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Research and Technical Reports

1

JTRP & In-house Research

1998, JTRP Technical Report Series
Cone Penetration Test to Assess the Mechanical Properties of Subgrade Soils

2010, FHWA/IN/JTRP-2010/27 SPR- 3009
Use of Dynamic Cone Penetration And Clegg Hammer Tests For Quality Control
of Roadway Compaction and Construction

2014, FHWA/IN/JTRP SPR-3537
QA/QC of Subgrade and Embankment Construction

JTRP SPR#3651 SAC MEETING 2013
Developing Statistical Limits for using the Light Weight Deflectometer, LWD
in Construction Quality Assurance

In-House Research
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LWD Setup

(1)Grip

(2)Top fix and release mechanism
(3)Guide road

(4)10 Kg —falling weight

(5)Lock pin

(6)Set of steel springs

(7)Loading plate diameter

Boussinesq Half Space Equation

_ 2(1 — ﬂZ )q * R Three Major Elements:

ELWD - 5 (a)Weight to induce the pulse

b)The loading pl:
Where g = applied stress, R = plate radius, (b)The loading plate

1 = Poisson ratio, s = deflection (c)Accelerometer

(To determine the deflection)

g Jindiana

Motive behind change

Density testing has been useful, but is not time
efficient, does not verify design properties, and
should be replaced

Density test does not simulate the roadway
deformation under traffic
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Light Weight Deflectometer

INDOT permits LWD testing on the following
materials:

= Aggregate No.53, No.73, structural backfill si
1.5and 2 in

= Chemically Modified soils

ze 1,

ﬂmdigna ﬁ

Maximum Allowable Deflection

The maximum allowable deflection for #53

Maximum Allowable

Material Type Deflection (mm)

aggregate will be in accordance with the following:

Lime Modified Soil 0.30
Cement Modified Soil 0.27
Aggregates over Lime Modified Soil 0.30
Aggregates over Cement Modified Soil 0.27

Materials not included in the table need a test pad.

ﬁlpdiqna ﬁ




ITM 508, LWD Testing Procedure

Select site and set up LWD connection to its
computational unit.

The test section should be level and smooth.

Set the plate on a prepared surface and seat it by
turning it left and right 45 degrees. Do not drop the
loading plate on the prepared surface.

LWD plate should not translate laterally with each
successive drop.

g Jindiana

Perform 3 seating drops before collecting the data. If
noticing excessive deflection.

Material needs additional compaction.

Following seating drops, perform three drops from a fixed
height.

Record the average of 4th, 5th and 6th drops
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Test Pad Construction

Test section requirements:

AASHTO T-11, T-27, and T-99.

Subgrade shall be proof-rolled.
= Test Pad area is 100 ft. by 20 ft. (part of the roadway).

= One moisture test is based on AASHTO T-255. Moisture
shall be between -3 and OMC. Perform moisture on
aggregates before placing on grade.

g Jpindiana ﬁ

= Shall be 4 roller passes in vibratory mode and one with
static on the aggregates.

= 10 randomly selected LWD Tests (Deflection) based on
ITM-802 and take average of 10 tests.

= Perform an additional passes in vibratory and static mode
each.

= Retest the previous test locations (10) and take the
average.

= Subtract the average deflection of step 8 from step 6.
= If difference is 0.02 mm or below, test section is complete.

ﬂlndiana ﬁ
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» The average deflection of step 8 is the maximum

allowable deflection and would be used for the remaining
project.

« If the difference is greater than .02 mm, additional roller
passes in vibratory and static are required prior to LWD
test.

g Jpindiana ﬁ
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A Test Section Layout
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Avg. [Test Deflection (S,,) (mm) 0273 0.269 0278 0.278 0.273 0.269 0275 0.265 0279 0.270 0.274
Passes| WD Assigned Test Number 6V+3S
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o P . Wt of Pan (W3)(b) or () 100.0
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D Accepting Data Sheet

D409 LWD Rev 12 INDIANA DEPARTMENT OF TRANSPORTATION ORIGINAL: PROJECT FILE

6102014 LWD AND MOISTURE ACCEPTANCE TESTS coPY TO: (OFFICE OF GEOTECHNICAL ENGINEERING, Indanapolis
AAGGREGATES OVER CHEMICALLY MODIFIED SOILS

