
International Society of Micropiles 
15th Workshop
Vail, CO May 31-June 02, 2023

Reticulated Micropiles for Restoration of 
Historic Structures Foundations after 
Natural and Manmade Disasters

James A. Mason, Ph.D., P.E.

NPS Vanishing Treasures Program

Structural, Geotechnical, Preservation, Seismic Engineer



The Motivation for the Invention of 
Reticulated Micropile Groups.

The Genius of Dr. Fernando Lizzi.  

Naples, Italy.  
Immediately 
after the 
retreat by 
the Nazi 
Forces.



The Four Days of Naples (Italian: Quattro giornate 
di Napoli) was an uprising in Naples, Italy, against 
Nazi German occupation forces from September 
27 to September 30, 1943, immediately prior to 
the arrival of Allied forces in Naples on October 1 
during World War II.
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The Four Days of Naples (Italian: Quattro 
giornate di Napoli) was an uprising in Naples, 
Italy, against Nazi German occupation forces 
from September 27 to September 30, 1943, 
immediately prior to the arrival of Allied forces 
in Naples on October 1 during World War II. 
The spontaneous uprising of Neapolitan and 
Italian Resistance against German occupying 
forces, despite limited armament, organization 
or planning, nevertheless successfully disrupted 
German plans to deport Neapolitans en masse, 
destroy the city and prevent Allied forces from 
gaining a strategic foothold.
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On July 25, 1943, Mussolini was voted out 
of office.
On April 28, 1945, he was executed.



Destruction of Naples Harbor 
immediately after the retreat of 
the Nazi Submarine Navy





Oct. 4th, 1943. Enter 
the American 
Troops into Naples, 
Italy.



Prof. Fred  Kulhawy

Washington, DC.  FHWA HQ.  Some of the committee members who  
provided input and feedback to Dr. Donald Bruce for the writing of the  
“State-of-Practice Review”.

March 1994
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Reticulated Root Structure
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The successful execution of the restoration 
works is based on 4 “Lizzi principles”: 

•“Primum non nocere”(Latin). First, do no harm. 
•Maintain the existing equilibrium. 
•Reinforce both the soil and the existing structure. 
•Strictly preserve the construction scheme and the 
original aesthetic designed by the original architect 
/ engineer. 
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Lizzi’s Reinforced Soils

Improvement of Foundations of Historic Structures 
with Reticulated Micropiles.
JA Mason and FE Kulhawy



Basic Mechanics of RRP
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Exterior Surface Soil 

Arching As One of the 

Primary Resistance 

Mechanism for RRP
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RECENT COMMENTS ABOUT 
NEW YORK CITY SINKING.  
NOTE HOW THE TRUNCATED 
CONE CONFIGURATION 
CONSTRAINS SUPPORTING 
SOILS.

 Thus, downward movement  
densifies and strengthen the 
encased soil.  With 
densification, i.e., a decrease 
in the soil voids, (further, yet 
smaller, downward vertical 
movement) the permeability 
is decreased.
Remember that the RRP 
geometrics allows the 
movement of ground water 
through the pile group. D
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Ref: Ground Improvement Engineering. Issues and Selection. George Munfakh and Duncan Wylie

The “Knotting Effect”
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Example of Lizzi’s Method of Modeling and 
Calculation Sequence

Ref. Thorburn and Hutchinson
Underpinning (1986)

Surrey University Press
Calculations pgs. 122-126



Soil-Structure Interaction 
Problem.
Directly integrates 
geotechnical and structural 
engineering.

Historic masonry structure.

RRP Retaining Structure.
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E X P E R I E N C E    Y O U R    A M E R I C A

1.  Scheme of the Reticulated 
Micropile layout before excavation.
2. Gravity stresses in the soil before 

excavation.
3. The Vertical load in addition with 

the forces introduced be the 
active soil pressure, after 
excavation, for the case where 
the complete system is 
supported by the encased soil.

4. The same case as #3, but where 
the loading is supported by the 
micropiles.



5 + 6.  The forces introduced by 
the excavation are assumed to be 
supported by the soil (5) 
combined action of soil and piles 
(6) according to the pile-stiffness 
factor ‘m”.  Transformed section 
analysis.

7 + 8.  All forces, including the 
loading from “dead load”, after 
excavation, are supported by the 
soil (7) and combined soil-pile 
action (8).







The Unit Cell.



Lizzi used similar hand 
calculations for a historic 
building within a meter of 
the Milan Underground.  
The tunnel was constructed 
via a cut-construct-cover 
process with the reticulated 
micropile retaining wall 
being constructed in-situ 
before and excavation.  Lizzi 
noted that the lateral 
movement at the backwall 
was just several millimeters.

