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ABSTRACT

o

- Ten m11es of U. S H1ghway 20 1n Webster County began to show

.deterloratlon 1n 1990 Any. deter1orat10n was unexpected, s1nce
__the road was Just constructed 1n 1986 and 1987 The deter1o-

~ration 1ooked much like the sta1n1ng and crack1ng of D crack1ng

Crack1ng was found on 391 joints throughout the 10 mlle four lane

d1v1ded highway.

Evaluation of cores from the project reveal low air contents
at those locafions where cracking is occurring. The cause of the
1ow‘a1r contents can on1y be speculated on. A possible cause may
be-the.vibration from the paver coupled with the additional
nibretion at the joints. Other nrojects constructed in 1986 and:

1987 with the same equipment show no signs of distress.
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~ INTRODUCTION

Minor deterioration of U.S. Highway 20 in Webster County was
noticed in May, 1990. Any deterioration wds unexpected, since
the road was just constructed in 1986 and 1987. The appearanbe

of several joints was similar to the staining and cracking

associated with D-cracking, Figure 1. A class 3 durability stone

not associated with early D-cracking was used on the project.

The cracking was observed on several joints'thrbughbut a 10

" mile length between the interchange at highway 17 north and the

~interchange at highway 169. This investigation was undertaken to

determine the extent and cause for the deterioration,

PROJECT INFORMATION | - SRR

The deterioration extends over four projects dn U.Sﬁ7Highway
20: |

F-520-4(30)--20-40 (Hamilton Co.)

F-520-3(16)--20-94 (Webster Co.) .

F-520-3(12)--20-94 (Webster Co.) | e

F-520-3(18)--20-94 (Webster Co.) R

The;Fred Carlson Co. Inc. constructed this segment of four

‘lane divided highway in 1986 and 1987. A .C-3 mix’thHjand

without fly ash and with and without water reducer was used. The
section is 9 inches of dowelled concrete over 4 inches of lean:

concrete base.



Figure 1
Joint Deterioration on Pavement Section Placed 4-27-87
Sta. 2065 to Sta. 2087 WB
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The materials used were:

'Cement-Léhfgh}and Northwestefn |

Fly Ash - Port Neal 4, Ottumwa, and Nebraska City
Coarse Aggregate - Fort Dodge Mine (A94002) A
Fine Aggregafé - Yates (A94502) and Croft (A94522)
Air Entraining Admixture - CSC Air

Water Reducer - Plastocrete 161

" EVALUATION

The evaluation consisted of mapping the déterioration,

reviewing the project records, and anaiyzing cofes from the

. pavement.

Mapping the Deterioration

- The entire length of the four projects was surveyed fOrL
qrécking. Appendix A is.the layout of the project showjng the

locations of distress. Photographs: and. a detailed Tayout were

-obtained_and»are on file in the Materials Office. Table 1 is a

‘suymmary of the sufvey.' The Mix No. explanation is in Appéndix A.

The condition rating is the average rating of the joints in the

-section showing deterioration. The rating is as follows:

1. Minor -,1,to:3 fine cracks_visible.
L QModerate - 3 to 6 fine cracks visible.
3. Severe - Extensive_fine,cracking-viéib]e.

B Four sections paved 6/10/86, 6/16/86, 4/27/87,.and 5/7/87 had
6ver,20% of the joints showing craéking.. Apri] 27, 1987 was the
worst section with 61 percent'df the joints showing cracking. =
Deterforatjoh was found on 391 joints.

-5 -
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2 1.5
0 0
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1 1.0
32 1.8

9 1.2

4 1.8
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13 1.6
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0 0
0 0

0 0

0 0
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Length
(Ft.)

1300
3000
2900
3800
3400
2300
1100
4300
4300
1400

2200

2800
3000
3200
4200
4500
4400
2500
2500
4100
2200
2500
2000
3100

3100
800
2200
3400
3400
1200
3500
4100
4100
4500

- 4400

4300
4000
2600



Review of Project Records

Laboratory test reports for the cement, fly ash, mix water,.

admixtures, and aggregates were ?eviewed. A1l test results were

"conSistant with expectations for the materials and all materials

met specifications. N

The daily p]ant_feports were reviewed for .water to cement-
ratios, gradation, slump, air content, weather conditions,ﬁénd
p]écemeﬁt information. Nothing on the daily plant records
suggested a problem. For the four worst areas of paving, the
water to cement ratio was 0.433 to 0.457, the air content was
5.5% to 6.8%, and the slump was 1 to 2 inches. The mix ‘
information for the four worst days is in Table 20

"The daily diaries from the projects were sﬁudigd.‘=Tbe;'
entries for Apri] 27, 1987 are the only entries with'unusugi
problems noted (Appeﬁdix B). The paving problem WasievfdépTVat

the beginning of the day. One diary says the tamping bars were

. lowered and paving continued. The first 300 feet of pavement was

bad enough to be removed and replaced. More of the section was

damaged, but it was not considered bad enough to remove.

