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Civil & Coastal
Engineering

Presentation Overview

* Previous Research

« FDOT Test Chamber
Shot Shaft (3’ x 6)
Long Shaft (3’ x 25)
Top-Down Test on Long Shaft (3’ x 25’)

« FDOT Test Site
Field Shaft (3-%2’ x 25’)
Top-Down Test on Field Shaft (3-%2’ x 25’)
Statnamic Test on Field Shaft (3-%2' x 25’)

» Predicted and Measured Capacities
Before Grouting
After Grouting
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Civil & Coastal
Engineering

Previous Research

* Post Grouted Drilled Shaft Tips (Mullins, 2001 & 2004)
» No Side Grouting Prior to Tip Grouting
» Grout Flows along Path of Least Resistance during Tip Grouting
» No Cavity Expansion during Tip Grouting
» Did Not Significantly Improve Soil Conditions around Shaft
» No Significant Increase in Tip Capacity of Drilled Shaft

 End Bearing Prediction of Post-Grouted Drilled Shaft (No Side Grouting)
» Mullins, 2006 Method for Tip Grouted Shaft (GP,,,, GPI, & TCM)
» Thiyyakkandi (2013) Estimates Tip Area and Tip Pressure —
mobilized tip resistance vs. displacement
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i Civil & Coastal
Previous Research Engineering

* Prestressed Concrete Pile Installation — Utilizing Jetting and Pressure
Grouting (McVay, 2009)
» No Side Membrane Initially (Side Grout Ports Only)
» Grout Followed Path of Least Resistance during Tip Grouting
» Tested Flexible and Semi-Rigid Membranes
» Improved Contact Area between Grout and Foundation Element

* Piles Group Efficiencies of Grout-Tipped Drilled Shafts and Jet-
Grouted Piles (McVay, 2010)
» Multiple Grouting Phases using Different Color Grout (Died Grout)
» ldentified Grout Flow during Subsequent Tip Grouting Phases
» Developed FEM Model and Design Approach for Side Grouted
Foundations (K, Method)
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FDOT Test Chamber
Design of Side Grouting System
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Civil & Coastal
Engineering
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FDOT Test Chamber SILP. “oasty
Short Shaft (3’ x 6’) — Fabrication o e e
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FDOT Test Chamber SILP. “oasty
Short Shaft (3’ x 6") — Construction e e
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FDOT Test Chamber SRS Coasty
Short Shaft (3’ x 6°) — Side Grout AR

T ] T

u_ |III||||IRE1

(Salgado 2001) 1

2
|

Average Depth of Side Grout Zone = 5%’
Initial Lateral Stress, o,, = 0,*K, = 1.9 psi
or 13 kPa

Initial Lateral Stress. oy, (kPa)
s 2
| |

et 10 Rt " - I.,'.. ' -

.‘-‘:‘ "‘ﬁ.. e -‘tm 1 i i L i i i i i
TR A uj 2000 4000 6000 8000 10000

Cylindrical Cavity Limit Pressure, py (kPa)

700 kPa = 102 psi

\
120 \\
110 i )
100 Vud BRIA
Pressfure / ( \
Pur‘?lzr;:fnke 90 '-/
(psi} 20 / I

70 I
60 l

0 10 20 30 40 50 60 70 80 90

NO Upward Gro ut FI OW Volume of Grout (Gallons)




FDOT Test Chamber
Short Shaft (3’ x 6’) — Tip Grout

Civil & Coastal
Engineering

I‘IJIIIII?I}[!

Depth of Tip Grout Zone = 6’
Initial Mean Stress, o, = (2*0,)+0,_

3 =3psi
or 20 kPa
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Initial Mean Stress, o, (kPa)
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FDOT Test Chamber QLS. Coasta!
Long Shaft (3’ X 25’) — Shaft Casing

Engineering




FDOT Test Chamber B Coasta!

