State Responder 1. Does your state allow crushed |Any restrictions? 2. Is there a minimum R- (3. Is R-value even 4. Link to your CDOT has been requested to provide
recycled concrete as a base? value for crushed determined or is a specification for using guidance in our LCCA process concerning
recycled concrete base ([required gradation crushed recycled diamond grinding. What service life do you
specified in your state. specified? concrete as a base . use for concrete pavement rehabilitation
concerning diamond grinding, or what is your
years to 1st rehab using diamond grinding in
IN Tommy E. Nantung |Not right now. We did a few projects |At that time no. NO. The gradation is They were demonstration [(We don’t use LCCA right now, Indiana use “Cost
in the past but the similar to that of the projects, so they were all  |of Ownership during the life of the pavement”
Indiana Department of granular permeable base |special provisions that is a very simplistic LCCA with present worth
Environmental gradation value. In a special case that the FHWA asked
Management doesn’t for LCCA, the years to 1st rehab using diamond
allow us to use due to grinding is 30 years.
the leachate of the
calcium hydroxide to
the pavement drainage
atlad
ND T.J. Murphy Yes, covered under Section 817 yes gradation, see No, a value of 20,000 psi is [No, Yes gradation is https://www.dot.nd.gov/divi INDDOT, does not currently use LCCA, typically
Salvage Base Course, attachment. used in ME pavement specified. sions/environmental/docs/s [gets 15 to 25 years out of our JPCP before the
design, or a structural upspecs/fullsupplementalsp|first CPR grinding activity, typically we will get 8
number of .10 ecswith10012019.pdf to 15 years out of first CPR then depending on
roadway condition another CPR will get 5 to 8
years, after this time the roadway is typically
crack and seated and overlaid with a HMA or
SMA. NDDOT PCC surface tolerance
spec can be found in the linked specification
along with CPR grinding limits.
OH Craig E. Landefeld | No, it was trialed several years ago N/A N/A N/A ODOT uses a 35yr analysis period for LCCA in
and issues arose with Tufa in pavement selection. If multiple designs are within
underdrains, the PH of the water 10% of the lowest cost design we design both
coming from underdrains, and options and sell the project as alternate bids and
environmental interpretation of what award the lowest first cost alternate from
a discharge was (underdrains vs. hiddina .
into waterway). More recently we 703.2.2 Rigid Pavement Future Maintenance
were approached by industry to Schedule ,
revisit and after reviewing what was Rigid pavement includes new pavement on a
required to mitigate these issues, neyv gllgnment and complete replacement of
industry did not see it as cost $X|st|no.oa'vement. . Ny
. ear 22: Diamond grinding (driving lanes plus
effective and the effort stalled. one foot of each shoulder) and full dept rigid
repairs of 4% of the drivina lanes surface area.
Year 32: 3.25" asphalt overlay and full depth
rigid repair of 2% of the driving lanes surface
area.

Mi John F. Staton Yes. There are no No Required gradation.  |https://mdotjboss.state.mi.u| The time from an initial patch & grind to when
restrictions. The Same as virgin s/SpecProv/specBookHom the pavement reaches re-patch & grind
crushed recycled aggregate materials. [e.htm#1468278 condition: 9-14 years. So, basically, the time to

concrete must meet See Division 9, Section 02, | regrind can be estimated at 9-14 years. These
the same physical and Pages 742-743. are Fix Lives for programming individual
grading properties as See attached for Special projects, and are not directly used in our life-
the virgin aggregates. Provision for OGDC cycle process.
Portland Cement-Treated
Permeable Base Using
Crushed Concrete
WS Mark Russell Yes See section 9- No Recycled aggregate mustfWSDOT 2020 Standard Diamond grinding is mostly driven by rutting
03.21(1)B1 Tier 2 of meet the same gradation [Specifications — See caused by studded tires. The grinding cycle
the WSDOT Standard requirements as natural |sections 9-03.9(3) and 9- |varies by location based on studded tire usage
Specifications. material. In the case of |03.21. and traffic. Cycles can be as low as 10-15 years
concrete base this is https://www.wsdot.wa.gov/p|or as high as 35-40 years. The trigger for
crushed surfacing base |ublications/manuals/fulltext/|grinding is % inch ruts.
course in accordance M41-10/SS.pdf
with section 9-03.9(3) of
WSDOT's Standard
o ifs 41
OR Austin Johnson ODOT does not allow recycled N/A N/A N/A N/A N/A
concrete base, so we won't be
much help on this one. It has been
tossed around at a few meetings
with industry but Contractors have
vet to actiiallv nursiie its 1ise
uT Jason Simmons First an understanding of terms We have a provision | We do not use R-value, In We do 40 year pavement designs with repair

when we talk about base. Our
standard pavement section for say
asphalt is HMA, Untreated Base
Course (UTBC) and

Granular Borrow

(GB) Typically HMA as needed, 6"
of UTBC, and 12"-36" of GB

in our embankment,
borrow, and backfill
spec that materials
may include recycled
concrete. So that
would cover the GB,
but we very rarely see
recycled concrete for
GB. Forthe UTBC
recycled concrete is
not allowed by
standard spec, but we
have allowed it's use
on a few big jobs that
were generating
recycled concrete. A
copy of a special
provision used is

design we just assumed
the same modulus as
standard materials. In
construction there

and grind planned at year 20 and 30




NE Wally Heyen Yes See Table No Gradation Special Provision. Attached [About 8-10 years for undoweled concrete.
Table 307.01
Crushed Concrete Foundation Course
Gradation Requirements
Sieve Size (Percent Passing)
1% inch (37.5 mm) 100 minimum
34 inch {(19.0 mm) 85 maximum
No. 4 (4.75 pm) 20to 50
No. 200 (75 pm) Oto8

wvV Vincent Allison No (We have done some [N/A N/A N/A Our current LCCA anticipates 26 years to first
rubblization of concrete rehab, but that includes more than just
concrete, though, and diamond grinding. It includes about 7.5% joint
if you want more repair as well. We anticipate a 14 year life from
information on that, this treatment.
nlease let me know )

FL Mary Jane Hayden (Yes FDOT does allow it on |Not for recycled concrete | We specify a required https://fdotwww.blob.core. [FDOT uses slab replacement as the primary
arterials and collectors, (aggregate (RCA). gradation for RCA (see |windows.net/sitefinity/docs/ [rehabilitation method in our LCCA process. But
but not on interstates. Table 911-4 in the direct [default- any time a rehabilitation is done, diamond

link noted below). source/programmanageme (grinding is also done. We perform a LCCA
nt/implemented/specbooks/ |during design to help with the pavement type
jul2020/7- selection, and the rehab method we base it on is
20ebook.pdf?sfvrsn=c1f34 |a 3% slab replacement at 23 years, and a 5%
24e_2 slab replacement at 33 years. Our LCCA
guidelines can be found in our Pavement Type
Selection Manual, and our rehabilitation
guidance is found in our Rigid Pavement Design
Manual (both located
at https://www.fdot.gov/roadway/PM/publications

MN Maria Masten Yes for base with >75% It is the same as virgin Gradation, no R-value See 3138 - Please see Chp 7, Section 770: LCCA Activities
concrete the gradation [aggregate base. required http://www.dot.state.mn.us/ |in the Pavement Design Manual:
is required to be pre-letting/spec/2018/2018- | http://www.dot.state.mn.us/materials/pvmtdesign
coarser. spec-book-final.pdf /docs/manual/MnDOT _PaveDesign_Chapter7.pd

f
IL Daniel Gancarz Yes through special provisions. Reclaimed PCC may [We usually use a layer of [We specify one of two http://www.idot.illinois.gov/ |From our pavement asset management
Tollway Reclaimed PCC can be from an consist of material from|open graded crushed gradations depending on |Assets/uploads/files/Doing- [plan, JPCP diamond grind occurs in Year 25,
interstate or primary roadway local roads or streets of|concrete within the the layer thickness. Business/Manuals-Guides- |with the first asphalt overlay in Year 32. For
pavement or structure under the unknown source and |base. We use a resilient &- CRCP, those are Year 24, and Year 33,
jurisdiction of the lIllinois Tollway or |quality if the material is [modulus of 25,000 psi in Handbooks/Highways/Cons |respectively.
IDOT, or from runway pavement certified by a Pavement ME for this layer, truction/Standard-
from any airport under FAA independent laboratory |which is around an R-value Specifications/Standard%?2
jurisdiction. Reclaimed PCC from based on “C” quality of 80. 0Specifications%20for%20
local roads or streets can be used if |coarse aggregate Road%20and%20Bridge%
the source of the original quality requirements 20Construction%202016.p
aggregates in the concrete are identified in the Article df
knovyn gn“d 'f,he coarse aggregate 1004.01(b) of the : : . Sieve Size Percent Passing
quality is “C” or better based on standard Sieve Size Percent Passing 3 inches 100
current IDOT standard specifications. 5 inches 100 & inches g7+3
specifications. 4 inches 85+15 4] —
. inches 9010
2 inches 45+15 7 inches 45415
=4 15215 Y] 1515
#200 4+4 = "
#200 444
NC Brian Hunter Yes, crushed concrete can be used | It must meet our usual |North Carolina does not There are gradation Our standard Specs are Our life cycle cost analysis assumes diamond
as aggregate base course (ABC). [requirements for ABC, |use R-values. requirements, along with |available at: grinding is done at year 30 (with patching of 1%
except that the upper LL and PI requirements of the pavement). The next treatment is at year
limit on LL is raised for the portion passing a |https://connect.ncdot.gov/re|(40 and is a thick asphalt overlay. We do not
from 30 to 35. #40 sieve. sources/Specifications/Stan|{assume diamond grinding is done at the time of
dSpecLibrary/2018%20Sta |construction.
ndard%20Specifications%2
0for%20Roads%20and%20
Structures.pdf
Crushed concrete used for
ABC is addressed in
Section 1043-1 and 1043-
GA lan Rish Yes, refer to our 815 specification No Required Gradation http://www.dot.ga.gov/Part |[Pavement Type Selection Manual which covers
nerSmart/Business/Source/ |[LCCA
special_provisions/Special |http://www.dot.ga.gov/PartnerSmart/DesignManu
%20Provision/SP%20815- |als/Pavement/Pavement%20Type%20Selection
%20Graded%20Aggregate. (%20Manual.pdf
pdf
AL Scott George No N/A N/A N/A N/A Generally, the first CPR is performed at about 20
years. After that, the CPR may last 8 to 10
years. We usually diamond grind every time we
touch PCC pavement
IL Charles Wienrank |Yes See Article 1004.04 in |No No — see attached Diamond grinding is not currently used as a

