular interest),
the user will submit a request to the system using simple logical and
relational operations. The classic logical operations are AND, OR and NOT.
The classic relational operations are <, >, and =. By making combinations
of these primitives, it is possible to request any sub-file.

A variable in the tree structure will have to be referenced by the
path from the top of the tree to it. If the variable has a unique name,
the path can be found by the selector program, but if it is not unique,
the user must provide enough details to identify the variable desired.
Path names are traditionally shown by a dot between the owner node name
and subordinate node name. Using the example record given in the last
section, "FAMILY.CHILDREN.SONS.FIRST" is the path that uniquely identifies
"Melvin Jones'".

The selector program will have three phases to it. The first phase
will take the text of the user's request and parse it just as a compiler
would. All of the variables in the request must be in the data base and
the syntax of the request must be correct. The request will then be con-
verted into a reverse Polish internal code in this phase of the selector
program. The selection request will have two parts to it. The first
part will be a list of the desired variables in the subfile and the sec~
ond part will be the selection criteria. It can be viewed as having the
format " SELECT <.ist of Variables> WHERE <Criteria> ".

The second phase will examine the reverse Polish code to see if it

(3)
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can be re-ordered or optimized. A very common error in logical expres-
sions is that the user has asked for everything of nothing without real-
izing it. For example, consider the request " NOT(A = 1) OR NOT(A = 2)";
the user probably meant to say "AND", but he has included all values of A
for consideration. The user can also include redundant reqﬁests in his
inquiry without realizing it. For example, consider the request
(A >= 1) AND (A = 2)"; the user probably forgot that he has included all
values of A from one up, so fhat the value two is also included.

The final phase of the selector program is that part which reads in
a record at a time from the data base and decides if it matches the request

or not. This section has to inspect every record in the data base and

.f/ 1,

therefore it will run slowly.

The system will require in some instances a statistical package
which will provide the user with his final report. SPSS is the recommended
statistical package because it is both cheap and the most widely knowm
package on the market. It has the widest range of statistical routines
of any of the statistical packages, including a good set of nonparameteric
routines.

Utility programs would include those programs with which the data
base is kept in broper form. Utility programs would check to see that
all parentheses balanced in all records, close up unneeded blanks, check
for minimum identification fields in records, and make back-up copies of
the data base.

2.0 Estimated Cost to Complete Work

Budget (Phase I) $74,861
Cumulative Cost Prior to Report Period (50,235)
Estimated Cost for Report Period ( 6,722)
Estimated Cost to Complete Work $18,004

(4)
























1.0 Research Results, Conclusions, Trends, and Progress

1.1 Task A - Specifications for Computer Programming

Phase II was initiated May 1, 1981

Adrienne Harrington has replaced Jc Celko as the research team
merber who will have the task of writing the specifications for the data
bank on performance data. She has reviewed the work plan for Phase II,
reviewed the draft final report and proposed data bank organization {data
record structure, data items, functions, SAS systems package) during the
month., In addition, rough flow charts have been drafted for the data input
routine. This cannot be finalized until the data dictionary is completed.

A meeting was held on May 13 at FHWA in Washington. The work plan
was discussed in detail. From this, it was decided that a breakdown of
the schedule for Task A - Specifications was needed as well as a separation
of the man-power planned for Task D — Revision and final report writing.

A revised schedule and man-power/task distribution chart are attached.

The order in which specifications are needed by FHWA/DSD is the data
dictionary, input, proofreading, correction, updating, output, and processing.

1.2 Task B - Collect Performance Data

The data collections to be used in the demonstration of the data
bank were discussed at the reeting also. The data to be used are:

1. PACE data on waterborne systems (SSPC)

2. Performance data on waterborne and solvent-borne coatings eval-

uated in NCHRP 4-14 "Coatings for Painting Old and New Structural
Steel" (Georgia Tech).
3. Drum test data (Union Carbide Corp., Texas City, Texas)

4. West Virginia DOH~1 - data from studies on paint performance
in relationship to air quality.

5. Michigan DOT "Protective Coatings for Highway Metals" - data
from bridge painting trials.

1









LalALASUE, BVALUATE, AND PROCESS PERFORMANCE DATA FOR HIGHWAY BRIDGE COATINGS
Phase II - Demonstrate Capabilities of Data Bank
Contract No. DOT-FH-11-9698

Months After Contract

5
TASK DESCRIPTION } | 3L % j 6‘ 7| 8] E: 1(} 111 112
A. Specifications . R
1. Data Dictionary [©~77"°,
2. Input
3. Proofreading : l
4. Correction . .
5. Updating
6. Output
7. Processing
B. Data Collection P )
C. Demonstration ¢ )
D. Revisions & Report PI—— —)
2o Draft Final
>
Planned
“actual”










be provided on disk and documentation will be sent that will help transcribe
the information from SSPC format to the one developed for this project.

2.0 Estimated cost to Complete Work

Budget (Phase IT) $63,929

Expenditures & encumbrances
prior to report period 6,574

Expenditures & encumbrances
for report period (estimated) 6,338

Estimated Free Balance £51,017

Per Cent Expended 20

3.0 Identification of Problems

None »

4.0 Future Plans

4.1 Task A -~ Specifications for Computer Programs
4.1.1 Complete data dictionary.
4.1.2 Complete input and proofreading routine specifications.
4.1.3 Start record correction routine specification.
4,2 Task B -~ Data Collection
4,2.1 Get data from PACE
4,2.2 Prepare data sheets with NCHRP 4-14 data.
4.2.3 Follow up request to Union Carbide Corporation for portions
of their drum test data.

5.0 Program Schedule

See attached schedule.
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4.1.2. Make minor revisions to the Data Dictionary as needed.
4.2 Task B - Data Collection

4.2.1. Visit Union Carbide Corporation plant in Texas City to -
select drum test records.

4.2.2., Performance data from West Virginia reports and NCHRP
4-14 transcribed onto coding sheets following the record
layout; transfer to cards and/or tape.

