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1. TxDOT Rigid Pavement
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(J PMIS Distress Score 80 or Above - better distress score in CRCP

= Distress Score combines all of the distress ratings into a single value that
describes overall pavement distress.

= Distress Score ranges from 1 (very poor) to 100 (very good).

Pavement Type

“Good” or Better Distress Scores
(PMIS Distress Score 80 or above)
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(J PMIS Ride Score 3.0 or Above - better ride in CRCP

International

CRCP
7.55% of Lane Miles

JCP
1.71% of Lane Miles

State ACP
90.73% of Lane Miles
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O TxDOT Pavement Manual/Chapter 8 - Rigid Pavement Design

http://onlinemanuals.txdot.gov/txdotmanuals/pdm/pdm.pdf

1.2 Selection of Rigid Pavement Type

CRCP provides excellent long-term performance requiring very low maintenance. The department
policy is to utilize CRCP for new or reconstructed rigid pavements in Texas. Although CRCP is the
preferred concrete pavement type, the department has expanded the applications where CPCD can
be used as an acceptable alternative to CRCP. The following criteria list the applications where
CPCD can be used instead of CRCP at the discretion of the district engineer:

*

4
*
L 2

*

*
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For roadways with design traffic of 40 million ESALs or less,

For frontage roads where CRCP is difficult to construct due to numerous leave-out sections,
For roadways controlled and maintained by another government entity,

For parking areas or roadways with crosswalks, adjacent parking, or sidewalks,

For railroad crossings, approaches to structures, or to widen existing jointed pavement, or

For intersections and approaches in flexible pavement roadways that are associated with vehi-
cle braking and acceleration which could cause shoving and rutting of an asphalt pavement.
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2. Forensic Evaluation Process

= Pavement forensic evaluation, WHY?
- ldentify causes of pavement distress
- Keep improving TxDOT design standards and specifications
— Develop training materials/TxDOT inspector & contractor

- Minimize pavement distress and save tax payer's money

Al = i |
21“‘83“20“4“ Ii
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1 Forensic Evaluation Process

Forensic Request Define the Scope\, Compile project information
From TxDOT and Potential Develop a field plan Select a Repair Strategy
Districts Solutions Conduct site investigation

Evaluate
Causes of
Distress Evaluate
T Pavement _
g g =N e S —.
* Data Analysis \ Evaluate Subgrade
¢ Recommendations Short-term and Base Properties

Design Details and & Long-term
Specifications/DMS Monitoring

Perform NDT

¢ Monitoring for Pavement Short-
term/Long-term Behavior if needed
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(J Forensic Evaluation Process

Pre-evaluation (office) Evaluation strategy Field evaluation

< < <

= Historical data analysis = Pick the right tools: = PPE

* As-built plans * GPR = Traffic control

* Maintenance  FWD = Testing sequence
= Web soil survey « TPAD = Personnel
= Google earth survey e Coring/DCP = Execute testing plan
= PMIS data « MIRA

* LiDAR...

| |
v

= Data analysis

= |dentify causes of distresses

!

= Develop a Report

= Provide Practical Recommendations
= Technical Support
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3. Non-Destructive Testing Devices - Air-Launched GPR

Frequency: 1 GHz

Effective depth: ~2 ft.

Can operate at highway speeds
- 1 trace every b ft. @ 60mph

— Can collect 1 trace per foot @
2bmph

Collects Video & GPS

|

——
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(d Ground Coupled Penetrating Radar

= Antenna in contact w/ surface
= Push cart/handheld/trailer

- 2.6 GHz = ~1 ft.

- 400 MHz = ~12 ft.
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1 Ground Coupled Penetrating Radar (400 MHz)

= GC-GPR data processing: continue to make progress

Rebar

HMA n
stripping

i Loo4
|

[ @ 8 N
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 Total Pavement Acceptance Device (TPAD)

= Collects:
- Rolling Dynamic Deflectometer (RDD)
- Video, GPR & GPS

2 mph data collection

3 geophones
= Deflection recorded every 0.1 ft.
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O Falling Weight Deflectometer

Drops a load and pavement deflections are measured through 7 to 9
Sensors.

