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SYNOPSIS 

Thie report presents a summary tabulation of the pertinent data 

on pavements, base courses, and subgrades and on traffic histories 

from twenty-five Air Force bases where the pavement design is effected 

by frost conditions. The gross plane load evaluations of the pavements 

during both the normal period, where there is no weakening due to frost 

melting, and during the frost melting period have been determined using 

criteria presented in Chapters 2, 3 U, Part XII of the Engineering 

Manual• 

Results of pavement condition surveys made at fifteen of the air¬ 

fields are tabulated and correlated with the pavement evaluations and 

traffic histories. 

All of the fields included in the tabulation have been subjected 

to a relatively large number of operations by planes of weights exceed¬ 

ing both the "normal" and "frost condition" evaluations which has gen¬ 

erally resulted in pavement failures or distress at the portions of the 

fields receiving the most traffic usage. 

Rigid pavements generally have given satisfactory performance 

where the slab thickness was at least 70 per cent of the "frost condi¬ 

tion" design thickness required to support the heaviest type of planes 

using the field an average of five or more operations daily. 

A limited anraunt of flexible pavement service behavior data is 

presently available from four of the airfields. 
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SUMMARY TABULATION OF AIRFIELD PAVEMENTS 

AT AIR FORCE INSTALLATIONS CONSTRUCTED ON 

FROST SUSCEPTIBLE SUB®ADES 

PART I. INTRODUCTION 

1-01. Author!tation. The Frost Investigations for 19U9-1950, of 

which this investigation is a part, wer« «uthorized by the Chief of 

Engineers by teletype dated 22 November 19^$» Files ENGMG, 

This summary tabulation was authorized at the Consultant’s 

Conference held at the Frost Effects Laboratory on 28 and 29 November 

1910. 
1-02. Purpose. The object of this report is to present in tabu¬ 

lar form the traffic histories and pavement conditions at several of 

the major Air Force bases constructed cn frost susceptible subgrades 

and to correlate the performance records of the pavements with the 

latest desipi criteria in the Engineering Manual for Airfield Pavement 

Desigp. The purpose of such a comparative study is to verify, or to 

provide information for the revision of, the existing design and evalu¬ 

ation criteria. 

A similar tabulation which included all data available up 

to June I9U8 was previously prepared and was included as Appendix B to 

Addendum No. 1, dated October 19U9» to Report on Frost Investigation, 

dated April 19U7. 
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1-03. Scope. This investigation has consisted of collatir _ata 

on details of pavement construction, traffic histories and plane load 

evaluation of pavements at twenty-five Air Force bases which frost 

susceptible conditions exist and comparing the data with pavement ser¬ 

vice behavior records available from fifteen of the airfields. 

•3- 
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PART II. PREPARATION OF DMA 

2-01. Sources of Data. The data used in the preparatiön of this 

summary tabulation were obtained principally from the following five 

sources: 

a. Airfield Pavement Evaluation Reports prepared by the 

offices of the Corps of Engineers in the Divisions and Districts in 

which the airfields are located. 

b. Airfield Pavement Failure Reports prepared by the 

Division and District Offices of the Corps of Engineers, which were 

based on pavement condition surveys made during IÇWu 

c. Monthly Runway Traffic Reports of Airplane Landings 

and Take-Offs furnished by the Headquarters of the United States Air 

Force. 

d. Pavement Condition Survey Reports at ten of the air¬ 

fields prepared by the Ohio River Division in 19U7 pert of the Rigid 

Pavement Investigations. 

e. Data obtained in conjunction with the Frost Investiga¬ 

tions at several of the sites included in the tabulation. 

2-02. Presentation of Data. The locations of the twenty-five 

airfields investigated are shown on the geographical location map on 

Plate 1. Plans of the fields showing the layout of the runways and 

taxiways are contained on Plates J to 27 inclusive. 



Ihe details of the pavement construction, the gross plane 

evaluation of the pavements, the sunmary of traffic history and the 

available pavement condition information for the twenty-five airfields 

are presented in Table 1. llore detailed records of the annual traffic 

at the airfields together with traffic distribution data are given in 

Table 2. 

The data tabulated in Table 1 permit a comparison between 

the weights of planes using the airfields, the frcrt condition evalua¬ 

tion of the pavements and the pavement performance. Using the average 

single wheel load of the maximum weight plane group using the airfield 

with a frequency of five or more landings and take-offs per day and the 

desipi criteria presented in Chapter U* Part XII of the Engineering 

Manual, the slab thicknesses for rigid pavements and combined thickness 

of pavement and base for flexible pavements required by frost design 

criteria have been determined, as tabulated on Table 1, The percentage 

ratio of the actual thickness to the theoretical design thickness for 

frost conditions has been computed for each area where pavement condi¬ 

tion survey data are available. The per cent desiga, computed in this 

mamer, has been plotted on Plate 2 against the average wheel load of 

the weight group of planes using the airfields at least five cycles of 

landings and take-offs per day prior to the condition survey. The 

plotted points on Plate 2 indicate whether the pavement was satisfac¬ 

tory or failed. The plotted points are also numbered to cross refer¬ 

ence with line numbers on Table 1, where the detailed data are pre¬ 

sented. 
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The descriptiona of the pavement conditions were obtained 

from Airfield Pavement Reports or Pavement Condition Survey Reports. 

For purposes of tabulation the data have been condensed and wording has 

been changed only where necessary for consistency. Tihere extensive 

cracking, rutting or ravelling was reported or a large number of the 

concrete slabs had corner cracks the pavement has been considered to 

have failed even though the pavement might be suitable for the opera¬ 

tion of planes at the present rate for several years before extensive 

repairs would be necessary. Since the purpose of this study is to 

determine the adequacy of the design criteria, conditions of extensive 

cracking are considered structural failures which would become pro¬ 

gressively worse in a short period of time if subjected to more in¬ 

tense traffic usage. It has not been considered within the scope of 

this investigation to determine whether it would be more economical to 

extend with extra maintenance the life of pavements which have shown 

wigns of distress or whether it would have been cheaper to have pro¬ 

vided additional pavement thicknesses in the original construction. 

