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ABSTRACT

Void depth under concrete pavement is a major cause of pavement distress and
consequently affects its lifetime. Void depth can be analyzed from surface deflections of concrete
slabs. However, the deflection measurement equipment, such as Falling Weight Deflectometer
(FWD), is quite expensive.

Therefore, this research aimed to develop a method for evaluation of void depth using
real traffic loads. Trucks loaded in static and dynamic modes were imparted to surface of concrete
slabs. The surface deflections and their behavior were measured by a Portable Load Transfer
Efficiency Detector (port-LTE), which was invented by Puttapon Thongindam. Relations between
void depth and truck movement were introduced and compared to the results obtained from
Lightweight Deflectometer (LWD).

The results revealed that port-LTE was capable of measuring void depth under concrete
slabs. By using the Variable Load Corner Deflection Analysis (VLCDA method), the results from
static case are in agreement with those from LWD. For the dynamic case, it was found that
the most appropriate truck speed in combination with port-LTE for void depth detection was about

2.5 kilometers per hour.

Keywords: concrete pavement, void, portable load transfer efficiency detector (port-LTE)
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Slab Surface at a Higher Temperature and Moisture than Base

DAY CONDITION
DOWNWARD CURLING

Slab Surface at a Lower Temperature and Drier than Base

NIGHT CONDITION
UPWARD CURLING
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2.3 1N30IAMMSEUAIVINAIN (Lightweight Deflectometer, LWD)
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Exclusive display

l

I‘ Exclusive Indicator
TC-351F
Meanory Note PC
Acceleration waveform Digital data of load car
input and displacement Off------ D ------ | ‘
/\u" — Optional / RS-232C
Elgﬂ Extension of acceleration
waveform input by Externall
Displacement Sensor

Load waveform

input = /\v/\

317 2.20 unuramshuveUATEY LWD [33]

2.4 195090152 aNTMNMSNLINHITNUVBIHUNUADUNSAUVUNNN (Portable

Load Transfer Efficiency Detector, port-LTE)
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2.4.1 gnsalveATod port-LTE narasdsgalii 2.21 UsznouTaldne

1) 91/n5aiAA1N159UA2 (Displacement Transducer) 1581151 IAA1N1TgUA7
o4 Amuneunia Taserdemsnansetaveuduadnimlianudiumu irfulGenldaw
VAveIIRNINTEI

2) gulnsaliamgaunigil (Temperature Sensor) 19d WD iagainigiionauia
dodiiinmsnagoy

3) 1n30ad1509 14 (Power Supply) #3e1uAIA3 (Battery) IFdmsuilugunsal
DellduniS e uazeUnssiveunsed port-LTE

4) 9Unsal DC-204R 1AZA15ANUIBAINET (Compact Flash) 1Fd1m5unluny
mstanuvesglniainiiata Tasginsel De-204R wziflugudnarsisudoyaninglnel
a3293A Mimfueziinsulasmdyaaudiufinnaaslumianiseanusuas faniunu
mauaasrainienouiiunes

5) il (Cable) 1 msuieudemsinavesgUnsaiithdaedy 1dud
a8 CR-1310 dnsuiFeuseinsosdises lilfugunsel DC-204R eo CR-3610 dnSuiFouso
aunsal DC-204R Fuginsaitiufinnanisuen a1e CR-4010 SwsuiFeudegUnssingtnfafy
16 CR-6180 7118 CR-6180 115 uiFousdognsal DC-204R fue18 CR-4010 d118 CR-6181
dmsuiFeuaognsal DC-204R fugUnTal DC-204R B0 aza1s CR-6182 S uFouse
gunsal DC-204R AunEUNIADT

7) ABNNIADS (Computer) uaz T15UATURINT DC-7204 (Software DC-7204)
T¥dmTuaugumsianuuesglnssl DC-204R tazdmsuLaaIHANIATIIIA

4 [} v A lel Jd o A '
8) %A 1A59UBUNTOI port-LTE IdmsuAnasgilnisiaieg aeiindandiedu
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(A) 91/n30iU091AT04 port-LTE
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B) ﬂgﬂTﬂiwmm?m port-LTE

