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ABSTRACT

Premature deterioration of slip formed portland cement concrete (PCC) barriersis an ongoing
problem in the lowa Primary and Interstate highway system. The requirement to have a concrete mix
which can be sufficiently pliable to be readily molded into the barrier shape and yet be sufficiently
stiff to maintain a true shape and height immediately after molding is difficult to meet. A concrete
mix which is stiff enough to maintain its shape immediately after molding is usually difficult to work
with. It often contains open or hidden tears and large voids. One way to minimize the molding
resistance is by additional vibration. If intensive vibration is applied, the entrapped air voids and
tearsin the concrete can usually be eliminated, however, in that process, the essential entrained air
content can also belost. Inthe evaluation of dip formed PCC barriers, it iscommon to find large
voids, tears and alow entrained air content, all contributing to premature deterioration.

A study was initiated to evaluate core samples taken from good and from bad appearing areas of
various median barriers. Evaluations were done covering visual appearance, construction
information, air content and chloride content.
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INTRODUCTION

Some PCC median barriers showed signs of having less than desirable qualities in appearance and
durability. To achieve the desired molded shape, excessive vibration was often applied to a stiff
concretemix. Thefinished product wassometimesabarrier with large entrapped air voids, tearsand
low entrained air content, all contributing to premature deterioration. A Materials Laboratory
Research proposal, MLR-98-4 (see Appendix A) was set up to evaluate the problem.

OBJECTIVE

The objective of the research is to evaluate existing PCC median barriers and to find procedures,
materials and mix designswhich will result in a better appearing, more workable and more durable
PCC dlip formed median barrier.

PROJECT SITES

The sites for taking median barrier core samples were selected to cover four different construction
projects. They were all from Interstate routes in Polk County (see Appendix C). With careful
observationsin thefield, the exact |ocation of the core sampling sitesmay bevisible by the evidence
of filled core holes.

CORE DESCRIPTIONS

Cores were taken from the median barrier of 1-80 in Polk County, October 1998. The core
description, “bad,” means there was significant visual appearance of barrier surface deterioration,
i.e., cracking, staining and leachate deposits. The core description, “good,” means there was no
visual appearance of deterioration on the barrier surface.

Thearrow on theface of each core pointsto thetop position. Thisposition was marked to determine
if core voids, cracks or tears show arelevance to direction of paving.

The core sites were selected such that no reinforcing steel should be hit by the coring bit (see
Appendix B).

RESULTS

The search for information and construction history for the selected sites gave limited success. The

magjority of information came from field book notes which often gave minimal details. For project
sites, mainly 1 and 3, air content problems were recorded a number of times (see project diary and



daily reports, Appendix C).

The visual appearance of some cores showed major voids or tears within the concrete as a result of
construction workability, consolidation or mix design problems (see photos, Appendix E).

Theresultsof coring from someareas of barrierswith abad appearing surface showed no significant
“bad” problem deeper into the barrier. Examples are core photos 1A and 1C. In other cases, large
voids or tears were exposed during coring which were not detectable from surface visuad
examinations (see core photos 2A and 2B). Theconcretein core4B was so deteriorated that it could
not be prepared for laboratory analysis. The air system for most cores was found to be acceptable
except for core 1A (see appendix F).

From the differences in core conditions and surface appearances found, it can be seen that thereis
awide range and somewhat unpredictable quality of concrete to be found in the barriers.

CONCLUSION

As aresult of the study of median barrier quality problems, a significant amount of work has been
done to change the mix design to something which would be more suitable for slip formed barrier
applications.

The standard lowaDOT D-57 mix design hastypically been used in slip formed barrier rails. This
mix has a high amount of paste and fines, having a cement content of 709 Ibs./cu. yd., with 50%
coarse aggregate and 50% sand. The typical combined gradation produces a gap-graded aggregate
structure and in conjunction with the high paste content it produces a very stiff unworkable mix.

