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Premature Rigid Pavement Deterioration Pooled Study

lowa » Kansas - Lovisiana - Minnesata - Nebraska « Wiseonsin - The American Concrete Paving Association - Poriand Cement Association
Depastmesnt of Matenals Science and Engineering - Daparment of Tivil Enginsenng - Northwwerstern University - Evanston, linois

Subject: Protocol for Site Selection
Date: May 20, 1996

¢ Pavements constructed during or after 1983 are appropriate for this study.

e It is important that deterioration is related primarily to materials and construction
issues. This means that deterioration is a possible result of materials selection,
composition, quality control, paving conditions, construction practices, or any variables
that relate to the selection, processing, and treatment of the concrete as a material.

e If deterioration is directly attributable to issues of poor structural design (i.e.
unreasonable stresses) these pavements should not be included in the study.

» Any given site should have a common cement and aggregate mix (mix design) and a
common contractor for the entire site. For example, if a project uses two different
cements at different times, that project sheuld be split into two separate sites, each with
one cement.

» Deteriorated Sites do not need to be “far’ed” sites. For example, a site with noticeable
cracking could stili give a good “ride” whil - exhibiting deterioration applicable to this
study. '

» Non-deteriorated sites should have similer age and project types as corresponding
deteriorated pavements. However, they should be chosen to represent a distribution of
vanabies inciuding geography, cements used, and aggregate used.

+ In general, all sites chosen should be frem projects where sufficient data about
materials, paving and performance are ava:iable.

» The sites chosen should include the follcwing
- At least 12 sites total
- As many deteriorated sites as posible (ideaily 6-8)
- At least 4 non-deteriorated sttes.

o If available, more than 12 sites may be included. These will serve to increase the
validity of the statistical analysis.

Any questions should be directed to Gates Moss or Aaron Saak at (847) 491-7246 or
Hamlin Jennings at (847) 491-4858.
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Premature Rigid Pavement Deterioration Pooled Study

SITE DATA ACQUISITION FORM

State Site Identification Number

IA . KA LA NB WI MN 123 4 5 6 7 8 9 10 11 12

Note: Please return the first completed form by June 21, 1996.
The remaining forms should be completed and returned no later than
: August 1, 1996, Serd all forms to:
Atin H. Jennings/Pooled Study  Dept. of Civil Engineering Northwestern University
2145 Sheridan Road Evaaston. IL. 60208

This form is to be completed by personpelengineers familiar with the given pavement and its history. All
questions should be answered, with added comments pertaining to the accuracy of the data or any other additional
information. Add pictures or drawings when necessary,  Should any questions arise concerning this survey or
information relevant to answering the questions. please contact Prof. Hamlin Jennings. Gates Moss. or Aaron Saak
at (847) 491-7246 or (847) 491-4858,

Name of Individual(s) Cormpleting Form:

Titke/Position: Phone;

Address:

I. PAVEMENT SITE AND CONSTRUCTION BACKGROUND

. Road Number (example: northwestern section of US Route 30)

2. Road Location:
Beginning mile marker

Ending mile marker

3. Nearest Towps/Urban Areas

4. Dates of construction for this site.

Beganing date (MDY

Fndmg date (MDY
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3. Pripciple paving contractor for the project:

Name

Contact:Project Supervisor

Address

Plion:: ‘ : Fax

6. List all subcontractors involved with the paving construction and their duties:

i Subcon. outor —
Duties

iL Subcontractor
Duties

ITE Subcontractor
Duties

7. List any state Department of Transportation emplovees (including their positions) who were directly
involved with this specific construction site (e.g. project engineers. inspectors. ete.). This is for possible
contact purposes only.

8. Is this pavement still in use? Explain as necessary.

9. Is this pavenient an experimental test section (i.¢. outside of normai state specifications)? It sol what is the

reason it 1s constdered experimental?
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10, Has the pavement been repaired or resurfaced? If so. list dates and materials.

11, Is this road up for service/repanr? Explain as necessary,

1. CoMPOSITION OF CONSTRUCTION MATERIALS

Fill in the following table as accurately as possible. Provide units when relevant for all measurable data. If
additional space is needed. please use the back of the page. Attach mill sheets if available.
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Cement
T s e e P S e

12. Cement Type
13. Company/Mill Name
14, Plant Mill Location
15. . Mill Production Date
I6. Date Purchased
7.1 e o Dy oty
18, Date Tested/Certiﬁed. By
State For Use In Paving
Frequency of Testing
19. (i.e. how often has this type of
cemenit been tested and certified)
20. Composition (%)
(0N
C,8
C,AF
CSH,
C,A
Free Lime
Total Sulfar Content (%)
Other:
21 Specific Gravity
29 Equivalent Alkali Content
{NaOH reference)
23. Blaine Fineness
24. Compressive Strength
Age When Tested
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Coarse Aggregates

Fill in the following table as accuracy as possible. providing units when relevant for all measurable data. if
additional space is needed. use the back of the page. Two coarse aggregates should be used only if they were
mixed ip the batch.