Engineering

~ Long Shaft (3’ x 25’) — Shaft Casing

. H = L“‘zw‘xi*mﬁ




FDOT Test Chamber
Long Shaft (3’ x 25’) — Soil Placement

Test Soil: A-2-4
(Silty Sand — from
FDOT Borrow Pit
in Lake City, FL)

18 Inch Soil Lifts

8% Moisture Content
50% Relative Density
y =110 Ib/ft: & @' = 33°

SPT Blow Counts:
3 —5 at 8 ft Depth
15 — 20 at 25 ft Depth

Civil & Coastal
Engineering

Percent Passing
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FDOT Test Chamber QLS Coasty
~ Long Shaft (3’ x 25’) — Soil Placement

Engineering




Civil & Coastal
Engineering

FDOT Test Chamber
Long Shaft (3’ X 25’) — Pressure Cell

Placement
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FDOT Test Chamber (LS Coasty!
Long Shaft (3’ X 25’) — Fabrication

Engineering




FDOT Test Chamber QIS Coasts
Long Shaft (3’ X 25’) — Construction g ineeripe
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FDOT Test Chamber ‘E:“’"_& Coastal
Long Shaft (3’ x 25") — Side Grout, _____ "5 "°°110S

I|I||||||1.I|I.

(Salgado 2001) |

Average Depth of Side Grout Zone = 20’ g 3
Initial Lateral Stress, o, = 7 pS| % :sn[— -
or 48 kPa 3 mh ]

250 |-

".‘w I’I

i
Q 0 BODO 10000
ylindrical Cavity Limit Pressure, p; (kPa)

2050 kPa = 297 psi

/
e AL FUTID

, Volume vsPressure e Frort 1 0 12
15 / [
g Boundary
w0 Effects
R L
8 M0\
Bl _

: w_‘_..ﬂ--

0 10 20 30 0 5 &
Grout Volume (R°)




FDOT Test Chamber
Long Shaft (3’ x 25’) — Side Grout

Horizontal Soil Stress at a Depth of 21.5 Feet (Middle of Side Grout Zone)
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Civil & Coastal
Engineering
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Depth of 21.5’
(Middle of Side
Grouted Zone)
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FDOT Test Chamber E"’"_& Coastal
Long Shaft (3’ x 25’) — Tip Grout " 2'"€ering

g

Depth of Tip Grout Zone = 25’ :
Initial Mean Stress, o, = (2*0p)+0, : 150 - ¥
3 = 12 psi 2 sl )

,or 83 kPa s

0.4” Upwaird Shaft Movement
(0.2” Differential Movement with Soil)

T I | . . . ) ’ T 1.0
(Salgado 2001) A
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FDOT Test Chamber ‘E:“’"_& Coastal
Long Shaft (3’ x 25’) — Tip Grout pgineering

A=0.2"

Internal Forces during Tip Grouting Phase

50

50 P e e ’
— _150 Axial Force Above Side Membrane (Blue) J"_""—"_' /
') Grout Force at Tip: , {
._% 950 l%haﬂ Ppressure (P[;”ﬁ:e% 7 | Wi
= ump Pressure (Dark Re .
¥ 0 \\.. 8 59 Kips
P =
©
%
<

DR Ve T — _ — 1 1 |
765 Kips

5 ! 59 Kips Max above
S Side Membrane &
. — \\ 824 Kips Max below
750 Axial Force Below Side Membrane (Light Red) J Side Membiang: (3}

o - o=
-850 V
Shaft Capacity 2 2 x Skin = 1648 Kips<~—___

824 Kips
20 (650 psi Grout Pressure
& 1267 in? Tip Area)




FDOT Test Chamber (LS Coasty
; , Engineering
Long Shaft (3’ x 25’) — Top-Down Test

