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Research in California on the use of deflection measurements for asphalt 
concrete overlay design resulted in a revision to the California overlay de­
sign method presented at the Western Summer Meeting of the Highway Re­
search Board in August 1970. Deflection reduction characteristics and 
tolerable deflection levels of asphalt concrete were revised based on the 
performance of highway projects under study since 1960. A higher initial 
deflection level will result in a slightly greater percentage of reduction for 
a given overlay thickness. An evaluation of the design method compares 
predicted versus measured deflections on 69 reconstructed highways. The 
deflection levelafter reconstruction can be predicted within ±0 .008in. (:!:0 .2 
mm) with a 9 5 percent confidence limit by using the deflection reduction 
guide. Pavement deflections are measured by using the California travel­
ing deflectometer, which provides a dynamic type of measurement while 
traveling along the roadway at 1/2 mph (0.8 km/h). An asphalt concrete 
overlay design guide was developed that simplifies the procedure for de­
termining overlay thicknesses, but other factors such as the condition of 
the structural section and reflection cracking potential may alter the de­
sign. Since 1960, the overlay method has been used on approximately 450 
different roadways. 

•IN 19 51, a comprehensive deflection research program was initiated in California to 
establish a reasonable relationship between the fatigue failure of asphalt concrete (AC) 
surfa cing and the magnitude of pavement deflection. The results and conclus ions of 
this study were published in 1955 (1). Evaluation of data from this study suggested 
maximum tolerable deflection leveIS for various pavement thicknesses. These values 
were an approximation of the highest levels of transient pavement deflection that a given 
pavement thickness could tolerate under specific traffic conditions during its design life 
without developing fatigue cracking. 

The deflection criteria that were reported in 19 55 provided the basis for further 
study since the roads that were investigated were major highways with relatively high 
traffic volumes designed for 10 million 5-kip (22-kN) equivalent wheel loads (EWL). 
These criteria were adjusted for variations in traffic volumes so that they would be 
more representative of different traffic situations. This was accomplished with fa­
tigue tests in the laboratory on specimens cut from various AC pavements a nd was re­
por ted by Zube and Forsyth (2). They graphically presented an exponential relationship 
between strain and number of load applications to failure. 

Usi ng this relationship along with deflection attenuation data, the California Division 
of Highways developed Test Method Calif. 356-D (3) as its pavement overlay design 
method. The method has been used for overlay design on approximately 450 roadways 
since 1960. This report explains recent modifications made to the design method 
through further research and refinement. 

Publication of this paper sponsored by Committee on Design of Composite Pavements and Structural Overlays. 
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DEFLECTION MEASUREMENT BACKGROUND 

Pavement deflection measuring experience by the California Division of Highways dates 
back to 1938 (1). Unt il 1954, deflection measurements were obtained with the General 
Electric travel gauge and the linear variable differential transformer. 

In 19 54 the California Division of Highways began using the Benkelman beam, which 
greatly simplified the task of measuring pavement deflections under wheel loads. An 
automatic deflection measuring device known as the California traveling deflectometer 
was later developed by the Materials and Research Department and put into operation 
in 1960. A newer version was introduced in 1967 and is shown in Figure 1. 

The deflectometer is a truck-trailer unit that measures deflections based on the 
Benkelman beam principle. It carries an 18-kip (80-kN) single-axle load on the rear 
tires and a carriage to support probes for measuring pavement deflection under both 
wheels s imultaneously. The electromechanical device measures pavement deflections 
at 20-ft (6.1-m) intervals while it moves steadily along the road at % mph (0.8 km/ h). 
The deflections are measured to the nearest 0.001 in. (0.03 mm) by means of a probe 
arm resting on the pavement and are permanently recorded on chart paper. Between 
1,500 and 2,000 individual deflection measurements are possible per day when the de­
flectometer is used; about 300 measurements are possible when the manually operated 
Benkelman beam is used 

The deflectometer measurement has been adopted as a standard for use by the Cal­
ifor nia Division of Highways. The Dynailect, r oad rater, and Dehlen curvature meter 
have been r elated to this device (3, 4). Other states and agencies use the Canadian 
Good Roads Association (CGRA) Beilkelman beam rebound procedure using an 18-kip 
(80-kN) single-axle dual wheel load. The traveling deflectometer produces a dynamic 
type of measurement that approximates the WASHO Benkelman beam method (5). This 
measurement is generally much lower than that produced by the rebound (CG&\) 
method (6). 