Standard
Specifications (link
below)

document for quality
testing requirements and
Standard Specifications
for gradation

http://www.idot.illinois.gov/
Assets/uploads/files/Doing-
Business/Manuals-Guides-
&-
Handbooks/Highways/Cons
truction/Standard-
Specifications/Standard%2
0Specifications%20for%20
Road%20and%20Bridge%
20Construction%202016.p

1c

rehabilitation activity in our LCCA process.




KS Ryan Barrett KDOT does allow crushed recycled No No R-value is http://mww.ksdot.org/Assets| Typical actions for calculating life cycle costs for
concrete as a crushed stone base determined. A required [/wwwksdotorg/bureaus/bur |asphalt & concrete pavement over a 40-year
under either concrete or asphalt gradation is usually ConsMain/specprov/2015/3 [period is attached (2nd attachment). KDOT
pavement specified. See link below|04.pdf - Crushed Stone historically has not used diamond grinding as a

in #4 for the general Subgrade Specification rehabilitation strategy for concrete pavement.
“Crushed Stone Contractors are allowed to diamond grind new
Subgrade” specification |http://www.ksdot.org/Assets|concrete when smoothness requirements are not
gradation required. /wwwksdotorg/bureaus/bur |initially met. Also, there could be situations
Depending on the ConsMain/specprov/2015/1 |[when diamond grinding is performed as a
situation, the gradation |107.pdf - Aggregates for maintenance action.
shown in the general Backfill (includes Crushed
specification could be Stone Subgrade)
modified. Attached (1st [Specification
attachment) is an
example of a “modified”
project special
specification we used in
District 5 in the south
central part of Kansas.
You can see the
soundness, wear, and
gradation requirements
were modified from the
aeneral “Crushed Stone
MO Brett Trautman Yes No No Missouri requires the Aggregate base Missouri designs pavements utilizing the
material to meet the specifications are located in|AASHTO Pavement ME program. We use a
same gradation Section 1007 of the design life of 45 years. We assume the first
requirements as Missouri Standard rehabilitation will occur at year 25. At that time,
specified for virgin Specifications: we anticipate performing pavement repairs on 2
material. https://www.modot.org/sites [percent of the pavement surface to address
/default/files/documents/20 |cracking. This would then be followed by
19%20Missouri%20Standar|diamond grinding the pavement.
d%20Specific%20-
%20MHTC%20%28July%?2
PA Neal Fannin No We did until about 3+ |No N/A N/A PennDOT uses Diamond Grinding 50% of
years ago. We have pavement area at Year 15 after constructing a
had a problem with Full Depth Concrete Pavement or Unbonded
tufa generation at Concrete Overlay in our LCCA calculation.
under drain outlets, Diamond Grinding is used again in the LCCA at
and our DEP has made Year 25, 100% of pavement area (full width). We
this an issue. use a 50-year analysis period for New
Construction, Reconstruction, or Unbonded
Concrete Overlay. Year 35 is when we calculate
a 4.5” asphalt overlay will be placed on top of
the concrete pavement. So we would expect a
10 year service life when using Diamond
Grinding on our pavements. We do have some
soft aggregates within our geology, that if used
in the surface of our concrete pavements,
diamond grinding is no longer permitted as an
option due to polishing of the surface.
SC Jay Thompson Yes, we allow it. It has to either be from |No Gradation

a consistent source,
like an existing
concrete pavement
that is going to be
recycled and used right
back on the same
project. Or it has to be
approved, each
stockpile, and not
altered or added to
after approval (this
doesn’t happen very

https://www.scdot.org/busin
ess/pdf/2007_full_specboo
k.pdf Section 305.
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POLICY MEMORANDUM

Revised: July 24, 2018 7-08.3
This Policy Memorandum supersedes 7-08.2 dated March 1, 2014

TO:

REGIONAL ENGINEERS AND BUREAU CHIEFS IN THE OFFICE OF
HIGHWAYS PROJECT IMPLEMENTATION

SUBJECT: RECYCLING PORTLAND CEMENT CONCRETE INTO AGGREGATE

1.0

2.0

3.0

3.1

3.1.1

SCOPE

Section 1003 and 1004 of the Standard Specifications for Road and Bridge Construction
includes “crushed concrete” as an acceptable source of aggregate material. Care must
be taken, however, to assure that quality and gradation requirements are not
compromised when recycled concrete is used in lieu of other aggregate materials.
Concrete removal and crushed concrete stockpiling and handling must be performed in
such a manner as to avoid contamination of the aggregate with dirt and foreign matter.

SAMPLING/TESTING PERSONNEL

All sampling and testing for gradation shall be conducted by an Aggregate Technician or
Mixture Aggregate Technician, as designated in the IDOT Policy Memorandum
“Aggregate Gradation Control System (AGCS)”. Quality testing sampling, when specified
shall be conducted by an IDOT Aggregate Inspector.

The overall program shall be administered by a Quality Control (QC) Manager, as
designated in the AGCS.

GENERAL PROCEDURE

Acceptance of crushed concrete from jobsite recycling, or central recycling shall be
according to 3.1 herein. Acceptance of returned Ready-Mix Concrete shall be according
to 3.2 herein.

Acceptance at Jobsite or Central Recycler.

Acceptance of crushed concrete begins with approval of the raw feed stockpile. Crushed
concrete used as raw feed at a central recycling plant or at a jobsite shall not be
contaminated with soil or foreign matter. A small amount of soil embedded in the base of
the concrete slab is acceptable. A small amount of construction debris, steel, fabric,
wood from forms, and a small amount of RAP leftover from milling is also acceptable.
Raw feed piles shall not have excavated soil, bricks, slabs of HMA pavement, or
washout from concrete trucks. Previously approved crushed stone or crushed gravel
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Recycling Portland Cement Concrete into Aggregate

3.1.2

*%*

Policy Memorandum 7-08.3

from the jobsite is allowed but shall be limited to 25 percent of the total raw feed.
Contamination in the stockpile area is as detrimental as contamination when picking up
the broken concrete. Stockpile pads shall be provided and haul roads/plant areas
properly maintained to assure that acceptable material is not contaminated prior to use.

Stockpiling, hauling, and loading shall conform to the AGCS.

Quality testing, when specified, shall consist of one quality sample per every 10,000 tons

per specific gradation. The quality samples shall be taken from stockpiled material.
Quiality testing limits by use are specified below.

IL Test Procedure | IL Test Procedure
327* 96*
Aggregate Use (% Loss) (% Loss)
HMA Surface and Binder 15.0 40
Granular Embankment Special,
Granular Subbase, Stabilized 45
Subbase, Aggregate Base, Aggregate
Surface, and Aggregate Shoulders
Aggregate Wedge Shoulders, Type B 45
IL Test Procedure 203*
Aggregate Use (% Deleterious)
RAP OTHER | TOTAL
HMA Surface and Binder 2.0 2.0
Granular Embankment Special, Granular
Subbase, Stabilized Subbase, Aggregate Base, 5.0 2.0 7.0
Aggregate Surface, and Aggregate Shoulders
Aggregate Wedge Shoulders, Type B 2.0 2.0
Aggregate Subgrade Improvement** 10.0

Found in the current Manual of Aggregate Quality Test Procedures

This shall be performed with a visual of the Raw feed by the IDOT Aggregate Inspector. If
disputed a sample of the finished product shall be sent to the Central Bureau of Materials for
verification testing. Jobsite stockpiles that are for use on the same contract that the material
originated from may be sent to a Central Recycler for crushing but must be kept separate

from the other material to ensure no contamin

Page 2
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3.2

3.21

3.3

3.4

4.0

Recycled Returned Ready-Mix Concrete.

Portland Cement Concrete may be recycled by curing returned concrete either at the
Concrete Mix Plant or at a Central Recycling Plant as outlined below:

Returned concrete shall be dumped on a clean stockpile area or concrete pad. A small
amount of fines scattered on the pad prior to dumping the returned concrete, will assist
in removal of the cured concrete.

