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Abstract
Non-destructive deflection measurement has
been used widely for evaluating the highway
and airport pavement networks for years. It
provides reliable data for the inspection of
pavement bearing capacity in order to
the

strategies for best pavement performance and

analyze appropriate  maintenance
minimum life cycle cost. Different from most
of the research works that were focused on
applying the deflection data, the major
objective of this research is to develop the

standard measurement procedure for data

collection, including studies of loading
ranges, sensor  layout,  temperature
calibration, and sensor arrangement for

measuring load transfer efficiency. Heavy
Weight Deflectometer Carl Bro PRI 2100
will be adopted for this research works. Test
sites of rigid and flexible pavement include
experimental pavement sections of National
Taiwan University. Various loading and
sensor layouts will be given to different
structural composition. By applying the
back-calculation programs as well as finite
element programs, the suitable loading ranges
and sensor layout will be investigated and
conditions.

presented for various

Temperature calibrationequations will be
established

collection on the experiment pavement

through year round data

section. In addition, twelve different types of



load transfer and

calculation methods will be evaluated and

efficiency testing
the most proper method(s) will be suggested.
It is anticipated that the research findings
will provide standard measuring procedures
for deflection data collection in order to
obtain repeatable as well as reliable data for

further analysis.

Keywords Falling (Heavy) Weight
Deflector, loading ranges, sensor layout,
temperature  calibration, load transfer
efficiency
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#% Analysis of

Transverse Traffic Distribution of Taxlway

Chou, Pro 0 I ! ndl il
(s

€% Research Background and Instrumentation
# Location: N1 taxiway of CKS Int's Airport, Taiwan
# Instruments (Jan 2001 to Dec. 2003)

# Obj Study the taxing
by aircraft size and taxing time

Dynamic Sensors
H-bar strain gage 42

| Static Sensors

T Optical lil.n' SENS0rS [

Thermocouples gage

Dn r min
m
€% Literature Review

# Monitering Project of Airport Pavement at Denver Airport, USA

16 Moisture gage

Wi
).)‘lul

® By FAA & U.S. Army Corps of Enginaars Waterways Experiment Station, started in1592
® Take-olf area of Runway No. 34 243 dynamic sensors & 476 static sensors
Dinfrared position sensors: measure the lime point aircralt pasa

oiPosition strain gauges: identily transverse posftions when
alrcraft pass

® Long-lerm

16 slabs left ine an

Rurway No. 34., since 1954
# US National Airport Pavement Testing Field (NAPTF)
® A full-scale lab by FAA Technology Center & Boeing Company, since 1996
« Test pavement: 274.3 m (900 long by 18.3 m (60') wide
= 9 different pavement sections with differant roadbeds, bases & surface layers;
dynamic sensors & static sensors Included

Analysis of Transverse Traffic Distribution of Taxiway

* and ysis of the of Traffic on Airport Pavement,”
FAA, USA, 1975
» Surveyed 12 types of aircrafts (include; B-747, B-T37, B-TOT &

DC-10) in 9 US airports; by infrared gear sensors =

» Surveyed flights: Take-off: 4355, touch-down: 5200;
exil taxiway 697 taxhvay 590

® Aircraft shift standard deviation:
150" wide RV starting area: 5.
200" wide RAN: starting area: 7'~
150°7200" wide touch-down area: 7
100" wide TW: 6" ; 75" wide TAW: 2.5~4' =

Prepearsy Pavcesi

@Posﬂianiﬂg Gauges of Nose Gear

#Installation of Positioning Gauges of Nose Gear
® 20 piezoelectric positioning gauges on both sides of
center line,on the surface joint of slab 2,387, with

20 em intervals
# Operation of Gauges & Definitior ; | 3
» Gears press on gauges: wi
a great posilive voliage change 5 | 1 R3 & Ré trjggered -
sGears Leaving: et s -1 R & e
a great negative change In voltage A | I|
1
+Gauge Triggered: -l
voltage > selected threshold value 3
# Data Colecting Time : | Ouer-ssge Wih
from (triggered 10 sec.) to (triggered +20 sec.) s