UNIVERSITY o

21

The Fou # for The Gator Natio




FDOT Test Chamber SRS Coasty
Long Shaft (3’ x 25") — Top-Down Test &' "“°718

380 Kips
\

—~ ”
= Above Side Membrane
Internal Forces during Top-Down Test * Below Side Membrane (Tip)
« Applied Load (Jack)
- Force below Side Membrane (Tip), 180 kips
u—Ir ] -
g ’
E-:SD R \\a.. ..*. ]
: —— —_ : 335 Kips
£ L Sy =
R —h
=30 ki B
e ﬂ-.'_.. )
i = ™= Force sbove Side Membrane, 335 Kips
-SZ0

— Max Applied Load, 380 Kips 180 Klps
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FDOT Test Chamber
- Long Shaft (3’ x 25’) — Top-Down Test

Civil & Coastal
Engineering

380 Kips

y
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» Below Side Membrane (Tip)
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FDOT Test Chamber SILP. “oasty
Long Shaft (3’ x 25") — Top-Down Test = "~ "%
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FDOT Test Site E“""_& Cossts
Field Shaft (3-Y2’ x 25’) — Site Layout RE N SE e

. 36 fi e 35 ft S
o & O O O O 8
L tﬂﬁ LR |E_ﬁ' L] ;f'fl #
st
SPT and CPT
Near the
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FDOT Test Site (E:“’".& Cossts
Field Shaft (3-%’ x 25") — Soil Layers &' "€ering

Pazzazet aeay
o o @ o o €5
¥ (CPT14 CPT IS CPT 16 CPT17 &% 400 500

<

36 ft

SAMPLE | SAMPLE |[AASHTO|UNIFIED | SPT

NUMBER| DEPTH (ft) | CLASS | CLASS | N-Value
B11

—CPT 14

—CPT 15

-CPT 16
—CPT 17
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Top of Shaft Approximately 13 Inches above Soil Surface

-
Soil Surface
i NSNS e =0
Above Side Grout
Zone, Length Above = v Depth to W.T. = 8 (ft)
15 (ft) Elv. =-8 ft
Depth to Steel Base
Plate = 25 (ft)
L
i i I Elv. =-15 ft
Side Grout Zone, |
Length of Side
Membrane = 9.5 {ft)
£ ai v Bottom of Shaft
=6 (infl Elv. =-25 ft

Tip Grout Zone (Below Steel Base
Plate), Depth = 25 (ft)

FDOT Test Site
Field Shaft (3-¥2’ x 25’) — Soil Properties

Civil & Coastal
Engineering

Depth to
Mid-Point  Peak  Ultimate MoistUnit
Soil Layer of Soil Friction Friction Weight
(#)  Depth(ft) Laver(ft) Angle ¢, Angle ¢,  (Ib/ft’]
4 35 --- 115
115 35 --- 120
3 1525 | 20 412 362 125
e o5 a2 130
Vert. Wert. (1) Lateral Hariz. Hariz.
Effective  Effective Earth Effective = Effective
Soil Layer Stress, oy’ | Stress, 0. | pressyre | Stress,opn’ | Stress, oy’
(8] Depth(ft) (bfif)  (IbfinY)  Coef,ky (Ib/i2)  (Ibfin’)
460 3.2 0.43 196.2 1.4
1122 7.8 0.43 478.3 3.3
B 1636 11.4 0.34 5585 3.9
4 osag| 2456 171 034 | 8383 5.8

(1) Lateral Earth Pressure Coefficient (Jaky 1960), Ko = 1 - sin{d.)
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FDOT Test Site Civil & Coastal

Field Shaft (3-1%2’ x 25’) — Push-1In Engineering
Pressure Cells

» i .
S i V Reaction Shafts \ Ay
P 2T N
= _ 1FT

piE
PVC Pipe g
/-’ (Casing) 0
¥ R =,

2 25FT
CPT Rod - 8_
o
(— . my o

Pressure Cell #5 / | |
Proposed Shaft —5 Push-In
Pressure |
o Cell 55FT
/ \\\\ Pressure Cell #3 _I‘.
Pre|:|ssure Cell#1 / "‘-. Pressure Cell #2 "*
' |
\ / PVC Caslng and CPT Rod
M / (General Front Vlew)
T Scale: 1"=8-0"
Pressure Cell Numbers
Scale: 1" = 1'-0"
28 —| 8FT |-
Pressure Cell #4 _%E;ﬁ i |—_ e —




