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THE KAIKOURA BYPASS REALITY CHECK




Introduction

» Traffic Speed Deflection Data:
» 10 m centres

 Accurate and repeatable
 TSD “dynamic” bowls -> equivalent FWD “static” bowls

» 2015 TSD data has been used to produce two FWPs:
« Empirical Drainage Study (William Gray / Elke Beca + NZTA)
 Regional Calibrated Mechanistic Study (Martin Gribble, NZTA)

» NZTA's Kaikoura Bypass project is a prime opportunity for a “reality check” to compare
both methods on a 800 lane km “test track”.
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Traditional Empirical Procedure

RCA Requirements

RAMM
High Speed Data
Visual Condition

Traffic Data
Geometry

ONRC
Maintenance Costs
SNP
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Integration of Mechanistic Procedure

RCA Requirements

RAMM
High Speed Data
Visual Condition

FWD & TSD

Traffic Data —)

Geometry dTIMS Surface Performance + Feedback loops

ONRC Subsurface added from to optimise
Mechanistic- FWP SR 2

Maintenance Costs
Mechanistic Models
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C——
Coordinated Outputs:
FWP for Resurfacings &
Validated Specified M-FWP for
Renewals
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Traditional Analysis — Distress Modes

* Empirical or traditional mechanistic approaches:
Consideration of only 1-2 criteria for pavement
life prediction (e.g. SNP or subgrade strain)

» Through extensive data collection at high speed
(incl. TSD): Mechanistic approach enables more
criteria and multiple distress modes to be

considered and calibrated to region or sub-region
(using methodology of the Regional Precedent

Performance (RPP) Study recently undertaken for

NZTA on 5 of their regional networks).

- Recent developments now allow mechanistic analysis of
TSD data to be carried out very rapidly at effectively
project level analysis with a non-linear layered elastic
model. Thus, enabling the 10m intervals to be used for
more definitive examination and interpretation of the
stresses and strains at every test interval, i.e. almost
continuously along each lane.
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Multiple Distress Criteria
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Kalkoura Bypass Case History

Background

» Kaikoura earthquake
e Inundation of parts of SH1
» Need for bypass route

* Original 25-Year Traffic will
be experienced by mid next
year

*The ultimate “Reality Check” of life
prediction models: Real traffic on
real roads with a range of real
environments.

e TSD data collected in 2015
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- Impacts and Distress
modes?
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Mechanistic Analysis — Distress Modes

Observed Distress Modes from Kaikoura Bypass Maintenance

SH63 Maintenance 2015 - 2017
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LWP Digouts
Digouts -
Reported to be

Depressions;
Shallow Shear Inferred to be
Dominates Subgrade Rutting

or Slumping

216m
Digouts - Shear 6%

Failure (stated to Large sector needs

be top 300mm)
3181m
94%

further subdivision.
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Mechanistic Analysis — Distress Modes

Distress Modes from NZ Data Mining

Structugs

Shallow Shear — Low Strength (shoving)
Shallow Shear — Spreading (strong but inadequate support)
Shallow Shear — Heave (in loose or low broken faces BC)
Shallow Shear — Hybrid (from above)

7*Aggregate Weathering (mineralogical changes in fines)

8 Aggregate Degradation (physical generation of fines)

9 Cracking (conventional, bottom up) of bound layers
10 Flexure (top down cracking) of bound layers
11*Binder Curing/Hardening (aging)
12*Bond 0SS (cement bound reverting to unbound)

13 Subgrade Rutting (vertical deformation)

14 Subgrade Shear (lateral and vertical deformation)

15 Accumulated Deformation (multiple layers contributing)
16 Slumping/Edge Break (lack of shoulder support)

17 Roughness Progression

18 Shrinkage Cracking (viz FBS with curing/ thermal)

GEOSOLV

Surfacing distress modes

19 Seal Deformation (more likely as multiple seal layers accumulate)
20 Flexure (top down cracking in seal or thin AC)

21 Reflection Cracking

22* Seal Flushing

23 Scabbing/Ravelling

Economic Triggers

24 Excessive Maintenance costs for the surfacing (seal, thin AC)
25 Excessive Maintenance costs for structural layer(s)

Other characteristics or causes that affect timing of triggers include:

26* Loading frequency effects on inter-particle bonds
27* Cement curing

28* Bitumen embrittlement (environmental ageing)
29* Subgrade —subbase intrusion

30* Frost heave

31* Particle breakdown in freeze-thaw cycles

32 Foundation subsidence (vertical depression)

33 Foundation slumping (lateral deformation)

*7,11, 12, 22 & 26-31 Not explicitly included in current modelling
Vehicle speed and temperature included for individual modes
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Mechanistic Analysis — Distress Modes

Distress Modes from Kaikoura Bypass Maintenance

SH63 Maintenance 2015 - 2017
LWP Digouts
Digouts -
Reported to be
Depressions;
Inferred to be
Subgrade Rutting
or Slumping
216m
Digouts - Shear 6%
Failure (stated to
be top 300mm)
3181m
94%
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Mechanistic Analysis — Distress Modes

Distress Modes from Mechanistic Analysis

SH63 Maintenance 2015 - 2017

LWP Digouts
Aggregate Degradation 5%
Aggregate Slumping/Edge Break
Instability 25% 10%

Subgrade Rutting
2%

Shallow Shear » Subgrade Shear
- Hybrid 5% ( 3%
Shallow Shear Accumulated

- Heave 5% Deformation 15%
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Shallow Shear - Shallow Shear - Low

Spreading 10% Strength 20%
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Mechanistic Analysis — Distress Modes

Kaikoura Bypass Maintenance — Reality Check (Preliminary Calibration)

Reality Check
LWP Digouts

Not indicated

by 2015
deflection data
20%
Terminal
conditions
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correctly predicted
from 2015
deflection data
80%
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Mechanistic Analysis — Distress Modes

Kaikoura Bypass Maintenance — Reality Check (Preliminary Calibration)

Reasons for not predicting distress:
 Only network calibration, not site-specific

* TSD test data averaged over 10m spacings;
shallow shear often initiates for only 1-2m
length

—> “Dilution” of signal of distressed portion
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Finer subdivision than 10m is now being
explored.

Reasonable expectations: 90% reliability of
predictions

GEOSOL/ RIMS = .




Structural Treatment Length

PE-Grapher Output

e e e e
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Structural Treatment Length

PE-Grapher Output

Overlay (0-300 mm)

Granular Overlay (mmj - MZ BPP Economic Model

B B far W 'E ' TN Y

Life {Years) - KPP Structural Economic
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Test Location (Km) =)
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Structural Treatment Length

PE-Grapher Output

Overlay (0-300 mm)

