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Soil Density  SD Updates  

Field Density Technician 
• 2024 Updates – No method updates 
• 2023 Updates 
• AASHTO T310:  

o T310 Drying Oven:  The thermometer for measuring the oven temperature shall meet 
the requirements of M339M/M339 with a range of at least 0 to 130°C (32 to 266°F) and 
an accuracy of ± 1.25°C (± 2.25°F) (see note 1), 
 NOTE 1:  Thermometer types to use include: 

• ASTM E1 Mercury Thermometer 
• ASTM 2877 digital metal stem thermometer 
• ASTM E230/E230M thermocouple thermometer, Type J or K, Special Class, 

Type T any Class 
• IEC 60584 thermocouple thermometer, Type J or K, Class 1, Type T any 

Class 
• Dial gauge metal stem (bi-metal) thermometer 

2022 – NO Updates 

2021 – NO Updates 

2020 – Updates 

• AUDIT NOTIFICATION SLIDE ADDED TO ALL MANUALS:  To all material testers, who work on Missouri 
Highways, this includes Consultants, Contractors, City, County, and MoDOT workers; you will be 
audited by MoDOT IAS Inspectors and sometimes FHWA personnel.  

• No Significant changes in Methods for 2020. 
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AASHTO T 310

In-Place Density and Moisture Content  
of Soil and Soil-Aggregate by Nuclear 

Methods (Shallow Depth)

1

Rev 11/05/19

SCOPE
• Specifications require that the field 
earthwork be compacted to a target density 
(% compaction), related to the maximum 
density (Proctor).

• A nuclear density gauge is one device that 
is used to determine if the earthwork has 
met this requirement. 

• Density readings for depths between 2” 
(50 mm ) and 12” (300 mm) can be found.

2

• This test method describes the procedure 
for determining the in-place density and 
moisture of soil and soil aggregate by use of 
a nuclear gauge.  

•The density of the material may be 
determined by either:

1. Direct Transmission

2. Backscatter 

3. Backscatter/Air-Gap Ratio Method  - Not 
covered in this certification.

3

S
co

p
e

1

2

3



MoDOT - TCP         T310  111/05/2019 2

•The moisture of the material is determined 
only from measurements taken at the surface 
of the soil (i.e., backscatter).

•Density – The total of wet density of soil 
and soil-rock mixtures is determined by the 
attenuation of gamma radiation where the 
source or detector is placed at a known depth 
up to 12 inches while the detector(s) or 
source remains on the surface (Direct 
Transmission Method) or the source and 
detector(s) remain on the surface 
(Backscatter Method).
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• Moisture – The moisture content of the 
soil and soil-rock mixtures is determined by 
thermalization or slowing of fast neutrons 
where the neutron source and the thermal 
neutron detector both remain at the 
surface.

• The water content in mass per unit volume 
of the material under test is determined by 
comparing the detection rate of thermalized 
or slow neutrons with previously 
established calibration data.
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SIGNIFICANCE

• The test method described is useful as a 
rapid, nondestructive technique for the in-
place determination of the wet density 
and water content of soil and soil-
aggregate.

• The test method is used for quality control 
and acceptance testing of compacted soil 
and rock for construction and for research 
and development. 7

• Density- Assumptions in the methods are 
that Compton scattering is the dominant 
interaction and that the material under 
test is homogeneous.

•Moisture – Assumptions in the method are 
that the hydrogen present is in the form of 
water as defined by AASHTO T265 and 
that the material under test is 
homogeneous. 
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• Test results may be affected by chemical 
composition, sample heterogeneity, and to 
a lesser degree, material density and the 
surface texture of the material being 
tested.  
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INTERFERENCES

• In-Place Density Interferences

• The chemical composition of the sample 
may affect the measurement, and 
adjustments may be necessary.

• The gauge is more sensitive to the density 
of the material in-close proximity to the 
surface in the Backscatter Method.

10

• Oversize rocks or large voids in the source-
detector path may cause higher or lower 
density determination.

• Where lack of uniformity in the soil due to 
layering, rock, or voids is suspected, the test 
site should be excavated and visually examined 
to determine if the test material is 
representative of the full material in general, 
and if rock correction is required.