INn 1999, dlip formed barrier railswere being placed onthe dual bridgesover therailroad on relocated
US 18 in Floyd County, near Rudd. The contractor, Allied Construction, called in with problems
concerning entraining air inthe D-57 mix. TheD-57 mix istypically placed at 3/4in. slump making
it difficult to entrain air. The producer had been using 25 oz./cwt of air entraining agent and was
ableto achieve only 5.5% plastic air content. It was decided to investigate the use of well-graded
aggregates in conjunction with areduced cement content to facilitate placement and air entraining
of the concrete.

The new mix design for the concrete barrier rail (BR) utilized well-graded aggregates through the
incorporation of ¥4" (6.35 mm) chips and a reduced cement content of 603 Ibs./cu. yd. This mix
required only 8 oz./cwt of air entraining agent to achieve 7.4 % plastic air content. They were aso
ableto increase the lump to 1 in. and rate of placement was increased.

Sincethisproject, the BR mix wasincluded in the standard specifications. Inthefall of 1999, it was
used on a median barrier on 1-35/80 in Des Moines from Merle Hay Road to the 2™ Avenue
interchange. The BR mix design achieved better placement characteristics and air entraining



capacity than the D-57 mix design.

Additional design adjustments may be needed as material and construction conditionsvary. From
initial applications, the new mix design appearsto beasignificant improvement over previously used
mix designs. The new mix design specification for BR isnow being applied (see Appendix G). At
thistime, no specific recommendations for changesin vibration energy applied or configuration of
vibrators will be made.

IMPLEMENTATION

A magjor effort has already been put into place to develop a new concrete mix especially designed
for usein glip formed barriers. Initial use of the new mix occurred in 1999 in bridge barrier railsin
Floyd County on US 18 and in median barriers in Polk County on 1-35/80.

The new mix design was already found to be easier to work with and will result in a better finished
product.
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DATE: October 28, 1998

PROJECT: MLR-98-4

TITLE: CoreAnaysisof Slip Formed Barriers

PRINCIPAL INVESTIGATOR: Todd Hanson and Bob Steffes

OBJECTIVE:

DISCUSSION:

PURPOSE:

PROCEDURE:

The objective of this research isto determine the air content and void system of
low slump Portland cement concrete (PCC) dlip formed median barriersin search
of causes of premature concrete deterioration.

In some areas of some dlip formed barrier projects, premature deterioration
appears to be occurring. Extensive surface cracking and growth of |eachate
deposits become visible on the barrier surface within a few years after
construction. To dlipform a barrier, a relatively dry, stiff mix of concrete is
required and extensive vibration is used to facilitate concrete consolidation and
forming. Itisassumed that aninappropriate mix design for the application and/or
excessive vibration may be contributing to the premature deterioration.

The purpose of this study isto determineif adjustmentsin mix design, vibration
for consolidation or construction techniques could be made which would result
in an improved appearance and durability of slip formed PCC barriers.
Coreswill be taken from median barriers from four different paving projectson
[-80 and 1-80/1-35 in Polk County. Core sites will be selected to include areas
with no visible deterioration and sites which show extensive deterioration. The
coreswill be4" diameter and approximately 5" long, perpendicular to the barrier

face. They will be taken approximately 30" above the roadway surface.



ANALYSIS: The core analysis will include chloride content at various depths, and a detailed
determination of the air void system.
The chloride contents will be checked at 0.5", 1", and 2" intervals using the
Phillips XRF. Sampleswill be analyzed for elemental chlorine (Cl) and used to
estimate the amount per cubic yard.
Air content will bechecked at 0.5" and 1" interval susing the Hitachi low vacuum
SEM in conjunction with an image anaysis program. The air content (%),
specific surface (o), and spacing factor (L) will be calculated at each depth.
Records of concrete mixes used and construction logs will be evaluated, if core
analysis results are found to be abnormal.
RESPONSIBILITIES: Projects for evauation will be selected by the Portland Cement
Pavement Engineer.
Specific sites for cores will be selected by the Materials Research
personnel.
Coring will be done by Special Investigations personnel.
Anaysis of cores and summation of results will be done by the
Technical Services Engineer.
IMPLEMENTATION: Thefindings from this study will lead to:
1) Improvementsin the concrete mix design, workability, durability and
appearance of the barriers.
2) Improved consolidation while still maintaining desired entrained air

content.