2-03, Evaluation Criteria. The evaluations of the flexible and 

rigid pavements for the normal strength period during which there is 

no weakening due to frost melting, and which are shown in Table 1, are 

based on Chapter 2 and Chapter 3, Part XII of the Engineering Manual 

dated May 19^7 and July I9U6 respectively. The normal period evalua¬ 

tions for rigid pavements have been determined using the subgrade 



modulus k when available. For oases where the modulus of the subgrade 

has not been determined, the modulus k of the base has been used to 

evaluate the pavements. Fields evaluated in the latter manner are Dow. 

Mitchel, Presque Isle. Stewart. Spokane and Vendover. 

The pavement evaluations during the frost melting period 

have been determined using Chapter U» Part XII of the Engineering Man¬ 

ual as revised in May 1950. The subgrade moduli used for rigid pave¬ 

ment evaluations during the frost melting period were obtained from 

Figure 7 of Chapter U. Where the thickness of non-frost-susceptible 

base is less than 6 inches, the frost melting period evaluation is 

given as less than 30.000 pounds gross load. 

Of the fifteen airfields for which pavement behavior data 

are presented, all have frost-susceptible subgrade soils, and seven have 

frost-susceptible base materials. The frost condition evaluations and 

design thicknesses shown cm Table 1 are based on frost action in the 

frost-susceptible soils, whether base course or subgrade. It is not 

known whether ice segregation actually occurred in the soils considered 

frost-susceptible. The water table at six of the fifteen airfields is 

below the depth of influence. 

2-0iu Analysis of Results. Results of pavement condition surveys 

are available from fifteen of the twenty-five fields for which pertin¬ 

ent data are tabulated on Table 1. A comparison between the "frost 

condition" evaluation cf the pavements, the actual traffic usage to 

which the pavements were subjected and the results of the pavement con¬ 

dition surveys reveals that the fields received relatively heavy usage 
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by planes having weights in excess of the "frost condi+lon" evalua¬ 

tions. As might be expected, a high percentage of failures resulted, 

particularly in those sections of the fields at which the records in¬ 

dicate concentration of traffic. The plots of per cent design against 

wheel load for both rigid and flexible pavements on Plate 2 also show 

the large number of failures which occurred. The failures that occur¬ 

red, particularly of concrete pavements, are not necessarily attribut¬ 

able to frost action. At five of the fifteen fields for which pavement 

behavior data are available, frost action was reported as a contributing 

cause to the failures. The weight of pla - using the fifteen air¬ 

fields in excess of an average of five operations daily was greater 

than the normal period evaluation. Therefore the pavements were over¬ 

loaded during the normal period, at which time some of the failures may 

have occurred, although with frost-susceptible conditions existing at 

the fields the degree of overloading was much greater during the frost 

melting period. 

At Wright Field a 60,000 pound wheel load was used to deter¬ 

mine the "frost condition" design thickness representing planes of the 

120,000 - 135,000 pound weight-group which used the field an average of 

five operations daily. The "frost condition" design thicknesses at all 

of the other fifteen airfields at which pavement behavior data are 

available were determined using wheel loads of plane weight-groups 

using the fields for an average of ten or more operations daily, while 

at ten of the fifteen airfields the average actual daily operations of 

planes, of the weight-group represented by the design wheel loads, were 

-8- 



in excess of 25 and ranged to a maximum of 677 operations at Lookbourne 

Air Base. In some cases the number of passages of this arbitrarily se¬ 

lected wheel load over any specific location on the pavements during 

the frost melting period is a relatively small percentage of the total 

usage and greater damage might have resulted from more frequent cover¬ 

ages by the planes of lighter weight groups. A time interval of a few 

days between wheel load repetitions over a specific pavement area would 

tend to allow the subgrade to regain strength between load application 

and appreciable loss in subgrade strength due to remolding under traf¬ 

fic deformations would be unlikely. 

The only instances of failure of a rigid pavement when the 

pavement thickness was 70 per cent of "frost condition" design thick¬ 

ness or greater was at Chanute Air Force Base where local cracking 

occurred on three of the four runways. The traffic history at this 

field prior to failure is incomplete and the taxiways, apron and N-S 

Runway (which receives approximately 30 per cent of the traffic), were 

in satisfactory condition, although of similar construction to the 

three runways showing distress. These failures may be due to local 

conditions not revealed by the data tabulated in Table 1. 

Where the rigid pavement thicknesses were less than 70 per 

cent of "frost condition" desigi. based on the average wheel load of 

the planes using the field for 5 or more daily operations, failures 

occurred in fifteen out of thirty-eight pavements. Of the sixteen 

pavements with slab thicknesses less than 50 per cent of the desigi 

thicknesses, ten failed and generally showed extensive cracking over 
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large areas. The six pavements with slab thicknesses less than 50 por 

cent of design which did not fail either were at fields with a small 

number of operations or the unfailed pavements were located at por¬ 

tions of the field where traffic usage was light. 

Failures were reported at three of the four airfields at 

which flexible pavement data were available. The data from these fields 

are plotted in Figure 2, Plate 2. The points numbered 1 througi U 

represent data from Casper Air Force Base where five of the eleven taxi- 

ways became cracked and rutted followed by complete breakup of pavement 

and base course. The three runways also showed distress. The plan of 

the field cn Plate J and traffic distribution data on Sheet 1 of Table 

2 indicates that at least five of the six taxiways at which satisfac¬ 

tory pavements were reported were probably used infrequently. 