No water shall be added to the returned concrete before dumping.

After the concrete truck is empty, it shall then proceed to a different area to “wash out”.
“Wash out” refers to the use of water and agitation to remove the ready-mix residue from
the inside the ready-mix truck.

The returned concrete shall be cured for a minimum of 2 weeks to gain strength. Cured
concrete is then broken up and placed in piles.

Quality. IDOT reserves the right to test this material for quality, as outlined in Section
3.1.2., herein, if contamination is present in the stockpile.

Gradation.

Gradation sampling and testing shall comply with the Aggregate Gradation Control
System. “Wash out” material may be mechanically blended with the returned concrete
during aggregate production as long as the final product still meets the required
gradation.

Stockpiling.

Stockpiling, hauling, and loading shall comply with the Aggregate Gradation Control

System. Stockpile pads shall be provided and the haul roads/plant area properly
maintained to prevent contamination.

CLOSING NOTICE

Archive versions of this policy memorandum may be examined by contacting the Bureau
of Materials.

The current Bureau Chief of Materials has approved this policy memorandum. Signed
documents are on file with the Bureau.
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Kansas Department of Transportation


SPECIAL PROVISION TO THE 


STANDARD SPECIFICATIONS, EDITION 2015

SECTION 1110

CRUSHED STONE FOR SUBGRADE

Delete subsection 1110.2 and replace with the following: 


1110.2 REQUIREMENTS


a. Composition.  Provide one of the types of aggregate for subgrade modification or reconstruction as shown in TABLE 1110-1 or crushed PCCP pavement reclaimed from the project site complying with the following.

b. Quality

(1) Crushed stone1.


· Soundness2, minimum (KTMR-21) 
0.85

· Wear3, maximum (KTMR-25) 
50%

· Absorption, maximum
4.0%


(2) Reclaimed crushed PCCP.


· Soundness, minimum (KTMR-21)
0.85

· Wear, maximum (KTMR-25) 
60%


1Crushed aggregates with less than 10% material retained on the No. 4 sieve (excluding mineral filler supplements) must be produced from a source complying with the official quality requirements of this Section prior to crushing.


2The above requirements for soundness do not apply for aggregates having less than 10% material retained on the No. 4 sieve.


3The above requirements for wear do not apply to aggregates having less than 10% material retained on the No. 8 sieve. 


c. Product Control.


(1) Size Requirements.  Provide uniformly graded crushed stone or Reclaimed crushed PCCP, from coarse to fine, that complies to the following gradation requirements:


		Sieve Size

		Percent Retained



		2 1/2 inch (63 mm)

		0



		3/4 inch (19.0 mm)

		20 - 60



		No. 4 (4.75 mm)

		50 - 80



		No. 30 (600 (m)

		78 - 96



		No. 200 (75 (m)

		90 - 98





 (2) Deleterious Substances.


Clay lumps and friable particles, maximum (KT-7)
5.0%


04-08-07 DIST5 (BT)


REHABILITATION ACTIONS FOR LIFE CYCLE COST ANALYSIS

FLEXIBLE *10-yr. flex. ESAL’s
ESAL (>4 wide)
Range* Year Mainline Shoulders Shoulders <4’ wide
0 10-yr. initial design 10-yr. initial design will match mainline
1 LR . .
<1 million 0 2” Surf. Re.cy. + Chip Seal Ch%p Seal
20 1” Cold Mill + 1” O.L.(9.5A) Chip Seal
30 2” Surf. Recy. + Chip Seal Chip Seal
0 10-yr. initial design 10-yr. initial design
> 1 million » : » .
i 10 1.5” Cold Mill + 1.5” O.L. (12.5A) Chip Seal
an 2 : 2 .
< 3 million 20 1.5” Cold Mill + 1.5” O.L. (12.5A) Chip Seal
30 1” Cold Mill + 2” O.L. (9.54) 17 0.L.(9.54)
n 0 10-yr. initial design 10-yr. initial design
23 ’""’l’"’” 10 | 17 Cold Mill + 2” O.L.(9.54) 17 O.L.(9.54)
an 2 M 2 2
< 6 million 20 1” Cold Mill + 2” O.L.(9.5A) 17 0.L.(9.54)
30 1” Cold Mill + 2” O.L.(9.5A) 17 0.L.(9.54)
0 10-yr. initial design 10-yr. initial design
> 6 million 10 1” Cold Mill + 2.5 O.L.(12.5A) 1.57 0.L.(12.5A)
20 1” Cold Mill + 2.5” O.L.(12.5A) 1.57 O.L.(12.5A)
30 1” Cold Mill + 2.5” O.L.(12.5A) 1.57 O.L.(12.5A)
RIGID
ESAL
Range Year Mainline Shoulders
0 20-yr. initial design Per policy
, 10
ARESAL’S 7071734, Patching
30 5% Patching + 3” O.L.(12.5A) + Saw & Seal 3”7 0O.L.(12.5A) + Saw & Seal

For all overlays:

e Use same high side binder as the initial HMA action used
o Use -22 for the low side binder (even if initial HMA used -28)






12CF303(A245)

MICHIGAN
DEPARTMENT OF TRANSPORTATION

SPECIAL PROVISION
FOR
OPEN-GRADED DRAINAGE COURSE, FOR JOB NUMBER 119803 (PORTLAND
CEMENT-TREATED PERMEABLE BASE USING CRUSHED CONCRETE)

CFS:JFS lof5 APPR:ARB:TES:01-22-19

a. Description. This work consists of furnishing, placing, and compacting a Portland
cement-treated permeable base (CTPB) for mainline pavements, shoulders and ramps using
crushed Portland cement concrete pavement from this project on a prepared pavement subbase
in accordance with the contract, or as directed by the Engineer.

b. Materials. Provide open-graded drainage course (OGDC) aggregate for CTPB meeting
the requirements in Table 1.

Table 1: Open-Graded Drainage Course For CTPB

Gradation Requirements

. . Loss by Washing (MTM 108)
Sieve Analysis (a) (MTM 109) % Passing No. 200 (a)
SV | yisinch | Linch | 1/2inch |  #4 #8
Size
percent 100 | 90-100 | 25-60 | 0-20 0-12 5.0 max
Passing
Physical Requirements
Crushed Material, % Min (MTM 110,117) 90 (b)
Loss, % Max, Los Angeles Abrasion (MTM 102) 45

a. Based on dry weights.
b. The percentage of crushed material will be determined on that portion of the sample retained on all
sieves down to and including the 3/8 inch.

Obtain OGDC aggregate from crushed Portland cement concrete pavement from this project. If
there is not a sufficient pavement quantity from Department projects to complete the project,
another aggregate source that meets the grading and physical requirements of this special
provision may be used to produce OGDC, as approved by the Engineer.

All surplus materials resulting from the salvaging and crushing of the concrete will become the
property of the Contractor and must be removed from the project. Such materials include, but are
not limited to bituminous overlays, bituminous patches, steel reinforcement, joint materials, and
the material from the scalping operation. Provide a written proposal to the Engineer for
consideration to use the excess crushed concrete aggregates at other locations within the project
limits. Approval will be based on its ability to meet the requirements for the intended use in
accordance with the contract. Do not place excess crushed concrete aggregate within the top 3
feet below the proposed pavement surface, nor within the bottom 3 feet above the water table.
Blend excess surplus crushed concrete with comparable virgin material at a 50/50 proportion by
volume prior to its use at other locations within the project limits.
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1. Mixture Requirements. Proportion the mixture in accordance with Table 2. Accurately
batch and thoroughly mix the CTPB using a dedicated batch plant or pugmill, as approved by
the Engineer.

Table 2: Mixture Proportions For CTPB

Material Batch Weight (Ibs/yd?3)
Aggregate (See Table 1) 27 x (dry rodded unit weight of aggregate, lbs/ft3)
Cement (ASTM C150, Type ) 250 (a)
Water (b) 100 - 120
Compressive Strength Requirements (psi)
7 - Day 750 - 1000
Prior to Construction Traffic (c) 300 minimum

a. Minor adjustment to cement content is permitted, as approved by the Engineer.

b. The water content is based on the assessment of the workability of the mixture. Net water
includes any surface moisture on the OGDC aggregate (total moisture less absorbed moisture)
plus water added at the mixer.

c. Intermittent access onto the CTPB surface only to facilitate delivery of concrete during
pavement construction, as approved by the Engineer. Do not use CTPB for a construction haul
road.

Adjust the amount of water to provide a homogeneous CTPB mixture that will be stable and
drainable after hardening in place.

Conduct quality control testing of the fresh CTPB to verify mixture proportions at daily startup
and at least once during normal daily production, as described in the quality control (QC) plan.

Do not place CTPB on frozen subbase or when the ambient temperature is below 45 degrees
Fahrenheit (F).

c. Equipment. Provide and maintain equipment and tools necessary to construct CTPB
pavement in accordance with this special provision. Ensure that all mixing, transporting, and
paving equipment is onsite and properly functioning prior to beginning CTPB mixing and paving
operations.

1. Mixing Plant. Locate the mixing plant within a 30 minute haul time from the CTPB
placement. Ensure the method of mixing is approved by the Engineer, and may include:

A. Continuous flow or batch twin-shaft high-energy mixers.

B. Central mix rotary drum concrete plant meeting the requirements of subsection
601.03.A of the Standard Specifications for Construction.

