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1.0
SCOPE

This procedure describes the laboratory procedure for preparing both unbound and stabilised remoulded specimens as well as undisturbed soil specimens for strength/stiffness testing.

2.0
REFERENCES

Resilient Modulus of Subgrade Soils, AASHTO T274-82.

Bishop, A W and Henkel, D J (1962), The Measurement of Soil Properties in the Triaxial Test, 2nd Edition.

Lime Stabilisation:  Preparation of Stabilised Soil for Testing, TP103.

Cement Stabilisation:  Preparation of Stabilised Soil for Testing, TP104.

Bitumen Stabilisation:  Preparation of Stabilised Soil for Testing, TP105.

Determination of the Moisture Content of a Soil - Oven Drying Method (Standard Method), TP110.

Determination of the Dry Density/Moisture Content Relation of a Soil using Standard Compactive Effort, TP160.

Determination of the Dry Density/Moisture Content Relation of a Soil using Modified Compactive Effort, TP162.

Determination of Resilient Modulus and Permanent Deformation of Subgrade Materials, TP181.

Determination of the Resilient Modulus of Granular, Unbound Pavement Materials, TP182.

Sampling of Soil, Aggregates and Rocks, TP226
3.0
DEFINITIONS

Nil.

4.0
APPARATUS AND MATERIALS

4.1
Apparatus

•
Resilient Modulus Static Compaction Mould, 100mm diameter and nominal 200mm specimen height and plungers.

Note 1: A range of 175-200mm specimen height is acceptable.

Note 2: A suggested arrangement is a mould of 100mm diameter and 215mm mould height with three plungers (for two layer compaction) and collar.

Plungers
(B), height 40mm, diameter 99.5mm.


(D), height 140mm, diameter 99.5mm.


(E), height 15mm, diameter 99.5mm.

A split mould of 100mm diameter with a hand-held air operated vibratory compactor or automatic compaction machine.

OR

A split mould of 100mm diameter with manually operated rammers and other apparatus required as specified in Procedures TP160, TP162.

· Extruding apparatus.

· Vernier callipers (accurate to 0.02mm), steel rule.

· Balance of capacity 10kg, with a limit of performance not exceeding 5g.

· Tamping tool, 10mm diameter, spherical end.

· Airtight containers suitable for curing moistured samples.

4.2
Materials

Nil.

5.0seq level1 \h \r0 
SAMPLING AND SAMPLE PREPARATION

5.1
Sampling

A representative sample of material shall be obtained by Procedure TP226 or similar procedure.

5.2
Sample Preparation

Nil.

6.0seq level1 \h \r0 
PROCEDURE TO BE FOLLOWED

6.1
Undisturbed Specimens

6.1.1  
From a thin walled sample tube, extrude a sufficient length to provide a specimen of the required dimensions.

· Using a trimming former, prepare the ends plane, smooth and parallel to provide a specimen of the required length. Excess trimming material may be used to fill surface irregularities in the ends and sides.

· Remove the specimen from the trimming former.

· Determine the mass of the specimen (M) to the nearest gram.

· Measure the length (Lo) and three point diameters of the specimen with vernier callipers to the nearest 0.02mm. Calculate the volume of the specimen using the length measured and the average diameter (Do) calculated.

· Calculate the wet density of the specimen (hence the dry density, once the specimen moisture content is known after strength/stiffness testing).

6.2

seq level2 \h \r0 
Remoulded Specimens
· If the sample contains material coarser than 19 mm, remove the oversize material, record its mass, then discard.  Record mass total to be able to calculated oversize %.

Note: If the sample contains more than 5% oversize material, the test result may not represent that obtained from testing the parent material.

•
Theoretical calculations: calculate the required dry density or dry density ratio and the required moisture content from the following formulae:





1
where
Dd
=
required dry density (g/cm3)


DDR
=
required dry density ratio (%)





(depends on pavement layer specified)


MDD
=
maximum dry density (g/cm3)
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where
Md
=
dry mass of specimen (g)


V
=
volume of the mould (cm3)

Note 1: Volume of material used may need to be slightly in excess of the mould volume due to specimen recovery post compaction. This will be dependent on the required dry density and moisture content.

Note 2: Diametric specimen recovery is negligible and thus length recovery, which is significant, is used to adjust the volume calculation.
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where
mw
=
mass of water to add to specimen (g)


wr
=
required moisture content (%)





4
where
ma
=
mass of stabiliser/additive to add to specimen (g)


a
=
stabiliser/additive (%)

(See Procedures TP103, TP104 and TP105).
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where
mt
=
total wet mass of specimen (g)

•
Actual calculations:  an additional amount of approximately 500g of dry material shall be allowed. This excess is used to determine the moisture content after curing (wc).