CONTRACTNO. CT 1 rrosermo RORDNO onre WeATHER

reoTesThG.
Testio.
-
natic
Tt [ E—
pata [Elevation or Lift No.
-
Py A T aror
I Tost eflecion (52 (o) [ [ [ [ [ [
[ “Avrage Deflection (mmy
oo
Laboratory Data ab. SM ID (R+12 digits)
— R ST
e . s v s
Comments. Comments 1
Canmons2
REQUREMENTS: s oana
—_—-
Maximum Allowable Deflections 0.30 flation
= o o ovse
W ofPan Vi et o
CS= Grushed Sione, G= Grave, S+ Slag
.
o et - ton 2 o w P
: ot pon s 0
ey oty ottt Une 2 Lne s m m o
Compsctor [ b isture (0.1 (Line 3/ Line 1« 100
Jr—— RECORDED W SITEMANAGER: Jo—

Indiana

A State that Works

TD40 LWD Rev 12 INDIANA DEPARTMENT OF TRANSPORTATION ORIGINAL:  PROJECTFILE
FFICE OF GEOTECHNICAL ENGINEERING,
602014 LWD AND MOISTURE ACCEPTANCE TESTS COPYTO:  Incianagalis

FOR CHEMICALLY MODIFIED SOILS

Y
CONTRACT NO. PROJECT NO, ROAD NO. A xnrs WEATHER
FIELD TEST NO.
TEST NO.

T
SAMPLE |.D NO. (R+12 digits)
tation
Tast [Line No. =)
T8t ot o Coraing i
Data levation or Lt No td
ompacted Depth of Lift (inches)
INumber of Passes with Compactor
7
[ Wb Assigned Tost Number I I I I I I
Chem. Modi. [ Test Defiection (5., (mm) 0223 | [ [ [ [ [
[ Average Deflection (mm)
Target imum Allowable Deflection (mm) 0267
* From test section
Maximum Alowsble Deflection (mm)
ab. S 1D (R+12 digits)
lLaboratory Data
[Optimum Moisty (%)
Test Site Determined Moisture (%)
Moisture ec. 215, @ OMC or above [} ('] 0
Comments Comments 1
Comments 2
PASS OR FAIL OR INFORMATION
ITM 506 DATA
Waximum Allowabe Deflections Lime
Wodified Soil  0.30 (mm). Cement  [TestNumber
Wodified Soil 0.27(mm)  — tation
[Tested on Material Passing (No. 4 or 3/4" Sieve)
S - 1. wt.of Pan & Wet Material (W1)(b) or (a)
o test section (Determined by test section) 2. WL of Pan & Dry Material \W2)b) o (g
Wt. of Moisture (Ib) Line 1 - Line 2 0.0 0.0 0.0
. b Wt of Pan (wa)b) or (@)
CWO'SD Cara [ W of Dry Material Line 2 - Line 4 00 00 00
Compactor [ b Moisture (0.1%) (Line 31/ Line 5) x 100

Indiana

AState thater:

11



7/17/15

o408 LD Rev 12 INDIANA DEPARTMENT OF TRANSPORTATION ORIGINAL  PROJECT FLE
OFFICE OF GEOTECHNICAL ENGINEERING,
er02014 LWD AND MOISTURE ACCEPTANCE TESTS COPYTO:  Indanapalis
FOR CHEMICALLY MODIFIED SOILS
-
CONTRACT NO. PROJECT NO. ROAD NO. A xATE WEATHER
FIELD TEST NO.
TEST NO.
SAMPLE LD NO. (R+12 digits)
lstation
Line No.
- [Ref.To Centerine
Data [Elevation or Lft No
ompacted Depth of Lif (inches)
INumber of Passes with Compactor
2 ] I I I I
T WD Assignod Tost Narmor i i i i i i
Chem. Modif. [ Test Deflection (S,) (mm) 0223 | o243 | | | | |
[ Average Deflection (mm)
Target it Ulowable Deflection (mm) 0267
* From test section |yayimum Allowable Deflection (mm)
[Caboratory Data |2, SMD (R+12 digis) T I
[optimum Moist %)
TestSite  [Dotermined Moisture (%)
Moisture  lSec. 215, @ OMC or above o o 0
Comments. Comments 1
Commenis 2
PASS OR FAIL OR INFORMATION
ITM 506 DATA
[Maximum Allowable Deflections Lime
Wodified Soil  0.30 (mm),_ Cement  [TestNumber
IModified Soil 0.27(mm) tation
ITested on Material Passing (No. 4 or 3/4" Sieve)
[REMARKS: i i b wt.of Pan & et Material (w1)ib) or (@)
" From test section (Determined by test section) 2. Wt of Pan & Dry Material (W2)b) or (o)
WL of Moisture () Line 1 - Line 2. 00 00 00
R ls_wt_of Pan (wa)ib) or (@)
EWD'SD Card [ b5 Wt of Dry Material Line 2 - Line 4 00 00 00
Compactor [ s Moisture (0.1%) (Line 3/ Line 5) x 100

