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The Project — Quick Facts

« Existing bridge:
« Builtin 1930, out of service since 2008 due to age and
structural deficiency.
« 960 feet long w/ 15 conventional concrete beam spans
over land and 4 steel truss spans over the river.
« All foundations are spread footings on IGM/Rock
* New bridge:
« 975 feet long w/ 8 spans
* Piers are column extensions of drilled shafts
« 2 drilled shafts per pier, 5 drilled shafts per abutment
« Schedule - NTP Sept 2024, est complete Aug 2027
« Cost $22 million
« Designed by Lynchburg District S&B/CO S&B Geotech
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Existing Bridge Plans
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Existing Bridge Photos
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Existing Bridge Demolition
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Slide 8

VRO So how, there is no audio when | emailed it to myself. | think it is ok without audio.
Vester, Robert (VDOT), 2025-09-05T15:09:54.931



New Bridge Plans
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Geology

« Carolina Slate Belt (Piedmont Physiographic Province)

« Site underlain primarily by the Aaron Formation and the
Hyco Formation on Halifax County (north) side.

« Upper Aaron: phyllite & slate

 Lower Aaron: primarily metaconglomerate
& metasandstone.

* Hyco: primarily schist, metatuff >nd greenstone.
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Slide 10

VRO This statement is confusing. Are we trying to say the Aaron formation is on the Charlotte County side (south
side)?
Vester, Robert (VDOT), 2025-09-05T14:43:04.723

VR1 Metastuff?
Vester, Robert (VDOT), 2025-09-05T14:43:15.645



Geology
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Subsurface Exploration

« 2 to 4 borings per substructure unit
 Abutments: Depths 73 ft to 103 ft (avg 87 ft)
* Piers: Depths 35 ft to 95 ft (avg 56 ft).
 Rock coring length of 15 to 50 ft (avg 35 ft).

 Some discrepancies with differentiation of IGM and
highly fractured rock were obs;rved.

« Several supplemental borings were conducted to clarify
this discrepancy.
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Slide 12

VRO As an aside during the presentation, may want to further discuss how drilling technique is important in
exploration of this type of rock. Fast drilling with large crowd can break down the material into an IGM. Slower,

less crowd tends to produce more fragmented rock. The inclusion of water has an effect as well.
Vester, Robert (VDOT), 2025-09-05T14:50:22.028



Subsurface Exploration
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Subsurface Exploration — Rock Quality

« Upper 20 to 30 feet (Abutments and Pier 1, 4, 5, 6, and 7):
 highly fractured

 RQDs ranging 0 to ~40%, predominantly zero RQD in
this upper zone indicating poor quality rock.

* Below 20 to 30 feet:
* Rock quality improvement

 RQDs generally >40%.
* Pier 2 and 3 borings
 RQDs predominantly >50% below 5 feet depth of rock.
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Subsurface Exploration — Sample Fence Diagrams
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Subsurface Exploration — Sample Fence Diagrams
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Subsurface Exploration - representative rock cores

BORING:
BR-03

DEPTH (FT):
44.6-94.8

DRILL DATE(S):
07/26/2021 - 07/27/2021

PHOTO DATE:

09/17/2021

BORING:
BR-03

DEPTH (FT):
448-94.8

DRILL DATE(S):
07/26/2021 - 07/27/2021

PHOTO DATE:

09/22/2021
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Geology — GDR comments

From GDR (consultant):

 The IGM/rock is highly fragmented with interbedded
strata that are more or less susceptible to wash out
during coring.

* This can be attributed to: presence of phyllite (relatively
soft and susceptible to washout); fracturing and
differential weathering in metasandstone.

« We have differentiated IGM and rock using core recovery
and RQD rather than auger/sampler refusal.
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VRO If this is directly from the GDR then these statements should have quotes around them.
Vester, Robert (VDOT), 2025-09-05T14:46:19.885



Design - general considerations

Due to relatively high loads, the presence of rock, the
anticipated scour depths and the desired column extension
pier design, drilled shafts were determined to be the most
appropriate foundation type.

Scour and the highly fractured rock were the major drivers in
drilled shaft design.

Only side resistance was used for axial resistance pesign
required 30 ft rock socket length for all except Pier 2 and 3
that required 22 ft rock socket length. Rock socket diameter is
5.5 ft for all shafts.