Used to estimate the pavement structural capacity

Used to evaluate load transfer efficiency at the joints and cracks (rigid)

Estimation of back-calculated k-value (rigid)

Uul UL

(i
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(J Dynamic Cone Penetrometer

= Penetration rate to estimate the modulus of sub-base and subgrade

Cumulative Number of Blows [N]
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0 MIRA

= Shear-wave ultrasonic testing
= |nvestigation of slab thickness, rebar location, and delamination

134329082019 &
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O Case Studies - Focused on CRCP Foundation/Compaction/Construction

A Pavement
Forensics
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4. Case Study #1 - Austin District

11-in. CRCP has shown very good performance over 25 years.

However, large TPAD and FWD deflections were detected on a 450’ section of
CRCP.

District has a concern for the planned widening project.
= The request is to investigate the cause of large deflections.
- Potential weak subgrade or voids under the CRCP

1 1 \x

L Atribute

= Date Work Begin July 1992 (Letting)
I Date Completed 04/28/1995 =
E Pavement Type Rigid - CRCP
i Slab thickness 11-in.
,_ E Shoulder Type Tied-Concrete
I Base Type 6.0-in. TY-A HMA ;‘&izgoaqg

Type C Embankment to be
8 Subgrade Type used as top 12-in. under
CRCP (in fill area only)

¢ Drainage Type Traffic Barrier & Inlet
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O Typical Section - Pavement Structure

= 11-in. CRCP + 6-in. TY-A HMA + 12-in. TY-C Embankment
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(] Location of Test Section
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4.1 District Data (12/2017 TPAD Data by TTI)

a Raw data file has 12322750 point and 49291 group. Current read segment is:2
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Dat
View 3
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] Deflection (mils/10-kips)
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Showing the current DMI information
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(] Problem area - NB direction L2

ﬂ Raw data file has 12322750 point and 49291 group. Current read segment is:2
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4.2 Web Soil Survey and Google Earth Historical Imagery

Plasticity Indax—Travis County, Texas

W

Plasticity Index

T

T AN

20 AN

Map unit symbol Map unit name | Rating (percent) Acres in AOI Percent of AOI
TeA Eckrant and Speck soils, | 34.0 10.7 100.0%
0 to 2 percent slopes
Totals for Area of Interest 10.7 100.0%
—
—
2
B
Organic Matter
Map unit symbol Map unit name Rating (percent) Acres in AOI Percent of AOI
TcA Eckrant and Speck soils, |4.50 10.7 100.0%
0 to 2 percent slopes
Totals for Area of Interest 10.7 100.0%
Gypsum
Map unit symbol Map unit name Rating (percent) Acres in AOI Percent of AOI
TcA Eckrant and Speck soils, |0 10.7 100.0%
= ; T ;  2wH 0 to 2 percent slopes
i } B Totals for Area of Interest 10.7 100.0%
S Map Scade: 1:1,950 ¥ printed on A portrast (8.57 x 117] sheet. — 3
B N g = ) i) 150 ]
Pt
C 20 0 o
Mg projection; Web Mercator Comer coondnates: WESSE Edge bos: LITM Zone 14N WGSS4
usix - Natural Resources Web Soil Survey 6/16/2020
=== Conservation Service National Cooperatve Soil Survey Page 1063

0.0%
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O No Significant Progress of Longitudinal Crack (2013 to 2019)

= Pavement distress appears to be consistent over the years.
- The pavement problem appears to occur before 2009 according to the Google Street View.
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4.3 Field Evaluations

1) Visual Inspection
— Evaluate distress and crack progress
2) TPAD

— TPAD: Evaluate network level structural capacity

- Select in-depth evaluation locations
3) FWD (GPS Coordinates)
— Overall structural capacity

— Select coring locations in field according to the deflection (L- M - S
deflections)

- Determination of repair area

4) Coring and DCP (GPS coordinates)

- Pavement structure: layer thickness

— Check for voids underneath CRCP slab

- Check base and subgrade condition/modulus
5) Deflection vs. void thickness
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 Typical Distress - Localized CRCP Settlement at L2

-1\

o Pavement settlement at pavement surface = 0.25-|n.

o No significant distress or settlement over the years (2009 to 2020)

& — & .
- ! e oo

byt
: "w\ . > o
3 A 1‘1““ -
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 Typical Distress: Localized Longitudinal Crack at L1 & L3

