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SUBJECT:

ROCKFILL SETTLEMENT AND ROCK FILL QUANTITY ESTIMATES
PURPOSE:

To provide direction for estimating settlements and quantity of rock fill used for the construction of new embankments.  The criteria are to provide guidance for estimating settlement within rock fill (within the embankment proper exclusive of the settlement of the native subsoil) of new embankments; and outlining the information that should be provided for use in the estimation of the quantity of rock fill that may be required for construction.  The criteria apply to strong, granitic-type rock fills (placed above and below original ground surface) that are up to 15 m in total thickness.  The criteria should be reviewed and the designs modified for thicker/higher rock fill embankments and/or for weaker types of rock fill on a project specific basis.

BACKGROUND:
If rock fill is used for the construction of embankments, there will be settlement due to compression of the rock fill.  In highway embankments, settlement of rock fill during and after construction occurs as a result of re‑arrangement of rock particles under load and as a result of crushing of rock particles at point contacts.

The magnitude of settlement of the rock fill depends on the following factors:

· type of rock/strength of particles;

· size and shape of rock particles;

· gradation of rock fill;

· total height/thickness of rock fill (stress level); and,

· method of construction and sequence of placement (including, lift thickness, compactive effort, and state of packing).


The magnitude of the short-term settlement (i.e. within about 1 year following completion of construction to full height) and long-term settlement (i.e. after 1 year, over the life of the embankment) of rock fill depends on amongst other variables the method of placement (compacted versus dumped) as discussed below.

Compacted Rock Fill

Where possible, rock fill should be placed in a controlled manner (i.e. not end dumped) in accordance with Special Provision 206S03.  Blading, dozing and ‘chinking’ the rock to form a dense, compact mass will be required to minimize voids and bridging and should be used to construct rock fill embankments above the existing groundwater table.  Rock size shall be controlled in accordance with SP206S03.

Dumped Rock Fill


If rock fill embankments are constructed by end dumping rock fill (for cases where Special Provision 206S03 cannot be applied) or when backfilling sub‑excavated areas below the groundwater table by end dumping rock fill with little or no control on the lift thickness and compactive effort, the settlement of rock fill placed in this uncontrolled manner will be greater than that of compacted rock fill.
POLICY:

Section 1:
Performance - Recommendation for Design
For rock fill embankments, both the short-term and long-term settlement of the fill should be considered in the design.  Further, both the compacted and un-compacted portions of rock fill in the embankment should be considered when estimating the magnitude of settlement. In all cases, the total height of the rock fill embankment will be measured from the base of the rock fill.
1.1
Short-Term Rock Fill Settlement
For rock fill embankments constructed over a non-compressible subgrade, the percentages in Table 1.1 should be used for estimating the short-term settlement of the embankment.


Table 1.1:
Short-Term Rock Fill Settlement

	Height 

of Rock Fill, H

(m)
	Short-Term Settlement (m)

	
	Compacted Rock Fill
	Dumped Rock Fill

	Up to 5
	0.5%∙H
	1.0%∙H

	>5 to 10
	0.75%∙H
	1.5%∙H

	>10 to 15
	1.0%∙H
	2.0%∙H


Short-term is defined as 1 year after the rock fill embankment is constructed to full height.  Approximately 90% of the short-term settlement may be expected to be complete within 6 months following construction to full height (including surcharge, if applicable).
1.2
Long-Term Rock Fill Settlement
For rock fill embankments constructed over a non-compressible subgrade, the percentages in Table 1.2 should be used for estimating the long-term settlement of the embankment.


Table 1.2:
Long-Term Rock Fill Settlement

	Height 

of Rock Fill, H

(m)
	Long-Term Settlement (m)

	
	Compacted Rock Fill
	Dumped Rock Fill

	Up to 15
	0.1%∙H
	0.2%∙H


Long-term is defined as being after 1 year following construction to full height, over the life of the embankment.
1.3
Rock Fill Embankments over a Compressible Subgrade
For rock fill embankments constructed over a compressible subgrade, the estimated settlement of the embankment must include the compression of the rock fill (short-term and long-term, as described in Section 1.1 and 1.2) plus the settlement of the compressible foundation soils.

Section 2:
Guidelines for Estimating Rock Fill Quantities for Construction 

Each fill material has its own unique quantity requirements that are dependent upon the type of material used.  For the appropriate embankment fill item, the designer determines the quantity of material for backfill and embankment construction by considering the following:

· neat lines of the embankment;

· embedment of fill material into the founding stratum;

· settlement during construction of the underlying founding stratum;

· settlement during construction of the un-compacted fill material;
· settlement during construction of the compacted fill material; and,
· construction loss of material below the water line.

For each swamp crossing and high fill area, the Foundation Investigation and Design Report should include the following estimates:

· estimated max. embedment of fill into the founding stratum (m);

· estimated max. settlement of the founding stratum during construction (m); and
· estimated max. settlement within the fill itself (both compacted and un-compacted) (m)
The estimates of maximum embedment and foundation soil settlement during construction are to be considered by the designer when estimating the quantity of fill required for construction.  To account for the settlement of rock fill during construction, the rock fill quantity should be estimated using the standard bulking factor(s) currently recommended by MTO.
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