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Route F over the Sac River Branch
Bridge Replacement
Southwest Missouri




15 miles west northwest of Springfield, Missouri
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(Existing Structure KO646'

Sac River Branch
Locally flows west

Broadly flows northwest




Existing Structure K0646
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Existing Structure K0646
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Existing Structure K0646
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MoDOT is divided into 7 Districts 2 ____________________________ % ________________________ ’ ______ 1030 ..........
District Geologists perform PGR’s f | |

Auger borings only with limited lab testing of samples __________________________ 1020

Typically limited to roadway and gentle shoulders

(1) uonens|3

Preliminary planning o é D en
PGR Findings on this Project: 5

Larger variation in top of rock than anticipated from 1000
the existing plans!

At least auger refusal occurred quickly...
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Dye Path
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Replacement Structure A9077
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» H Pile Supported End Bents and Drilled Shaft Supported Intermediate Bents

» 70°-100’-100’-70’ Span Layout




Best-Laid Plans

» Initial plan
» Complete 2 borings per bent

» Borings on location of outer pile on each end bent

» Borings on Left and Right Drilled Shaft Locations on intermediate Bents
» Adjustments!

» Access to requested locations not possible due to steep embankments
Narrow Bridge -> Close the Road
Minor Flooding
Drift Debris

Girders and Bracing
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Begin Drilling

4 - Boring
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» Great Recovery
» Great RQD
» Great Strength




Continue Drilling

Bent 3- Bormg B 301 Offset
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Voids

Clay Seams
Low RQD

Poor Recovery
Water Current within Void at Bent 1
Made Design Team Aware of Conditions
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Elevation (f)
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South Bound Diagram
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Alternate Layout(s)

Option 1 (70°-100’-100’-70’)
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Drilling Plan For Options 1 & 2

» Compared Layout Options to Anticipated Subsurface Conditions

» Elected to Explore Option 1 First
» Preferred Option by Designer
» Maintained Span Layout
» 1 Boring Per Bent
» Prioritize Areas of Highest Concern
» Additional Borings if Findings are Favorable
» Move on to Option 2 if Findings are Not Favorable

» Focus on Rock Conditions and Limit Soil Sampling




Optlon 1 Dr1llmg

Bent 3 - Boring Opt1 B-302
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» Good RQD
>
» Few Karst Features



Bent 2 - Boring Opt1 B-201

Bent 4 - Bormg Opt1 B- 401
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And the remaining borings encountered similar conditions



Existing Structure KO646
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ELEV 1033.10

B-201 (V-24-32) B201 (V-24-11)
ELEV.1033.10

1,035
1.030
1.02%
1.020
1.015
1.010
1.005
1.000
s
1l
pas
a0
Ik
oy
s
r

b S H M FHHHHHHHHHHHH K

g 8 &8 &8 &8 &8 E8 &

(W) ucnessg

1.038
1.030|
1.025
1,000
1015
1.010

Bent 2



1-Bent3

o]

inal Request - Bent 3

o

B-300 IV-24-27)
ELEV.1032.10

B-300 Off [V-24-331  B-201 O (V-24-25)
ELEV.1032.20 ELEV.1032.20

1
i
)
3 8 8 mm m m m m
% ) 5 § § 38 888 &
f ::E,_IinIIEEE_
] EE E 8 E
B g 8 58 8 g8
i _;etIIIEEhEhE
] 5§ B &
3 g 8 ] )
[ _:_WEII_%
A S5 = & ” .
8 P8 58828 8 3
i %:x:é
i€ g = B 8 % 8 8 ¢
T § § § £ T § § § % ¥ § % E ¥ V¥ ¥ E

Bent 3

() voneasy



Original Request - Bent 4 Opt1 - Bent 4

! 24.23) A02 (V.24.50) _
103 ' BT ErEvi00130 O VAt 00 1,035
en CENCHE L o
1,030 3] N O 1,030
1,025 1,025
1,020 1,020
1,015 1.015
0 %
& 1,010 | < {1,010
8 )
® 7 1,005
.'i 1,008 - [100) 1250 o sl v
w = =
o :=
.- A 1.000
1,000 - + [100] - i .
(28] [ 1
1100 = L
] T
HE R . GBd o
2830 poom .-
oS =
(1]
990 . 98] =) voof 1910 060
s -] 1010
gt &=
a8s | . [100) 1540 ma} == B bos
[ 1] I-
] T
1660 (==l e
980 s ‘1861 3
-
T
T 140
ars o 975
970 570




Original Request - Bent 5
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Moving Forward

» Elected to utilize Option 1 Layout.