= No significant crack progress from April 2011 to June 2020

Apr 2011 . Jun 2020 |
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4.4 TPAD Testing Results (Testing on 05/27/2020)

Large deflection was collected at mostly L2 and partly L1.

o MM
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4.5 FWD Testing (Testing on 06/04/2020)

= FWD testing detalil

FWOD testing at |nS|de wee
path of L1

“’16\-

\

NB
—@ ® L1-RWP
—@ //. TLLLWP

«@® |L2rRW P @

@ 2wwrPH @

Longitudinal
crack
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FWD Deflection@9,000 Ibs.

—H—US 183 L2-RWP
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(] Statewide Average Deflection - CRCP
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U Design Profile/Existing Ground Profile
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(J FWD Deflection vs. Embankment Thickness
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4.6 Coring and DCP Testing Results (Testing on 06/04/2020)

= Very stable and strong subgrade (12-in. TY-C embankment materials)

CRCP HMA Modu_lus
FWD Slab Base DEHEEHE] vele Pavement Layer [ksi]
Core # @9,000 Ibs T :
DMI T T [mI|S] [m ] Information Natural
[in.] [in.] ' Subgrade Soi
oil
Cl 270 12.25 6 8.12 1.07 46.4 -
12.0 - 13.0-in.
C2 280 12.75 6 11.75 1.50 Y 27.3 -
6.0-in.
C3 269 12.50 6 3.60 0.25 3 36.7 -
12-in. TY-C
Embankment
C4 365 13.00 6 6.56 0.50 ! 28.9 -
Fill Section
C5 525 12.25 6 3.98 0.13 34.3 -
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] Void Thickness Measurements
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(] Deflection vs. Void Thickness
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 Estimated Void Thickness Profile (L2 - RWP)

= Largest deflection profile is used to estimate the void profile.

Distance from the Bridge Expansion Joint [ft.]
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(] Estimated Void Cross Section

= Large deflections were measured in both wheel paths of L2

= Deflection in L1-LWP was slightly higher than statewide average (2.0-mil) due
to settlement in L2, resulting in longitudinal crack.

Possible deflection and void
thickness profile
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4.7 Void Mechanism

= Immediate settlement
- Related to construction/removal of temporary connector
- Compaction between embankment and wall select fill
- Issue during embankment construction of a lower layer
= Issue related to the location of trees beside retaining wall.

- TxDOT Pavement Manual, “Trees create a greater chance of subgrade
desiccation leading to soil shrinkage and possible cracking. This
phenomenon is most evident in soils with higher plasticity index.”

- Pl = 34, Organic matter = 4.5%
= No correlation between pavement settlement and traffic
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(1 Construction/Removal of Temporary Connector
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d Possible Cause of Large Deflection in Only L2
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O L1 & L2 - Large deflection appears to be related to trees.

LY

TPAD Deflection@10,000 Ibs. [mils]

o N M O

1000 E 950 900 850 800 E 750 700 650 é 600 550 500 450 400 350 300 250 200 ElSO 100 50 0
: : TPAD DMI [ft.] :

e TR 2
- .

— QU

o Large de

= e EE T

o 2.2.3.5 Vegetation Pavement Manual, page 3-8

Although vegetation is normally beneficial, having large trees or other vegetation requiring a
sustainable water supply close to the roadbed or roots that are close or under the roadbed are ==
most likely detrimental. These conditions create a greater chance of subgrade desiccation lead- 5% =
ing to soil shrinkage and possible cracking. This phenomenon is most evident in soils with

higher plasticity indexes|(1ex-106-F, “Calculating the Plasticity Index of Soils”) and large

shrinkage potential (Iex-107-E, “Determining the Bar Linear Shrinkage of Soils™).




 Frontage Rd Google Earth Historical Imagery

Jul 2015 B Jan 2017
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(] Void Mechanism

Void Longitudinal
A Crack

3 L™

LY

=

L2 L1 Shoulder |*-8

06.04.2020 23

vﬂ—/
6.0-in. HMA I Step #4. Void

Step #1. Possible signal
of immediate settlement
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4.8 Summary

= No significant distress was observed along the test section - No significant
distress

= No significant longitudinal crack progress from 2011 to 2020

= Although there is void, the current pavement structure continues to carry the
design traffic volume - Very successful performance.