The other two flexible paved areas on Figure 2, Plate 2, 

represented by plotted points li* and 15, and which were in satisfactory 

condition, are at Dow Air Force Base, for which the combined pavement 

and base thickness is 6? per cent of "frost condition" design thick¬ 

ness. This field had only lU average daily operations of planes 

weighing 50,000 to 75,000 pounds, on which the per cent of design 

thickness was based. This apparently did not result in sufficient 

coverages over any specific pavement area, as traffic tests on twenty- 

nine test lanes at this field during the frost melting periods of I9UU 

and I9U5 showed progressive cracking and failure at all of the twelve 

locations at which the pavement and base thicknesses were less than 80 

per cent of the "frost condition" design thicknesses for the traffic 

test wheel loads. 
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A eonpariaon of the behavior of rigid pavement« when 

placed directly on a frost susceptible subgrade and when placed on a 

base course is possible at two airfields. At Offutt Air Force Base 

the NW-SE Runway consists of a 9-inch thick slab on 2-1/2-inches of 

asphalt and 9-l/2-inches of bituminous stabilised gravel. The NB-SW 

Runway has an 11-inch concrete slab placed directly on the CL sub¬ 

grade. The concrete flexural strength is the same for both runways 

while the NIT-SE Runway receives 60 per cent of the traffic and tha 

NE-SIf Runway only 31 per cent. The Nlf-SE Runway with the thinner slab 

and most traffic is reported to be in excellent condition while the 

UE-Sir Runway has a large number of transverse and diagonal cracks. A 

somewhat similar condition exists at Wright Field where the 7-inch 

thick apron slabs placed directly on n UL subgrade have cracked ex¬ 

tensively while the 7-inch thick slabs of the NE-SW Runway having a 

9-inch sand and gravel base are in good to excellent condition. How¬ 

ever, the apron undoubtedly is subjected to more traffic coverages and 

more severe usage than the NE-SW Runway which receives 1*0 per cent of 

the traffic at the field. 

11 
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PART III. CONCLUSIONS 

3-01, Basei cn th« servio© behavior at fifteen of the twenty-five 

fields tabulated the following conclusions are presented* 

a. At all the installations included in this tabulation the 

pavements have been subjected to a relatively large number of operations 

of planes with ©eights exceeding both the "normal" and "frost condition" 

evaluations, thus tending to make isolation of the effect of frost 

action more difficult. However, the effect of overloading may be 

assumed to be much greater in the frost melting period than in the nor¬ 

mal period, 

b, Portland cement concrete pavements with slab thick¬ 

nesses at least 70 per cent of those required under "frost condition" 

design to support wheel loads of planes using fields in excess of an av¬ 

erage of five operations per day generally have given satisfactory per¬ 

formance, When the actual slab thicknesses have been less than 70 per 

cent of "frost condition" design, failures have increased and when 

less than 50 per cent of design thickness extensive cracking and pave¬ 

ment break-up have occurred at a large percentage of the pavements, 

c. At two airfields, namely Offutt Air Force Base and 

Wright Field, rigid pavements gave satisfactory service when construc¬ 

ted on a base course while pavements of equal or greater thickness 

placed directly on the frost susceptible subgrades failed. The base 

course at Offutt, however, consisted of 2-1/2 inches of asphalt and 

9-1/2 inches of bituminous stabilised gravel which undoubtedly has 

greater strength than a typical base course material. At Wright 
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Field the failed pavement without a base was on the apron while the 

satisfactory pavement conetructed on a 9-inoh sand and gravel base 

course was on a runway and presumably was subjected to less severe 

usage. 

d. The service behavior of all pavements at three of the 

fields. Clinton County, Dow and Patterson airfields, has been satis¬ 

factory under the usage received while pavement elements at several of 

the other fields have also shown satisfactory performance. 

e. It is concluded that pavements designed using the 

criteria presented in Öiapter U, Part XII of the Engineering Manual 

entitled Frost Conditions will give satisfactory service behavior with 

an adequate factor of safety to allow for increased operations of 

treffic when necessary. 

-13- 
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AIRFIELD 

Caspar Air 
Porca Baia, 
Caspar, 
Wyor In g 

Chamita Air 
Porca Basa, 
Rantniil, 
Il Hnol ■ 

LOCATION 

PAVEMENT 

TYPE 
THICKNESS 

( INCHES ) 

FLEXURAL 
STRENGTH 

OF CONCRETE 
AT 28 DAYS 
(LBS / SO. IN.) 

M*S. fc-t, MS-Asphaltic 
Rurvaya Coocrata 

6.0-6.6 

Tailvaya \ k b Aaphaltic 
Cone rata 

bM 

Taxlwaya, 2, 9, Aaphaltic 
L and 7 Cone rata 

Taxi«aya, 9-12 Asphalt Is 
Inclusivo Conorato 

KL-SX Runway Aaphaltic 
Cono rata 

6.6 

BASE 

TYPE 
THICKNESS 

(INCHES) 

% PASSING 

•200 SIEVE 

FROST 
SUSCEPTIBLE 

( % FINER 
THAN 002 mm) 

C B R OR 
SUBGRADE MODULUS 

(I) 

sc, m. sp, 
CL, SF, SX, 

6.6-7.« 

12.0-11 .L 

;>17 Tas 

Subbasa 

Sand 

SP, SC 

Sand 

.6,¾ 

e j* 

L.e 

10-17 

Tas (6-60 

Tas (1-9; 
Subbo's 

-66 Tas (6-60) 

13-17 Tas (L-9 

Subbasa 

ML, SC, SP, SP 

Sand 

9.6 P-6fl Yas (t-60) 

10-17 Yas (L-Qj 

L, SP. CL 

Sard 

9.6 

7.« 

Subbasa 
fi-E/' Yas (6-6T, 

13-17 Yas (L-9‘, 

Subbasa 

Apron 9-7-13.6 67b 

Original Apron P.C.C. 

Clinton 
County Air 
Porco Basa, 
VI Islington, 
Ohio 

Dow Air Poroa 
Basa, 
Bangor, Maina 

Rt-SV Runway 

XX-ál Runway 

Taxlwoyo A-l 

N-S Runway 

E-X Runway 

p.c.:. 

F.C.C. 

P.C.C. 

P.C.C. 

I. .c. 

P-6-6 

B-6-« 

8-6-0 

8-6-8 

e-6-e 

8 

70C 

700 

700 

700 

«15 

«1? 

Runways P.'.:. 