Granular Overlay (mm) - NZ RPP Economic Model

Life [Years) - RPP Structural Econgmic
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Test Location (Km) =)
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9 STL file
g Rehabilitation Priority, Remaining Life and Governing Distress Mode
Life (Years) - Priority Life (Years) - Life (Years) - RPP Life (Years) - RPF Priority Life (Years) - Life (Years) - RPP Life (Years) - RPF
O RoadID File Name Start (k) End (k) Length (k'ﬁfKOf Damage RPP Surfacing RLI;S S(foaarcsl)né Rankingfor RPP Structural Structural Fatigue  Aggregate Llf(eeg(veearrnsl)n—glA\ Ranking for RPP Structural Structural Fatigue  Aggregate Llizgvziﬁ)nélAl ULSILT\(/z:f;rrS])léd Life (Years) - Life (Years) - RPP Distress Mode
rom HPMVs Fatigue Rehab (10th- Economic (50th- (Governing, 10th- Instability (10th " Rehab (50th- Economic (90th- (Governing, 50th- Instability (50th: ' FWP Specified FWP
Economic. 10th-%ile), . . 50th-%ile), Mechanistir,
—| . . . . . * . (Govemin_* . %ile) |~ %ile) T %ile) - %ile) - %ile) %ile) %ile) - %ile) - - - - - .
C 503 063-0017 L1 2.810 3.000 0.190 Medium 32 32 2.2 1 2 46 2 0.5 85 6 87 8 -6 = 199 Shallow Shear - Spreading
505 063-0046 R1 9.890  10.060 0.170 Medium 171 153 1.2 2 2 76 5l 0.2 90 22 137 23 -6 = 199 Shallow Shear - Spreading
m 508 063-0074 L1 4.500 4.600 0.100 Medium 3 3 3.5 i 1 17| al 0.3 56 16 126 15 - = 199 Subgrade Rutting
I-I-I 505 063-0046 R1 9.630 9.740 0.110 Medium 99 99 1.0 2 4 82 7 0.2 63 22 106 15 - = 199 Shallow Shear - Spreading
2648 063-0084 L1 0.630 0.760 0.130 Medium 49 49 0.6 Gl 4 116 11 0.1 86 28 138 25 - = 199 Shallow Shear - Spreading
501 063-0000 L1 6.480 6.699 0.219 Medium 33 33 2.6 1 2 40 3 0.4 60 3 65 22 - 0 199 Shallow Shear - Spreading
z 504 063-0029 R1 6.360 6.550 0.190 Medium 23 23 3.1 i i 3 2 0.2 78 16 87 19 - i1 199 Shallow Shear - Low Strength
> 505 063-0046 R1 2.500 2.620 0.120 Medium 44 44 2.7 i 1 58 2 0.4 78 11 99 10 £ 2 199 Shallow Shear - Spreading
508 063-0074 L1 2.460 2.630 0.170 Medium 44 44 2.9 i 1 61 2 0.7 65 3 99 8 - 199 199 Shallow Shear - Spreading
Z 535 063-0092 L1 7.270 7.500 0.230 Medium 137 100 1.5 i 1 96 2 12 56 | 105 3 - 199 199 Shallow Shear - Subsidiary
501 063-0000 L1 1.140 1.270 0.130 Medium 159 158 0.2 il 1 135 72 0.1 61 12 141 82 - 199 199 Shallow Shear - Spreading
> 505 063-0046 R1 11750  11.880 0.130 Medium 61 61 1.9 2 2 84 3 0.1 67 23 125 44 - 199 199 Shallow Shear - Spreading
O 506 063-0059 R1 11590  11.690 0.100 Medium v 7 0.6 2 10 101 10 0.2 72 23 141 26 - 199 199 Shallow Shear - Spreading
503 063-0017 L1 2.670 2.800 0.130 Medium 25 25 2.4 i 1 61 2 13 39 2 76 3 -4 = 199 Shallow Shear - Spreading
I-rl 508 063-0074 L1 5.260 5.410 0.150 Medium 40 3.2 i 1 66 2 14 46 2 91 3 -4 = 199 Shallow Shear - Subsidiary
z 503 063-0017 R1 3.390 3.550 0.160 Medium 35 35 11 1 2 44 6 0.2 44 11 81 24 -4 = 199 Shallow Shear - Spreading
2648 063-0084 L1 3.720 3.831 0.111 Medium 44 2.4 i 1 78 2 0.3 39 11 108 14 -4 = 199 Shallow Shear - Spreading
I-rl 508 063-0074 R1 5.080 5.400 0.320 Medium 78 78 2.1 1 2 71 3 0.3 41 15 100 12 -4 = 199 Shallow Shear - Spreading
Z 506 063-0059 R1 13.440  13.580 0.140 Medium 88 84 0.5 2 10 95 13 0.2 42 24 125 21 -4 = 199 Shallow Shear - Spreading
503 063-0017 R1 8.340 8.680 0.340 Medium 41 41 2.2 i 1 31 2 0.3 40 3 v 16 -4 0 199 Shallow Shear - Spreading
_| 504 063-0029 R1 14.370  14.510 0.140 Medium 129 129 0.4 i 1 56 28 0.1 37 12 100 41 -4 0 199 Shallow Shear - Low Strength
506 063-0059 R1 3.510 3.700 0.190 Medium 65 63 2.2 1 2 86 3 0.3 43 10 132 20 -4 0 199 Shallow Shear - Spreading
ﬂ 506 063-0059 L1 1.210 1.320 0.110 Medium 159 146 0.7 1 2 73 12 0.1 46 17 110 54 -4 0 199 Shallow Shear - Low Strength
o 504 063-0029 L1 14.550  14.700 0.150 Medium 117 117 1.3 2 2 66 5l 0.2 47 23 92 19 -4 0 199 Shallow Shear - Low Strength
506 063-0059 R1 3.110 3.320 0.210 Medium 49 49 18 3 2 57 3 0.2 a7 26 110 21 -4 0 199 Shallow Shear - Spreading
