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Outlines

• 203.24 , Iight Weight Deflectometer

• 203.23, Dynamic Cone Penetrometer

• Subgrade Treatments (207 and 215)

• Mixed Design guidelines

• Proofrolling, 203.26

• Resilient Modulus



Compaction Requirements for Soil and Aggregate



LWD LIGHT WEIGHT DEFLECTOMETER



SECTION 203.24, LWD TEST SETUP



Allowable Average Deflection and Maximum Deflection for Chemically 
Modified Soils and Aggregate  over Chemically Modified Soils

Material Type Allowable Average 
Deflection (mm)

Maximum Deflection at 
a Single Test Location 

(mm)

Lime Modified Soil ≤ 0.30 0.35

Cement Modified ≤ 0.27 0.31

Aggregate over Lime Modified Soil ≤ 0.30 0.35

Aggregate over Cement Modified Soil ≤ 0.27 0.31

ALLOWABLE DEFLECTION 



Aggregate over Untreated Soils Where Proofrolling Can Be 
Performed

Material Thickness Allowable Average 
Deflection (mm)

Maximum Deflection at 
a Single Test Location 

(mm)

6 in. Thick Coarse Aggregate No.53
≤ 0.51 0.57*

12 in. Thick Coarse Aggregate 
No.53

≤ 0.34 0.40**

18 in. Thick Coarse Aggregate 
No.53 ≤ 0.31 0.35**

*       When deflection exceed this value, the area shall be recompacted or undercut as directed.  The failed area shall be delineated prior to excavation.  Deflection 
will be measured based on the top 6 in. thick coarse aggregate  No. 53 layer material placed for undercut.
**    The Contractor shall recompact the coarse aggregate No.53 in accordance with 301.06 .

ALLOWABLE DEFLECTION 



Aggregate over Untreated Soils: Where Proofrolling Cannot Be Performed

Material Thickness Allowable Average 
Deflection (mm)

Maximum Deflection at a 
Single Test Location (mm)

6 in. Thick Coarse Aggregate No.53 ≤ 0.60 0.65*
12 in. Thick Coarse Aggregate No.53 ≤ 0.47 0.52**
18 in. Thick Coarse Aggregate No.53 ≤ 0.44 0.49**
*       When deflection exceed this value, the area shall be recompacted or undercut as directed.  The failed area shall be delineated prior to excavation.  Deflection will be 
measured based on the top 6 in. thick coarse aggregate  No. 53 layer material placed for undercut.

**    The Contractor shall recompact the coarse aggregate No.53 in accordance with 301.06 .

Notes:

1.     The Engineer will perform the moisture test on in-situ soils prior to placement of coarse aggregate .  If the result of the moisture test is > 13% the Engineer will contact the 
Geotechnical Section.

ALLOWABLE DEFLECTION 



Dynamic Cone Penetrometer
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DCP – DYNAMIC CONE PENETROMETER



Disposable DCP Cone slides on end of attachment

DYNAMIC CONE PENETROMETER (DCP)



The following laboratory tests are required:

DYNAMIC CONE PENETROMETER (DCP)

Laboratory Test AASHTO Requirement
Sieve Analysis AASHTO T-88/or ASTM D-1140
Atterberg Limits AASHTO T-90/or T-89
Moisture-Density AASHTO T-99
Loss on Ignition AASHTO T-267
Ca/Mg Carbonate ITM 507*
*Not required unless shells or density <105 lbs.
A representative soils sample (25 lbs) from project limits or borrow pit.



203.23, DCP Blow Counts Chart

CONT’D. 



Silty , Sandy & Granular Soils
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DYNAMIC CONE PENETROMETER (DCP)

Clayey Soils
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DYNAMIC CONE PENETROMETER (DCP)

Field Test Test 
Method

One Point Proctor for Cohesive Soils ITM 512

Dynamic Cone Penetrometer ITM 509

Field Determination of Moisture Content of Soils ITM 506



Soil Type Moisture Compaction Range

Clay (<105 lb/cu ft) -2 to + 2% of optimum moisture content

Clay (105-114 lb/cu ft) -2 to + 1% of optimum moisture content

Silty and Sandy (>114 lb/cuft) -3% of optimum moisture content and optimum

Granular 5 to 8%

203.23, Moisture Compaction ranges are as follows:

Moisture tests will be performed every four hours for clayey soils once
a day for Silty, sandy and granular soil types.

CONT’D. 



FIELD CRITERIA FOR DCP BLOW COUNTS

M:\DTE-ME\Soils\Moisture Density Curves 2D.pdf

-Data not to be used with Granular Soils.

-Plot based on data acquired from July 1965 to January 1969 by Soils Department .

-Moisture must be between -3% and +1% for a valid Maximum Wet Density

-These charts are an alternative to the Family of Curves and may be used in accordance with  
ITM-512

-Revised 4/4/14

Presenter
Presentation Notes
Step #1: Use 1) wet density (T-272) and 2) existing moisture (ITM-506) to plot point.
Step #2: Follow along curves in figure 1 to “maximum” line. 
Step #3: Follow to right to Max Dry Density (fig 2) 
Step #4: Follow down to moisture line then to the left for Opt Moisture (fig 3)     
Step #5: Proceed to table on next slide for blow counts. 



