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ABSTRACT 

A procedure for the non-destructive evaluation of fl1:xihle 
airfield paViements is presented.. The procedure cousists 
of accomplishing a condition survey usin~ a mechanistic pro· 
ccdure and the accomplishment of a deflection study using a 
Benkelman Beam an~ ~n aircraft at close to maximwn load. 
Procedures arc developed anJ prcs~nted for use in the prediction 
of eith,r the allowable aircraft gross loaJ at specified 
operati(mal levels or the preJiction of the al lowablc coverage 
levels at specified ~ross loadings. 
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L. INTRODUCTIOS 

A. The u. S. Air Force owns enough airfielJ pavement 
to be ahle to build a 2l>U foot wide runway stretching from the 
state of Washin~ton to the southern tip of Florid.a. These 
airfielu paveaents are required to support aircraft loads anJ 
gear configurations rnnging from 7SU,UOO lbs and 24 wheels to 
lZ,OOU lbs and -two wheels and ii:s many a-s 150,000 operations per 
year. Air Force civil engineers are concerned with the expecte<l 
performance of these pavements, and with the extension of their 
servicci life or their rehabilitation. To determine the expected 
performance of a pavement, a reliable, non-destructive methocl of 
pavenent evaluation is urgently needed. 

li. This paper presents a procedure for the evaluation of 
flexible pavements which consists of two steps: conducting 
a comprehensive condition survey of the pavement system by 
noting any visible surface defects and conducting a deflection 
survey of the airfield system using a Benkelman Beam and an 
aircraft (preferably a • iss ion aircraft at as close to maxi­
mwn gross weight as possible). 

II. CONDITION SURVEY 

A. A condition survey in one form or another is used by 
aost agencies involved in the design, construction, and main· 
tenance o £ pavement systems. The condition survey is used 'b>• 
the engineer • anager to determine deficiencies in the pavement 
structure, to record th~ degradation of a pavement system, and 
to determine the type and extent of any maintenance or rehabili· 
tati<1n required. It is a combination of a mechanistic anJ 
subj ,,cth"e survey of the system. The detailed observation of 
the performance under ,,1,e loads it actually carri cs will provide 
a general clue of whe?·e the distress occuTs in a pavement 
structure,•• any distress in the structure will be reflected 
in the surface conditirn in such forms a!i rutting, cracking, 
etc. 

B. Figurl: 1 (lresents a mechanistic -procedure in the form 
of a Flexible Pavement Condition Survey Reporting Form. This 
form i1 an aJaptation of one in use by the Ontario Ministry of 
Transportation anJ Co•unications (Ref 8). In it, the distress 
manifestations are grouped under three headings: surface defect!'., 
1>enaanent deformation, and cracking. The results of the survey 
are totaled to obtain a total defect score. Then, each pavement 
is given an overall rating baseJ on the subjective feelings of 
the inspecting engineer about the condition of the pavement 
feat,.-,c. The overall rat in11 art- as follows: 

1. GOOD. Puve• ents in better than average condition 
with no conspicuous evidence of defor• ation or incipient failures 
~nd few (if any) lonaitud!nal, transverse or shrinkage cracks. 
Al 1 existing defects are 1>roperly maintained. 
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2. FAIR. Pavements with a higher percentage of trans­
verse longitudinal or pattern cracking and minor defects such 
as weai~ered or oxidized surface, random cracking and minor 
deformation or rutting. 

I 

3. POOR. Severe surface deformation, such as rutting 
shear f ·ailure, denaif ication, heave or raveling, cracking, or 
evidence of intrusion of surface water into the moisture-sensitive 
subsurface layers. 

The use of the form results in a mechanistic documentation of 
the condition of each feature. 

III. DEFLECTION SURVEY: 

A. BACKGROUND: 

l. There is a general agreement are~ng pavement engineers 
that the measurement of the recoverable resilient deflection of 
a pav•ent structure can provide valuable in:&:ormation about the 
structural capacity of the r~vement. Baaed on a review of the 
literatu1.·e, certain observation~ can be made concerning tlie 
deflection of a flexible pavemE1nt; 

(a) For adequstely de~igned pavements, the deflection 
taken during the same season of the year remains constant for the 
life of the pavment, until fatigue failure begins. 

(b) Th~re is a tolerable level of deflection which 
is a function of traffic and which can be established baaed on 
the fatigue life of the pavement. 

(c) Overlaying a pavement will reduce its deflectJ.on 
and the thickness needed tor.educe it to a tolerable level can be 
established. 

2. A typical deflecti~n history curve, representing 
the perfonaance of a well CTesigned pavement structure is shown 
in Figure 2. The strength of a pavement undergoes three phases 
in its behaviors 

(a) The initi.al phase, immediately after construction, 
in which the pavement atructure is further consolidated and 
strengthened durin~ which the deflection shows a alight decrease. 

(b) The functional phase during which the pavement 
will carry the anticipated traffic without undue deformation and the 
deflection will rema1n fairly constant or may show~ alight increase. 

(c) The failure phase occurring under the repeated 
atreaaea of both traffic and environmental factors which cause 
the deflection to increase rapidly. In this phase, there is a 
rapid deterioration and resulting failure of the pav•ent at :•·ucture. 

