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A new warehouse built with prefabricated components over an area underlined 
by soft marine soil deposits started showing differential settlements well before 
its completion.  Its 103 spread footings carrying up to 4,000kN (450t) axial loads 
had been cast on jet-grouted columns extending and penetrating a layer of sand 
at a depth of 10m (33ft).  Investigations performed to assess the wholeness and 
consistency of the jet-grouted columns revealed a state of loose jet-grouted 
masses and uncontrolled, off target migrations of the jet-grouting.  Most of the 
jet-grouting itself was settling. 

The following remedial solutions were suggested: 

was monitored by Electro Resistivity Tomography (ERT) (Bares et al., 2003), an 
innovative 3D electro tomography procedure showing where grout had been 
actually placed and its migrations off target. A successful 4,000kN (450t) load 
tests confirmed the validity of the solution. 

Finally, upon the completion of a successful load test, solution 4.  was chosen.  
It supplied the highest degree of reliability thanks to the ease of controlling the 
final and actual location of the minipiles and to the higher safety factor provided.  
All remedial work to install the minipiles was eventually performed inside the 
building. Additional load tests and settlement measurements confirmed the 
adequacy and success of the chosen solution. 

 

Building description (Fig.  1)

 

The new warehouse, a 76.2m (254ft) by 
119.10m (397ft) rectangular building divided in 
zones of different heights and storey 
organization and a 5.1m (17ft) wide ramp 
providing direct access from the ground to the 
second floor, was being constructed on a flat 
site laying at 0.00m elevation above sea level 
(a.s.l.).  It was destined to become a local 
products storehouse with a final ground floor 
elevation at 1.00m (3.3ft) a.s.l. 

The precast concrete structure included 
standard and pre-stressed elements placed on a 
9.925x15.24m (15x50ft) pattern and columns 
founded on 103 cast in place spread footings of 
varying dimensions: from 3.2x3.2m (10.6x10.6ft) 
to 2x2m (6.6x6.6ft). Connections between the 

columns and the footings were achieved by the 
insertion and grouting of the columns into 1m 
(3.3ft) deep square holes built at the center of 
the footings. 

The ground floor slab had been cast on a 1.2m 
(4ft) thick layer of compacted granular fill 
replacing a layer of original soil (0.4m (1.3ft) to 
0.8m (2.6ft) deep) that had been removed. 

At the designed 12kN/m2 (250lb/ft2) floors’ 
working load capacity, over 50% of the footings 
(basically at all internal nodes) had to carry 
4,000kN (450t) each. 

Each footing had been cast right on top of 1.10 
to 1.60m (43 to 63inch) diameter 10 to 11m 
deep (33.3 to 37ft) apparently solid jet-grouted 
soilcrete columns.  The “JET2” system (i.e., a 
combined stream of cement and compressed 
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Photo 1: Beam-ends smashing and support 

settling. 

 
Photo 2: Beam-ends and support conditions. 

Photo 3: Beam-ends separation 

 
Figure 3: Electro Resistivity Tomography (ERT) 
investigations plan. 

 
Figure 4: Electro Resistivity Tomography (ERT) 
results: the absence of soil consolidated by jet-
grouting is shown by low-resistivity violet and 
blue colored areas. 

All investigations evidenced that where jet 
columns were to be created (grey cylinders in 
Fig.  5) only a modest soil resistivity (light blue - 
light green) could be measured due to the 
presence of limited traces of cement. However, 
soil resistivity in correspondence of the layer of 
sand located 10m (33ft) below grade was much 
higher (red coloring) thanks to a locally, but 
limited soil-crete formation. Fig.  6 and 7 show 
similar resistivity and failed soil treatment results 
measured with an inclined hole probing under 
footing #56. 

Additional Vane test and pocket penetrometer 
tests confirmed the ERT results (Fig.  7). 
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Figure 8: Expanding resin injections pattern 
using inclined small diameter boreholes 
(diameter 25mm, 1inch) drilled trough the 
footings to a depth of 9m (3ft).  1,800kg 
(3,975lb) of unexpanded product were injected 
(from the bottom-up). 