Coarse Aggregate A Coarse Aggregate B

25 Aggregate Source
) (Gravel Pit, Quarry, Other)

Type of Mine
(Full-Faced. Bed, Ledge. atc.)

Ledge ID (if relevant)

Geographical Location

Date Mined

Date Tested/Approved

Geological Type
26. (example: dolomite, argiflaceous
limestone, etc.}

Chemical Composition
(percentage of each rock type
i.e. %o carbonate, % shale)
{provide any available data)

27 Reactivity Test Method
. {Canadian Prism. ASTM number)

Reactivity Tests Resuits

Freeze-Thaw

28. Test Method

Freeze-Thaw
Test Results

29 Size Distribution/Gradation
' {attach table if availabie)

30. % Recycled Aggregate

(i.e. crushed concrete)

31 Absorption Tests Results

32. % Reactive Silica

Additional Tests Results
33 {t.e. magnesiumn sulfate, soundness.
e}
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Eine Aggregates

Fill in the following table as accurately as possible. providing units when relevant for all measurable data, If
additional space is needed. use the back of the page. Two fine aggregates should be used only if they were
mixed in the batch,

Fine Aggregate A Fine Aggregate B

34 Aggregate Source
Y (Gravet Pit, Quarry, Other)

Type of Mine
(Full Faced. Bed. Ledge, &t¢.)

Ledge ID (if relevant)

weographical Location

Date Mined

Date Tested/Approved

Geological Type
35 (example: dolomite, argillaceous
limestone, etc.}

Chemical Composition
{percentage of each rock type)
(i.e. %o carbonate, %o shale, ac.}

(provide any available data)

36 Reactivity Test Method
' (Canadian Prism, ASTM number)

Reactivity Tests Results

Freeze-Thaw
Test Method

Freeze-Thaw
Test Results

38 Size Distribution/Gradation
’ (attach table if available)

19 % Recycled Aggregate

(i.e, crushed concrete)

40. Absorption Tests Resulis

41 % Reactive Silica

Additional Tests Results
42, {i.¢. magnesium sulfate, soundness,
X*)




Fill in the following table as accurately as possible. providing units when relevant for all measurable data. 1f

Synthetic Admixtures

additional space is needed. use the comment section below and the back of the page if pecessary.
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Synthetic Admixture }

Syvuthetic Admixtare 2

43

Pasticizers/Water
Reducers

Type and Commercial
Name

Chersical Composition

Additional Data or Test
Results

44.

Accelerators

Type and Commercial
Name

45.

Retarders

Type and Commercial
Name

46.

Alr Eptraining Agents

Commercial Name

Comuments and Explanations:
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Mineral Admixtures

Fill in the following table. answering the questions as best as possible. Provide units when relevant for all
measurable data. If additional space is needed. use the back of the page or the comment section below, Attach
available x-ray diffraction (XRD) and sther characterization data,

Admixture 1 Admixture 2 Admixture 3
Wﬁ_-_"ﬁ-—?'——-__——'—
Type
47. (example: Class F or € Fly Ash,
Blast i_-‘umaoe Slag, Silica Fume)
48 Production
' Company/Mill Namne
49, Plant/Miil Location
50, Production Date
51. Date Purchased
52 Date Tested/Certified By
’ State For Use In Paving
Frequency of Mineral
Admixture Testing
53. {i.e. how often has this type of
mineral admixture been
tested and certified)
54. Chemical Composition (%)
S0,
ALO,
Fe,0,
Ca0
Free Lime
Total Sulfur Content (%) : e
Other:
55. Specific Gravity
56 Equivalent Alkali Content
' {Na2OH reference)
57. Blaine Fineness
58. Loss oo Ignition :
|
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Water

59. What was the mux water source?

60. What are the known impurities in the water?

Finai Mix Composition

61. Provide the amount of each ingredient in the final mix. When pm\ddihg amounts. please provide units.
When providing percentages, please indicate either a volume or weight percentage. If additional space is
needed. use the back of this page.

ﬁmﬁ;f“__hmﬂyﬁl___imww;_‘
Cement |
Water
Coarse Aggregate A
| B
Fine Apgregate A
B
Plasticizers A
B
Accelerators A
B
Retarders A
B
Air Entrainers A
B
Silica Fume A
B
Fly Ash A
B
Blast Furnace Slag A
B
Other: ‘ A
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IH. PROCESSING

62. Was the concrete batched or centrally mined? (circle)
Batched Centrally Mixed Other:

63. What was the distance between the mixing site and pavement? Explain if necessary.

64, What type of trucks were used for hauling?

65. What type of equipment was used for mixing?

66. How long was the concrete mixed? (in seconds):

67. What was the specified/required slump, zir. temperature. and water:cement ratio of the concrete?

Required Sium Required Axr Reqﬁired Temperature Water:Cement Ratio
p q p

68. What were the recorded values for slump. air. and temperature?

Test Maximum Minimum ‘ Average

Slump

Adr

* Temperature

69. How often were the slump. air, and temperature tests performed?

70. Where were the slump. air. and temperature tests performed in relation to the pavement site?
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71. What was the ime between mixing and placement?

