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SCOPE

• Increase Axial Skin and Tip Resistance of Drilled 
Sh ft b D l C li d i l & S h i l C itShafts by Develop Cylindrical & Spherical Cavity 
Expansion Stresses Alongside and Below Shaft Tip
with Side and Subsequent Tip Grouting.q p g

• Tasks:
– Design Side Grouting System

S ll S l Sh ft T t t E l t Sid G t S t– Small Scale Shaft Test to Evaluate Side Grout System
– Larger Scale Test Shaft (3’x25’) FDOT Test Chamber

• Monitor Soil and Shaft Stresses and Load Transfer
E t d l t id d ti ti• Excavate and evaluate side and tip grouting process

– Test and Excavate Full Scale Test Shaft at Keystone Heights 
Location

l h S d d G d ll d– Develop Design Approach For Side and Tip Grouted Drilled 
Shafts



Side Grouting Prior to Tip Grouting
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Tip Grout FlowTip Grout Flow

No Tip Grout Bulb at Bottom



Tip Grouted Drilled Shaftsp
FHWA: Reese – Drilled Shaft Tip Resistance in Sands

qT = 0.6 x SPT N (tsf)



Soil Stresses from Side & Tip Grouting
Expected Grout Pressures, Salgado, 2001
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Skin Resistance After Side Grouting
D = 42”
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Design of New Side Grouting System For 
Drilled ShaftsDrilled Shafts

Membrane Seals

Side Membrane

Circular Grout
System

Membrane Seals

Side Membrane

Ti M h ttTip-Manchette



Membrane Seal Design

Testing Design using Water – Over 100 psi with 
NO LEAK!



Construction of Small Scale Test Shaft 
Grout SystemGrout System



Side Grouting Small 
S l T t Sh ftScale Test Shaft:  

100

50

0

Pa
) 

3’ x 6’ Shaft

200

150

100

DR=20% 40% 60% 80% 100%at
er
al
 S
tr
es
s,
 

h (
k3  x 6  Shaft

Average Depth of Side Grout Zone = 5’
Initial Lateral Stress, σh = σv*K0 ≈ 1.9 psi

or 13 KPa

0
300

250

2000 4000 6000 8000 10000

DR 20% %

In
iti
al
 L
aor 13 KPa

0 2000 4000 6000 8000 0000

Cylindrical Cavity Limit Pressure, PL (kPa) 

700kPa = 102psi

No Upward Grout Flow



Side and Tip Grouted Small Scale Test 
ShaftShaft

 

50

0

Pa
) 

3’ x 6’ Shaft
Depth of Tip Grout Zone = 6’

200

150

100

DR=20% 40%60%80%100%

ti
al
 M

ea
n 
St
re
ss
, 

m
 (k
PDepth of Tip Grout Zone = 6

Initial Mean Stress, σm = (2*σh)+σv
3 ≈ 3psi

or 20 KPa

0 5000 10000 15000 200000
300

250In
it

Spherical Cavity Limit Pressure, PL (kPa) 

or 20 KPa

1100 kPa=155 psi max

Spherical Cavity Expansion!



Construction of Large Scale Test Shaft 
Grout SystemGrout System



Casing Construction and Placement



Casing Construction and Placement



Soil and Soil Pressure 
Cell PlacementCell Placement

18 Inch Soil Lifts18 Inch Soil Lifts
8% Moisture Content
50% Relative Density50% Relative Density
γ≈110 lb/ft3 & Φ’≈33°

SPT Blow Counts:
f3 – 5 at 8 ft Depth

15 at 21.5 ft Depth



Side Grouting Test 
Sh ftShaft  
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Side Grouting Test Shaft

Total Shaft Displacement was ≈ 0.72”
or 2% of Shaft Diameteror 2% of Shaft Diameter

Circular Soil Cracks during Side Grouting
No Upward Grout Flow!!!



Side Grouting Test Shaft:
Pressure Cell DataPressure Cell Data



Tip Grouting Test Shaft
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Soil Cracks due to Upward Movement of Shaft5000 kPa ≈ 725 psi Soil Cracks due to Upward Movement of Shaft 

Total Upward Shaft 
Movement was 
Approximately 0 4”Approximately 0.4”

Differential  
Movement of Shaft 
& Soil was 
Approximately 0.2”



Tip Grouting Test Shaft

∆ ≈ 0 1925”∆ ≈ 0.1925
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550 Kips, D=36

650 Kips, D=40



Completed Top-Down Test



Completed Top-Down Test

380 Kips

∆ ≈ 0.07”

50 Kips

155 Kips

175 Kips

40% of Applied40% of Applied 
Load Carried by 
Side Grouted 

Zone!!!



Side and Tip Grouted Large 
S l T t Sh ftScale Test Shaft

Spherical Cavity Expansion!!!
No Upward Grout Flow!!!



Side and Tip Grouted 
L S l T t Sh ftLarge Scale Test Shaft

f dMax Diameter of Side
Grout Bulb is ≈ 4.5 ft

(1 5*Diameter of Shaft)

Average Diameter of

(1.5*Diameter of Shaft)

g
Side Grout Bulb ≈ 4 ft

(33% Diameter Increase)

Diameter of Tip
Grout Bulb ≈ 5 ftGrout Bulb ≈ 5 ft

(60% Diameter Increase)



Schedule for Full Scale Field Testing

Tasks Location Duration

Task 1: Construct Rebar Coastal Engineering 2 
Cage and Three Stage 
Grout System for Full Scale 
Field Test

Laboratory in 
Gainesville

Months

Task 2: Install 42” x 25 ft
Shaft, Side & Tip Grout, 
Monitor Soil Stresses

Keystone
Heights Site

2
Months

Monitor Soil Stresses

Task 3: Axial Top Down 
Test, Monitor Strains& 
Stresses

Keystone
Heights Site

2
Months

Stresses

Task 4: Excavated Shaft & 
Evaluate Load Transfer

Keystone
Heights &

Office

2
Months

Office



Full Scale Testing at Keystone Heights

Side and Tip 
Grouted TestGrouted Test 

Shaft



Testing & Instrumentation
• 42” x 25 ft Side and Tip Grouted Shaft will be 

Instrumented with Vibrating Wire Strain Gages at the Shaft 
Tip and Above the Side Grout Zone.Tip and Above the Side Grout Zone.

• During Side and Tip Grouting, Strain Gages will be Read to 
Separate Skin friction (Above and Within the Grout Zone)Separate Skin friction (Above and Within the Grout Zone) 
From Tip Resistance 

• During Top Down Compression Test, Shaft Side Friction 
(Above & Within Grout Zone) and  Mobilized Tip Resistance 
as function of top displacements



Testing & Instrumentation
• Place PVC pipe for Telltale  at Tip of the Shaft
• Develop Tip Resistance vs. Displacement (Tip Telltale 

Measurement)Measurement)
• Geokon Model 4830 Push-In Pressure Cells will be used to 

Monitor Stresses with in the Soil around the Shaft

• Read Pressure Cells During Shaft Cast and all Three Grout 
Stages – Monitor the Change in Soil Stress and Better Stages o to t e C a ge So St ess a d ette
Asses Effects of Side and Tip Grouting Processes

• Validate Design – Using Equations & Pressuremeter Testing



Th k YThank You

Questions?