Note: This moisture content (wc) is only a guide to the value of the initial moisture content (wi).
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where
ms
=
dry mass of sample (g)


md
=
dry mass of specimen (g)
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where
mwa
=
mass of water to be added to sample (g)


wr
=
required moisture content (%)
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where
mad
=
mass of stabiliser/additive to add to sample (g)


a
=
stabiliser/additive (%)
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where
mta
=
total wet mass of sample (g)

The components (ms and mwa and mad) are mixed together and allowed to cure.

Note: Curing time depends on the nature of the material, its water absorption properties and the selected moisture content.

•
The cured material is split into sub-samples of equal mass.
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where
ml
=
sub-samples of equal mass (g)


mt
=
total wet mass of specimen (g)


n
=
number of layers
•
Use a representative sample of the remaining wet material for determination of the moisture content after curing, wc and record on Form 2, TP106‑2.

•
Specimens are formed by either of the two following methods:


Static Load Compaction In Two Layers (n=2).


-

Lubricate the mould and place compacting plunger (E) into the bottom of the specimen mould. Connect the collar to the top of the mould.


-

Place ml grams of material into the specimen mould. Apply 20 strokes of the tamping tool to bed the material and use a spatula to level the soil in the mould arrangement.


-

Insert the large compacting plunger (D) in the mould, collar arrangement.  Place the assembly in the static loading machine and apply a 5kN load.


-

Increase the load to 400kN at a rate of 30kN/min until the compacting plunger cap rests firmly against the mould.


-

Hold the load at or near the maximum for not less than three minutes.

Note: The rate of loading and duration will influence the amount of soil rebound. The slower the rate of loading, and the longer the load is held, the less the rebound.


-

Record the compactive force at the moment the compacting plunger contacts the collar and base of the mould. Record the rate of loading.


-

Decrease the load to zero and remove the assembly from the loading machine.


-

Remove compacting plunger (D). Scarify the surface of the compacted layer.  Put the correct mass of material, ML, for the second layer in place and adjust the material as in (b). Insert compacting plunger (B).


-

Place the assembly in the static loading machine. Load slowly and hold the load at or near the maximum, when the loading ram firmly contacts the collar of the mould. Repeat (d), (e) and (f).


-

After compacting, remove the plunger (B) and smooth the top of the specimen by adding a very small amount of natural fines to fill surface irregularities. Reinsert compacting plunger (B) and use a compressive and twisting hand motion to smooth the specimen surface. Remove compacting plungers (B) and (E).

Dynamic Vibration Compaction


-

Assemble the split mould, collar and baseplate. Place the assembly on a rigid foundation for hand compaction, or clamp firmly in a compaction machine.


-

Obtain approximately 100g of dry material passing sieve, 1.18mm, and add water to the moisture content wr. Weigh approximately 30g of the fine material, spread and tamp this evenly in the base of the split mould. Cover the remaining fine material for later use.


-

Calculate the energy per unit volume required to produce a value within the permissible limits specified in Procedures TP160 or TP162, whichever is applicable, and determine the number of blows required.

Place the weighed material for each layer evenly in the mould in turn and give each layer the specific number of uniformly distributed blows.

After compacting the last layer, carefully remove the collar from the mould by freeing the material around the inside of the collar with a fine spatula.

Note 1:  The sample surface should be within +5 mm from the mould top, if not, repeat the procedure.

Level the top of the specimen with a straight edge and remove any coarse stones if necessary.  Use the fines (b) to fill any holes by tamping and level with straight edge for levelling.

Note 2:  Laboratory compaction processes should be selected in accordance with the determined field conditions or the expected design conditions.

· Extrude the specimen.

· Determine the wet mass of the specimen (m) to the nearest g.

· Measure the length (lo) and three point diameters of the specimen with vernier callipers to the nearest 0.002 mm.