P.C... Aproua A 
Taxi A 

Taxiway B P.C.C 

7 

H 

B* 

750 

WO 

750 

Btt.îone. 5( 

8-6-8 

5» 

Mila Borvloa P.C.C. 
Aoroo 
laslways, B,C, Bit .Cone. 

D, B 
Runway Tura- F.C.C. 10-7-10 

tronado. 

607 

607 

Oroot Palls Taxlwoyo 
Air Porco Baao 
Oroot Palla, *-S Runoay 
Montana 

Hill Air 
Poroa Basa, 
Ogdan, Utah 

ME-SR Rutwmy 

MX-SB Runway 

Urga Parking 
Apron 

Asphaltle 
Cone rs* a 
Aapholtle 
Coneroto 
Aapholtle 
Coreroto 
Aai>h eitle 
Conerotr 
Asphalt!.' 
Cere r«ta 
P.C.C. 699 

P.C .c. Original 
Anchoraga 

fc-S, RL-SX, P.t.C. 
RR-bk Runys 
B-X Rurway P.C.C. 

965 

516 

516 

SP, ML. SF, SC 

Rooa 

10.8 P-6#1 Yas (6-6C 

Ron# 

Ron# 

Rooa 

Pit Run Sand 
and Gravai 

Mach. Stab. Pit 
Run S. A G. 

L-13 

L-15 

Yas (9-13) 69 

Yas (9-13) 69 

Fit Run Gravai 6 

Pit Rua Gravai 6 

Pit nun Gravai 6 

19-10 

19-10 

19-10 

Yas (13) 

Yas (10^ 

Yas (10) 

L9 

1*9 

a* 

1.0 

?1 

1*0 

7 

1*0 

9UBGRA0C 

AIRFIELD 

CLASSIFICATION 

% PASSING 

*200 SIEVE 

SF. R!, CL, X, 8-68 
SP, sc 

ML, SC, SF 

SF, CL, SX 

Bonk Rua S.AG. 10 

Bonk Rur S.AG. Id 

Bank Run S.AG. IS 

Bank Rua B.AO. 17 

2-7 

2-7 

2-7 

2-7 

915 

Bordarllna 

Borderllna 

Pordarllna - 

Boráarllna 515 

'■•P, SC, Ml. SF 

SX. CL, SC 

Cl-01 

CL-Ol 

Cl.-CL 

Cl-CL 

CL 

Ob 

65 

80 CI-3P 

CL-3F 

Pit Run Gravai 

Pit Run Gravel 

PÎ1 Ptn irovol 

Fit Rtn Gravel 

Pit Run Grovel 

Mono 

10 

7 

10 

11 

9-20 

9-20 

9-20 

o.?- Yer :t; 

To- (12! 59 

Coapactod Sand 
Subgrada 

Coractad Sand 
Subgrada 

Comractai Sand 
Subgrada 

10-Pt, 

1C-85 

1C-65 

la« (6-r,.y 

Yat (6-^5) 

Yas (6-55) 

CL-GP 

CL-3P 

CL, SF, SC 

Cl, 5F, SC 

CL. SF, SC 

CL, LF, SC 

Cl, ), 'C 

CL, PF, SC 

SF, ¿F, ÍX 

SP, SF, ’X 

SF, SF, S" 

8-6P 

SF, SC, SP, Rl, 8-68 
CL, SX 

e-68 

P-68 

()2-07 

62-P7 

62-87 

62-87 

62-87 

62-87 

60-89 

»-8* 

60-c. 

91-80 

91-80 

91-88 

91-88 

71-92 

71-92 

71-92 

71-9*’ 

-1-92 

71-92 

F HOST 
SUSCEPTIBLE 

( % FINER 
THAN 0X>2m»a) 

Tas (6-69) 

Tas (6-60) 

10.85 

lC-85 

10-65 

Yas (6-&>) 

Yas (b-fc'', 

Yas ,6-60) 

Yas (6-60 j 

Yas (51-65) 

Yas Í51-6K) 

Yas !51-65' 

Tos (51-<6) 

Too (51-65) 

Tos 151-65) 

Tos (Li-56; 

Yas (1*1-50 > 

Yas (Li-58' 

Too (21-70) 

Yes (21-70) 

Tea (21-70) 

Yaa (21-70) 

Yas (L5-75) 

Yas (**-7«) 

Yas (Lf--*; 

Yas (L?-*** Î 

Yss IL5-75) 

Yat 'L‘-75/ 

Ya» (6-55- 

Yas 16-55) 

Ya« v6-fc-( 

(1) Fç * Subgr«da Modulus during Frost Me] 

U ''arth of Frost Fanatratlcn frov )raaa| 

Tha figura 5ab.lstaP danota tha a voll 
y-or of uí*çr prior to tovamar* rondl 
rivas eye la» prior to tha fir.t of tN( 
") avamart Cerdltion" traffic ds'.a la j 



can on 
•OB »RADf MODULUS 

Ml) 
CBS 

uo 

U-5 

UO 

?u 

uo 

?! 

Un 

7 

Un 

Bo 

65 
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SUBGRADE 

AIRFIELD 

CLASSIFICATION 

FROST 
XPáSSiRC SUSCEPTIBLE 

•WOSIEVE 1 I ’k FINER 
Than 002mm) 

ATTERBfRG 
LIMITS 

PL 

C B.R OR 
SUBGRADf MODULUS 

_U) 
ir, 
sp. 

CL. R. 5-6 

• SC. Sf W Tea (6-60 

s*. SC, IP, ia4 ».f* 
CL, T» 

(t-^0) 

SF. CL, « 

SP. SC, Ml , Sf 

--0Í (6-Í-: 

6-«>) 

CL, SC 
279 

Cl-OL 

Cl-01 

Cl-OL 

Cl-CL 

CL 

Ob 

w-*? 