FDOT Test Site E“’".& Coasty)
Field Shaft (3-12’ x 25’) — Fabrication Ao e

arn - — T . L T

T R
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FDOT Test Site Civil & Coastal
Field Shaft (3-22’ x 25’) — Construction

Engineering
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FDOT Test Site (E:“’".& Cossts
Field Shaft (3-1%’ x 25”) — Grouting AT

Completed Shaft Construction and All Grouting in 2 Weeks!

- Grout Membrane Seals (24 hr.)
- Grout Side Membrane (4 & 6 Days)
- Grout Tip (13 Days after Shaft Const.) B

UF |[FLORIDA

The Foundation for The Gator Nation




FDOT Test Site LS. Coasty
Field Shaft (3-Y2’ x 25’) — Side Grouting o L

" B N e L S
Average Depth of Side Grout Zone = 20’ R (Selgado 2000) 2
. . 0= N
Initial Lateral Stress, 0, = 3.9 psi / , \ i
or 26.7 kPa £ | s
; ]
5wl '
g
800 = 200} =
e - . ./"_-}\\\\. ] - L 250 [~ e
- g I 1] /- Tﬁv‘\h - 300 bt 1. o veu
& 300 1 1 \ [F mu#' _::"'___ 0 2000 el e 2000 N
§ i 1 Y [ --q"'/ R Bl sl R ' Cylindridal Cavity Limit Pressure, py (kPa)
G 100 . ﬁ%—-"l?"z \_7_"'"' I e ] I [
0 =t
0 100 200 300 400 500 600 2500 kPa ~ 363 pSl
Grout Volume (gal)
/ 375 psi
Grout_ Pump Recw_culatlng UNIVERSITY of
back into Reservoir at the 32 UF FLORIDA
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FDOT Test Sijte EIVIl.& Coa.stal
Field Shaft (3-%2’ x 25°) — Side Grouting ' "<&

e N
Push-In Pressure Cells at Depth of 21.5°
(Middle of Side Grouted Zone) i
—Pressure 1 (2 ft Away) =——Pressure 2 (2 ft Away) —— Pressure 3 (4 ft Away) ——GroutVolume
2 120 T T £00
8 <
e m
% 100 500 E
E 80 400 %
o -
£ 60 300 § 21.5
0 &
= 40 200
2
B o 100
#1 #2 #3
” — | |
—-.-I —— | I..._
) ] 2FT 2FT
Grout Pump Recirculating

back into Reservoir at the 33 i 4 FT
End of Stroke S g



FDOT Test Site E“’".& Codsty.
Field Shaft (3-Y%2’ x 25°) — Tip Grouting & "-°''1&

] ] L] T | L} Li T Li I' 1 L3 T L
Depth of Tip Grout Zone = 25’ i (Salgado 2001) 5
. 50 —
Initial Mean Stress, o, = (2*0,)+0,,_ | /
3 = 7.6 psi 2 of _
or 52.4 KPa %
300 2 s =
800 g
=
= 700 3 w0} .
2 500 | e i £
SRR SRR et 3 S :
100 F-.-.-_'#.-ﬁ. \\ L.
= = 1 = = -'."..:4# # T T T | 1 \ j[m L L 1 1 l 1 1 1 I i 1 Fl i i i i i i
300 ™ ] \ 0 5000 10000 15000 20000
2 20 /- ——p —"‘:":::.':’— \ Spherical Cavity Limit Pressure, py (kPa)
0] - il N
132 B =l | \\\

0 10 20 30 40 50 50 70 B0 ', 8000 kPa = 1160 psi (Max)

Srakeolime ] 3 Observed: 620 psi (Max)
0.34” Upward Shaft Movement <- UNIVERSITY of