REPORTING: Thefina report will be coauthored by Todd Hanson and Bob Steffes.
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PROJECT SITES, CONTRACTORSAND FIELD NOTES

Site L ocation:

[-80 East bound lane
MP 139.05, MP 140.06
Paved west to east
Used D-57

1994

Contractor:

Dormark Construction Company
P.O. Box 520

303 S 2™ Street

Grimes, A 50111
515-986-4270

Field Notes:
See pages 13-22

Site L ocation:

[-35/1-80 West bound lane
MP 132.90

Paved west to east

Used D-57-C20 & D-57-C10
1998

Contractor:

Jensen Road Company
Box 3345

5550 NE 22" Street
Des Moines, |1A 50316
515-266-5173

Field Notes:
See pages 23-31

11



PROJECT SITES, CONTRACTORS AND FIELD NOTES, Continued

Site3

Site L ocation:

[-35/1-80 West bound lane
MP 128.25

Paved west to east

Used D-57 & D-57-6-C
1994

Contractor:

Jensen Road Company
Box 3345

5550 NE 22" Street
Des Moines, |1A 50316
515-266-5173

Field Notes:
See pages 32-43

Site L ocation:

[-35/1-80 South bound lane
MP 126.50

Files have been purged
Paved south to north

Contractor:

United Contractors Inc.
P.O. Box 347

6678 N W 62" Avenue
Johnston, A 50131
515-276-6162

Field Notes:
Field notes were purged

12
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Form FB-DailyReport{1.0g) Slte 2
’ lowa Department of Transportation

- Daily Report
ContractNo.  77-0353-069 Date : Wednesday, May 27, 1998 Initials of Inspector: RJE
High Temperature: 80.0 Low Temperature: 65.0
Sunrise 5:46 AM Sunset 8:38 AM

Weather Comment: Partly sunny,warm and humid

Site Timecharge

00  1.000

Remarks:

—&\Wed-Jensen began slipforming the 42" concrete barrier wall RE-44A Today beginning at 11:15 am. The barrier was
begun at 831+50 heading east with only about 350 feet being completed today due to minor problems such as
inconsistent slump in the mix which caused the wall to have minor sags and repairs required.

The superinendant was Randy Friel for jensen with Norm as the lead foreman on the project. Rod Edwards,Michael
Dean and Tom Uppena will handle the inspection on the project. Kevin Merryman, John Rullman, Mitch Dillavou,
Mark Trueblood and John Adam all visited the project today from the DOT. Kurt Rasmussen , Dan Timmons and Jeff
Rasmussen all visited the project today from Jensen construction co.

KDM - | spoke with Mark Bare today and told him that we need to get as much permanent seeding done on the
project as we can. | also told him that we would like to install some more silt fence if possible. The storm water
reports for this project will reflect our conversation.

Inspector Date
Printed 6/14/99 09:40:55 09:40:55 Page 1 of 1
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Form FB-DailyReport{1.0g)
’ lowa Department of Transportation

- Daily Report
Contract No. 77-0353-069 Date : Thursday, May 28, 1998 Initials of Inspector: RJE
High Temperature: 87.0 Low Temperature: 65.0
Sunrise 5:45 AM Sunset 8:39 PM

Weather Comment: Sunny , hot and humid

Site Timecharge
00  1.000

Remarks:

—p=Th-Jensen continued slipping the Permanent barrier wall in the median today. Only 300 feet was poured today
because the wall had to be set up on the next section east of the Des Moines river bridge. The headers at the drains
need to be set and the dowels need to be installed. The concrete tests all complied today with the only problem being
the inconsistency of the Mix slump causing tearing of the barrier which all was repaired with no problems. Mark Bortle
visited the project today from the dot. The pouring was completed by 12:30 pm with sawing and prep work being
performed in the afternoon.