51 2.21 gulnsaliazya lnTeven504 port-LTE

2.4.2 HANMIMUVDUATOI port-LTE
@ 0 A e 2 1 <3| o @ ' dy =
NanMINNUVDUATOINBAINE1 1T UMTIAAIMITYUAIVBIUAUNUABUNTA
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nnusanunnsemlugluuumsmasunaiglannusaienamans (Dynamic) Tasfindun3eq
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AAN DC-204R vzutlasamssau Iihuduanmsguaalumiae luTaswas uazinsiudin
9 J 1 o @ o : [ {
Yoyanadovuailumianiienu TagRan131i19¥eUATed port-LTE taraedazili 2.23
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1azMININUYDUATE port-LTE 521319M3as193ad 1509 Idanuiinevesneuiimes
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gunsalnsaln  dandn

IAN19N1595195

A

Joint and Dowel bar

LEAVE SLAB APPROACH SLAB
(RN 2 - C2) (Weluiuvianela 1 - C1)
/ FuspIUMS et uR Y
/

‘IJ‘ﬁ 2.22 ﬁﬁﬂﬂ'liﬁi?ﬁ]ﬁﬂ‘llf]\uﬂ'iﬂ\i port-LTE

Load Cell Displacement Voltage

S Cabl
elnsor a- € Transducer etc.

Sensor Cable Attenuator Cable

(CR-6180) (CR-4010)

DC-204R / DC-204Ra

B

Synchromzmg Cable (CR-6181) [Option]

—))

. r‘
v\ 1’
Output Cable P USB Cable
(CR-3610) USB HuR\Pod (CR-6182)

Ii > Computer

External Recorder
Software DC-7204

Measuring points 4
Inputs Strain
DG voltage with optional cable CR-4010
Strain measurement
Gauge resistance 120Q. 350Q(Full bridge)
Bridge excitation DC2V. 0.5V. ON/OFF control
Measuring range 1000. 2000. 5000. 10000. 20000x107® strain in

5 ranges
Maximum range +80000x10~¢ strain
Accuracy +0.2%FS

Voltage measurement [using CR-4010 option] |
Measuring range 1, 2. 5. 10, 20V in 5 ranges
Maximum range 20V
Accuracy 10.3%FS
Lowpass filter 10. 30. 100, 300Hz. 1k. 3k. 10kHz (Bessel type}
Frequency response DC ~ 10kHz (—3dBx1dB)
Temperature coefficient
Stability on zero  +1x107¢ strain/°C with maximum sensitivity
Stability on span  £0.01%FS/°C with maximum sensitivity
Balancing method  Electronics
Balancing range +10000x1078 strain
Balancing accuracy +0.06%FS
Balancing speed  Approx. 1 sec. per channel
A/D converter 16-bit successive approximation
Resolution 1000x10~8 strain range : 1 or 0.1x10~8 strain
2000x10~% strain range : 1 or 0.1x10~% strain
5000x10~¢ strain range : 11078 strain
10000x10~8 strain range : 1x10~% strain
20000x10~ % strain range : 1x10~% strain
Sampling method ~ Simultaneous sampling
Sampling speed 5ps in 1 channel mode (200kHz)
10ps in 2 channel mode (100kHz)
20ps in 4 channel mode ( 50kHz)

‘IJ‘?I 2.23 LLN‘L!NQLLﬂ“"lJ@iJﬂ"l]”ILW?’"]JE]QLﬂiEN port-LTE [34]
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ﬂﬁ 2.24 ﬂ'li‘l/ﬂ\?'l‘l!‘llf]\uﬂi’ﬂﬂ port-LTE UUﬁu'li]E]ﬂ’EliJW’Jm’E]i

2.43 MIWATIZHHAVDUATOL port-LTE

' |
A A 1

9@ 1151n 510 UAT04 port-LTE 1 115110551 %071 Raptre Vibration Analysis
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C]NL’]J‘L!I’]JSLLﬂilI‘VIllﬂillﬂﬁWC‘JJ‘lHﬂJH?J'Iﬁ"IﬂﬁJﬂ"IH’Jﬂ!ﬂT LTE 1¥unnses port-LTE %3 151n53
o A AW Yo Y v 9 o 7 s [ 1 :I o

