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Project Background and Scope

COLLEGE OF ENGINEERING

“Over the year the transportation department
has routinely repaired the pavement but even
with this routine maintenance the pavement has
reached the end of its life; it's time to invest in a
new surface”.

-Dan Harelson,

ITD project manager

O Total length of I-15 In Idaho= 190 mils )
U Replacing around 44 miles

Several sections

Limits Project Length o )

- Start End Start | End Length were initially selected

1 Arimo Interchange McCammon Interchange 39.8 47.5 7.7 for FU‘“I"‘DGD“‘T

2 Baseline Bonneville 106.7 111.9 5.2 ) .

3 Chubbuck Milepost 76.01 726 | 76.01 34 Reclamation

4 Lava Bed crosover Baseline road 1004 | 106.7 6.3 (CRABS); In-Depth

5 m:;‘;‘:a“;;: South 5th Pocatello 475 | 6638 19.3 Analysis of Structural

6 Milepost 76.01 Burns Road 76.01 81.9 5.9 Condition can lead to

7 South Blackfoot west Blackfoot 89.3 92.5 3.2 ~atad

8 Sand Road Blackfoot 85.6 89.3 3.7 mor_e_eduaated

9 West Blackfoot Lava Beds 92.5 100.4 7.9 decisions

Ao
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Pavement Sections Analyzed BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

Projects: (District -3) Thank you John Arambarri!
1. US-95 Payette NCL to Weiser River Bridge
« MP70.28 to 81.52
2. SH-55 Pride Lane to Middleton Road
 MP7.1toMP 15.6
3. 1-84, Sand Hollow to Caldwell
* MP17 to MP 26

Projects: (District -5)
1. 1-15, Sand Road to South Blackfoot
e MP85.6 to MP 89.3

N Sre) ¢ A sphalt Conference 4
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Objective and Motivation

COLLEGE OF ENGINEERING

1. Recurrent Pavement Distresses

2. Unprecedented Construction and Full Re°°2f"“°“°"?

Partial Reconstruction?
or
Rehabilitation?

Maintenance Costs

3. Frequent Traffic Interruption or
Successive Maintenance
4. Increased in User Costs Approach??

What is the Probable Solution????

= =il en.wikipedia.org  color.ngmnexpo.com
oLl 1I Asphalt Conference www.gespavement: /www.fhwa.dot.gov/publications/transporter/96aug/index.cfm 5
October 26, 2017, Moscow, Idaho

Functional vs. Structural Pavement Evaluation :oise srare university

COLLEGE OF ENGINEERING

Surface Pavement Surface and Subgrade
Assessment | Assessment for Design
. [ q
Maintenance | ["¢ o o and Evaluation purpose
Pu rpose Evaluation Bzl e

Present : :
. o Destructive Non-Destructive
1 Senﬂ::;:)?lllty Testing Testing J

Pavement q A=A Static Creep
|| Flexible Rigid || -
Ro'i’r?(;‘;xess Pavement Pavements Dﬁf(l:ﬁggn .
R | v Cost Efficient
L S — | ¥ Noninvasive
L lap ) Coring/Bitumen rusning | | Steady State v' Rapid
S (R ETeE Extraction ST Deflections v L p-
flexural strength Limited
. . Traffic
Comparatively Expensive T Obstruction
Time Consuming —| propagation
Labor-Intensive Method

Traffic Interruption

Discontinuous Assessment mpuise
Loading
Damage to pavements

X X X X X X

N 57 Asphalt Conference 6
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FWD (Impulse Loading Devices)

Falling Weight Deflectometer (FWD) is widely used to
measure pavement surface deflections

» FWD measures surface deflections by an
impact loading to simulate a vehicular moving
load.

» The system applies controlled loading and
measures deflections.

Advantages:

v' Comparatively Fast

Dropping Welght

BOISE STATE UNIVERSITY

e mE TNGINEERING

v" Economical

Deflection Bowl

|24 36 |48 |60 |72 _(in)Radial

-'17‘"_1 A sphait Conference
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FWD Data Assessment Process

g0l o1l 12tel  1s2al  1s20f {mm) Distance

BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

Basin
Parameters
Analysis

Sloping Surface

( South Africa \ |

Suggested
Threshold values

USA

Suggested
Threshold value

Back Calculated
Layer Modulus
Value

Subgrade
Modulus Analysis

Asphalt Conference

October 26, 2017, Moscow, Idaho
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Backcalculation — A Challenge

COLLEGE OF ENGINEERING

v Very powerful concept — needs good understanding of the procedure |

v' Pavement layer thicknesses — Important Input

v Not something that DOTs do on a daily basis

Is it possible to utilize FWD data at a network level without going
through detailed back-calculation approaches?

o et 57K A sphalt Conference 9

| October 26, 2017, Moscow, Idaho

Deflection Basin Shape — Relevant Inferences ot stare vniversiy

COLLEGE OF ENGINEERING

TowvicLi

Zone 2: Zone 3:
Curvature Reverse
N inflection curvature
|
e {:‘Gl ﬂl’ﬂ‘;ﬂ.’!l:l"h'.!l’l’;ﬂ

Not a replacement for o |
backcalculation ! Just a tool \Ld,f?,ﬂ‘:h‘-’:,,‘.’f,;,w, _
to help engineers \ |

mﬂg“:ﬂ“"‘ﬁ' it 5?"1 Asphalt Conference Ref: Horak, E. (2008), “Benchmarking the Structural Condition of 1 O
ot .

Flexible Pavements with Deflection Bowl Parameters”

| October 26, 2017, Moscow, Idaho
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Deflection Basin Parameters Used in the US BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

Surface Curvatutre Index (SCI) |
( Shape of the deflection basin is

also known as Base Layer Index, BLI) i
SCl=D -D governed by structural condition of
v individual pavement layers

Middle Layer Index (MLI)

LO?d Zone 2: Zone 3:
(also known as Base Damage Index, BDI) one. Curvature Reverse
i inflection curvature
MLI = D,,, — Dy, P

A

Lower Layer Index (LLI) /<

(also known as Base Curvature Index, BCI) ﬁ Shape of l
deflection bowl|

LLI = D600 - D9oo

Different Countries; Different Names

Ao : = =il Ref: Horak, E. (2008), “Benchmarking the Structural Condition of
,..I“Pé('.:‘g:‘-_ne“"" . a I Asphalt Conference Flexible Pavements with Deflection Bowl Parameters” 11

October 26, 2017, Moscow, Idaho

Deflection Bowl Parameters - South African Practice  soise stare university

COLLEGE OF ENGINEERING

Parameter Formula Structural indicator
E;T;Tt?;?' D, as measured ALL Layers
Radius of Curvature Roc = ZXD[:—DUJ Surface and
(RoC) "\ Dug Base Layer
L =200 mm (for FWD)
Base Layer Index BLI=D. D Base Layer
(BL') 0 300
Middle Layer Index Subbase/
(ML) MLI'= D40 — Deoo Subgrade Layer
Lower Layer Index Subbase/
(LLY) MLI'= Dggo — Dgog Subgrade Layer

Ao : = =ik Ref: Horak, E., Emery, S., & Maina, J. Review of Falling Weight Deflectometer
I.I“Pé(?;::}'_h‘-“v . x I Asphalt Conference Deflection Benchmark Analysis on Roads and Airfields. In Proc. 11th Conf. on 12