The Merchants Plaza 
Building
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The Merchants Plaza 
Building

Alignment of underground Metro
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The Merchants Plaza 
Building

The Duomo

Alignment of underground Metro



The loading of the RRP retaining wall converts lateral earth pressure on the micropile 
backwall into bending stress, which is subsequently converted into axial stresses 
within the micropile group, i.e., a moment couple.  The backwall being in tension and 
the front wall (the excavation side) is loaded in compression. The 3-D soil arching 
provides the restraining surface onto which the earth pushes against.  The flexural 
displacement, inward towards the interior constrained soil mass, provides a clamping 
pressure on the core. So, the front and back RRP walls provide the constraint for the 
lateral earth pressure.  The induced bending stress, which could easily use 50 to 60% 
of the available strength of the micropile steel, is converted into axial stress in the low 
range of 10 to 20% of the axial strength of the micropile, shown with FEA.  Also, the 
front wall with composite micropiles has both the grout and steel in compression.  
Lizzi considered the crushing strength of the grout as the limiting capacity of the 
micropile in compression.  It must be remembered that Lizzi designed and successfully 
constructed micropiles by drilling a 4” diameter hole, inserting a 1” diameter steel 
rebar, and finishing by grouting the void with a neat cement grout.



Retrofitting and Strengthening
Of a Civil War Era Historic Church Tower

In Paducah, Kentucky.



The Grace Episcopal Church Tower. Paducah, KY
DESIGN ARCHITECT, GENERAL CONSTRUCTION 
MATERIALS and METHODS 

◼Henry M. Condon 1834 – 1922.

◼Graduate of Columbia.

◼Member of the Ecclesiastical 
Architectural Movement.



27 ft.

80 ft.













Initial Construction

Deteriorated Core

Outer Wythe Buckling

Load Redistribution 

to Core



Iso-Modulus Plot 

(ksi)

Krieging Analysis

f’c = 550 Em  (psi)





FIBER ANALYSIS
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Load vs Deflection
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First Mode Period

18 piles. PP7.00x0.408  23 ft. Long

Vertical Pile Group: 0.42 sec. 

Reticulated Micropile Group: 0.052 sec.

Modal Responses



“Liquefaction and Piled 

Foundations: Some Issues”

J. Berrill and S. Yasuda

Journal of Earthquake 

Engineering

Vol. 1 Special Issue 1 

(2002)

Showa Bridge, 

Niigata, 1964

Liquefied Soil “Fluid 

Pressure”  10 to 30kPa 

= 1.5 to 4.5psi
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The Use of Reticulated Rock Bolts To Stabilize a 
Sandstone Arch In Mesa Verde National Park.

The Spruce Tree House Alcove Arch.
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Prior Arch Collapse
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Itasca Team: Dr. Lee Peterson, Ryan Peterson, Anya Brose, 
Derrick Blankama, Augusto Lucarelli, Prof. Peter Cundell
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Stabilizing an Ancient Puebloan Alcove Site.
Cliff Palace In Mesa Verde National Park.
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Using RRP Groups to Re-Direct Load 
Paths in both Soils and Structures.

The Romans were masters at 
redirecting the load path within a 
building wall.  This was achieved 

primarily with arches constructed 
within the wall section.



The Baths of Caracalla.

Redirecting the Load Path.





Research Efforts in Support of Investigation, Documentation 

and Assessment at Cliff Palace, Mesa Verde National Park

O c t o b e r 2 0 2 2
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Tracie Quinn
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James A. Mason
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Program Center for Cultural Sustainability
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Introduction to 

Cliff Palace.

A virtual 

walkaround. 



Cliff Palace





Lateral Earth Pressure



Cylindrical Shells of Revolution
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Lateral Soil Pressure on Embedded 
Cylinder
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ANOTHER PROJECT by Dr. Mason

Transferring reticulation technology to adobe buildings.
Preliminary research conducted by Mason at Fort Union 
using  Cintek Helifix anchors. (All of the Cintex technology is 
based on Lizzi’s work.)  Very promising results were 
obtained, which prompted NPS Vanishing Treasures 
program to coordinate with The University of Vermont, 
Burlington (a CSEU partner) where better loading and 
monitoring equipment confirmed the work from Fort 
Union.





UVM Adobe Helifix 
Investigation for NPS-VT

12-20-2019

Merrick Gillies, Heidi Thorne, Douglas Porter, Eric Hernandez, and Mandar Dewoolkar

Civil and Environmental Engineering

The University of Vermont



Helifix



Testing Apparatus Continued



Deformation of Tie 

Deformation of tie:

-Couplet still connected after failure.
-Implications for stability of structure
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The strengthening of the Al-
Hadba Minaret in Mosel, 
Iraq. XII century structure.



E X P E R I E N C E    Y O U R    A M E R I C A



E X P E R I E N C E    Y O U R    A M E R I C A

ISIS forces had been shooting 
at the Minaret for weeks, 
thinking that they could 
destroy it with guns.  Then they 
shot at it with bazookas. Still 
the structure stood firmly 
against the attacks.  The 
attackers had no idea that the 
structure was reinforced by 
Lizzi.  Finally, on  June 21, 2017 
massive amounts of explosives 
were placed inside of the 
tower.
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The Reconstruction of Destroyed Historic Buildings in the 
Ukraine. Based on the Works of Dr. Fernando Lizzi.
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Saint Catherine’s Church in 
Chernihiv, Ukraine.
Church was dedicated in 1715.
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Damaged Courtyard.
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