Permanent steel casing specified for all drilled shafts in river
per design requirement (Piers 2,3,4 added for Pier 1 during CN)

\\/DDT | Virginia Department of Transportation 18



Slide 19

VRO We may be asked whether we considered a combination of side and end bearing. My answer for that is that you

can't maintain a clean bottom to count on mobilizing the end bearing due to the highly fragmented rock.
Vester, Robert (VDOT), 2025-09-05T15:13:49.763



Design - parameters for highly fractured rock and rock

Highly fractured rock parameters for all substructures except
Pier 2 and 3:

« RQD = 0 (Joint Modification Factor, ag = 0.3) (aasHT0 10.8.3.5.4p)

* Rock Compressive Strength = 2,900 psi (iab tests)

* Rock Unit Weight = 140 pcf (iab tests, all substructures)

 Rock Mass Elastic Modulus = 1758 Ksi (iab tests, all substructures)
Rock parameters for Pier 2 and Pier 3:

 RQ@D = 50 (Joint Modification Factor, ag = 0.55) (aasHTO 10.8.3.5.4b)
 Rock Compressive Strength = 7,400 psi (5,000 psi A5 concrete controls)

\\/DDT | Virginia Department of Transportation 19



Design - skin friction in highly fractured rock

Unit Skin Friction (q.) is based on RQD and joint conditions
(AASHTO LRFD 8t" Ed. Section 10.8.3.5.4b)

q pa = atmospheric pressure taken as 2.12 ksf

9s _0.650,
Pa Pa

« AASHTO Table 10.8.3.5.4b-1 used to determlne value of a¢

Table 10.8.3.5.4b-1—Estimation of oz (O’Neill and Reese,

gu = uniaxial compressive strength of rock or concrete, whichever is less, ksf

1999) - ——
Joint Modification Factor, oz “ v /,//_ -
Open or i = =
RDQ (%) Closed Joints Gouge-Filled Joints = 0
100 1.00 0.85 205
70 0.85 0.55 0
50 0.60 0.55 ’ = e
30 0 50 050 —@— Factor (for Closed Joints) —&— Factor (for Open Joints;
20 045 045 —— Linear (Factor (for Open Jo ints))

 For RQD of zero, ag = 0.3 based on graphical extrapolation

\\/DDT | Virginia Department of Transportation 20



Design - scour considerations

 Current VDOT scour policy is per HEC-18 and assumes rock
with RQD<50% is scourable.

« Total design scour depths (1 00 yr flood)
 Abut A =29 ft
 Piers 2,3,4 =23 to 42 ft
« All others =8 to 12 ft
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Drilled Shaft Plans (North half of bridge)
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Drilled Shaft Details - Piers
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Drilled Shaft Special Provision (including CSL testing)

ORDER NO.: L02
CONTRACT ID. NO.: C0000111280B07

VIRGINIA DEPARTMENT OF TRANSPORTATION
SPECIAL PROVISION FOR
DRILLED SHAFTS

October 3, 2023
0092-019-860, BEOT, C501

I. DESCRIPTION

This work shall consist of all labor, matedals, aquipment, and senices necessary to perform
operations to complete the drlled shaft installation n accordanca with the Specifications, this Spacial
Provision, and wilh the details and dimengions shown on the Plans, and as directed by the Engineer.
Driled shafts are reinforcod concrote, deep foundation elements. cast-in-place against insitu material
through augered holes, Unlass othanwise shown on the Plans, driled shafis are straight and vartical,

Il.  SITE INFORMATION

If Engineering Geolegy Sheets are included in the Contract Documents, the data on subsurface
condtions ara nol intanded as representations or warrantas of continuty of such condeans. The data
is made available for the comvenence of the Contractor. @nd it Is expressly underslood that the
Department will nol be responsible for interpretalions of concusions draan there from.

The Coniractor or prospective bidders may obtain, prior fo bidding, nght-of-entry and complele
whatever investigations, resaarch, tests, or analyses required for bid purposes

Ha ical report was for this projecl. this reporl was prepared Lo establish design
guidelines only and & not considernd part of the Contract Documents or a wartanty of subsurface
condtions. Tha opinions and engineering anakyses axpressad in tha rapon ans hosa of he authors,
and they represent thelr nlémprélation of subsurtacs condiions, and Nield and laboralory 195! dala.
Thatefore, the information in the Gestechnical Report iz nal intended as a subslitite for the
Contractor's parsonal 5 3 P on, and good "

QUALIFICATIONS OF DRILLED SHAFT CONTRACTOR

and equipment hmandmm Thed
Driled Shafi Contracicr’s superintendes
drillad shafts wnhn the last 8 years and

Tha mensionad documentaton
oANBe'S rupvnsmlatrm Wi

atons and previous fleld parformance.

142

2. Crosshole Sonic Logging (CSL) Test

QUALIFICATIONS OF DRILLED SHAFT CONTRACTOR{ TC "QUALIFICATIONS OF DRILLED SHAFT
CONTRACTOR  2-9-24 (SPCN)"\fC I ™"}

The Contractor is advised that Part /il Qualifications of Drilled Shaft Contractor in the Special Provision
for Drilled Shafts dated 10-3-23 are waived by the Department and will not apply to the acceptance or
rejection of the Drilled Shaft Contractor, however the Contractor shall take the Drilled Shaft Contractors
qualifications into consideration towards the performance of the work.

All other Drilled Shaft Contractor requirements in the Special Provision apart from those noted in Part lil
Qualifications of Drilled Shaft Contractor shall be enforced as part of the Contract.

The Contractor shall discuss the Qualifications of the Drilled Shaft Contractor at the General and/or Drilled
Shaft Pre-Construction Conferences.

