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Readings: Training Course - Module 2C

© Structural Evaluation
Nondestructive Deflection Testing (NDT)
Equipments, Concepts, and Procedures

© Introduction
*k Factors to be considered:
Existing distress, structural components, NDT
* Existing distress (caused primarily by traffic
loadings):
AC - alligator cracking > 10%
rutting > 1/2 in.
JPCP - cracked slabs > 10%
JRCP - deter. trans. cracks > 850 ft/lane-mile
deteriorated joints > 50%
- CRCP - punchouts & patches > 10/lane-mile
steel ruptures > 10/lane-mile

*¢ Material tests:
pavement types, thickness, conditions of
different layers

*NDT: most reliable; detalled deflection studies
to ascertain causes of distress, to locate
inadequate support or voids, to determine load
transfer efficiency at joints and cracks

O Deflection Measurement

stronger pavement => lower deflection
weaker pavement => higher deflection



©Types of NDT Equipments:
Static deflection, Automated beam deflection,
Steady-state dynamic deflection, Impulse deflection

% Static Deflection Device:
1. Benkelman Beam: Figure 5
Need to make sure front supports are not
within deflection basin
2. Plate Bearing
3. Curvature Meter

»k Automated Beam Deflection Device:
1. La Croix Deflectograph
2. California Traveling Deflectometer

Technical Problems:

1. Reference point may be in the basin

2. Inadequately represent moving wheel load

3. cannot easily be used to determine load
transfer across a joint or crack

% Steady-State Dynamic Deflection Device (35 f&
BABER) .
1. Dynaflect $ /7 3£ % 4k - & % 4 A5
2. Road Rater, Model 2000, & %3+ & 1&- =
N9 5
3. Cox Device
4. FHWA Cox Van (Thumper)

* F AR

1. Static pre-load
2. Static-state sinusoidal vibration,
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dynamic force generator
3. Peak-to-peak dynamic force <2 * static
force

* Dynaflect € /7 $: & 1& .
1. One of the first commercially available
devices
2. Static load: 2,000~2,100 pounds
3. Limitation: 6 mph, up to 1,000 pounds
peak-to-peak fixed frequency

% Road Rater : Series 400B, 2000( B 79),2008
1. Peak-to-peak loading 1,000-8,000 lbs
2. Load frequency: 5-70 cycles/sec
3. Technical limitation: limited load levels
for lighter models, heavy static preload
for heavier devices

*k Impulse Deflection Device:

1. Resulting deflection closely simulates
deflection caused by a moving wheel load
(Note: static preloading may change paving
materials’ stress states (stress-sensitivity))

2. Pre-load = 8~18% of the max. impulse load
9,000 - 24,000 Ibs (Figure 7)

* Dynatest Falling Weight Deflectometer:
1. Model 8000 is the most widely used
FWD device in the U.S.
2. loading plate diameter 11.8 in. (30 cm)
3. varying drop heights & weights 1,500 -
24,000 Ibs



4. up to 7 sensors

* KUAB FWD:

1. Two-mass falling weight system
2. Smoother rise of the force pulse
3. Dynamic force 2,698 - 35,000 Ibs

** Phonix FWD:

1. Dynamic force 2,248 - 11,240 Ibs

*¢ Summary Characteristics of NDT Devices:
See Figure 4 or Table 9.1 (Hudson)

©Factors Influencing Deflections
%k Loading Factors:

1.

2.

3.