2 
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3. The basic concepts unJerlyir,g the development of 
t he d~flcction procedur~s JescriheJ in this re?ort are that 
the pavement deflection for each season of the year remains 
constant throughout the life of the pavement structure anc.l 
that most flexible pavements within the Air Force are in 
the functiunal phase of their life. Based on these concepts 
coupled with a capability to predict the life of a pavement 
structure, it is helieved that a non-destructive procedure for 
the evaluation of the structural capacity of flexible pavements 
can be developed. The procedure c.levcloped involves the use 
of a Benkelman lieam co measure the deflection of a pavement 
structure under an aircraft • 

. B. THST PROClrnURH. The Benkelman Beam was chosen 
because It ls 11 ·versatile, inexpensive piece of equipment 
that req\aires little or no maintenance and can be operated 
by individuals with little prior experience in its use. It 
has also been found that this equipment could be used to accurately 
m~asure deflection. Detailed procedures are incJuded in 
Appendix A. Tht heam is used in conjunction with an aircraft 
loaded ts close as possible to its maximwa gross weight. Because 
of the range of aircraft lo~ds, a stiffness procedure was used 
to normalize the changes in wheel louJ. Stiffness is calculated 
by dividing the single wheel-load (SWL) or the equivalent-single· 
wheel-load (HSWL) by the deflection; thu~ stiffness is the slope 
of the load versus deflection plot for the pave• ent structure. 

c. niEORHTlCAL STUDIES. 

1. fhc theor~tical studies were accomplished using 
a computer program for the analsyis of layered systems under 
normal s~rface loads. This program was developed in the late 
l!J60s by the Shell Laboratory in Amsterdam, the Netherlands, 
and it is •:«>nunonly known as BISTRO. The program was used to 
deternain~ the loaJ versus deflect ion characteristics of flexible 
pavement structures and to determine what effect changing the 
tire contact area or pressure has on the deflection of a flexible 
1uavo111ent structure. In all the theoretical studies, a modulus 
or 3S0 ,uoo ps l was uscJ for the AC surfacing. The moduli of 
the base cours<' anJ tnc sul,gra,;e materials were var : ,J. Base;d 
on com1111:nt :, h)" Chou, ct. al. (Ref 3) a Poisson's ratio of .4 
was u~cd for all asphalt ~ixturcs, a Poisson's ratio of .48 wRs 
used for granular ba~e • aterlals. anJ • .a was useJ for subgrade 
ma tori als. Also, an ~mpi rical equation for fine ,ra i n~cl l't1h1r11ct,­
materials that r<'latl•s CBR to mouulus or elasticity, f!(psiJ • 
1S00 CDR, is presontcJ in ref 3. ~-his relationship was used 
in the current study. 

2. To study the relationship between load and deflection, 
two J»avemcnt structures were used, both witn 4 1/2 .inches of 
AC 1urfa1:int ; the.• Cirst haJ a ~ inch base course, tho second had 
an 18 inch base course. ,\ modulus or 80 ,ooo psi was used for 
the base anJ a moclulu, of 22,ouo ps l (or a CSR of 1S) was used 
for tho 1ul11traJc. As can bo seen Crom FlKuro 3, the theoretical 
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load-deflection curve is linear anJ the thic"cr the pavement 
structure, 1'the flatter the slope of the loaJ-Jcflcction curve, 
1with a stiffness of 6a4 kip/in for tnc ~ inch 1,tranular base 
anJ a stiffness of 813 kip/in for the 18 inch granular base. 
Thus, the stiffness concept snoulJ work for analyzing flexible 
pavement structures. 

3. Another study was conducted to determine the effect 
of changing the contact area/tire pressure on deflection. 
Figure 4 presents the results of studies conducteJ using tne 
sam~ three· layer pavement systems discussed above. 1),o wheel 
loads were used: 1S,UOO lb and 40,0UU lbs. The tire pressures 
were varied from 100 to 300 psi, thereby providing tire contact 
areas of fro• 400 square inches to SO S'(uare inches. Contact 
area is calculated by dividin~ the wheel load by the tire pressure. 
The stiffness concept was used to normal i:e the loaJ-deflect ion 
variable. It can be seen that as the contact area of the 
applied load increases for the same pavement structure there is 
an increase in stiffness. This occurs with hoth the g inch base 
and the 13 inch base pavement structures, with the slope being 
flatter for the 9 ir,ch base course. This indicates that when 
aircraft with different tire contact areas, even when the)' have 
the sa• e wheel load, are used to determine stiffness, a procedure 
for correcting the stiffness for changes in contact are3 must 
be developed and used. 

D. STIFFNESS·PllRFORMANCll RELATIONSHIPS: 

1. To have a valid design or evaluation procedure, 
the parameter or parameters measured in the field must be 
tieu to the performance of a pavement structure. A relation­
s:1ip developed by A. Joseph and J. llall (Ref .n is 
proposed. That study developed relationships between 
elastic pavement deflection anJ the number of traffic appli· 
cations necessary to .:ause failure. Tho basis of their stud)' 
was past work done on both airfield and highway pavements. 
Included in the highway studles were the WASUO highway ·tests, 
AASIIO highway tests, the Arkansas highway tests anJ the Virglnia 
highway tests. Included in the airfield studies arc: the Stockdale 
tests conducted in 1Y42, the Barksdale tests conducted in 1943, 
the Stockdale tests conducted in 1U4S, tile 1leaV)' l;cnr Load 
Pilot Test Section investigation conducted in 19Sb and the 
Multiple-Wheel Heavy Cear Load (MWHGL) Te~t Section studies 
conducted in 1U68 and 1~69. 