C. Dry batch concrete plant meeting the requirements of subsection 601.03.A of the
Standard Specifications for Construction, batched into transit mixers or portable twin-shaft
CTPB mixers. If transit mixers are used to mix the CTPB, batch no more than half the
stated mixing capacity of the mixers and discharge the material into dump trucks for
transport and hauling.

D. Pugmill plant with a twin shaft pugmill mixer capable of batch or continuous mixing,
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equipped with synchronized metering devices and feeders to maintain the correct
proportions of aggregate, cement, admixture and water.

2. Haul Units. Provide haul units in accordance with subsection 601.03.B.8 of the
Standard Specifications for Construction.

3. Paver or Spreader. Provide a paver or spreader meeting the requirements of either
subsection 501.03.A.4 or subsection 602.03.A.3 of the Standard Specifications for
Construction. A belt placer or material transfer device (MTD) is required. Ensure the paver
or spreader is capable of uniformly placing and screeding the CTPB to the required profile
prior to compacting, as approved by the Engineer.

4. Compaction Units. Provide compaction equipment meeting the requirements of
subsection 501.03.A.5 of the Standard Specifications for Construction. Do not use vibration.

d. Quality Control (QC) Plan. Prepare, implement, and maintain a QC plan for aggregate
stockpile management, CTPB mixing, transporting, placing, compacting, and curing specific to
the project that will provide quality oversight for production, testing, and control of construction
processes. Ensure the QC plan is in conformance with the contract and identifies all procedures
used to control production and placement including when to initiate corrective action necessary
to maintain the quality and uniformity of the work. Include provisions for QC testing and frequency
of tests to ensure the work meets the requirements of Table 1 and Table 2 of this special provision.

Submit the QC plan to the Engineer for review a minimum of 10 working days before the start of
work. The Engineer will notify the Contractor of any objections relative to the content of the QC
plan within 5 working days of receipt of the QC plan. Do not begin CTPB placement before
approval of the QC plan by the Engineer. Ensure any revisions to the QC plan are approved by
the Engineer prior to resuming work.

e. Construction. Construct the pavement structure in accordance with the contract. Repair
subgrade and OGDC to specified grade and profile, as approved by the Engineer, prior to placing
geotextile separator fabrics. Delivery vehicles are not permitted onto the prepared grade during
CTPB placement. Protect the underdrain system from damage at all times.

1. Control Strip. At least 7 days prior to CTPB production, construct a control strip with
a length of 600 feet, minimum. This control strip will be used to demonstrate the construction
methods for placement and compaction of the CTPB which will not cause random cracking,
degradation or segregation that is detrimental to base stability and drainability. Additional
control strips may be required by the Engineer after a seasonal shut down and restart and
when there have been material or consistency changes. Do not place CTPB beyond the limits
of the control strip until an acceptable placement method is approved and verified by the
Engineer.

2. Mixing. Use the same CTPB mix proportions for the entire project, accounting for
minor variations in moisture content of the aggregate. Ensure complete and uniform mixing
of all ingredients. Check mixer blades routinely for wear and replace to ensure continual
quality control of the mixing operation.

3. Transportation. Transport the CTPB material to the paver, ensuring that there is no
buildup of material in the trucks. Place the material directly into the belt placer or into a MTD.
Schedule delivery of CTPB to ensure that daily paving operations are continuous and the
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materials are being placed and compacted within the time limits for open top truck specified
in Table 601-1 of the Standard Specifications for Construction.

4. Paving. Adjust the paver or spreader and regulate its speed to provide a surface
course that is smooth and continuous without tears or pulling. Place the CTPB mixture in a
single layer in accordance with subsection 602.04 of the Standard Specifications for
Construction using methods as demonstrated during construction of the approved control
strip. Do not use internal vibration. Limit the spread of the CTPB to a length that can be
compacted and finished within the appropriate time limit under the prevailing ambient
temperature, wind, and climatic conditions. Proceed in a steady, continuous operation with
minimal starts and stops. Regulate speed to ensure a constant supply of CTPB material in
the hopper. Maintain CTPB material above the auger shaft at all times during paving.

5. Compaction. Compact the CTPB to final grade within one-half hour after spreading.
Do not use vibration. Finish the surface of the CTPB smooth, uniform in appearance, and
free of depressions, ruts, and ridges. Surface tolerance will be as specified in section 303 of
the Standard Specifications for Construction. Do not cold mill the CTPB for correct surface
variations and elevation.

Protect the fresh CTPB from being damaged by rain. Include specific provisions for curing, and
also protecting the CTPB during hot and cold weather in the QC plan. Membrane curing
compound is not required.

Unless approved by the Engineer, construction vehicles or equipment are not permitted onto the
finished CTPB surface. If approved by the Engineer, intermittent access onto the CTPB may be
permitted only to facilitate placement of the concrete pavement. Include provisions in the QC plan
to protect the CTPB surface against contamination with dirt, fines, or debris. Repair or remove
and replace, at no additional expense to the Department, any damage induced by construction
equipment, including surface deformations and contamination with dirt, fines, or debris. Do not
use CTPB for a construction haul road.

When construction resumes after seasonal shutdown, the Engineer will inspect for approval all
CTPB that was completed and not covered with concrete pavement prior to seasonal shutdown.
Repair or remove and replace, at no additional cost to the Department, any damaged CTPB
identified by the Engineer during inspection after the seasonal shutdown.

f. Testing and Acceptance. The OGDC must conform to the physical and grading
requirements specified in Table 1 of this special provision. The Engineer will conduct daily
sampling and testing of the OGDC aggregate to be used in the CTPB prior to cement-treatment.

The Engineer will core the in-situ CTPB to verify the compressive strength during the control strip
construction, at a minimum, and may elect to do so at any other time throughout the project. After
mixing is completed, daily unit weight tests of the fresh CTPB will be conducted by the Engineer
in accordance with Michigan Test Method (MTM) 123, except the dry unit weight will not be
calculated. The Engineer will record the wet unit weight for informational purposes.

Prior to acceptance, repair, or remove and replace, at no additional cost to the Department, areas
of excessive segregation or random cracking in the in-situ CTPB.

For acceptance, the Engineer will determine the thickness of the in place CTPB. Round to the
nearest 0.1 inch. Use the Rounding Method described in ASTM E 29 when determining significant
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digits for reporting thickness results. Sampling locations will be determined by the Engineer in
accordance with MTM 201.

g. Measurement and Payment. The completed work, as described, will be measured and
paid for at the contract unit price using the following pay item:

Pay Item Pay Unit
Open-Graded Dr Cse, 6 inch, Cement-Treated ............cccccceeeeieeeeiveeiiiiiiee e, Square Yard

Open-Graded Dr Cse, 6 inch, Cement-Treated will be measured by area in square yards based
on plan quantity.

Open-Graded Dr Cse, 6 inch, Cement-Treated includes furnishing the crushed aggregate,
mixing with Portland cement, placing, spreading, shaping, compacting, curing, maintaining the
CTPB, constructing the test strips, and disposal of all surplus and unsuitable materials.

Price adjustments for CTPB thickness deficiency will be in accordance with Table 3.

Table 3: Price Adjustment for Thickness Deficiency for CTPB

Initial Core Type Deficiency in Thickness (inch), inclusive Price Adjustment (%)
A Less Than or Equal to 0.5 0
B 0.6-0.8 -5
B 09-10 -20
C Greater than or Equal to 1.1 (@)
a. Caorrective action up to and including removal and replacement of CTPB is required.







Section 817

SECTION 817
SALVAGED BASE COURSE

817.01 SALVAGED BASE COURSE

A. General.
Salvage base course must include a minimum of 30 percent of one or more of the following
materials:
— existing bituminous material,
— existing concrete material;
— stockpiled bituminous material; and
— stockpiled concrete material.

The remaining portion of the salvage base material may be composed of the following
materials:

— virgin aggregate;

— existing aggregate base;

— existing bituminous material;

— stockpiled bituminous material;

— existing concrete material; and

— stockpiled concrete material.

The total amount of bituminous material in salvaged base course is limited as specified in
Section 817.01 D, “Salvage Base Course Containing Bituminous Material”.

If seeking to substitute virgin aggregate in lieu of salvaged base course, submit a written
request, including a detailed justification. If the request is approved, the virgin material must
meet the requirement of class 5 aggregate as specified in Section 816.02, “Miscellaneous

Aggregates”.

If the quantity of removed material exceeds the amount of salvaged base course needed for
the work, dispose of the excess material in accordance with Section 107.17, “Removed
Material”.

Produce salvaged base that is free of reinforcing steel, soil, scoria, and other deleterious
materials.

B. Salvaged Base Course Gradation.

Sieve Size Percent Passing
1-1/2 inch 100

1 inch 90 -100
No. 4 35-85
No. 30 16 - 50

No. 200 0.0-12.0
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C. Virgin Aggregate for Blending with Salvage Base Course.
If using virgin aggregate for blending, provide virgin aggregate that meets the gradation
requirements specified in Table 817-01 and the miscellaneous requirements specified in
Table 817-02.