Core Evaluation

The cores were initially examined visually.  Figure 2 shows
those cores with cracking. The cracks have been highlighted to
show the extent and pattern. A 50 power optical microscope was

used to identify most of the cracking from the sawed sections.




Table 2.

Date 6-10-86
Sieve
1=1/2 100
1 91
3/4 70
i/2 - 57
3/8 49
4 ' ' 44
8 39
16 32
30 15
50 ‘ 5.1
100 1.2
200 0.3
W/C 0.433
% of Joints
Showing _
Deterioration 32
Mix No6. 3
gax. AirTemp.

F. 87
Condition Windy

for Problem Sections

Combined Gradation

6-16-86 4-27-87
% Passing
100 100
98 96
79 77
64 64
93 53
44 44
40 38
33 31
17 18
6.1 3.4
1.2 0.8
0.9 0.7
0.457 0.440
41 6l
3 1
80 86
Windy Windy
-8 -

Information from Daily Plant Réports

Buf=87

100
98
80
64
53
4
38
31
18
3.0
0.8
0.5

0.449

21
1

83

Windy




Figure 2
Vertical Sawed Sections From Cores Showing Distress
(Cracks have been highlighted for better visibility)

Sta. 2271440 EB Sta. 2271435 EB Sta. 2271+80 EB Sta. 2271+80 EB )
Taken at outside wheel path next Taken at outside wheel path Taken at outside wheel path next Taken at outside wheel path next
to transverse joint at mid panel to transverse joint to transverse joint



Figure 2 Cont.

._0'[._

‘ Sta. 2271490 EB Sta. 2272+00 EB Sta. 2272+00 EB
| Taken at outside wheel path Taken at outside wheel path next Taken at outside wheel path next
at mid panel to transverse joint

to transverse joint

L




Figure 2 Cont.

-'['[-

Sta. 2300410 EB j Sta. 2105+05 WB Sta. 27+20 WB Sta. 2280+ EB
Taken at outside wheel track Taken near intersection of Taken near intersection of Taken at intersection of
at mid panel transverse and longitudinal joints transverse and longitudinal joints transverse and longitudinal joints




The cores were aTso checked for a1r content sulfur content,

and chTor1de content Table 3 is the results of the air content

test1ng The a1r content of severaT cores wasﬁﬂower than would

be expected for a1r entralned concrete Enght f the twelve

cores w1th a1r contents beTow 3 percent showed¢v1sua1 cracks.
" Core 14 showed cracks but the a1r content was 4,1 percent.
,Further examlnat1on of the cores revea]ed the appearance of a

'Tower air content toward the top of core than toward the

. bottom. Core 6C was exam1ned by the ltnear traverse -an 1nch from

~the surface and ‘an 1nch from the bottom._ The a1r content at the
top is 1. 1% and at the bottom 4 4% . Severa] of the other cores
w1th low a1r appeared to have the same type of air distribution
as Core 66 However, no further . T1near traverse test1ng was
performed ‘on top or bottom sect1ons iA1r,testtng ongprogect
cores in 1987*d1d“not'snow Tow air COntentsA The areas.of low
Cair contents are mostTy T1m1ted to some Jo1nts

X- ray fTourescence was performed on cement paste from 8 of

the cores. TabTe 4 conta1ns the resu]ts.f NoeunusuaT amounts of

either chTor1de or squur were found.{‘;7rgif]

DISCUSSION

The crack1ng‘1s w1despread across the four projects.
Cracking was found on ma1n11ne pTaced on 24 d1fferent days- dur1ng
‘:a 2-year per1od The common m1x mater1aT for those sections 1s
the coarse aggregate onTy Two cements, three fly ashes, two
sands, and;two mix types were used in those sect1ons showing
cracking. h The sect1on ‘with. the worst crack1ng is the section
w1th pav1ng and paver problems. e T |

- 12 -
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Table 3. Air Content Testing on Cores.

Location

2076+20
2075+90
2040+04
“847+00
847+10
2271+40
2271+35
2271+80
2271+90
2272+00
2300+00
2300+10
849+

2013+
2102405

2105+05

2145+

2145+
5+
5+

27+20

27+20
36+40
36+40
53+
53+
835+
835+
2083+
2083+
2093+80

2093+80

2097+
2097+
2280+
2280+
2284+
2284+
2289+

2289+

Joint
Mid Panel
Joint
Joint
Mid Panel

.Jdoint

Mid Panel
Joint-
Mid Panel

Joint

Joint
Mid Panel
Mid Panel
Joint
Mid Panel
Joint
Mid Panel
Joint

- Mid Panel

Joint .
Mid Panel
Joint _
Mid Panel
Joint

Mid Panel
Joint |
Mid Panel
Joint

Mid Panel
Joint

Mid Panel
Joint

Mid Panel
Joint

Mid Panel
Joint

Mid Panel
Joint

Mid Panel
Joint -

High Pressure

* Hardened Air Contents Below 3.0%
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Core No.