TNNNUANUTUNITN 2.2 T]Ulﬂu'I!,ﬁuﬂulﬁiuﬁ’J“lJE]ﬂ’J'IiJﬁ'ﬂJWH‘EEUGJIWi\iﬂ‘Uﬂ'liﬂ'lEl‘Ll'Wi‘L!ﬂ
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2UATIZHAT LTE NImuuruiivaudazuiunuanson 1y lneon luiiaaasli 2.25

U

il Vibration Analysis (Evaluation Copy) - 0 X
fCH1 & CHa
oy i T .__.‘ o (Al 2 \\IA il o r
i Peak (CH2) ‘ H
0.009 Max = 0,0095 pm i

LTE = 63.1579%
Cross (CH1)
0.006

0003

Cross (CH2)

Deflection (um)
&
8
@

-0.006
0009 '
i Peak (CH1)
0012 H & Max - -0.0120 pm
5 LTE = 25.0000%
0015 -
0 50000 100000 150000 200000 250000 300000 350000 400000 450000
Time (ms)
cHipeak JCHIPEAK |
Pos(Xl)  387,700.0000ms Pos(X2)  71600.0000ms Date 01-29-2015
Peak (CH1) 00120  pm Pesk (CH2) 00095  ym Time 16:33:38
Cross (CH2) 00030 pm Cross (CH1) 00060  um Datalength 3943  Sa
LTE2 50000 % LTEL 63150 % Sampling Rate 10 He 4

519 2.25 M3iamveeli)sunsy Raptre Vibration Analysis
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() = =% ' [l A o ] v
L!’U’Ul’lll‘]/]'laﬁl INNITANHINUIN ’J‘ﬁﬂ\?ﬂﬁ'lfﬂll’fﬂll15’[,19]5"]%??11‘1/\15\31’?5@@']&&??1&\161]@\111/\!3\1hlﬂ

v
9

fia)]

o—

9 :; (Y

ADUVIIA L

v
aaaA

HUHITNUANNL
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NEDININUA G?\‘llfl]uNEﬂJ'li]'lﬂﬁﬂ'lW!L’J@aﬂiJlla3ﬁﬂ’l‘W"Huﬂu1

a1 o oy @ . o
IMUITIANINITYUAININUIUN (Load Deflection) 19w
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Y

ad
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v
ALNUN

Y
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= ' A A
HUADUNIAUBDIUAASNUN
AN Yo P4
'JﬁﬂvlﬂiﬂWaﬂigﬂﬂﬂ']ﬂﬁﬂ'w\ll!'{]@aﬂﬂ

Faanavz lamnsavenvnaves Tnseldnazlinldnegs Tasluauise’ld

Tull1dnnige dwmsumsdszidiuInsaivde 33 5aanudumusume

VY93AY (Earth Resistivity), 35 IAAA UM IFUA LN (Seismic methods) 1aLITA1TIVHINEN

(Subsurface Radar) Tagagilnaminaasazidlulameai 2.1

M3199 2.1 31/nansAnBIUeI M.C. Hironaka 1Az [35]

Effectiveness Void Size and
Method Quantity Measured Measurement Equipment Surveying Speed
For Void Depth Location

Magnetic intensity anomalies in the earth's proton precession low no portable, vehicular or
magnetic field magnetometer aircraft-mounted

Gravity variations change in acceleration of gravimeter low possible 50 ft'/hr 5 mz/hr)
gravity

Earth resistivity voltage, current and distance ~  earth resistivity meter good possible 1,000 ft/day
between electrodes

Electromagnetic Transmission characteristics subsurface looking radar good possible portable and towable at

waves of reflected electromagnetic several miles/hour'
waves

Seismic surveys compressional wave seismograph, acoustic profile fairly good possible speed similar to earth
velocities resistivity

Load deflection magnitude and slope of nondestructive static and variable no 2-4 minute/test
surface deflections dynamic plate-bearing location (for dynamic)

devices

Nuclear Detection number of counts of nuclear particle counter : low possible 50 ft'/hr (5 m’/hr)
backscattered radiation pulse-height analyzer