Ta* i‘1-6*.) l^-LQ lb-21 

Yaa ÍM-ff, 

T** (51-66) 

Ya* 151-66) 

Ya. (6)-65) 

57 

67 

67 

57 

frn-85 

•c-b; 

lUl-66 P^-LB 17-25 UO 

^i-5e; 30 

vU-5C' 30 

CL-OF 

CL-'JF 

Cl-OF 

31-ee 

)i*v 

Yaa (21-70) 30 

(21-70) 

Ya. (21-70) 

Y«a 21-70) 

CL, SF, SC 

Cl. 3P, SC 

L, SF, St 

CL, :,p, sc 

f, ÎC 

■F, 3C 

58-4. 16-26 

GROUND 
iNAfER 
DEPTH 
(FEET) 

SUBSURFACE 
DRAINAGE 

APPROX 
FREEZING 

INDEX 

FROST 
PENE¬ 

TRATION 
(INCHES) 

33 (2) 

Balow la- Op«n Joint#* til# d.-*ln# UOO 
riJ#nea #lonf al.l# #:u) p#r#llal 
Oepth to rurwayg an«l tndvoy«. 

Rlth parvio’ia bAckflll. 

10 Av. 
30 IMi. 

2-7 F#rfor#t#d pip# (6"-6") 
(•piroi «lon^ both #l^#a of run¬ 

way I tnd ttxlwoyt and 
•*. aclvitcd location* 
jnJ#r a;ron. 

6 Or>#n Joint dr#lra back 
appro* ! filiad »Uh ptrrloua 

MtorlAl adjae#nt to 
njnwny pat#m#rt*. 

1200 UB Av. 
61 Mai. 

B#lnw Ip- Nona reportad 
fl anca 
rapth 

IF, SF, 1» 

sr, sf, s* 

( 1 ) Ff r :.A fr» la k 

Tha r\f ra « 
y-ar o 
<lva-. eye 
*' ara«#i♦ 

'>-26 7-ie 165 

286 

Uio 

Fot K#- 
Fort#<> 

500 

EVALUATION 
LBS OROSS PLAWC WEIGHT 

TRAFFIC 

NORMAL 

e/HTxu 

FROST 
CONDITIONS 

E M. PART XII 

13,000 : ic.ono 

GROSS 
PLANE WT 

(LBS ) 

2L.00S < 10,000 

20,000 < 10,000 

20,000 ■< 10,000 

50,000 

< 30,000 : 30,000 

«< 30,000 

•< 30,000 

-<30,000 

30,000 

30,000 

30,000 

< 30,000 

*< 30,000 

< 30,000 

< 30,000 

< 30,000 

< 3°,ooo 

^16,000 
15-35,000 
36-50,coo 
SO-76,000 
75-12^.000 

120-155.000 
>135.00C 

- 30,000 

30,000 

30.000 

< 30,000 

< 30,000 

-< 30,000 

107.000 

-< 30,000 

72,000 

< 30,000 

26,000 

*<30,000 

26,000 

*< 30.000 

15,000 

1^.000 

16,000 

16,000 

30,000 

< 30,000 

<10,000 

* 10,000 

< 10,000 

< 10,000 

< 30,000 

< 30,000 

< 30,000 

< 30,000 

< 30,000 

: 30,000 

‘ 50,000 

: 30,000 

< l‘,000 
15-55,uOi 
35-)0/00 
50-75,000 
75-12C.030 

12c-l*5,CX 
>155,000 

<16.000 
l5-5r,ooo 
36-50,000 
50-75,000 
75-12C.000 

ltC-l35,ooo 
>135 .ooo 

^15.000 
»-35.000 
35-50,000 
50*75,000 
75*120,000 

If0-I35,000 
>135,ooo 

<15,ooo 
l5-3‘<.oco 
35-50,000 
50-75.000 
75-120,000 
.20-135,000 
>155.000 

<15,000 
15-55,000 
35-5c,ooo 
50-76,000 
75-1.^,000 
6-0-135,000 
>135,ooc 

daily 
TRAFFIC 

_(!) 

- UL5 

12 
7 

11 
Oa#, 
6/to. 
i/to. 

56 

119 
136 

15 
16 

o##. 
1 

ro"t ’Vit Inf Far loi. 

r,’ Indax Curaa, Charter U, Tart XTI of Ykiglnaarlng Van-jal. 

- a-arara lally eyrl#« of lar^lr.f arr taka-off* for t na -axlaur 
' r 1 • . or. suraay, ‘Fiiar* two eolumri ir» taN.l*tad, left column 

t-a t»o condition aunraya. Fhara ’’No Is «hown under 
- • * for parlo-l prior to January 1^60. 

(l, ) Nuaibara under "Lina" heading denote plotted point* on Flat# 2, 

(5) "I'arcart of rie*igr." 1* tha ratio of the actual paaemant thlc naaa to daalgi 
ra*lfn thlcknaai la for average wheal load of ho*vl*at weight riras of pli 
with averaga f roq.ancy of 5 or mora cycle* o latidirgs and taka-off* par ( 
■ < rvey, 

'Tiara base or subbaaa naterlala under flaiitlo pavaf area? ara frost auact 
a* control I in f tha da*lfn. Bordorllna matoriol* wore c-.nsldaroj nor-: 

& 

6 



ENTS 
EVALUATION 

LM AAOM PLANC WtWHT 
TRAFFIC 

utfSSP:xn 
JULY \94ê 

13,000 

2U.000 

20,000 

20,000 

50,000 

< 30,000 

: 30.000 

¢30,000 

<<30,000 

30,000 

30,000 

30,000 

<3o#ooo 

30,000 

30.000 

107.000 

: 30,000 

72,000 

< 30,000 

FftOST 
CONDITIONS 

IM PART Xtl 

GROSS 
PLANE WT 

(LiS ) 

< 10,000 

: 10,000 

10,000 

«<15.000 
15-35.000 
35-50,000 
S0-7‘ ,000 
75-i* ''»OOO 

120-135,000 
>135,OOC 

r30,000 

< 30,000 

< 30,000 

< 30,000 

< 30,000 

< 30,000 

< 30,000 

< ll,0O7 
15-55.001 
35-)0/ 70 
fè-7!, 
75-120,000 

12C-135.0X 
>15‘ ,ooo 

1“ 

< 30,000 

< 30,000 

< 30,000 

26,000 

C30,000 

26,000 

c 30,000 

<15,000 
15-3r,000 
35-50,000 
50-75.000 
75-120,000 

120-155,ooo 
>135,000 

H15.Û00 
15-35.000 
3S50,000 
50*75.000 
75*120,000 

120*13?,000 
>135.000 

MAX AVO 
DAILY 

TRAFFIC 

(S)_ 

95 

PAVEMENT CONDITION 

LOCATION 

Tttlwvyi 1 5 
T**íw*y» ?, 3, U, 7 
T««1««y« '<-13 Ine, 

Hunvnyt »r.d K n»ny ahouldnr« 

Apron 

LINE 

(4) 