Number of Batches
for Project

I — — —

72. How was the mixing monitored? (example: ammeter. etc.)

Minimum Time Average Time

73. Was the mix reported to be workable or harsh? Explain if pecessary.

FPlacement

74. Was the pavement slipformed or fixed-forined? (please circle)  Shp Fix Other:

75. If the pavement was slipformed. was a spreader used ahead of the slipform paver 1o evenly
distribute the concrete? Explain as necessary,

76. What equipment was used for placement/paving:

Type

Brand

Meodel

77. What was the sequence of placement {¢.g. both lanes at the same time. single. triple....)?
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Consolidation

78. Was vibration used for consolidation?

79. What type of vibrators were used (circle):

Hydraulic-Stinger Electric-Stinger Surface Pan Roller Tamping

80. Complete the following table concerning the vibrator on the slipform paver. Please provide all
information available concerning consolidation, with state procedures and practices explained.

Model

Brand Name/Company

Maximum Frequency

Mmimum Freguency

Number of Vibrators (Stingers)
{per lane width)

Vibrator (Stinger) Spacipg

Vibrator (Stinger) Diameter

Stieger Length

Angel of Stinger Witk Respect to
the Pavement

Comments and Explanations:

81. Did the pavement specifications contain & modern smoothness requirement (i.e. California
Profilograph or Rainhart Profilograph but pot a straight edge requirement)? Explain if necessary.

82. What was the profile requirement? (units of inches per mile)

83. Was there a monetary incentive for the level of smoothness achieved?
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85,

86.

What type of finishing was performed (circle).  Straight-Edge Floating

How much time elapsed after placement before pavement finishing was started?

Maximum Time Minimum Time Average Time

I R R
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Texturing

What type of equipment was used for finishing (models. brand names. etc.)?

87,

88.

39.

How much time elapsed after placement before the joints were sawed?

Maximum Time Minimum Time Average Time

Was the pavement diamond ground after paving?

Curing

What types of curing compounds were used?

Commercial Name

Company

90. How much curing compound was used and what was the application rate (example: 20

gallons/mile)?

91. When after placement was the curing compound applied?
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92. What other types of curing methods were used? Explain if necessary.

93. How long was the pavement allowed to cure before it was opened to traffic?

IV, STRUCTURAL AND GEOTECHNICAL ISSUES

Pavement Dimensions

94, What are the dimenstons of the pavement? (provide units)

Width Thickness

95. What was the slab length berween saw cuts?

96. How many lanes were tied together?

Reinforcement Material

97. Were the joints reinforced (i.e. were load transfer joints used)?

98. Hyes. provide the following:

dowel diameter

dowel spacing

99. Was reinforcing mesh used:  Yes No Other;

100. If yes. List all types of reinforcing mesh used and any relevant specifications (e.\'ainp}e: welded

wire fabrics, bar mats, etc.);




101, What was the orientation of the transverse contraction joints {(skewed. non-skewed)?

Joints

69

102

103

. What was the width of the saw cuts?

. What materials, if any, were used as joint sealants?

104.

105,

106,

108.

109,

110.

. What types of materials were used for the base course?

Were there longitudinal joints between each lane?

Were the longitudinal joints tied?

Base Course and Subprade

What was the thickness of the base course?

Was the base course permeable/drainable?

Test method

Test results

Was the base course stabilized (i.e. with cement)?

Were drainage ditche;s; including é&ge drains. used? Describe any irmegularities,

ItL

What was the type of soil in the subgrade?
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112, Are there any indications that degradation could be related to the subgrade. Describe and

elaborate:

113. What is the grade/slope of the pavement? Describe if necessary.

114. What tvpe of material was used for the shoulder?

115, Is there any correlation between pavement failure and grade?

V. EXTERNAL EFFECTS

Weather

116. What was the logged weather during placement?

Temperature Temperature . Other
Maximum Minimum Wind Speed

Precipitation

117. What is the average number of yearly freeze-thaw cycles in the project area (accounting for

estimated thawing time)?




71

118. Were any precautionary measures taken to account for the weather? Describe and elaborate.

Traffic

119, What is the traffic load for the highway (estimated single axil loads - ESAL's)?

120. What is the vehicle-type distribution?

121, What is the maximum weight allowable on the pavement? Provide any seasonal restrictions or

limitations.

122. Is there a weigh station o the road in the area under consideration (i1.¢. within the project area)?
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Chemical Effects

123. What deicing salts were used on the pavement?

1 Deicing Salts ' Trpe ] Type2 !

—_—-————wmwuwmm

Commercial Name

Source/Company

Chemical Composition

124. Whea were deicing salts first applied after construction?

125. What is the frequency and amount! of deicing salt use per vear?

126. Did this pavement have any contact with any chemicals?

Adjacent Land Use

127. What type of land is adjacent to the pavement (example: agricultural. urban, industrial. etc.)
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VI. PROPERTIES OF HARDENED CONCRETE

Please provide any data (bevond that specifically asked for below) from the testing of core samples of
the concrete pavement after placement. This data should ideally cover a wide time span on the order
" of months or vears.

