Full- and Partial-Depth Repair of
Continuously Reinforced Concrete
Pavement

TxDOT Implementation Project 5-9045-5-P1

Moon Won
Texas Tech University



Outline

« CRCP Behavior and Performance
* Full-Depth Repair (FDR)
« Partial-Depth Repair (PDR)



CRCP Behavior and Performance

» Deflections and, to a lesser degree, load
transfer efficiency (LTE) at transverse
cracks are the key to CRCP performance.




Deflection @ 9,000 lbs [mils]

Slab Thickness vs Deflections
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CRCP Behavior and Performance

« Control of deflections by steel reinforcement,
adequate slab support and slab thickness




Overall Performance of CRCP In
Texas

* Punchout: 1 per 8.8 lane miles
* Concrete Patch: 1 per 4.6 lane miles
« Asphalt Patch: 1 per 88 lane miles
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FULL-DEPTH REPAIR OF CRCP
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Full-Depth Repair of CRCP

« Conduct only when needed. (i.e., when
CRCP distress extends through the slab
depth)

* If distresses are limited to the top half of
the slab, use partial-depth repair.
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Key to Successful Full-Depth
CRCP Repairs

* Lower deflections at transverse repair
joints

« Sound base support along the perimeter of
repair areas
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Evaluation of the Performance of FDRS

Deflection Testing using FWD

FDR section
® ®

10ft 10 ft

10ft 10 ft
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<Location>
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Deflection [mils]
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Deflection [mils]
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Epoxy

Deflection [mils]
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Deflection [mils]
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Welded

Epoxy

Deflection [mils]
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Welded

Epoxy
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Welded
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150 ft

<Location>
N : 33°29.277°
W : 97°48.551°
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Project Level

*0000 +00.0

S 0.000R1 20 131017 68 HOTGNES uid e s g i e
647 46 41 36 43 25 21 18 10273 1.79 1.61 1.41 1.69 0.98 0.84 0.70
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'13-1in side

S 0.004R1 20 131020 BF... BEVOIEE o pmmmmms memomomgng g s e s
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Important Findings

» Deflections at transverse repair joints are
higher than those at other areas, which
explains poor performance of FDRS.

» Efforts should be made to strengthen
transverse repair joints.

53



Amarillo IH 40

* 9-in CRCP + 600 #/SY ASB
 Completed in1979



PLANS OF PYROVOSEID
STATE HIGHWAY IMPROVEMENT

CARSON AND GRAY COUNTIES
INTERSTATE HIGHWAY 40 :

FROM: 20 MI. WEST OF GROOM 5
TO : 20 ML EAST OF GROOM

FEDERAL AID PROJECT 140-(939)10

GRADING, STRUCTURES, FLEXIBLE BASE, ASPHALT “

STABRILIZED BASE, ASPH. CONC.PAV & CONCRETE PAVEMENT
(UNIT I CONSTRUCTION)

TETAL MET LENGTH OF PROJECT L] 20 3R ANFETY SETIMEY
KE™ 1f%7TH 3F CONTED. ZTieq-Lls w DEEETLEET &TOT M| .
RET LENZTH OF CONTRIL 2735~ /3 =« 6 EALITF I 1256 ML, -

ATQUTS

&

L]

STATE DEPARTMENT OF HIGHWAYE
AND PUBLIC TRAAMSPORTRTION

Lan o P.2F B e IT__

- -

__.""I - '3_2? ,il-.l'E Bpprivad; rd; e -,r_f i
e RANTART B o ER [ . "dé{_’-,: :rr o -!
e BT L3E T Tsoees weaneras o

mmra [=-14- 78
I" - . -uan = — ._!

& i F ve ek F
i ' ) _.|"_. __-.r .‘,-"_i‘“' B -
P Yors e s

b |l



(Ein)

e T Mo Usuald oL 38"~ Canc. Faw (Cantin Rainf Hr S ) fﬂ;ﬁr} R e Usual o
i
. ! .
L vor ~Orocet Seed __ ¥, IR 1- SN, o' L Var ~Ordcef Se
‘ Shide Showlder
) ¢ Fasf Bound
Lores (Enraf. :
i : West Sound 5
: : lanes '
‘ Sfopiger ol wirk
FProf Greols E FA SFIEF f,.e‘ u-;‘ Ao
- - -ﬁ' -
- A ﬂf.fn — TR ST S f/_) .
! —T —— i i — a ;-
__J_____,IGAJ-/_"— _ ,_l_—~‘_"_——,;,—h-_'-_'Iir e e ey g
' % wfima Treod Swbgs (Dacs Canf Fliwind Prira Cont & Acph . fvafe  The eerntieg Wes
Ston., Dote San & 05 lbs J5Y Leofies AL @ &