L-W 'n in»»y 
ME-SR nnf Kir-SI Ruivnya 

Apror •rri Tnnlwny# 

N-S Kunvoy 

VeelfT. tnlnltHMMt dotontinnd 
ualrf; • 20,(KO 1b. «hool lond 

12 
7 

11 
One, 
fc/Vc. 
\/*0. 

22 

1Ï 
là 

3/Üb« 

Ru !<«• y ■ 
Apror « «».d toxi««y A 
T«xl««y B 

•bin «.rrioo «pron 
Rummy* 
TnxU«y* 

Apron «IdonlfiC, tumtround and 
«ani-up opror .Rot rortroll Ing 
pOTOBOnt»)• 

DESIGN 
THICKNESS 

II 
u 
lt 

% OF 
DESIGN 

(S) 

30 
l*o 
33 

d* 

DESCRIPTION 

Cr*?klrif «rid ru-Mn, on actt + oro* 
•roo« of t*tl««y* 1, ?, 0, 1? *r«i 
13 follBaon by coTcla** br**V\,r of 
pn**BOnt and boar cou rao. Tan vaya 
3, 1*, 5, 7, 10 and 11 a«t la factory. 

Sao 11 dopraaaod rroclrod ard chaeaod 
aros a. 

Crreklng *n>i alab di ar'•ooawnt. 

11 

7 

10 
13 
d 

u 
53 
33 

lUiT. 
nr 

a 
86 

B6Mr*4 torr-• .-roe'., „'oír*.., 
eorror cr»:i^, «f.lUnr *nd 
ffdrtor'n, of .m.rr.'r for ft width 
•f ..»«rftl loch.a at 'ft'-nt.* 

tatlifftrtory oordltlco«. 

Sfttí«fftrtory eondltlori. 

T»1 
« b 
65-1 

»—8 tft Wftl7 good condition oicoot 
for a«n» crock'ng «nd joint 
apnlllag on Tnalvny A. 

I»6l 
67 [ 
67-1 

51* 

DATE 
OF 

SURVEY 
REPORTED CAUSE OF FAILURE 

Local toc- f bfra’a, pendln*, poor 
baa«, alight froat action In 

rrado. 

Differential aettlonent under 
traf«. . 

Ovaratroaaing along taxiing lanaa. 

Juna l^uL 

April 19L7 

Satlafaetnry anrdltlen. 

Rand on and cornar crack*. S# ef 
•loba eraakad In Spring ef 1GL3« 
30S cmakod by Pall of lSá*e, 

Paarlcadlng aubprado, «aairor.ln* o‘ 
aulrrar* during thaw. 

tpriag 151*3 
fall l«4*o 

Sattl«annt *f aubgrada. Ion 
atrangth ef eanemta and froat 
aatlan. 

15.000 

13.000 

16,000 

ie,ooo 

30,000 

<3o,ooc 

< 30,000 

< 30,000 

. 3C,ooo 

<10,000 

^ 10,000 

< 10,000 

< 10,000 

< 30,000 

<30,000 

<U,ooo 
15*3*>,ooo 
35-50.000 
50-75.000 
75-120,000 
.20-135,000 
>1*5.000 

< 30,000 

< 30,000 

< 30,000 

<15,000 
15-35.000 
35-5C.OOO 
50-75,000 
75-120,000 
6-0-135.000 
«35,000 

119 
136 

16 
15 

Oaa. 
1 

Ruñara y» 
Tax i«aya 

Apron 

li 
)3 

U6 
lé 

76 

Longitudinal cracking at jelnta 
batwnaa runway or taxi way i «**»** 
and aheuldar pavanant allaving 
«atar ta antar baa*. Dapraaelcne 
oaourrad under traffic, 

Satlafaetory condition. 

Reported 
(i9a) 

Inadequate drainage. Froat aetler 

aadirg denota plotted points on Flat* 2* 

i the ratio of the actual paTonant thlc'naaa to daalpn tMclmoaa x ICO. 
[for axe rag* wheel load ef hasxlcat weight clrss of planea uairg field 
by of 5 or awre cycles o landings and taka-offs per dey prior to condition 

i «ateríala under flex it 1* paxe«’ areas ar* frost suscoptlbl* they wore eorslderwo 
• Im. Bordorllne »«torials wort considerei nor-froit susceptible. SUMMARY TABULATION OF AIRFIELD PAVEMENTS 
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SUMÍ 

AIRFIELD 

Lock boum* 
Air rare« 

Col um bua, 
¿"Wo 

wowry Air 
■« •••, 

f>*ar«r, 
"o 1 r« lo 

Uaraball 
Air F re« 
itaa«, 
F>rt Rlia 
Kanaa« 

Ifitohol Air 
Per •• ^••a, 
HorapataaJ, 
Long lalanl, 
Sa» York 

LOCATION 

Af ron 

Tail«ayi 

•-3 K'itway 

li-SS Kunvay 

KW-jt Fi.raray 

Hl) a Apron F.xt . 
Tailoaya K# Q, 

H. J 
kaat and Waat 
• Ing 

■•3 and tr-fl» 
F\i nva y •, Ta 11 - 
•aya C,D,I. 
Hlln Apron 

M*Jt Runway 
'aatway A 

!•• Kurmay 
Taiioay I 

Apron Mo. 1 
Taatvaya 
kaiaaya 

Apron ho. 2 

PAVEMENT 

I flexural 

Thickness I Qg^ccSIcVfTE 
(INCHES) ; gr 28 DAYS 

jU8S /S0 IN.) 