7.0seq level1 \h \r0 
CALCULATIONS

7.1
Calculate the volume of the specimen (Vm) from the length measured, the average diameter (Do) and length (lo) using the expression.
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(both Do and lo are in cm)

7.2
Calculate the wet density of the specimen.
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where  w
=
wet density of specimen (g/cm3)


m
=
wet mass of specimen (g)

7.3
Calculate the dry density after the initial moisture content is obtained.  This is performed once the final (post test) dry mass of the specimen (mdf) is known at the end of testing.
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where
d
=
dry density of specimen (g/cm3)

wi
=
initial moisture content (%)    = 1     

 



mdf
=
final dry mass of specimen (g)

Note:  If d differs by more than 0.006 g/cm3 from the required (Dd) in 6.2.1, prepare another specimen, slightly adjusting the compactive effort applied per layer.
7.4
If the specimen is accepted, record the dry density ratio (DDR) and relative moisture content (RMC) obtained.

8.0seq level1 \h \r0 
PRECISION

A determination of an uncertainty of measurement is not considered necessary for this procedure.
9.0
REPORTS AND DOCUMENTATION

9.1
Reports

Nil.

9.2
Documentation

Form TP106-1 (DPTI use only).

Form TP106-2 (DPTI use only).

Form TP106-3 (DPTI use only).

Department of Planning, Transport & Infrastructure

19 Bridge Road Walkley Heights Ph (08) 8260 0230, PO Box 1533 Adelaide  SA  5001
Technical Services Group
Procedure

Strength/Stiffness (Unbound) Specimen Preparation

using TP181, TP182 * (*Indicate as appropriate)
	Project ................................................................................  Sample No. ...............................  ID No. ...........

Material ............................................................................................................................................................ 

Material Information
 MDD = ........................... (t/m3)
OMC = ........................... (%)


Theoretical Calculations:

Required Dry Density Ratio (DDR) = .................... (%) 
Relative Moisture Content (RMC) .................... (%)

Required Dry Density (Dd) = DDR x MDD = .................... (kg/m3)

                                             100

Volume of Mould (V) = .................... (m3)

Dry Mass of Specimen (md) = V x Dd = .................... (g)

Required Moisture Content (wr) = .................... %

Mass of Water to Add to Specimen (mw) =  wr x md = .................... (g)

                                                          100

Total Wet Mass of Specimen (mt) = md + mw = ................... (g)

Specimen Calculations:

Dry Mass of Sample (ms) = .................... (g)

Mass of Water to Add to Sample (mwa) =  wr x ms = .................... (g)

                                                          100

Total Wet Mass of Sample (mTa) = ms + mwa  = .................... (g)

Compaction of Specimen:

Curing Time .................... (hrs)     Method of Compaction ....................

Number of Layers ....................     Subsample Mass (mL) = mT = .................... (g)

                                                                            2

Final Compactive Force (Layer 1) .................... (kN)
(Layer 2) ....................  (kN)                              

Compaction Rate (Layer 1) .................... (kN/min)
(Layer 2) ....................  (kN/min)                        

Wet Mass of Specimen (m) .................... (g)

Measured Length (lo) .................... (mm)

Measured DiametersADVANCE \X 170.15(1) .................... (mm)

ADVANCE \X 170.15(2) .................... (mm)

ADVANCE \X 170.15(3) .................... (mm)

Average Measured Diameter (Do) .................... (mm)

Volume of Specimen (Vm) =  x D2o x lo .................... (m3)




                   4

Specimen Moisture/Density Characteristics:

Wet Density (w) .................... (kg/m3)

Initial Moisture Content (wi) ................... (%)

Dry Density (d) =    w   = ............... (kg/m3)

                         1 +  wi 
                              100

d ± Dd = .................... (kg/m3)

DDR obtained =   d   x 100 = .................... (%)

                       MDD

RMC obtained =   wi   x 100 = .................... (%)

                       OMC

Calculated by ...................................  Date ...................  Checked by ..................................  Date .....................

ADVANCE \D 2.80Form TP106-1, Revn 3.5
Department of Planning, Transport & Infrastructure

19 Bridge Road Walkley Heights Ph (08) 8260 0230, PO Box 1533 Adelaide  SA  5001
Technical Services Group
Procedure

Strength/Stiffness (Stabilised) Specimen Preparation

TP200, TP201, TP202, TP203 * (*Indicate as appropriate)
	Project ...............................................................................  Sample No. ................................  ID No. ...........

Material ........................................................................... Stabiliser/Additive ...................................................

