1993 AASHTO Overlay Design

©Overlay Type Feasibility

O©Important Considerations in Overlay Design

©Pavement Evaluation for Overlay Design

% Design of Overlay Along Project
* Functional Evaluation of Existing Pavement

¥ Structural Evaluation of Existing Pavement
(Figure 5.1)
SC,, SC;
SC.¢ (SN for AC, or D for PCC and
Composite Pavements)
SCor = SC- SCy

1. Visual Survey & Material Testing
2.NDT
3. Remaining Life (Figure 5.2)

N
RL = 100(1— pj
NI.S

SC,

SC,

SNeﬁr = CF(SN,)

Note: N, N, 5 for traffic or ESAL

CF =




Serviceability
_)
N

SC - Structural Capacity

o

Existing
Pavement
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Figure 5.1. ﬁlust;a;ion of Structural. Capacity Loss Over Time and with Traffic
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3% Determination of Design Mg, (Figure 5.4)
1. Lab. Testing
2. NDT Backcalculation |
3. Estimate from Correlation Studies
4. Original Design & Construction Data

0.24 P
Design = C
g M R ( drl" ]
C £0.33
Note: r = sufficient large distance from the
loading plate

OAC Overlay of AC Pavement
SN, =ap (Dyp) = SNf — SNeﬁ

Step 1: Existing Pavement Design & Construction
Step 2: Traffic Analysis
Step 3: Condition Survey
Step 4: Deflection Testing (Strongly
Recommended)
1. Subgrade Resilient Modulus (My)

- ( 0.24 P]
M & i
R My &3 R S RALEAE (psi) » P &6
ME(Ds ; REERMEA 90001D) > d. 28
MEPQIEBRFEF LM > r Bk
MEPQIEAEGRN) > BB r AR R
r>0.7a, > LI NXAeTF o
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Rehabilitation with Overlays
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(d, must be measured far enough away to

i%vide a good estimate of suégrade modulus,
o | independent of the effects of any layers above,
— —— — butalsoclgse enouch that 1s not too small to——

measure accurately)

- ‘ 2
et
R P a, b 3 R SLE & 2 MR o A8
(in , Stress bulb) ’ aé47§ai+4zc<(ln . 3

-a%aaﬁfaﬁmmo
2 Temperature of AC Mix
3. Effective Modulus of the Pavciment @ |

d, =15pa

| \)*“l’/?gPlgureS 32K, / My -9 /}‘\E -5 o
| L/-/-" d, = adjusted to a standard temperature 68 °F

- (Figure 5.6 - Figure 5.7) -
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(d, must be measured far enough away to
provide a good estimate of subgrade modulus,
independent of the effects of any layers above,
but also close enough that is not too small to
measure accurately)

o=l (o ) |

WX P a, 3R SLE w2 B R ) -t AR
(in ; stress bulb) > a ZrrEM#F&(in ; #E
RIS5.9in) > D Asm &R BEFE(n) > E,
2y 35 R VA L 46 B R A= TR AR B (psi) 0 My
2% P B T AL B4 (psi) ©
2. Temperature of AC Mix
3. Effective Modulus of the Pavcement (E))

1

-MR\/1+(_§_* 3\[(]_l2p/MR)j2

+1\/1+(11)/a)2
E

p

d, =15pa

& Figure 5.5 > E /M, £ E,=?
d, = adjusted to a standard temperature 68 °F
(Figure 5.6 - Figure 5.7)
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Rehabilitation with Overlays
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Step 5: Coring and Material Testing (Strongly
Recommended)

M=1500CBR (may be too high)
Step 6: Determine the Required Structural Number

(SNpfor Future Traffic
0.24 P
Design =C
g MR ( Cllrl" j
C <£0.33

=> 5K SN; (Using AASHTO Design Equation)
Step 7: Determine SN
1. SN, from NDT for AC Pavements

SN,,, = 0.0045D 3[E,

(Figure 5.8)
2. SN, from Condition Survey
SNy = a,D, + a,D,m, + a,Dsm,
(Table 5.2)
e.g., a; = 0.34 (good), 0.25 (fair), 0.15(poor)
3. SN, from Remaining Life

N
RL = 100(1 -2 ]

Nl.S
SN, = CF(SN,)

Step 8: Determine Overlay Thickness (D)
DOL = SNOL /aOL = (SNf _SNejjf) /aOL
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Table 5.2.  Suggested Layer Coefficients for Existing AC Pavement Layer Materials _
MATERIAL SURFACE CONDITION - - COEFFICIENT