The deflectometer deflection measurements are not corrected for temperature or 
structural section moisture content. It is doubtful whether a single temperature cor­
rection factor could be universally applied because of the varying thicknesses and types 
of materials placed in a structural section. Most of our deflection measurements are 
taken during the spring or early summer when the moisture content in the roadbed is 
high and the temperature moderate. Many roadways are constructed with a cement­
treated base, and temperature changes should have little effect on the deflection mea­
su rements. Our experience indicates a correction should be applied to deflections 
measured during cold weather [say below 50 F (10 c)] on roadways with untreated 
bases. Further research work is planned in this area. 

DATA ANALYSIS 

California now has under way a research project (7, 8) to evaluate deflection criteria by 
relating pavement performance to tolerable deflection level, structural section, asphalt­
hardening properties, and traffic loading. Deflection attenuation properties of various 
thicknesses of AC overlays are also being investigated on highway projects reconstructed 
by using our overlay design method. 

Our studies indicate that slight modifications should be made to the previously pub­
lished tolerable deflection curves shown in Figure 2, and to the deflection attenuation 
graph shown in Figure 3 (~. 

Tolerable Deflection 

The previously devel oped tolerable deflection values for AC thicknesses of 0.2 and 0.3 
ft (0.06 and 0.09 m) are substantially verified by experience for California conditions 
as shown in Figure 4. Table 1 gives field data on pavements showing distress. How­
ever, thicker AC pavements of 0.4 and 0.5 ft (0.12 and 0.15 m) have been constructed 



Figure 1. Traveling deflectometer. 

Figure 2. Variation in tolerable deflection based on asphalt concrete fatigue tests. 
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and are performing well even though the 80 th percentile evaluated deflection level 
(that deflection level where 80 percent of readings are lower and 20 percent are higher) 
exceeds the tolerable deflection. This is shown in Figure 5. Although our experience 
with 0.4 to 0.5-ft (0.12 to 0.15-m) overlays is somewhat limited, the deflection data 
collected thus far indicate that tolerable deflection levels for these thicker pavements 
should be adjusted upward. 

Research performed by Monismith, Epps, Kasianchuk, and McLean (9) led to the 
development of an equation for the exponential relationship between initial flexural 
strain and number of stress applications to failure. Their work suggests that the fa­
tigue behavior of asphalt concrete can be represented as follows: 

where 

N1 =stress applications to failure, 
Kand n =constants, 

e = initial bending strain, and 
n = 2.81 for average California AC (~. 

(1) 

Equation 1 can be used to develo:p a relationship between the fatigue life for a 0.2-ft 
(0.06-m) AC pavement and a 0.5-ft (0.15-m) AC pavement where both paveme nts are 
assumed to have the same deflection and the same radius of curvature in the deflection 
basin. This assumption would provide a conservative result because the 0.5-ft (0.15-m) 
AC pavement should have a larger radius of curvature and therefore less strain. 

The ratio of maximum bending strains for each pavement should be approximately 
equal to the ratio of the thicknesses of AC, 

eo.s/ eo.2 = 0.5/0.2 = 2.5 

The ratio of EWL repetitions for the two pavements is inversely proportional to the 
ratio of AC thicknesses to the 2.81 power. 