Additional considerations and evaluations based 
on the results of all tests in this difficult soil, lead 
to eventually choose a solution allowing sure 
and positive control of the installation and final 
location of its components. This was the 
construction of minipiles through and under each 
footing.  The piles were to reach a sand layer 

existing at a depth of approximately 20m (60ft) 
with pile heads mechanically secured into the 
bodies of the footings. (Other more conventional 
piling solutions were discarded because of the 
obviously limited headroom conditions). 

The minipile based solution 
The minipile solution was based on the following 
specifications: 
- Pile diameters to be 200mm (7.8inch) or any 

larger diameter that could be constructed 
within the existing headroom limitations.  

- Pile-bearing capacity had to consider and 
include group effect, negative friction, load 
eccentricities, soil weakening while drilling 
(only partially compensable by dedicated 
pressure grouting).  

- Problems arising to assure a reliable 
connection between the minipile tops and 
the existing footing structures, had to be 
taken in account, including the risk of 
damaging the footings’ reinforcing bars. 
 

 
Figure 10: Resin injections – full scale load test.  Graphic representation over a 5 months period of the 
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Figure 11: Load test minipile type M1. 

 
Figure 12: Load test minipile type M2. 

Accordingly, the following final construction 
sequences were specified: 

- remove all already placed fill to a maximum 
depth of 200mm (7.8inch) below the footings 
base grade; 

- perform all minipiles drilling through the spread 
footings; 

- securely connect the top of the minipiles with 
the existing spread footings. 

 
Figure 13: Lighter flooring system. 

Eventually, in an effort at minimizing the time 
and costs for the modification of the footings, the 

allowable working load on the upper warehouse 
floor was reduced to 4kN/m2 (84lb/ft2). 

Different minipile loadings required the use of 
three different types of steel casings (Type A, 
Type B, and Type C) (Table 3.). 

Table 3: Minipile features. 
M i n i p i l e  t y p e  A  B  C  

P i p e  e x t e r n a l  d i a m e t e r  [ m m ]  1 1 4 . 3  1 0 8  1 0 1 . 6  

P i p e  t h i c k n e s s  [ m m ]  1 1  7 . 1  5 . 9  

A r e a  [ c m 2 ]  3 5 . 7  2 2 . 5  1 7 . 7  

D i s t a n c e  b e t w e e n  v a l v e s   
( t o p  1 9 m )  [ m ]  

1  1  1  

D i s t a n c e  b e t w e e n  v a l v e s   
( b o t t o m  5 m )  [ m ]  

0 . 5  0 . 5  1  

Ultimate load capacity of the minipiles was 
designed to be 2,600kN (290t), with a minimum 
of four minipiles constructed under each spread 
footing.  The top extremities of the minipiles 
were connected to the concrete of the footings 
using reinforced steel plates anchored by 
vertical Dywidag steel bars epoxy-glued into the 
footings’ concrete (Table 4, Fig.14, 15). 

Minipiles construction within a tight 
schedule 

A total of 412 minipiles were constructed under 
the 103 footings. Of them, seven were load 
tested (Photo 5.  and 6.) up to 1,200-1,400kN 
(135-160t) or about 1.5 times the maximum 
designed work load. All tests were successful 
with measured settlements varying between 3 
and 15mm (0.1 and 0.6inch) and negligible final 
residual settlements. Estimated ultimate load 
bearing capacities extrapolated from the test 
results were much higher than the design 
capacities (Qu > 2,600kN, 290t). 

For a more thorough evaluation of the ultimate 
load bearing capacities achieved by the 
minipiles, 12 additional dynamic tests were 
carried out, 5 of which on already statically load 
tested minipiles.  The tests were performed 
according to: 
a) The specifications governing the CASE 

System and based on CAPWAP® software 
(Case Pile Wave Analysis Program).  The 
test hardware consisted of a Receiver Unit-
Pile Driving Analyzer® model PAK 
(http://www.pile.com/pdi/products/pda) and of 
relative accelerometer and strain gauges. 

b) The ASTM D4945-00 (2,000) Standard Test 
Method for High-Strain Dynamic Testing of 
Piles specifications. 
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Photo 5 Minipile load test set up. 

Dynamic tests are based on measuring the 
effects of energy impacts at the top of a pile by a 
known mass falling from different heights.  In 
this case, a 3kN (662lbf) mass was used and 
dropped by an excavator shovel from different 
heights. 