P.C.C. 

I ., .c. 

F.C.C. 

lf-‘ 

\ -1 11 

U’-' wo 

u^O 

•■(X- 

F.C.C. 10-7-10 

r.c.c. 

P.C.C. --6-8 

p.c.c. K-t-a 

P.C.C. 1B-12-IP 

1>Y0 

üiO 

vo 

ft>rt 'rook, 
Y-hr». n* 

1 ! i Rt.'Wi . 
■ rani a 

latf onca 
Maid 
falrnald, 
Ohio 

Taiiwav* aid 
Apr# .a 

Wuwaya 

Hangar Apron 

ini-5:< Humvay 

t-V Tailoay 

?.*• h n»a y 

n-íT Air «ay 

i-S kunaray 

P.C.C. 

P.C.C. 

P.C.C. 

P.C.C. 

P.C.C. 

I .c.c. 

•<-(—H 

6 

«>00 

so? 

u30 

Í06 

S2S 

L9C 

sis 

‘ 3L 

N-i h.rmoy 

iaagor Apron 

Ik- W Ku rara y 

PUJF kuratay 

Aapbaltlc 
unr rnt# 

. . 

F.C 

*** 

6 

11 

9 

Tail«ay r«t«##r 
runway c*. • ml 
runway J. 
Runway '..-A2 
Runway ll-.'-J 

Plt.vonr. 1 

r.c.c. 6 

t#s 

bPS 

■^Jb 

BASE 

THICKNESS 
I INCHES ) 

■and .ah'.on 

■and CuaMon 

•dnd Cuahion 

Sand Cuablon 
A.?. lavRTant 
Sand CuaMon 

tabll Mad 
Sraaal 

Stall Iliad 
iraaal 

■tab*. Iliad 
Sraaal 

Stao Iliad 
ùraral 

A-6-3 

3-7-3 

Ront 

Iona 

Kona 

Iona 

Iona 

S#rd and »raaal 

Haoh. Stat. 
aand and Cravo1 
Coaipactod Subg. 

311%, land, 
'»raaol 

Hacn. Stab, 
aand ar 1 irava! 

CcMpa'tad Subg. 
Silt, land, 
Iraaal 

Coaip«otad Subg. 
Sala-tad Borrow 

ilrawal 
(Pit. Stab.) 
Mona 

AapHalt 
Bit.Stab.Gravai 

■o i* Trap Hoatr 

1 

Aproa 

Tailway lo. 1 

Rurwwy A 

Hui«#ya B » - 

F.C.C. 

P. .C. 

710 

73S 

1*0 

Pit Run ^raaal 

Pit Run 1 rava 1 

Stab. Jraval 

Fit Hun »'aval 

IP 

fc 
fl 
6 

% PASSING 

#200 SIEVE 

FROST 
SUSCEPTIBLE 
(% FINER 

THAN 0.02 mm) 

CB.R.0* 
SUBGRADE MODULUS 

Ml) 

2(-89 

?6-ao 

2b-P9 

2b-PS 

Yat ll?-Sc 

Ya. ir*-CC ; 

Yai ;i?-^ 

Ya» (12-SS) 

Yr • ( 12-SS/ 

23-ÍJL 

?3-U. 

23-U. 

23-U» 

Yai i 10-lb) 

Yas .10—161 

i tit 

7 •Lb 

7-Lt 

7-U 

7-Lb 

7-U 

Y*r (L-3?) liiO 

Ya» (L-32) 2S0 

Yac iL-32) 160 

Yai (L-32) ?IC 

Yaa (L-32) 21*0 

Yaa (L-32) LOO 

L05 US 

2-12 

2-1? 

10 

2-12 

Anauwa-i lo LOO 

Aaauwa 1 No 

Yai I-1C 

Aai’inad No 

65 

SUBGRADE 

airfield 

CLASSIFICATION 
% PASSING 

*200 SIEVE 

FROST 
SUSCEPTIBLE 
(% FINER 

THAN 0.02mm) 

ATTERBCRB 
LIMITS 

L.L 

Cl. M., CM 

CL. «1 

Cl, CH. ¥1 , Zf 

CL, Ml 

CL, ML 

RL. 

82-¾ 

«-aL 

SMI 

Yfl .Lb-t*'». 

Yaj .‘‘-69 

ias 1(4-,-69 

Yaa vU-69‘ 

Ya» (1.5-69; 

30-5: u-n* 

Yae :28-12) 2L-52 13-25 

c: , ML 

U*-6’ 

di-r 

Yaa (2e-l,?) 

Yar (2P-L2) 

Yar (26-12) 

3r-Cl. 8P, CH 32-69 Yaa Ul*-L®) 16-50 13-28 

CL, SF 32-60 y*, (1L-U) 

CL. SF 32-69 Yai (1L-Ue) 

Ml , CH, Cl 

»0., CH, Cl 

®*-9b 

Ri-9t. 

Tai (2P-5L) 21-67 15-28 

Yai (26-%) 

PO-87 

20-P7 

20--17 

20-P7 

20-P7 

2C-67 

Yai (12-56) ?5 2) 

Yaa (12-56) 

Yai (12-56) 

Yaa 112-56) 

Yaa (12-56) 

Yai (12-56) 

CL 

CL 

CL 

CL. ML 

P3-% Ya« (U.-65) 56-U 16-25 

^•9L Yaa xU-65; 

83-9L Yai vi*lt-65) 

85-% Yaa (U*-65) 

L6-65 Yai (10-25 ) 20-22 16-19 

1*6-7? Yai (16-67) 

OP 

CL 

Ml 

ML, CL 

22-90 Tai (1Í4-7M 22-71 17-32 

22-90 Yaa (lL-75) 

22-90 Yai 111,-75) 

22-90 Yai (lh-75) 

(1) Kf r Subgnda Madulua during Froat Malting Parlod. 