Acoustic holography ~ phase and amplitude of coherent acoustic-wave good possible 100 ft’/hr (10 mz/hr)

acoustic wave

generator : hydrophone array
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AoN1Y A.7. 1993 American Association of State Highway and Transportation Officials
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113l a.¢. 1995 Jacob azant [37] NINITANHUNEINVIZUUMTUTLITUAINIG
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ADUN3A 1AANIT NCHRP method Tagunufsn1siiauvesllsunsy RMODS @a31li 2.26

Main program menu Main program menu

Input data Run joint / void Run backcalculation -
) . . Exit to dos
conversion option analysis program program

Input data option menu
A 4 Y A 4

RMODS

1. Convert FWD to input data Output options menu

‘ Output options menu

«— 2. Enter input data manually lT_T Output option menu l
3. Retumn to main menu 1. View summary Structural analysis screen
2. Print summary (Model & Location data
.| FWD data conversion 3. View deflection requested) 1. View summary
program input screen 4, Plot deflection a 2. Print results
bowl to bowl Modulus material 3. Plot deflection / k
—>| Manual input sereen 5. Retune to main menu property input data screen 4. Retune to main menu

| ¥

Backealculation Output menu
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M51970 2.2 ﬁ;ﬂwamimaawm Julie Marie Vandenbossche [38]

VOID.y, Ty Tye Length Radius of Relative Stiffness VOID, VOID,y, >
Cell Test Date
(microns) (°C) (°C-cm) (m) (m) (microns) VOID,.,,
5 9/25/1995 -23 14 -126 6.1 0.697 19 No
5 9/25/1995 -25 18 -139 6.1 0.697 71 NO
5 9/25/1995 76 15 39 6.1 0.697 -45 Yes
5 9/26/1995 136 13 89 6.1 0.697 -51 Yes
5 4/17/1996 34 14 -60 6.1 0.697 -10 Yes
5 4/24/1996 469 7 91 6.1 0.697 -2 Yes
5 10/9/1996 100 18 177 6.1 0.697 -100 Yes
5 10/9/1996 142 18 179 6.1 0.697 -99 Yes
5 10/10/1996 662 8 158 6.1 0.697 13 Yes
5 10/11/1996 873 12 282 6.1 0.697 -33 Yes
5 10/16/1997 465 15 315 6.1 0.697 -82 Yes
6 10/9/1996 20 20 -139 4.5 0.788 50 No
6 10/11/1996 268 7 139 45 0.788 18 Yes
6 10/16/1996 28 16 -92 45 0.788 -15 Yes
9 10/8/1996 51 9 50 4.6 0.749 =75 Yes
9 10/10/1996 -20 14 -133 4.6 0.749 5 No
9 10/10/1996 25 12 120 4.6 0.749 -114 Yes
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113l a.71. 2008 Applied Research Associates [43] AnyUAeITUMTYTLTUN TN 1A
oA Ay A A av Y Y a A A
HHUNUARUAS AT NaAT el 19e Tuaudde Idaue Iilinssaluanuansaveunsediie
o 1 Aa a < o .
4 {1998 14un sz @nswa (Effectiveness) A11T11 111§ (Feasibility) N13%11218 (Invasiveness)
nazdsz@nEnn (Efficiency) tia l¥iausadenldniesiie ldimunzandums1dau Tag'ld
9 [ ~ 3 = Y o A = A a
Poaglaensnei 2.3 intiudeldiimanageuniesie lunmagumiedssmuanuaiuso
A Y a A A 1 s Y} o ' Y A A A A
AuNITIV0UAToIND HaznuI AN UM IHazuuutuaIn1sasleldineonnTeaien
[ 9 Y a A d‘ A a A a A d‘
mzaudums 19au1d3e Taasaisidenasediionnlszansrnavazlse@nsnin ifiodnn

& 4o A 1 A A A A Yy o q ¥ ° Y Y
‘]_J"NW'L!“VIﬁ'"li?’1]11GUL!']ﬂiﬁﬂgﬁ?ﬂlﬁﬂﬂlﬂi@ﬂﬂ@ﬂﬂﬂﬁ@ﬂUlﬂ“ﬁﬂﬂ%ﬂﬂﬁﬂ?iﬂﬁ'luclﬂﬁmuul‘lJﬂ’JfJ

! Jd a 4 '
ﬂ151\1ﬁ 2.3 ﬂglluullaglﬂﬂ!cﬂﬂ']31]ﬁ$HJuﬂ'J'ljJﬁ'ljJ'ﬁﬂSU@\uﬂ%!f]Qﬁ@@'Na] [43]