= The cause of settlement could be a combination of:

- 1) construction and removal of temporary connector
— 2) construction practices
- 3) moisture loss due to trees.

= Subgrade conditions, which is 12-in. TY-C embankment, appears to be very
stable and strong - Subgrade is very strong.

= No correlation between pavement settlement and traffic
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4.9 Recommendations

= Option #1) Continue to monitor until a repair strategy can be scheduled
- Pros: No immediate cost
— Cons: The void and settlement are not repaired
= Option #2) Preventive maintenance concept - Pressure grouting (SS 3051)
— Repair limit:
* Length = 450-ft. (200-ft to 650-ft from the BAS)
- Pros: Moderate cost ($$) & void is filled
— Cons: Void may not be filled 100%
= Option #3) Full-depth repair
- Pros: Void and settlement are repaired

- Cons: Increased cost ($$9$), involves lanes 1-3, traffic control impacts
traveling public (close up to 3 lanes w/ positive barrier or full freeway
closure) and construction challenges
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(J Option #2) Pressure Grouting (SS 3051) & DMS 4675

. . Bt SL:?:: s ]| e o Cross-Section Arealft’] Void Volume [ft']
—_ f RWP mils] | Thickness in.
O Estimated Total Volume of the Void, 338.5 CF =12.54 CY N ] I A I T P RN
T T waid T = - = = = - =
11 1n L2-RWP 10.58 13 03 13 03 18 74 18 11
A ——— . 3051 23 ] L2-RWP 244 - - - 20 81 20 121
S = ftp://ftp.dot.state.tx.us/pub/txdot-info/cmd/cserve/specs/2014/spec/ss3051.pdf % 3 L2-RWp 401 01 00 01 00 01 02 [ 03
' ! 3 9 L2-RWI 1 06 02 10
: gt H=—T——":Bridge Approach Slab——*—
v, A - SEC #2 CROSS-SECTION AREA i i i 47 4 L2-RWP 759 - - - - 5 -
G 2o Special Specification 3051 = A I I 4 : —_—
L3 i 1-1 ¥ . I‘M': . 91 pi] L2-RWP. 143 - -
Sy A : Pressure GrOUth .. o 11 20 L2RWP 143 5 5 5 B . 5 N
At 2 b, A LONGITUDIRAL CRACKS: l 13 2 L2-RWP 43 02 00 02 00 05 19 05 29
SECTION #2 — ? —t—— i | 1, DESCRIPTION » T o —— - = = = =
T - ) 190 B | 2w 161 , , - - g , , g
LY. ? A . L1:e's§al|1; auistig '.u_r:ls Lder I!|e £znaess pavement et locezans shawn on 1 plars or Fesgnalsd t',_ m 21 -RWP 397 01 00 01 00 04 12 04 21
+ o W . Ik Eriginer. This includszs diling irjezian holes. clscement of uicersealing grout, tesling iz control lift 230 9 L2RWP 631 06 01 06 01 17 67 17 100
L i o RNt SRanuE AN alhar ralatd work 2RWP 058 02| 01| 02| o1 06 25 06 37
: i ; - G - : LRWP 341 - - - 01 05 01 07
SECTION #1 .ﬁ.ﬂ__lz.ﬂ__ﬁ.n_. : e Tide a4 https://ftp.dot.state.tx.us/pub/txdot-info/cst/DMS/4000 _series/pdfs/4675.pdf Li'"WP lgi - - - - -
7 R W === Frum— L2-RWP. 1
» - . A L2-RWP. 268 - - - - - - - -
R AT DMS-4675 L2-RWP 361 01| _oo] o1 oo 00 02 00 03
L3 |_2 o kg L1 SEC ¥ CROSS-SECTION AREA #* 12-RWP 812 09 02 09 02 11 43 11 65
- o 1 _' ¥ e 0 L2-RWP 977 12 03 12 03 13 52 13 78