October 26, 2017, Moscow, Idaho Asphalt Pavements for Southern Africa.
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Deflection Bowl Parameters and Thresholds

COLLEGE OF ENGINEERING

P " F | Structural
Structural Deflection Bowl Parameters (700 kPa) arameter ormula indicator
Base Type | Condition
Rating Do (um) | RoC(m) | BLI(m) | MLI (um) LLI (um) Maximumn
¥ D, as measured ALL Layers
Deflection
Sound <625 >90 <250 <115 <65
Granular | v rning | 6250925 |  42-90 250-475 | 115225 | 65-120 Radius of W
Base =~ — | Surface and
Curvature 2Do(1-5500) Base Layer
Severe > 925 <42 > 475 > 225 >120 (RoC) L=200mm (FWD)
Base Layer
. Index BLI=D, - Dy Base Layer
Need to use consistent FWD load levels (BLY
Middle Layer Subbase/

Index MLI=Dyy, - Dgyo

Idaho Uses a Load Level of 12 kips for FWD -

Subgrade Layer

4 Lower Layer
lestmg Index LLI=DgrgD Subbase
600 ~'900
(L) Subgrade Layer

\or® = =il Ref: Horak, E., Emery, S., & Maina, J. Review of Falling Weight
nh&:::‘-_w.t“"" ¢ I Asphalt Conference Deflectometer Deflection Benchmark Analysis on Roads and Airfields. 1 3
L October 26, 2017, Moscow, Idaho In Proc. 11th Conf. on Asphalt Pavements for Southern Africa.

B
Deflection Bowl Parameters & Thresholds

COLLEGE OF ENGINEERING

Deflection Basin Parameters Range Remarks
<4.00 Very Good Asphalt Layer
4.00 - 6.00 Good Asphalt Layer
SCI/ BLI (mils) 6.00 - 8.00 Fair Asphalt Layer
8.00 -10.00 Poor Asphalt Layer
>10.00 Very Poor Asphalt Layer
<2.00 Very Good Base Layer
2.00 - 3.00 Good Base Layer
MLI (mils) 3.00 - 4.00 Fair Base Layer
4.00 - 5.00 Poor Base Layer
> 5.00 Very Poor Base Layer
<1.00 Very Good Subgrade Layer
1.00-1.14 Good Subgrade Layer
W60 (mils) 1.40-1.80 Fair Subgrade Layer
1.80-2.20 Poor Subgrade Layer
>2.20 Very Poor Subgrade Layer J

\oa® = =]y Ref: Chang C, D. Saenz, S. Nazarian, I. N. Abdallah, A. Wimsatt, T. Freeman, and
np“&:::ﬂ“‘"" d I Asphalt Conference E. G. Fernando (2014) “TxDOT Guidelines to Assign PMIS Treatment Levels” 1 4
s’ October 26, 2017, Moscow, Idaho (Table)
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BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

——

Structural Evaluation of 1-15, |1-84, SH-55 & US-
95 Sections using Deflection Basin Parameters

\;wm 577K Asphalt Conference 15

L October 26, 2017, Moscow, Idaho

Different Pavement Sections Considered BOISE STATE UNIVERSITY
1. US-95 Payette NCL to Weiser River Bridge %
norm l
<  MP70.28 to 81.52 dy, =| 7 ldg g
Lapphed

. FWD data collected in 2011

2. SH-55 Pride Lane to Middleton Road Where: dy, = Normalized deflection
Lo = Normalized load

- MP7.1toMP 1556 Lupica = Applied load
- FWD data collected on 29 June 2016 dy = Measured deflection at selected

3. 1-84, Sand Hollow to Caldwell e
« MP 17 to MP 26
+  FWD data collected on 14 October 2015
4. |-15, Sand Road to South Blackfoot Nlormaﬁzed! to “‘]2@@@”‘ Vb Load'
«  MP85.6to MP 89.3
+ FWD data collected on 15 June 2011

SRRt X -« A sphalt Conference 16

L October 26, 2017, Moscow, Idaho
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BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

——

Functional Condition Assessment

D A sphait Conference

17

October 26, 2017, Moscow, Idaho
Condition Assessment Based on Rutting and International B
Roughness Index IRI BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

A fr, R 5 N http://pathweb.pathwayservices.com/idahol/) (edited)
B e =
scepe | /1 M| [N "" 2 Rutting Index
/ ! N | T Category Rut Depth (in.)
!" ! i A | R ‘! BT Excellent <0.25
' "\ Sosd oo Good 0.25-.037
% L z_= Fair 0.38-0.50
Sood geod Yy == \‘ Poor >0.50
m m E"“ﬁm f w Classification Based on IRI
I : Acceptaie S Criteria Classification
: IRI IRI < 95 Good
Range 95 < IRI =170 Fair / Acceptable
IRI >170 Poor / Not Acceptable
Identifying the “source™ of the problem is
important for the selection of suitable

| rehabilitation measures

Asphalt Conference Ref: http://pathweb.pathwayservices.com/idaho/) (edited)
October 26, 2017, Moscow, Idaho
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Threshold Values used to Classify Pavements Based on Distress
Extent and severity

BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

Pavement Condition

Functional Class

Distress Type Distress Severity / Magnitude Interstate and Arterials
Paverpent 115 1-84 US-95 SH-55 Goc.zd Cl>3.0
Section Fair 25sCl=<3.0
Value | Rating | Value Rating | Value Poor 20sCls25
Cracking Index 2.6 Fair 3.8 Good 2.2 Very Poor Cl<2.0
International 56 005 [ Condition:Roughnessindex |
Roughness <95 Good (avg.) Excellent (@vg) Pavement Condition Functional Class
Index (IRI, in/mi) i ’ aveme onditio Interstate and Arterials
Roughness . Good RI > 3.0
3.40 Good 3.95 Good 3.33 Good 2.51 Fair
Index (RI) Fair 2.5<RI<3.0
Average Rut . ) R . . ) Poor 20<RIs25
Depth (inch) 0.43 Fair 0.24 Good 0.46 Fair 0.24 Good Very Poor RI<2.0

*The data was taken from ITD’s visual distress survey database.

IRI values for the 1-84, US-95, and SH-55 segments were extracted from reports prepared by
ITD. IRI values for the I-15 segment are extracted from the visual distress survey database

Pavement Layer Profiles of US-95, SH-55 & |-15 :ouse s

,',fthI

Asphalt Conference

October 26, 2017, Moscow, Idaho

Pavement Condition

Functional Class

Interstate and Arterials

Pavement Condition

Good 0.00” - 0.24”
Fair 0.25” - 0.49”
Poor 0.50” - 0.74”

Very Poor 20.75”

Functional Class

Interstate and Arterials

Excellent <60
Good 60-99
ai (]
Poor 140-199
Very Poor 2200 19

ATE UNIVERSITY

COLLEGE OF ENGINEERING

Standardized Mile Post (miles)
6.00 8

0.00 2.00 4.00 00 10.00
0.00 0.00
HMA
100.00 W 5.00
200.00
Crushed Base 10.00
_ 300.00
E
E #0000 15.00
§_ 500.00 29
600.00
| Us-95 o
e Subgrade 30.00
200.00 35.00
Standardized Mile Post (miles)
0.00 1.00 200 100 4.00 5.00 6.00 7.00 8,00 2.00
0.00 0.00
HMA
e \—0——"\-/—’*0—“"\\',—-‘-\._*—4-\ =
200.00
300,00 Crushed Base 1090
E
E 40000 1580
s
“é 500.00 20,00
o
600.00 S H - 5 5 i
T00.00 Subgrade
30.00
800.00

Pavement Layer Profiles

‘; (a)1-84 (Ground Penetrating Radar)
§  (b)US-95 (Boring logs )
(c) SH-55 (Boring logs )
Standardized Mile Post (miles)
- -
e e iR P o N B
g E‘W-W Base {CRABS) 6.00
£ gm.oﬂ 1-84 8.00
g &
:: Subgrade .