No,2/ No.s = 2.52' 81 = 13.l 

(2) 

(3) 

Equation 3 shows the ratio of EWL repetitions to failu1·e to be 13.1:1. Holding the es­
tablished 0.2-ft (0.06-m) AC curve in its original positio11 and adjusting the tolerable 
deflections for 0.5-ft (0.15-m) AC on the original chart (Figure 2) to reflect this rela­
tionship result in about a 20 percent increase in the tolerable deflection values for 
0.5-ft (0.15-m) AC as shown ·n Figure 6. The tolerable deflection values for 0.3 and 
0.4-ft (0.9 and 0.12-m) AC thicknesses a1e moved upward slightly as a r esult of inter­
polation and consideration of recent experience. Except for the value for 0.1-1t (0.03-
m) AC, these modified tolerable deflection values check closely with the levels given 
by Hveem (1). The tolerable deflection curve for 0.1 - ft (0.03-m) AC was lowered be­
cause our e){perience has demonstrated that thin AC overlays fail prematurely when 
placed on distressed roadways. 

These deflection levels would seem appropriate for highways located in climates 
with moderate winter temperatures [30 to 50 F (-1.1to10 c)], but evaluation would be 
needed for colder climates. The modified tolerable deflection chart is shown in 
Figure 6. 



Figure 4. Comparison of 
predicted and measured 
deflections in 0.25 and 0.3-ft 
(0.07 and 0.09-m) pavement 
showing distress. 

Table 1. Field data on 
pavements showing distress. 

Figure 5. Comparison of 
predicted and measured 
deflections in 0.4 and 0.5-ft 
(0.12 and 0.15-m) pavements 
showing no distress. 
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Deflection Attenuation 

Our present deflection design method is based on the previously mentioned tolerable 
deflection curves and deflection attenuation data. Curves published by Kingham (10) 
and Lister (11) indicate that the percentage of reduction in deflection depends on the 
initial defleillon before an overlay is placed. Our data also tend to support this theory 
as shown in Figure 7. Although the scatter is relatively wide because of the numerous 
variables, the general trend indicates that the percentage of reduction of deflection val­
ues depends to some extent on initial deflections. These findings have been incorporated 
into the deflection reduction guide shown in Figure 8. 

The previous deflection attenuation graph (Figure 3), which was not based on the 
initial deflection level, provided satisfactory results. A comparison of predicted 
versus measured deflections was made on 69 projects where deflection measurements 
were taken before and after reconstruction. Figure 9 shows the correlation results 
that are good when consideration is given to the number of variables involved such as 
moisture content, temperature, repeatability of equipment, and test location. On the 
average, 2 to 3 years passed from the time initial measurements were taken, an over­
lay was placed, and final deflection measurements were made. As with most California 
deflection investigations, measurements were taken during the spring months to mini­
mize the error caused by a change of moisture content in the roadbed. 

Overlay Design 

The revised tolerable deflection and deflection attenuation data are used with past ex­
perience to produce a design guide for AC overlays as shown in Figure 10. This guide 
is patterned after one developed by Lister (11) . Lister's chart gives values that are 
generally more liberal than those obtained from this guide for the AC pavements having 
less than about 0.5-ft (0.15-m) thickness when the initial deflection is 0.03 in. (0. 76 mm) 
or greater. British asphalt mixes are considered to be more fatig11e resistant than 
those used in California (mainly because of their greater asphalt content); therefore, 
this comparison is as would be expected. Use of a design guide will greatly simplify 
California's overlay design method and not simply transpose values from two charts by 
trial and error. The intent of the design guide is to approximate overlay thicknesses. 
Considerable distress in the existing pavement would substantiate greater overlay thick­
nesses than indicated by the design guide. 

Reflection Cracking 

For some pavements, the magnitude of the existing deflection level is not a governing 
criterion for overlay design. Frequently the need to eliminate potential reflection 
cracking from the underlying pavement controls the AC pavement overlay thickness. 
At present, there is no verified method to determine this thickness, but a general rule 
used for prevention of reflection cracking is as follows: 

1. The new blanket thickness should be at least one-half the thickness of the existing 
AC pavement over untreated bases. 