: A ; - Cementitious Grouts and Mortars for Miscellaneous ﬁ‘.’#‘w s T BT Ry ey e o
ot s App"cations o Tarpueiion L-RWP. 1113 14 04 14 04 19 75 19 13
LRWP 1083 14] 03] 14| 03 18 71 18 106
a0 .o 120 6.0 Effective Oate: December 2014 L2-RWP. 1148 15 04 15 04 18 7.2 18 109
I ] 1 LRWP. 1068 4] 03] 14| 03 22 86 22 129
1 DESCRIPTION AW 955 12] 03] 12| 03 13 50 13 76
L2-RWP 9.67. 12 03 12 03 15 5.8 15 87
s in ooerns T pre-cLailiceion prasaduce paskacing, e af L28WP 2% 12 12 55 15 s;
VOLUME OF VOID oo L3 + L2 + L1 g fd oot 158 2 5l 2pm ot e Theeh appenere e bt 35 12 d V I f E h FWD :
i olume 1or ac :
WO P b s, L2-RWP =G0 o ! 38 10 58
® guuirg anchor bells and dewsla, L2-RWP 41 10 62
W geuirg lsberal correctos S prasiessad besre. L2RWP D M I St at I O n 30 07 A5
L2-RWP 22 05 32
DRWP | 6 29 07 43
. . . L2-RWP. 679 07 uz 07 uZ 03 31 08 47
L2-RWP 6.56 06 02 06 02 08 32 08 47
nSpeC Ion Onsl era IOnS L2RWP 591 05| 01| 05| o1 07 28 07 41
LRWP 575 05| _o1] o5 o1 06 24 06 36
- - - - L2-RWP 378 0.1 0.0 0.1 00 04 17 04 25
= Develop a detailed plan to avoid grouting material loss I e
. P - L2-RWP 47 03 01 03 01 06 25 06 37
L2-RWP 4.69 03 0.1 03 0.1 07 3.0 07 45
» |dentify drilling depth and condition for each hole BT e B s s B B
.. . I . . L2RWP 394 01| oo] o1 oo 02 07 02 11
L2-RWP 5.82 05 01 05 0.1 07 27 07 41
* A minimum of 13-in. depth drilling/no more than 15.0-in. drilling TR | R B O R o
L2RWP 632 06] 01| 06| o1 16 62 16 93
. . . . L2-RWP 5.94 05 0.1 05 0.1 12 48 12 72
= MIRA system can be used to identify drilling depth. TN S Y YRV BN N S R ©
2RWP 505 03] 01| 03] o1 08 34 08 50
L2-RWP 5.08 03 0.1 03 0.1 08 34 08 5.1
[ L2-RWP S5.46 04 01 04 01 07 30 07 45
L-Shape Wire 2RWP 3% 01| 00| o1 oo 08 30 08 45
2RWP 260 - - - - 02 07 02 10
r\ L2-RWP 238 - - - - - - - -
R L2RWP 352 01| oo o1 o0 01 03 01 04
2RWP 482 03] 01| 03] o1 04 16 04 23
L2-RWP 513 03 01 03 0.1 08 32 08 48
Q L2-RWP. 5.81 05 01 0.5 01 10 4.1 10 6.1 ‘
% 2RWP 7.09 07| 02| o7 02 15 59 15 88|
L2-RWP 897 10 03 10 03 24 96 24 145‘
= L2-RWP 741 07 02 07 02 20 79 20 119
e L2RWP 357 01| _oo| o1 oo 11 43 11 64
= LRWP. 223 - - - - 01 03 01 04
L2-RWP 12 - - - -
L2-RWP 132 N \
L2-RWP 126 N N N N N N ]
L2-RWP 117 \
L2-RWP 134 \
L2-RWP 137 N N N N N ~
L-RWP 132 N N N N \
116 \
\
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ftp://ftp.dot.state.tx.us/pub/txdot-info/cmd/cserve/specs/2014/spec/ss3051.pdf
https://ftp.dot.state.tx.us/pub/txdot-info/cst/DMS/4000_series/pdfs/4675.pdf

id Material Loss

(J Develop Plan to Avo
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5. Case Study #2 - Ft. Worth District

The District conducted full-depth repair (FDR) due to pavement settlement.
The District found the void under the CRCP during FDR.

Pavement settlement continues beyond FDR area.

The request is to investigate the extent of the void and cause of distress.