m 504 063-0029 L1 8.690 9.000 0.310 Medium 137 128 3.3 i 1 25 2 0.2 36 7 97 32 -4 2 199 Shallow Shear - Low Strength
C 504 063-0029 R1 8.110 8.280 0.170 Medium 147 143 2.3 i 1 44 3 0.2 36 12 80 39 -4 2 199 Shallow Shear - Low Strength
505 063-0046 L1 2.490 2.620 0.130 Medium 36 36 2.4 1 2 44 2 0.4 39 12 88 10 -4 2 199 Shallow Shear - Spreading
z 501 063-0000 R1 0.970 1.131 0.161 Medium 137 137 3.0 i 1 59 2 0.1 47 i 137 51 -4 199 199 Shallow Shear - Spreading
506 063-0059 R1 4.530 4.720 0.190 Medium 9 9 2.8 i 1 55 2 17 41 2 62 3 -4 199 199 Shallow Shear - Spreading
505 063-0046 R1 5.790 6.020 0.230 Medium 19 19 2.1 1 2 66 3 0.7 37| 4 92 7| -4 199 199 Shallow Shear - Spreading
505 063-0046 R1 7.340 7.630 0.290 Medium 47 47 21 1 2 56 3 0.6 45 6 74 8 -4 199 199 Shallow Shear - Spreading
506 063-0059 R1 4.090 4.230 0.140 Medium 161 142 0.9 1 2 61 &) 0.2 39 12 86 26 -4 199 199 Shallow Shear - Low Strength
2648 063-0084 R1 5.230 5.410 0.180 Medium 2 2 1.6 i & 95 2 0.3 48 17} 120 15 -4 199 199 Shallow Shear - Spreading
494 006-0000 L1 2.000 2.260 0.260 Medium 131 131 0.9 i 1 146 37 0.4 42 14 159 42 -4 199 199 Shallow Shear - Spreading
508 063-0074 L1 2.360 2.460 0.100 Medium 43 43 2.2 1 2 92 3 0.3 37 17 120 15 -4 199 199 Shallow Shear - Spreading
508 063-0074 R1 7.790 8.140 0.350 Medium 141 140 0.3 il 1 152 34 0.1 37 19 166 55 -4 199 199 Shallow Shear - Spreading
2648 063-0084 L1 7.650 7.750 0.100 Medium 170 150 1.2 2 2 106 7 0.2 40 15 136 22 -4 199 199 Shallow Shear - Spreading
505 063-0046 L1 11.850  12.000 0.150 Medium 53 53 2.2 2 1 e 2 0.2 48 21 122 16 -4 199 199 Shallow Shear - Spreading
501 063-0000 L1 9.140 9.280 0.140 Medium 169 149 0.2 2 8 49 49 0.1 38 22 67 66 -4 199 199 Shallow Shear - Low Strength
501 063-0000 R1 13.740  13.870 0.130 Medium 10 10 0.9 2 3 109 10 0.2 38 23 120 14 -4 199 199 Shallow Shear - Spreading
503 063-0017 R1 1.530 1.691 0.161 Medium 92 92 0.5 2 7 80 11 0.2 38 21 93 18 -4 199 199 Shallow Shear - Spreading
506 063-0059 L1 9.375 9.490 0.115 Medium 172 148 0.2 2 3 41 41 0.1 45 22 61 61 -4 199 199 Shallow Shear - Low Strength
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;U Cost of Structural Trealments ONRC R/ Facto LC .
C Type Description High Volume i | n o0 0000 Cumulative Rehab Area (m”)
O OvVIA Asphaltic concrete overlay National \ il Y 0!
_| ovIG Granular overlay plus chipseal surface Regional L 15 i} 600,000
STAB bilised L {ay plus chi I surface Artenial L 20 P} S00,000
C FBS Foamed bitumen stabilisation Primary Collector | 25 P 400,000
m RCN Granular reconstruction Secondary Collector ] R =0 300,000
|'|'| SMRA Structural Mill and Replace Asphalt Access \ 51| 66 £ B 55 200,000
STR Stabilise and Reconstruct Low Volume | | | 50 S50 ! 100,000
z s Spray Seal < b 5 o
> o i SE388288882883
itation Priority Weightings SR AR RS RERARS&SS&ERN
= DF1 ] Negligible Structural Treatment Rehab Area (m?)
DEZ Minor — Annual Expenditure of Structural
] DF3 Moderate Treatments
O DF1 High 57,000,000
) 200,000
| T | DT Design Traffic
L2 1 i 56,000,000
z = T — 55,000,000
Distress Mode Weightings = @ 54,000,000
m LRG < } Functional Distress E ] MR
=2 LRE < } Structural Economic a 8.0% 150,000 £ SENm000
=
— LRI < } Aggregate Instability £ 2 | szomom
ISF < b Surfacing Fatigue H] & | s1om000
| | ISE < " Surfacing Economic % €% ; 5
o [Ti%e < } dTIMG Optimal {Unlimited) g g ‘EEEEEEEEEE R L
= & 100,000 T R SR SSS8RA8RS\R’SES
;U DS < } RCA Spedfied = EX
sC 4 } RCA Specified Duration {years) B B - _— -
C SE i } Fafigue Calibration F ao% s Cumulative Cost of Rehabilitation
z § g 530,000,000
& 50,000 $25,000,000
2.0% 520,000,000
Exprort to KWL
515,000,000
510,000,000
L] L 5,000,000
SEENESNSZNASEBEHEBAEBRBAS s
N NN A NN RN AN NRNNNMN NN NN NN NN &mnn EWEEY R
o o
Froposed Year of fehaharion SEESEREEEEEEE3
Number of years included in the FWP: l 25
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Structural Treatment Length Table

