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LOADTEST

History
Location Diameter Depth Maximum Load
Ohio River Bridge, 1.8m (6ft.) 36m (117 ft.) 54 MN (6,200 tons)
Kentucky (1 1992)
St. Mary’s River, Georgia 1.5m (5ft.) 23m (751t.) 65 MN ( 7,300 tons)
(1996)
Penang, Malaysia 6x1m barrette 91m (300ft.) 97 MN (11,000 tons)
(1996)
Apalachicola River, Florida 2.75m (9ft.) 39m (127 ft.) 133 MN (15,000 tons)
(1997)
Tucson, Arizona 2.4m (7.9 ft.) 41m (135 ft.) 151 MN (17,000 tons)
(2001)
Pomeroy - Mason WV, 2.4m (8 ft.) 26m (86ft.) 163 MN (18,400 tons)
Ohio River
Incheon 2" Crossing 2.4m - 3.0m 67m (220ft.) 279 MN (31,350 tons)
Korea (2005) (8 ft. — 10ft.)

I-70 Mississippi Bridge, St
Louis, Missouri (2010)

3.35m (11ft.)

35m (115ft.)

320 MN (36,000 tons)
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History
Location Diameter Depth Maximum Load
Ohio River Bridge, 1.8m (6ft.) 36m (117 ft.) 54 MN (6,200 tons)
Kentucky (1 1992)
St. Mary’s River, Georgia 1.5m (5ft.) 23m (751t.) 65 MN ( 7,300 tons)
(1996)
Penang, Malaysia 6x1m barrette 91m (300ft.) 97 MN (11,000 tons)
(1996)
Apalachicola River, Florida 2.75m (9ft.) 39m (127 ft.) 133 MN (15,000 tons)
(1997)
Tucson, Arizona 2.4m (7.9 ft.) 41m (135 ft.) 151 MN (17,000 tons)
(2001)
Pomeroy - Mason WV, 2.4m (8 ft.) 26m (86ft.) 163 MN (18,400 tons)
Ohio River
Incheon 2" Crossing 2.4m - 3.0m 67m (220ft.) 279 MN (31,350 tons)
Korea (2005) (8 ft. — 10ft.)

I-70 Mississippi Bridge, St
Louis, Missouri (2010)

3.35m (11ft.)

35m (115ft.)

320 MN (36,000 tons)
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[ SAMP_ES

F

SENT TO LAB

BORING LOG: PM-1
URS Greiner waﬂmrdc!yde BORING LOG SHEET 2 of §
AP gl RS Coppration. e | PROJECT #: E200000325.26
PROJECT: 1M0/119 Interchange CONTRACTOR: GSI
LOCATION: Tucson, Arizona DRILLER: Wayne J.
CLIENT: ADOT INSPECTOR: MLP
SAMPLE SOIL (Blows/6 in.)
z T
8k | cermn | & |om mzluns‘ N [REC|  VISUAL MATERIAL CLASSIFICATION
w 7] | x|z
=2 _(Z g g R & ROCK CORING AND-REMARKS
gl &< & z|= 3 2 |z 5| Run[Rec] ReC] aTRaD
42l 28| £| 2|5 B[ 2| 28| | ta] o | 00
Sandy Lean Clay, hard, low to medium
o o LY il P Gl b T |98 |oom | TeIEH] 18 plasticity fines, some fine to coarse sand,
L | few ta little fine gravel, brown, moist.
. (Max. particles size 3/4"). End of sampler
B \, s about 2 in GP/SP-SC.
- " Clayey Sand with Graval
|70 | N Pressuremeter test from 67 to 69 feet.
SC || 8|5 =] 10704 | 50/5 | P1=29.0 tsf
5 ] Driller indicated last 12 of pressuremeter
i run felt like sandy clay.
i \ "\_ No gravelly drilling from 70 to 75 /
75 \\ Lean Clay with sand, hard, low-plasticity
- o \ 898 X 781785 Az Ay | 8822 clay, little fine to med‘ium s;and. trace fine
N ) gravel, lighl biown, moist. 17- thick siit
L seams at top of sampler, light gray.
- R Frequent 1"- thick silt
L | a \ s | X a0 815 1320|2342 s seams.
\ Pressuremeter test from 81 to 83 feet,
I \‘ Pf=27 0 tef
g o | " Drlls gravelly, hard layer from 870 85"
+ | Auger teeth worn off and replaced,
| 85 “, Prassuramater teet tried from 84 to 86
L | feet - Hole diameter too large @85'.
5 ; | | Moved it to 83 to 85 feet, still too large for
SC | \| R | 18 [~= 87 |87.2 5003 lso| o testing. Auger teeth replaced second
I * 4 | lime.
I Some 2 lo 3" soft zones indicated by the
301 sc |" | s | 19 |— 90 s008 5001 t | driller
L %A Clayey Sand with gravel, very dense,
| ; fine lo medium sand, little fine gravel, little
low-plasticity fines, brown, moist. (Max.
F i particle size 3/4"). Drille graveally from
L 1 90.510 95"
L85
[ Attempt for pressuremeter test from 95 to
r . 96 feel. Probe stock in rockbit hole - No
L * test performed. Auger teeth replaced
L S again.
1100 Y .
sC S | 20 <1100 (1004 5015 |3 Gravel eontent grades to fine to coarse
L | DOriller added water. moderately
L cemented (Max. particle size 17).
| Labored drilling but no cobbles.
t o
105 " e Lot