2-9-24 (SPCN)

A, Ganeral

Crosshole Sonic Logging (CSL) is a nondestructive testing (NDT) method that measures the
tme for an ultrasonic pulse to travel from a signal source iNside an access tube 10 a recaiver
inside ancther access tube and evaluates the inlegrty of driled shafls. In unform, good
gQuality concrete, the travel time bety 1 thase og 1t tubes wil be relatively constant
from the bottom 1o tha top of the drilled shafls and correspond 10 a reasonabla concrate pulsa
velocity. In uniform, good quality concrete, the CSL test will also produce records with good
signal amplitude and energy. Longer travel imes and lower amplitude or energy signals
Indicate tha prasence of rregularities such as poor-quality concrate, voids, honeycombs, or
sol intrusions. The signal will be completely kst by the recaiver and system recorder for more
severe defects such as voiods and soil inrusiors.

The Contractor shall install access tubes nlended for CSL lesting and perform the lests as
indicated in the Plans and descnbed heren, When the Contractor s required 1o perfarm CSL
tasts in the Contract, he must only employ expanancad parsonnel 5Nt engags tha Sarvicas
of spproved independent lesting frm with previous experencs in CSL lesting. The Contracior
shall submit to the Engingor for his approval the list of personnel and testing firms he intends
to use during the CSL testing program along with ther compatance and fisld expenence to
parform evaluate and report the results of CSL tests. The Contracior shall perfiorm the CSL

tests in the number and locations specified or as requested by e Engineer, and he shail
execule the test al least 48 hours afler the complation of concrele placement of a given driled
shaft. The Engneer may speafy a longar watng period when rotarders are used in the mix
design, of other factors that may result in a slower rate of concrete seting. Al CSL testing
must be complated within 45 calendar days of concrete placemant of 8 given drilled shafl

Prior to beginning the CSL tesl, the Contractor shall assure that the lest probes can pass
wough and down the tubes to the botiom of every installed tube. if a tube is obstructed, the
sontractor shal core a hola large enough to accommodate the prodbe through its full length In
" driled shaft and near the obsiructed Wbe to the depth indicatad in the Plans for that CSL
Jsbe. If required, coring lo accommodate CSL tesling shal be st no additional cost Lo the
Jepartment. Core eguipment, procedure, and location of the hole shall be approved by the
Inginger prior to beginning corng. Logeed results of the core driling shall be submittad to
1e Engineer along with the cores. The CSL tes! may commence afler the core hole is
spected and the prodes can pass through.

‘he Contracior s responsble for submission of the CSL test report 1o the Engincer withn §
vork days of s performanca for a specific drlled shaft. The Engnear will evaluate and
nalyze the CSL test resulls within 3 working days of their receipt and provide the Contractor
rith a response regarding the accegptabilty of the driled shaft tested.

\WDOT |

Virginia Department of Transportation
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Criteria for Top of Rock Socket Determination

Defined in VDOT Special Provision by penetration rate:

3. Rock Socket

Rock Socket is defined as excavation that is accomplished using the same drilling equipment
described in “Special Excavation,” operating at full torque and crowd, where the penetration is
equal to or less than 1/2-inch in 5 continuous minutes of operation. The drill rig shall be in good
condition and shall be capable of applying a minimum crowd of 35,000 pounds while turning the
auger for diameters equal to or less than 48 inches, and at least 50,000 pounds of crowd for
augers greater than 48 inches in diameter. The Contractor shall provide the Engineer with access
to the instrument gauges in order to confirm that full torque and crowd are being applied.

When Rock Socket is specified as a pay item and detailed on the Plans, the Contractor shall provide
the minimum penetration into rock as shown on the Bridge Plans, unless field modified by the
Engineer.

\\/DDT | Virginia Department of Transportation 25



TIP testing Special Provisions

ORDER NO.: L02
CONTRACT ID. NO.: C0000111280B07

VIRGINIA DEPARTMENT OF TRANSPORTATION
SPECIAL PROVISION FOR
THERMAL INTEGRITY PROFILING (TIP) OF DRILLED SHAFTS

July 30, 2023
0092-019-860. BGOT

I. DESCRIPTION

Thermal Integrity Profiling (TIP) uses the heal generaled by curing cement (hydration energy) lo assess
the quality of drilled shafts. The expected temperature al any location is dependent on the shaft
diameter, mix design, lime of measuremenl and distance to the cenler of the shaft. TIP measurements
may be used to estimate the actual shape of the shaft as well. These estimates may be compared with
concreting logs to assess the overall quality of the shaft. Good communication between the Contractlor,
the Drilled Shaft Contractor and TIP Consultant is essential

TIP measurements that are colder than normal indicate necks, inclusions, or poor quality concrete,
while warmer than normal measurements are indicative of bulges. Variations of lemperalures between
wires reveal cage eccenlricity.