• Other radioactive sources should be 30 ft. 
from the gauge in operation.
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• In-Place Moisture Content Interferences:

• Chemicals in the soil such as boron, 
chlorine, and minute quantities of 
cadmium, will cause measurements lower 
than the true value.

•Other neutron sources must not be within    
30 ft. of the gauge in operation.
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SAFETY

DO NOT USE GAUGE UNLESS 
PROPERLY TRAINED!!

• Anyone who operates a nuclear gauge is 
required to successfully complete a nuclear 
safety training class.

13

Radiation poisoning is very serious.

Always practice the “ALARA” principles to 
minimize exposure.

(As Low As Reasonably Achievable)

Four important facts to remember:

1. Time

2. Distance

3. Shielding

4. 2 Barriers  

14
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• Nuclear gauge

• Plastic reference standard

• Site preparation device – shovel, dozer, etc.

• Drill rod

• Dry, fine sand for filling voids

• Operators instruction manual

• Small sledge hammer

• Extraction tool

• Scraper plate (template)
16
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Nuclear Gauge Diagram
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Nuclear Gauge Keypad
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Nuclear Gauge - Description 

• A sealed source of high-energy gamma 
radiation, such as cesium or radium.

• Fast Neutron Source - A sealed mixture of a 
radioactive material, such as americium, 
radium, or californium 252, and a target 
material such as beryllium.

• Gamma Detector – Any type such as Geiger-
Mueller tube(s).

• Slow Neutron Detector – Such as boron 
trifluoride or helium-3 proportional counter.

21
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• The gauge uses radiation, a gamma source 
and a gamma detector, to obtain several 
readings to determine wet density.

• To determine the dry density of a soil in 
place, it is also necessary to determine the 
moisture content.

• The nuclear gauge uses a second source, 
emitting fast neutrons, and a thermal 
neutron detector, which determines the 
intensity of slow or moderated neutrons to 
determine the moisture content. 22
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How it Works

• Moisture is determined by the relationship 
of nuclear count-to-mass of water per unit 
volume of soil.

•These readings are then used to calculate 
the in-place or dry density for soils and 
soil-aggregate mixtures.

23

N
u
cle

a
r G

a
u
g
e
-H

o
w

 it W
o
rk

s

CALIBRATION

• AASHTO T 310 requires that the gauge 
read within ± 1 lb./ft3 on a standard 
block(s) of material(s) with established 
density and moisture content. 

• Calibration on the gauge is performed by 
the manufacturer.

• Gauges will be calibrated once a year or 
when a gauge is not working correctly 
and/or giving irregular readings. 24

Updated slide
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STANDARDIZATION
• Standardization must be performed daily or 
whenever gauge readings are suspect.

• Place the standard block on a dry, flat 
surface in the same environment as the 
actual measurement counts.
• 10’ (3 meters) from any large vertical 
surface (i.e. concrete block wall).

• At least 30 feet (10 meters) from any 
other radioactive source.

• “Sound” surface, in the same environment 
as the actual measurement counts.

For Troxler 3430, “Sound” defined as ≥100 lb/ft3.
25

Standard Count

26
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• Take 4 one minute repetitive readings.

•On Troxler 3430’s, Press the STD
button for a standard count, the gauge 
automatically takes 4 one-minute 
readings.
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• Daily standard count must be within the 
following range from the average of the last 
4 standard counts:

Ns = value of current standardization count

No = average of the past four values of Ns 
taken prior to usage

F = factory pre-scale factor, provided with 
the gauge (16 for a Troxler standard count) 28
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No = 2757 for Density 

Ns for Density is calculated as:

Calculate today’s range (Ns)

Note: 16 is typical for a Troxler gauge

Standard Count - Density
Classroom Exercise
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No = 668 for Moisture 

Ns for Moisture is calculated as:

Calculate today’s range (Ns):

Note: 16 is typical for a Troxler gauge.
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Standard Count – Moisture
Classroom Exercise

• Ns = 2757 ± (1.96                   )  

• Step One:  2757/16 = 172.3

• Step Two:            =  = 13.1

• Step Three:  1.96 x 13.1 = 25.7 = 26

• For Step Three round the answer to a whole 
number

• Step Four:  2757 ± 26

• 2757 - 26 = 2731

• 2757 + 26 = 2783

The Range is 2731 to 2783

2757
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Density range is:  2731 to 2783

Moisture Range is:  655 to 681  

Today’s standard count is:
Density 2759 this is in range.
Moisture 665 this is also in range.