Impulse deflection equipment most closely
simulates the deflection

Load-deflection relationship is not linear
(Figure 8) |
Recommendation: Use NDT produces loads
approximate to those of heavy truck loads

. “Correction” between different devices

(static deflection > dynamic deflection)
(Figure 9)

. Special cautions and difficulties (stress-

sensitive for static pre-load) (Figure 10)

*k Pavement Factors: |
Distressed areas, wheel paths, joints, corners,
voids, random variations, etc. (Figure 12)



Table 9.1 Characteristics of Nondestructive Deflection Testing Devices [Hudson 87a]

—

) ) . Load Deflection | Method of
Devica N T . and-mg Loading Static Dynamic | Transmitted Measuring | Recording | Available
vice Name | Type of Unit| Principle System Load, Ib. | Force, Ibf. by Device Data in USA
Benkelman Manual Rolling
Beam Operation Wheel Loaded Truck (a) N/A Truck Wheels | Dial Gauge Manual Yes
California Self-
: . Rolling Movin ; Manual,
Traveling Contained 9 (a) N/A Deflection -
Wheel loaded truck Truck Wheels Printed, or Yes
Deflectometer | Automated Transducer Automated
La G Self- Moving truck M |
a Croix . Rolling loaded with D : anual,
Deflectograph :"t’:a'":‘; Wheel blocks or (a) N/A Truck Wheels Tr::::;:.:::r Printed, or No
utomate water Automated
Steady Two 16" di
- State Counter wo 16" dia.
Trailer . Ureth Manual,
Dynaflect Mounted Fy;g;zie'tocr;,s rotated 2,100 1,000 Coa':: d aS'::eI 5 Geophones | Printed, or Yes
n masses
Hz Wheels Automated
t . Two 4" by 7"
Model 400 B | Trailer | Vibratory | - Hydraulic Pads with 5.6" Manual,
Road Rater |Mounted (b) :quency Actuated 2,400 200-3,000 Center Ga;.> 4 Geophones | Printed, or Yes-
60 Hz Masses ) Automated
. . Vibratory Hydraulic :
Model 2000 Trailer Circular Pl Manual,
Road Rater Mounted Frequency Actuated 3,500 200-5,500 18,,“ dai; (Z;e 4 Geophones | Printed, or Yes
6-60 Hz Masses ) Automated
. Vibratory Hydraulic . Manual,
Wodel 2008 | ypeaiter | Frequency | Actuated 7,500 | 500-9,000 C;’gj’:;; P(';’;e 4 Geophones | Printed, or | Yes
5-80 Hz Masses : Automated
. Two Sectionalized Manual,
KL:C?DSO MES:‘: d Impact Dropping 2,000 ?'17(3’38 Circular Plate Seigrzc:?n:ters Printed, or Yes
Mass System " 11.8" dia. (d) Automated
. Two Sectionalized Manual,
KU?\Z[; 50 M.I;:::; d Impact Dropping 2,000 237(7’38 Circular Plate Seg t':\:::r:ezters Printed, or Yes
Mass System ’ 11.8" dia. (d) Automated
Dynatest 8000 Trailer Dropping 1,500- Circular Plate Manual,
FWD Mounted Impact Mass 2,000 27,000 11.8" dia. (d) 7 Geophones | Printed, or Yes
Automated
Dynatest 800 Trailer Dropping 6,500 Circular Plate Manual,
Impact 2,000 A o 7 Geophones | Printed, or Yes
FWD Mounted Mass 19,000 11.8" dia. (d) Automated
Phonix ML Trailer Dropping 2,300- Circular Plate 3or6
10000 FWD Mounted Impact Mass 1.900 23,000 11.8" dia. (d) | Geophones Yes
" Moving truck !
CRSTP Self- Rolling loaded with (a) or N/A Truck Wheels Automated Yes
Crrvimeter Contained Wheel variable
- steel pellets

. 18,000 Ibs single axle truck

c. Circular plates are available

b. Earlier versions were mounted on vehicles
d. Plates of other dimensions are available
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Figure 8. Deflection vs. Peak-to-Peak Dynamic Load.