,',fthI

Asphalt Conference

October 26, 2017, Moscow, Idaho

20

10

Depth (in.)
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BOISE STATE UNIVERSITY

Inferences based on Deflection Basin — Zone 1

COLLEGE OF ENGINEERING

Zone 3:
Reverse
curvature

Zone 2:
Curvature
inflection

Zone 1:
Positive
curvature

Inferences based on Shape of
Stress Dissipation Curve

Shape of
deflection bowl

Sub-base
Selected layers

Subgrade

Asphalt Conference 21

October 26, 2017, Moscow, Idaho

Pavement Assessment Based on Deflection Bowl B

Parameters BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

: : 1600
60 - .ﬂ
Vi i 1400 -
50 Severe Zone o Structural Degzs\t’:on
- 1200 Base Type Condition Parameter
40+ 1000 Rating Do (um)
% S E G | Sound <625
L s00 2 ranular -
Esau- Warning Zone 'aoo & Base Warning 625-925
R R 600 Severe > 925
204  SoundZone T
[0 Deflection under the Load
10+
L 200 i
| | | Central Deflection as an
0= o o1 +0 |ndicator of Overall Pavement

0 1 2 3 4 5 6 7

Std. Mile Post (mies) Structural Condition

A C Ref: Levi, G. (2016), Horak, E., Emery, S., & Maina, J. Review of Falling Weight
sphalt onference pericctometer Defiection Benchmark Analysis on Roads and Airfields. In Proc. 22
October 26, 2017, Moscow, Idaho 11th Conf. on Asphalt Pavements for Southern Africa.

o B
nr‘u ”,,\:ﬂ_‘“u_ !)7‘
(Vi 3

11
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Pavement Assessment Based on Deflection Bowl B

BOISE STATE UNIVERSITY

Parameters e

" g . o i _ ' Deflection
i - - Structural Bowl
g g i »5 | Base Type Condition oW
Sl 03 Lol - g Bt Parameter
R : ating Do (um)
0. - Sound <625
S T T T e e i e 7 s T Granular Base| Warning 625-925
Sid. Mile Post (miles) 5id. Mike Post {mdes)
@115 (b) 1-84 Severe > 925
s = Deflection under the Load
R U, =3
" .'EYW W - ;
: = g = - Central Deflection as an
e ===, o . Indicator of Overall Pavement
Moo i) i Structural Condition

(c) US-95 (d) SH-55

‘Mn = gy Ref: Levi, G. (2016), Horak, E., Emery, S., & Maina, J. Review of Falling Weight
nh&::;-_m“' 4 I Asphalt Conference Deflectometer Deflection Benchmark Analysis on Roads and Airfields. In Proc. 23
11th Conf. on Asphalt Pavements for Southern Africa.

\

Lo October 26, 2017, Moscow, Idaho

Pavement Assessment Based on Deflection Bowl B

BOISE STATE UNIVERSITY

Parameters e

30 RN B e ST TR
28 | “8Cl = D0 De'30 (sensor Slf)‘ii’c’l’[‘l‘g‘l‘r\‘\‘sm L 200 SCI (BLI) Remarks
26 \ / IR <4.00 Very Good Asphalt Layer
1 4.00 -- 6.00 Good Asphalt Layer
6.00 -- 8.00 Fair Asphalt Layer
8.00 -- 10.00 Poor Asphalt Layer
>10.00 Very Poor Asphalt Layer
w 0]
E 164
— 144
Q4
w 124
10 : - _
5] it | |_200 Surface Curvature Index
- Fair Asphalt Layer A Ah’\ 1

] W U!' \ﬂthod%ﬂyy 00

Structural Condition
Indicator for HMA Layer

Aon® : =il Ref: Chang C, D. Saenz, S. Nazarian, I. N. Abdallah, A. Wimsatt, T. Freeman,
e ) ¢ Asl’ha" Conference and E. G. Fernando (2014) “Txdot Guidelines to Assign PMIS Treatment 24

L October 26, 2017, Moscow, Idaho Levels” (Table)
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Pavement Assessment Based on Deflection Bowl Parameters

BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

»
sn] e, e spackng i e = d
2] "
u] Fois »
2] n
20 Lsw .
7 1] g &®
£ %y laos E
= el 5 =W
o

an L™ B ]
w4 1

5 20

VPOt ML | 51 5 e spaciy )

|

’\J\Mm

P ot 1 LY
ﬁt S
Good Aapnat Layw

ey B b Layes

T A ————— »
- Sl DD e miorg . | - ST erser sacng ey | qag
£ %

24 L &0 H 50
»nl] Veery Poor Augroll Layer ol
304 g0 bl _ O

7] F OEM® £

E @3 15 vy ot wm 2

=u g =M o

7]

012 w® B mg
b -] - .

Paar Asphat Lave
o W m = T T T g
Sl e G -
EE! iy G Al Ly 2.
¢ 1 2 3 4 s &8 71 0 1 2 2 4 6 6 7 8 8
Sid. Mile Post (miles) 5l Ml Pest (miles)
() I-15 (b)1-84

SCI{um)

e 1 2 3 4 5 8 7T 8 & WwN

Std. Mie Post {miles)
(c) US-95

T 1 1 3 4 5 @
S Mile Post (miles)
(d) SH-55

Inference

Very Good Asphalt
Layer
Good Asphalt Layer
Fair Asphalt Layer
Poor Asphalt Layer
Very Poor Asphalt
Layer

SCI/ BLI (mils)

<4.00

4.00 -- 6.00
6.00 -- 8.00
8.00 --10.00

>10.00

Surface Curvature Index

Structural Condition
Indicator for HMA Layer

Pavement Assessment Based on Deflection Bowl

Asphalt Conference

October 26, 2017, Moscow, Idaho

Parameters
800
30 1-15 BLI =D-D_, (sensor spacing in mm)
- 700
25 -
] Severe Zone 600
201 - 500
)
g I
= 15- 0
.|
o 1 Warning Zone L 300
200
54
: il BT - 100
1 Sound Zon_e i _
0 I F I T I F hiods [ 7 I I SRR i ........ S f ...... 0

0 1 2

3 4

5 6 7

Std. Mile Post (miles)

Ref: Chang C, D. Saenz, S. Nazarian, I. N. Abdallah, A. Wimsatt, T. Freeman,
and E. G. Fernando (2014) “Txdot Guidelines to Assign PMIS Treatment
Levels” (Table)

25

BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

Deflection
Structural Bowl
Base Type Condition Parameter
Rating BLI (um)
G I Sound <250
ranuiar Warning 250 - 475
Base
Severe > 475

Base Layer Index
Numerically equivalent to SCT

However, used to Assess Base Layer Condition

Ty Pt

— P

ol K\“: il

Asphalt Conference

October 26, 2017, Moscow, Idaho

Ref: Horak, E., Emery, S., & Maina, J. Review of Falling Weight Deflectometer
Deflection Benchmark Analysis on Roads and Airfields. In Proc. 11th Conf. on 26
Asphalt Pavements for Southern Africa.