STL file

Cost of Structural Treatments ONRC ]n/u Fac} -
Type Rate Unit Description High Volume [ 0 A I E d t f st t I
(;’\II.A (S 540 |[/m? Asphaltic concrete averlay Nlaticmalu | 0 n n ua xpe n I u re o r uc u ra
ovIG S 133 |/m? Granular overlay plus chipseal surface Regional L 0|
stAB |5 170 |[fm? bilised I lay plus chipseal surface Artenal l T t t
FBS S 3B |/fm Foamed bitumen slabilimin: " Primary Collector | rea me n s
RCN S BSJI m? Granular reconstruction Secondary Collector |
S 848 |/m? Structural Mill and Replace Asphalt Access |
STR 5 60|/ Stahilise and Recanstruct Low Volume | S7 000 000
cs s 6|72 Spray Seal ’ s
Rehabditation Priority Weightings S
DEL ;|| Negligible Strud 6 ,000 ,0 00
DF2 [ 11 | Minor 12.0%
DF3 L as | Maderate S
e R gt 5,000,000
BT [ a Design Traffic _—
Distress Mode Weightings S4,0m,000

Functional Distress

Structural Economic
Aggregate Instability
Surfacing Fatigue

Surfacing Economic

dTIMS Optimal {Unhimited)
RCA Speafied

RCA Specified Duration {years)
Fatigue Calibration

= $3,000,000
6% $2,000,000
ao% $1,000,000
20% S-

A A A AAAAAA
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Percentage of NatworkArea [FWD Tested)

w =] (o] =~ e w O o [ b 8 w [+ g

— i e~ o~ e~ o~ o~ (48] o o o o
0.0% o o o o o o o [ o o o o O
snsas NN N NN NN NN NN NN N

e SRR R E R
Number of years included in the FWP: l 25
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Remaining Life
> 25 years
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. -
Outer lines — empirical FWP
Dual inner lines — mechanistic FWP