Table 4: Loads on footings and minipiles. 
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1 340x340x80 41 A 31899.5 7974.88 
2 340x340x80 4 A 27302.0 6825.50 
3 300x300x70 2 B 20462.5 5115.63 
4 300x300x70 20 B 20597.5 5149.38 
5 (93) 240x240x60 1 C 12086.5 3021.63 
5(103) 240x240x60 1 C 13386.5 3346.63 
6 240x240x60 2 B 17815.0 4453.75 
7 300x300x70 1 A 29587.5 7396.88 
8 300x300x70 1 B 21187.5 5296.88 
10 300x300x70 1 A 24122.5 6030.63 
11 300x300x70 1 C 15444.5 3861.13 
13 240x240x60 1 C 15586.5 3896.63 
14 240x240x60 4 C 16886.5 4221.63 
15 300x300x70 1 B 19544.5 4886.13 
16 (94-96) 240x240x60 2 C 12644.5 3161.13 
16 (98-100-102) 240x240x60 3 C 6951.5 1737.88 
17 240x240x60 5 B 18400.0 4600.00 
18 200x200x50 11 C 12644.5 3161.13 
19 340x340x80 1 A 2899.5 7249.88 

The dynamic tests did generate other 
acceptable values, namely a minimum ratio 
between the ultimate load measured with the 
tests and the maximum working load of 2.1 and 
an average ratio of 3.69. 

 
Figure 14: Typical minipiles’ arrangement 
scheme. 

 
Figure 15: Typical minipiles to footing keying 
detail. 

Minipiles drilling operations, Φ200mm (7.9inch), 
were to be carried out to a 24m depth (80ft); 
using drilling equipment and tools of contractor 
choice. The use of compressed air and 
bentonite slurries were not allowed. Casing had 
to be installed during the drilling and an accurate 
cleaning of the bottom of the hole had to be 
performed once the final depth had been 
reached. Upon the completion of the installation 
of the casing and prior to beginning any 
pressure grouting through the expanding 
sleeves the top of the casing had to remain 
sealed to avoid any accidental introduction of 
obstructions or contamination. 
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Photo 6 Minipile load test set up. 

 

Photo 7: Mass used for the impact dynamic test 
A strict timing sequence of operations was 
imposed.  Casing segments had to be 2.5m 
(8.33ft ) long and casing joints had to be “full 
body threading”. No welding allowed. 

Successive grouting sessions could be 
performed only after 48 hrs curing pauses from 
any previous one and upon accurate casing and 
valve washing. 

A real-time control and recording system of all 
injection parameters were to be set. 

Injection pressures and grout flow were limited 
to prevent soil fracturing.  Injections were to be 
stopped when reaching the following values: 

- Max injected volume per valve: Vmax=100l 
(26.4 US gallons); 

- Max pressure: Pmax= 12bars (175psi) (for 
deeper valves) and 5bars (72psi) (for upper 
valves).   

Basic injection admixtures were to be a stable 
binary cement/water mix, with a cement/water 
ratio=0.5 by weight and with a super-fluidizing 
additive. Specific soil conditions could require 
the addition of sand, bentonite and/or other 
additives.  Injection operations under each 

single footing were limited to never exceed one 
completed minipile/day. 

 
Photo 8: Minipile top with measuring gauges. 
A “tongue-in-cheek” remark  

The authors of this paper were hired in the 
autumn of 2002, i.e.  well after the catastrophic 
settlements of the structure had occurred to 
perform investigations about the causes of the 
settlements and to suggest remedial solutions.  
Once on site, they could hardly believe how 
haphazardly the previous jet-grouting foundation 
design and construction had been carried out.  
No check and control of the results and success 
of the foundation construction operations before 
and during the structure building were specified 
nor performed while dealing with a very sensitive 
and critically unstable geotechnical environment. 

All necessary foundation and structural remedial 
work was completed in 1 year (Sept 2004 to Sep 
2005). Presently, the warehouse is fully 
operational and no further structural failures due 
to foundation settlements or displacement have 
occurred or have been reported. 

On commenting on the above described 
calamities, we underline the importance to utilize 
skilled professionals and contractors, to keep 
checked and monitored every phase of design 
and emplacement to allow owners to avoid the 
nightmare of “If only I had known” recrimination.  
Unfortunately, notwithstanding frequent 
warnings, horrifying similar geotechnical 
histories have a perverse habit to keep 
repeating! 
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