Osterberg Cell Load-Movement Curves
1-10 / 1-19 Interchange - Tucson, AZ - Test Shaft T1
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LOADTEST, Inc. Project No. LT-8595 Figure 1 of 5



Strain Gage Load Distribution Curves

1-10 / 1-19 Interchange - Tucson, AZ - Test Shaft T1
2400 : :

_G. Level 12 |
,,{S_G_Levem i i
——{5.G.Level 10] |

S. G Level @ :
; S5 G. Level 8

S G Level 7

2380

Top of Shaft

2360

2340 | EEEE O e P R E E T SR
o0 | -
L :
- :
$ 2320 , , ; ; ,
w L - i i
2300 = :
2280 = —_—— =1 - TR R AEEEEE
'
7+ T A
. | | 1L-21 1L-231L-25 1L-271L29 ©  1L35
[ L3 1L5 1L7 1L9 1L1°1L-13 1L15 1117 1L-19- ! 31 L=
224_0 1 L 1 1 L 1 1 | L L 1 L | L 1 i L 1 1 L i 1 1 1 1 1 L L 1 J L L 1 L
0 2500 5000 7500 10000 12500 15000 17500 20000

Gross Load (kips)
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Net Unit Shear vs. O-cell Movement
1-10 / 1-19 Interchange - Tucson, AZ - Test Shaft T1
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History
Location Diameter Depth Maximum Load
Ohio River Bridge, 1.8m (6ft.) 36m (117 ft.) 54 MN (6,200 tons)
Kentucky (1 1992)
St. Mary’s River, Georgia 1.5m (5ft.) 23m (751t.) 65 MN ( 7,300 tons)
(1996)
Penang, Malaysia 6x1m barrette 91m (300ft.) 97 MN (11,000 tons)
(1996)
Apalachicola River, Florida 2.75m (9ft.) 39m (127 ft.) 133 MN (15,000 tons)
(1997)
Tucson, Arizona 2.4m (7.9 ft.) 41m (135 ft.) 151 MN (17,000 tons)
(2001)
Pomeroy - Mason WV, 2.4m (8 ft.) 26m (86ft.) 163 MN (18,400 tons)
Ohio River
Incheon 2" Crossing 2.4m - 3.0m 67m (220ft.) 279 MN (31,350 tons)
Korea (2005) (8 ft. — 10ft.)

I-70 Mississippi Bridge, St
Louis, Missouri (2010)

3.35m (11ft.)

35m (115ft.)

320 MN (36,000 tons)
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Osterberg Cell Load-Movement Curves
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History
Location Diameter Depth Maximum Load
Ohio River Bridge, 1.8m (6ft.) 36m (117 ft.) 54 MN (6,200 tons)
Kentucky (1 1992)
St. Mary’s River, Georgia 1.5m (5ft.) 23m (751t.) 65 MN ( 7,300 tons)
(1996)
Penang, Malaysia 6x1m barrette 91m (300ft.) 97 MN (11,000 tons)
(1996)
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(1997)
Tucson, Arizona 2.4m (7.9 ft.) 41m (135 ft.) 151 MN (17,000 tons)
(2001)
Pomeroy - Mason WV, 2.4m (8 ft.) 26m (86ft.) 163 MN (18,400 tons)
Ohio River
Incheon 2" Crossing 2.4m - 3.0m 67m (220ft.) 279 MN (31,350 tons)
Korea (2005) (8 ft. — 10ft.)