Il. QUALIFICATIONS FOR TIP CONSULTANT

The TIP consultant shall have a licensed professional engineer holding a valid license to practice

¥ in the Comr ith of Virginia who is experienced in supervising the lesting and
interpreting the results. The TIP Consultant shall be an independent testing agency with documented
and approved experience in TIP tesling on at least five projects of similar or greater scope within the
last 2 years. The Consultant qualifications and a description of the equipment used shall be submitted
to the Engineer for approval at least 21 calendar days prior to beginning drilled shaft installation. For
each project cited, the names and phone numbers of owner’s representatives who can venfy the TIP
Consultant’s participation on those projects shall be provided. Within 14 days afler receipt of the
installation plan, the Engineer will nolify the Contractor of any additional information required or
changes necessary to meet the Contract requirements.

Hl. ASSISTANCE BY THE DRILLED SHAFT CONTRACTOR TO THE TIP TESTING CONSULTANT

The Drilled Shaft Contractor shall provide cooperative assistance, suitable access to the site and the
drilled shafts to be tesled, and labor as required 1o assist the TIP Consultant in performing the required
tests. Prior o testing, provide the drilled shaft lengths and dates of construction of drilled shaft to the
TIP Censultant and coordinate with TIP Consultant to install the necessary TIP instrumenlation prior lo
concreting the shaft

IV.  EQUIPMENT REQUIREMENTS FOR TIP
The equipment shall have the following minimum requirements:

(1) A computer-based TIP data acquisition system to monitor temperature versus time after
casling

TIP photos courtesy of PDI

(2) Ability to collect data at user defined time intervals (typically 15 to 80 minutes).
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Bid Phase

 Language in contract required bidders to visually inspect
the rock core boxes at the Lynchburg District office prior
to bidding.

MANDATORY PRE-BID GEOLOGY BORING ROCK CORE SAMPLE REVIEW - Bidders are advised
there will be a mandatory Pre-Bid Geology Boring Rock Core Sample Review held at the District Office.
Admission to the mandatory Pre-Bid Geology Boring Rock Core Sample Review will be conditioned upon
the following:

* Date and Time: Review to be scheduled and completed by Bidder no later than 5:00 PM on June
5th 2024

Location: Lynchburg District Office

Point of Contact for scheduling review: James “Rusty” Hall, P.E. (District Geologist)

Phone: 434-841-7376

Email: James.Hall@VDOT .Virginia.gov

A photo-ID will be required (example: a valid Driver’s License or a valid passport).

Bids will only be accepted from those bidders who are represented at this mandatory Pre-Bid Geology
Boring Rock Core Sample Review. Bidders should anticipate a week duration between notifying James

us all of scheduling a time and the actual meefing dafe. Attendance at this mandatory showing wi
be evidenced by the representative’s signature on the Department’s attendance roster.

Bidders are invited to bring a copy of the solicitation proposal with them. Any changes resulting from this
mandatory Pre-Bid Geology Boring Rock Core Sample Review will be issued in a written addendum to the
solicitation proposal.
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Construction - Installation

1.4. Tooling
1.4.1. 66" and 72” Nominal Diameter Drilling Tools
1.4.2. Dirt augers
1.4.3. Rock augers
144, Core barrels, roller barrels, air barrels
1.4.5. Slurry augers
1.4.6. Drilling Buckets
1.4.7. Cleanout buckets
1.4.8. Excavation grab tools

1.9. Construction

19.1. Temporary Casings — Smooth wall, rolled and welded pipe. 74” Nominal ID,
0.500” wall, will be used as temporary casings. The pipe meets ASTM A252
specifications.

1.9.2. Permanent Casings — Casings will conform to ASTM A242, 46 ksi. Casings
will be shipped and installed at full length.

1.93. Permanent Casings - 72” OD x 0.75” wall, ordered lengths 30" to 46’

Polymer Slurry Specifications, SP X.2.

Property at 70°F At the Time of Slurry Introduction Test Method
(Units) in the Drilled Shaft, During Drilling
and Before Concrete Placement
in the Drilled Shaft
Density in Fresh 64 maximum Mud Weight (Density) API
Water® (Ib/ft*) 13B- 1. Section 1
Viscosity 32to 135 Marsh Funnel and Cup API
(sec per quart) 13B- 1, Section 2.2
pH B8to 115 Glass Electrode, pH
meter or pH paper
Strips
Sand Content” (%) 1.0 maximum Sand API13B-1, Section 5
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Construction - Access causeway

IL“"M ol 3 T Ly
w |—1 | K73 O -019-80, 807 [F}

Ser Ineets 4 & o) 10 Tir whan
3 |
::'.’..°:-;‘;F ]'l I"Z‘ Codrse Opyepote
R AN R AN A

Tengcorary stesl pipeis)
T+ We Comanay A Pross B

..?. W;‘l‘t O’C .' Cwbm!. <
....... * or 2
Soe sraats 4 ey 11 Tor KGO
. )

CAUSEWAY A AND C TYPICAL

SECTION _@
s " 2000 18

Tep o GOngtru Thon Gicass Fod) ’
See wertical profie on aheets 5. 3
T.% ona 11
’ . Cooree
Vclu-l r te
L Tea of &
T 4

[(-h'hq Fround

Ory Niprap, Cass MJ Castextite besdng J
CONSTRUCTION ACCESS ROAD TYPICAL
CAUSEWAY B TYPICAL

SECTION
@ secTion €5

29

Virginia Department of Transportation

\WwDOT



Construction - Access Causeway
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Construction - Trial Shaft

Contractor requested to make trial shaft the first
production shaft at an abutment. This was agreed to at
the contractor’s risk.

