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December 11, 2001 (modified September 24, 2003)
TO:   
Al  DiMillio, FHWA ; 

Tom Shantz, CalTrans;  

Ted Ferragut, TDC

FROM:  Tom Richards, Nicholson Construction Company and 

DFI Micropile Committee Chairman 

RE:  Research Needs from DFI Micropile Committee

This memo provides further explanation of the micropile research needs noted by the DFI Micropile Committee and presented at the Micropiles Technical Working Group - State Pooled Fund Project meeting on November 16,2001. 

1. Strain Compatability / Use of Grade 150 Bars in Compression ADSC-IAF pursing with FMSM.  Status is  samples made
a. Background 

ACI318 & AASHTO ultimate strength design use a maximum concrete strain (() of 0.003. Steel stress at this strain is 
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. Therefore, the maximum Fy of steel useable in compression in design is often limited to 80 ksi as in ACI or 87 ksi (= 600 MPa) per FHWA Micropile Design & Construction Guidelines Implementation Manual (FHWA MP Manual).

b. Some DFI Committee members have used higher steel yields in design and successfully tested these piles.

c. There could be substantial savings via simpler construction if bundled bars could be eliminated or smaller bars could be used. 

d. The basis for use of Fy > 87 ksi may be that the ultimate strain of grout is higher than 0.003 or that the triaxial strength is better due to confinement.

e. This testing could be performed similar to as described in the attached paper “Fundamental Tests on the Performance of High Capacity Pin Piles” (by Bruce, Bjorhovde, Kenny; 1993  DFI Conference) with various shell materials to provide various confinement stiffness.   A bond breaker should be considered inside the confinement material unless the confinement material is smooth plastic.

2. Confinement in Rock  ADSC-IAF partially pursing with FMSM.  Status is  samples made
a. Background 

Structural strength in rock sockets are typically calculated using equations similar to those contained in FHWA MP Manual based on the unconfined compressive strength of the grout.  Due to confinement in rock, the compressive strength of the grout is higher due to triaxial effects. This topic relates to Topic 1.

b. There could be substantial savings via simpler construction if bundled bars could be eliminated or smaller bars could be used OR higher design loads achieved from piles of a given reinforcement section. 

c. The basis for increased strength would be triaxial strength is better due to confinement.

d. This testing could be : 

d.1. performed similar to as described in the attached paper with various shell materials to provide various confinement stiffness.   A bond breaker should be considered inside the confinement material unless the confinement material is smooth plastic

d.2. full scale tests on sites with shallow rock and preferably pressuremeter tests

3. Grout Modulus  ADSC-IAF partially pursing with FMSM.  Status is  samples made.  Trial axial tests on grout.
a. Background

In preparing for Topics 1 and 2 and evaluating some recent load tests,  Tom Richards backanalyzed the some laboratory results in the attached paper and found the modulus of grout ranged from less than zero to 600 ksi versus the typically used 3000 to 4000 ksi based on ACI equation 
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.   Values less than zero indicate stiffness less than the steel itself.

The spreadsheet used to perform these calculations is attached for review and checking purposes.  The following formulae were used:

Elastic Ratio has units of thousandths of deflection / kip/ 10 ft as defined in the paper.
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resulting in units of [kips]
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   Eqtn 2
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   Rearranging Eqtn 2

b. Need/Use  The effective modulus of grout is essential in any modelling effort and particularly in predicting deflections.  

c. Testing as described for Topics 1 and 2 should include samples consructed similarly to as presented in the referenced paper. 

4. Lateral Loads

a. This is part of what the State Pooled Fund Committee is planning.

b. The basis is that very few lateral load tests have been performed.

c. Casing threads in bending – paper by Jim Long.    Hopefully LB Foster data can clarify.  Handful of other tests.

5. GROUP EFFECTS of leading and trailing piles.  Current recommendations in GROUP literature based on very few tests with NO micropiles.

6. VERIFICATION OF “GROUP” PROGRAM for unusual cases

a. Eccentric pile layout with overturning moments and lateral load, 
b. better to not batter piles

c. fixed connection deflection more than pinned

7.
Pile Cap Connections for Battered Piles
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