Attribute

Date Work Begin 05/10/2003

Date Completed 02/10/2006
Pavement Type CRCP

Slab thickness 8.0-in.
Shoulder Type No Shoulder

Base Type 4.0-in. HMATY-D
Subgrade Type 8.0-in. LTS or 8.0-in. CTS
Drainage Type Curb and Gutter
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(] Problematic Area

=  Adistressed section was
previously repaired (full depth)

Pavement Analysis & Design Branch

= The problem continues

beyond the repaired section

July 9, 2020

50



O Typical Section - Pavement Structure

= 8.0-in. CRCP + 4-in. HMA TY-D + 8.0-in. LTS or 8.0-in. CTS

STREET
CENTER
7 ' e 7
‘___ VARIES ol 6’ ol VARIES :_I_: VARIES ol 6’ ol e VARIES ,;'
| (SEE PLAN SHEETS) | (SEE PLAN SHEETS) [ |
. |
I ' PROF ILE o-1N. CREPR
L DNy, CURB ' ,
| "W, |, | 4-in. TY-D HMA
: SO VARIES VARIES )
I \*} .\' - i _“ T TT 2 i {A.-,, :::9“"1:.1: *".“:' o "8 ‘:,i: »1!'-_ '_,"a—fE o | _J_,Cu C-rc“
l\q?" 2 ..‘\P'ﬂu-‘ ' -9'4 ..\;__/..;.q /'-q"/"i/'.._ o=y LIS o ClisS
| ) ’ > 1T '. .-.. '...*-'- .‘.-. D ./
| emBANKMENT =TI '
' 2° 8" CRCP—/
| PR!ME C Ci (J
' "
' 4"HOT MIX TY"D “

SUBGRADE OR
8"CEMENT TREATED
SUBGRADE

TYPICAL CONCRETE SECTION WITH MONO CURB
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Location

 Ground Profile and Pipe
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Location of Test Section
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5.1 Web Soil Survey and Google Earth Historical Imagery

Map unit symbol
10

27
79

Map unit symbol

Map unit name

Bastsil-Urban land complex, 0 to 5 percent slopes

Frio silty clay, frequently flooded

Sunev-Urban land complex, 2 to 8 percent slopes
Map unit name

Bastsil-Urban land complex, 0 to 5 percent slopes

Frio silty clay, frequently flooded

Sunev-Urban land complex, 2 to 8 percent slopes

Rating (percent)
10.0

25.5
19.0

Pl
I <=147
]

> 14.7 and <= 16.0
- >16.0 and <= 25.5

Rating (percent) Qrganic Matter

0.61
2.50
1.45

I:I == (.47

|:| > 047 and <= 0.91

B >091and<=22¢
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(J Google Earth Historical Imagery

Google Earth
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(J Google Earth Historical Imagery

APIF2008

Google Earth
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5.2 Field Evaluations

1) Falling weight deflectometer (FWD) testing
- Evaluate overall pavement structural capacity
- Select in-depth evaluation area
2) Dynamic cone penetrometer (DCP) testing
- Subgrade modulus
- Layer consistency
3) Void thickness measurement
— Deflection vs. void thickness
4) GRP testing
- Ground-Coupled GPR (GC-GPR): layer thickness/void and water detection
- Utility scan
5) MIRA testing (spot testing)
- Slab thickness/delamination/steel location/void and water detection
6) LiDAR scan
- Field mapping
7) Pipe investigation - Video recording
- Purpose of investigation: broken pipe or crack investigation
- Investigation of the 36” RC pipe underneath the GPR test location.
- Video showed no immediate drainage issues or damage to the pipe.
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 Typical Distresses

= Longitudinal cracks and pavement settlement
= Secondary distress at FDR joints
- Free movement at FDR joint (not allowed in CRCP FDR)

* Cleaning/not enough epoxy injection/not enough epoxy curing time &
pull-out strength during epoxy application

e Continuity should be provided.
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(1 Cause of the Secondary Distress at FDR Joint

Appears to beh
R S

e

42y b 1 i 3
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5.3 FWD Testing - Deflection Profile

ok | R1 ] 0@ 47-mil
L R3

= P

30

= Statewide average deflection for
8" slab = 3.4 mils

Pavement Analysis & Desigh Branch July 9, 2020 60




1 Localized Large Deflection/Selection of FDR Area

[
o

| - R1
| B~ R3

P
o o

w W
o o

2R N
o o1 o

Deflection@9,000 Ib. [mils]
&

(&)

g g T ST :

1,497 1,507 1,517 1,527 1,537 1,547 1,557 |1,567 1,577 1,587 1,597 1,607 1,617 1,627 1,637 1,647 1,657 1,667 1,677 1,687 1,697 1,707 1
~ Distancg from the BAS [ft ] < .