Inspector Date

Printed 6/14/99 10:05:19 10:05:19 Page 1 of 1
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Form FB-DailyReport(1.0g)

’ lowa Department of Transportation

- Daily Report
Contract No.  77-0353-069 Date : Tuesday, June 9, 1998 Initials of Inspector: TPU
High Temperature: 72.0 Low Temperature: 56.0
Sunrise Sunset

Weather Comment: Rain in a.m., Clear in p.m.

Site Timecharge
00  0.500

Subcontracto
iD Name Comment

Jensen Jensen Road Co.

Remarks:

—% Jensen started slipping wall at 10 a.m. due to rain in early morning. New paver didn't work well, switching back to old
paver. Mitch stopped by today. Contractor will be switching mix design tomorrow.

Inspector Date

Printed 6/14/99 10:07:15 10:07:15 Page 1 of 1
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Form FB-DailyReport(1.0g)

’ lowa Department of Transportation

- Daily Report
Contract No.  77-0353-069 Date : Wednesday, June 10, 1998 Initials of Inspector: TPU
High Temperature: 73.0 Low Temperature: 53.0
Sunrise Sunset
Weather Comment: Pt. Cloudy
Site Timecharge
9_0_ 1.000
Subcontractor
ID Name Comment
Jensen Jensen Road Co.

Remarks:

~—P Jensen started slipping rail at 11:30 with new machine. Worked until 6:00. New mix seems to work much better.
They will continue to use that same mix tomorrow with the new paver.

Inspector
Printed 6/14/99 10:08:23 10:08:23
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Form FB-DailyReport{1.0g)

’ lowa Department of Transportation

- Daily Report
Contract No.  77-0353-069 Date : Friday, June 12, 1998 Initials of Inspector: TPU
High Temperature: 81.0 Low Temperature: 56.0
Sunrise Sunset
Weather Comment: Pt. Cloudy
Site Timecharge
Q 1.000
Subcontractor
iD Name Comment
Jensen Jensen Road Co.

Remarks:

~—¥ Jensen started to slip rail again with the new mix and paver at 8:15am. Things went very smooth and they poured
200+ cubic yards. John Adams, Mark Trueblood, and Mitch came out to the project today. Jensen is going to work

tomorrow(Sat.) at 7am.

Inspector
Printed 6/14/99 10:09:51 10:09:51

Date

26
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Form FB-DailyReport(1.0g)

" lowa Department of Transportation

- Daily Report

Contract No.  77-0353-069 Date : Saturday, June 13, 1998 Initials of Inspector: TPU
High Temperature: 81.0 Low Temperature: 62.0
Sunrise Sunset
Weather Comment: Sunny
Site Timecharge
00 0
Subcontracto

ID Name Comment

Jensen Jensen Road Co.

Remarks:

—3-Jensen began promptly at 7am. Only poured two sections which was about 107 cubic yards. Finished around noon.
Things went very well. Barring any rain, they will start Mon. at 7am.

Inspector
Printed 6/14/99 10:10:50 10:10:50

Date
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Form FB-DailyReport(1.0g)

’ ‘ lowa Department of Transportation

Daily Report
Contract No.  77-0353-069 Date : Monday, June 15, 1998 Initials of Inspector: TPU
High Temperature: 70.0 Low Temperature: 58.0
Sunrise Sunset

Weather Comment: Cloudy
Site Timecharge

00  1.000

Subcontractor|

ID Name Comment
Jensen Jensen Road Co.

Remarks:

—p-Jensen slipped rail today from 7am to 4:30pm, finished 4 sections. They will continue to use the new paver until they
decide if they want to buy it or not. Rex Kinkade stopped today to run some air tests and take some sample cylinders

Inspector

Printed 6/14/99 10:12:47 10:12:47 Page 1 of 1

29



Form FB-DailyReport{1.0g)

’ lowa Department of Transportation

- Daily Report
Contract No.  77-0353-069 Date : Saturday, June 20, 1998 Initials of Inspector: TPU
High Temperature: 89.0 Low Temperature: 65.0
Sunrise Sunset
Weather Comment: Pt. Cloudy
Site Timecharge
00 0
Subcontractor
ID Name Comment
Jensen Jensen Road Co.