(0.27” Differential Movement with Soil) 3 UF FLORIDA

The Foundation for The Gator Nation

-—
-
-
-
-




FDOT Test Site
- Field Shaft (3-12’ x 25’) — Tip Grouting

Civil & Coastal
Engineering

A=0.27"

i

100

-100
-200
-300

Force {Kips)

-400
-500
-600
-700
-B00
-200

Internal Force during Tip Grouting Phase  —=—Below Side Membrane Avg. (Tip)

= Above Side Membrane

== Grout Force

TREhghhohplphotloi el ik
| 1
| i
i ey
| [
|

f_,,___,aa— 87 Kips

\Y/ 684 Kips
Clean Grout | )
. Pump (10 min) ! . _'lr 87 Kips Max above Side Membrane
Changed Tip- & 771 Kips Max below Side Membrane (Tip)
Manchette ———
(25 min)

Shaft Capacity = 2 x Skin = 1542 Kips < /71 KIps

(620 psi Grout Pressure
& 1243 in? Tip Area)



FDOT Test Site E"’"' fCoasty
Field Shaft (3-22’ x 25’) — Top-Down Test Ao e

UNIVERSITY of

FLORIDA

The Foundation for The Gator Nation
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Civil & Coastal
Engineering

FDOT Test Site
leld Shaft (3-22’ X 25’) — Top-Down Test

850 Kips
Internal Forces during Top-Down Test +
== Applied Load (Jack) == Above 5Side Grouted Zone N~ A=0.18"
== Below Side Grouted Zone (Tip)
= 0
2
o 2D
§ -400
= 764 Kips
- -600
= 241 Kips
-1000
3045 1315 ~1Y45 120150 Y245 13015 ¥345- 14:15 14045 1515 15:45
Time (HH:MM)
Failed Reaction Shafts (4’ x 55%) AR
viaximum Upward < SOUth Shatft — 0.58 UF [FLORIDA
North Shaft — 037 The Foundation for The Gator Nation

Displacements



FDOT Test Site EMI'& Cossts
Field Shaft (3-Y4° x 25”) — Top-Down Test &' "M€€ring

850 Kips
Mobilized Resistance during Top-Down Test v
=== Applied Load (Jack) === Skin Above Side Grouted Zone o~ A=0.18
=w===5kin Along Side Grouted Zone  ===Tip Resistance
600 I T —T
400 T T86 Kips
— 200
= 0
= -200 ~
= -400 i
= o 523 Kips
-804
-10040
10:45° 11:15 3145 32215 ¥2ES 13035 X345 405 1445 1535 1545 .
Time (HH:\M) 241 Kips

61% of Applied
Load Carried by
38 Side Grouted
Zonel!ll




FDOT Test Site SRS Coasty
ield Shaft (3-¥%’ x 25’) — Top-Down Test &' "€€1118

Fully Mobilized above Side Grouted Zone < Top Load (k)
N_ . 2888882 ¢8¢8 ;&8
=—4=—5Shaft Displacement (Top)  =—Elastic Shortening CI\_1 {
900 B T T T T AP - — g —m ay|
i A / \
700 f — _ 5 ( ' \
6500 . . I /
= | ] \4 )
% 500 . \\ L
= 400 || ;; Ll
— 300 - 2
200 Tl 4l A //ng//
100 || //
0 + q /
0.2 03 0.4/ 05 o ////
]]'isplacement (ill} 1% of Shaft Diameter A //
< /
Not Fully Mobilized along Side Grouted Zone <7 ="




Ungrouted Drilled Shafts  Civil & Coastal

Predicted Capacity — Skin (Alpha & Beta) Engineering
(FHWA/AASHTO, 2007)