U

Structurally good 5 No issue in R3 ik | . )

@‘ FDR Length
- L=130-FT. |
o e - =

T

L
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5.4 DCP Testing

= Coring locations

- DCP testing was conducted at coring location of C1, C2, C6, and C7
£ rore

e L e AR

— Jacksbo FOER iy

s o

i = bl e 1,845
1,4132 71 572 625 (2.3)
‘, _‘ (11.0)|(34.2) (47 8)

i DMI: distance from the bridge approach slab
(Deflection)
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(1 DCP Testing Results

Modulus
[ksi]
CRCP  HMA : .
Deflection Void
FWD Slab Base Pavement Layer
Core DMI T T @g[r?]ﬁg] Ibs [i-lr-l ] Informatior?/
in]  [in] ' Subgrade Nast“.fa'
oil
Cl 1,152 8.5 10.0 4.7 0 1 HMA 7.1
CRCP
C2 1,395 8.3 4.0 4.8 0 250 — 0 25.1 10.9
c3 1572 90 - 11.0 2.0 - HMA Base
4.0-In.
C4 1,625 8.0 - 34.2 4.5 8-in. LTS or
8-in. CTS
C5 1,633 8.0 - 47.8 5.3 !
Cé6 1,714 9.0 4.0 6.5 0 Natural Soil 15.8 10.3
C7 1845 82 338 2.3 0 ! Strong  12.6
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(1 Core Description
C1, 4.7-mil C2, 4.8- m|I C3 11 O m|I

—— 5 - L -

%!

e L

-
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(1 Core Description
C4 34 2 m|I C5, 47.8-mil C6, 6.5-mil

¢4_‘3€ @a\_

-gf»_,.

8.0-in. CRCP 8.0-in. CRCP 9.0-in. CRCP + 4.0-in. HMA + 8.0-in. CTS

Core sample was not
collected — no photo.

™ W

5.3-in. Void
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(1 Core Description
C7, 2.3-mil

Solid CTS (strong) - DCP testing was not able to be
done in CTS layer so testing was conducted after
coring the 12-in. CTS layer

= Very strong an;ral soil
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5.5 Causes of Pavement Settlement

Curb drain may be
- recommended to
~_ allow water to drain
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(1 Half-Moon Shape Crack & FDR in Fill Section (LiDAR Image)

i P S

..... 5 e i Ol s st i oo i =
W ! \> =
>/ .Fu_-II-Depth Repair \ o
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g Process Between Satellite Image and Plan Profile
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le scan is placed on the plans sheet to show the approximate depth.

The GC-GPR prof
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Location of anomalies w/ negative signal [VOID AREA]

Void Beneath CRCP Slab —mainly R1 and partly R2
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5.6 Summary

= Cause of Pavement Settlement and Longitudinal Crack

- Subgrade settlement and previous FDR occurred in the area with naturals
soil with high organic matter/high PI.

— The fill section was placed over the high organic/high Pl zone.

- Inadequate compaction around pipe and culvert resulting in immediate
settlement

= Distress at FDR Joints

- CRCP does not allow independent movement at FDR joints. FDR joints
should be fully connected like a single slab.

- Secondary distresses at FDR joint appear to be related with free
movement at FDR joints; possibly due to inadequate epoxy application
during construction.
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5.7 Recommendations

= Option #1) Full-Depth Repair
- Specified design details
- Inspection checklist
= Option #2) Replacement
- Replacement depth: 24-in.
- Proposed typical section
e 8-in. CRCP slab thickness (ltem 360 & 361)
e 4-in. HMA base (ltem 341)
* 12-in. Cement stabilized subgrade (Iltem 276)
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1 Option #1) FDR Design Details [Plan View]
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(J Option #1) FDR Design Details [Side View]
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(J Option #1) FDR Design Details [Cross-Section View]
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(J Option #1) FDR Inspection Checklist

Loose base material should be completely removed.
Clean drilled holes with compressed air.
Entire hole has to be filled with epoxy and confirmed by the inspector.