Remarks:

=% Jensen finished up slipping the rail today. Slipped 4.5 sections. They worked from 6:30am to 1:30pm. Jensen will

hand pour the box outs Monday.

Inspector
Printed 6/14/99 10:15:53 10:15:53

Date
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Form FB-DailyReport{1.0g)

’ lowa Department of Transportation

- Daily Report
Contract No.  77-0353-069 Date : Friday, June 19, 1998 Initials of Inspector: TPU
High Temperature: 86.0 Low Temperature: 67.0
Sunrise Sunset
Weather Comment. Pt. Cloudy
Site Timecharge
E 1.000
Subcontractor ]
ID Name Comment
Jensen Jensen Road Co.

Remarks:

—® Jensen slipped 6 sections of rail today. Worked from 7am to 7pm. Only 4.5 sections of rail left, they plan to finish up

slipping tomorrow.

Inspector
Printed 6/14/99 10:14:40 10:14:40
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APPENDIX D
Core Descriptions






POLK COUNTY PROJECT SITES
AND
CORE DESCRIPTIONS

Core 1A, 1-80, EBL
MP 139.05, 20 ft. west - BAD

Core 1B, 1-80, EBL
MP 139.05, 70 ft. west - GOOD

Core 1C, 1-80, EBL
MP 140.06 - BAD

Core 2A, 1-35, 1-80, WBL
MP 132.9, 4 ft. east of drain panel - GOOD

Core 2B, 1-35, 1-80, WBL
MP 132.9, 54 ft. east of drain panel - GOOD

Core 2C, 1-35, 1-80, WBL
MP 132.9, 4 ft. west of drain panel - GOOD

Core 2D, 1-35, 1-80, WBL
MP 132.9, 24 ft. west of drain panel - GOOD

Core 3A, 1-35, 1-80, WBL
MP 128.25 - GOOD

Core 4A, 1-35, 1-80, SBL
MP 126.5 - GOOD

Core 4B, 1-35, 1-80, SBL
MP 126.5 - BAD
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APPENDIX E
Core Photos

46






R
Median Barrier
10/01/a98

I-80 EBL - Polk County

i .

Bad G FLmid
MP 130.05 MP 138 05 P 140 08

O Degrees

Cores 1A, 1B and 1C
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Barrier showing sites (dark 4" diameter circle) for core 1A



Barrier showing site (dark 4" diameter circle) for core 1B
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Barrier showing site (gray 4" diameter circle) for core 1C
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Meadian Barriar
10/01 /a8
1-80 WBL - Polk Counly

Ol i) Chesced e i
BAE 9O O ME 1320 Lo e ] BAE A2 0

4" E of Orain  54' E of Crain 4" W of Dirain 24' W of Drmin

Cores 2A, 2B, 2C and 2D
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Barrier showing site (dark 4" diameter circle) for cores 2A and 2C

52



Median Barriar
10/01/598
I-80 WBL - Polk Caounty

LE ety |
MF 128258

270 Degreces

Core3A

53



Barriers showing site (dark 4" diameter circle) for core 3A



Madian Barriar
1001 /98
I-80 SBL - Polk County

o Bawd
ME 128 8 M 126 6

270 Degrees

Cores4A and 4B
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Barrier showing site (gray 4" diameter circle) for core 4A
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Barrier showing site (dark 4" diameter circle) for core 4B
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Core AnalysisTables
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SEQUENCE

OCoOoO~NOOTL, WNPE

MLR-98-4 - Chloride Content Analysis
IOWA STATSuperQ

7-23-99

Results Quantitative

CORE NUMBER

1A
1A
1A
1B
1B
1B
1C
1C
1C
2A
2A
2A
2B
2B
2B
2C
2C
2C
2D
2D
2D
3A
3A
3A
4A
4A

TEST DEPTH (IN.)