2. Joseph anJ Hall :,resented four oquation:c in the.ir 
report that relate elastic deflect ion, coverages to fail uro, 
ti re pressure, wheel louJ, thicknes1 of pavement structure and 
CBR to one another. The equations were developed using best 
fit techniques. The follow lnJ! cquot ion i~ o.f sign i . r icance 
to the curTent study: 

4 
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C = pl.7235 1)2.Jl71t 

Where: C • coverages to failure 

D • elastic deflection, inches 

p • tire pressure, psi 

P • single-wheel load, lbs 

(EO 1) 

3. The preceding equation was developed using 
single-wheel data from airfield test sections and Joseph and 
Hall reported that the regression analysis had a correlation 
coefficient of .80. 

4. The preceding equation was adapted so that it could 
be used to compute allowal'-le single-wheel load for various 
operational levels in coverages, C, when stiffness, Sin kips/inch, 
and contact area, A in sq inches, are used as input. The 
f~llowing is the aclapted equation: 

{EQ 2) 

:;. To use the adapted equation to calculate the 
all~~ahle loadings for multiple-wheel aircraft, the deflection 
under a lo:1d presented by a multiple-wheel aircraft must be 
equated to that under an equivalent single-wheel. This is 
accompl ishcd by using tile ratio of theot·etical deflection factors 
for a uniform circular load on a ho111ogene<1us elastic half-space 
(Boussinesa ana1ysis). The deflection under a test wheel of a 
multi1>le•wheel assembly is increased by a ratio of the deflection 
fa~tor beneath that point at which the measurement is naade 
to the maxim1.111 deflection factor for that multiple wheel assembly. 
This adjusted deflection is divided into the equivalent-single 
wheel load (llSWL) for that assembly to obtain stiffness in 
kips per inch. USWL is defined a~ the load on a single wheel 
of the sue contact area as one wheel of the multiple-wheel 
assembly that produces a aaxi11u• deflection equal to that ;,encath 
the multiple-wheel asso• bly. Appendix 8 contains procedures 
for computing ESWL. 

H. TEHPliRATUR~·l>UFLU•:TION Rl;LA'l'IONSHIPS. Because of 
tho thermo-vilcoolast le niiiarc of asphalt le 11aterials, an 
important factor in the enalysls or the deflectiun of a 
flexible pavement structure is the temperature of the bituminous 
surface. A5 the surfac, tcma>erature noes up, the st iffncss 
or the asphalt layer .:oes Jown and the deflect ion goes up. 

11 1,, s 



Therefore, the deflection of a pavement must be adjusted by 
some factor so that all defle~tions or stiffnesses are related 
to a base temperature. The temperature of th<.' pavement sur­
facing can be adjusted for in one of two ways. The first and 
preferable method is to develop a tcmpcraturl•·<leflcction relation· 
ship for the specific pavem<mt strHcturc heinh tested. This 
can be accomplished by testin~ the same point at different 
times throughout the day. If this is not possible, th~ curves 
developed by Kingham (Ref 5) shoKn in Figure 5, give a close 
approximation for use in adjusting the deflection for tempera­
ture changes. 

F. SEASONAL VARIATIONS IN l>EFLECTION. Tiu: loa\1 carrying 
capabil itles of a flexible paveii1ent structure vary throughout 
the yeat due to the effects of frost, temperature and moisture. 
This cfft.ct on the magnitude of the total deflection of a pave­
ment stru~ture is shown in Firurc 6. As pointed out in Reference 
9, the annual strength history of a flexihle pavement can be 
divided into four perio<ls: deep frost which is when the pavement 
is the strongest; when frost is hcginnin~ to c.li~appcar from the 
pavement structure, during widen the Jcfll•ct io11 rises rapidly; 
when the water from t;1c melting frost drains out of the pavement 
structure and tne deflection begins to drop; and the period 
during which the deflection levels off with a ~eneral downward 
trend as the pavement structure continues to slowly dry out. 

G. EXi>EIUME:.TAL Sl'UlHES: 

1. Aircraft Comparison Stud)·: 

a. At Nellis AFB, Nevada, a study was ~onJucted 
to compare the deflections obtained unJcr four liiffrrent 
sina;le-whcel aircraft with five different pave ment ~ tructurcs. 
All the uata were collected in a tt.o·Jay pcrioJ Jurin~ a time 
o C year when the tempera t urc aJj ustucn ts for the ir\l: i viJual 
uata points should he minor. Table 1 pr~se"ts the results of 
that study. ~ote that the stiffnesses var,· for eaci! aircraft. 
For example, in Feature 4, the stiffness ·ror the f-111 is 1510 
kips/i.n and for the A-7 it is 730 kips/in. The rea~on for 
this disparity is due to the differences in contact area, as 
was pointed out to he a possihle problem under the previous 
theoretical discussions. 

b. Because of this disparity, a study ~as conducted 
using a mathematical relationship that rt'latcs dcfh:ction to 
the moduli and thickness of lny"•rs in n two layer elastic-layered 
5ystem. The equation was developed by J.M. !\irk a11J prc!tcnted 
at the Rome lnternatio:tal Con~ress of Roa,.ls, anJ was obtained 
for this study from a report h)' Kingham (l,ef 5). Thu c<1uation 
is given be low: 
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J: pavement Jcflcction, inches. 

p = contact pressure, psi 

a= raJius of contact area, inches 

t • pavement thickness, inches 

E = asphalt pavement. mo Jul us, psi 
p 

E = suh~raJc moJulus,ps i 
s 

(EO 3) 

c. Uslnj:! this equation with a pavement modulus, 
Ep, of 350,000 p~i, a subgrade modulus was computed for each 
of tnc pav,•mcnt stru\:tures at Nellis using the Jeflections 
anJ wheel loaJs for t11~ F- •• aircraft. Th is s ubgrade modulus 
was used with t '.1c wheel loaJs for the other aircraft to compute 
deflection for tac fi\·c pavement structures under those aircraft. 
The data are summari :.e<l in Table l. and the theoretical deflections 
versus the measured deflections are plotted in Figure 7. 