4.2.3. Follow up on offer from SSPC to provide a protion of PACE
data.

5.0 Program Schedule

See attached schedule.

6.0 Current and Cumilative Costs

Task _
A - Specifications $7306 8148 $29,223 20,571 70 75
B - Data Collections 2821 295 11,285 784 7 75
C- Demonstration 0 6,572 0 - -
D - Revisions 0 . 6,846 0 - -
Final Report 0 ' 10,003 0 - =
Total 10,127 ' $63,929 21,355 33 30

* Note: Adjustment ot expenditures shown in section 2.0 yields $20,012
expended or 31% funds expended.

7.0 Lewel of Effort

Man-Hours Expended

Person Current Cumulative =~
Charles Ray 86 162
Adrienne Harringotn 164 ’ 467
Neil Hilsen (estimate) 26 52



8.0 ADP Services

Georgia Tech Office of Computing Services:

Systems Resources
Card Punching
Interactive
OQutline Storage
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Months After Contract

1 2 3 4 5 6 7 8 9 10 11 12
TASK DESCRIPTION L1 [ 1 1 1 | | | | 1 |
A. Specifications . X
1. Data Dictionary [~ 2 ;——--—-
2. Input —
3. Proofreading . )
4. Correction —_—
5. Updating ‘ ,
6. Output . y
7. Processing ‘ ,
B. Data Collection ‘ >
& - .
C. Demonstration —
D. Revisions & Report _ .._D_..E:___; =T
ra ina
Planned
===

Actual










Note:

Ac;zlics

1. Straight acrylic
2. Acrylic copolymers

Straight acrylic = all acrylic or methacrylic acid
esters.

Acrylic copolymers = copolymers from acrylic and
non-acrylic type monomers.












Metallic

Zinc, sprayed.
aluminum, sprayed.
zinc~-aluminum alloy, spray.

zinc; hot dip galvanized.



Phenolics

1. phenclic.

2. modified phenolic.

Phenolic = condensation product of phenol and an aldehyde,
usually formaldehyde

Modi fied phenclic = phenolic resin modified with rosin
or other natural resins



Qils

1. raw linseed oil
2. bodied linseed oil
3. raw linseed oil + alkvd

4. bodied linseed oil + alkyd

Note: For oil plus alkyd blend, the oil is the major component.



Rubbers

1. Styrene-butadiene

2. Chlorinated rubber.



Silicates

1. alkali metal silicate, post cure.
2. alkali metal silicate, self cure.

3. alkyl silicate.






Urethanes

aramatic isocyanate, moisture cure
aliphatic isocyanate, moisture cure
aramatic isocyanate, polyester polyol cure
aliphatic isocyatate, polyester polyol cure
aromatic isocyanate, acrylic molyol cure
aliphatic isocyanate, acrylic polyol cure
arcmatic isocyanate, polyether polyol cure

aliphatic isocyanate, polyether polyol cure



Vinyl

vinyl chloride-vinyl acetate
vinyl butyral

vinyl acetate

vinylidene chloride

vinyl chloride-vinyl acetate, hydroxy
functional

vinyl chloride-vinyl acetate, acid
functional






























4.0 Future Plans

4.1 Task A - Specifications for Computer Programs
4.1.1 Work on specifications to interface with SAS routines for
correction, updating, output, and processing of records.

4,2 Task B - Data Collection

4.2.1 Submit SSPC data in machine readable format

4.2.2 Get data from West Virginia exposure tests into machine
readable format

4.2.3 Get UCC drum test data into machine readable format.

5.0 Program Schedule

See attached schedule.

6.0 Current and Cumilative Costs

Current Cost Cumilative Cost Completion (%)

Task Schedule Actual Task To Date Cost Time

A. Specifications $§7306  $4068 $29,223 $24,639 84 100

B. Data Collection 2821 2672 11,285 3,456 31 100
C. Demonstration 0 0 6,572 0
D. Revisions 0 0 6,846 0

Final Report 0 0 10,003 0 _ L

Totals $10,127 $6740 $63,929 $28,095*  44%* 40

Note: Adjustment to expenditures shown in section 2.0 ylelds $26,538 or
42% funds expended.

7.0 Level of Effort

Man~Hours Expended

Person Current Cumulative
Charles Ray 16 178
Adrienne Harrington 16l €28
Neil Hilsen 17 60

8.0 ADP Services

Current Curmul ative
Programming $2,762 39,898
Systems Analysis 636 2,110
Computer Time 4
Data Preparation 431 431
Documentation 1,360 4,875
Total $5,189 $17,318
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1.0 Research Results, Conclusions, Trends, and Progress

1.1 Task A - Specifications for Computer Programming

The specifications for the non-interactive mode data input routine,
HELP routines (on-line data dictionary for variables and groups of variables),
and label statements for a formatted record output were supplied to the
FHWA by the end of this report period (September 30, 1981).

1.2 Task B - Data Collection

The test fence exposure data from the alternative pigments section
of the PACE project has been supplied to FHWA. This set of records will
comprise the bulk of the paint performance records available for use
during the demonstration period.

Two other sets of paint performance records were delivered to FHWA
on September 30, 198l. One set was fifty records chosen from the approx-
imately 600 test panels placed on exposure by the West Virginia Department
of Highways. The data in this set was extracted from published reports
"Evaluation of Structural Steel Coatings In Relation to Industrial Atmos-
pheric Conditions" (Research Project 23) and "Paint Performance In Relation
to Air Quality" (Research Project 49).

The other set of paint performance data was taken from records of
the Union Carbide Corporation for its drum test series CUPE 73S. Thirty
paint systems were evaluated in the test which ran for twenty-three months.
A companion set of test results using salt spray as the test environment
have not yet been obtained. Both sets are wanted to provide a case to
try correlation type analyses.