128. Air content (percentage);

Test method (e.g. ASTM C 457):

129. Compressive strength (MPa or psi):

Number of Maximum Minimum Average

Age Test Method

Tests
e B AR bl ARt berempamsmereame sttt et

130. Flexural strength (MPa or psi):

Number of

Maximum Minimum Average
Tests

Age Test Method

131. Permeability;

Test method:

132. Provide any chemical analysis data for the hardened concrete, including chlonide. sulfate. and
alkali content.
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VII. DAMAGE CHARACTERIZATION

Please provide characteristic photographs from deteriorated sites. These photographs can be in the

form of negatives, prints. slides. or digital images.

Also, provide copies of any pavement management system information for this site.

133. How many photographs have been included for this site?

134. Are these photographs in the form of: (circle one)
Negatives Slides Prints Digital Images

135. When was distress first observed? This includes any noticeable deterioration.

136. Complete the following table:

Use SHRP P338 as a standard for evaluating the seventy of each type of distress. For each site,
provide the area fraction of the site which falls in each category (for example. None=30%6,
Slight=30%, Moderate=20%. Severe=30%.)

Use the additiona! photographs provided for the determination of pattern cracking severity.

Tvpe of Deterioration None Shight Moderate

Severe

Corner Breaks

"D" Cracking

Longitudinal Cracking

Transverse Cracking

Joint Spalling

Scaling

Popouts

Pattern Cracking

137. Are there any known or hypothesized reasons for failure? Provide any additional information

which could support this claim?
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Low Severity
Pattern Cracking

Moderate Severity
Pattern Cracking

High Severity
Pattern Cracking




Appendix C

Site and Data Summaries
Geographic Location Summary
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Range and Average for Variables included in Models
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Variable Min Max Average

Total Alkali 0.350%) 1.177%} 0.684%
Total Sulfate 0.790%| 3.533%| 2.561%
Cement Alkali Content 0.800%] 0.250%| 0.573%
Maximum Paving Temperature (degrees F) 107 74| 8972973
Fly Ash Content (in mix) 0.00% 2.40% 0.93%
Age (years) 7.847] 16.8488| 11.41938




Table C-1:

Pavement sites and normalized deterioration values,

(note: Pavement deterioration was normalized on a scale of 0.00 to 3.00.
Sites with normalized deterioration of “-” were not used in the statistical anatysis.)

Site Number State [Road Number| Nearest Town Beginning Mile Post | Normalized Deterioration
1 fowa Us20 Fort Dodge 124.87 3.00
2 fowa USs 20 Fort Dodge 130.75 2.95
3 Iowa Us 20 Fort Dodge 130.2 0.00
4 fowa US 20 Fort Dodge 125.65 0.00
5 {owa I-80 De Soto 106.9 0,00
6 Iowa 1-80 De Soto 110.9 183
7 Iowa I-80 De Soto B 11525 0.00
8 Towa 1-80 Williamsburg 209,65 1.58
9 Iowa I-35 Story City 12146 1.42
10 Towa I1A-175 Jewell 156.45 0.00
11 lowa US 218 Jowa City 90.08 0.67
12 Towa USs 218 Riverside 73.25 0.93
13 Kansas 1-435 Kansas City 145+11 0.00
14 Kansas US 50 Garden City 721400 0.00
15 Kansas 70 Abliene/Chapman 2.3 mi E of K43 0.00
16 Kansas US 36 Elwood 809400 0.00
17 Kansas [-435 Kansas City 0,00
18 Kansas 170 Kansas City 413 0,20
19 Kansas US 54 Ft. Scott 52+00 0.00

20 Kansas US 169 Olathe 0.10
21 Kansas | State Route 7 Olathe 0.00
22 Kansas 1-235 Wichita 0.00
23 Kansas I-435 Kansas City 0.00
24 Kansas US 36 Elwood 0.00
25 Nebraska 1-80 Parton 144 2.10
26 Nebraska 1-8¢ Sutherland 150.96 -
27 Nebraska 1-80 Sutherland 157.74 -
28 Nebraska 1-80 Elm Creek 256.65 0.35
29 Nebraska 1-80 Kearney 27223 -
30 Nebraska 1-80 311.69 0.70
31 Nebraska N-2 280.43 2.35
32 Nebraska I-80 Giltner 324.6 2.70
33 Nebraska N-2 Ansley 29594 1.60
34 Nebraska N-2 Litchfield 309.88 0.23
35 Nebraska N-2 34373 1.85
36 Nebraska Hwy 2 Lincoln 459.7 -
37 Nebraska N-2 Lincoln 462.57 0.40
38 Nebraska Hwy 39 Genoa 20.68 -
39 Nebraska US-81 19 1.70
40 Nebraska N-81 Strang 22,02 -
41 Nebraska Us-81 York 64.13 -
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Site Number State  {|Road Number) Nearest Town Beginning Mile Post || Normalized Deterioration
42 Nebraska N-81 78.97 2.2
43 Nebraska N-81 Shelby 95.52 0.3
44 Nebraska Hwy-81 162,01 0.80
45 Minnesota | MN Hwy 15 New Ulm 60-+00.077 2.65
46 Minnesota | MN Hwy 15 New Ulm 63.546 2.65
47 Minnesota | MN Hwy 15 New Ulm 60.077 0.00
48 Minnesota | MN Hwy 15 Lafayette 60.624 0.00
49 Minnesota ]| MN Hwy 65 Mora 65.209 0.00
50 Minnesota | MN Hwy 92 Mora 64.69 -
51 Minnesota | US Hwy 212 Glencoe 121.233 0.00
52 Wisconsiny US53N Rice Lake 213m -
53 Wisconsin USs§ St. Croix Falls 5 -
54 Wisconsin US 53 Sarona 226+0.00 -
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Figure C-1. Map of site locations in Iowa, Kansas, Minnesota, Nebraska, and Wisconsin.