(2] Unit
Depth ta Avg. Cone Undrained Side Surface Side
Mid-point TiP Resist, Vertical Shear Resistance Area (TOP pacictance
of zune_l Z D-c Stress, O, StrE'ﬂEth_, |:1] ﬁlpha r fsul 8 ft]; -'E"s'adel tTDp B 'H:L
Laver (#) soil Type._ Repth (ft)  (ft) (ton/ft®)  (Ib/ft%) c,(kip/ft) Value, @  (kip/f)  (f) (kipl ____ _
) 4 18.06 460 1 0.55 0.55 B7.96 (\ 45 = '3|51 \
o -— - Ty - ‘
(1)a=0(ifz<5 f?];u =055 [if z > 5 ft); @ = 0 (bottom of shaft for 1 diameter length & length of casing)
(2] Ultimated Unit Load Transfer in Side Resistance, f., = a¥C,
s (3] Unit
Depth to  Uncorrect ‘u"ertin:_al (2] ?‘.ide
Mid-Point ed Blow @ Effective Corrected REsistance Surface Side
of Zone,z Count (N- SIFESS, 00 (1)Beta  Beta Value s Area, Ass. Resist, g,
Laver (#)  soil Type _ Depth (ft]  (fY) value)  (Ib/f®)  value (fig) (B) (kipfft®)  (ft) (kip)
= = ~ ;"r --~\
“) 11.5 5.5 1122 1.0422 0.3821 0.43 77 (’ 33 =0z \\l
1T J --
3 ( Bﬂﬂd 15-25 20 16 1636 0.8963 0.8963 1.47 110 \\ 161 = Clg;,/'
o SN ="
4 Sand 25-40 32.5 0 2456 0.7304 0.7304 1.79 N/A N/A

(1) Bo=1.2(ifz<5ft); Bg=1.5-0.135V(z) (if 5 ft <=z < 86 ft); By =0.25 [if z = 36 fi)
(2] Corrected Beta, B = (W/15)* B (it N < 15])
i3] Unit Side Resistance, f, = %o,




Ungrouted Drilled Shafts  Civil & Coastal

Predicted Capacity — Skin & Tip Engineering
(FHWA/Z/AASHTO, 2007)

Side Resistance above Side Grouted Zone, Q. op.. (Kip) 81 =(:; + 3 vs. 86 & 87 Meas.
Side Resistance along Side Grouted Zone, Q. 550, (kip) 161 |[=0Q.

Total Side Resistance, Q1.4 (kip) 243 = ey ¥ Gz Ty

Tip Area, A, (in) 1385.44

Tip Area, A, (ft) 9.62

(1) Avgerage Tip N-Value 28

(2) Unit Tip Resistance, g, (ton/ft") 16.8 / 566 Kips Total Axial

(3) Tip Resistance, Q; (kip) 323 Resistance before

(1) Average N-Value of Soil 1.5*D above Tip down to 3*D below Tip Grouting (Conventional
(2) Unit Tip Resistance (AASHTO 2007), g- (ton/ft?) = 0.6*N Drilled Shatft)

(3) Tip Resistance, Qs (kip) = A{ft°) *g-{ton/f°)*2 (kip/ton)
UNIVERSITY of

4 UF FLORIDA
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Side and Tip Grouted Shafts Civil & Coastal
Predicted Capacity — K, Method Engineering
(Thiyyakkandi & McVay, 2013)

(2) Post (3] Post

Depth to Post Grout| Vertica Grout Grout Unit| (4) Post
Mid-Point Peak Surface | Effective Vertica Side Grout Side
Soil Layer of Soi Friction | Area; A | Stress o Stress, 0., Resist, f.z. Resist. His
(#) Depth (ft)  Layer (ft)  Angle, &, () (b5t (1) K, (Ib/f%) |y (kip/f) | &g (kip)
3 15-25 20 41.2 156.69 1636 1.85 3027 4.40 BE9 = Qzzpz
(1) Use & =g, =36.27 (See Plot Below) (5) Total Side Resistance (Post Side Grout), Qgz oy, = 770 =689+ 81 kips
(2) Post Side Grout Vertical Effective Stress, o,.' = K. %o,/ ///
(3) Post Grout Unit Side Resistance along Side Grouted Zone, f,3.4. = n:r,.;:*[s'nﬁz_.f'l:i-s'nG::I]*s'nl:EID-;:{r/
(4) Post Grout Side Resistance along Side Grouted Zone, Qgz-y; = foz-i. A /// :
(5] Total Side Resistance after Side Grouting, Qg otk = Qs-above + Qs3-xs /// 0 '
P 1
e
P 2 1
. . . . e
Estimated Total Capacity = Skin + Tip e ¥
// g 4
d = 1
// % S o
Since, -
Total Skin < Tip Spherical Exparfsmn Pressure x Tip Area
/ 8
Total Capacity > 2 x Skin =2 x 770 = 1540 Kips * | demsr s 3seare
10 -