13
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Pavement Assessment Based on Deflection Bowl

Parameters T

h:_wm :A A:_ R _:ﬂ Structural Deg‘e;(‘:::on
% - z;‘ s Base Type Cond_ltlon Parameter
A w:m,,_ 0 B e [0 Rating BLI (um)

I i - Sound <250
L et i ot Granular | Warning | 250 - 475

“;:‘;"" “‘Z’)"::;:“’ Severe > 475

- - Base Layer Index

i -

012 3458788 un

Sid. Ml Post {milks) Std. Mie Post fmiles)

(@ SH.55 Base Condition Indicator
Ref: Horak, E., Emery, S., & Maina, J. Review of Falling Weight Deflectometer
Deflection Benchmark Analysis on Roads and Airfields. In Proc. 11th Conf. on 27
Asphalt Pavements for Southern Africa.

(c) US-95

ED

Asphalt Conference

Lt October 26, 2017, Moscow, Idaho

BOISE STATE UNIVERSITY

Inferences based on Deflection Basin — Zone 2

COLLEGE OF ENGINEERING

Zone 3:
Reverse
curvature

Zone 2:
Curvature
inflection

Zone 1:
Positive
curvature

Inferences based on Shape of
Stress Dissipation Curve

Sub-base
Selected layers

Subgrade

BB

A \;_E,b;“ Asphalt Conference

Lt October 26, 2017, Moscow, Idaho

28

14
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Pavement Assessment Based on Deflection Bowl
Parameters

BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

16"_ /,..se\freér}e /// .__.r'v'q'y =/[,)’3_°€_D;CU' Eené.ér'_spécin'édi; ,.,f/.. . Structural Degect:on
VIAIAL A . Base Type | Condition ow
144 7 / DA Rating Parameters
V7 07 A ; MLI (um)
2V T 4 /7 /300 Granular Sound <115
@ 0l S / / € Base Warning 115-225
E v = Severe > 225
0 84 —200%
= Warning Zone
o : Middle Layer Index
i Bl i || -G i 100
i AaesaT A st |
i Sound Zone Inferences Concerning

By
B v
” PF‘& " 9‘_\'\‘-“:"

— P

2 3 4 5
Std. Mile Post (miles)

Asphalt Conference

October 26, 2017, Moscow, Idaho

Ref: Horak, E., Emery, S., & Maina, J. Review of Falling Weight
Deflectometer Deflection Benchmark Analysis on Roads and Airfields.
In Proc. 11th Conf. on Asphalt Pavements for Southern Africa.

Intermediate Pavement Layers

29

BOISE STATE UNIVERSITY

Pavement Assessment Based on Deflection Bowl

Parameters

COLLEGE OF ENGINEERING

" Sevore Zone ML= 0Dy (sns0r spacing i mm) | ] MLE= O, D (senser spacing i ) e
‘2 s M E e : Structural Deflection
e o Bowl
g 1o g Ew g | Base Type | Condition
S o lmg 3 o I Rating Parameters
271 v = MLI (um)
i -
4] L o 1 L Sound <115
] WAJM 2] Granular -
ol "o I I, 2 ! , Base Warning 115-225
4] 1 2 3 4 5 -] T 1 2 3 4 s [ T L] ]
Std. Mile Post (males) Std. Mile Post {miles) Severe > 225
(a) 115 (b) 1-84
il MLI = D, -0, (380506 spacing In mmy . 16 BOGI = 00, (sensor spaong in mm) -
144 144 Severe Zone -
A Middle Layer Index
% B —m:n% g
64 Waming Zoos
MM,
SRS e e e e R I Paa i T
Std. Mile Post {miles} Std. Mile Post (milesh
(c) US-95 (d) SH-55

Ao

A DT

— P

e

Asphalt Conference

October 26, 2017, Moscow, Idaho

Ref: Horak, E., Emery, S., & Maina, J. Review of Falling Weight Deflectometer
Deflection Benchmark Analysis on Roads and Airfields. In Proc. 11th Conf. on 30
Asphalt Pavements for Southern Africa.

15
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Inferences based on Deflection Basin — Zone 3  :oise stare universiry

Zone 1:
Positive
curvature

Zone 3:
Reverse
curvature

Zone 2:
Curvature
inflection

Inferences based on Shape of
Stress Dissipation Curve

Selected layers

Subgrade

57" Waano Bsphalt Conference 31

October 26, 2017, Moscow, Idaho

Pavement Assessment Based on Deflection Bowl B

BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

Parameters

BCI/LLI (mils) Inference
<2.0 Very Good Base Layer

2.0--3.0 Good Base Layer
3.0--4.0 Fair Base Layer
4.0 --5.0 Poor Base Layer

) OO >5.0 Very Poor Base Layer
£ , k120 3
= +——Poor Base Layer—— i =
= O e e 1l ! Q
8 4 - —+ 100 m

Base Curvature Index

Inferences Concerning Lower
Pavement Layers

Std. Mile Post (miles)

SO W Al Ref: Chang C, D. Saenz, S. Nazarian, I. N. Abdallah, A. Wimsatt, T. Freeman
, ) ’ ’ ’ il i)
' 7( I A Asphalt Conference and E. G. Fernando (2014) “Txdot Guidelines to Assign PMIS Treatment 32

October 26, 2017, Moscow, Idaho Levels” (Table)
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Pavement Assessment Based on Deflection Bowl
Parameters

BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

5 e T L300 & s = 00
gt s G BCI/LLI (mils) Inference
3, e gl <2.0 Very Good Base Layer
g ~em el g 2.0--3.0 Good Base Layer
e ot b E 3.0--4.0 Fair Base Layer
24 2=
R s i 4.0 --5.0 Poor Base Layer
— Sl S e e >5.0 Very Poor Base Layer
Std. Mile Post (mies) Sid. Mile Post (miles)
(a) I-15 (b) 1-84
. . oo | Base Curvature Index
g e
24 g ~ 1=
2 T ¥ . :: 4 nm‘lﬂlm.:',“ :
B7,10)1 ik v ’ Base/Subgrade
R S 5 S0 N 5 B B O 2P 3P e S R BE R E R A Condition Indicator
54, Mile Post (miles) Gtd. Mile Post (miles)
(c) US-95 (d) SH-55

Ref: Chang C, D. Saenz, S. Nazarian, I. N. Abdallah, A. Wimsatt, T. Freeman, and E.
Asphalt Confere“ceG. Fernando (2014) “Txdot Guidelines to Assign PMIS Treatment Levels” (Table) 33
http://pathweb.pathwayservices.com/idaho/) (Picture )

","thI

| October 26, 2017, Moscow, Idaho

BOISE STATE UNIVERSITY

Pavement Assessment Based on Deflection Bowl

Parameters e —
- WU 2% Structural Deg‘e;;:::on
70 Severe Zoe UL D Dw CS00 S0 B IO 1 100 Base Type | Condition | -~

1 Ratin

3.5-‘ 160 9 LLI (pm)

s e Granular Sound =65

] H Base Warning 65— 120
L0 120 ~ Severe >120
@ 454 £
€ 40 100 <
3 zg: Warning Zone 80 j

A I [ l

- 60 Lower Layer Index

15 40

10

0‘5_‘ Sound Zone 2

0.0 | A AN LN S R D R S S | 0

0 1 2 3 4 5 6 7
Std. Mile Post (miles)

Subgrade Condition Indicator

Ref: Horak, E., Emery, S., & Maina, J. Review of Falling Weight
Deflectometer Deflection Benchmark Analysis on Roads and Airfields.
In Proc. 11th Conf. on Asphalt Pavements for Southern Africa.