Remaining life
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Q =25 vears E-
S Bl 10-25years \ 063-0017 R1 7.620 — 7.850 (503)
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Remainingilife e e 063-0017 R1 7.620 — 7.850 (503)

m ]
g =125 years =
| i . . .
S B 10-25'years \ Mechanistic Life (RPP)
=Z \ A=
9-10years : —— =
% E ¥iS: & - - R RPP Distress Mode = Shallow Shear - Spreading
> 2i/2= 3 years , STL Remaining Life (years) = 1
3 122 years’ | 1 Subgrade CBR = 10
% 0-1 years - L3 ~'| Drainage PI‘IOI‘I_ty =6.2
E' \ . : Subgrade LDE = 6.4
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Remainingilife e e 063-0017 R1 7.620 — 7.850 (503)

m ]
g =25 years -
| i . . .
S B 10-25'years \ Mechanistic Life (RPP)
Z \ A=
9-10years : —— =
% E Hies & - - R RPP Distress Mode = Shallow Shear - Spreading
> 2i/2= 3 years , STL Remaining Life (years) = 1
3 122 years’ | | Subgrade CBR =10
% 0-1 years - ¥ ~'| Drainage PI‘IOI‘I_ty =6.2
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Hemain‘ihg'L'fe Example showin Where = ;--
>I25lyears P g

R — #n.. ~| mechanistic model predicts
&%ﬁifj failure earlier than empirical

i:?_{;?- ,5 years E
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Outer lines — empirical FWP
Dual inner lines — mechanistic FWP GGGQ|E- Earth




Remaining Life

2 > 25 years Examp_le_showing where

S mechanistic model predicts

O B 10 - 25 years fai - -

= SH) ailure earlier than empirical

= B 5 - 10 years model

% 2%z -5 years : /

= 1-2%: years

Y

S 0-1years /

_|

Cc

2 /

= .
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3 ” 5

Q Y
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Outer lines — empirical FWP

Dual inner lines — mechanistic FWP | GGDQ|E Earth




Remaining Life

3 ST Examp_le_showing where

S mechanistic model predicts

= Bl 10 - 25 years failure earlier than empiri

=z pirical

= 2 5-10 years rodel

% 2%z -5 years : P
= 1-2%: years /

S 0-1years
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£ /7

>

=z = 3
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m Pt ”

= L

z _
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Z o &
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Triangular columns represent
GeoSolve’s drive-over visual
survey of Shallow Shear (at
approx. 80-90km/h).

Outer lines — empirical FWP

Dual inner lines — mechanistic FWP Google Earth
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Mechanistic-Empirical Analysis

Mechanistic

Empirical

e Subsurface moduli, stresses and
strains

 Based on network precedent
performance

» Calibrated to region or sub-region
evaluating pavements on the same
basis throughout the country

GEOSOLV

* Surface analysis and simplified
subsurface parameter

* Visual evaluation based on staff
familiar with the network
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For you to take away

Mechanistic approach now allows us to analyse pavements better than in the past:
» 12+ distress modes

« More meaningful sub-sectioning with lanes differentiated
 Optimised Forward Work Programming

All of this incorporated into the Empirical FWP leads
to more informed decision-making.
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Update: The team has now acquired TSD data for a sizeable network of thick structural asphaltic
pavements In the US and the current reality check is being extended (using the same
mechanistic approach to assess remaining life'and FWP, then compared with the empirical
approach). There are now multiple interested parties involved in the study hence if others would

like to follow or partake, please email

ceosoL RIMS = 2.
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Where to from here?

» 800 lane km test track — the ultimate reality check

* Highest real benefit/cost research ever for NZTA?

« Significant finding after only 3 months

* |deal database leading to betterment of existing models

« Additional inputs:
« Accurate dates of each digout or AWT
« Definitive terminal distress mechanism

« Joint research with University of Queensland & TMR

o Strong commitment within NPTG

GEOSOLV
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GEOSOLVE

Link:
Link:

The Google Earth (kmz) file containing the detailed results of this
reality check can be downloaded from here (requires Google Earth):

-

GEOSOL\E

The End
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