. Key
' X deteriorated site
® non-deteriorated site
Number corresponds {o site
number in Table C-1
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Table C-2. Percentage of each question answered from the data collection survey by state.

Note: This table was compiled based on the response to each question in the survey. If a question was lefi blank, it
was assumed that the information was not available. In some cases, however, no response was an acceptable ’
answer (e.g. Kansas with 0% mineral admixtures). THIS TABLE SHOULD IN NO WAY BE INTERPRETED AS
THE DEGREE TO WHICH ANY STATE MAINTAINS HIGHWAY PAVEMENT RECORDS. The table is
simply a rough estimate of how much data the research team was given in reference to each question in the data
collection survey. It is also important to note how many pavement sites were supplied by each state since, on
average, less information was available as the number of sites increased. FINALLY, THE ABILITY TO
ANSWER A SURVEY QUESTION IN NO WAY REPRESENTS THE QUALITY OF THAT ANSWER. In select
cases, questions pertaining to specific pavement sites were answered with state specifications or approximations.
These responses are counted in the table, but obviously, the accuracy of such data in relation to the true conditions
is questionable.

Number of pavement sites submitted by each state:

Iowa 12

FDS Kansas ‘ iz

Nebraska 20

Minnesota 7

Wisconsin 3

Survey Question lowa % Kansas % | Nebraska % || Minnesota %[ Wisconsin %] Total %

1 100 160 100 100 100 100
2 100 100 100 109 160 100
3 100 100 100 100 100 100
4 100 100 100 HEY 67 93
5 100 100 100 100 100 100
6 100 42 0 86 0 45
7 100 100 100 160 33 87
8 100 100 100 100 100 100
9 100 100 100 100 1060 100
10 100 100 100 100 67 93
11 100 i00 160 100 67 93
iz 100 100 95 100 100 99
13 100 100 93 100 100 99
i4 100 92 95 57 100 89
15 0 42 40 86 0 33
16 0 25 15 0 33 15
17 100 G 0 71 G 34
18 0 83 55 86 100 65
19 0 83 10 71 33 40
20 100 1060 5 57 0 52
21 25 100 33 57 0 43
22 100 100 76 71 0 J 68
23 25 92 30 86 0 46
24 100 100 70 86 67 84
25 100 100 70 86 67 84
26 100 100 100 71 100 o4
27 0 75 100 1060 0 55
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Survey Question Iowa % Kansas % | Nebraska % [ Minnesota Yo Wisconsin %[ Total %
28 100 100 0 71 0 54
29 100 100 100 0 0 60
30 - - - 14 - -
31 100 92 95 71 100 22
32 67 25 90 29 100 62
33 100 67 0 29 100 59
34 100 100 100 100 100 100
35 0 100 95 57 0 50
36 0 42 0 100 0 28
37 0 100 0 0 0 20
38 100 100 90 14 67 74
39 100 100 80 57 100 87
49 0 100 73 57 100 66
41 0 25 0 100 0 25
42 8 100 0 0 100 42
43 75 100 60 o 0 47
44 - - - - - -
45 - - - - - -
46 100 92 100 86 0 75
47 100 100 83 71 67 85
48 100 - 35 71 67 81
49 100 - 85 71 33 72
50 0 - 45 0 0 11
51 0 - 20 14 0 9
52 33 - 70 0 67 43
53 100 - 0 0 33 33
54 83 - 70 0 33 47
55 83 - 70 43 67 66
56 83 - 70 0 33 47
57 0 - 65 0 67 33
58 83 - 70 0 67 55
59 100 83 40 0 100 65
60 100 25 0 © 71 67 33
61 100 100 30 86 33 70
62 100 92 100 160 160 98
63 83 33 45 14 0 35
64 100 75 0 100 0 55
63 100 8 85 71 0 53
66 100 100 100 0 100 80
67 . - - - - -
68 100 - 83 86 33 76
09 100 100 100 71 100 74
70 100 100 90 109 100 o8
71 160 23 100 29 0 51
72 100 0 15 29 0 29
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Survey Question Iowa % Kansas % | Nebraska % | Minnesota %| Wisconsin %[ Total %
73 58 8 5 14 0 17
74 100 100 100 100 100 100
75 100 8 160 100 67 75
76 92 8 20 0 0 24
77 92 75 1060 100 67 87