Effectiveness Feasibility Invasiveness Efficiency
Method Total
(0.4) 0.2) 0.2) 0.2)
Ground Penetrating Radar 3 2 3 3 2.8
AC Resistivity 3 2 3 3 2.8
Falling Weight Deflectometer 3 2 3 2 2.6
Surface Wave Seismic 3 2 2 2 2.4
Seismic Reflection 2 3 2 1 2.0
Seismic Refraction 2 3 2 1 2.0
Electromagnetic Induction 1 2 3 3 2.0
Infrared Imaging 1 2 3 3 2.0
Cross-hole Seismic Tomography 3 s 1 1 2.0
Electrical Resistance Tomography ., 2 1 1 2.0
Cross-hole Radar 3 2 1 1 2.0
Gravity 2 2 3 1 2.0
Cone Penetrometer Testing 3 1 0 1 1.6
Boring, Drilling, and Excavation 3 T 0 1 1.6

1 =) 1 = A Y] [ @ J a 9
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YOIFUNWUINNINYANTTVITI FInsoaaanuuIFUNNliNasegadaunuaAINITgUAIN 1%

dmsumsdseiium Inswazuuiave Insa
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aou1luil a.a. 2009 NTUNIIH A IUAIUVBIFITNIVIUALWAUINIUNIG [45]
I o 1 o 4 % 3 [ 4
18daiigienisdrsrameniInseldouunounia yuilunisaesensiniled a.a. 2004
2 v A 3 an Aa P4 ¥ 1A A & = an
Tasilarin luniiedeluds lums iasizrni Insalaukuiune U3 A ¥9UeNdIITNISNATDL
ad o [~ an v A ) 4 . .
wazdsa a1 Inse lagutailuawitTvan o N1581529A28818A1 (Visual Inspection)
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1 = = = [ a 9

aou1 111 A.¢1. 2010 Khaled 1182 Leanne [46] ARYUNEINUAITUTLINUN INTIAIE

A A 9 g‘ @ a a o o A ] dy =l = = 9

1039910 FWD taz1$imiin 40 n1atindu nsginnana e unuasunIa lunsanyaonly
Y v

VLCDA method 9nmsfinynsdosniu lamuonus 19 19mmsguaargeganeonsu ladlszum

Y o an = = :’ o o d'd! 1 ~
75 TuTaswes uag IdinausIsmsnlssuiesumsnageviiviinnizinNInaLHUA U @
1 1 tﬂy A AA a <3 A (= A o ~

FEUINLHUNUADUNS aNTMSIaT U anfoeuay TN TaS uaIn1319N 2.4

@

d' 4 a 1 AL 1 =
M13190 2.4 Lﬂm"I/Iﬂﬁﬂi%muT‘WiﬂiﬂﬂﬂWﬂﬁEJ‘]JG]’J‘VIﬂQﬂﬁNLLNHﬂ’E]UﬂW] [46]

DO DO DO Function of DO Normalized to 40 kN (for overlaid PCC
Load Transfer
(at center of the slab) (at slab corner) thickness & load must normalize to 20 °C or 70 °F

Example : 2.5 — 3 times measured 40 kN > 187 — 225 microns
Dowel

75 microns (3 mils) center deflection (D0) (9,000 1bf) (7.5 - 9.0 mils)

Example : 3.5 — 4 times measured 40 kN =262 — 300 microns
Non-Dowel

75 microns (3 mils) center deflection (D0) (9,000 1bf) (10.5 — 12.0 mils)

o 3 v v o ' v @
Tudl a.a. 2012 9gwa [47] MimsAnpuReITUANNENRUTTEHI19A LTE Ao Tnseld
' 4 o [ a 1 a I 4
uruiunounia inmInadeuiuauniumialuguazauwiugne Tasldiniomaao
[ 9
M3gUAIRIBNANNTZUNALUUNIIN (HWD) nadeuiinenaiauiudisiigin 220 flatiadu
v Y
uagnadouNYUUeIAUAI811111IN 3 5zaD TAun 160 190 wag 220 A Tatidu 1INMTANY
U [ v d A 9 1 U 1Y 9J ] diy = Qaj 9 ] dil =
WU ANNFUHUTIFUTUIEHINA LTE Ay Tnselansuiuasuniaiumnlaunuiiuasunia
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A A a d%l ¥ o dR A v o w 1w d w
ﬂ@uﬂﬁﬁﬂiWﬁ\‘llﬂﬂmuﬂ'J’lll’ffllWH‘ﬁi]\?ﬁll UIFIAYADNUNINUY ANT ﬂ'Vl 2.29
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(A) nsal L Tnsanadu (B) nsalil Insunaau