I-70 Mississippi Bridge, St
Louis, Missouri (2010)

3.35m (11ft.)

35m (115ft.)

320 MN (36,000 tons)
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World Record Load Test in Mississippi River in St. Louis, USA
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World record — Rock socket (320MN)

The rock socket was about 7m (23ft) deep and 3350mm (11ft) in diameter in very hard
limestone. Four 870mm (34in) O-cells placed at the base of the shaft were loaded to
150% of their rated capacity to achieve the record load.



NOMINAL ROCK SOCKET 11'-0"#
DUTER CASING 13'—0%#
INNER CASING 11°—6"9

TELLTALES

MISSISSIPPI RIVER

TOP OF CARRYING FRAME
TOP OF INNER CASING

TOP OF QUTER CASING

ELEVATION
(FEET)

+411.2
+408.9

+404.5

+363.9 MUDLINE = +363.9
< b
SAND & GRAVEL
™
+3345 —— T TIP OF 13 —0"8 CASING
+3206 —— TOP OF CONCRETE
+317.4 ———TIP OF 11'—6"@ CASING S6 LEVEL 3 —— 43162
SG LEVEL 2 —— +310.2
SG LEVEL 1 —— +303.2
ROCK SOCKET -g L SEE FRAME DETAIL
_—LvwDTs
in " 4 % 6.000—KIP O—CELLS — 32054
EE TIP OF SHAFT —— +294.4
§
rrrrzs i - SCHEMATIC SECTION OF TEST SHAFT
L had b4 Gainesville, FL 326806 I-70 MISSISSIPPI RWER BRIDGE — ST. LOUIS, MISSOURI
LOADTEST : -
e O oo s 370 3ns4_ |DWN BY: AJS DATE: 19 Nov 2009 | CHECKED BY: MDA | LT-9646
PO TS REVISED BY: DJJ DATE: 15 Jun 2010 | SCALE: NTS FIGURE A




El 297.7

EL 248.7

BORING IL-2

Depth, Ft. Recovery, % ROD. %
116.0-120.0 100 69
120.0-125.0 100 65
125.0-130.0 100 92

'0 INCHES

Run

4
5
6

BORING IL-2
Depth, Ft. Recovery, % ROD. %
130.0-135.0 100 95
135.0-140.0 100 92
140.0-145.0 100 98

s

=i

enginsering, inc.

[-70 MISSISSIPPI RIVER BRIDGE
TSi PROJECT #02008603.06
ROCK CORE SAMPLES

6700-7800 psi

11000-14500 psi



GRAPHIC LOG FOR ILLUSTRATION PURPOSES OMLY.

NOTE: STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARIES BETWEEN SOIL TYPES
AND THE TRANSITION MAY BE GRADUAL.

LOG OF BORING 2002 WL 1138101 - MRB.GP.J GTING D838301.GPJ 22310

— SHEAR STRENGTH, t57
= (] ’
Top of Rock Elevation: _318_ | Completion Date: 2122110 _ " ‘S‘ng L — P
ES>
a | x3
Datum _msl 3|33% | g 05 10 15 20 25
% %g% a STANDARD PENETRATION RESISTANCE
~ z|caeg = (ASTM D 1586)
i S I
= e |£@mkx A N-VALUE (BLOWS PER FOOT.
B DESCRIPTION OF MATERIAL 6 |5rw =f :
oZ xroo
6 0
Hard, gray, very finely crystalline, thin to thick bedded, fresh
LIMESTONE, trace chert nodules, trace to some shale 9% | ey
partings BE%
|— 54 -
_ L e
Ko Unconfined Compressive Strength = 31,753 psi
clay seam (2 inches)
loss of water return for remaining of coring
= 10 moderately hard, slightly pitted from 9.0 to 9.8 feet
Unconfined Compressive Strength = 26,692 psi % |nxa
Unconfined Compressive Strength = 24,985 psi
|— 95
100%
700% | NX4
I Unconfined Compressive Strength = 23,455 psi
) _ ) 2% | s
Unconfined Compressive Strength = 13,188 psi 9%
100%
100% |6
b 30_
100%
700% | NX7
- 25 100%
100% | MNX8
Boring terminated at 37 feet
Orawn by: CKK__[Checked by: CKK_|Appd. by: PAJ
GROUNDWATER DATA DRILLING DATA Date: 202310 IDGI&: 212310 |Dale: 212310
_X_FREE WATER NOT __AUGER __HOLLOW STEM = —
ENCOLINTERED DURING DRILLING WASHBORING FROM __ FEET GEOTECHNOLOGY=
FROM THE GROUND UP
PG DRILLER EED LOGGER i
CME 55 HTX DRILL RIG Route 1-70 Mississippi
HAMMER TYPE __ River Bridge - Main Spans
St. Louis, Missouri

REMARKS: Depth
Station 81+16.0" Offset 33.8'R

is referenced to the top of rock.