Table 817-01
Sieve Size Percent Passing
1inch 100
3/4 inch 90-100
No. 4 35-70
No. 30 16-40
No. 200 4-10
Table 817-02
Material Property Requirement

ND T 113 Shale Content (maximum) 12.0 %
NDDOT 4, Fractured Faces (minimum) | 10%

Plasticity Index (maximum value) 10 - (percent passing
No. 40 sieve x 0.1)

D. Salvage Base Course Containing Bituminous Material.
If salvaged base course is to be placed beneath a concrete roadway, the salvaged base
course may be composed of 100 percent recycled bituminous material.

If salvaged base course is to be placed beneath a bituminous asphalt roadway, the following
specifications apply.

1. Blending Bituminous Material Obtained from the Work.
If using bituminous material salvaged from the work, create blended material that is
between 30 and 50 percent salvaged bituminous material, by weight of the blended
stockpile.

2. Existing Bituminous Material Stockpiles.
If using stockpiled bituminous material, limit the amount of asphalt binder material in the
stockpile using one of the following methods:

a. Extraction Test Method.
Obtain three samples of the material in accordance with ND T 2 under the
supervision of the Engineer. The Engineer will take possession of the samples and
determine the amount of asphalt binder in stockpile.

The Engineer will determine the percentage of asphalt binder in the stockpile in
accordance with AASHTO T 164 and average the results obtained from the three
samples. The material will be rejected if any single sample has a value greater than
4.0 percent or the average extraction is greater than 3.5 percent. If the stockpile is
rejected, the stockpiled material may be blended with other material.

b. Blending by Weight.

Create blended material that is between 30 and 50 percent bituminous material, by
weight of the blended stockpile.
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E. Salvage Base Course Containing Concrete Material.
Salvaged base course may be up to 100 percent concrete material. Dispose of existing
reinforcing steel removed from the work as specified in Section 107.17, “Removed Material”.
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FOUNDATION COURSE

(3-1-0319)



Paragraph 8. of Subsection 1033.02 in the Standard Specifications is void.



Section 307 in the Standard Specifications is void and superseded by the following:



307.01 – Description



1. The foundation course is a layer of compacted material conforming to the lines, grades, and dimensions shown in the contract.  The foundation course shall be built on a finished subgrade.  The Contractor shall complete the following requirements under the foundation course bid items including but not limited to:



a. Adjust grade lines to meet intersections, pavements, bridge ends, railroad crossings, or any other physical features designated by the Engineer.



b. Process the source material.



c. Place the foundation course.



d. Compact the foundation course.



e. Profile the foundation course.



f. Dispose of excess material after profiling is completed.



2. The types of foundation course are:



a. Bituminous.



b. Crushed concrete.



c. Aggregate Foundation Course – D.



307.02 – Material Requirements



1. a.	All samples, including field samples, will be washed according to AASHTO T 11 prior to performing sieve analysis.  All samples will be taken from the project grade prior to the spreading and profiling operations.



	b.	The Contractor shall handle all material in such a manner that prevents contamination.



2. Bituminous Foundation Course:



a. Material used in constructing bituminous foundation course shall consist of salvaged bituminous material.  The source of the salvaged bituminous material will be described in the contract.



b. All salvaged bituminous material must be less than 3 inches (75 mm) in maximum dimension and shall not contain more than 5% by weight of material retained on a 2 inch (50 mm) sieve just prior to its use.



c. Contractor Production



(1) All salvaged bituminous material produced by the Contractor from pavement removal or by cold milling material from existing pavement structures on the project, whether hauled directly to the site of use or temporarily stockpiled, shall be screened to meet the requirements of Paragraph 2.b.



(2) If, after screening, there is insufficient material to produce the plan quantity, the Engineer may order the oversized salvaged bituminous material to be further processed at no cost to the State prior to delivery to the roadway.  Processing shall mean crushing, pulverizing, re-screening, or a combination of these methods.



(3) On projects that allow multiple foundation course materials to be used, the Engineer may direct that salvaged bituminous material continue to be placed as bituminous foundation course to the extent this material is available and can be utilized on the project.



(4) Unless otherwise shown in the contract, all Contractor produced salvaged bituminous material, including oversized material, remaining at the end of the bituminous foundation course operation shall become the property of the Contractor and removed from the project.



(5) The salvaged bituminous material shall be free of deleterious matter as determined by the Engineer.



d. Department Provided Stockpiles



(1) If the salvaged bituminous material is to be obtained from existing stockpiles described in the contract, the salvaged bituminous material shall be screened to meet the requirements of Paragraph 2.b. prior to delivery to the roadway.  Any oversized bituminous material remaining from the screening operation shall remain the property of the Department.



(2) If, after screening, there is insufficient material to produce the plan quantity, the Engineer may order the oversized salvaged bituminous material to be further processed for use as Bituminous Foundation Course.  Processing shall mean crushing, pulverizing, re-screening, or a combination of these methods.  This will be paid for as Extra Work as described in Paragraph 5. of Subsection 104.02.



3. Crushed Concrete Foundation Course:



a. Material used in constructing crushed concrete foundation course shall consist of processed and stockpiled concrete pavement.  The source of the materials for the crushed concrete will be described in the contract.  Crushed Concrete shall be free of deleterious matter as determined by the Engineer.



b. All samples will be taken from the project grade prior to spreading and profiling. The crushed concrete gradation shall be determined as described in NDOT T 27 (washed test).  The gradation requirement for the crushed concrete foundation course is shown in Table 307.01.  Material represented by samples with 15% or more passing the No. 200 (75 µm) sieve will be subject to removal.



c. Material gradation will be accepted by the table below on a lot basis of 2,500 cubic yards on the average of 5 consecutive tests, one for each 500 cubic yard sublot. If at the end of the project, the final lot consists of less than 2,500 cubic yards, a minimum of 3 samples, or 1 sample for each 500 cubic yards or fraction thereof, whichever is greater shall be taken and tested and acceptance based on the average of those tests.



d. Moisture content shall be no higher than necessary to facilitate compaction to the required stiffness.



Table 307.01

		Crushed Concrete Foundation Course
Gradation Requirements



		Sieve Size

		(Percent Passing)



			1½ inch (37.5 mm)

			100 minimum



			¾ inch (19.0 mm)

			85 maximum



			No. 4 (4.75 µm)

			20 to 50



			No. 200 (75 µm)

			0 to 8







4. Aggregate Foundation Course-D



a. Aggregate Foundation Course-D shall be a non-recycled virgin material.



b. Aggregate shall conform to the quality requirements of Paragraphs 1. and 2. of Subsection 1033.02.



c. Mineral aggregates shall have a Los Angeles Abrasion loss percentage of no more than 40% by weight.



d. Mineral aggregates shall have a soundness loss of no more than 12% by weight at the end of 5 cycles using the Sodium Sulfate Soundness test.



e. At least 14 days before beginning foundation course production, the Contractor shall submit a proposed mix design along with a 50 pound (23 kg) sample of each aggregate to the Engineer for approval.  The mix design will:



(1) Result in an aggregate mix that meets the gradation requirements of Table 307.02



(2) Propose single defined values for the percentage passing each sieve on the gradations of Table 307.02.



(3) Include the average aggregate gradations used to calculate the mix design.



(4) Create a fine aggregate angularity value of 43.0 or greater.  The specific gravity for calculation of the Fine Aggregate Angularity (FAA) shall be determined on a combined aggregate sample of the material passing the No. 8 (2.36 mm) sieve and retained on the No. 100 (150 µm) sieve as defined in AASHTO T 304 Method A, except the specific gravity material shall be washed over the No. 100 (150 µm) sieve.



f. The Engineer will determine the optimum moisture content for the proposed foundation course design in accordance with the compaction requirements.



Table 307.02

		Aggregate Foundation Course-D Gradation Requirements



		      Sieve Size                    Target Value                 Tolerance

                                       (Percent Passing)

        1/2 in (12.5 mm)              100                                 0

        3/8 in (9.5 mm)                100                                -4

        No. 4 (4.75 mm)                93                                ±4

        No. 10 (2.0 mm)                55                                ±10

        No. 30 (600 µm)                25                                ±5

        No. 40 (425 µm)                20                                ±4

        No. 200 (75 µm)                  3                                ±3







307.03 – Construction Methods



1. The Contractor shall process, load, haul, uniformly distribute, place, compact and profile the foundation course as shown in the contract.



2. Rolling pattern and deflection target value:



a. The Department will establish a rolling pattern and set a deflection target value.



b. The Department will monitor the rolling pattern with a lightweight deflectometer.  If conditions change, the Engineer may require the rolling pattern be adjusted to attain optimal stiffness.  Additional testing of separately placed irregular areas will be performed, as directed by the Engineer, to determine the necessary rolling pattern (or other type of compaction work) needed to attain optimum stiffness.



c. The Contractor shall roll the foundation course until no further compaction can be obtained, and roller marks are eliminated.



d. The Contractor shall take immediate action to adjust the rolling pattern whenever the Engineer determines that the foundation course stiffness variance is outside the tolerance of the deflection target value.



3. Profiling:



a. After the foundation course has been compacted and before the surface is profiled, the thickness shall be measured.



b. If the thickness of the compacted material is insufficient to permit profiling, the deficiency shall be corrected by the placement and compaction of additional material.



c. The profiling operation may be accomplished by milling, if necessary.



d. During the profiling operation, the control of grade and cross slope shall be maintained by the Contractor.



e. The accuracy of the preparation of the subgrade and the profiling of the foundation course will be such that the profile grade will not vary from the contract by more than ½ inch.



f. The grade stakes placed for controlling the profiling operation shall be protected so that they are available for controlling the pavement operation.