1
3

6C

6C
6C
8B2

13

17

|

er

28

Table 4. Chemical Analysis of Paste Portion of Cores

Location
Near Joint
Neafbdoint
Near Jointl
Near Joint?
Near Joint3
Near Joint
Mid Point
Mid Pané]
Mid Panel

Near Joint -

Mg+»

1
1

.44
.20
.73
48
47
.23
.21
.07
.12

Percent
Na20

0.18
0.50
0.41
.53
.22

o o o

.50
26
.64
.26

o O o o

.19

Sampled at a crack - near -top.

2. Sampled near top away from crack.

3:

_Sampled from center of core.

- 14 -

K20

0.

Oy
0.

0

54

.50
.60
.86
.48
P2
.63

65
38

.34

Cl
0.05
0.07
0.22

0.16
0.03

0.04
0.04
0.06
0.04
0.06

504

1.67
1.54
1.93
1.59
1.79
1.52
1.76

1.70
1.77




Deterioration of the joints 3 and 4 years after construction

is very unusual for any pavement in lowa. Fort Dodge aggregate,

a class 3 durability stone, would not be expected to contribute

~to any pavement deterioration for 20+ years.

Supplemental vibration was used at the dowel bar. assemblies
on this project. The CMI SF-550 paver was equipped with internal
vibration. A feature of.this paver is the ability.to vary the
progress of the paver to the concrete dé]ivery’rate. The paver
reportedly rarely stopped except for breakdowns: Otherﬁpfojects
constructed»in‘1986 and 1987 using this same paver and
supplemental vibration do not show any sign of deterioration.

. During -the 1990 construction season, 4 projects were
constructed using the CMI SF-550 paver, Fort Dodge Stone, and"
other similar materials to.the Highway 20 work.in 1986 and 1987.

Air contents were obtained béfore and after‘the concrete went

through the pdver. The loss of air entrainment averaged about

.4 «B percehtf

The distribution of deteriorated joints suggests that the
fo]]owing‘sectjoné may have more joints deteriorate and have the

bad joints deteriorate further in the future:



Date Poured

5-21-86
6-3-86

6-10-86

6-12-86

6-13-86

6-16-86

6-18-86

6-19-86

. 4-27-87
4-28-87

4-29-87
5-6-87

5-7-87

5-11-87

Length

2900"'.
4400

2200

2800
3100
3000
4400
4800
2500"

13500

3200

4100'.

4600
2200
47700

- 16 -

Location

11+06 to 39+63 W.B.

2185+73

- 2176+05

2197+74

2225452
'2256+38

2330+30
7+65 to
2062+54
2090+00
2124+54

to

to

to

to
to

to

2229+40
2197+74
2225+32

2256+38 .

2286+85

E.B.

7465 E.B.

55+28 E.B.

to 2087+81 W.B.
to 2124+54 W.B.
- to 2140+08 W.B.

886+40 to 927+15 E.B.

927+15 to 2023+95 E.B.
2067+67 to 2090+00 E.B.




CONCLUSIONS

Based on study the following conclusions can be made:
The primary cause of the deterioration is water re1ated~j
freeze-thaw damage in those areas with low air conteht.
Several secondary factors may have contributed to the

deterioration: excessive frequency, amplitude, or duration of

‘v vibration during paving; a hérsh, stiff mix during paving;

de]ays:in placing the concrete; and deicing salt.

. The appearance of the cracking 1s_sim11ar to D-cracking
‘although it is not related to aggregate qUality. The

~deterioration pattern will likely be somewhat different than

. f . - |
D-cracking because of the different pattern of low air

content along the joint.
Future maintenance requirements will be the same as for D-
cracking. The majority of joints should have sufficient air

content and will not likely deteriorate in the near future.

RECOMMENDAT IONS

1.

The Construction Office and Materials Office should evaluate
the effect of paver vibration and suphlementa] vibration
(type, ?requency,-amplitude, and dqrafion) on air |
distribﬁtion at joints. Test equipment being evaluated in
SHRP should allow for quick testing of in-place air content.
The 'condition of the 4 projects shoulid be checked

periodica]iy for extent and pattern of the deterioration.
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Mix Combinations

‘ : Water
Mix Code Mix Cement Fly Ash Reducer  Sand
' 1 C3WRC-  Lehigh Ottumwa Yes
Croft ' '
2 C3WR  Lehigh None Yes Croft
3 C3C Lehigh Port Neal No
Yates ' ‘ ;
4 C3 Lehigh' None - No
Yates ‘ '
5 C3WRC Northwestern Ottumwa & Yes Croft
' : Nebraska City '
6 C3WRC Northwe%terh"Nebfaska City Yes A Croft

& Some Port Neal

=1l =
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