1.3 Demonstration of the Data Bank

An initial demonstration of the data bank was held on September 30,

1881 at FHWA facilities in Washington, D. C. Various options to repeat









e vt AL CUR OLGOWAY BRIDGE COATINGS
Phase II - Demonstrate Capabilities of Data Bank
Contract No. DOT-FH-11-9698

Months After Contract

1 2 3 4 5 6 7 8 9 10 11 12
TASK DESCRIPTION 11 | 1 L 1 | | | I n
A. Specifications . .
1. Data Dictionary (¢ 771 -~~~ ~-~-~--"~
2. Input —
3. Proofreading p N
4, Correction —_—
5. Updating ) ,
6. Output ‘ N
7. Processing A ;
B. Data Collection >
.‘, - - am e tm e wmr e e wm ws
C. Demonstration —
---
D. Revisions & Report ————y —)
pe Draft Final
Planned
===

Actual






1.0 Research Results, Conclusions, Trends, and Progress

1.1 Task A - Specifications for Computer Programming

Specifications for routines to interface with the SAS data processing
and analysis routines are in progress. Some will be written to handle typical
requests expected to be made by users.

Modifications to the record structure in terms of variables to be
deleted, added, and modified have been instituted. The data to be recorded
for monitoring the performance of a protective coating system on a bridge
has been changed. Three measures of a "time to failure" are used: (1) time
to touch up repair without a refresher top coat, (2) time to touch up repair
with a refresher topcoat, and (3) time to a complete repaint. Entries are
simply the time in months if the state of the paint warrants one of these
failure classifications. In addition, the per cent area showing rust on
various features of the bridae Q@n be recorded: overall area, plane, ver-
tical areas, plane,horizontal areas, weld areas, edoe areas, and crevice
type areas. Decay of the paint fi]m itself is also monitored throuch data
on the per cent of the paint area affected by peeling or flaking, cracking,
checking, blistering, fading, chalking, and color change.

The format for recording the performance data for both panel and bridge
records has been changed. For each inspection, all the performance ratings
are recorded on one line, not on several lines as oriqinally designed.

1.2 Task B - Data Collection

Salt fog and synthetic sea water immersion exposure results have been
obtained from Union Carbide Corporation through the help and efforts of
Parker Helms. The paint systems covered in this set of data correspond
to the systems evaluated in UCC's drum test program.

Salt fog exposure results from SSPC's PACE branch study on alternative

primer pigments have been incorporated into the data bank. These records















1.0 Research Results, Conclusions, Trends, and Progress

1.1 Task A - Specifications for Computer Programming

Specifications and sample SAS programs have been prepared to hapdle what
is felt to be typical user requests. These routines are designed to:

1. Compare performance of two pai;ts on test panels with the paints iden-
tified generically and the degree of surface cleanliness specified.

2. Identify coating systems potentially useful on a bridge given the
bridge type, environment, and minimum desired design life.

3. Compare the performance of two generic types of coatings on the basis
of exposure data from bridge cases.

4, Graphically and numerically present data to probe the effect of envi-
ronment on the performance (service life) of generically different coating systems.

5. Graphically and numerically present data of the degree of rusting
overall on a bridge against exposure time.

Specifications for outputting the data in a record in an outline format
were also prepared.

1.2 Task B - Data Collection

The performance data (time between painting) used in the BCC model has
been prepared for entry into the record format for the paint performance data
bank. The actual transcription has not been done.

1.3 Task C - Demonstration

No specific activities were carried out during this report period.

1.4 Task D - Revisions and Report

Revisions to the record structure have been made although not all the
data currently in the master file has been charged to the new format.
The draft of the final report has been started but not completed. Delivery

of a rough draft copy is expected in mid December.



2.0 Estimated Cost to Complete Work

Budget (Phase I11) 564,524
Expenditures & Encumbrances

prior to Report Period 46,059
Expenditures & Encumbrances

for Report Period _ 9,237
Estimated Free Balance 9,228
Per Cent Funds Expended 86

3.0 Problem

The report draft will not be ready on time. A copy of the rough
draft will be sent for review. The report is being entered also in a word
processor which will be used to make revisions, corrections, and prepare the
report in two column format.

4.0 Future Plans

4.1 Finish draft final report and submit.
4.2 Establish date for demonstration.

5.0 Program Schedule

See attached schedule.

6.0 Current and Cumulative Costs

Current Cost Cumulative Cost Completion (%)
Tasks Schedule Actual Tasks To Date Cost Time
A. Specifications 0 2793 29,223 33,996 116 175
B. Data collection 0 0 11,285 11,665 103 -
C. Demonstration 0 0 6,572 4,187 64 -
D. Revisions 3,912 1902 6,846 1,902 28
Report 4,003 4542 10,007 4,542 45
$7,915 $9,237 $63,929 $56,272 88

Note: Adjustment to the amounts shown is section 2.0 yield 867 funds expended.

7.0 Level of Effort

Man-Hours Expended

Current Cumulative
Charles Ray 102 412
Adrienne Harrington 135 1107
Neil Hilsen 15 100
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1.0 Research Results, Conclusions, Trends, and Progress

Activities this report period were limited to typing the report into
a word processor and some editing.

2.0 Estimated Cost to Complete Work

Budget (Phase II) $64,524
Expenditures & Encumbrances
Prior to Report Period 61,268
Expenditures & Encumbrances
for Report Period 1,026
Estimated free Balance $ 2,230
Per Cent Expended 97

3.0 Problems
The software to format the report into two-column style is not working
correctly. The vendor has been notified and corrections are in progress.

4.0 Future Plans

1. Make report revisions and submit final version.
2. Check routines written to debug and get example output.

5.0 Program Schedule

See attached schedule.

6.0 Current and Cumulative Costs

Current Cost Cumulative Cost Completion (%)
Task Schedule Actual Task To Date Cost Time
A. Specifications 0 0 $29,223 $35,026 120 -
B. Data Collections 0 0 11,285 11,665 103 -
C. Demonstration 0 6,572 4,187 64 -
D. Revisions _0 1,026 6,846 3,753 55 -
Report 0 1,026 63,929 63,289%* 98*

Note: Adjustment to figures in section 2.0 gives $62,294 expended or 97%.