4. Surface Protection:



a. The Contractor shall only allow necessary local traffic and essential construction equipment on the foundation course.



b. The Contractor shall repair or replace marred, distorted, or otherwise damaged foundation course at no additional cost to the Department.



5. Material from the profiling operation may be reused if it meets the material requirements.  Material not meeting the material requirements shall be wasted and removed from the project.



307.04 – Method of Measurement



1. Foundation course will be paid for by the square yard (square meter).  Foundation course will not be measured directly.  The measured pavement quantity of the overlying pavement is to be used as the foundation course quantity.



a. Any thickness in excess of the specified thickness of foundation course will not be measured for payment, but will be considered subsidiary to the respective foundation course pay item.



2. a.	Screening of salvaged bituminous material will not be measured for payment.



b.	Processing of Contractor produced salvaged bituminous material, ordered by the Engineer, which contains excessive oversized material due to the Contractors production methods, will not be measured for payment.



307.05 – Basis of Payment



1. 	Pay Item					Pay Unit

Aggregate Foundation Course ___		Square Yard (SY)

						  [Square Meter (m2)]

Bituminous Foundation Course ___		Square Yard (SY)

						  [Square Meter (m2)]

Crushed Concrete Foundation 		Square Yard (SY)

  Course ___					  [Square Meter (m2)]

Foundation Course ___			Square Yard (SY)

						  [Square Meter (m2)]



2. [bookmark: _GoBack]a.	If a foundation course is ½ to 1 inch (12mm to 25mm) less than the specified thickness, it shall be removed and replaced; or, at the Engineer’s option, the material may be left in place and paid for at 40% of the bid price for the deficient areas.  The area of the deficient section shall be determined by the Engineer.



b.	Foundation course more than 1 inch (25mm) less than the specified thickness shall be removed and replaced at no additional cost to the Department.  The extent of the area to be corrected will be determined by the Engineer.



3. All water applied to foundation course will not be measured for payment, but will be considered subsidiary to the relevant foundation course bid item.



4. Screening of salvaged bituminous material shall be considered subsidiary to the bituminous foundation course item.



5. Processing of salvaged bituminous material, ordered by the Engineer, which contains excessive oversized material due to the Contractors production methods, shall be considered subsidiary to the bituminous foundation course item.



6. If the Contractor is required to reprocess the oversized bituminous material from State stockpiles, the work of reprocessing will be paid for as Extra Work as described in Paragraph 5. of Subsection 104.02.



7. Payment is full compensation for all work described in this Section.






Sheet1

		State		Responder		1.  Does your state allow crushed recycled concrete as a base? 		Any restrictions? 		2.  Is there a minimum R-value for crushed recycled concrete base specified in your state.		3.  Is R-value even determined or is a required gradation specified?		4.  Link to your specification for using crushed recycled concrete as a base .		CDOT has been requested to provide guidance in our LCCA process concerning diamond grinding.  What service life do you use for concrete pavement rehabilitation concerning diamond grinding, or what is your years to 1st rehab using diamond grinding in your LCCA?

		IN		Tommy E. Nantung		Not right now.		We did a few projects in the past but the Indiana Department of Environmental Management doesn’t allow us to use due to the leachate of the calcium hydroxide to the pavement drainage outlets.		At that time no.		NO.  The gradation is similar to that of the granular permeable base gradation		They were demonstration projects, so they were all special provisions		We don’t use LCCA right now, Indiana use “Cost of Ownership during the life of the pavement” that is a very simplistic LCCA with present worth value.  In a special case that the FHWA asked for LCCA, the years to 1st rehab using diamond grinding is 30 years.

		ND		T.J. Murphy		Yes, covered under Section 817 Salvage Base Course,		yes gradation, see attachment.		No, a value of 20,000 psi is used in ME pavement design, or a structural number of .10		No, Yes gradation is specified.		https://www.dot.nd.gov/divisions/environmental/docs/supspecs/fullsupplementalspecswith10012019.pdf		NDDOT, does not currently use LCCA, typically gets 15 to 25 years out of our JPCP before the first CPR grinding activity, typically we will get 8 to 15 years out of first CPR then depending on roadway condition another CPR will get 5 to 8 years, after this time the roadway is typically crack and seated and overlaid with a HMA or SMA.              NDDOT PCC surface tolerance spec can be found in the linked specification along with CPR grinding limits.

		OH		Craig E. Landefeld		No, it was trialed several years ago and issues arose with Tufa in underdrains, the PH of the water coming from underdrains, and environmental interpretation of what a discharge was (underdrains vs. into waterway). More recently we were approached by industry to revisit and after reviewing what was required to mitigate these issues, industry did not see it as cost effective and the effort stalled.				N/A		N/A		N/A		ODOT uses a 35yr analysis period for LCCA in pavement selection. If multiple designs are within 10% of the lowest cost design we design both options and sell the project as alternate bids and award the lowest first cost alternate from bidding.

																703.2.2 Rigid Pavement Future Maintenance Schedule

																Rigid pavement includes new pavement on a new alignment and complete replacement of existing pavement.

																Year 22: Diamond grinding (driving lanes plus one foot of each shoulder) and full dept rigid repairs of 4% of the driving lanes surface area.

																Year 32: 3.25" asphalt overlay and full depth rigid repair of 2% of the driving lanes surface area.

		MI		John F. Staton		Yes.		There are no restrictions.  The crushed recycled concrete must meet the same  physical and grading properties as the virgin aggregates.		No		Required gradation.  Same as virgin aggregate materials.		https://mdotjboss.state.mi.us/SpecProv/specBookHome.htm#1468278		The time from an initial patch & grind to when the pavement reaches re-patch & grind condition: 9-14 years.  So, basically, the time to regrind can be estimated at 9-14 years.  These are Fix Lives for programming individual projects, and are not directly used in our life-cycle process.

														See Division 9, Section 02, Pages 742-743.

														See attached for Special Provision for OGDC Portland Cement-Treated Permeable Base Using Crushed Concrete.

		WS		Mark Russell		Yes		See section 9-03.21(1)B1 Tier 2 of the WSDOT Standard Specifications.		No		Recycled aggregate must meet the same gradation requirements as natural material.  In the case of concrete base this is crushed surfacing base course in accordance with section 9-03.9(3) of WSDOT’s Standard Specifications.		WSDOT 2020 Standard Specifications – See sections 9-03.9(3) and 9-03.21.              https://www.wsdot.wa.gov/publications/manuals/fulltext/M41-10/SS.pdf		 Diamond grinding is mostly driven by rutting caused by studded tires.  The grinding cycle varies by location based on studded tire usage and traffic.  Cycles can be as low as 10-15 years or as high as 35-40 years.  The trigger for grinding is ½ inch ruts.

		OR		Austin Johnson		ODOT does not allow recycled concrete base, so we won’t be much help on this one. It has been tossed around at a few meetings with industry but Contractors have yet to actually pursue its use.		N/A		N/A		N/A		N/A		N/A

		UT		Jason Simmons		First an understanding of terms when we talk about base.  Our standard pavement section for say asphalt is HMA, Untreated Base Course (UTBC) and Granular Borrow (GB) Typically HMA as needed, 6" of UTBC, and 12"-36" of GB		 We have a provision in our embankment, borrow, and backfill spec that materials may include recycled concrete. So that would cover the GB, but we very rarely see recycled concrete for GB.   For the UTBC recycled concrete is not allowed by standard spec, but we have allowed it's use on a few big jobs that were generating recycled concrete.  A copy of a special provision used is attached.     		 We do not use R-value,  In design we just assumed the same modulus as standard materials.  In construction there 						We do 40 year pavement designs with repair and grind planned at year 20 and 30

		NE		Wally Heyen		Yes		See Table 		No		Gradation		Special Provision. Attached		About 8-10 years for undoweled concrete.

		WV		Vincent Allison		No		(We have done some rubblization of concrete, though, and if you want more information on that, please let me know.)		N/A		N/A		N/A		Our current LCCA anticipates 26 years to first concrete rehab, but that includes more than just diamond grinding.  It includes about 7.5% joint repair as well.  We anticipate a 14 year life from this treatment.

		FL		Mary Jane Hayden		Yes		FDOT does allow it on arterials and collectors, but not on interstates.		Not for recycled concrete aggregate (RCA).		 We specify a required gradation for RCA (see Table 911-4 in the direct link noted below).		 https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/programmanagement/implemented/specbooks/jul2020/7-20ebook.pdf?sfvrsn=c1f3424e_2		FDOT uses slab replacement as the primary rehabilitation method in our LCCA process.  But any time a rehabilitation is done, diamond grinding is also done.  We perform a LCCA during design to help with the pavement type selection, and the rehab method we base it on is a 3% slab replacement at 23 years, and a 5% slab replacement at 33 years.  Our LCCA guidelines can be found in our Pavement Type Selection Manual, and our rehabilitation guidance is found in our Rigid Pavement Design Manual (both located at https://www.fdot.gov/roadway/PM/publications.shtm).