Asphalt Conference 34

Lo October 26, 2017, Moscow, Idaho
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Pavement Assessment Based on Deflection Bowl B
Parameters S e or o

75 AT 3 e 15 S ) 211 D i
e T e L8 sl eflection
U o5 4 ™ Structural
1w {
0 80 il eyn Bowl
s w s 0 Base Type Condition
0 m. 50 | - Parameter
§e g fs i Rating
5 351 sy 2 ‘:i 338 :’é LLI (I‘lm)
e - 1 [ R Granular Sound <65
20 4 -
15 an i s Warning 65 -120
at Sovaim » w » Base
a ; = eczne Severe >120
B o1 2 3 4 5 B 1 0o 1 2 3 4 5 6 1 8 8
5. Milo Post mikes) Std. Wil Post (mles)
(a) 115 (b) -84
T 1] 200
113 L1+ 0, 0 (sermar spacing e %5 # L0, D enaoe sparmg ) |
i 10 seveezire ™
"
. Lower Layer Index
=
e
3
L
o
O
L [13 Sl Lot 2
- e 0 o .
01 23456788 w0 ¢ 1 2z 3 4 5 B
S e Post rkes) i Ml Post{mke) Subgrade Condition Indicator
(¢) US-95 (d) SH-55
“‘ n ST = =i Ref: Horak, E., Emery, S., & Maina, J. Review of Falling Weight Deflectometer
‘ &&t‘;ﬂw : a 1I Asphalt Conference Deflection Benchmark Analysis on Roads and Airfields. In Proc. 11th Conf. on 35
L October 26, 2017, Moscow, Idaho Asphalt Pavements for Southern Africa.
Pavement Assessment Based on Deflection Bowl B
BOISE STATE UNIVERSITY
Paramete rs COLLEGE OF ENGINEERING

D (60”) Remarks

<1.0 Very Good Subgrade Layer
1.0--14 Good Subgrade Layer
1.4 --1.8 Fair Subgrade Layer
1.8 --2.2 Poor Subgrade Layer
>2.20 Very Poor Subgrade Layer

D, (mils}

Deflection at 60”

T
1
0.5 - Very Good Subgrade Layer | ||| | E TR 10

0.0 TR —TEHII TR LTI T Structural Condition

|
L A Indicator for Subgrade Layer
Std. Mile Post (miles)

A ','th Ref: Chang C, D. Saenz, S. Nazarian, |. N. Abdallah, A. Wimsatt, T. Freeman,
P’E':;aﬁ*“‘o' s N I Asphalt Conference and E. G. Fernando (2014) “Txdot Guidelines to Assign PMIS Treatment 36
L October 26, 2017, Moscow, Idaho Levels” (Table)
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Pavement Assessment Based on Deflection Bowl B
Parameters BOISE STATE UNIVERSITY
sE % 22 o D (60”) Remarks
3 Semee 55, i NN ,::Et <1.0 Very Good Subgrade Layer
et =" e o i ° 1.0--1.4  |Good Subgrade Layer
i e e 1.4--1.8 Fair Subgrade Layer
ot i i i e S LI L [ 1.8--2.2 Poor Subgrade Layer
i R b 1‘“T"T;?;E;ﬂ?;‘f:?'i“'é“’ >2.20 Very Poor Subgrade Layer
(a) 115 (b) 1-84
- = U Deflection at 60”
bt m 3
T s : Structural Condition

01t 2 3458 7 23 W0

Indicator for Subgrade Layer

514, Mike Pust {mies) 314, Mie Post (i)
() US-95 (d) SH-55
LT 57t Ref: Chang C, D. Saenz, S. Nazarian, |. N. Abdallah, A. Wimsatt, T. Freeman,
o pee . i ) AsPhalt Conference and E. G. Fernando (2014) “Txdot Guidelines to Assign PMIS Treatment 37
AN October 26, 2017, Moscow, Idaho Levels” (Table)

Summary of Assessment Results

COLLEGE OF ENGINEERING

Distress Type Distress Severity / Magnitude
Pavement Section 1-15 1-84 US-95 SH-55
Value Rating Value Rating Value
Cracking Index 2.6 Fair 3.8 Good 2.2
International 90.5
Roughness Index (IRI, <95 Good 56 (avg. Excellent i Good 156 (avg. . .
o in/mi) ( @9, (avg.) (eva) Rehabilitation
method should
Roughness Index (RI) 3.40 Good 3.95 Good 3.33 Good 2.51 Fair be selected
A"erag(ei’nfr‘:)t Depth 0.43" Fair 0.24" Good 0.46" Fair 0.24" Good based on
detailed
DITS;'::S Structural Condition Assessed from FWD Data analysis of
Pavement 15 L84 Us.95 o |nd|V|.d.uaI layer
Section conditions
Percentage in . Percentage in . Percentage Percentage in .
Length Rating Length Rating in Length Length Rating
Surface 80 GOOD 100 GOOD 65
Base 100 40
Subgrade 25

e . D A sphalt Conference 38

Lo October 26, 2017, Moscow, Idaho
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Summary of Assessment Results

EEEEEEEEEEEEEEEEEEEE

Surface

Base

v
Subgrade @
&

e o TR A sphalt Conference

October 26, 2017, Moscow, Idaho

BOISE STATE UNIVERSITY

EEEEEEEEEEEEEEEEEEEE

Research Outcome

N >70 X Asphalt Conference 40

October 26, 2017, Moscow, Idaho
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ResearCh Does Pay Off ! BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

...collaboration between one of their (ITD D5) engineers and Boise State
University will result in a savings of at least five million dollars from the
original cost of the projects. Dan Harelson ...asked Dr. Deb Mishra from
Boise State University to review the consultant prepared pavement
investigation report for the project and Dr. Mishra evaluated the data using
a tool he has developed ... he concluded that the consultant evaluation
was extremely conservative and that much less costly rehabilitation options
are available. Dan and Dr. Mishra applied the analysis to several
additional projects and reached the same conclusion in their regard. The
analysis will result in a savings of over five million dollars ...