AC Surface - Litde or no alligator cracking and/or only Tow-severity 0.35 to 0.40
transverse cracking . o~
< 10 percent low-severity ailigator cracking and/or 0.25 10 0.35

<5 percent medium- and high-severity transverse cracking -

> 10 percent low-severity alligator cracking and/or ) : 0.20 10 0.30
< 10 percent medium-severity alligator cracking and/or
> 5-10 percent medium- and high-severity transverse cracking

. > 10 percent medium-severity alligator cracking and/or .= . -0.14100.20
< 10 percent high-severity alligator cracking and/or a :
> 10 percent medium- and high-severity transverse cracking 7
> 10 percent high-severity alligator cracking and/or 0.08 to 0.13

> 10 percent high-severity transverse.cracking

Stabilized Base Little or no alligator cracking and/or only low-severity 0.20 10 0.35
. transverse cracking
< 10 percent low-severity alligator cracking and/or ‘ 0.15100.25
<5 percent medium- and high-severity transverse cracking
> 10 percent low-severity alligator cracking andfor - i 0.151t0 0.20
< 10 percent medium-severity alligator cracking.and/or . Tl :

>/5-10 percent medium- and high-severity transverse cracking

> 10 percent medium-severity alligator cracking and/or = . > 7 70.10100.20
< 10 percent high-severity alligator cracking and/or ) ; .
> 10 percent medium- and high-severity transverse cracking

> 10 percent high-severity alligator cracking and/or  ~ i © 7 0.08100.15
> 10 percent high-severity transverse cracking

Granular Base =~ No evidence of pumping, degradation, or contamination by fines 0.10 10 0.14

or Subbase . . . -
Some evidence of pumping, degradation, or contamination by fines 0.00 t0 0.10

v

SN, = Effective structural number of the analyses. No adjustment-need be made to SN values
existing pavement, from Step 7 ) determined by NDT if the depth of milling does not

. . ' - : exceed the minimum. necessary to remove surface

The thickness of overlay determined from the ruts. If a greater depth is milled, the NDT-determined
above relationship should be reasonable when the SN, may be reduced by an amount equal to the depth
overlay is required to correct a structural deficiency. _ - milled times a structural coefficient for the AC surface

See Section 5.2.17 for discussion of factors which-  based on the condition survey. 7
may result in unreasonable overlay thicknesses. - . - ; B

3.4.6 Surface Milling - ) . ) . =
o ) 5.4.7 Shoulders ) .

If the AC pavement is to be milled prior to overlay, . .
the depth of milling must be reflected in the SN See Section 5.2.10 for guidelines.

+
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3 Overlay design analysis

1993 5= AASHTO Guide &
Bt E AR T R T .

B bl e X el R

R s R AR
fro &5 44 ¥ RAEHT PiiE R A A
AC AC hol= SNol /a
=(Snf - SNeff)/a
AC Break/PCC hol= SNol /a
=(Snf - SNeff)/a
AC PCC Dol=A(Df -Deff)
AC AC/PCC Dol=A(Df -Deff)
Bound PCC PCC Dol= Df-Deff
Unbound PCC PCC D’ol= D*f-D’eff
PCC AC Dol= Df




@AC Overlay of Fractured PCC Slab Pavement
SNy = ap, (Dyy) = SNf - SNeﬂ
Step 1 ~ Step 5: Same as Before
Step 6: Determine SN,

Design [ o = C(Ojﬂ)j
s

C =0.25 or less
= £ SN, (Using AASHTO Design Equation)
(Design APSI, Overlay Design Reliability R,
Overlay Standard Deviation S,)

Step 7: Determine SN (from Condition Survey)

SNy = &, D, my + a, Dy,
Step 8: Same as Before

O©AC Overlay of JPCP, JRCP, and CRCP Pavement
Doy = A(D; = Dy )
A=2.2233-0.1534(D, - D,, )+0.0099( D, - D, )’

A= Factor to convert PCC thickness deficiency to
AC overlay thickness

Step 1 ~ Step 3: Same as Before
Step 4: Deflection Testing (Strongly
Recommended)
FWD, AREA



AREA = 6[1 +2 e +2 Iy + d%j
dy d, d
1. Effective Dynamic k-value (kgy,)
&7 dp, AREA ==>Find k,, = ? (£ §)
(K. T. Hall's Closed-Form Solution)
2. Effective Static k-value (k)
Kotat = Kgyn/ 2