Doz A el ¥
i af Flas.ole

‘< Qe TYPICAL SECTION NO 2~ EAST SOUND LANES

: f"":"?pcl‘: T be usesd befween Phe Yolswing Stations: (43800 fo /452 - 00D
{702 .00 fo ITED + 206T




38 FT PLACEMENT WIDTH [15%i0" PLACEMENT WIDTH | 22-2% PLACEMENT WIDTH ADDITIONAL STEEL AT TRANS. CONST. JOINT
NT PAVM'T | BAR - size |@ M@ NO| () D | wWRIGHT WEIGHT
INAL | THICKMESS | S512E | SPACING C-C| MO. OF | STEEL SPACING C-C|NO. OF | STEEL amc_l_h_lg C-C KD OF | STEEL| sup |PER 38° PERIS-10" PER 22-2"| bs/FT, BASED | Ibe.sFT BASED
) “Trin, @ I'@ © |Bars (ws/sy | A | B 1 c |Bars |wesy | () [(B) [(© |eaxs | toeSY | oo IPLACE | PLACE | PLALE ON 38" ON 222"
B Lo o i D [nnln 1@ in | s ® WIDTH | WIDTH | WIDTH | PLACEMENT | PLAGEMENT
X3 &4 No & | 3 |<+EE TS #3813 | 4+ vy e a5 | 3 |5 |75 3% b3 Ho:'&lﬂB] 3l 13 I8 PR 58 JoR
P 57 zp, Lh 275 §i w f2. s ™
I}i 3 l-'-"fr L =F .3.5 L 'lrF"cJ b, -Iue lllll"l:lll.'ﬂ JOIRTY RILL BT ags g
L e o ___I R T P PN
i ) ) _I,'.!'—_l?' . [ L ope b DETRILG &5 L CRMl W wiTHL g
— 24 T . — ey -:‘.‘_ 'l -— Samad LONGITUDINAL ELbbwnEsl [h AL FLAK
A 4 5pa (@ 2y e K a8 B __""_SM.'@.T.J‘E'._'_?F.'F A ‘_//-H-._ JOINT W, mDTRIN ARt REHE PR FERTY
i Saririaiatiors: I : 0 R e 2
T e Ii.—o—-._\_'_,.,—o—n\_.-—h\_.,-'—-.._.a—u\.._..o-'--._..-r _""""_"‘_"_I' II.—-—u._ e T - . A LobLIT0Ghk, AMD TEERSSTELE Riky &
i { . 1 ] —— —-:F ~ At WCTRD (R TmE SPICD LAY DN
4" "5".' - - [ L CER T S T TEN R,
! B o L OUTSIDE PAVM'T. . :”:h - .,!u,.‘. .,J-,
[ ¥ \ EDGE ::.‘u::s. 0o :-I.h' Siat ars -
! GobRalEL &Y QLT (=
. \ ! S O T T O Y = ST LR wer
I"G I [ Ll """ TT-aDD'L STEEL BARS T :
T AL TS N R - _ ]! f .
| 'f k TRANSVERSE CONST JT,
1 1
I l'l,ll1 T
H ! W
T J y Eowkd Jonrt T oo g, jasnd
. .:_ k CEA Semiing Menenig -—2-;- Egge of Lane
W (I Wepd B - :Tr-;‘vn erpitud oot Bars .
o o i —————— - ool . - . . I
b 1 S 5 . b - “ 3
-f |‘I II|I | | “:_“,\_--“,:‘_ﬂ'_.'_.‘*__“__ r . b I;\: b - wA o R iy s ER
i "+ | |
iy Saweed LONGITUDINAL JOINT
.|l.| N -
i | ' Sechan Z2—-¢
: Sawed Jownt
diirt Segling WMatenai o
z | Methed B L2 ﬁ;;.r.;q“u::q "
! ; * o Tiebera o 16 1T M . Longtudingl Bae
R O W [ L__Z_'_,______,._.._r.l.__v__-_,__,_,_.f____,____l I_:-—\_\_\__'_,_.—\_-o—\-\_,-—'-n_:—-\_,-ﬂ . -_-__.‘.-'\."' 5 . ; nml;-r *nu ' ars
P— !—-Eq-ol L.w-.nn.z | Il |- i v e e ! ) :"g |
. b | A , : - Ty
& 36 g2 - * 4 ¥ 30" TIE BARS () 367 C=C & # L ST, M — -3 -
- — SRR W I _.___.:r b -
CSEwad LOMGITUDINAL JOINT - -