7.0 Level of Effort

Man-Hours Expended
Current Cumulative

Charles Ray 0 Lk
Adrienne Harrington 0 1171
Neil Hilsen 15 130

8.0 ADP Services

Current Cumulative

Programming $0 $16,449
Systems Analysis 0 4,675
Computer Charges 12 1,139
Data Preparation 0 3,243
Documentation 9 __ 8,862

$12 $34,403
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1.0 Research Results, Conclusions, Trends, and Progress

The process routines were debugged and sample runs of each
made. User's and operation manuals were prepared in draft form.
Corrections and editing of the report were also done.

2.0 Estimated Cost to Complete Work

Budget (Phase IT) $64,524
Expenditures & Encumbrances
Prior to Report Period 62,293
Expenditures & Encumbrances
for Repeort Period 1,676
Estimated Free Balance $ 555
Per Cent Expended 99

3.0 Problems

The Report and manuals are behind schedule. Submission of
the report is targeted at mid March. Draft copies of the manuals
may also be available then.

4.0 Future Plans

1. Finish report.
2. Submit manuals.

5.0 Program Schedule

See attached schedule.

6.0 Current and Cumulative Costs

Current Cost Cumulative Cost Completion (%)

Task _— Schedule Actual  Task To Date  Cost Time
A. Specifications 0 0 29,223 35,026 120
B. Data Collection 0 0 11,285 11,665 103
C. Demonstration 0 0 6,572 4,187 64
D. Revisions 2,280 1,079 6,846 4,832 71
Report 3,336 597 10,007 9,255 92

§5,616 $1,676 $63,933 $64,965 102
* Note: adjustment to figures in section 2.0 gives 63,969

expended or 997%

7.0 Level of Effort
Man-Hours Expended

Current Cumulative
Charles Ray 0 16,449
Adrienne Harrington 40 1,211
Neil Hilsen 0 130
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Surmary.

The project "Catalogue, Evaluate, and
Process Performance Data for Highway Bridge
Coatings" had the cbjective to determine the
feasibility, merits, and workability of a com-
puterized storage and retrieval system of per-
formance data of corrosion protection systems
on highway structural steel. The scope of work
included a review of computerized systems in
the coatings field, identification and review
of existing performance data, and assistance
to the Federal Highway Administration in devel-
oping a data bank structure, formats and pro-
grams.

The project is one element of the Federal
Highway Administration's Federally Coordinated
Project 4J "Coating Systems for Controlling
Corrosion of Highway Structural Steel." The
cbjective of Project 47 is the identification
of methods and materials that will concurrently
improve corrosion control of highway structural
steel and comply with environmental, health,
and safety requirements.

The coatings industry has been active in
developing and promoting new and improved
paint systens‘ for protecting structural steel
exposed to the atmosphere. This has been done
in response to and in anticipation of govern-
mental regulations as well as the normal com-
petitive pressures and need for improved per-
formance. The highway community must, however,
evaluate and compare the performance attributes
of these coatings among themselves and in rela-
tion to established coatings. This is a dif-
ficult task.

The evaluation of new and improved coatings
is a continuwous process throughout the coatings
industry, the highway community, research insti~
tutes, and private industry in general. The
evaluations encompass laboratory tests, expo-
sure at test fence sites, small scale field
trials, and actual service use. The data gen~
erated in these evaluations represents an enor-
mous information base from which to draw in
making comparisons and/or selecting the "best™
corrosion control strateqgy.

This project, then, is intended to dev-
elop the framework of an automated system to
store the performance data, serving as an
information source on paint performance in
protecting bridge structural steel from corro-

sion.

Review of Camputerized Storage and Retrieval

Systems.
Several computerized storage and retrieval

systems were identified during the course of
the work. Only two systems were designed to
handle case history data solely. These are
International Dataplan, a proprietary system
of International Paint, and Paints and Coatings
Performance System (PCP) which was dewveloped
under the National Shipbuilding Research Pro-
gram and modelled after Intermational Dataplan.
The Georgia DOT/Georgia Tech system, Paint
Evaluation Program (PEP), is capable of record-
ing data from field structures but it concen-~
trates on documenting data fram laboratory

and test fence exposure of panels. The remain—
ing systems were developed to handle perfor-
mance data from coated test panels.

The information recorded in the computer-.
ized systems can be grouped into categories
of identification of the paint system, the
substrate, testing environment, and the per-
formance data. The degree of detail in the
data for each category varies, of course, from
systen to system, For example, the programs
of Rohm and Haas, Union Carbide Corporation,
and Rust-Oleum include the formulation for a
coating either directly or through reference
to a specific product code and batch nunber.
For the vehicle portion of the paint, the mon-
omer composition for a polymer product can
also be recorded. In contrast to this, the
PCP system uses a generic classification as
the identifier of the coating system.

The paint system category can include
specification of the film thickness for the
total coating and/or the thickness of each
layer, characteristic physical properties or






of different test environments. Homogeneity
of data, i.e., the use of the same performance
rating standards or ones that can be uniquely
transformed to a comon standard, was consid-
ered because of its direct bearing on the abil-
ity to collate data from several sources and
draw meaningful conclusions therefrom.

The most important performance property
in this study is retarxrdation of the corrosion
of steel. Here, the surface area rusted scale
of ASTM D 610 is predominant in the laboratory
(salt fog) and test fence data of the sources
examined. Cther attributes comnected with
resistance to corrosive environments are blis-—
ter resistance and undercutting of the protec-
tive coating from a scribe line. Again, the
ASTM methods are frequently used. For labor-
atory and test fence studies of performance
then, the frequency of homogeneity in the
rating systems is expected to be high. The
quality of the data overall from such sources
is good, reflectingf_he cantrol over material
and test parameters in dealing with small sam-
ples.