d. A trial and error procedure was used with the 
BISTRO conq>uter code to determine a base course modulus for 
the Nellis AFB pavement structures, holding the modulus of the 
surfacing material constant at 3511,000 psi and the subgrade 
110Julus constant at 22,000 psi. A base course modulus was 
determined that ,rnul,1 give a calculated deflection for the 
F-4 equal to that actuallr measured in the field. The modulus 
determined was used to calculate the prcJicted deflection for 
each of the test aircraft. The results of these calculations 
are presented in Table 3 an<l are plotted in Figure 8. Because 
of the similarities of feature 3 and 4, feature 3 was not used 
in this comparison. 

e. An analysis of the ~ellis data indicates thut 
both the t\\·o·layer equation an~t the BISTRO computer code can 
be used with a fair de~rce of nccuracy to predict the deflection 
of simple pavement structures w1dcr a single-wheel aircraft 
when the general nature of the pavement structure is known 
and a Measured deflection from another aircraft is known. 
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2·. FielJ StuJies: 

a. In conjunction with destructive pavcmerit evalua­
tion studies accomplished in accordance with standard Air Force 
procedures, the Benkelman Beam was used to measure deflection 
under various aircraft. The aircraft included the F-102, F-4, 
F-111, 8-52 and C-130 with most of the work heing done with the 
F-4. The primary purpose of this work was to assist the field 
pavement evaluation teams in the location of exploratory test 
pits and to provide data that would be valuable in the analysis 
of materials testing data. Pavement temperature data were not 
obtained. Table 4 contains a sulllllarization of the deflections 
and material properties at each r,f the Air Force ins tall at ions 
included in the test studies. 

b. During this work, the field procedures for 
use of the Benkelman Beam with various aircraft types and 
gear con figurations were worked out. Based on th is work the 
following observations are made: 

(1) The procedure can be used very successfully 
to locate weak and strong points on an airfielJ system, provided 
a systematic data collection procedure i~ used. 

(2) At two installations (Luke AFB and Nellis 
AFB), the use of the procedure located areas on the rW1w.ay 
whure failures in ti1e form of rutting and :;urface diJintegra· 
tion occurred shortly after the completion of the study. In 
both cases, the problem was not manifesteJ in the surfacing 
at the time of the field work. 

(3) The deflections at Clark AB appeared to 
be large when compared with the base and subgrade strengths. 
This may be due to a possible difference in the deflection 
characteristics of a non-plastic versus plastic subgrade. 
since the subgrade at Clark was predominantly nonplastic and 
in the other studies the subgrades were mainly plastic. 

(4) When a large cargo or bomber aircraft such 
as the 8·52 is used as a loading aircraft, the radius of the 
deflection basin may exceed the length of the Benkelman !Seam 
probe and two beams set up tail to head are required to measure 
the deflection. 

c. An attempt was made to develop a relationship 
between deflection and the allowable gross loaJ (AGL) as 
.tould be calculated using standard Air Force pavc,uent evalua· 
tion procedures (based on the CBR test). To accomplish this, 
the AGL was computed for the f--1 aircraft for each of the pave· 
ment structures presented in Table 4. The resulting AGL is 
plotted against dc:flection in Figure 9. Using this data, a 
simple regression analysis was accomplished. l'he resulting 
correlation coefficient was .488 which based on 25 data points 
indicates thut AGL as computcJ using CBR procedures does not 
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correlate with deflection. This is not surpr1s1ng when it is 
considered that the C"R procedure is based on the contcpt of 
protecting the weakest layer in the pavement structure from 
a shear failure and docs not totally consider the rigidity 
of the pavement structure, whereas the deflection is a result 
of the con tr ibut ion of each layer in the structu1·e to the 
structural capacity of the pavement. 

IV. PROPOSED EVALUATION PROCEDURE: 

A. This section presents the steps that mu~t be followed 
to evaluate a fl exihlc ai rfiel<l pavement system 11sing the back· 
ground developed in this report. 

B. The first step is to obtain background data on the 
airfield system to include the following: 

1. Construction History. This is the history of 
maintenance, repair and reconstruction from time of original 
construction anJ should include a description of the components 
in the pavement structure, material types, thickness and estimated 
strengths. This data can be obtained from previous evaluation 
or construction reports. 

2. Traffic llistory. The character and composition 
nf the aircraft traffic should he obtained together with any 
traffic data peculiar to the aerodrome being evaluated, such 
as particular taxi patterns, which end of th-e runway is used 
for launching aircraft, etc. 

3. Miscellaneous. Other information that may affect 
the evaluation such as weather and precipitation data, drainage 
facilities and conditions and evidence of frost problems. 

C. The second step is ·to conduct a condition survey of 
the pavement system. l'his is done by first dividing the air · 
field system into features relative to their design and con­
struct ion his tor)· and then using the Flexible Pavement Condit ion 
Survey Reporting Form (Figure 1) to record the condition oC 
each pavement feature. 

D. The third step is to conduct a deflection survey using 
a Benkelman Beam and the primary aircraft assigned to the 
installation. The following steps should be followed: 

1. ConJuct a deflection survey using the procedure 
outlined in Appendix A. 

., ... Compute the average deflection for each feature 
surve)·ed. 