LOG OF BORING: SHAFT 8

Project No. 1138101.07TD
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LOADTEST Osterberg Cell Load-Displacement
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Figure 1 of 7
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Osterberg Cell Load-Microstrain
Test Shaft 1 - I-70 Mississippi River Bridge - St. Louis, MO

[ T T T T T
I | | | | |
[ 1 1 1 | | -
1 1 | 1 1 1 ]
[ 1 1 | | | |
[ 1 | | | | b
1 | | | | | |
I I I I 1 | ]
[ 1 1 1 1 | | 7
[ | | | | 1 |
I 1 | | 1 | | J
[ 1 | 1 | |
[ 1 1 1 1 | 1
T 1 l | 1 1 -
1 1 1 1 |
| I | |
1 1 1 1 T
1 1 1 |
P 1 1 1 | -
[ 1 1 | 1
I 1 | | |
[ 1 | | |
I 1 1 | |
[ | 1 | |
I | | |
[ 1 1 | 1
I 1 | 1 |
[ | | | |
I 1 1 | 1
[ 1 | | |
I 1 1 | |
[ | | | |
I 1 | 1
1 1 1 1 1
I 1 1 1
[ 1 | |
I | | | |
[ 1 1 | |
I 1 | | |
[ 1 1 1 |
\\\\\\ e R e e i s e e T
[ 1 | | |
I | | | |
[ 1 1 | |
[ 1 | | |
I 1 | |
[ 1 |
[ 1 | 1
[ 1 | | |
[ 1 1 1 1
I | I | |
I 1 1 | 1
[ 1 1 | 1
1 1 1 1 |
I 1 | | 1
[ 1 1 1
I 1 I |
I | | |
[ 1 | | |
I 1 1 | |
[ 1 1 |
[ 1 | I |
[ | | | | 1
[ 1 1 | | I ] i
[ 1 | | | | | |
[ 1 | | | | i |
[ 1 | | | | | |
\\\\\\ e e e S R o i i et R i e N S AR TS R B s o e
[ | | | | | | |
I 1 | | | | | | |
[ 1 1 1 1 | | |
I | | | | | |
[ 1 1 1 1 ! i | .
I 1 | | | | I |
1 1 1 1 1 I ]
I 1 | | ! | | | b
[ 1 1 | | | i |
I | | | | |
[ 1 1 1 1 1 1 T
[ 1 1 | | | | I
IIIIII oo milve ccon sl wnsn wlbonsssa b R sk mrns R amindoss e gk
[ 1 1 [ 1 [ | |
I 1 1 | 1 | i |
I I I I 1 1 I 1 -1
[ 1 1 | 1 | |
I 1 | | | | | |
I 1 1 | 1 | | | 1
[ 1 1 | | 1 | |
[ 1 1 1 1 i | J
1 I | | | I | |
1 1 1 | ]
™ (o] & ol | | | | i | .
P — —_ I 1 1 | | |
T T T i
) ) o [FERFS TR A R, PEEERRREE N R e ke e i S e R
e | - e | | | |
1 | | I | |
1 1 | | | | T
| | | | |
| | | | .
1 I I ]
1 | 1 | |
[ 1 1 1 1 | | B
[ 1 | | | | |
[ 1 1 | | | |
I 1 1 | | | | T
I | | | | | | |
1 [ ] Ll [ ] Ll | I T T T Y Ll 1 1
o o o o o o (=] o o o
[ce} © < (9] o o (4] < o o
— -— b ~— ~ J
3

) ure3S0IDIN

15,000 20,000 25,000 30,000 35,000 40,000
O-cell Load ( kips )

10,000

5,000

Figure 4 of 7

LOADTEST, Inc. Project No. LT-9646



NOMINAL ROCK SOCKET 11'-0"#
DUTER CASING 13'—0%#
INNER CASING 11°—6"9

TELLTALES

MISSISSIPPI RIVER

TOP OF CARRYING FRAME
TOP OF INNER CASING

TOP OF QUTER CASING

ELEVATION
(FEET)