Indiana

A State that Works

0405 LW Rev 12 INDIANA DEPARTMENT OF TRANSPORTATION ORGINAL  PROVECT FILE
FFICE OF GEOTEGHNICAL ENGINEERING,
aron0rs LWD AND MOISTURE ACCEPTANCE TESTS COPYTO:  Inganapels
FOR CHEMICALLY MODIFIED SOILS N
CONTRACT NO. PROJECT NO, ROAD NO. A xnrs WEATHER
FIELD TEST NO.
TESTNO
SAMPLE LD NO. (R+12 digits)
tation
st Line N )
T Rt o co b
Data levation or Lt No >
ompacted Depth of Li (inches)
INumber of Passes with Compactor
. T s T T I I
T Wb Assigned Test Nurmber
Chom. Mod. oo Dofecion 52) (nmy oz | o | o i i i i
[ ‘Average Deflection (mm) 0225
Target imum Allowable Deflection (mm) 0267
* From test section
Maximum Alowsble Deflection (mm)
2. SHITD (R 12 dgis)
lLaboratory Data
[optimum Moist %)
TestSite |petermined Moisture (%)
Moisture ISec 215 @ OMC or above 0 o 0
Comments Comments 1
Gomments 2
PASS OR FAIL OR INFORMATION
ITM 506 DATA
Waximum Allowabe Deflections Lime
Wodifod Soil .30 (mmj, Coment  [Test Number
Wodifed Soil 0.27(mm) tation
Iested on Materisl Passing (No. 4 or 34" Sieve)
pems - 1. wt.of Pan & Wet Material (W1)(b) or (a)
o test section (Determined by test section) 2. WL of Pan & Dry Material \W2)b) o (g
Wt of Moisture (1) Line 1 - Line 2 00 00 00
. b w.of Pan w3b) or q)
CWO'SD Cara [ W of Dry Material Line 2 - Line 4 00 00 00
Compactor: be Moisture (0.1%) (Line 3/ Line 5) x 100
Indiana
Asiatethe orks

12



TD40 LWD Rev 12 INDIANA DEPARTMENT OF TRANSPORTATION ORIGINAL:  PROJECTFILE
‘OFFICE OF GEOTECHNICAL ENGINEERING,
602014 LWD AND MOISTURE ACCEPTANCE TESTS COPYTO:  Indianapolis

FOR CHEMICALLY MODIFIED SOILS

-
CONTRACT NO. PROJECT NO. ROAD NO. A xATE WEATHER

FIELD TEST NO.
TEST NO.
SAMPLE LD NO. (R+12 digits)
lstation
et Line No. )
o [Ref.To Centerine N
Data [Elevation o Lift No. >
ompacted Depth of Lif (inches)
INumber of Passes with Compactor
I N I I I I
T WD Assignod Tost Narmor i i i i i i
Chem. Modif. [ Test Defection (S,) (mm) 0225 | 0243 | om0 [ [ [ [
[ Average Deflection (mm)
0267
Target
lowable Deflection (mm)
* From test section
IMaximum Allowable Defection (mm)
5. SV (R 12 dgs)
lLaboratory Data
[optimum Moist %)
TestSite  [Determined Moisture (%)
Moisture  lSec. 215, @ OMC or above o o 0
Comments Comments 1
Comments 2
PASS OR FAIL OR INFORMATION
ITM 506 DATA
Maximum Allowable Deflections Lime
IModified Soil .30 (mm), Coment [TestNumber
IModifid Soil 0.27(mm) ~ — ftation
[fested on Material Passing (No. 4 or 34" Sieve)
f:""" g Determinedt i . w. of Pan & et Material (w1)(b) or (@)
om test section (Determined by test section) WL of Pan & Dry Material (W2)(b) or (a)
WL of Mosture () Line 1 - Line 2. 00 00 00
ls. wt_of Pan (Wayb) or (o)
[ Wt of Dry Material Line 2 - Line 4 00 00 00
Moisture (0.1%) (Line 3/ Line 5) x 100