3. Correct the dcfl cct ion for temperature hy mul t iplyin~ 
the tcr:tpcraturc aJju~tmcnt factor t illacs the aver3ge deflection. 

'I 

It~ 
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4. Compute the ESWI. (Sec AppenJ ix B) or Sing le ,wheel 
Load (SWL) for tne test aircraft. 

5. Using Kirk's two-layer equation, with the actual 
thickness of the bituminous layer as obtained from construction 
history, the ESWL for the test aircraft, the average deflection 
and an estimated modulus for the bituminous layer, calculate 
the subgrade modulus, or Figures l O through 16, can be use,1. 

6. Again, using Kirk's equation or Figures 10 through 
1~ determine the stiffness for other aircraft types. 

7. Determine the allowable gross loa<l for the appropriate 
operaiional level using Hall's equations, or by using Figures 
17 through 21. If the number of coverages to failure is desired 
Hall's equations can be used. 

V. CONCLUSIONS. 

A. A proposed non-destructive pavement evaluation procedure 
for flexible pavements has been developed that can be used to 
determine either th.e operational level (in coverages) or the 
allowable gross lond (in . pounds) for any aircraft excluding 
the C-SA. 

B. The procedure developed in this report is probably more 
applicable to single-wheel aircraft than to complex multiple­
wheeled aircraft. This is because the basic cquat ions for 
converting deflection to r-(Jrformance an<l for extrapolating 
deflection of one aircraft type to another aircraft type arc 
based on single-wheel data. 

V 1. RECOMMENDATIONS. 

A. That the study outlined in Appendix C be accomplished 
to answer the following questions: 

1. Is the temperature adjustment curve in figure S 
correct? 

2. Can single-wheel deflections be used to estimate 
multiple-wheel deflections? 

' 3. Is the b,,sic assumption that the deflection of a 
pave• ent is constant from year to year for each season of the 
year valid? 

4. What is the seasonal v~riation in pavc~cnt Jefl~ction 
for various geographical locations throu~hout the continental 
United States? 

S, Can the deflection from one multiple-wheeled air· 
craft be used to determine the deflection Cor another multiple­
wheeled aircraft" 

10 
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B. That a test plan be developed to examine the lower 
r ,ngc of a~curacy of the Benkelman Beam. Accuracy tests will 
be required on rigid pavements under aircraft loadings, usi~g 
devices such as LVDT's to verify deflection readings obtained 
with the Benkelman Beam. 

C. That the proposed procedures outlined in this report be 
used in appropriate circumstances to supplement procedures 
currently utilized in the evaluation of Air Force airfield 
flexible pavement systems. 

11 
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1. Apparatus 

A P P E N O I X A 

TEST PROCEDURES 

1 .1 l.on<lin g Vehicle - The pref crah le load in ,~ veh ic 1 e is 
the mission aircraft for the nirficlJ system being stuJieJ. 
For most airfield systems within the Air Force, one particular 
type of aircraft is the most critical. If possible, this 
aircraft s i,ould be used nt as close to maximum takeoff weight 
as possible. The maintenance personnel sriould be able to 
provide the total weight of the aircraft to within 1000 ll>. 
Also, it is necessary to know the exact tire pressure at the 
time the study is conducted. Insure that the maintenance per­
sonnel actually measure the tire pressure. 

1.2 Benkelman Beam - The Benkelman Beam is a portable, 
rotating beam-type pavement deflection indicator as shown in 
Figures A-1 through A-3. It is equipped with a dial micro­
meter gauge, 1-in range. 

2. Preparation of Benkelman ncam 

2.1 At the beKinning of each test day, accomplish the 
following steps: 

2.1.1 Assemble the probe beam anJ check all connections 
for tightness anJ rigiditr. 

2.1.2 Inspect the dial micrometer gauge for tightness 
of all connections and to minimize friction; clean the stem 
with alcohol. 

3. Rebounu Deflection of Flexible Type Airfield Pavement Systems 

3.1 Select and mark the point to be testeJ. On runways 
and taxiwa)'S these points shoulJ be a maximum of 200 feet apart 
and shoulJ be located in the gear path of the feature being 
studied. On aprons one point for every .io,ooo sq feet is 
sufficient with a minimum of ten points per apron. 

3.~ Ali~n the aircraft parallel to the longitudinal 
axis of the taxiway or runway or in a convenient clirection 
of travel on an apron. On sin~lc wheel aircraft, locate one 
of the wheels over the point; on multi-wheeled aircraft, 
locate the rear wheel of one or the trucks over the test point. 

3.3 Position the probe beam next to the tire over the 
test point, at an angle of 90 degrees to the loading vehicle. 

3.4 Release the beam locking screw so that the beam is 
free. This will allow tho rear support of the base section 
to contact the pavement s urfacc. 
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3.5 Turn the buzzer switch on. Set the dial gauge to zero. 

3. 6 Have the aircraft move straight ahead to the next 
data point. The aircraft can he spotted by one of the wing 
walkers provided by aircraft maintenance Kith the aircraft. 

3.7 Read and record the dial micrometer gauge to the 
nearest half unit (0.0005 in.). 

3.8 Tighten the beam locking screw to protect the dial 
gauge. 

NOTE: On weak flexible pavements, the deflection basin may 
exceed eight feet in radius which wi 11 necessitate the use of 
an additional Benkelman Beam to insure that the total deflection 
is measured. The probe on the second beam is inserted between 
the legs of the first beam and read in the same manner • 

. 
Pavement temperature must he Jetermincd for flexible pavements. 