‘IJﬁ 2.29 ﬂ’J"I'JJﬁiJWll‘ﬁsll@QﬂﬁﬂWL!”l‘ViuﬂﬂUTWinﬁLLNuWHﬂﬂuﬂi@ [47]
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uazluil a.e1. 2014 Mathavan tazaa e [48] K1M1SANEUNEINUAIT1F TaTaae
Usza ey M SUNMHUAIN N UONANINT DA UBININIIADUNT A Taslun1sAnsI
A ¥y A oA o v o 1 o Y 2 o a o ' P ¢S o Y
wenldiniesiio FWD dmsudaaimsguai udrvai ldimsigdmamiaiiwes 3 2 laun

Y Y
UseaNTAMMT 81NN UANUABUAT A (Load Transfer Efficiency, LTE) Tnsald
Y Y
HHUNUADUAT A (Void Intercepts, VI) uazmmsqué’h (Absolute Deflection, D) R IRTEREIR
[ a (3 = ~ ] A Yo Y o ~ Y XK v J
AMWIIUR3 NIa LS sumeusumasnn lanivuald 9913199 2.5 1drv9ssuanadng
I [V ~ = 1 A A a 4 v A 1

ponUUTUHALNNAIZUN 2.30 VINWANTANHINDI HONIITANMITUIADTAOIAT AD N1301Y
Y )
WA UAINITgUAD ANl udvesumunmiia1lseuiuiosas 87.5 uazilofoisan

a J 3 @ 1 o !
W"Ii']llm@TVNﬁ"lﬂJGl'Jﬂ'ﬂilLlilLl‘(’J"IGII’ENL!W’Hﬂ?WﬁﬂTﬂi%NTﬂ!%}ﬂﬂﬁz 65 5\1 70

Y J a 1 a
ﬂﬁN‘ﬁ 2.5 Lﬂﬂ!"l’lﬂ1iWﬂ1im1ﬁﬂ1Wi@ﬂﬁﬂﬂlﬁ]\iﬂ’lﬂ%ﬁﬂﬁ)uﬂ%ﬁ%’ﬂﬂ Mathavan (agaAe [48]

Parameters Good Marginal Poor
Load Transfer Efficiency (LTE) (%) >75% 50-75% <50%
Void Intercepts (VI) (um) <25 25-50 > 50
Absolute Deflection (D) (um) <200 201-225 >225

5122 ]z]2
0] EEEE E

Trained Network —based on the Three Category (LTE. VI and D) Average Ranking.
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Abstract

Void uncler concrete pavement is a major cause of pavement
distress and consequently affects its lifetime. The evaluation of
void depth can be obtained from surface deflections of concrete
slabs. However, the deflection measurement equipment are
quite expensive. Therefore, this research aims to develop a
method for evaluation of void depth using real traffic load. Truck
loadings in static and dynamic mode are imparted to surface of
concrete slab. The surface deflections and their behavior are
measured by Portable Load Transfer Efficiency Detector (Port-
LTE) which is invented by the researcher. Relations between void
depth and truck movement are introduced and discussed

* w54 Fnnseina (Pomchai Jittasukhegul)

E-mail address: pornchai_j@mail.rmutt.ac.th

comparing to the results obtained from Lightweight
Deflectometer (LWD), The results show that Port-LTE has
capability of measuring void depth under concrete slab. The vaid
depth results from static case are in agreement with Variable
Load Corner Deflection Analysis (VLCDA) method. For dynamic
case, it has been found that the most appropriate truck speed
for void depth detection is about 2.5 kilometer per hour.

Keywords: Concrete pavement, Void, Portable Load Transfer

Efficiency Detector (port-LTE)
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