Indiana

A State that Works

LWD Test

Acceptance Testing

Chemically modified soils ...Three test per 1400 cyd for two
lane road.

Chemically modified soils shall be ........................proofrolled

Aggregates over chemically modified soils .........Three Test
for 800 tons

Moisture Test ...............ccvveeeeneee...One Moisture Test /day

Indiana

AState thater:
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LWD Availability

LIGHT WEIGHT DEFLECTOMETER, LWD (ZORN)

District Total No's of LWD available
Crawfordsville 8
Fort Wayne 8
Greenfield 11
La Porte 10
Seymour 8
Vincennes 13
Office of Geotechnical Services 2
Total 60

g Jpindiana ﬁ

The aggregates larger than 1.5 in. shall not be

over 15% in testing location.

The testing location shall not exceed 5%

inclination.

The testing location shall not be frozen.

Test shall not be executed when deflection
measurements are less than 0.2 mm.

LWD test is questionable in case of shallow ground
water (2 feet) or soil with high moisture content.

ﬁlndiana ﬁ
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Conclusions:

Quick and easy.
Inspector remains on grade at the test site.

Roller operator see the results. Contactor more
aware of final test results.

Better understanding of water content.
Easily transfer the data electronically .

Modulus relates reliably with design parameters
such as CBR, shear strength and Resilient Modulus.
Test takes about three minutes.

g Jindiana

Indiana Test Methods, (ITM)

Link for ITM -508-12T
ITM No. 508-12T

Field Determination of Deflection Using Light Weight Deflectometer
http:/ /www.in.gov/indot/div/mt/itm/pubs/508_testing.pdf

LWD Field Testing Procedures

http://intranet.indot.state.in.us/materialtests/pdfs/LWDFieldTestingProcedures.pdf

ﬁlndiana ﬁ
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Modulus-Based Construction Specification for Compaction of
Earthwork and Unbound Aggregate: Appendices

DRAFT FINAL REPORT

Prepared for

National Cooperative Highway Research Program
NCHRP Project 10-84

Transportation Researc] of
The National Aca

oiiexas at El Paso

offation Infrastructure Systems
University Avenue ET'Paso,
TX 79968-0516

August 2014

TRANSPORTATION RESEARCH BOARD NAS-

NRC
PRIVILEGED DOCUMENT

This interim report, not released for publication, is furnished only for

. e b4 .l"y‘
Figure L.1.2 = Location of Testing Spots on Selected Test Section in North Vernon, India
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Evaluation of Modulus-Based Devices

Subgrade Design Modulus 6500 psi
Subgrade Layer:

LWD modulus- 13810 psi.

DCP modulus- 29500 psi for the top 6-in. layer
LWD Accepting Data Sheet

DCP modulus-14900 psi for the 12 in. penetration
(Composite modulus of the layer)

Subbase Layer:

LWD modulus — 14000 psi
The standard deviation of the LWD replicate tests was 500 psi

P
2

g Jpindiana ﬁ

Construction Projects

Construction Projects completed
in 2014 with LWD: 118 No's

LWD Test Performed in 2014: 2011 No's

ﬁlndiana ﬁ
A st th ks
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Cost Comparison Among NDG, DCP, and LWD

NDG
including
1-Point
Proctor

DCP

LWD

18 $336.00 $35.00  $371.00 $20.60
2 $336.00 $3.00  $339.00 $10.00
72 ekl $14.00  $350.00 $ 5.00
Other Costs:

NDG - Training: Safety and Maintenance
DCP - None
LWD- Calibration and Verification

$ 8,000.00-
$12,000.00

$ 1,000.00-
$ 1,300.00

$ 10,000.00-
$ 1,2000.00

Questions

P e ﬁ
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