The number of epoxy cartridges used in FDR should be monitored and
verified by the inspector.

10-in. min. |

Use a drill bit with a diameter that is 1/8 in. greater than that of tie bars.

#6 bar
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O Fill the Entire Hole with Class C Epoxy (Epoxy Injection)

= Field training

Place tie bars as shown on the plans. Drill holes into the existing concrete at least 10 in. deep unless
otherwise directed. Use a drill bit with a diameter that is 1/8 in. greater than that of tie bars. Clean the holes
with a wire brush and compressed air to remove all the dust and moisture. Follow the epoxy manufacturer’s

instructions to apply the epoxy. Insert the ;[_ip_o_f_thg_epp;y_gq@r_itiggg_r_thgjip_qf the machine applicator to the
end of the tie bar hole, and inject Type lll,!Class C epoxy to fill the entire hole.i Insert ti

}‘ | A "( J.'sr

X e g
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0 Example of Not Enough Epoxy
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O Should Not Be Allowed
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0 Good practice - Check Number of Epoxy Cartridges

Number of Epoxy Cartridges - Item 361

19 . 6 1 fl O Z p er C art rl d g e Number of Holes Volume [in3] Liquids [fl oz] '\é::::l;:sf
T > 6.0 3.3 0.2
i : . il 2 12.0 6.7 03
SELECT OPTIONS 3 18.0 10.0 0.5
4 24.1 13.3 0.7

Contant per can/cartridge

; 19.61 1l 0z (US) 5 30.1 16.7 0.8
: Pt fodions 6 36.1 20.0 1.0
e e 7 42.1 23.3 1.2
8 48.1 26.7 14
INPUT 9 54.1 30.0 1.5
10 60.1 33.3 1.7
Cartridge Content per Can Unit 11 66.1 36.7 19
Hilti HIT-RE-10 19.61 fl oz 12 72.2 40.0 2.0
13 78.2 43.3 2.2
D [in] L {in.] Volume [in’] 14 84.2 46.6 2.4
#6 bar 0.75 10 4.4 15 90.2 50.0 2.5
Hole 0.875 10 6.0 16 96.2 53.3 2.7
17 102.2 56.6 2.9
18 108.2 60.0 3.1
19 114.3 63.3 3.2
20 120.3 66.6 3.4
21 126.3 70.0 3.6
22 132.3 73.3 3.7
23 138.3 76.6 3.9
24 144.3 80.0 4.1
25 150.3 83.3 4.2
26 156.3 86.6 4.4
27 162.4 90.0 4.6
28 168.4 93.3 4.8
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6. Discussions

= CRCP shows very good performance in Texas (1.5-in. void - no distress)
= Construction Practices

- Minimize immediate settlement 2 adequate compaction around
structures such as inlet/pipe/culvert

- Provide durable base and subgrade - proper subgrade treatment method
and base type selection

- Avoid independent movement at FDR joints - contractor/inspector
training

= Designh Consideration for CRCP Foundation - Very Important
— Case study 2: Subgrade quality is critical.

C1l: 4.7-mils C7: 2.3-mils
8.5-in. CRCP & 10-in. HMA 8.2-in. CRCP +3.8-in. HMA + 12.0-in. CTS

o e, v

No signs of CTS & weak soil Strong CTS & Soil
SG modulus (DCP): 7.1 ksi SG modulus (DCP): 12.6 ksi

Pavement Analysis & Design Branch July 9, 2020



7. Contacts

Safety: Mission

ZER

Roberto Trevino Flores, P.E.

Branch Manager

Pavement Analysis & Design Branch, Maintenance Division — TXDOT
Office) 512-832-7304

Cell )512-949-7888

Email) Roberto.TrevinoFlores@txdot.gov

Pangil Choi, Ph.D., P.E.

Transportation Engineer

Pavement Analysis & Design Branch, Maintenance Division — TXDOT
Office) 512-832-7324

Cell ) 737-701-1536

Email) Pangil.Choi@txdot.gov

Safety Never Stops!
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