Note: Nonlinear shape and poor projection of 9-kip deflection from l-kip
loading. This illustrates the danger of projecting deflections

from heavy loads using very light loads.
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Figure 10. Variation of Deflection with Frequency of Loading (2).
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* Climatic Factors: o

1. Higher AC surfacing temperature => higher
deflection (Figure 13)

2. Higher PCC temperature => tighter joints &
cracks => higher load transfer efficiency
(LTE) => lower deflection

3. Thermal gradients:

AT>0 (day-time) => lower deﬂectlon
AT<0 (night-time) => higher edge or corner
deflection

4. Seasonal variation: (Figure 14)

=>» Time of the day & season of the year

=» Standard temperature (70 °F) & season,
equivalent deflection based on locally
developed procedures

- ©Conducting NDT Field Survey

1. Temperature measurement
2. Deflection along the project length
3. More detailed intensive deflection if necessary

©Special Test Procedures
* Deflection Profile: shape of deflection basin

1. Dynaflect Max. Deflection (DMD)
2. Surface Curvature Index (SCI=D1-D2)
3. Base Curvature Index (BCI=D1-D3)

% Utah Overlay Design Procedure (Figure 18)

¢ Load Transfer Efficiency (LTE) (Figure 19)

©Interpretation of Structural Testing Data
Uniformity of the project
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APPLIED WHEEL LOAD IP]

A=O.06Tj.‘* a s

1007, LOAD TRANSFER

WHERE:

= DEFLECTION OF LOADED SLAB
LOADED

= DEFLECTION OF UNLOADED SLAB
UNLOADED

A = TOTAL DEFLECTION
TOT

Figure 19. Effect of Load Transfer.
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O# Z # & HREMA(AREA) 89 7 %

Hoffman#= Thompson (1981)# AREA#) € & 4
T : (AREA# B2 & Kk E > & K18 .436) (Figure 25)

AREA= 6*| 1+ 2(@) +2(dﬂ) +(ﬁ)
dO d() do
EEF':

- #=h T R 1Ll

d,- = R EE LR 1 B (12, 24, 36N ) 2 BEFEAEL[L]
ERES F=Foxworthy (1985)& 4% 1< B Z iR %t X %14
HBAA(E) ~ B AR N EEAEK) ~ LR E(h) > EL
— AP R R EBEAREAZ B4 8 » A H A+
AR E B A S EfAdkE o (Figure 26)

Homework #2:
Please perform a series of ILLI-SLAB runs to
construct a graph of curves for backcalculation in a
similar way.

O B H = B A A MILLI-BACKAZ K,

Ioannldes (1990)3t 45 & & B 2 8y 3 F F 12 8L 2
B B EEERT 0 AREASZ A3 & F
7{5‘37%— " — oy 1% > #£3Z S ILLI-BACKA R, ©

Hall (1991) i & #] i FORTRAN = IMSL & 42 &,
R HAZHMALM(S 5 EHRZ A K % #Bessel
Functions) B4 2 > 3£ 4] A SAS# 3+ kB8 4 o
AREA AR $h & F 12 2 @8 M 12 X (Fig. 4.1-4.2)
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-14.387009

'm(36—AREA)
1812.279133
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-ln( 36_AREA)—5.334281
4521.676303
—3.645555
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Homework #8&
Please use Hall’s equation and the graph
constructed in previous Homework #2 to compare
both backcalculation procedures using the same

example inputs. |
(Additional Reading: Huang’s Text Book P.456-459.)
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Korovesis, G. T., “Analysis of Slab-on-Grade Pavement Systems Subjected to
Wheel and Temperature Loadings,” Ph.D. Thesis, University of Illinois, Urbana,
Illinois, 1990, pp. 305-334.
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1
Slab Size h=10 K=100 E=3E6 infinite slabs p=9000lbs a=5.9

1 3 0 0

7

7

1 0 100.000

6 1 0.05 0.05 1

000000 40

0.0 12.0 24.0 48.0 72.0 111.0 150.0
0.0 12.0 24.0 36.0 48.0 60.0 : 72.0
10.0 3.00E+06 0.15 0.136 16.0 6.88E-06
82.30 0.0 5.23 0.0° 5.23

© C.4 #ILLI-SLAB/: fl & 2 3£ 3
R
- loannides, A. M., “Analysis of Slab-on-Grade for a Variety of Loading and

Support Conditions,” Ph.D. Thesis, University of Illinois, Urbana, Illinois, 1984,
pp. 187-188.