# Data Analysis of Positioning Gauges of Nose Gear

A.Coverage range: Range of the positioning gauges, from the left to the right triggered by the
aircraft each time

2.Coverage count: Frequency that a single
range by aircraft et a certain period

3.Coverage ratio: the rate perceived by having the sum of the coverage count of a single

gauge is within the coverag:

smlmi‘ :.m positioning gauge divised by the ameunt of the passage of the aicral during a certain pericd
* (66 passes in 9 wander sum of the of onc ing gauge
~_positions] Coverage ratio = L - < =
oitions) i Amount of aircrafl passage
#Wheel Width (cm) of Nose Gear and the Total of Possibly Triggered Positioning Gauges #Distribution of Wide-body Alrcraft/Narrow-body Alrcraft
Type m"""“‘"‘ of | m&.""’m Whee! | Possitie Triggered » Total of 1210 flights. Computed Coverage range, Coverage count, and Coverage ratio
- Y - e o Alreratt type (wid body): identified by o

# Data Verification and Analysis of the Results on Dynamic Aircrafts Position
Test on the N1 Taxiway
» Theodolite set on N1 Taxiway 250 m south from sensors are embedded; Record the angle,
calculate relative horizontal position, and then know tiggered gaunes

» Total observations of aircraft: 30

23 observations (T6.7%) exactly match the center pos  Pesiien

= Total average error: 2.66cm
{relative low to the width of nose gear, 80-130cm)

Th:“
_s__}lnna!yzed Results Of A/C Transverse Taxiing Distribution
# Distribution Curve of Aircraft Transverse Traffic

Flight
1210

@ Both aircraft paths focus along center
line, & decrease on both sides

® Narrow-body aircraft concentrate
more on the centerline

®\Wide-body aircraft tend to move
toward the left of center line and
possess higher coverage ratios of every
positicning gauge

» Wide-body fights: 872; Narrow-body flights: 338
i |12 Narrov-py
_A-um_._-_

# Distribution of Daytime & Nighttime Aircraft

» Daytime aircraft: data between 6:00a.m.~&:00p.m.
Nighttime aircrafl: data between 6:00p.m~8:00a.m

» Daytime fights move along centerline & decrease rapidly
toward either right or left side, and fits normal distribution

# HNighttime flight paths shift more to the left of the
Tallawing center lights located on the lefif30cm) of the centerine

WThe average standard deviation of all aircraft at all time is.
S0.4cm

WWide-body aircraft shift (9.2 cmjmore to the left than
narrow-body aircraft

mStandard deviation of wandering patlern of wide-body
aircralt is larger than that of namow-body alrcraft :Pilot
position of wide-body Is higher then that of narrow-body.

m Nighttime flight shift more than Daytime i
center lights are located 30cm on the left of I:zldl(llnz

W .Standard deviation of daytime flight is smaller than that of
nighttime fights: vision at daytime is better than that at
might.

@ Conclusion

# Piezoeleciric positioning gauges can detect center ion of nose gear when aircralt

taxis. The average error is 2.66 om (1.06") and mildly affects distribution.

@Aircraft taxis along the centerline on the taxiway when sunlight is sufficient, but travels

more along the center Ibli.l at nighttime.

#The standard traffi of

slightly larger than that of r.luyﬂ.lmﬂlghlx (84, 1cm vs. 48.7cm)

#Wide-body aircraft shift more to the left of centerline than the narrow-body aircraft

during taxiing . (§1cm vs. 47cm)

@Researchers suggest use of the standard deviation of 50.4 cm (19.8 inches) as
traffic fo ysin Taipel CKS Int'l Alrport.

flights is
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for the Calculation of Runway Pavement Classification Number

43R E 4 K ¢ Methodology of Applying Heavy Weight Deflectometer for

the Calculation of Runway Pavement Classification

Number
w2 Mm% - 07-1558

ACN-PCN Method
+ Aircraft Classification Number (ACN) : relative effect of an aircraft
+ Pavement Classification Number {(PCN) : bearing strength of 2 pavement