2. For AC_overlays on existing AC pavements with an underlying cement-treated 
base or portland cement concrete pavements, a minimum thickness of 0.3 ft (0.09 m) 
of AC should be used. A 0.5-ft (0.15-m) AC overlay has been used successfully on 
high-volume urban portland cement concrete freeways. 

SUMMARY AND CONCLUSIONS 

1. On 69 reconstructed highways, the design methods predicted deflection com­
pared favorably with the measured deflection. The coefficient of correlation is 0.90, 



Figure 6. Tolerable deflections. 
TRAFFIC INDEX 

100 
4 

90 
80 
70 

6 7 e 9 10 11 12 13 14 15 

~ 60 
:I: 
0 50 
~ 45 

,., 40 
10 

35 

z 30 
Q 
I- 25 
0 
LtJ 
...J 20 
IL 
LtJ 
0 

LtJ 
...J 
ID 
<t 

15 

a: 10 
~ 9 
g e 

7 

6 

........__ 

..........__ -............_ 
-.............. ...........__ ~ r---...._ 
~ ~ 

,..._ 
-.....__ ........__ 

I'-. 
,.._ ........__ -.... 
~ -........_ 

--...... I'-.... 

I 

~ 

-.....__ r-.._ 

-.....,,. ~I'-.... ~ 

~ r---.._ ~ 

~ r----.._ --......_ 
--......_....__ ~-...... 

...........__ 

I 

c ,o· 
·~ o ~o · 
~ -eo •e 

Jo~ 

~ ~ :---... • o 

~ t---::: :-=::: :------::: ~o· ~ Ct8 
r---.... r-.._ -....... t---.. 

~ r--= ----=:: t--: ~ 8: 1---._ I---1----..... 
-.....__ -...... , ........__ --...... 

r--.._ 

I 5 
0 .001 ~~ QjO , 0 10 .0 

EQUIVALENT 18,000 LB AXLE LOADS (EAL) MILLIONS 

Figure 7. Initial deflection versus percentage of reduction. 

0070 

0.060 

0050 

Cl) 
Lt.I 
:I: 
0 z 
=0040 

~ 
j:: 
0 
Lt.I 
..J 
~ 0 ,030 
0 

...J 
<I 
j:: 

!!; 0020 

0 ,010 

Least - Squares Curve 
Fit Compuler Prooram 

y=AtB(•) 
A= 32. 72 
B = 0.34 

0 

0 

0 

8 

0 

I nit iol Def I. 
0.040" 

OL-~~~---L~~~~-'-~~~~"-~~~-' 

0 20 40 60 BO 

DEFLECTION REDUCTION (PERCENT) 

Red. 
53% 

Red. 
46% 

Red. 
39% 

I 

r----..1--.. 
r--i'---... -r---.._ I - ~ 

r-.._ 

~ ..... ,.... 
--..........._ ..... 

r--

100.0 

35 



36 

Figure 8. Deflection reduction guide. Figure 9. Predicted versus measured deflection 
taken before and after reconstruction. 
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a. APPROXIMATES WASHO BENKELMAN BEAM METHOD. 

b T. I.: g,O ( ECUIYAL£N.T .~: AXLE LOADS) 0.119 

and the standard error of y on x is 0.004 in. (0.1 mm). 
2. Our previously developed tolerable deflection values for overlays between 0.2 

and 0.3 ft (0.06 and 0.09 m) have been substantially verified by experience for Califor­
nia conditions, and about a 20 percent increase in tolerable deflection is justified for 
a 0.5-ft (0.15- m) AC overlay. 

3. For a given AC overlay thickness, the percentage of reduction in deflection de­
pends on the initial deflection before the overlay is placed. 

4. The revised tolerable deflection curves and the deflection attenuation curves 
have been combined to produce a design guide for AC overlays. Use of this design 
guide rather than a trial and error process involving values picked from two charts 
greatly simplifies the method of selecting overlay thicknesses. 
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