Report to Idaho Legislators

T
\ ;‘aﬁwa,_ Sre) ¢ Asphalt Conference 41

October 26, 2017, Moscow, Idaho

CIR Implementation on I-15

COLLEGE OF ENGINEERING

JUNE - FALL 2017

% A

! \4 s eyt Vs’ (aho Falls Bridges

5, \* D wil alsos upgrae the guardeail on 115 /)
B reEYER Through a method calied Cold-in-Place Lava Beds to A
L y Recycling, ITD will re-use the old Bonneville County Line | e
Lo ’ 1 i " /

in the new roadway. This

'We are not bothvering the waveling public as muct and/
creating a road flor chheaper that's actually geanna last
longer’--Seott Redding, ITD Resident Engineer

Asphalt Conference

October 26, 2017, Moscow, Idaho
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BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

——

Developing a Tool for “Quick” Implementation

NSR Sre) ¢ Asphalt Conference 43

[ October 26, 2017, Moscow, Idaho

MATLAB Tool for Rapid Analysis of FWD Data  scse stare uwversiy

COLLEGE OF ENGINEERING

i Abilify to determine :
. percentage of roadway in ——;

I sounD=E2 seer

J waRNmG=12 1323

= different structural conditions =

Péew 0 MATLAB? See nesousces for Gening Staned

Jroe

MILE POST [MILES)

o
B &2 ea B4 85 86 &7 8 & 0
MILE POST {MILES}

S D A sphait Conference

October 26, 2017, Moscow, Idaho

22



57th Idaho Asphalt Conference, October 26, 2017

BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

———

Network-Level Application of FWD Data

[Structural Number, Layer Modulus, Service Life ]

m,ﬂa A sphait Conference 45

October 26, 2017, Moscow, Idaho

Structural Number & Remaining Life Calculationss srare unversiy

COLLEGE OF ENGINEERING

Solve the Equation Iteratively to Determine Ep

1
0.24xP - >
M = ; - (2) E
err | dy =1.6xP xax 1 —+ E a p
M > \/1 + [B > E ] "
a M
ESALs Experienced by the | e 05,1, -2, <5, 83605, (5N -1-0 20+ 090 1573 +232xl0ge (My)-8.07 3
Existing Road °"'°*(5N0+91f‘* SNeff =0.0045xD Ep
; NP
RL=100x|1- —Ol Remaining Service Life(RL)
15
ST
Ny (ELI X A sphait Conference 46

October 26, 2017, Moscow, Idaho
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Sample Representation of Network-Level Pavement B
Condition

BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

[structural Number (SN)-(1-15)] [structural Number (SN)-(I-84) |
6.00
_ 500
=
8 2
£ 4.00 5
3 3
z =z
T 3.00 ]
2 2
S 2.00 S ]
H 3 2.00 B — Mo and Metcalf(1999)
» » ——AASHTO
1.00 1.00 — Rhode,1985
— AVETAgE
0.00 0.00
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 0.00 2.00 4.00 6.00 8.00 10.00
Mile Post (mile) Mile Post (mile)
Structural Number (SN)-(SH-55) | Structural Number (SN)-(US-95)|
6.00 7.00
+ 5.00 N 6.00
2 2 500
€ 4.00 g7
3 3
z Z 4.00
5 N b 5 3.00
B 2.00 —— structural No calculation-Janmeson(1992) © No sonts
El No ischi and 2 2.00 e
- - ——AASHTO
n ——AASHTO n
1.00 —— Rhode,1995 1.00 —— Rhode, 1995
s AVETAQE T hverege
0.00 0.00
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 0.0 2.0 6.0 8.0 10.0 12.0
Mile Post (mile) Mile Post (mile)

D A sphalt Conference

October 26, 2017, Moscow, Idaho
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Excel Tool for Network-Level Sn_4 Calculations sose srare universiry

COLLEGE OF ENGINEERING

1

2

3 Data For Pavement Desi
4 - = - =

5 e i

é

7

L]

(3 SH,q Please Click For SN,

emant Required

20 varag ] of Existing pavement 801208 PO

[Existing Pavement Remaning 51

g

i

8

Ramaning Life THI [Year)
$¥ERE

Mile Post (Miles)

Remaining Life %)
-s¥Es83382E

(] Tt

I Il
BAC5IRIRARGIRIERSBYAD
Mile Post (Miles)

; 5“7“11

s October 26, 2017, Moscow, Idaho

Asphalt Conference
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BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

——

Mechanistic Validation of Deflection Basin
Parameters using Finite Element Modeling

ok

—
L ( D ¢ A sphalt Conference 49

Lo October 26, 2017, Moscow, Idaho

BOISE STATE UNIVERSITY

Numerical Pavement Modeling

Pavement Modeling Purpose:

U To determine the pavement responses like

of DBP

stresses, strains, and deflections due to the

application of load. g N
| [ Numerical
’ -\ Modeling -
\\" —-'// /L_ayer \
Modulus

The common structural models:

O Layered Elastic Models (All layers)
O Visco-Elastic Modeling. (HMA layer)
O Stress-Dependent Modulus (Base and

Viscoelastic Materials Behaviors
I ]

To avoid the complexity of HMA

?"Pface Course layer viscoelasticity and
Bako tai 1 Base/Subgrade stress
Subgrade layers) 4 i dependency, Linear Elastic

i __Suhhage Course Modeling approach was taken.

Sl i

Ref: http://elibrary.bharathuniv.ac.in/NPTEL/105101087/Transportation%20Engg%201/20-Ltexhtml/nptel_ceTE|_L20.pdf

A sphalt Conference 50

October 26, 2017, Moscow, Idaho

","thI
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Numerical Pavement Modeling

BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

Layered elastic model:

0 Computation of stresses, strains, and
deflections at any point in a pavements are
relatively simple.

U For the modeling only pavement layer
configuration, elastic modulus and Poisson’s
Ratio values are required.

Layered elastic models assumption:

U Pavement structural layer is homogeneous,
isotropic, and linearly elastic

U The layer will rebound to its original form once
the load is removed.

of DBP

y
[ Numerical

Modeling

Surface Courge

Base Course

p Subbase Courge
e

.
h 9 4

- Modulus
)

Viscoelastic Materials Behaviors

To avoid the complexity of HMA
layer viscoelasticity and
Base/Subgrade stress
dependency, Linear Elastic
Modeling approach was taken.

o o R

f. October 26, 2017, Moscow, Idaho

Flexible Pavement Typical Layer Input

Parameters

Ref: http://elibrary.bharathuniv.ac.in/NPTEL/105101087/Transportation%20Engg%201/20-Ltexhtml/nptel_ceTEl_L20.pdf
A sphalt Conference 51

BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

Model Input Parameters

FWD
A
LAYERED ELASTIC METHOD Back-calculation
SURFACE __ Eg, pig, h ‘ = 7. *Modulus (My)
OQ(% D% OCI 0%0
I AL

BASE  Eg, pg, hg 53%0 ¢ 8%(? g Modulus (Mg )
SUBBASE  Egg, psg hgg (Optlonal Layer) %go Modulus (Mg )

e Q

NS

SUBGRADE  Esg, jisg hse E%E%Ej\s/// \\/\\ Modulus (Mg )

7 y

E = Elastic Modulus

h = thickness Subgrade Support

u = Poisson’s Ratio

Ref: Rodney N. Joel,(2008), Civil Engineer / Airfield Pavement Airport
Asphalt Conference Engineering Division, Presented to: 2008 Eastern Region Airport

Conference( Picture Modified )

52

r'. October 26, 2017, Moscow, Idaho
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Flexible Pavement Typical Layer Input B