. 78 106 100 100 100 100 100
79 83 33 100 0 ¢ 43
80 58 0 0 0 0 12
81 100 92 100 100 100 - 98
82 92 8 70 71 100 68
83 100 33 HUY 71 0 71
84 100 100 100 100 160 160
83 100 100 0 100 0 60
86 0 100 25 86 G 42
87 100 100 100 86 100 97
88 100 75 95 86 0 71
8% 160 100 1060 86 100 97
90 160 100 100 71 67 88
91 100 160 100 100 0 80
92 42 100 63 71 o 56
93 100 92 95 36 0 74
ot 100 100 100 100 67 93
95 100 100 100 100 67 93
96 100 100 100 100 67 93
97 160 100 100 86 67 90
98 100 100 0 71 0 54
99 160 83 100 86 67 87
100 0 25 0 0 O 5
101 160 100 100 100 100 100
102 100 92 100 86 0 75
103 100 100 100 86 160 97
104 100 100 100 100 100 100
105 100 100 100 100 100 160
106 100 106 85 86 0 74
107 100 100 93 86 67 89
108 100 92 100 86 33 82
109 160 83 100 86 160 94
110 100 92 95 100 0 77
i1t 160 100 90 86 0 73
112 100 83 90 86 0 72
113 100 100 100 100 0 80
114 100 92 93 100 67 91 -
115 100 83 5 36 0 53
iie 100 100 100 14 0 63
117 100 100 100 86 0 77
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Survey Question Iowa % Kansas % || Nebraska % §Minnesota % Wisconsin %:  Total %
118 100 0 20 71 0 38
119 100 58 20 86 ] 53
120 92 83 100 100 0 75
121 100 75 100 100 0 75
122 100 92 100 100 0 78

123 100 100 100 86 0 77
124 100 100 100 100 .0 80
125 100 8 ¢ 71 ¢ 36
126 100 67 100 it 0 53
127 100 160 100 100 0 30
128 100 0 ¢ 57 0 31
129 100 100 85 160 33 84
130 100 50 0 29 0 36
131 0 0 0 0 0 0
132 8 0 0 0 0 2
133 - - - - - -
134 - - - - - -
135 92 42 35 71 G 52
136 - - - - - -

137
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Table C-3; Range of data values for questions from sruw;e}‘ used in the statistical analysis,
(note: Data from Wisconsin was not used in the statistical analysis.)

Key: “-” means no data available to properly compare.
A single number (e.g. “157) means there was no range of data given in the surveys

Survey Units Towa Kansas Nebraska Minnesota Total
Question Range Range Range Range Range
{if applicable)
4 Vears 1980-1989 1983-1989 1982-1991 1985-1990 1980-1991
12 cement type i 1 and2 land2 I land2
20 % €38 37.20-74,40 | 41,60-63.30 52.57 54.00 37.20 - 74.40
% C.8 0.40 - 46.00 7.30-32.70 23.99 18.10 0.40 - 40.00
% CsAF 5,10 -9.90 7.80 - 15,63 10,93 7.00 5.10-15.63
% CiA 4.89-9.90 1.90-12.80 5.73 9.90-1070 | 1.90-12.80
% SO, 221-3.50 1.19-295 2.20-3.00 220-3.10 1.19-3.50
22 % Alkali 0.35-0.80 0.35-054 0.43 -0.60 0.29-0.80 0.29-0.80
61 % cement 12.00-15.00 | 15.80-16.95 - 1505-17.88 | 12.00-17.88
% water 6.00 -7.00 5.66-7.77 - 6.39-10.17 | 566-10.17
% coarse agg. 3800-43.00 | 1553-38.70 - 29.19-48.14 | 15.53-48.14
% fine agg. 35.00-3950 | 3870 -62.08 - 30.26 -39.63 | 35.00-62.08
% flv ash 0.00 - 2.40 0 - 0-3.14 0-3.14
68 avg. stump (in.) 1.45-2.30 1.60-1.90 0.50 -2.88 1.34-2.06 0.50 - 2.88
avg. % air 5.83-7.00 5.00-6.00 5.85-6.70 5.50 - 5,60 5.00 - 7.00
93 open to traffic (days) 710 14 - 120 7 7-30 7-120
94 width (ft.) 24-26 24 - 60 24 - 52 i2-375 i2 -60
thickness (f1.) 8-12 9-10 9-12 7-8 7-12
93 stab length (ft.) 20 15-40 12-19 15 12 - 40
108 base course perm. VE5 Or no ne yes, slight, no no
116 min, paving T (F) 33-70 39-72 23-62 43 23.72
max. paving T (F) 74 - 99 77 -92 84 - 107 90 74107 |
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Appendix D: Qutput of Model Building

The following appendix includes the direct output from Multiple Correlation
during the process of building Model I. It is important to note that these steps are not
comprehensive, and they are not discussed in enough detail to be included in the main
body of the report. They are included for illustrative purposes only. This proccés is
similar to the one followed in the building of the other models cited in this report.
Variable Listing

This listing includes all of the independent variables considered during this model
building exercise. Variables 1-27 are independent variables, 28 is the dependent variable,
and variables 29-35 are a few of the combinations of variables included in this study.
Output 1

This output file provides information concerning each variable before any variables
are included in the model. Below each variable is a number which represents the T value
of that variable if it were to be brought into the model. Since there are no variables
included in the model, the R? (RSQ) value is 0. At this point, variable 31 has the highest
potential T value and will therefore be the first variable included in the model.