© FE analysis ($e=31°)
42 @ FE analysis($c=337)
AFE analysis (¢35
# From pressure cell data
@ Back caleulated from pile's unit skin friction




Side and Tip Grouted Shafts Civil & Coastal

Predicted Capacity — PMT Method Engineering
(FDOT BDK-545 #31, 2009)

Fully Corrected Pencel Pressuremeter Curve

Estimated Total Capacity = Skin + Tip

Since,
Total Skin < Tip Spherical Expansion
Pressure x Tip Area

Pressure (Bar)

Total Capacity > 2 x Skin =2 x 824

Volume (cm3) = 1648 Kl pS
(1) Unit
Side
Resist. |[2) Friction (3) Total
Post Grout zjong Side along Side Side
Residual Residual Paak Surface  Grouted Grouted  Resist,
Stress Stress Friction Are® Az  Zone,fs Zone, Qe [0 B
(Bar)  (Ib/in’)  Angle, ¢,  [ft) mar (KST) ey (Kip)  (KiD)
3.5 50.76 41.2 156.69 4.74 743 g2a 7~ =743+ 81 kips
(1} Post Grout Unit Side Resistance along Side Grouted Zone, f.. pyr = ("Residual Stress”)*tan(&;')
where: Interface Friction Angle, &' = A*g, = 33° UF UNIVERSITY of
(2} Post Grout Side Resistance along Side Grouted Zone, g.a-pur = faa-pur*As. FLORIDA

The Foundation for The Gator Nation

(3) Total Side Resistance after Side Grouting, Q.o rorepmr = Qa-above + a3-pur



Side and Tip Grouted Shafts ¢'Vi & Coastal

Predicted & Measured Capacities Fogineering

Above Side Grouted Along Side Grouted
Zone (Top 165 ft of Zone (Bottom 10 ft of
Shaft) Shaft)
Unit Side Side Unit Side Side Total Side Tip
Resistance Resistance|Resistance Resistance [Resistance Resistance| Uitimate

(ksf) (Kip) (ksf) (Kip) (Kip) (Kip) Load (Kip)
Ungrouted Drilled Shaft (Meglect Tip Resist.) 0.49 31 1.47 151 243 -—- 243
Ungrouted Drilled Shaft (include Tip Resist.) 0.49 81 1.47 161 243 323 266
Side & Tip Grouted Drilled Shaft, kg Method e e 4.40 689 70 = 1340
Side & Tip Grouted Drilled Shaft, PMT Method -—- -—- 4.74 743 824 -—- 1648
*Mobilized during Tip Grouting (Max) 0.53 87 4.37 oid Fral Fral 1542
**Mobilized during Top-Down Test (Max) 0.52 86 3.34 523 609 241 gop***

*Upward Displacement (Top of Shaft) =0.34 Inch {0.81% of Shaft Diameter)
**Downward Displacement (Top of Shaft) =0.18 Inch (0.43% of Shaft Diameter)
***Maximum Applied Load during Top-Down Test so Not an Ultimate Load

Quantify the Ultimate Capacity by Performing Statnamic Axial Test
(up to 2000 Kips Maximum Load)
UNIVERSITY of

= UF FLORIDA

The Foundation for The Gator Nation
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