SECTION 207 (REVISED)
Type Subgrade Description

I 24 in. of soil compacted in accordance with 203.23 

IA [blank] 

IB

* 14 in chemical modification using lime 

**14 in chemical soil modification using cement

IC 12 in. coarse aggregate No. 53 in accordance with 301 

ID 12 in. coarse aggregate with Type 2B geotextile in accordance with 918.02(c) 

II 6 in. coarse aggregate No. 53 in accordance with 301 

IIA 8 in. chemical soil modification 

III In-place compaction in accordance with 203.23 

IV 12 in. coarse aggregate No. 53 with Type IB geogrid in accordance with 214 

IVA 12 in. coarse aggregate with Geocell confining system in accordance with 214 

V 3 in. of subgrade excavated and replaced with 3 in. coarse aggregate No. 53 



Revised Maximum Soil Properties for Chemical Modification

SECTION 215 

Soil Property Test Method Requirement

Maximum Dry Density AASHTO T 99 ≥ 90 pcf

Organic Material AASHTO T 267 < 6%

Sulfate Content ITM 510 < 1,000 ppm

Table 1: Minimum Soil Properties for Chemical Modification



Chemical Modification Allowable Average Deflection (revised)

Allowable Average Deflection for Chemically Modified Soil

Material Type
Allowable 
Average 

Deflection (mm)

Maximum Deflection 
at a Single Test 
Location (mm)

Cement Modified Subgrade 0.27 031

Lime Modified Subgrade 0.30 0.35

SECTION 215



The frequency of LWD and DCP testing will be three (3) tests for each 1,400 cyd of chemically
modified soils.

The chemically modified soil lift shall meet the following requirements for compaction:

The average DCP blow count will not be less than 17 for the top 6 in. of a 14 in. lift.

The average DCP blow count will not be less than 16 for the bottom 8 in of a 14 in. lift.

Moisture tests for chemically modified soils mixture shall be performed in accordance with 
ITM 506 at every 4 h during chemical and soils mixing.

One gradation test shall be performed for each 2,500 ft cyd of chemically modified soil in 
accordance with 215.08 and ITM 516.

LWD AND DCP TESTING FREQUENCY



Sec 203.26,PROOFROLLING
• When specified, the work shall be performed with dump truck with a minimum tire 

pressure of 90 psi. 
• Proofrolling  for embankment construction shall be performed using a 15t dump truck 

. Proofrolling for subgrade shall be performed using 33 t. 
• Proofrolled surfaces shall be covered completely with a single pass.
• Operating speed of the truck shall not exceed 2 mph.
• Deflection or rutting in excess of 1/2 in. shall require remediation of the subgrade 

surface as directed. 
• Deflection or rutting in excess of 3 in. shall require corrective remediation measures 

and the Office of Geotechnical Services will be contacted.
• Proofrolling shall be performed after remediation measures on embankment or 

subgrade prior to the placement of additional material.
• Failures shall be corrected.



DESIGN PROCEDURES FOR SOIL MODIFICATION OR STABILIZATION



CHEMICAL SOIL MODIFICATION

a. Cement:  Clay content ≤ 30% and PI ≤ 20. 
 
 
Note 1.   Lime shall be quick or hydrated lime only and lime shall have a soluble sulfate content < 5%. 
Note 2.  In lieu of lime class C fly ash with a soluble sulfate content < 5% may be used. 
Note 3.   When fly ash class C is substituted in lieu of lime, a minimum corresponding strength of 50 psi gain should be obtained. 

 
Note 4.  Use of fly ash is not permitted between October 15 and April 15. Appropriate tests showing the improvements in the strength gain and the swell reduction are 

essential for the exceptions listed above. 
 

Note 5  Lime treated soils may not provide immediate stability due to presence of high moisture. Geotechnical consultants may recommend cement as modifier for faster 
strength gain in these conditions. 

3.0 Design Procedures 
 

3.1 Suggested Criteria for Chemical Selection 
 
 

When the chemical stabilization or modification of subgrade soil is considered the most 
feasible alternative, the following criteria shall be considered for chemical selection based on the 
index properties of the soils. 

 
 
 

1. Chemical Selection for Stabilization. 
 

a. Lime1: Clay content >30 % and PI > 20. 
 

b. Cement: Clay content < 30% and PI ≤ 20. 
 

2. Chemical Selection for Modification 
 

a. Lime: Clay content > 30% and PI >20. 
b



CHEMICAL SOIL MODIFICATION GUIDELINES



CHEMICAL SOIL MODIFICATION GUIDELINES



RESILIENT MODULUS MACHINE

3 in 
sample 
Cell

6 in 
sample  
Cell

Testing on Soil and Aggregate



RESILIENT MODULUS REQUEST INFORMATION

MR Test Request by Consultant MR Test Request by Consultant Submittal 



RESILIENT MODULUS ONLINE SUBMITTAL
MR Test Request Submittal Soils Laboratory Print Output



Questions

?
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