The data obtained from service performance
or even experimental or trial painting of
bridges is not homogeneous.
ically, to the lack of a standard method of
evaluating the coating on a bridge. The ASTM
D-610 scale based an the per cent area rusted

loses meaning on a bridge since bridges do not

This is due, bas-

rust uniformly and their surface area is dif-
ficult to estimate. Ewvaluations are highly
narrative and subjective althouch tempered by
various levels of experience and training.
Each state has its own system and evaluation
criteria which support a decision to repaint
a bridge or not. This generates a single per-
formance rating value per inspection. Hence,
ratings correspond to descriptions like "good,"
"fair," "poor," and "critical."

Based on a combination of selecting the
better performance data available and a desire
to show the versatility of the data bank struc-
ture to accept data of variable format and

vii

levels of description, the following data
sources have been selected for demonstration
of the operation of the data bank.

1. PACE (Phase I) - Steel Structures
Painting Council (SSPC)

2. Drum Test Data (partial) - Union
Carbide Corporation, Texas City.

3. Data used in the Bridge Corrosion Cost
model, FHWA - RD-79-121,

4. Data extracted from "Protectiwve Coat-
ings for Highway Metals" Michigan DJT,
Research Report R-916.

5. "Paint Performance in Relation to Air

Quality,” Research Project 49, and
"Evaluation of Structural Steel Coat-
ings in Relation to Industrial Atmos-
pheric Condition," Research Project
23, West Virginia DOH.

Data Bank Structure
A major requirement imposed on the data

bank for coatings performance was the ability
to accept data from various sources in various
forms. The intent was to provide at a minimum
the data; analysis capability was secondary.

A fixed format record was not selected
since the level of description for the signif-
icant independent variables affecting perfor-
mance is variable as well as the level of
description and duration of performance. In-
stead, a format free data record was chosen
so that the data "as is" could be accepted,
especially case history records.

In the format free record, the number of
characters or digits used to supply the value'®
of a data element is not restricted. The se-
quence of data elements that make up the data
record is fixed and specified, however.

For the paint performance data bank, the
records will be centered on the performance
of a coating system or a particular substrate
in a particular exposure environment. TIor
laboratory based work, the record will docu-
ment the initial state of the coated panel
and test results. This includes panels exposed!

on test fences. For coating systems on struc-















TABIF. 1. LIST OF COMPUTERIZED DATA STORAGE/RETRIEVAL SYSTEMS

Organization

Type Performance Data or End Product

Gerogia Department of Transportation/
Georgia Institute of Technology

U. S. Navy, Naval Ship R & D Center

Union Carbide Corporation

Rust-Oleum Corporation

Maritime Administration/Avondale
Shipyards, Inc./Offshore Power Systems

NACE Technical Committee T-6H-15

International Paint Company

PPG Industries

Glidden

Rohm and Haas Company

Structural steel coatings including compo-
sition, laboratory test data and field expo-
sure data.

Anti-fouling paint evaluation data for
commercial and developmental products.

Trade sales paint development data; composition
information and data from test fence exposure.

Test fence data on products; expanding to
include laboratory data from accelerated
weathering, salt spray, etc.

In-service performance ratings for paints
used on ships (case histories).

Performance ratings on various paints exposed
at several sites for study entitled "Effects
of Surface Preparation on Service Life of Pro-
tective Coatings"; statistical analysis on date
collected.

In-service performance ratings for company's
paints used on ships (case histories).

Performance ratings from test fence exposures
on industrial coatings.

Performance ratings on products under exterior
exposure.

Trade sales paints emphasized; performance
ratings from exterior exposure of test panels;
camposition data also.

























panel on which up to six years of exposure data
can be recorded. Seventy-two colums of the
standard 80 column card are set aside for the
performance ratings, with the remaining columns
used to identify the side of the panel rated,
fouling type, and the panel identification
nurber. Hence, there are five cards per panel.
Once entered, the record for each panel (param-
eters and exposure results) are stored on

magnetic tape.

The program is written to enable new
fouling data to be added to an existing panel
record and to add new panels to the system.
New cards and/or update cards sinmply follow
an appropriate control card for the desired
task.

The basic output from PANELS is a set
of four graphs (line printer generated)
showing a time profile of the per cent area
failing: one graph for each side of a panel
for each type of fouling failure. The infor-
mation stored on the parameter card (iden—
tification card) is also printed in decoded
representation to serve as a legend for the

graphs.

Records of interest can also be selec-
tively retrieved from the data bank based on
items listed on the parameter card of a panel.
Up to five parameters can be specified as
a search profile of interest. Hence, one
could retrieve all panel records for a given
antifouling paint or toxic agent or both.

In operation, the search parameters are listed
on a control card. The output retrieved can
be displayed and any of the following summary
descriptions of the set of panels selected:

(1) a plot of the percentage of panels main-
(2) an
average fouling performance, and (3) a sum-

taining a certain rating versus time,

mary table giving (per panel) the exposure
time, last fouling rating recorded, and the
exposure time at which fouling was first noted.

11

2.1.3 Storage/Retrieval Program for Exterior
Exposure of Coatings - lnion Carbide

Corporation.
The Union Carbide Corporation (Chemicals

and Plastics, Research and Development Depart-
ment, South Charleston, West virginia) has

developed a program to store and retrieve per-
formance data for trade sales type paints on
exterior exposure. The program can be describec
in terms of three major data categories: paint
formulation data, initial test fence data, and
exposure test fence data. These files can

be updated and searched. Currently, the system
operates in batch mode with the data stored on
magnetic tape.

FORTRAN in subroutines.