Qutput 2

This output file provides statistical information after variable 31 has been included
in the model. The R* value is 0.31, representing the fact that 31% of the variation in the
data is explained by this new model. This output now shows the T value of variable 31 to
be 4.00. The output also indicates what the T values for the remaining variables would be
if they were brought into the model. Based on this analysis, variable 27 would be the next
included variable.

Output 3

This output provides statistical information afier variable 27 has been added to the

model. The R” has risen to 43.92%, and the prospective T values have been calculated for

the remaining variables. At this point, variable 3 should be the next included variable.
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Output 4
This output provides statistical information after variable 3 has been added to the

model. The R? has risen to 51.69%, and the prospective T values have been calculated for
the remaining variables. At this point, variable 25 should be the next included variable.
Qutput 5 |

- This output provides statistical information after variable 25 has been added to the
model. The R? has risen to 57.97%, and the prospective T values have been calculated for
the remaining variables. At thié point, none of the remaining variables could be included
with a T value of greater than 2. Since there is no justification for the further inclusion of
variables, this model will now be evaluated based on a number of criteria including its

outliers and the distribution of its residuals.



Variable Listing 89

11/ 4/1997

Variable Listing

# Var Label
1: Var 1 State
2: Var 2 Site
3: Var 3 Age
4: Var 4 Type
5: Var 5 C38
6: Var 6 C28
7: Var 7 C4AF
8: Var 8 "C3A
9: Var 9 503
10: Var 10 Eq Alkali -
11: Var 11 Strength (7day)
12: Var 12 Cement
13: Var 13 Water
14: Var 14 Coarse
i5: Var 15 ' Fine
16: Var 16 Fly Ash
17: Var 17 Total Alkali
18: Var 18 Total Sulfate
19: Var 19 Average Slump
20: Vvar 20 Average Air
21: Var 21 Tratfic
22: Var 22 Width
23: Var 23 Thickness
24: Var 24 Slab Length
25: Var 25 Permeability
26: Var 26 Min T
27: Var 27 Max T
28: Var 28 : Pattern Cracking
29: Vi2 + Vie Cement + Fly Ash
30: V17 * V28 Total Alkali in Mix
31: V17 * V18 Tot Alk * Tot Sulf
32: V17 * Vi3 Tot Alkali * Water
33: vig * v27 Tot Sulfate * Max T
34: V8 * V27 C3A * Max T

35: V3 * V25 Age * Permeability



g0

Output 1-
11/ 4/1997
Dependent Var. : 28 Pattern Cracking -
Sy.x = 0.98895 RSQ = 0.0000 Deg Freedom = 36
VARIABLES IN THE EQUATION
Var Coefficient T RSQ LABEL
VARIABLES NOT IN THE EQUATION
VAR 3 4 5 () 7 8 9
T ~-0.48 -2.74 -1.28 0.92 ~2.4%1 1.25 2.00
RSQ 0.00 0.00 0.00 0.00 0.00 0.00 0.00
VAR 10 11 12 13 14 5 16
T 3.49 0.86 -2.85 -2.14 0.87 -0.61 3.19
RSQ .00 0.00 0.00 0.00 0.00 0.00 0.00
VAR 17 18 19 20 21 22 23
T 3.82 1.83 1.79 0.36 ~3.52 -1.06 1.05
RSQ 0.00 0.00 0.00 0.00 0.00 0.00 0.00
VAR 24 25 26 27 29 30 31
T -1.03 -~ 0.23 -1.10 2.97 -1.40 3.86 4,00
REQ C.00 0.00 0.00 0.00 0.00 0.00 0.00
VAR 32 33 34 35
T 3.60 3.41 1.34 0.36
RSO G.00 0.00 .0.00 0.00



Output 2
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11/ 4/1997

Dependent Var.