If “today’s standard count” is outside of the 
calculated range, run another and 
recalculate including the previous count. 
Repeat until the count is within the range.
Note: If after four counts, the gauge does 
not pass, consult technical support.

Answer
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OFFSETS
• There are three offsets that are to be considered 

before testing.

1. Moisture Offset – When measuring 
materials containing hydrogen not in the form 
of water, MoDOT TM 35 is used to set this.

2. Trench Offset – When performing moisture 
and density measurements in a trench or 
near a large object the density or moisture 
may be effected due to reflecting gamma 
photons or neutrons. (within 2 ft. of any wall)

3. Density Offset – A density offset is used 
when measuring materials outside of the 
normal calibration parameters and often on 
asphalt materials with surface voids present.

34
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Moisture Offset
• The moisture/density gauge measures the 
moisture content of material by detecting 
hydrogen present in the measurement 
area. 

• Hydrogen may be present in material that 
is not in the form of water. 

• The presence of hydrogen in materials 
such as gypsum, mica, lime, phosphates, 
fly-ash, etc. may cause high moisture 
readings.

• A moisture offset is necessary to correct to 
the actual water content of the material.
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• A few materials are considered to be neutron 
absorbers which may cause the gauge to read 
a falsely low moisture and may also require a 
moisture offset.

• Examples of neutron absorbers are boron, 
salt, iron oxide, lithium, and cadmium.

•When testing aggregate bases or 
encountering contaminates, correct moisture 
using (K) offset MoDOT TM 35.
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Trench Offset

• Normally the gauge only measures the 
moisture of the material below the gauge 
because other neutrons are not scattered 
back to the detectors. In a trench situation, 
the neutrons traveling above and beside 
the gauge may read the moisture in the 
trench walls also. 

37
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• The trench offset needs to be used if the 
gauge is within 2 feet (0.6 m) of the trench 
wall (or vertical structure) on any side of 
the gauge.

• Refer to the gauge

instruction manual 

for the proper 

procedure required 

to complete the

Trench Offset Factor.

38
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Density Offset

• The difference between the gauge 
measured density and the alternative 
density measurement result (often a core).

• This value is used as the wet density offset 
in the gauge.

39
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PROCEDURE

40

Density Testing Outline

•Before Testing

•Test Site Location

•Prepare Test Site

•Direct Transmission Procedure

•Backscatter Procedure

41

• Be familiar with the gauge.
• Gauge must be currently calibrated.
• (Initially and then Annually)

• Gauge papers and radiation training card on 
hand and ready to travel to the test site.

• Gauge is handled in a safe way for traveling 
and storing. (Secured and locks are in place).

• Know how to operate gauge, put in lab data, 
and run all tests.

• Gauge has a good charge and ready to go.
• Standard counts information and log book on 
hand.

• Check the equipment list to be sure all testing 
equipment is packed and ready to go.

42

Before Testing:

40
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TEST SITE PREPERATION
• Choose a test site that represents the test 
area.

• Avoid localized contaminations such as 
diesel spills, hydraulic oil, lime etc.

• Select location where the gauge will be 6” 
(150 mm) away from any vertical 
projection.

• Look for a level area.

• Area cleared of people and moving vehicles.

• All radioactive sources are at least 30 feet 
away.

43

PREPARE TEST SITE
• Prepare the test site by removing all loose 
and disturbed material.

• Plane an area to maintain maximum contact 
between gauge and material being tested.

• Smooth an area to perform the test by use 
of shovel, dozer, scraper plate, etc.

44

• The maximum void beneath the gauge 
should not be more than ⅛” (3 mm).

• Fill voids with sand or native material.

• Filled area shall not be more that 10% of 
the surface area beneath the gauge.
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46

Direct Transmission PROCEDURE

1. Turn the gauge on to stabilize (warm up).

Note:  Before testing check gauge parameters

- Depth (lift thickness)
- Maximum Density (Proctor)
- Off Sets
- Daily Standardization was Performed

Operate the gauge according to 
manufacturers directions.