The lanquage is PL/l with same

The paint formulation data describes the
material under investigation and follows the
usual practice of separating a formula into

The
The data
is transcribed from laboratory notebooks onto
a standard form in which entries are made in

pigment dispersion and let down steps.
items recorded are given in Table 6.

boxes corresponding to a 80 column data card.
Up to nine cards are used to describe the paint
from which four cards are used for the pigment
dispersion formula (up to twenty-four ingre-
dients), three cards are used to document the
let down formula (up to 18 ingredients), one
card records physical properties and remarks,
and one card is used to give a general or con-
densed description of the paint. A copy of the
paint formulation form appears in Figure 1 (11).
The data entered on the sheet is subsequently
keypunched onto cards.
used to identify or specify ingredients (inter-

Numerical codes are

nal system).

The data recorded when a coated test panel
is placed on exposure is a series number, panel
nmumber, test start date, substrate identifica-
tion code, prime coat code, paint code for two
subsecquent coats (if applicable), coverage or
spread rate in square feet per gallon, type
test code, test site code, elevation code for



TABLE 6.

FORMULATION ITIMS RECORDED IN UCC STORACE/RETRIEVAL PROCRAM I'OR TRADE SALES PAINT

Paint Formulation

Data Card Number Colum Number

Paint Code Number 1 1-5
Notebook Number 1 7-16
Formulation Number 1 18~23
Paint Type 1 24-25
Commercial Paint Identification 1 27-46
Latex Code Number 1 48-51
Nurber of Pigment Dispersion Ingredients 1 53-54
Nurber of Let Down Ingredients 1 56-57
PVC (%) 1 59-61
level of Alkyd Modification (%) 1 63-65
Total Solids (%, weight) 1 67-69
Total Solids (%, volume) 1 71-73
Pigment Dispersion Ingredients 12 per ingredient:

(material and amount) 2-5 4 for material, 5 for
Let Down Ingredients (Material and amount) 6-8 weight, and 3 for vol.
Stormer Viscosity 9 1-4
pH 5-7
Brushameter Viscosity 8-12
Brookfield Viscosity 9 13-18
Remarks 9 21-79

12 -























































































and chromate pigments in alkyd and linseed oil
type vehicles by pigments such as zinc phos-
phate, barium metaborate, zinc molybdate, cal-
cium borosilicate, calcium phosphosilicate,
zinc sulfo-oxide, and calcium/zinc molybdate.
Forty test formulations were evaluated along
with sixteen specification paints. The test
formulations were selected as the best avail-
able at the onset of the program for a partic-—
ular pigment.
is incomplete for the test formulations; sev-

Identification of the materials

eral coatings do not specify even generically
the alternate pigment used or product source.*
However, where formilation details are given,
they include a camposition breakdown of the
pigment blend and wehicle blend.

Surface preparation was included as a
factor in the experimental design. The steel
Levels
of surface preparation included blast removal
of mill scale with shot to SSPC-SP10 and wire
brush cleaning (SSPC-SP2) of intact mill scale
and mixtures of mill scale and rust obtained

panels were hot rolled A 36 steel.

by weathering uncoated panels (10, 20, and
100 per cent rust).

The test environments used in evaluating
the alternate pigments were salt fog (ASTM B
117) and exterior exposure at three sites:
Marine-Kure Beach (800 foot lot), severe
industrial-downwind from a coke plant, and

industrial.

The performance measures used to evaluate
the coatings were corrosion resistance graded
by ASTM D 610, film undercutting from a scribe,
and blister resistance. The size and density
of blisters from ASTM D 714 are converted
to an eleven point scale (0-10; 10 = no
blisters) based on the per cent area blistered.

* Products and formulations were included that
were still developmental, so certain disclo-
sure restrictions were placed upon SSPC.

Other degradation attributes such as chalking
were noted as warranted. Data for sixteen month
exposures at the field sites was reported. For
the salt fog exposure, the data were reported
as the hours required to reach grade 9, 8, and

7 for both rust and blisters.

Red lead replacement pigments were also
evaluated in a vinyl paint (MIL~P-15929). These
pigments were barrier types aluminum flake and
micaceous iron oxide and inhibitive types cal-
cium borosilicate, zinc molybdate, zinc phos—
phate, zinc phospho-oxide, and tribasic lead
phosphosilicate.
eleven test formulations specify which pigment

However, only two of the

was used. The surface preparation scheme
included blast cleaned steel (up to three levels)
as well as hand cleaned steel which had intact
mill scale or rust and mill scale as its surface
conditioﬁ prior to preparation. Test environ-
ments were salt fog, salt water immersion, fresh
water immersion, and atmospheric exposure at a
coke works (severe industrial). The performance
attributes again were surface rust, blisters,
The salt fog data were
reported for 11,506 hours (undercutting for only

and scribe undercutting.

3,535 hours); salt water and fresh water immer-
sion data covered 5,700 hours; the field exposure
history covered two years.

The waterborne coatings portion of PACE
investigated twenty-six coatings along with
seven control or reference coatings. The water-
borne coatings included samplings from acrylic
emulsions (latex), acrylic/styrene copolymer
emilsion (latex), water soluble alkyds in addi-
tion to a waterborme epoxy, a waterborne acrylic/
The control
coatings were alkyds and linseed oil based
formulas using zinc chromate, red lead, or basic
lead silico chromate. Several, but not all, of

epoxy, and a coating using cement.

the coating systems are identified by their
resin component (product name and generic type)
and manufacturer's formulation mumber.






The tie coat was either MIL-P-15328B wash primer
Additionally,
the recamended proprietary tie coat/topcoat

or a thin coating of the topcoat.

combination was used for each zinc coating.
Film thickness values were not reported.

Most coating systems were evaluated over
steel that had been blast cleaned to white
metal defined by SSPC-SP5. However, topcoating
of weathered primer was included in the study
for a limited number of systems: two zinc
coatings plus the five SSPC paints. Other sur~
face preparations were also investigated as a
In this case, the
additional procedures were dry sandblasting
to a commercial surface (SSPC~SP6), dry sand-
blast to white metal, and wet sandblast to
white metal with and without inhibitor. No
topcoats were used in evaluating the effect

segment of the main test.

of surface preparation on performance; only
six zinc coatings were used.