Trial shaft was at Abut B, did not have permanent casing.

Initial pour issues with concrete mix design and
admixtures. First 5 trucks were not accepted due to being
out of spec for slump flow and air content.

Second attempt to pour was successful with only a minor
issue at the very top of the trial shaft starting to set.

Contractor performed PIT to evaluate top 1-2 feet of trial
shaft.
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Construction — Trial Shaft Installation
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Construction - CSL and TIP testing — typical layout

] PART PLAN
TR T T T s
Q == e
B2%ke .]—T . [
J, e i e
mwm-/ ¥ n— ! —r
: e SR
- g & o ]
H e s ; r‘ Am' Il! -t ﬁnw l 2
§ 1§ e =7 \{w :
p ﬁ & 1 l (T
i i o ~ 0 O S
g S
e e
Mwmrﬁ = i — S -
TP, S
?{ ==
TI/ -5‘/ CSk-3
csi-8 ! oTIP-2
a [
\ | ]
TIR-5 Ccsl4
CX TIP
P-4 ——— CSLS ]
5 [[INFRASTRUCTURE Figue1
————— CONSULTING & ENGINEERING Shaft Location and Orientation
i . . Abutment B Shaft 22
Infras;g:zcslu[;e CO"EUI_""Q S& En%l{)l?eﬂng Rt. 92 over Staunton River
onna Drive, Suite
s . Charlotte County, VA
Virginia Beach, VA 23451 VDOT Project No. 0092-019-860, B607

\\/DDT | Virginia Department of Transportation 33



Construction - CSL test results - trial shaft
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Construction — TIP testing results - trial shaft
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Construction - CSL test results - production shafts
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Construction - TIP testing results — production shafts
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Slide 38

RVO Note that this drilled shaft shows evidence of bulging below the casing. Rock socket is designed to be narrower

by 6 inches but we lose concrete into the fractured rock.
Vester, Robert (VDOT), 2025-09-10T19:52:44.362



Construction - Production Shafts
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Construction - Production Shafts
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Lessons learned

 Require contractors to view rock cores In person pre-bid

 Rock penetration rate in SP is key. Highly fractured hard
rock behaves similar to unfractured rock

* Highly fractured rock characterization/investigation - in-
situ testing - rock borehole shear test (RBST)??

« Consider MWD and/or sonic drilling

« Specify load test (bi-directional load cell or similar) in
contract??
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Construction - Collaboration

« Close coordination/collaboration was key between:
 Lynchburg District (S&B, Materials, CN, Environmental)
« CO S&B Geotechnical

« Contractor

* Drilled shaft Subcontractor

 Mother Earth
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Questions???

"In theory there is no difference between theory and
practice. In practice there is." Yogi Berra
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Geology

From GER:
« We have differentiated IGM and rock using core recovery
and RQD rather than auger/sampler refusal.

« We have characterized the materials below refusal but
above interpreted TOR as non-friable IGM.

* Non-friable IGM descriptions should be used with caution
as they only represent the more competent, recovered
core and do not represent the strata washed out during
coring.
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Current VDOT Scour Policy

 Current VDOT scour policy is to assume rock with
RQD<50% is scourable (very conservative).

 Scour design is per HEC-18.

« Consideration is being given to allowing the use of the
Erodibility Index Method (Annandale method) for scour in
fractured rock (at piers only) on future,rolects EIM was

_not used for this proiect. pgit: .ol

=
Ordinory high water
Elav. 30927

\\/DDT | Virginia Department of Transportation ‘ E RN e 45



Design - scour considerations

 Current VDOT scour policy is per
HEC-18 and assumes rock with
RQD<50% is scourable.

- Total design scour depths (100 yr §
flood): 29 ft in Abut A, 23 to 42 ft §
in Piers 2to 4 and 8 to 12 ft in all
other substructures. s referenced from

bottom of pile cap for abutments and top of drilled shaft for piers)

’ 953" 4
Baginning of bridge of i
Bock of bockwoll Bock of bockwall
$to. 518+70.69 wat to. .45,
Finished grode V. 00, 1
i 1 | I | . |
xD. ) xp. ) xp. Ht =0 a i, N xp. xp. 2 xp. " EXD.

iy =
ABUTMENT A PIER |

=
Ordinory high water
Eav. 30921 }'
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Drilled Shaft Details - Abutments
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TIP testing Special Provisions

ORDER NO.: L02
CONTRACT ID. NO.: C0000111280B07

VIRGINIA DEPARTMENT OF TRANSPORTATION
SPECIAL PROVISION FOR
THERMAL INTEGRITY PROFILING (TIP) OF DRILLED SHAFTS

July 30, 2023
0092-019-860, B607

I. DESCRIPTION

Thermal Integrity Profiling (TIP) uses the heat generated by curing cement (hydration energy) to assess
the quality of drilled shafts. The expected temperature at any location is dependent on the shaft
diameter, mix design, time of measurement and distance to the center of the shaft. TIP measurements
may be used to estimate the actual shape of the shaft as well. These estimates may be compared with
concreting logs to assess the overall quality of the shaft. Good communication between the Contractor,
the Drilled Shaft Ci and TIP C s

TIP measurements that are colder than normal indicate necks, inclusions, or poor quality concrete,
while warmer than normal measurements are indicative of bulges. Variations of temperatures between
wires reveal cage eccentricity.