47
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2. Drilling the hole.

• Place the scraper 
plate on prepared 
site.

• Attach extraction 
tool and insert drill 
rod.

• Step firmly on the 
plate and hammer 
the drill rod 
perpendicular to the 
surface.  

• Drive the gauge rod 2” deeper than the lift 
to be tested.

• Example:  8” deep for a 6” compacted lift.

Lift depth and

Probe depth 

are always

the same.
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Simply etch around the base of the scraper 
plate before picking it up.
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3. Remove all equipment from the test area 
except the gauge.

4. Place the gauge in the marked area, 
ensuring maximum surface contact.

5. Lower source rod into the hole to the 
same depth of the lift being tested.
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6. Snug the gauge in the direction that will 
bring the side of the probe in contact with 
the side of the hole.                          

7. Take one or more 1-minute readings to 
determine: 

• % Compaction

• Dry Density   

• % Moisture    
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• Newer gauges display the maximum dry 
density (DD) after taking the readings.
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Record the readings.
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Note:  The gauge may be rotated about 
the axis of the probe to obtain additional 
readings.  Prepare the site in advance to 
accommodate a larger testing area for this.
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8. Always return the source rod to the 
“SAFE” position before lifting the gauge 
from the test site to minimize exposure 
to the technician.
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• Used when properties of first few inches 
are concerned (i.e. overlays).

• The more dense the material, the smaller 
the volume tested.

Backscatter Procedure

What’s wrong with this setup?
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1. Clear the area of people and equipment.

2. Turn the gauge on, allow to warm up.

3. Perform daily standardization.

4. Set the gauge to Backscatter (BS) position. 

5. Find a smooth place on the asphalt 30 feet 
away from other radioactive sources. 

6. Prepare the site.

7. Seat Gauge firmly on prepared test site.

8. Take one or more 1-minute readings to  
determine the wet density. 

9. In-place wet density determined and 
recorded by the gauge.

58

Backscatter Procedure Summary

CALCULATIONS

59

• If dry density is required, the in-place water 
content may be determined by using the 
nuclear methods described herein, 
gravimetric samples and laboratory 
determination, or other approved 
instrumentation.

• If the water content is determined by 
nuclear methods, use the gauge readings 
directly, or subtract the lb./ft3 (kg/m3) of 
moisture from the lb./ft3 (kg/m3) of wet 
density, and obtain dry density in lb./ft3

(kg/m3).  
60
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• If the water content is determined by other 
methods, and is in the form of percent, 
proceed as follows:
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d = Dry density in  lb./ft3 (kg/m3) 

m = Wet density in lb./ft3 (kg/m3) 

w = Water as a percent of dry mass

• Percent Density:

• It may be desired to express the in-place 
density as a percentage of some other 
reference density, for example, the 
laboratory densities determined in 
accordance with AASHTO T 99, AASHTO T 
180, or MoDOT TM 40 (AASHTO T 272).

• This relation can be determined by dividing 
the in-place density by the laboratory 
reference density and multiplying by 100.

62

C
a
lcu

la
tio

n
 o

f R
e
su

lts

REPORTING
• Standardization and adjustment data for the date of the 

tests.

• Make, model, and serial number of the test gauge.

• Name of the operator(s).

• Date of last instrument calibration or calibration 
verification.

• Test site identification.

• Visual description of material tested.

• Test mode (backscatter or direct transmission).

• Wet and dry densities in (kg/m3) or unit weights in 
lb./ft3.

• Water content in percent of dry mass or dry unit weight.

• Any adjustments made in the reported values and 
reasons for the adjustments. (offsets, etc.)
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COMMON TEST ERRORS:

• Soil chemical composition.

• Soil not homogenous.

• Equipment not calibrated properly.

• Surface texture too rough.

• Testing too close to vertical wall.

• People or equipment too close.

• Not correcting for moisture using (K) offset 
MoDOT TM 35, when necessary.

• Testing areas with the presence of soil 
contaminates, without correcting moisture using 
(K) offset MoDOT TM35
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