The exposure enviyronments for the zinc
coating topcoat study included most of those
used in PACE: the severe industrial atmos-
phere near a coke works, the industrial site
(Neville Island, Pennsylvania), and salt fog.
The 80 foot lot for marine exposure at Kure
Beach was also used.

by weight loss for bare steel and zinc for

Corrosion rates measured

the exposure environments are reported.

The properties monitored on these systems
are rust development, blisters, and scribe
undercutting in addition to phenomena like
peeling and delamination. Since the zinc
coatings galvanically protect the steel,
appearance of rust in the scribe is alsc
noted.

surface area rusted, ASTM D 714 for surface

The rating systems are ASTM D 610 for

area blistered, and average distance of under-
Exposure periods
reported are three years for field sites and
6000 hours for salt fog. In addition to these
data, data from electrochemical testsS are also

given. The data are potential-time and current

cutting from the scribe.
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density-time for panels immersed in aqueous NaCl.

Performance data from several other SSPC
projects are also desirable for a data bank.
For example, the exposure studies designed to
identify a threshold film thickness value for
long term protection of steel cover now a twenty
year period. A report of the ten year results
has been made (37).
were involved in this study (six primers, one
intermediate, and eight topcoats) which included
5ix surface preparations in the design and expo—
sure at three different field sites.

Eight unigue coating systems

The rust
grading was decne using ASTM D 610.

The study "SQurface Profile for Anti-Corro-
sion Paints" has extensive data (38). The em-
phasis is on the effects of surface preparation
variables. such as degree of surface cleaning
The study
does include evaluation of film thickness

effects, coating material effects, and different

and abrasive media type and size.

- field exposures coupled with salt spray testing.

It supplements other SSPC projects.

The data from coatings exposed on sections
of the Golden Gate Bridge and test panels there—
on are also of interest (39). Some of the
coatings in the zinc rich paint topcoat study
are also on exposure at the Golden Gate Bridge
(35).
94 coating systems, two surface preparatians

The Golden Gate Bridge program involves

(near white metal and intact paint), and sub-
SSPC data from coating
tests on bridges are also potentially useful
(40} .

strates with rivets.

3.1.3 Government Agencies
Several government agencies were initially
identified as sources for coatings performance
data. These were the U. S. Army Construction
Engineering Research Laboratory (CERL), U.S.
Navy Civil Engineering Laboratory (NCEL) , Bureau
of Reclamation, and NASA.

trated on reviewing reports from these agencies

Efforts were concen-




although key individuals were also contacted.
The data from NASA on zinc rich coatings is

discussed here.

Several reports describe the work done
at NASA Kernedy Space Center in developing
and confirming specifications for zinc rich
paints (41,42,43). BAll the coatings evaluated
were camercially available. Fifty-nine zinc
rich coatings were used in the study along
Only three zinc

rich primers were used in evaluation of the

with forty-seven topcoats.

topcoats. All materials were identified by
product name as well as by a generic descrip-
tion. For the zinc rich primers, four generic
types were used to group the materials: (1)
inorganic zinc rich, solvent reducible, (2)
inorganic zinc rich, water reducible, (3)
organic zinc rich, single package, and (4)

The topcoats
included epoxies, coal tar epoxies, vinyls,

organic zinc rich, multi-package.

acrylic latexes, chlorinated rubber, and ure-
Film thickness was included as a factor
in the experimental design at two levels for
One level was

the manufacturer's recommended film thickness

thanes.

testing of the primers alone.

while the second level was four to six mils
(102-152 microns).

The field exposure tests used KTA panels,
The surface preparation was sandblast cleaning
to near white metal (SSPC-SP10).

were used to test for film build characteristics,

Flat panels

adhesion (balance-beam scrape method), and
abrasion (Taber).

The testing program included "field expo-
sure (racks oriented 30° £rom horizontal
approximately 100 feet from mean high tide line;
panels face the ocean) in which a small number
of the panels were sheltered from rain and
direct sunlight and a set of laboratory tests:
abrasion resistance (Taber, Federal Test Method
Standard l4la, Method 6192), adhesion (ASTM D
2197) and high temperature resistance. Corro-
sion rates of uncoated steel at the site are

available (44).

The field exposure panels were periocdically
evaluated for rust development graded by ASTM D
610.
separate ratings were given for the several
Blis~

The KTA panels were rated as a unit; no

features characteristic of these panels.
ters were described by ASTM D 714.
systems, general appearance attributes such as

chalking and fading were included. The reports
give performance data for one and a half, three,

For topcoated

and five years of exposure.

3.1.4 Coatings Manufacturers, Raw Material
Suppliers, Users

For the most part, data from coatings man-
ufacturers and raw material suppliers are based
on performance of test panels in laboratory

tests and test fence racks. Case histories,

Valthough done, tend to be sporadic and dispersed,

not easily assemblied. The use of salt fog
testing by AST™M methods for operation and eval-
uation is coamon but not universal. Other accel-
erated tests include exposure to high humidity
conditions and simulated weathering.

A large data pool developed by Union Carbide
Corporation as a maintenance coating user is
discussed here.

and performance evaluations of commercial prod-

The data represent screening

ucts over a twenty-five year period for the

protection of a chemical plant in Texas City,
Texas.* A summary of the testing procedure is
given here; background information is available

elsewhere (45).

The test procedure used to evaluate pro-
tective paints is called the drum test; it
supplements other evaluation procedures used by
Union Carbide Corporation that use test panels
and laboratory tests. These latter tests, which

* Information about the data and test procedures
was supplied by F. Parker Helms, Central Engin-
eering, Union Carbide Corporation, Texas City,
Texas.









in terms of general behavior.

Ten waterborne primer and topcoat combin-
ations formed the set of complete waterborne
systems.
are specified but only the resin of the topcoat

The resin and pigments of the primer

is given. The tests used were salt fog, 100
per cent relative humidity, and exposure at
the Golden Gate Bridge site. Performance in
salt spray is given for 1000 hours of exposure
while exterior exposure gradings are given for
one year for a couple of systems and three

months for the others.