PCN Code Format
PCN F
Value Type Category | TirePressure | Methodused
A= High W = No limit _ ,
A number| RERig B=Medum | X=To217psi L = Les'jh"'ca'
F=Flexible C=Low Y =To 145 psi airt:gaﬂ
D = Ultra low Z=ToT73psi
The Calculation Methods of PCN
+ U method
» Adopt the highest ACN value in the mixed fraffic as the PCN value
+ T method
» ICAQ method : use the relationships between load, deflection, and repetition

» Cumulative damage method : use fati del and Miner's
» Boeing method : reverse the design concept of the Portland Cement Association (PCA) as the
basis of evaluation

# Comparison of U Method and T Method
» U Method - more simple but less precise
» T Method : more complicated but more precise

Objective
+ Establish a modified T method to determine PCNs by applying the Heavy Weight
Deflectometer (HWD) field data
»P i
properties

sub- sections and pavement material

pr

» Post-process: determine PCN by the Boeing T method and by considering the variation of

pavement structure

Candidate; and Chen-Yu Tsai, Ph. D. Candidate
National Taiwan University

Pre-Process of HWD Data

* D

» Normalized deflection d,, - index of
overall pavement structural strength

the ¥ Sub.

» Normalized deflection d, - index of
subgrade structural strength

X
ok "

Pa— - g1 e

Tentpoe.

PREFIETLL (gL | py—

Tepet

» Thickness variation : 15 in. between test points 64 and 480, 16 in. for the rest of the

runway
» Six sub-sections with five partition points at test points 64, 194, 330, 380, and 480 are
obtained
+ Back: ion of Layer P

» Tool : DBFWD is selected

i EEE

Process of HWD Data

» [

values are selected

inputs -

# Determining the Critical Aircraft and Equivalent Traffic Cycles
» Critical aircraft — BT77-300
» Equivalent traffic cycles for one year — 33,385

Methodology of Applying Heavy Weight Deflectometer

Chia-Pei Chou, Professor; Shih-Ying Wang, Ph. D.
Department of Civil Engineering,

HWD Test
# Test plan and sampling locations are network level scales based on the suggestions

of FAA AC150/5370-11A and ASTM D 4695-03

& & &

TZin.

é

Zin.

é

Zin.

5 b

ECY TZm

Calculation Process of PCN value

Zin 12

[ Process raw deflection data

i'ﬂ
@

Conduct preliminary analysis
normalizing deflections and uti

Determine
the structurally homogeneous sub-sections

[Ps——————

¥
[ Determine evaluation inputs

0 dSS80201.d

poyjew L Bujeog

Assign PCN

+ Calculate PCN values of Sub-sections

Pave. PCN

[Life [yrshsub-sec. 1|sub-sec. 2|Sub-sec. 3|Sub-sec. 4[Sub-sec. 5{sub-ser. g
20 | s4rowT | 61 rowr | 5o Rowt [ a2rowT | s mowT | 1 RowT
15 |57 RowT | 6srowT | 52 ROWT [ a4 RowT | 28 RoWT | 53 ROWT
10 | 59RowT | s2 rowr | 54 ROWT | 45 RowT | saRoWT | 5 RoWT
5 | s2rowT | 75 ROWT | 53 ROWT | 50 ROWT | 55 ROWT | 72 ROWT
3 |sarow | 79 Rowr [ 62 RowT | s2RowT | 58 RowT | 78 ROWT
1 78 RCWT | 58 ROWT | 71 ROWT | saRowT | 65 RowT | 84 RowT

Post-Process of PCN Selection
+Select the pave. life category
#Using 85% reliability concept

K]

e

Bowm @ o e = omom o W

—

T

R < ———
ot e

55 RDWT is selected

15%

[

Conclusion
+ A modified T method is developed

# Mot only the calculation theory of PCN but also the variation of pavement structure is
considered

# An integrated PCN value is determined in order to achieve an 85% reliability
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