QR

" Tian
4 e R ariwerie Bors









FWD Test Setup

__________________T-

3,2”
—» 4’3 6
L1 1 2 3 4 5
L2 6 7 8 i
L3 9 10 1 || 12
PunchOut —__ P
L4 13 14 \(\ 15 16

| ¢
|
|

17

18

19







Deflection(mils)

L1

Geophone Location(inch)

0 12 2

4 36

48

60

72

84

w

nl
o= ="
’
7
’
’
’
’
’
2
Z

(@))

P
P
- 277
7
- .
’ ’
.
’ ’
- ’
.
P ’
. ’
’
.
.

I\ v
W\
N AN
. -
AN
B [l
AN
]
AN
N
[
N
AN
N

—_
N

RN
(@) ]

@ JS_Slab1_L1
——&— DS_Slab2_L1
-4+ US_Slab2_L1
—&— DS_Slab3_L1




Deflection @ 9,000 lbs [mils]

Slab Thickness vs Deflections
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Review of Specifications Item 361
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361.3. Construction.
Epoxy-grout all tiebars for at least a 12-1n.

embedment into existing concrete. Completely fill the tiebar hole with
Type IIL, Class A or Class C epoxnserting the tiebar into the hole.
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Existing Pavement
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THE STEEL SPACING FOR CONTINUOUSLY REINFORCED CONCRETE
PAVEMENT (CRCP) AND JOINTED REINFORCED CONCRETE PAVEMENT
(JRCP) SHALL BE REINFORCED AS SHOWN IN TABLE NO.1.
TABLE NO. 1 STEEL BARS SIZE AND SPACING
TIEBARS REGULAR REBARS
PAVEMENT "
TYPE OF PAJEEENT THICKNESS | i SPECING e SPACING
RE INFORCEMENTS (INCHES) |iar noo | (INCRES) | (8am noLy | (INCHES)
i ALL ; 24
TRANSVERSE BARS JEEP ¥ & 0
J
(CPCD) ALL #0 24 NONE NONE
: 56 9 #6 9
9 16 g #6 :
CRCP 10 #0 7 #6 7
1 6 6.5 6 6.5
LONGITUDINAL BARS T - - - -
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8-in CRCP




8-in CRCP

3-in AC Overlay




8-in CRCP

< 3-in AC Overlay
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8-in CRCP
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8-in CRCP
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Coring

3-in AC Overlay

8-in CRCP
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361.3. Construction.

Provide orout retention disks for all tiebar holes.
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Remove or repair loose or damaged base material, and replace or repair it
with approved base material to the original top of base grade. Place a
polyethylene sheet at least 4 mils thick as a bond breaker at the interface of
the base and new pavement. Allow concrete used as base material to attain
sufficient strength to prevent displacement when placing pavement
concrete.
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Remove or repair loose or damaged base material, and replace or repair it
with approved base material to the original top of base grade. Place a
polyethylene sheet at least 4 mils thick as a bond breaker at the interface of
the base and new pavement. Allow concrete used as base material to attain
sufficient strength to prevent displacement when placing pavement
concrete.
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Remove or repair loose or damaged base material, and replace or repair it
with approved base material to the original top of base grade. Place a
polyethylene sheet at least 4 mils thick as a bond breaker at the interface of
the base and new pavement. Allow concrete used as base material to attain
sufficient strength to prevent displacement when placing pavement
concrete.
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361.3. Construction.

dowel bars in place. Demonstrate, through simulated job conditions, that the
bond strength of the epoxy-grouted tiebars meets a pullout strength of at
least 3/4 of the vield strength of the tiebar when tested in accordance with

ASTM E 488 within 18 hr. after grouting. Increase embedment depth and
retest when necessary to meet testing requirements. Perform tiebar testing

before starting repair work.
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Drill-Epoxy Evaluations

* Test procedures
* Preliminary test
* Main test



Clean a hole
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Fill the hole with epoxy



Prevent the epoxy leak oy Steel plate



Load cell




Apply pressure

)