3. Elastic Modulus of PCC Slab (E)
® AREA, ky,, ==> ED’==>Find E = ?
(Typical E =3 ~ 8 Mpsi)

4. Joint Load Transfer for JPCP/JRCP

ALT = 100(2—”]8

L

d,

B — Ocenter

Ayconter
B= Slab Bending Correction Factor
(Typical B=1.05 ~1.15)
(Don't measure it if air temperature > 80°F)
a. Determine JPCP/JRCP Load Transfer
Coefficient (J),J=3.2~3.5~4.0
(%LT>70 ~ 50<%LT<70 ~ %LT<50)
b. For CRCP, use J = 2.2 ~ 2.6 for Overlay
Design
Step 5: Coring and Material Testing (Strongly
Recommended)

PCC Modulus of Rupture, S/

S =210+1.02/T (psi)

c



Highway Pavement Structural Design I1-39

Example:
D
E

= 6 inches

= 20,000 psi

sB
sB
Mg = 7,000 psi

Solution: k_ = 400 pci

©

N N A T T T T T T T T
',sogg‘ggg\ ] ]l ] ] ] I [ \\'\E& \\\\ Compos”e Modulus of <
3 400,000 P I~ Subbase Elastic "R N\ | Subgrode Reaction,
1 200,000 ™ NN Modulus, E  (psi) SN NN ke (pei)
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,: ;g'ggg E\\\\\\ \\ \\\E\ \ infinite Subgrode -+
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T n

Figure 3.3. Chart for Estimating Composite Modulus of Subgrade Reaction, K, Assuming a
Semi-Infinite Subgrade Depth. (For practical purposes, a semi-infinite depth is
considered to be greater than 10 feet below the surface of the subgrade.)
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Design Slab Thickness, D (inches)
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90— Load (ESAL) Applications, W,g (miilions)
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NOTE® Application of reliability
in this chart requires
the use of mean values
for ofl the Liput veriables.

Reliability, R (%)

Figure 26. Design chart for rigid pavements based on using
mean values for each input variable  (Segment 2)

. (continued.)
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I'T= indirect tensile strength of 6" diameter
cores, psi
Step 6: Determine Dy
1. Effective Static k-value (k)
a. Kyt = Kayn/ 2 (kg from Backcalculation)
b. Conduct plate load test
c. Estimate from soils data and base type and
thickness from charts
2. Design APSI
. J Load Transfer Coefficient
4. PCC Modulus of Rupture

S =210+1.021T (psi)

(U]

s - 43.5(%) +488.5 (psi)
E = Backcalculated E .,

5.E,.
6. le)ss of Support of Existing Slab
For OL design, assume fully supported LS=0
7.R, S,, C,(drainage)
(Using AASHTO Design Equation)
Step 7: Determine D g

1. D, from Visual Survey

Dy = £ (£, () D

r
F;. = joints and cracks (0.5 ~ 1.0), if

repaired all cracks F;, = 1.0
F,,, = durability (0.8 ~ 1.0)



F,, = fatigue damage (0.9 ~ 1.0)
2. D4 from Remaining Life

-t

1.5

D, =CF(D)
(From RL ==> determine CF)
Step 8: Determine Overlay Thickness (D)
Dy, = A(D; = Dy )

A=2.2233-0.1534(D, - D, )+ 0.0099( D, - D.,. )’

OAC Overlay of AC/JPCP, AC/IRCP, and AC/CRCP
Doy = A(Ds = Dy )
A=2.2233-0.1534(D, - D_.)+0.0099(D, — D, )’

Step 1 ~ Step 3: Same as Before
Step 4: Deflection Testing (Strongly
Recommended)
1. Temperature of AC Mix
2. Elastic Modulus of AC

logE.,. =1(Py, F,V

> Vv Thoor 108 pose »Foe s Ly )

(% passing #200, load frequency Hz, air
voids, absolute viscosity, % asphalt, AC
mix temperature)

3. Effective Dynamic k-value (k,,,) beneath

PCC Slab
a. Compute compression between AC (dgomp)



d

Ocompress

1.0798
=-0.0000328+12 1.5006( D""’j Bonded

ac

d

Ocompress

0.94551
=-0.00002133 + 38.6872( l};""j Unbonded

ac

b. Compute AREApq¢

d
AREA,.. =6(1+2 %, +2 Ay +—2 j
0PCC dOPCC dOPCC

dypcc = PCC deflection in the center of

loading plate = d - dycompress
d. = deflection at 12, 24, 36”

c. Backcalculate k,,
(K. T. Hall's Closed-Form Solution)
4. Effective Static k-value (k)
Ketat = Kayn/ 2
5. Elastic Modulus of PCC Slab (E)
&1 AREA, k,,, ==> ED’==>Find E =?
6. Joint Load Transfer for JPCP/JRCP