59

0.5
1
2.5
0.5
1
2.5
0.5
1
2.5
0.5
1
2.5
0.5
1
2.5
0.5
1
2.5
0.5
1
2.5
0.5
1
2.5
0.5
1

CHLORIDE (%)

0.126
0.044
0.026
0.222
0.061
0.032
0.184
0.058
0.031
0.021
0.018
0.015
0.018
0.014
0.017
0.022
0.022
0.017
0.017
0.025
0.021
0.167
0.040
0.021
0.105
0.037
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APPENDIX G
New Mix Design for Concrete Barrier Rail
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GS-97009, Page 29

Section 2513. Concrete Barrier

ADD the following new sentence to the first paragraph of Article 2513.01, Description:
The provisions of Section 2403 shall apply.

ADD the following new paragraph to the end of Article 2513.01, Description:
The Contractor shall use only F-shape temporary concrete barrier rail on roadways with a posted speed limit greater than
45 mph. On any projects let on or after October 1, 2002 the Contractor shall use the F-shape temporary concrete barrier
rail.

REPLACE the first sentence of the first paragraph of Article 2513.03, Concrete, with the following:
Concrete shall be Class D concrete, unless otherwise specified in the contract documents.

REPLACE all of Article 2513.03, Concrete, with the following:
A. Precast
Concrete shall be as specified in Article 2513.03, Paragraph B, or as approved by the Engineer, and in accordance with

Section 2403. The concrete shall be proportioned, mixed, placed, and cured in a manner that will produce the minimum
compressive strength at the time designated, as specified below:

Strength Before
Moving From Strength At
Casting Bed (psi) Ace 28 Dayvs (psi)
Precast 1750 5000

Strength at Age 28 Days shall be reached before storing in multilayers or shipping.

The air content of fresh unvibrated concrete shall be 6.5 percent, as a target value, with 2 maximum variation of plus or
minus 1.0 percent.

B. Cast-in-Place and Slip Form
Section 2403 shall apply, except the concrete shall meet the following mix design requirements:
1. Cement. Cement content shall be 603 pounds per cubic yard.

2. Water. The total mixing water and free moisture in the aggregate shall not exceed the following:

Pounds of Water
Per Pound
Class of Concrete Of Cementitious Material
BR (Slip Form) 0.450
BR (Cast-in-Place) 0.480
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GS-97009, Page 30

~

3. Aggregates. The combination of aggregates shall be uniformly graded in accordance with Materials L.M. 532,
meeting the following gradation limits:

Sieve Size Percent Passing
1122 inch 100

3/4 inch 81-93

1/2 inch 67-79
3/8 inch 57-69
No. 4 41-53
No. 8 29-41
No. 16 21-33
No. 200 0-1.5

4. Admixtures. Air entrainment shall be used. The air content of fresh unvibrated concrete shall be 6.5 percent, as
a target value, with a maximum variation of plus or minus 1.0 percent. To improve workability and aid in air
entrainment, water reducing or retarding admixtures may be used in accordance with Article 2513.02,
Paragraph C.

5. Fly Ash. The conditions and allowable rates of fly ash substitution shall be in accordance with Article 2301.04,
Paragraph E. Article 2301.04, Paragraph F, shall also apply.

Class D concrete may be substituted and Section 2403 shall apply.
REPLACE all of Article 2513.09, Tolerances, with the following:
A newly fabricated unit of temporary barrier rail shall be free from honeycomb, surface spalling, and surface defects.

Corner breaks and bottom spalls after shipping and placement shall not exceed 1 square foot of total surface area, which
includes the base.

Other than honeycomb, shallow voids, not exceeding 3/4 inch diameter, which appear on the formed surface zfter proper
consolidation will not be considered as surface defects and need not be filled unless they appear in an abnormal
concentration.

A used unit of temporary barrier rail shall not have spalls, comer breaks, and bottom spalls totaling more than 5 square
feet of surface area, which includes the base.

Connecting loops on all barrieres shall not be deformed and shall be true to dimensions.
Gaps between units shall not exceed the dimensions shown in the contract documents.
DELETE the third paragraph of Article 2513.11, Method of Measurement.

DELETE the second paragraph of Article 2513.12, Basis of Payment.
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