		MN		Maria Masten		Yes		for base with >75% concrete the gradation is required to be coarser.		It is the same as virgin aggregate base.		Gradation, no R-value required		 See 3138 - http://www.dot.state.mn.us/pre-letting/spec/2018/2018-spec-book-final.pdf		Please see Chp 7, Section 770: LCCA Activities in the Pavement Design Manual: http://www.dot.state.mn.us/materials/pvmtdesign/docs/manual/MnDOT_PaveDesign_Chapter7.pdf

		IL Tollway		Daniel Gancarz		Yes through special provisions. Reclaimed PCC can be from an interstate or primary roadway pavement or structure under the jurisdiction of the Illinois Tollway or IDOT, or from runway pavement from any airport under FAA jurisdiction. Reclaimed PCC from local roads or streets can be used if the source of the original aggregates in the concrete are known and the coarse aggregate quality is “C” or better based on current IDOT standard specifications. 		Reclaimed PCC may consist of material from local roads or streets of unknown source and quality if the material is certified by a independent laboratory based on “C” quality coarse aggregate quality requirements identified in the Article 1004.01(b) of the standard specifications.		We usually use a layer of open graded crushed concrete within the base. We use a resilient modulus of 25,000 psi in Pavement ME for this layer, which is around an R-value of 80.		We specify one of two gradations depending on the layer thickness. 		http://www.idot.illinois.gov/Assets/uploads/files/Doing-Business/Manuals-Guides-&-Handbooks/Highways/Construction/Standard-Specifications/Standard%20Specifications%20for%20Road%20and%20Bridge%20Construction%202016.pdf
		From our pavement asset management plan, JPCP diamond grind occurs in Year 25, with the first asphalt overlay in Year 32.  For CRCP, those are Year 24, and Year 33, respectively.

		NC		Brian Hunter		Yes, crushed concrete can be used as aggregate base course (ABC).  		 It must meet our usual requirements for ABC, except that the upper limit on LL is raised from 30 to 35.		North Carolina does not use R-values.		There are gradation requirements, along with LL and PI requirements for the portion passing a #40 sieve.		Our standard Specs are available at:

https://connect.ncdot.gov/resources/Specifications/StandSpecLibrary/2018%20Standard%20Specifications%20for%20Roads%20and%20Structures.pdf

Crushed concrete used for ABC is addressed in Section 1043-1 and 1043-2.		Our life cycle cost analysis assumes diamond grinding is done at year 30 (with patching of 1% of the pavement).  The next treatment is at year 40 and is a thick asphalt overlay.  We do not assume diamond grinding is done at the time of construction.

		GA		Ian Rish		Yes, refer to our 815 specification				No		Required Gradation		 http://www.dot.ga.gov/PartnerSmart/Business/Source/special_provisions/Special%20Provision/SP%20815-%20Graded%20Aggregate.pdf		Pavement Type Selection Manual which covers LCCA  http://www.dot.ga.gov/PartnerSmart/DesignManuals/Pavement/Pavement%20Type%20Selection%20Manual.pdf

		AL		Scott George		No		N/A		N/A		N/A		N/A		Generally, the first CPR is performed at about 20 years. After that, the CPR may last 8 to 10 years. We usually diamond grind every time we touch PCC pavement.

		IL		Charles Wienrank		Yes		See Article 1004.04 in Standard Specifications (link below)		No		No – see attached document for quality testing requirements and Standard Specifications for gradation		 http://www.idot.illinois.gov/Assets/uploads/files/Doing-Business/Manuals-Guides-&-Handbooks/Highways/Construction/Standard-Specifications/Standard%20Specifications%20for%20Road%20and%20Bridge%20Construction%202016.pdf		 Diamond grinding is not currently used as a rehabilitation activity in our LCCA process.

		KS		Ryan Barrett		KDOT does allow crushed recycled concrete as a crushed stone base under either concrete or asphalt pavement				No		No R-value is determined.  A required gradation is usually specified.  See link below in #4 for the general “Crushed Stone Subgrade” specification gradation required.  Depending on the situation, the gradation shown in the general specification could be modified.  Attached (1st attachment) is an example of a “modified” project special specification we used in District 5 in the south central part of Kansas.  You can see the soundness, wear, and gradation requirements were modified from the general “Crushed Stone Subgrade” specification.		http://www.ksdot.org/Assets/wwwksdotorg/bureaus/burConsMain/specprov/2015/304.pdf - Crushed Stone Subgrade Specification

http://www.ksdot.org/Assets/wwwksdotorg/bureaus/burConsMain/specprov/2015/1107.pdf - Aggregates for Backfill (includes Crushed Stone Subgrade) Specification		Typical actions for calculating life cycle costs for asphalt & concrete pavement over a 40-year period is attached (2nd attachment).  KDOT historically has not used diamond grinding as a rehabilitation strategy for concrete pavement.  Contractors are allowed to diamond grind new concrete when smoothness requirements are not initially met.  Also, there could be situations when diamond grinding is performed as a maintenance action.

		MO		Brett Trautman		Yes		No		No		Missouri requires the material to meet the same gradation requirements as specified for virgin material.		Aggregate base specifications are located in Section 1007 of the Missouri Standard Specifications:     https://www.modot.org/sites/default/files/documents/2019%20Missouri%20Standard%20Specific%20-%20MHTC%20%28July%202019%29_SIGNED.pdf		Missouri designs pavements utilizing the AASHTO Pavement ME program.  We use a design life of 45 years.  We assume the first rehabilitation will occur at year 25.  At that time, we anticipate performing pavement repairs on 2 percent of the pavement surface to address cracking.  This would then be followed by diamond grinding the pavement.

		PA		Neal Fannin		No		We did until about 3+ years ago. We have had a problem with tufa generation at under drain outlets, and our DEP has made this an issue.		No		N/A		N/A		PennDOT uses Diamond Grinding 50% of pavement area at Year 15 after constructing a Full Depth Concrete Pavement or Unbonded Concrete Overlay in our LCCA calculation. Diamond Grinding is used again in the LCCA at Year 25, 100% of pavement area (full width). We use a 50-year analysis period for New Construction, Reconstruction, or Unbonded Concrete Overlay. Year 35 is when we calculate a 4.5” asphalt overlay will be placed on top of the concrete pavement. So we would expect a 10 year service life when using Diamond Grinding on our pavements. We do have some soft aggregates within our geology, that if used in the surface of our concrete pavements, diamond grinding is no longer permitted as an option due to polishing of the surface.

		SC		Jay Thompson

		Yes, we allow it.		It has to either be from a consistent source, like an existing concrete pavement that is going to be recycled and used right back on the same project.  Or it has to be approved, each stockpile, and not altered or added to after approval (this doesn’t happen very much).  		No		Gradation		 https://www.scdot.org/business/pdf/2007_full_specbook.pdf  Section 305. 
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Table 307.01

Crushed Concrete Foundation Course
Gradation Requirements

Sieve Size (Percent Passing)
1%inch (37.5 mm) 100 minimum
Sinch (19.0 mm) 85 maximum
No. 4 (4.75 m) 201050

No. 200 (75 pm) Oto8
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Sieve Size

Percent Passing

5 inches 100
4inches 85:15
2inches 45+15
# 15215
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Percent Passing
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SCDOT Pavement Type Selection

EDM-15 (attached) outlines the process
Life Cycle Cost Analysis is a part of the process and summarized here

Main Points

Lowest initial cost alternatives are developed (SCDOT Pavement Design Guide)

Only directly comparable costs for pavement structure are compared
Unit costs come from bid item estimator, bracketed for quantities
50 year analysis period

+2% with a minimum of 1%: White House OMB Circular A-94 30 year real for discount rate

Deterministic for illustration only
Probabilistic is primary analysis
Salvage value is included for final rehab

User costs are looked at separately, durations are triangular distributions based on production rates

HMA Rehab Schedule

Expected Service Life

1st: |Initial

2nd: Mill 1" replace 125 OGFC (Refresh)

3rd: Mill 3" replace 200 Surface/125 OGFC (Refresh)

4th: Mill 1" replace OGFC (Refresh)

5th: Mill 5" replace 200 Int /200 Surface /1250GFC (Overlay)

PCC Rehab Schedule

1st: Initial

2nd: Patch 2%, grind, clean and reseal joints (Refresh)
3rd: Patch 2%, grind, clean and reseal joints (Refresh)

4th: Patch 5%, grind, clean and reseal joints (Refresh)

5th: Overlay with 200 Int/200 Surface/125 OGFC (Overlay)

(note: 4th rehab is given a very short life so that it does not count in the salvage
value. It actually happens at the same time the 5th activity occurs)

Low Expected High
HMA Initial Construction 8 10 12
HMA Surface Refresh 8 10 12
HMA Overlay 8 10 12
PCC Initial Construction 18 24 30
PCC Refresh 8 10 12
Overlay PCC 8 10 12

Expected Structural Life

Low Expected High
HMA Initial Construction 16 20 24
HMA Surface Refresh 8 10 12
HMA Overlay 16 20 24
PCC Initial Construction 35 40 45
PCC Refresh 8 10 12
Overlay PCC 16 20 24
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SPECIAL PROVISION


PROJECT # F-I215(175)16

PIN # 9419

SECTION 02721S

BASE COURSE

PART 1
GENERAL



1.1
SECTION INCLUDES


A.
Production, construction, and compaction of Untreated Base Course (UTBC), consisting of 100 percent virgin aggregate or 100 percent Recycled Portland Cement Concrete used for pavement sections, shoulders, and incidental construction.