A
ALT = 1OO(A—ULjB

L

d,

B — Ocenter

d,

12center

B and J factor: same as before
Step 5: Coring and Material Testing (Strongly
Recommended)
1.Modulus of AC Surface



log E _ [logEac 70°F logEaC 90”Fj *
70 —-90

(t°F-T70°F)+1ogE
2. PCC Modulus of Rupture, S|

S =210+1.00T (psi)

Step 6: Determine Dy
1. Determine kg,, APSL, J, S.’, E

stat> pce o
Cq

S =210+1.02/T (psi)

ac 710°F

c

LS, R, S,,

S =43, S(Ié;j +488.5 (ps1)

2. Using AASHTO Design Equation
Step 7: Determine D

D
D, = Dpoe(Fi )(Fy, ) + zac (F,.)

F;. = joints and cracks (0.5 ~ 1.0), if
repaired all cracks F,, = 1.0
F,,, = durability (0.8 ~ 1.0)
= AC quality adjustment (0.8 ~ 1.0)
Step 8: Determine Dy
Dy = A(Dy = Dy )

A=2.2233-0.1534(D, — D.;; )+ 0.0099( D, - D.; )*




©Bonded Concrete Overlay of JPCP, JRCP, and CRCP
D, =D,-D,
Step 1 ~ Step 2: Same as Before
Step 3: Condition Survey
JPCP/JRCP: Joint Deterioration, Transverse
Cracks, Expansion Joints, Durability,
Faulting, Pumping
CRCP: Punchouts, Deteriorated Transverse
Cracks
Step 4: Deflection Testing (Strongly
Recommended)
1. AREA (same definition)
2. Effective Dynamic k-value (k) from
Backcalculation
(K. T. Hall's Closed-Form Solution)
3. Effective Static k-value, kg, = kg, / 2

5 “rstat

4. Elastic Modulus of PCC Slab (E)
B AREA, k4, ==> ED*==>Find E =?
6. Joint Load Transfer for JPCP/JRCP

ALT = 1oo[ﬂj3
AL

d,

B — Ocenter

d,

12center

B and J factor: same as before
Step 5: Coring and Material Testing (Strongly
Recommended) |

f

S, =210+1.02/7 (ps1)

c



Step 6: Determine D,
Using AASHTO Design Equation (Same as
before)
Step 7: Determine D,
1. Visual Survey

Deff — (P}c)(qur )(Ffat)D
2. Remaining Life
RL = 100(1 _ N, j

1.5

D.. =CF(D)
Step 8: Determine Dy
Dy, = Df - Deﬁ

©Unbonded JPCP, JRCP & CRCP Overlay of JPCP,
JRCP, CRCP, and AC/PCC

D, =D, -D,’
Step 1 ~ Step 3: Same as Before
Step 4: Deflection Testing (Strongly
Recommended)
1. AREA (same definition)
2. Effective Dynamic k-value (kg,,) from
Backcalculation
(K. T. Hall's Closed-Form Solution)
3. Effective Static k-value, kg, = k4, / 2
Step 5: Coring and Material Testing (Not Needed)
Step 6: Determine Dy




Using AASHTO Equation (Same as before)
Step 7: Determine D,
1. Visual Condition Survey
Deff — (FJ )D

F;., = joints and cracks adjustment factor
for unbonded PCC (0.95 ~ 1.0)

Note:
a. existing AC in neglected
b. F,, and Fy, are not used for
unbonded PCC overlay
c. F., factor is modified and reduced

jeu

2. Remaining Life

cu

RL = 100[1 _ N J

1.5

D.,=CF(D)
Step 8: Determine D,

D, =D, ~D,,’




© JPCP, JRCP & CRCP Overlay of AC Pavement
D,, =D,
Step 1 ~ Step 3: Same as Before
Step 4: Deflection Testing (Strongly
Recommended)

1. Subgrage Resilient Modulus, My
(same as before)
2. Effective Dynamic k-value (kg,,) from
Backcalculation
Use Mg, E;, D (total thickness above subgrade),
and Figure 3.3 (Page 11-39) =» Find K, = ?
(Don’t need C=0.33 here!!!)
Step 5: Coring and Material Testing (Usually Not
Needed)
Step 6: Determine Dy
Using AASHTO Equation (Same as before)
Step 7: Determine D
Dy, =D,