1. At least one node at the expected max. response
location

2. 2a/h £ 0.8, finer mesh extends 2 times the loaded
area, gradually increase the mesh size

3. “Winkler” model use option IST=6 is better than
IST=7 . |

4. Keep 2a/2b = 1 extending to 2 times of radius of
the loaded area; keep 2a/2b <4~5 elsewhere

% ILLI-SLAB for PC Version

(a)DOS conventional memory at least > 550
KB (approximately)
(b)Keep at least 17 MB of hard disk space

(depends on the size of the problem defined)
(c) ILSB89.EXE <INPUT.FIL > OUTPUT.FIL
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— ~ fR3xA — A4 B HamMAARETRLEZTHT  Slab
size( - x )= Bft x 12ft » Slab thickness=10in. » Slab Ec
=4.,000,000psi > 1 =0.15 » P =9,000Ibs » Loaded area =10 in. x 10
in. >k =0 pci- Interior / Edge / Corner loading - 35 #] A ILLI-SLAB
FRAEEX > RBERKENHEBEE » 8 Westergaard 2

waAXAatE 0 %8 ILLISTRS #XriF 2 R e tbig -
/}.& .

h=

1. #/ A ILLI-SLAB g Raif > REEAZABRNABEM
(DILLI-SLAB # B A 547 * BRBHAKEAHE X A Y EX TG
S 10 AR Y Ky 22 BEE -

i
Interior fAnanysize

(0] 150.000
1 .0S8 .650
40

. 800 . 500
. 800 4.000
. 900 MRclaic)
. 960 .S00 . . . . 15,000
. Q008 4. 000 44 . 000
.BOO . 060
.988 - 4HBOE+B7
. Qa9 . . 8O0

MAXIMUM OR MINIMUM VALUES OF (COMPRESSION IS POSITIVE)
DEFLECTION = 006156 AT NODE 1 AND  .000000 AT NODE 0
SUBGRADE STRESS = 923 AT NODE 1
RANGE OF X-STRESS AT BOTTOM OF LAYER 1: FROM -125.061 ATNODE 1 TO 2492 ATNODE 331
RANGE OF Y-STRESS AT BOTTOM OF LAYER 1: FROM -133.665 ATNODE 1 .- TO 1.751 ATNODE 19
RANGE OF MINOR PRINC. STRESS BOT. LAYER 1: FROM -133.665 ATNODE 1 TO 000 ATNODE 418
RANGE OF MAJOR PRINC. STRESS BOT. LAYER 1: FROM -125061 ATNODE 1 TO 2492 ATNODE 331
NOTE:- X-STRESS TOP = - (X-STRESS BOTTOM)
Y-STRESS TOP = - (Y-STRESS BOTTOM)
MINOR PRINC. STRESS TOP = - (MAJOR PRINC. STRESS BOTTOM)
MINOR PRINC. STRESS BOTTOM = - (MAJOR PRINC. STRESS TOP)
SUM OF REACTION FORCES = 2249.29

SUM OF EXTERNAL FORCES AND SELF-WEIGHT (IF ANY) = 2250.00

Stop - Program terminated.




A\V4

(2) ILLI-SLAB s % B /1 547 - B BAKEAHZY 3 £ X s 1918

HEAY Fan 0B -

Edgo Ananysize
1 2 ¢ <]

1 8 150.008
6 1 .058 .858 1
000600 40 ,

.060 2.500 5.000 7.580  16.068  12.560
20.008  24.000 28.600  32.000  36.806  40.000
52.668 56.860  60.000

.8080 2.500 5.008 7.560 16.008  12.500
20.000  24.000  28.600  32.600  36.000  40.660
52.000 56.600 60.606  64.800 68.060  72.600
84.000 88.680 92.6000 96.000 100.900 104.800