Il. QUALIFICATIONS FOR TIP CONSULTANT

The TIP consultant shall have a licensed professional engineer holding a valid license to practice

g in the C ith of Virginia who is experienced in supervising the lesting and
interpreting the results. The TIP C shall be an ind dent testing agency with documented
and approved experience in TIP testing on at least five projects of similar or greater scope within the
last 2 years. The Consultant qualifications and a description of the equipment used shall be submitted
to the Engineer for approval at least 21 calendar days prior to beg g drilled shaft For
each project cited, the names and phone of wner’s rep s who can verify the TIP
Consultant's participation on those projects shall be provided. Within 14 days afler receipt of the
installation plan, the Engineer will notify the Contractor of any additional information required or
changes necessary o meet the Contract requirements.

.  ASSISTANCE BY THE DRILLED SHAFT CONTRACTOR TO THE TIP TESTING CONSULTANT

The Drilled Shaft C: shall provide suitable access to the site and the
drilled shafts to be tested, and labor as required to assist the TIP Consultant in performing the required
tests. Prior 1o testing, provide the drilled shaft lengths and dates of construction of drilled shaft to the
TIP C: it and with TIP C: 1o install the y TIP instrumentation prior lo
concreting the shaft

IVv. EQUIPMENT REQUIREMENTS FOR TIP
The equipment shall have the following minimum requirements:

(1) A computer-based TIP data acquisiton system to monitor temperature versus time after
casting.

(2) Ability to collect data at user defined time intervals (typically 15 to 60 minutes).

\WDOT |

ORDER NO.: L02
CONTRACT ID. NO.: C0000111280B07

V. SHAFT PREPARATION FOR THERMAL WIRES

All shafts shall be equipped with a minimum of one thermal wire for every 1 foot of drilled shaft diamete
The number of thermal wires shall be rounded up in the case of shafts not of whole foot diameters an
a minimum of four wires shall be used for shafts with diameters of 3 feet. The wires shall be even
spaced.

Thermal wires shall be aligned with the longitudinal reinforcement of the shall and strelched Lo minimiz
the wire slack. The wires shall be tied at intervals not exceeding 3 feet to the reinforcement at a locatio
on the reinforcement that is 90 degrees to the line connecting the reinforcement to the center of th
shaft.

Vi. TIP PROCEDURE

Thermal wires shall be connected to a Thermal Access Port (TAP) prior to casling concrete 10 assess
thal the thermal wires were nol damaged during placement of the reinforcing steel cage. Damaged
thermal wires prior to casting concrete shall be replaced immediately. Data shall be collected by the
TAP every 15 minutes for 24 hours, or as recommended by the TIP Consultant. After completion of
the data collection period, the TAP shall be connected to the main TIP data acquisition unit and the
data files shall be downloaded for inspection of temperatures versus depth.

Potential local defects indicated by locally low temperatures relative to the average temperature at that
depth, or average lemperatures significantly lower than the average temperatures al other depths, shall
be reported immediately to the Engineer.

TIP RESULTS

Results of the TIP shall be stamped by a Professional Engineer licensed in the Commonweaith of
Virginia and presented in a written report within 5 working days of completion of testing. The repornt
shall present results of TIP tests including:

1. Graphical displays of all temperature measurements versus depth.

2. Indication of unusual temperatures, particularly significantly cooler local deviations of the average
at any depth from the overall average over the entire length.

3. The overall average temperature shall be reported. This temperature is proportional to the average
radius computed from the actual total concrete volume installed (assuming a consistent concrete
mix throughout). The radius at any point can then be determined from the temperature at that point
compared to the overall average temperature.

4. Report variations in temperature between wire (at each depth) which in tum comespond to
variations in cage alignment. Where concrete volume is known, the cage alignment or offset from
center should be noted

5. Where shaft specific construction information is available (e.g. elevations of the top of shaft, bottom
of casing, bottom of shaft, elc.), these values shoukd be noted on all pertinent graphical displays

Virginia Department of Transportation

ORDER NO.: L02
CONTRACT ID. NO.: C0000111280B07

MEASUREMENT AND PAYMENT
Thermal integrity profiling (TIP) will be measured in units of each per drilled shaft tested and will be
paid for at the confract unit price per each. This price shall include full compensation for all costs

incurred and related to the TIP testing including, but not limited to, procurement, preparation and
installation, conducting the tests, and subsequent reporting of results,

Payment will be made under:

Pay ltem Pay Unit
Thermal integrity profiling (TIP) Each
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TIP testing Special Provisions

ORDER NO.: L02
CONTRACT ID. NO.: C0000111280B07
VIRGINIA DEPARTMENT OF TRANSPORTATION

SPECIAL PROVISION FOR
THERMAL INTEGRITY PROFILING (TIP) OF DRILLED SHAFTS

1 Temperature vs Depth - Pier 3 Shaft 10 - 06/25/25 00:13 (14h:dm)

0

July 30, 2023
0092-019-860. BGOT

I. DESCRIPTION _River|

Mudiine |

v
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Thermal Integrity Profiling (TIP) uses the heal generaled by curing cement (hydration energy) lo assess
the quality of drilled shafts. The expected temperature al any location is dependent on the shaft
diameter, mix design, lime of measuremenl and distance to the cenler of the shaft. TIP measurements
may be used to estimate the actual shape of the shaft as well. These estimates may be compared with
concreting logs to assess the overall quality of the shaft. Good communication between the Contractlor,
the Drilled Shaft Contractor and TIP ConsuHant is essential

TIP measurements that are colder than normal indicate necks, inclusions, or poor quality concrete,
while warmer than normal measurements are indicative of bulges. Variations of lemperalures between
wires reveal cage eccenlricity.

L ccbtoaatan v .. Casing|
204 |

Il. QUALIFICATIONS FOR TIP CONSULTANT

The TIP consultant shall have a licensed professional engineer holding a valid license to practice

¥ in the Comr ith of Virginia who is experienced in supervising the lesting and
interpreting the results. The TIP Consultant shall be an independent testing agency with documented
and approved experience in TIP tesling on at least five projects of similar or greater scope within the
last 2 years. The Consultant qualifications and a description of the equipment used shall be submitted
to the Engineer for approval at least 21 calendar days prior to beginning drilled shaft installation. For
each project cited, the names and phone numbers of owner’s representatives who can venfy the TIP
Consultant’s participation on those projects shall be provided. Within 14 days afler receipt of the
installation plan, the Engineer will nolify the Contractor of any additional information required or
changes necessary to meet the Contract requirements.

Depth ()

354
Hl. ASSISTANCE BY THE DRILLED SHAFT CONTRACTOR TO THE TIP TESTING CONSULTANT

The Drilled Shaft Contractor shall provide cooperative assistance, suitable access to the site and the
drilled shafts to be tesled, and labor as required 1o assist the TIP Consultant in performing the required
tests. Prior o testing, provide the drilled shaft lengths and dates of construction of drilled shaft to the
TIP Censultant and coordinate with TIP Consultant to install the necessary TIP instrumenlation prior lo
concreting the shaft

IV.  EQUIPMENT REQUIREMENTS FOR TIP

The equipment shall have the following minimum requirements:

48 - 1 . ) - .
(1) A computer-based TIP dala acquisition system 1o monitor temperature versus time after d) 100 "W'\.‘ 120 1% 1&3 150 TI_L
casting Temp (°F)

TIP photos courtesy of PDI -

(2) Ability to collect data at user defined time intervals (typically 15 to 80 minutes).
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Subsurface Exploration — Sample Boring Logs