Sy.x =

28

0.83076

REQ = 0.3139

VARIABLES IN THE EQUATION
Var Coefficient
0 -4.16300928E-01

31 6.28911106E+03

T

4.00

VARIABLES NOT IN THE EQUATION

VAR 3
T 1.54
RSO 0.23
VAR 10

T 1.16
RSO 0.49
VAR 17

T 0.45
RSQ 0.85
VAR 24

T -0.87
RSQ 0.01
VAR 33

T 0.82
RSQ 0.57

ROWS DELETED

4
~0.64
0.39

11
-0.08
0.08

18
-0.80
0.46

25
-1.24
0.13

34
1.06
0.02

: None

5
~-0.58
0.06

12
~0.63
0.43

1%
0.15
0.24

26
-0.80
0.62

35
-1.00
0.12

Pattern Cracking

RSQ

0.00 Tot Alk * Tot Sulf

Deg Freedom

LABEL
Intercept

21
-1.50
0.39

29
0.11
0.19

0.02

15
1.35
0.23

22
-0.16
0.08

30
0.58
0.84

35

-0.89%9
0.53

16
0.98
0.44

23
-0.11
0.11

32
0.06

0.85
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Output 3
11/ 4/1997
Dependent Var. : 28 Pattern Cracking
Sy.x = 6.76207 RSQ = 0.4392 Deg Freedom = 34
VARIABLES IN THE EQUATION
Var Coefficient T RSQ LABEL

0 -4.45351936E+00 Intercept

27 4.65758302E-02 2.76 0.03 Max T

31 5.56083871E+03 3.79 0.03 Tot alk * Tot Sulf
VARIABLES NOT IN THE EQUATION
VAR 3 4 5 & 7 8 9
T 2.30 -0.02 -0.18 -0.10 -0.48 0.36 0.06
RSQ 0.25 0.43 0.08 0.06 0.28 0.08 0.59
VAR 10 11 12 13 14 15 16
T 1.06 0.50 0.94 -0.54 -0.64 0.68 -0.52
RSQ 0.50 0.12 0.60 0.18 0.30 0.29 0.61
VAR 17 18 19 20 21 22 23
T . -1.52 0.51 -0.13 0.23 -0.84 -0.45 -0.91
RSQ 0.91 0.58 0.24 0.01 0.44 0.08 0.18
VAR 24 25 26 29 30 32 33
T -0.20 -2.13 ~0.62 0.99 -1.00 -1.98 0.57
RSQ 0.08 0.17 0.02 0.26 0.89 0.90 0.58
VAR 34 35
T 0.37 ~-1.98
RSQ 0.10 0.18

ROWS DELETED : None



10
0.92
0.50

17
~0.95
0.92

24
~-0.28
0.08

34
0.28
¢.10
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11/ 4/1997

Output 4
Dependent Var. : 28 Pattern Cracking
Sy.x = 0.71795 RSQ = 0.5169 Deg Freedom = 33
VARIABLES IN THE EQUATION
Var Coefficient T RSQ LABEL
0 -6.73349354E+00 Intercept

3 1.26509285E-01 2.30 0.25 Age

27 5.31726426E-02 3.29 0.06 Max T

31 7.18189428E+03 4.63 0.23 Tot Alk * Tot Sulf
VARIABLES NOT IN THE EQUATION
VAR 4 5 6 7 8 9
T -0.05 -0.47 0.29 -0.07 0.26 -0.29
RSQ 0.43 0.09 0.09 0.30 0.08 0.60
VAR 11 12 13 14 ib 16
T 0.24 1.06 -0.46 -1.33 1.36 -0.48
RSQ 0.13 0.60 0.18 0.35 0.34 0.61
VAR 18 19 20 21 22 23
T - ¢.06 0.09 0.53 -0.97 -0.58 -0.97
RSQ 0.60 0.25 0.02 0.44 0.09 0.18
VAR 25 26 29 30 32 33
T -2.19 ~0.61 1.27 -0.40 -1.36 0.12
REQ 0.17 0.02 0.27 0.90 0.91 0.60
VAR ' 35
T ~2.06
RSQ 0.18
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Output 5
11/ 4/1997
Dependent Var. : 28 Pattern Cracking
Sy.x =  0.68000 RSO = 0.5797 Deg Freedom = 32
. VARIABLES IN THE EQUATION
Var -~ Coefficient T RSQ LABEL

0 -7.65543413E+00 Intercept

3 1.22338168E-~-01 2.35 0.25 Age

25 ~3.14916703E-01 - -2.19 0.17 Permeability

27+ 6.07476468E-02 3.87 .11 Max T

31 8.110476408+03 5.31 0.29 Tot Alk * Tot Sulf
VARIABLES NOT IN THE EQUATION
VAR - 4 5 6 7 8 9 10
T -0.46 -0.01 -0.04 -0.46 -0.36 ~-1.27 1.11
REQ 0.45 0.14 0.11 0.32 0.16 0.66 0.50
VAR 11 12 13 14 i5 16 17
T 0.56 0.30 -1.34 -0.43 0.51 0.32 0.36
RSQ 0.15 0.65 0.27 0.48 0.46 .0.66 0.95
VAR 18 19 20 21 22 23 24
T -0.84 0.49 0.40 -1.7% -0.81 -0.11 -0.16
RSQ 0.66 0.28 0.03 0.49 .09 0.33 0.09
VAR 26 29 30 32 33 34 35
T -0.92 0.88 0.80 -0.72 ~0.77 -0.34 0.25
RSQ 0.04 0.30 0.92 0.82 0.66 0.18 0.96

ROWS DELETED : None