» Overall Improvement

» Reduced karst impact -

» 20+ voids and clay seams/filled voids in original investigation to 7 for Option 1

» Nearly 50 feet less of encountered voids and clay seams
» Complexity of casing through the underground flow avoided
» Risk of lost return from additional drilling paid off
» Considerable Savings at Bents 1 and 3

» Anticipated shorter construction schedule




Take Aways

Keep an Open Mind
Reduce risk of construction complications where possible
Allow your design to work with the site

COMMUNICATE!
» Early
» Often

Thank you!




The Ugly But Ended...Good

Highway 60
Route A/Route N Cross Overs
Webster County
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» The roadway design, geotech, and bridge design were all consulted out due to the
expedite this project.

» It was an interesting project from the start!

» The geotechnical report mentioned karst and possible filled in sinkholes in the General Geol
but did not specifically mention any problem areas along the project site other than highly va
depths to rock.

» The original geotechnical report provided 7 different methods to reduce the time for settlemen
without guidance for each method provided as well as a few other items we had requested clari
for after reviewing their report.

» No additional reports or revisions were provided for our review.

» Fast forward to a phone call from our bidding department asking me about jet grouting for a
project...
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Value Engineer (VE) Review
Where did the Jet grouting come from?

» The Geotech report mentioned
» Settlement of the upper soils which could be addressed with over-excavation

» Settlement of the lower clay soils accounted for 40-60% of the overall settlement
with it taking about 20 months to occur

» The Geotech report did not recommend jet grouting
» Wick drains
» Aggregate columns

» Adding pavement repairs as settlement occurs

» We later learned the consultant designer had reached out to Keller for options
due to time constraints.



Contractor submitted VE study

V.E. Jet Grouting

Underrun
Item Description Qry UNITS UNIT PRICE TOTAL
70 Pore Pressure Measuring Device -4 EA $ 8,500.00 $ (34,000.00)
1480 Misc. Jet Grouting MOB & Testing -1 EA $ 1,210,000.00 $ (1,210,000.00)
1490 Misc. Concrete Groute -7100 LF $ 1,100.00 $ (7.810,000.00)
$ (9,054,000.00)
Overrun
Item Description QTY UNITS UNIT PRICE TOTAL
5001 Initial Engineering 1Ls $ 30,000.00 $ 30,000.00
Final Engineering, Layout, Equip &
5002 Testing 1Ls $  350,000.00 $  350,000.00
5003 Wick Drain System 118 $ 1,750,000.00 $ 1,750,000.00
5004 Site Grading, Maintenance & MOB 1Ls $ 50,000.00 $ 50,000.00
5005 Select Granular Backfill 2°' Thick 16,500 SY $ 50.00 $ 825,000.00
710 Seperation Geotextile 16,500 SY $ 5.50 $ 90,750.00

$  3,095,750.00

Total Savings: $ (5,958,250.00)

50% MoDOT
50% Capital

o

2,979,125.00
2,979,125.00

o




Wick Drain Recommendations

» Another consultant, FTC, completed additional borings to design the wick
drains for the contractor

» Wick drains were designed to be 4-inch diameter with a 7-foot center to center
spacing

» Some wick drains will be pushed, and other wick drains will be drilled due to the
chert content in the clay materials

» Provided a settlement monitoring plan with monitoring plates and piezometers.




= ety
T/ T i D
| :.' '.
o 9/3/202¢
Legend ] Hof s S IR
- - } [ W i
Bore Holes/Piezometer ananq #i T S
Settlement Gauge/# ' o JFseEse
- TR
*Placement of Settlemenf Gauges / J .'I -
and Piezometer Wells Nefl to Scale™* I!I [ T
I II 1] i .
5l g
£l [y g
o [ 2 H
l]' i & ' g
o w o
L] ! II? | ¥ :
T L | [ !'5 o §
| .
) 5G.4
BorqHole 1~ PIZ-2 gre Hole 14
(Abgndoned O  EjAbandoned) E
Piez g g2
Bore g IEE’E
= ML
& SEg
S
B il
v§ 5
£ =2 i
g i ]
H—= i -
FRO®. AOW 2 -
: :
[l £
Peor, AOE | |
!
¥
|
i
|
I . /
| il I u SEALE
i 1-! i lIf,-l"/- ARER OF ADGREGATE FIERING h e e |I:-:|
I O 4 GROUND IMPROVEMENT
| P | . - ARER OF COMFACTIDN GROUTIRG SPECIAL SHEET
[ ' I 10 OF 10
= i) o2 2 =0 Lraw sReadway = D T N S G TR A T AT TSR




Hatching Confusion
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PROJECT NUMBER _20231154.00
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OVERALL PLAN VIEW
EBSTER COUNTY, MO - GROUNL
IMPROVEMENT
Seymour, Missouri
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FELLER HAS WOT REGEVED UTILITY PLANS IFf EXIST, KELLER IS NOT
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EMD LATOUT PR GOOWHER DIRECTION.