PROJECT #: 0092-019-860, UPC 111280 BR 07 PROJECT #: 0092-019-860, UPC 111280 BR 10
LOCATION: HARLOTTE / HALIFAX COS. LOCATION: CHARLOTTE/HALIFAX COS.
VD D I STRUCTURE: PIER 3 PAGE 1 OF 2 VD D I STRUCTURE: PIER 4 PAGE 2 OF 3
STATION: 522444 OFFSET: 16 LT STATION: 523+65 OFFSET: 7RRT
VIrgiie Daparinant of Tranaponston LATITUDE: 36.838101°N LONGITUDE: 78667701" W Vgl Deparimant of Transportation LATITUDE: 36837831° N LONGITUDE: 78667447 W
SURFACE ELEVATION: 308.0 ft COORD. DATUM: NAD 83 SURFACE ELEVATION: 3207t COORD. DATUM: NAD 83
FIELD DATA Date(s) Drilled: 05/05/2021 - 05/06/2021 LAB DATA FIELD DATA Date(s) Drilled: 05/19/2021 - 05/21/2021 LAB DATA
T OER Drilling Method(s): NW CA/NQDBL - - SOIL NOTK Drilling Method(s): 3.25" HSA / NQ DBL -
N oP SPT Methad: Auto Hammer (140 Ib) x| Z 2 M = [ SPT Method: Auto Hammer (140 Ib) x <
4 Be |E 21212l 11 g Other Tesy(s): Not Applicable § ; 5 fw‘n | = Be |2 % 1EL 1 % | Other Test(s): Not Applicable § § $
2|z 2} 5 |z|2|E|xB3 2 | oriller: Connelly & Associates, Inc. 2z | 5 21e| 5 [ gz 2|82 |5EE | ritier: Connelly & Associates, Inc. b M
2| 5 | 282 |213|Z |5E3 2|2 |2 |Loager . Lows. Schnabel Enginearing HEE gIE| 5 | 382 |2|5|2 |2 B3|x[e |5 [Lonser . Lows. Scravel Engnossng H I
Bl g | 252 |2le|z |EREE 1 ‘GROUND WATER 50218 k8| & §§: M B M HEH GROUND WATER 512 g
CRRZ TR EA E.Z @ | % | | ® FRST ENOOUNTERED AT 1.8 8 DEPTH (Exw. 05.2) g|E I T | Gg3 i3 3515 | 2 | 5 | 3 FRST ENCOUNTERED AT 145 K OEPTH (Ehev 304 2) " o
N # [§FS "1 woons TeRMMEASUREMENTS TAKEN 2 = FEN - 4114 ¥ STABLZED AT 7.5 (Bev. 3121 AFTER 08 MOURS g
= FIELD DESCRIPTION OF STRATA wie] ® > = FIELD DESCRIPTION OF STRATA MG =
0013080 280
¥ AIR, bargs refarence akvation 22 inchas abowm water
& 181306 a2 @
05 WATER, Staunton River -'? 5 1218.2
4 - Recovered core characterized s sightly
] o e 10 unweathered, hard 1o very hard, gray,
METASANDSTONE. lightly to moderately fcised. (-m
5 4| 78 greined, scme silly lenses and slghly piylite. clasts
o afe genarally SUbICLNGA 10 ANGUI, CONL. LNOUMING
white and pirk quartz andier feldspar vens, and
LR *® minodspolty calctte, some of the recovered core i
W ’ 5012990 als pitedvuggy.
10 %d® Aluviam, Brown, fine to coarse, POORLY GRADED SAND, very T4 L P
| 503 Y 100, |:.‘4 & wel (SP) 88 51.1/269.6
12 13 2 } 52 21 Sightty weathered 1o unwealhered, herd to very hard,
i 298 lsoue ok Resicuurm, Blue-gray, fine 10 coarse, SILTY GRAVEL  fow sand, . orey, ME TASANDS TONE . Mgl o moderatety
e 2 very donse, wel. gravel includies Nt and eiongated rock fragments 4 5[ fractured, slightly o moderstaly fclisted, f-m grained,
b M) 66| a7 Iwo jont sets dippng al about 30 10 45 and 60 16 70
I 502 0 8 265 deq., joints are planar and smooth to sightly rough,
1 "2 IGM. Blue-gray, fine to coarse. SLTY GRAVEL WITH SAND, trace s8] ¥ waakly haaled with spolty quartz, calciie and'or
: 502 o o7 gravel, vory dense, wet (GM) o folckspar, some silty lenses.fayers, sickonsides on
118 200 ] - rumerous ot faeas,
i ale (511165710 m\c&‘esuccmmib:rdm
' g Advancer Refusel evabuted due 1o fmbed recoery
L ” e NGE73E . Ch L5 b 260 (57.111. 1o total depth, Rlx))‘so\mlw.iiﬂmwgbﬂr!
IGM_ Recoverec core characterzed s sightly westhered, ot T funs)
22 moderately hard to hard, gray, METASANDSTONE
285 &l o SAME, bracciated, pink fekdsparquanz vain noted a
24 (18.5 1027 fi.. medion core size cannot be reliably evalusied due to 64 about 3 ., dips about 60 deq. and is slightly phyfitc
limied racovery) 78|40 arcund tha margins.
» » | ¥
611
i o 27012810 po.
e e o P Sightly woatharod to unweeEhered, maderately hare 10 hard grary
TASANDSTONE, moderately Iractured, slightly fdiated, fne i
130 grained, bwo airt sets dipping a about 40 1o 50 and 70 Io 80 deg, k]
§ jonts and frachures are hesed with quantz, jonls are gererally 250
i ) paner and smooth 1o siightly rough, few secand joint 565 appeared )
a2 rough, sickensides were noted on several joint faces, mos! core N r” 21
275 Dresks Bpoe mechanical rom diling, athough fracture and jaint H
! M @far nfiling appears mostly spolty'waak ncluging some spolty clay/ash 3 74
| coating 8 8638
| . - (27 1036 fi., median core size of recovarad material 1.5 in ) gl 78] 28
] SAME. highly fractured to modarately fractured beiow 34.8 f 3 =%
} SAME. medorately fracturod 8 |, SAME, 0.25 In. offset akong hosled joint at about 77
asf 2m0 I ’
; 82| &0 (38 .16 tekal depth, RQD > 50)
4 SAME. spatty cakite filed joints from about 37.5 10 38.5 1t 3 8| %0
g 3 $REMARKS: g Type: CME-55LC (Trace 3
{[REMARXS: Rg Type: Diedrich D-50 (Berge} PAGE 1 OF 2 ; Fou Types (Trac) PAGE2OF 3
] BR-07 | = BR-10
—— = Ciorgtt Viga
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Construction - Access Causeway




Construction - Trial Shaft Installation
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Construction - Production Shafts
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Construction - Production Shafts
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Construction - Production Shafts
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Construction
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