The pulled out length




Preliminary test




Experimental factors

- Used # 6 rebar for all test

- Compressive strength of concrete at
testing day : 8,485 and 8,274 psi

* Quantity of epoxy
« Curing time of epoxy
» Hole condition



- 1 Hour curing - 1 Hour curing
- Enough epoxy - Not enough epoxy




Hole condition
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Main test
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Dirty and clean hole
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Embedded depth
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Fast Curing Epoxy
for All Conditions

* 2006 International Building
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Gage analysis




Layout of gage installation

Existing Pavement

(. Left ) ( Mid-left )(Mud nght)
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Full depth o S:Sﬁ;ebar with
repair section

.. SSG
- Tiebar without SSG
---——— : Longitudinal rebar
in FDR section
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Other Issues with FDRs



Non-Compliance with Specifications

Existing rebar

Transverse joint

Existing pavement

New tiebar

Full depth
repair section

in FDR section
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TABLE NO, 1 STEEL BARS SIZE AND SPACING
TIEBARS REGULAR REBARS ALL BARS
PAVEMENT [ < - FIRST & LAsT
. | sz BAR ]
Y | HIOOESS | B | spacve | e SPACING | SPACING AT
REINFORCEMENTS [ PA ONCHES) [(am ool TincHeS) | end noLy | (INCHES) | END OR SIDE
"N (INCHES)
CRCP N f . y
TRANSVERSE BARS | JRCP - #6 e % ' 12
JCP
cpeoy | ALl 26 24 NONE NONE 12
9 46 8 56 8 12
CRCP 10 #6 7 86 7 12
X e 6.5 =6 6.5 2
LONGITUDINAL BARS
212 #h 6 #6 ] 12
JRCP ALl 56 12 &) 24 17
[
cpeny | AL 5 12 NONE NONE 12

— Texas Department of Transportation

/4

Construction Divlslon (Povements!

FULL DEPTH REPAIR

FOR

CONCRETE PAVEMENT

FOR(CP)-05

Fues fdreplf. dgn b Tx0OT | e |Du= HC ces |
(©) 1007 Septerber 1934 | isict FEDERAL AID PROJECT SHEET
REVISI0NS
COUNTY COWTROL [SECT | JOH [HIGHWRY

162




No compaction on loose base

—’/ enedadage

air g
AL




Insufficient epoxy




Different depths




o transverse tiebars




Use only drilling operations that do not damage the surrounding operations.
Place new deformed reinforcing steel bars of the same size and spacing as
the bars removed or as shown on the plans.
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PARTIAL-DEPTH REPAIR OF
CRCP

172



Partial-Depth Repair of CRCP

* |deal for distresses that are limited to the
top half of the slab in CRCP

* Ensuring good bond between existing
CRCP and repair materials is a key to
good performance.
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2004 Specifications Waco District

SPECIAL SPECIFICATION
XXXX

Partial Depth Repair of Concrete Pavement

1. Description. Repair concrete pavement to partial depth in accordance with the details
shown on the plans and the requirements of this Item.

2. Materials. Provide materials that meet the pertinent requirements of the following:

* [tem 360, “Concrete Pavement”

» Item 421, “Hydraulic Cement Concrete”
* Item 440, “Reinforcing Steel”

* DMS 6100, “Epoxies and Adhesives.”

I[f material in Item 421 does not meet the strength requirement, provide material that
meets the requurements i DMS-4655, “Rapid-Hardening Cementing Materials for
Concrete Repair”

3. Equipment. Provide tools and equipment necessary for proper execution of the work that
meet the pertinent requirements of the following:

* [tem 360, “Concrete Pavement”
* Item 429, “Concrete Structure Repair™



Summary
- Full-Depth Repairs -

« Establishing solid bond in tie bars

o Spec requirements: fill holes with epoxy, minimize
drain downs using grout retention disks

 Drilling holes
o Hammer drill, rotary drill, core drill

o At mid-depth or below the mid-depth if needed, but
not above

* Tie bar or longitudinal bar spacing
o Should be the same as in the existing CRCP. 200



Summary
- Full-Depth Repairs -
« Establishing solid base

o Spec requirements: remove loose materials & replace
with concrete

201



Summary
- Partial-Depth Repairs -

 Good candidate for distresses for US 75 and IH 30
o Still under evaluations

« Establishing good bond bet'n old and new concrete
o Hook bars

* Other good concreting practices

202