116.066 120.860 124.600 128.660 132.008 136.600
10.060 .4BOE+Q7 .150 .887
90.060 .660 5.000 .060  10.008

Bt 1A

15.000
44.000

15.0606
44,000
76.000
108.000
140.008

MAXIMUM OR MINIMUM VALUES OF (COMPRESSION IS POSITIVE):
DEFLECTION = .020284 AT NODE 1 AND -.003768 AT NODE 760
SUBGRADE STRESS = 3.043 AT NODE 1

RANGE OF X-STRESS AT BOTTOM OF LAYER 1: FROM -233401 ATNODE 1 TO
RANGE OF Y-STRESS AT BOTTOM OF LAYER 1: FROM  -30.065 AT NODE 3 TO
RANGE OF MINOR PRINC. STRESS BOT. LAYER 1: FROM -233.401 AT NODE 1TO
RANGE OF MAJOR PRINC. STRESS BOT. LAYER 1: FROM  -30.065 AT NODE 3TO
NOTE:- X-STRESS TOP = - (X-STRESS BOTTOM)
Y-STRESS TOP = - (Y-STRESS BOTTOM)
MINOR PRINC. STRESS TOP = - (MAJOR PRINC. STRESS BOTTOM)
MINOR PRINC. STRESS BOTTOM = - (MAJOR PRINC. STRESS TOP)

SUM OF REACTION FORCES = 4501.73
SUM OF EXTERNAL FORCES AND SELF-WEIGHT (IF ANY) = 4500.00

Stop - Program terminated.

18.691 AT NODE
71.531 AT NODE
.000 AT NODE

71.531 AT NODE

601
14
760

14




(3)ILLI-SLAB Afgn#7 - BB EAKEEHE £ X @y 34 ELHRY
F ey 40 B EE o

Corner Ananysize
1 :] 3} 8
34

49

1 @ 150.000

6 1.058 .8586 1
006066 40 ,

.069 2.568 5.868 7.566 - 16.068  12.568  15.868
20.006 24.080  28.608  32.860  36.000  48.888  44.680
52.068 56.660 60.660  64.880 68.608  72.868  76.006
84.600 88.066  92.800 96.600 106.060 104.608 108.866

116.008 120.860

.8e8 2.560 5.600 7.566 16.066  12.568  15.860
20.606  24.666  28.600 32.860  36.060  46.800 44.100
52.060 56.666 66.606 64.080 68.008  72.688  76.t90
84.606 83.066  92.800  96.6660 100.060 104.000 . 103.000

116.060 120.008 124.000 128.600 132.606 136.006 146.008
16.068 .4G6OE+B7 .156 .087 " ‘
90.068  ©.860 16.600 .88  10.008

il i
Byl

MAXIMUM OR MINIMUM VALUES OF (COMPRESSION,IS POSITIVE):
DEFLECTION = .043454 AT NODE 1 -AND -006437 AT NODE 1360

SUBGRADE STRESS = 6.518 AT NODE 1
RANGE OF X-STRESS AT BOTTOM OF LAYER 1: FROM ~ -85.206 ATNODE 81 TO 116103 ATNODE 561
RANGE OF Y-STRESS AT BOTTOM OF LAYER 1: FROM  -84.966 AT NODE 3 {TO 122956 ATNODE 16

RANGE OF MINOR PRINC. STRESS BOT. LAYER 1: FROM -139425 ATNODE 124/ TO = 3380 ATNODE 543

RANGE OF MAJOR PRINC. STRESS BOT. LAYER 1: FROM 000 ATNODE 1360 T wA’f NCDE 53

NOTE:- X-STRESS TOP = - (X-STRESS BOTTOM)
Y-STRESS TOP = - (Y-STRESS BOTTOM)
MINOR PRINC. STRESS TOP = - (MAJOR PRINC. STRESS BOTTOM)
MINOR PRINC. STRESS BOTTOM = - (MAJOR PRINC. STRESS TOP)
SUM OF REACTION FORCES = 9008.2
SUM OF EXTERNAL FORCES AND SELF-WEIGHT (IF ANY) = 9000.00

.
Step - Program terminated.
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