Material Information
MDD = ........................... (t/m3)
OMC = ........................... (%)


Theoretical Calculations:

Required Dry Density Ratio (DDR) = .................... (%)
Relative Moisture Content (RMC) .................... (%)

Required Dry Density (Dd) = DDR x MDD = .................... (kg/m3)

                                             100

Volume of Mould (V) = .................... (m3)

Dry Mass of Specimen (md) = V x Dd = .................... (g)

Required Moisture Content (wr) = .................... %

Mass of Water to Add to Specimen (mw) =  wr x md = .................... (g)

                                                         100

Stabiliser/Additive (A) = .................... %

Mass of Stabiliser/Additive to Add to Specimen (ma) =  A x md = .................... (g)

                                                                        100

Total Wet Mass of Specimen (mT) = md + mw + ma = .................... (g)

ADVANCE \D 5.60Specimen Calculations:

Dry Mass of Sample (ms) = .................... (g)

Mass of Water to Add to Sample (mwa) =  wr x ms = .................... (g)

                                                         100

Mass of Stabiliser/Additive to Add to Sample (mad) =  A x ms = .................... (g)

                                                                          100

Total Wet Mass of Sample (mTa) = ms + mwa + mad = .................... (g)

ADVANCE \D 5.60Compaction of Specimen:

Curing Time .................... (hrs)     Method of Compaction ....................

Number of Layers ....................     Subsample Mass (mL) = mT = .................... (g)

                                                                            2

Final Compactive Force (Layer 1) ......................... (kN)
(Layer 2) .................... (kN)                                

Compaction Rate (Layer 1) .................... (kN/min)
(Layer 2) ..................... (kN/min)                         

Wet Mass of Specimen (m) .................... (g)

Measured Length (lo) .................... (mm)

Measured DiametersADVANCE \X 170.15(1) .................... (mm)

ADVANCE \X 170.15(2) .................... (mm)

ADVANCE \X 170.15(3) .................... (mm)

Average Measured Diameter (Do) .................... (mm)

Volume of Specimen (Vm) =  x D2o x lo .................... (m3)




                   4

ADVANCE \D 5.60Specimen Moisture/Density Characteristics:

Wet Density (w) .................... (kg/m3)

Initial Moisture Content (wi) ................... (%)

Dry Density (d) =    w   = .................... (kg/m3)

                         1 +  wi 
                              100

d ± Dd = .................... (kg/m3)

DDR obtained =   d   x 100 = .................... (%)

                       MDD

RMC obtained =   wi   x 100 = .................... (%)

                       OMC

Calculated by .......................................  Date ...................  Checked by .....................................  Date .....................

Form TP106-2, Revn 3.5

Department of Planning, Transport & Infrastructure

19 Bridge Road Walkley Heights Ph (08) 8260 0230, PO Box 1533 Adelaide  SA  5001
Technical Services Group
Procedure

Strength/Stiffness Specimen Preparation Moisture Contents

TP110 (oven drying)

Sample No. ...............................

	APPARATUS
	Tested by:  .............................  Date:  ............

Project:  ...........................................................

Material:  ..........................................................

	Balance No. .....................................................

Oven No. .........................................................
	


	MOISTURE CONTENT AFTER CURING (TRIMMINGS)

	Specimen ID
	
	
	
	
	

	Tin No.
	
	
	
	
	

	Mass of Wet Sample + Tin 
g
	
	
	
	
	

	Mass of Dry Sample + Tin
g
	
	
	
	
	

	Mass of Tin
g
	
	
	
	
	

	Dry Mass of Sample
g
	
	
	
	
	

	Mass of Moisture
g
	
	
	
	
	

	Moisture Content (wc) 
%
	
	
	
	
	


	INITIAL MOISTURE CONTENT OF TEST SPECIMEN

	Specimen ID
	
	
	
	
	

	Mass of Wet Sample (m) 
g
	
	
	
	
	

	Mass of Dry Sample (mdf) 
g
	
	
	
	
	

	Mass of Moisture 
g
	
	
	
	
	

	Moisture Content (wi) 
%
	
	
	
	
	


	FINAL MOISTURE CONTENT OF TEST SPECIMEN

	Specimen ID
	
	
	
	
	

	Tin No.
	
	
	
	
	

	Mass of Wet Sample + Tin 
g
	
	
	
	
	

	Mass of Dry Sample + Tin
g
	
	
	
	
	

	Mass of Tin
g
	
	
	
	
	

	Dry Mass of Sample (mdf) 
g
	
	
	
	
	

	Mass of Moisture
g
	
	
	
	
	

	Moisture Content (wf) 
%
	
	
	
	
	


Calculated by .............................  Date ...................  Checked by ..........................  Date .....................

Form TP106-3, Revn 3.5
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