—
PR =
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Project is still under way

» We just completed review of the design calculations and plans for the rigid
inclusions.

» Still waiting to see the final cost savings overall.




The Bad & Ugly

Reviewing Drilled Shaft
-oundation Inspection Cores




701.4.11 Foundation Inspection. NX size cores will be required for drilled shafts with rock sockets, where NX
refers to the nominal diameter of rock core, and the NX core barrel has a 2 1/8-inch inside diameter. At least 15
days prior to drilled shaft construction the contractor shall drill one NX size core at the center of each rock
socket to a depth of 10 feet or twice the diameter of the rock socket, whichever 1s greater, below the bottom of
the rock socket. The contractor shall use the foundation inspection hole to determine the amount of casing
needed and casing ordered prior to foundation mspections holes is at the contractor’s risk. The contractor may
be directed to extend the rock socket to a lower elevation. resulting from the engineer’s evaluation of the
toundation mspection cores.

701.4.11.1 Log of Excavated Material. The contractor shall maintain a log of excavated material for each
toundation mspection hole, and a rough draft of the logs shall be delivered to the engineer within 24 hours of
completion of the boring. A typed log prepared by a geologist or engineer along with recommendations for the
tip of casing shall be delivered to the engineer within 5 days. The log shall include the following:

(a) The amount of NX cored per run and the amount recovered. All core loss shall be noted and
explamed. Clay layers shall be noted and located on the log by depth.

(b) The Rock Quality Designation (RQD) for the NX core. The bedding thickness and degree of
weathering shall also be noted.

(¢) One unconfined compression test shall be run per 5 feet of NX core. The results of these tests shall
be delivered to the engineer. The results of the unconfined compression tests shall be reported in units
of kips per square foot (ksf). Any effect on time of performance resulting from delays in delivery of the
above test results to the engineer will be nonexcusable.

(d) Color photographs of the core.

701.4.11.2 Storage and Labeling of Rock Cores. Rock cores shall be stored in structurally sound core boxes
and shall be protected from the elements. The core boxes shall be properly labeled to indicate location, depth,
beginning elevation. contractor and date. and shall be delivered to the engineer.
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ROCK CORE PHOTOGRAFPHS
AE615 Bent 3 Shaft 3 (12.5 to 397)

Route NM over Flatte River
Nodaway County, Missouri
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Umnconfined Compression Test Result
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SCALE
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IPRD..IEG'I’ NO. BI504532

ROCK CORE PHO

| | 29615 Bent 3 Shat
T [T ——
Modaway County,

INCHES

Project Number B2504632 BORING: Bent 3 Shaft 3
Geotechnical Evaluation LOCATION: See attached sketch
MoDOT Bridge A9615
Route NN over Platte River DATUM:
Missouri LATITUDE LONGITUDE
DRILLER: Subcontractor | LOGGED BY: g START DATE: 05721725 | END DATE 05121725
R 1007.0 ft ‘HIG. Subeontractor ‘METHOD. 314" HSA SURFACING: Soil |WEATHER:  Party Glousy, 705
| Description of Materials o| Blows
- E| Soil-ASTM D2488 or 2487; Rock-USACE EM s q MC
Depth 89 r 2487, B Mvalue) | & Testsor Remarks
A E4 1110-1-2908) 3| Recovery tsf %
o BLIND DRILLED TO 125 FEET
r 5|
; 104
9945 fi —
[ 125 LIMESTONE, gray, highly weathered, | REC=100%
F moderately hard, highly fractured RQD=38%
r 154
— 4 REC=50%
o == | RAD=36%
I (==
- 3 |DD=150 pef
I~ E * |qu=113.3 ksf
- 20— REC=77%
F _ RQD=53%
- Shale seam from 21.5 to 23 feet -




» Not all Consultants are amazing, and some may need a little coaching!

» It pays to review even if it is sign/sealed by a P.E.




Thank you!
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Drilled Shafts

MNominal Mominal Side | Mominal Tip Mominal cov Rock Type
Side Resistance Resistance Tip Mean
Resistance Factor (), ksf Resistance
Q). Factor
257 057 lgnore lgnore | 0.05 | Strong Rock

G5l =53




Rough Costs

» Additional Drilling: $30k
Bent 1 Prebore and Piling $230/LF
» Est. Difference in Layouts: 75 LF
» 3’ 6” to4’6” Drilled Shaft in Rock $1,050/LF*

» 5’ to 6’6” Drilled Shaft in Rock $1,400/LF*
» *Typical for Shafts in Soil

» Telescoping casing expected

» Foundation Inspection Holes $175/LF
» Est. Difference in Layouts: 90 LF




Environmental

» Environmental Group Notified
» Known Caves near site

No dye traces in area

No endangered species

No permitting needed!

No serious construction limitation
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