1.2
RELATED SECTIONS


A.
Section 01572: Dust Control and Watering


1.3
REFERENCES


A.
AASHTO T 11: Materials Finer than 75-(m (No. 200) Sieve in Mineral Aggregates by Washing 


B.
AASHTO T 19: Bulk Density (“Unit Weight”) and Voids in Aggregate


C.
AASHTO T 27: Sieve Analysis of Fine and Coarse Aggregates


D.
AASHTO T 89: Determining the Liquid Limit of Soils


E.
AASHTO T 90: Determining the Plastic Limit and Plasticity Index of Soils


F.
AASHTO T96: Resistance to Degradation of Small-Sized Course Aggregate by Abrasion and Impact in the Los Angeles Machine


F.
AASHTO T 180: Moisture-Density Relations of Soils Using a 4.54 kg (10 lb) Rammer and 457 mm (18 in) Drop


G.
AASHTO T 193:  The California Bearing Ratio


H.
AASHTO T 255: Total Evaporable Moisture Content of Aggregate by Drying 


I.
AASHTO T 335: Determining the Percent of Fracture in Coarse Aggregate


J.
UDOT Minimum Sampling and Testing Requirements


K.
AASHTO T 310; In-Place Density and Moisture Content of Soil and Soil-Aggregate by Nuclear Methods (Shallow Depth)

1.4
DEFINITIONS
Not Used

1.5
SUBMITTALS


A.
Submit a written report for approval for each material, aggregate class and source, a minimum of five working days prior to placement.  Include the following:


1.
Aggregate suitability.  Refer to this Section, Part 2..


2.
Name of supplier and location of source.


3.
Maximum Dry Density and Moisture Content

a.
For UTBC include maximum Dry Density and Optimum Moisture Content. Refer to AASHTO T 180, Method D.    

b.
For Recycled Portland Cement Concrete provide a target Moisture Content. 


4.
Job mix gradation 


a.
For UTBC include single values for each sieve size within the gradation limits of Table 2.

b.
For Recycled Portland Cement Concrete include target values for each sieve size listed in Table 3 and allowable tolerances based on Contractors process. Obtain approval from the Region Materials Engineer for target values and tolerances.  


B.
Job-mix gradation changes




1.
Refer to this Section, article 3.1.


1.6
ACCEPTANCE


A. Sampling and testing of material is in accordance with UDOT Minimum Sampling and Testing Requirements for UTBC excluding in-place density on Recycled Portland Cement Concrete Pavement.  For in-place density on Recycled Portland Cement Concrete Pavement see section 1.6.B.2.

B. All material used must be 100 percent UTBC or 100 percent Recycled Portland Cement Concrete Pavement.  The two materials cannot be mixed.  Each material must have it’s own production lot for each production day.


B.
Type I Placement – Pavement Section includes placement for Curb or Curb and Gutter when in conjunction with placement for pavement section.



1.
UTBC

a.
Use Class A aggregate, Table 1.

b.
The Engineer takes random samples from the grade and tests for moisture, gradation, and laboratory density and performs in-place density determinations. 


c.
Meet gradation limits and applicable tolerances of Table 2 for each gradation test.  Each sublot will be evaluated separately; do not average with other sublots.

d.
Meet minimum density test average of 97 percent of maximum laboratory density with no test less than 94 percent.




2.
Recycled Portland Cement Concrete Pavement

a.
Use Recycled Portland Cement Concrete Pavement meeting the requirements of Table 3.



b.
The Engineer takes random samples from the grade and tests for moisture and gradation.


c.
Meet gradation limits and applicable tolerances of Table 4 for each gradation test.  Each sublot will be evaluated separately; do not average with other sublots.


d.
Density

1.
Perform a minimum of three acceptance density determinations per production day or one per sublot of 2500 square yards.

2.
A test lot is defined as the amount of material processed during on full day’s production.


3.
At the beginning of the process, develop a rolling pattern which establishes a Field Density Standard.


a.
Obtain density measurement using nuclear gauge after each pass of the roller.


b.
Continue compaction operations with intermediate and finish rollers until density measurements indicate diminishing density.


c.
Maximum density achieved during compaction operations is established as Field Density Standard.


d.
Establish new Field Density Standard if conditions change.


4.
Obtain Field Density Standard, plus or minus 1.5 pounds per cubic foot, established by rolling pattern. 

C.
Type II Placement – Incidental includes placement for Curb, Curb & Gutter, Driveways, Pedestrian Access Ramps, Sidewalk, Waterways, Flatwork, and other items of work in the contract to which Base Course is included and not measured or paid for separately.  


1.
Meet the requirements of Type I Placement.


D.
Type III Placement – Shoulder 


1.
Use Class A, B or C aggregate, Table 1 or Recycled Portland Cement Concrete Pavement meeting the requirements of Table 3.

2.
Adjust moisture content prior to compaction.


E.
Material not meeting the gradation requirements may be allowed to remain in-place at the discretion of the Engineer, provided density requirements are met.  However, additional lots may not be placed until the deficiencies are addressed and corrected.


F.
Correct material that does not meet the specified criteria by scarifying, placing additional material, re-mixing, reshaping and re-compacting when directed by the Engineer.  Rework unacceptable material at no additional cost to the Department.


G.
Do not place additional material on any unaccepted layer.


H.
Remove products found defective after placement and replace with acceptable products at no additional cost to the Department when directed by the Engineer.

PART 2
PRODUCTS


2.1
UTBC

A. Well-graded, clean, hard, tough, durable and sound mineral aggregates consisting of crushed stone, crushed gravel, or crushed slag, free of organic matter and contamination from chemical or petroleum products according to Table 1. Do not mix or blend with Recycled Portland Cement Concrete.

Table 1

		Aggregate Properties



		

		Aggregate Class

		



		

		A

		B

		C

		



		Dry Rodded Unit Weight

		Not less than 75 lb/ft3

		AASHTO T 19



		Liquid Limit/Plastic Index

		Non-plastic

		PI ( 6

		AASHTO T 89


AASHTO 90



		Gradation 

		Table 2

		AASHTO T 11


AASHTO T 27



		CBR with a 10 lb surcharge measured at 
0.20 inch penetration

		70% Minimum

		N/A

		AASHTO T 193



		Two Fractured Faces

		50 % Min

		N/A

		N/A

		AASHTO TP 61





B.
Establish the job mix (target) gradation for each sieve listed in Table 2 within the gradation limits.  The Job Mix Gradation Tolerance is the allowable deviation from the job mix (target) gradation on the applicable sieves.  All other percents passing will be within the gradation limits.  Refer to AASHTO T 11 and AASHTO T 27.  

Table 2


		Gradation Limits



		Sieve Size

		Job Mix Gradation Target Band

		Job Mix Gradation Tolerance



		1½ inch


1 inch


¾ inch


½ inch


⅜ inch


No. 4


No. 16


No. 200

		100

90 - 100

70 - 85


65 - 80


55 - 75


40 - 65


25 - 40


7 - 11

		±9.0


±9.0


±9.0


±9.0


±7.0


±5.0

±3.0





Percent passing based on total aggregate (dry weight), and fine and coarse 


aggregate having approximately the same bulk specific gravities.


2.1
Recycled Portland Cement Concrete Pavement

A. Processed Recycled Portland Cement.  Do not mix or blend with UTBC.

1. Remove all reinforcing steel.


2. Remove all partial depth patching material.

3. Do not mix or blend with Lean Concrete Base Course


B. Establish the job mix (target) gradation for each sieve listed in Table 3 and the allowable tolerance. The Job Mix Gradation Tolerance is the allowable deviation from the job mix (target) gradation on the applicable sieves.  Refer to AASHTO T 11 and AASHTO T 27.

1.  All material must pass the 2 inch sieve.

PART 3
EXECUTION


3.1
INSTALLATION


A. Mixing:  

1. For UTBC provide moisture content of ± 2 percent of optimum at the time of placement.  Refer to AASHTO T 180, Method D and AASHTO T 255.


2. For Recycled Portland Cement Concrete Pavement provide moisture content of ± 2 percent of target at the time of placement.


B.
Procedures for changing the Job-Mix Gradation


1.
Submit changes in writing 24 hours prior to placement for approval by the Engineer.


2.
Obtain approval from the Region Materials Engineer for any changes to Recycled Portland Cement Concrete Pavement targets or tolerances.  

C.
Placing: Place in layers of uniform thickness and compact each layer to a thickness not to exceed a 6 inch depth.  Do not place on any frozen surface.  Refer to Section 01572.



D.
Finishing: Uniform line and grade with surface deviations no more than ⅜ inch in 10 ft in any direction.


1.
Profile Tolerance — Correct any profile deviations greater than ⅜ inch.


a.
Rework minimum of 4-inch lift to achieve homogeneous density.


b.
Determine limits of correction based on extent of deviation. 


c.
Continue finishing until existing deviation is less than ⅜ inch.


E.
Compaction


1.
For UTBC maintain optimum moisture content ± 2 percent.

2.
For Recycled Portland Cement Concrete Pavement maintain target    moisture content ± 2 percent.

3.
Use appropriate compaction equipment adjacent to abutments, backwalls, approach slabs, wing walls, retaining walls, and other structures.

4.
Use a minimum of two passes with a roller for Type III placement or as directed by the Engineer.


END OF SECTION

Base Course
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