3.2.3 Georgia Department of Transportation
Data from laboratory tests and test fence
exposures for Georgia DOT are described by
Tooke and Hurst (2). The data represent eval-
uation of over 100 coating systems made from
forty-five primers and twenty-eight topcoats.
Al]l the materials are identified by at least
the major whicle and pigment.
ered include thickness (total), surface prepa-
ration (hand cleaned steel through blast cieaned

Variables cov-

to white metal), application method, and envi-
ronment. Salt spray testing and accelerated
weathering are part of the testing regime.
Tests of coatings on actual structures such as
sections of a bridge and a water tank are

included.

3.2.4 Coatings on Bridges

The performance of coatings on bridges,
of course, is also a data source. The data
are contained in case history reports, inspec-
tion reports, and similar docurents. In gen-
eral, they are not guantitative or as quanti-
tative as performance assessments found in lab-—
oratory or field tests of painted steel panels.
This simply reflects the complex nature of a
bridge in terms of its many varied gecmetric
features and its size which combine to create
more than one "environment” that imposes degra-
dation stresses on the corrosion protection
system and the underlying steel.

The characterization of scme data for paints
on actual bridges was done based on conversations
with state DOT personnel and review of inspection
reports from Maine DOT (50} and Arkansas Highway
and Transportation Department (51). Published
reports on bridge paintings were also used (52,
53). A summary is given in TABLE 15.

The inspection reports do contain infor-

mation that identifies the paints, surface prep-
aration, and film thickness.
aration listed usually is that which was speci-

The surface prep—

fied; indications of areas where the surface
oreparation was different may be made in failure
Film thickness values are reported
as single values for each layer or the total

reports.

system as an average for the whole structure.
However, due to the size and complexity of the
bridge structure, one value for the film thick-
ness is not a good representation. Other
descriptors of film thickness are used such as
the mumber of coats of paint and the specified
thickness or thicknesses.

The major di fference between the case his-
tories and laboratory based panel tests lies in
It is much
more difficult to quantify the extent of degra-
dation and failure of the coating system on a

the performance data descriptions.

bridge than on a small steel panel. The inspec-
tion report identifies the type of failures
observed such as rust breakthrough, peeling,

or fading, their location, and an estimate of
the extent of each. Measures of the extent of
darage include per cent area affected as well

as narrative qualifiers such as minor, extensive,
or spotty. In some cases, an analysis of the
cause(s) or likely cause(s) of the failure is
also given. For example, a measurement of film
thickness in an area showing rust might show

a thinner film than specified or peeling of
paint might reveal an underlying old paint layer
when the job specification called for a white

or near-white metal blast.

An overall assessment of the state of the



paint on a bridge forms a part of the inspection
record. Here, the assessment is a statement
such as "good," "fair," or "poor." It reflects
an integration of the items observed during

the inspection weighted by the experience and
training of the inspector and the guidelines
used by his particular state. This assessment
is basically a decision on the need to repaint

the structure or not.

3.3 Factors Affecting Performance

The factors affecting the performance or
durability of a protective coating system are
well known. They are the coating system itself,
its thickness (individual layers and total),
surface preparation, surface condition, expo-
sure environment, and application. These
factors have been recently reviewed in light
of their effects on the cost of maintaining

bridges (54).

The data sources reviewed above, for the
most part, provide scme level of description
or factor value for each of the major factors.

Hence, information is available.
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difference cbserved, if any, was due to sampling
error (variability) or not. This test can be
used when the records can be classified into
two groups.

PEARSON CORR - This subprogram is used
to measure the strength of the association
between two variables. The measure of this
association is the Pearson product-moment cor-
It measures how well a linear rela-
It could
be used, for example, to study the correlation
between service life and film thickness.

NONPAR CORR — This routine can calculate
two different correlation coefficients based
on the rank or ordering of the variables. The
program takes the data as inputted to it,

relation.

tionship describes the correlation.

orders it, computes the coefficient(s) (Spear-
man's rho and Kendall's tau), and tests the
statistical significance of the result(s).
Applications of this type of testing include
studying the correlation between a laboratory
test of performance and field results.
SCATTERGR2M -~ This subprogram enables one
to visually assess the correlation of two var-
iables. This complements the PEARSON CORR.
It does a simple linear regression or least
squares analysis on the paired data. Hence,
one can determine how well a straight line
describes the relationship between the vari-
ables and what the slope and intercept of the
best straight line through the data are.
REGRESSION - This routine is used to
describe or examine the relationship between
a dependent variable (e.g., service life or
time between painting) and two or more inde-
pendent variables (e.g., coating system, film
thickness, surface preparation, and environ-
ment). Multivariable regression analysis
assumes some functional form between the depen-
dent and independent variables and calculates
the independent variable coefficients and an
overall correlation coefficient from the data
supplied. So, the method not only describes
the relationship, it also provides one with

information on how well it describes it. The

regression analysis assumes that the effects

of independent variables are additive and
linear. An example of this regression tech-
nique applied to highway bridge coatings is
presented by Frandistou-Yannas (1). The dep—
endent variable was the nurber of years between
painting; the independent variables were bridge
type (either truss or girder), type of paint
system (three choices), application (shop
versus field), and environment (industrial,
desert, rural, or marine). The linear regres-
sion equation derived from 641 data points

was found to be

y = 12,99 - 1.02x

- 2.45x, - 0.76x4 - 2.08x

2 3 5

- 2.16x6 + 0.62x7 + 2.16x8

where y is the predicted years between paint-
ing, X, represents the type of bridge, %y and
e dencte which of the three paint systems

are considered, x

(1)

5 is the application variable,

and the combination of Xer X, and x,
describe the environment.

8serveto

1. Frondistou-Yannas, S.. "Coating and Corro-
sion Costs of [ighway Structural Steel,”
Final Report, No. FHYA-RD-79-121, March,
1981, pp. 37-38.
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