The temperature should be measured at about two hour intervals 
or more often if deemed necessarv. It can be measured as 
follows: At a point about two feet from the pavement edge, 
drill or punch a 1/4 to 3/8 inch diameter hole to one-half the 
del'th of the bituminous surface course or a minimWll depth 
of 2 inches. Fill the hole with oil or water and insert the 
thermometer. Record the temperature to the nearest deJ?ree 
Fahrenheit. Also record the free air tem~erature. 
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APPENlllX B 

ESWL DETER~II ?~AT ION FOR FLEX I llLE PAVEMliN'l'S I 
CBR design and evaluation curves arc constructed for a ,, 

single-wheel loading. C~R Jesign and evaluation curves for 
multiple-wheeled ai re raft can he developed through the use 
of the equivalent single wheel load (ESWL) concept. HSWL 
is defined as: the load on a single wheel of the same contact 
area as the one wheel of a multiple-wheel assembly that will 
produce a maximum deflection e4ual to that beneath the multiple 
wheel assembly is assumed to be equivalent to the multiple 
wheel loaJing. The results of relating multiple and equivalent 
single-wheel loadings can be presented as a curve that relates 
depth in inches to equivalent single wheel load in percentage 
of assembly load. Thus, at any given depth or design thickness, 
a single-wheel load equivalent to a given multiple-wheel load 
can be determined; and, with the single-wheel load established, 
the CBR equation can he used to compute thickness. 

The followinR presents an example of the method by which 
theoretical maximwn Jeflections are developed for single and 
multiple-wheel assemblies and combined to establish a relation 
between multi'plc and equivalent single-wheel loads. 

Assume: C-130 aircraft with a single tandem gear; 
spacing 60 inches and a tire contact area 
(a) of 400 square inches. (See Figure B· l 
for sketch of gear) 

Then: radius, r • VA/TT • 11.28 inches 
tire spacing in radii• 60/11.28 • 5.32 

Deflections for a single wheel load may be obtained utilizing 
the deflect ion factor, F, such that: 

Deflection, W • PrF 
t;m 

Where: P • load inten~ity 
Em• modulus of elasticity 

The followin~ tabulation of deflection factors is rcaJ 
from a deflection factor chart; 

l1L1 

, , 



J'ABLE B·!_ 

UtFLllCTION FACTORS OFFSET FROM CENTER OF 1rnUEL It 1 - -- ·------- ---·- - . -· -- ------ ------

llEl'Tl1 UENEA11f ffilEEL" TT "" '17tlblfiUITTok71f nr-r.-n· ·nADI I OR hlJ 1 ·- --- .. __ ....... ______ - - ·-- - --- --
l.) 1.50 .28 • 14 
lOin or • 8~ r 1.11 • 31 .16 
ZUin or 1. 7'7r .78 . :n .l<> 
3Uin or 2.66r .51 .29 .16 
40in or 3 • .iSr .40 .i1 • 16 
SOin or 4.44r • 32 • l S .16 
t>Oin or S.32r .28 .20 .16 
7Uin or 6.ZOr .lb .19 .1S 

B)' the principle of supcrpr,sition, the Jeflection beneath 
one wheel of the twin wheel lcaJing is equal to that beneath 
that wheel plus that Jue to the other wheel. Also the Jc fleet ion 
beneath the point hal f·way between the wheels (the center of 
the gear) is equal to twice that at 30 inches (2.t>ti radii). 
Thus hy addin~ ti1e correspondi;1g Jcf'lcction-factor values 
shown in Tahlc 1\-1 fn columns 2 .inJ 4 (numbered left to rijlht) 
nnd h>· Jouhl ing the values listcJ in Column 3, the fol lowin~ 
table of ,lcflect ion factors is established: 

ml PT1 L _u.:.u 
0 

10 
20 
30 
40 
~o 
t>O 
70 

TAHLE B- ~ 

UEfLECTION FACTORS 

I\E~L\'l'il 0:-;1: 
\itl[Et OF Tin:'\ ______ ,,, __ _ 

1.64 
1.27 

.~4 

.b7 
• 5(> 
.43 
.44 
.41 

BEN~ATJI 
CENTER UF Tl\l :: 

.5C> 
• 6 .! 
.6:? 
.58 
• 54 
.so 
.40 
• 3a 

The maximum deflect ion bent-a th one h'hce 1 of the Jua 1 
as~cmbly represents the maximum deflection heneath the dual 
loa,Jin~ for shal loh' depths. The maximum ,lc{lect ion naiuway 
hetween the wheels rc,,resents the m:ui r1um de fleet ion hcnea th 
the dual loading at Jeep tlepth:--. The 1naximum Jc fleet ion 
beneath th dual h'hccl~ i:: the transition zone can be JC'tcr· 
mined accurately h)' s u1,eri11posinJt deflections beneath the inJiviJ­
ual \\heels of the Juals for all offsets between the h'hccls 

''h 
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and selecting the maximu1a. A computer program has been JevelopeJ 
to accomplish this. Tlw accuracy is not significantly improveJ~ 
therefore the procedure describeJ here can be use<l. 