BOISE STATE UNIVERSITY

Parameters e

Flexible Pavement Typical Layer Parameters Required as Input

Model Input Parameters
A
r N\
E = Elastic Modulus

LAYERED ELASTIC METHOD

SURFACE  Eg, pus, h L7 Eywa= 4137~689 MPa

Q8 Egaee = 552~207 MPa

BASE  Eg, pg, hg

RN = ~
% Esubgrae = 276~14 MPa
N

SUBGRADE  Egg, psc hsa

\

E = Elastic Modulus
h = thickness Subgrade Support

u = Poisson’s Ratio

\o® g 57t Ref: Rodney N. Joel,(2008), Civil Engineer / Airfield Pavement Airport
P’E:-f:ﬁ““a' - I Asphalt Conference Engineering Division, Presented to: 2008 Eastern Region Airport 53
J Conference( Picture Modified )

October 26, 2017, Moscow, Idaho

Flexible Pavement Typical Layer Input B

BOISE STATE UNIVERSITY

Parameters e

Flexible Pavement Typical Layer Parameters Required as Input

Model Input Parameters

A
r N\
H= Layer Thickness p = Poisson’s Ratio

LAYERED ELASTIC METHOD

S0 hgya=114 mm Muma =0.30

SURFACE  Eg, g, h .
\ ogsol B

°9§%20%0 g
RO hgaee = 152 mm HBase =0.30

T
x (e
A
% - -
% Nsubgrade = 12192 mm s, =0.35

N

BASE  Eg, pg, hg

SUBGRADE  Egg, psc hsa

\

E = Elastic Modulus
h = thickness Subgrade Support

u = Poisson’s Ratio

Ly 57t Ref: Rodney N. Joel,(2008), Civil Engineer / Airfield Pavement Airport
W Pﬂé“"\ﬁm"" .- I Asphalt Conference Engineering Division, Presented to: 2008 Eastern Region Airport 54

October 26, 2017, Moscow, Idaho Conference( Picture Modified )
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Details of the Numerical Model

COLLEGE OF ENGINEERING

The physical structure The idealized model

Advantages of 3-D Model The discretized (approximate)
= Provides the complete stress and displacement fields for the analyzed domain model

= Not limited to linear elastic analysis Model Dimensions

Disadvantages of 3D-FEM

= Require long computation times Length 26.0 m (85.3 ft.)
= Significant Pre-processing and post-processing requirements. Width 18.0 m (59.0 ft.)
= Solution is mesh-dependent.

= In theory, the solution can always be improved by refining the 3D mesh. Depth 12.7 m (41.5 ft.)

= |Improvement comes at the expense of time.

==th Ref: Rodney N. Joel,(2008), Civil Engineer / Airfield Pavement Airport
M sphalt onference Engineering Division, Presented to: 2008 Eastern Region Airport 55
October 26, 2017, Moscow, Idaho Conference

MOdeI Optimization BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

VARIATION OF SURFACE DEFLECTION OF A THREE LAYERS PAVEMENT SECTION Caniral Zone ok iaredk
-100 100 300 500 700 900 1100 1300 1500 1700 1900 (FWD influence Zone)
o ]
pmsme—— HMA Layer Modulus N
-200 ; ) .\\~\\\“
R\
el T \N\
-400 | ABAQUS-Generated Base Layer Modulus \ )
w00 Deflection Basih — TR L
: [
500 Subgrade Layer Modulus
E Py
a -1000 h e
F -1200 \\\\\\\\:\\\\
5 - i b
h 4000 Surface Base |Subgrade \_ i s : =
0 -1600 Modulus | Modulus | Modulus
w 3500
3] (MPa) (MPa) (MPa)
E -1800 ESWH
& 2 4137 552 276
3 2000 2 2500 3447 483 207
@ z
£ 20 2758 414 138
~2200 5 2068 345 69
e 1379 276 28
-2400
1000 689 207 14
2500 NLAYFR
nerated e III .
2800 Deflgction Basin : H=
Surface Modulus (MPa) Base Modulus (MPa) Subgrade Modulus
Layer Modulus Variation 2)
-3000 L
I DISTANCE(MM)

X A sphait Conference 56

October 26, 2017, Moscow, Idaho
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Sensitivity Analysis Using the Control Pavement Section

BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

Observation:

v" Variation of SCI and MLI

Significant

v’ Variation of LLI insignificant

(~0)

v’ Effect are more prominent
near the loading area.

Layer

Sensitivity Analysis Using the Control Pavement Section

VARIATION OF DEFLECTION BASIN DUE TO HMA LAYER MODULUS

100

2

300 600

T00

800

1100

-

EEsgess

&

SURFACE DEFLECTION {pm)
s
S

g5 &

&
z

HMA Modulus
d

—Subgrage |

Max(MPa) | St{MPa)
M s

4

L)

w |

WPy
[
2]
1

g

DISTANCE(MM)

Bazin Paramenters (pm)

HMA Modulus 4137 2758 6ED
Base 44| a6 |
e Subgrade 138 (1] 1
o 1000

Impact of Surface Modulus on SCI, BDI and BCI

~8-5C| ~-MLI =e=LL|

Max{MPa) | Sw{MPa) | MiniMPa}

3000
HMA Modulus (MPa)

Elastic Modulus (MPa)

Min.

Max.

4137 2758

414 276

69

57K A sphalt Conference

Control

+500
+1118

+712

170

422

360

October 26, 2017, Moscow, Idaho

112

242

238

210

349

377

176

177

139

SCI/BLI (um) MLI/BDI (um)
Pl (%)
Max. Min. Max. Min.

Max. Mi

n.  PD(%) PD(%) PD (%)
86 85 34 -16 I
162 105 -43 -49 -35

BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

Observation:

v' Rate of change of slope
noticable in SCI, MLI and

LLI

v SCl and MLI are highly
influenced by changes in

Base Modulus

Layer

Min.
:

=

100

1w e

40 0

#00

VARIATION OF DEFLECTION BASIN DUE TO BASE LAYER MODULUS

1100 1300 1500

_ SURFACE DEFLECTION (um)
EE s s ettbEts .z

HMA Modulus
Base

4T
414 78

Max(MPa) | Std[MPa) | Min[MPa,
e |

M

L]

i
+

Subgrade |

138 69

1

sisisis/s/s/s/s|ss|]

Basin Parameters{um)

H

¥

¥

S

"

Impact of Base Modulus on SCI, BDI and BCI

501 —— MLl —-LLI

Max{MPa) | Sta(MPa) | Min[MPa)

HMA Modulus 37

2758 &89

Base
Subgrade

414
138

[ 2e |
| & 1

Moduba of HMA
Ehma | Ebae Eub
ss SN &9
s [N s
i) ]
s W e
15 [
rse
s
Fir
s
s

]

o ol W
Base Modulus (MPa)

]

Elastic Modulus (MPa)

Max. Control

4137 2758
414 276
138 69

.',;r"lllI

Pl (%)

+500
+1118

+712

Asphalt Conference

170

422

360

**Pp|= Percentage Increase from min. to max., PD= Percentage Decrease from max. to min.

October 26, 2017, Moscow, Idaho

112

242

238

210

349

377

176

177

139

DI )
SCI/BLI (pm) MLI/BDI (pm)
Max. Min. Max. Min.