+411.2
+408.9

+404.5

+363.9 MUDLINE = +363.9
< b
SAND & GRAVEL
™
+3345 —— T TIP OF 13 —0"8 CASING
+3206 —— TOP OF CONCRETE
+317.4 ———TIP OF 11'—6"@ CASING S6 LEVEL 3 —— 43162
SG LEVEL 2 —— +310.2
SG LEVEL 1 —— +303.2
ROCK SOCKET -g L SEE FRAME DETAIL
_—LvwDTs
in " 4 % 6.000—KIP O—CELLS — 32054
EE TIP OF SHAFT —— +294.4
§
rrrrzs i - SCHEMATIC SECTION OF TEST SHAFT
L had b4 Gainesville, FL 326806 I-70 MISSISSIPPI RWER BRIDGE — ST. LOUIS, MISSOURI
LOADTEST : -
e O oo s 370 3ns4_ |DWN BY: AJS DATE: 19 Nov 2009 | CHECKED BY: MDA | LT-9646
PO TS REVISED BY: DJJ DATE: 15 Jun 2010 | SCALE: NTS FIGURE A




!_g :.:,'-.-f;;-.-l Strain Gage Load Distribution

Test Shaft 1 - 1-70 Mississippi River Bridge - St. Louis, MO

+325 : ‘
gy [ S et ==~ ~[porcmeme] === === === ——— e
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@ +305 . S : . e
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LOADTEST, Inc. Project No. LT-9646 Figure 5 of 7
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Mobilized Net Unit Side Shear
Test Shaft 1 - I-70 Mississippi River Bridge - St. Louis, MO
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500

Mobilized Unit End Bearing
Test Shaft 1 - I-70 Mississippi River Bridge - St. Louis, MO

450

400

Trrrrrrrrrrrrr

300 -

250 Fewowsem

200

150

Mobilized Unit End Bearing ( ksf)

100

50

T rrrrrrrr.r 111711 rrrr

o - e T e e

0 Il L 1 1 ‘l I Il Il 1 1 I Il Il I ] 1 1 Il I Il Il i Il 1 L 1 Il Il

NOTE: In calculating the end bearing, we have

| assumed a 2:1 stress distribution for the 0.9 feet

of shaft below the 108-inch diameter lower O-cell
plate. This yields a 119.4-inch diameter footprint.
We assume that none of the load was taken in shear.

0.00 0.05 0.10

LOADTEST, Inc. Project No. LT-9646

0.20 0.25 0.30 0.35 0.40 0.45 0.50

Downward O-cell Displacement ( in)

Figure 7 of 7



232484 Equivalent Top Load-Displacement

LOADTEST
Test Shaft 1 - I-70 Mississippi River Bridge - St. Louis, MO
Equivalent Top Load ( Kips )
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I-70 Mississippi River Bridge - Test Shaft 1
St. Louis, MO, 6/2/2010

Depth (®et) VERTICAL PROFILE

0.0 =

Section alignment 26.0°

250 —

50.0 —

75.0 =

e

el

100.0 —

e

1250 =

I I I I I I I 1
Radius (inches) -1000  -75.0 500 -250 00 250 500  75.0 1000

% Project Number: 9646 E;4*’®E%‘MCAL":’ER
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I-70 Mississippi River Bridge - Test Shaft 1
St. Louis, MO, 6/2/2010

Depifr{ieet) CALCULATED CONCRETE VOLUME vs. DEPTH
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soawi] /
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VYolume (yd®) 50 7 100 125 150 175

% Project Number: 9646 SONICALIPER



SONICALIPER

Theoretical Volume
995 cubic yards
42 cubic meters

Est. Volume via soniCaliper
132 cubic yards
100 cubic meters

Actual Poured
Concrete Volume
134 cubic yards
102.5 cubic meters

—ae=—  Symmetrical Casing

Bottom of Casing

= Protrusion due to
"Chasing" Boulder




RATIO OF MEASURED TO ESTIMATED ULTIMATE CAPACITY (M/E Ratio)
AND MEASURED FACTOR OF SAFETY (ASSUMING DESIGN FS=2)

A

Many tests revealed extremely
conservative designs that may
result in foundations over 4 time as
expensive as necessary

Soft to Hard Soils 1‘ Intermediate Materials | Hard Rock

I /S J /

. _,______.‘ I
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Conclusions
e Foundations capacities underutilized

* Unused capacity — lost tax $SS

 Contractors recognizing value
e ATC, VE, Design Build
e The sooner the better for LT results