The loaJ on a single wheel of the same contact area as 
one wheel of the dual assembl)' that produces a maximum deflection 
equal to that beneath the dual assemhly is assumed to be equiva­
lent to the dual loadin~. The ratio of the equivalent single­
wheel to the loaJ on one wheel of the twin assembly is the ratio 
of the maximum dual-wheel Jeflection factor to the maximum 
sin~le-whecl deflection factor for that depth. The following 
table presents the ratios of Jual and equivalent s inglc-wheel 
loads for various depths: 

TABLE U-3 

LOAU RATIOS 

SINGLU·WHl;EL DUAL·WIIEEL 
DfPTII DEFLECTION l>EFLECTIO~ SINGLE TO ONE SINGLE TO 
(IN) FACTOR FACTOR Wlll:F.L OF UUAL DUAL ASSf.MBLY 
_Lc_~~....ll (COL_J) __ 1£9..L~l- __ S,OL __ !L_ (COL 5) --

0 l.SO 1.64 l.OY .S46 
10 1.11 1.27 1.1-& .572 
20 • 78 -~4 1.20 .600 
30 • Sl .<>7 1.31 .6~6 
40 .40 .S<> 1.40 .700 
so • 32 .48 l.SO .750 
oO . ZS .44 1.57 .786 
70 • 26 .41 1.58 .7UO 

Where: Col 2 is Col 1, Table B-1; Col 3 is the maximum 
value for each depth t rom Col 2 and 3,Table 8-2; Col 4 is 
ColUllft 3 divided by C~l 2; and Col S is <.:ol 4 divided by the 
number of wheels in the assembly (in this example - n•2). 

Tables 8·4 and B- ~ on the next pnge contain an example 
problem for a twin-tandem type gear configuration. Table B•o 
presents ESWL factors for selected aircraft versus Jepth as 
determined through the use of a computer program developed 
by the Boeing Company. Figuro B-Z contains a sketc h of the 
gear for the KC-13S example prohlem. 
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T A B L B B • 6 

PLBXIBLB PAVBMBNT ESWL PACTORS 

POR SBLBCTBD AIRCRAFT ASSEMBLY LOADS 

B·l 8•52 
TT-3'fx56" TW·TW 
CA•225 CA•2J6 

ICC-135 
TT· 36'i60" 
CA•230 

C·l41 BOEING 747 DC·8 
TT· 32 • .S';k.i,,. TT·44'i58'' TT- 30't55'' 
CA•208 CA•208 CA•209 

t----~-----+ - - - - ---- - - ---- - - - - ----- - - -------
0 
2 
4 
6 
8 

10 
12 
14 
15 I 20 
25 
so 
35 
40 
50 
60 
70 
100 

.314 

.S17 

.321 

.330 

.S40 
• 352 
.365 
.S79 
.316 
.428 
.475 
.529 
.579 
.627 
.712 
.777 
.124 
.9~6 

C•t 
TW·25" 
CA•174 

.307 
I .309 

I 
.314 
• 320 

i • 329 I .339 
• 350 
• 363 
• 36g 
.405 
.44 
.475 
.510 
.540 
.60 
.65 

I .695 
.805 

I c-111 
TW·30.7" 
CA•221 

- - t----~ ------ . 
0 .575 
2 .578 
4 .516 
6 .598 
I .615 

10 .633 
12 .653 
14 .612 
15 .615 
20 • 762 
25 .124 
30 .865 
35 .195 
40 .916 
SO .94S 
60 .159 
70 .969 
100 .999 

• 561 
.570 
.576 
.585 
.597 
.611 
.626 
.642 

I .650 
I • 101 

.762 
I .114 

.851 

.17i 

.917 

.931 

.954 

.999 

CA• Contact area (1q in) 

• 314 
• 315 
• 320 
• 328 
• 338 
.349 
• 362 
.376 
• 383 
.425 
.469 
.S21 
• 569 
.613 
.693 
• 760 
.809 
.895 

I 
I 

I 

.320 
• 322 
• 328 
• 338 
• 349 
.364 
• 379 
• 397 
.406 
.456 
.S16 
.575 
.630 
.681 
.762 
.111 
.8S7 
.925 

I 

.307 
• 308 
• 313 
.320 
.330 
.340 
.352 
• 364 
• 371 
.405 
.446 
.492 
.540 
.590 
.680 
• 749 
.aoo 
.953 

I c-121 1

1 

c-12, 
1 

c-130 
TW·33" TW•44" , ST•60" I CA•266 . I tA•630 I CA•400 

1-- :m - · --:::i · -;- :::; 
I .577 .585 .549 
I .SIS .589 I .553 

.596 .595 .s5a 
I .608 .602 

1

1 .563 
I .622 .610 .569 
; .636 .620 .576 
j • 64 3 • 624 • S10 

I .694 .651 II .600 
.744 .690 .621 
• 16~ • 126 I .644 
.136 .767 .661 
.866 .203 .699 
.907 .156 I .757 
.932 .891 , ,112 
.949 .91, I .asz 

1.000 .991 .972 

I 
la8 

I 

• 320 
.321 
• 328 
.337 
.J49 
.363 
• 379 
.397 
.406 
.455 
.511 
• 565 
.611 
.655 
• 736 
• 790 
.840 
.990 

- - ·--------1 



- ) 

i 
I 

~0" 

111~ '.,_~I Mil'. l,'11, !,',i1~f!/l•1,,1• ,1:1 

=-"-'-~ ·,¼t~~:~~~~~}~~lj~~j~~~~.~~::,1J~ ~~_j:~•~.. -~h _ 

PIGURB B·l 
GEAR C0:1FlGURATION FOR C-130 EXAMPLE PROBLEM 

r•ll. 28in 

WHEEL 1 WHBBL 2 

C-130: ST, spacing• 60 in. 

ATea • 400 sq. in. 