Max. Mi

in. PD (%) PD(%) PD (%)
86 85 -34 -16 i
162 105 -43 -49 -35
297 61 -34 63 79
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Sensitivity Analysis Using the Control Pavement Section

BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

observation . VARIATION OF DEFLECTION BASIN DUE TO SUBGRADE LAYER Impact of Subgrade Modulus on SCI, BDI and BCI
—_— MODULUS i
m.lm 100 300 500 T00 800 1100 1300 1500 $00 e -
Max{MP; Std[MPa) | Min{MPa)
v’ Rate of Change of slope 0 o HMA Modulus ’:m A ‘zl_'_saa GM‘
. A 500 = Base 4 276 M
noticeable in all three DBPs ol I — - TR B w 2
parameter such as SCI, MLI g i
2000 E
and LLI S £
£ 000 £ T
v Th iati f LLI . s : -
e variation o are |3, e TANTE |
considerable high. 8 4 £ R
0 a s [ m [ @
< ss00
v' Deflection of farthest sensor %m / G
is highly influence by the o0 — o0 me | v
variation of subgrade | | | fwAgEel S . as | o |
0 [ ] » “® L] B 100 120 140 160 180 na
modulus. 8800 St mnls‘mN:ﬂmm Subgrade Modulus [MPa)

Elastic Modulus (MPa)

Layer Pl (%)

138 69 +712 360

238 377

Asphalt Conference

October 26, 2017, Moscow, Idaho

Sensitivity Analysis Using the Control Pavement Section

Max. Control Min.
2758 +500 170 112 210 176 86 85
34 414 276 +1118 422 242 349 177 162 105

D (%) D (%) D (%)
34 -16 g
-43 -49 -35

BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

Elastic Modulus(MPa)
Layer

Pl (%)
Mini. Max. Control Mini. Mini. Mini. PD (%) PD (%) PD (%)
m 689 4137 2758 +500 170 112 210 176 86 85 -34 -16 -1
34 414 276 +1118 422 242 349 177 162 105 -43 -49 -35
m 17 138 69 +712 360 238 377 139 297 61 -34 -63 -79
Impact of Surface Modulus on 8CI, BDI and BCI Impact of Bace Medulue on SC1, BDI and BC1 Impact of Subgrade Modulus on SCI, BDI and BCI
200 e | | e300 o MLl —e-LLI 450 ML a-Lu
MaxiMPy) | SONMPA) | Min(liPa) o 1 - T idaxjniea) | siajuiea) | mingaea)
- A s w157 3réa L " e B - \ TS B ] e | o
e Subgrage | 138 " 1 Base a4 | a8 34 Base 414 Fil 3
- — “| | sungraze | 1m0 © 1 - \ Bubgrade | 18| W 1
Em 1“'“"‘““-1__1 T B[ ||
g g \.\\ ‘._‘_‘___‘ E | Exsenae deermatn sl errs st
" R —— e — T—— i 2 ias il
E [T § ~— s
| || 2= — = | | 3=
£ e, 5 " § 0
i Bt oo |87 S ey |d
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Sensitivity Analysis Using the Control Pavement Section BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

Elastic Modulus(MPa)

Pl (%)

Mini. Control Mini. Max Mini. Mini. PD (%) PD (%) PD (%)
2758 170 112 210 176 86 85 -34 -16 -1
422 242 349 177 162 105 -43 -49 -35
360 238 377 139 297 61 -34 -63 =79
MLI and Approximate Base Modulus LLI and Approximate Subgrade Modulus
—Severe —Warning —Sound 36 ——Sean — Wiming — Ssusd
E
w |\
0
Em =
= 0
gm T
g S
™ e
o 12
- —
-] L
00 “
40 £
» P, Zane
“o o e am am s s o 0 w0 o0 1100 1ma 1 "r m m @ @ w m w0 e @ me m a0 om0
Base Modulus (MPa) Subgrade Modulus (MPa)

SCI 'rhr'esholds

—_— —_—— e e — e — —

October 26, 2017, Moscow, Idaho

Current Research Tasks

i not capturing full

o1

BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

v" Incorporation of viscoelastic behavior of
HMA layer

v" Preparation of a synthetic database of
different pavement scenario and it’s effect
of DBPs.

v" Investigate the effect o

thickness on DBPs

57K A sphalt Conference
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BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

Moving Forward

57X A sphait Conference 63
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Framework for Rehabilitation B

Strategy Selection oo st

Criteria Setup for New
FWD Data [ Pavement/Overlay Design ] [ FWD Data ]

— - [ Caloulated Mr from FWD data ]‘_ [ Normalization/Correction ]
[ Normalization/Correction ] v
i l [ Surface Deflection of Surface layer ]
R R )] Selection of Pavement Design Criteria,
( Nomalized Surtace Deflection Data ESALS, Serviceability Index & Reliability Fq.2 to Change

AC Layer bgrade R>=a, [qu3]\

= e = e O

empirical formula
~Neff [Eq 05]

Solve [Eq. 06] iterati-
for SN(»-

Application of Evaluation
| Thresholds

Pavement
Preservation
Decision making
Matrix

l Calculation ofReammg ESAL [Eq.06] ]

A

[ Collecting of Design ESAL ]

'

[ Remaining Life of Existing Pavement [Eq.07] ]

Existing pavement
Structural Condition

Types of Pavement
Preservation Required

| Application of Threshold |
v

Network Level Pavement - — -
Rehabilitation Treatment Selection Evaluation of Existing pavement in term of |

Remaining life

57X A sphait Conference 64

October 26, 2017, Moscow, Idaho

32



57th Idaho Asphalt Conference, October 26, 2017

Framework for Rehabilitation Strategy Selection soise stare vmiversiry

COLLEGE OF ENGINEERING

v' This framework not only follows
AASHTO-1993 guidelines, but also

considers DBP evaluation along with the

deinh

Sl

existing functional evaluation function

SN(for Rehab )= SN(eff) SN{required )

process.
v' Final results are presented as percent

layer condition, SN and RL, which depict

a complete picture of existing pavement
conditions, and will assist engineers in
selecting the best rehabilitation

strategies.
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Futures Research Direction

COLLEGE OF ENGINEERING

v Collaborate with ITD to gather as much data as possible concerningl

pavement layer depths (from cores) and corresponding FWD data.

v This will facilitate the validation of the DBP approach for different
pavement depths

v" Possible modification of DBP thresholds

v The FWD Data Analysis Tool (currently under development) will be
available for use by ITD districts for rapid assessment of network-level

pavement structural condition
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Envisioned Research

BOISE STATE UNIVERSITY

Approach

COLLEGE OF ENGINEERING

Iy Asphalt, |
| Base & i
Subgrade

Thresholds
for Idaho

I BSU Spreadsheets I Idaho DBP Thresholds

O  http://pathweb.pathwayservices.com
O  ITD Function Survey Records
A sphalt Conference 67
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ACknOWIed ments BOISE STATE UNIVERSITY
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Dan Harelson

John Arambarri B
Mike Santi
Dave RlChardS BOISE STATE UNIVERSITY

Ed Bala
Dr. Mandar Khanal

MWDynatest’
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Thank You

BOISE STATE UNIVERSITY

COLLEGE OF ENGINEERING

Deb Mishra, Ph.D., P.E.
Assistant Professor
Department of Civil Engineering
Boise State University; ERB 3137
Tel: (208) 426-3710
Email: debmishra@boisestate.edu

| Thanks to all organizers and sponsors agencies
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