PIGURB B-2 
GBAR CONFIGURATION FOR KC-135 EXAMPLE PROBLEM 

WHEEL 1 WHEEL 2 
' ' 

0 -CD 

WHBEL :S WHEEL 4 

_j ___ 0 -r • 8.S6 ln. 

I 

I 36" 
I 

. -- - ----~ 

IC-135: TT, 1pacln1 36 x 60 

Ar•• • 2 so Sq • In • 
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APPEt,DIX C 

TEST PLA:-.; FOR fOLLQh'.-0~ PROGRAM 

1. f~ENERAL: A non-destructive pavement evaluation procedure 
is u·rgently needed to provide the Air Force with a rapid and 
inexpensive procedure for the evaluation of the load-carrying 
capacity of airfield pavement structures. The general outline 
for such a procedure has been developed and it is necessary 
to evaluate the procedure under field conu i tions. The procedure 
consists of conducting a deflection study using a Benkelman Beam 
and a loaded aircraft. This test plan outlines a study to 
further expand the data based on the procedure an<l to evaluate 
the system under field conditions. 

2. SUGGESTE~_ TASK OR9A:HZATION5_: 

a. Air Force Civil Engineering Center (AfSC) Tyndall AFB, FL. 

b. Armaments Development Test Center/DE, (AFSC), E.glin AFB FL • 

c. 314 th Civil Eng incer ing Squadron ( l·-IAC) , Litt le Rock 
AFB, Arkansas. 

d. 57th Civil Engineering Squadron (TAC), Nellis AFB, Nev. 

e. 284:Jth Ci vi 1 Engineering Squadron (AFLC) ,Hil 1 AFil, Utah. 

f. 91st Civil Engineering Squadron (SAC), Minot AFB, ND 

3. TEST OBJECTIVES: To evaluate the use of the Benkelman 
Beam in the con,luct of pavement evaluation studies by field 
civil engineering squadrons and to develop ratet.l data on the 
seasonal variation of clcflcction measurements to ascertain 
whether deflection can he predicted using <lifff!"rent aircraft. 

4. RESPONSIBILITIES: 

a. 'fhc Directorate of Laboratories of the Air Force Civil 
Engineering Center (AFCEC) is designated as the Test Director 
anJ will he responsible for the following actions: 

( 1) Obtaining the ilenke lman Beams for use uy each 
of the respective Civil Engineering Squadrons. 

(2) Training personnel at each test location on the 
test procedure and the use, operation and maintenance of the 
e,1uipment. 

(3) Analytin~ the test data submitted from each of 
the test conductors. 

b. The Civil Engincerinl! Squadrons nt each of the test 
locations arc designated as the test conductors and arc 
rcsponsihlc for the following actions: 
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(lJ The conJm:tin l,-'. of t :\C.~ J.cflcction stu<ly and outaining 
1" • :i ll of tile test Jata neccssan·, 

1,' 

,,1 

(2) Th<.· coordination rel1uircll to obtain the test 
aircraft from Aircraft ~laintenancc and access to the test 
features for the period of time required to accomplish the 
testing. This incluJes runway closure as may he necessary. 

5. TEST P iWt;R \ :-1: 

a. Th~ test pro~ram will con~ist of gathering pave~ent 
deflect ion data at eaci1 of the Air Force bases indicated as 
test 1 oc at ions, on the pa vcmen t features designated as test 
features. The data collection will consist of: 

(l) Measuring t he deflections using a Benkelman Ueam 
and ti1c tcs t aircraft at points located 200 feet apart along 
the centerline of the te,t feature. 

(Z) Measurin!~ the pavement ter1perature at four locations 
along each test feature at one-half hour intervals throughout 
the test period. 

(3) Obtaining the surface air temperature from the 
base weather detachment gathered at one-half hour intervals 
throughout the test per ioJ. 

(4) Conducting a pavement temperature - deflection 
study. At two of the locations where thermometers have been 
placed per paragraph (2) preccJing, determine the deflection 
and temperature at four di ffercnt times during the test period. 
This data will be used to develop a relationship between 
deflection of a pavement structure and the asphalt temperature 
and to correct the deflections ol,taineJ on each test feature 
for deflect ion. 

(SJ Obt3ining the aircraft weight and tire pressures 
at time of test. The weight data is available through aircraft 
maintenance and is needeJ to the nearest kip. The test aircraft 
is to be as heavy a~ possible without addinR mw1itions. 

(o) Obtaining climatological Jata for the test location 
to include average daily maximum and minimum air temperatures 
by week and the average weekly precipitation. This data will 
be collected throughout the te~t pcrioJ. 

( 7) Ohta inintt from Rase Operations an accurate count 
of the actual aircraft traffic usin~ the test feature or features. 

b. The followin~ is a listing of the test locations, test 
features and desired test aircraft. 

(1) Eglin AFR FL; Run~ny 12-U 3 and the NW-SW taxiway; 
F-111 and C•l30 aircraft. 

51 



(2) Little Rock AFB, Ark: Flexible pavement portion of 
runway 06·24 and the assault strip; C-130 aircraft. 

(3) Nellis AFB, Nev: Runway 03R·21L; F-4 an,l F-111 
aircraft. 

(4) Hill AFB, lltah: Flexible pavement portion of 
runway 14-32; r=-4 or F-105 anJ C-130 aircraft. 

(5) Minot AFB ND: Flexible pavement portion of parallel 
taxiway; B-52 and KC-135 aircraft. 

c. At Eglin Afll, Little Rock AFB and Nellis AFli, the 
data are to be collected four times per year in May, August, 
December, and March. At Hill AFB and Minot AFB, the data 
are to be collected in early May and early September. 
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