(2) Dapth of Froat Panatratlon from Framing Inda* Curra, 

(3) Tha figuras tatailatad danota tha araraga daily eyolaa 
yaar of uaaga prior to paraaant condition aurray. Whi 
giraa eyolaa prior to tha firit of tha two condition I 
"Vavanant Condition" trafilo data la for parlod prior 



FROST INVEST CATION 
1949 ■ 1950 

SUMMARY TABULATION OF AIRFIELD PAVEMENTS 

CUM 
DC MODULUS 

.I 

AIRFIELD 
CLASSIFICATION 

Cl, M, CM 

i, in 

Cl , CH, FI . 

n 

cl, HI 

L5 

65 

SUBGRADE 

% PASSMS 

*200 SlCVC 

FROST 
SUSCEPTIBLE 
(% FINER 

THAN DOE"»") 

ATTERBERS 
limits 

RL 

CBN OR 
SUBORAOE MODULUS 

F I, CBN 

*«oL 

Ytt 

Y«s ‘ -W 

/•» 

Ybb (Li>-^ 

50-^: u-rt lui 

L.5 

IL 5 

:1.5 

ILÎ 

GROUND 
WATER 
DEPTH 
(FEET) 

. W! 

:. m 

Y«e (2E-UÎ 2I*-Ç2 

y.-L*» Y#b 

T y-ab (26-12) 

Y«, (26-1?) 

VC 

VC 

3r-Cl, SY, CH 

ci. sr 

CL. 36 

52-69 Y«f lUrLB/ 16-VO 13-26 V? 

52-69 11L-L8) V2 

32-69 Y«» (IL-LB) V? 

M , CH, Cl 

»'L. CH, Cl 

Yt« (26-¾) 21-67 lV-?6 H? 

PI.-96 Tt« (26-¾) li? 

PO-17 

20-67 

20-67 

20-67 

?0-67 

2C-87 

Y«> (12-96) ?V 

Y#b (12-96) 

T«a (12-¾) 

Ym (12-96) 

Yti (12-96) 

Y«a (12-96) 

CL 

CL 

CL 

Cl, ML 

69-¾ Yaa (U.-69) 56-66 18-29 

6^-¾ Y.» vU.-69: 65 

P9-% Yaa iU.-69) 65 

69-¾ Yaa (Ub-69) 

u6-69 Yaa (10-29 ) 20-22 16-19 

1*6-72 Yaa (H-L7) ICO 

<* 

CL 

ML 

ML. CL 

22-90 Yaa (U*-7M 22-71 17-52 

22-90 Yaa (lL-79) Lo 

22-90 Yaa ilL-79) 60 

22-90 Yaa (lL-79) 80 

5-9 

fcot 
Rap^r’ ad 

L-7 

SUBSURIACE 
DRAINAGE 

APPROX 

FREEZING 
INDEX 

FROST 

PENE¬ 

TRATION 
( INCHES) 

hoi a ra; urtarf 52 2; 

EVALUATION 
LBS. GROSS PLANE WEIGHT 

Far fera »ad pip« 1r 
trarc haa backH ) .a 
with jaadad filter 
matartal or a!thar 
» Ida of runnaya. 

Opar. Jo let pip* a ad 
*ra»al tarkfl 1 t rai.« 
alonp ahouliiei s of ■ 
pavemaute. 

21 .2) 

21 (2) 

normal 
PERIOD 

E M PART XII 
JULY 1946 

•< 5' .C0<~ 

< 50,00' 

3o#ocr 

3B,000 

5 .000 

< 50,000 

FROST 
CONDITIONS 

E M PART XII 

< ; . 

-C 50,0'0 

< jn.oco 

< 50,000 

50,000 

C 50.00T 

-i 30,000 ■< 30,000 
M.-SH kunray 

36,000 --:30,000 

30,000 ^ 30,000 

30,0(.0 ^ 30,000 

< 30,00- -< 5r ,000 

-C 50,GOT < ^ ,000 

36,0O0 < 30,000 

< 3c,on) 

< 30,000 

< 3*1,000 

< 3^,000 

Open Joint drain pip» s 
alon^ adpaa of raaad 
areas . 

If (2) < 50,OX 

-c 30,000 

< 30,0c 

< 30,000 

-c 30,000 

30,000 

39 (2) 

Hot 
Rtportad 

Farforatad or norata pipa I90 
29 Ct. fro- adpe paaa- 
oaatB In trancha», back- 
filiad with rrurhad 
atona utdar o" of con¬ 
solidât ad aarth. 

< 30,000 

■<. 30,000 

< 30,000 

< 30.00C 

< 30,000 

< 30,000 

TBàFFlC 

GROSI 
PLANE VT 

(LBS) 

MAX 
OA 

TRâ 

( 

<1‘ ,000 

1--. 
39-rîi,ooo 
90-7t,0 

79- l."1 ,<\ 
120-' i',>] 
>152,000 

< 1« ,000 
m-35,000 
39-90,000 
90-79,000 
7^-:^0,00(: 

120-1 ) ; .OX 
H3?,000 

<13.000 
lc-35,ooo 
39*90,060 
pO-) 5,000 
75-120,000 
20-135.OX 

>155.CX 

<15,000 
lp-35,000 
35-90,000 
50-75,000 
75-120,000 
20-135,000 

>135,ox 

<ll,000 
15-3^.000 
35-r'C,000 
VO-''‘•.ox 
75-120,000 
20-135,000 

>135,OX) 

19,000 

< 3C.OOO 

90, ox 

3L.0X 

<10,000 

< 3C.0X 

< 50,000 

< 50,ex 

< 10,000 < 10,CX 

< 30,000 < 30,000 

< 50,ox < 50,xo 

<3c,ofo < ;o,ero 

UO.Xf* 30,ox 

98,OX T ,0X 

< 13 ,0X 
15-35, ox 
39-50,000 
50-7C. ,000 

20-154 . 
»i;1 ,xc 

<15.ox 
1^-59,ox 
35-vo,ox 
50-79, ox 
75-120,000 

I?>i3‘ .OX 
M31.006 

* 1: ,xr 
it-3F,ox 
35*90,ox 
90-79, OX 
79-12r ,X0 

120-135,000 
>15l ,GX 

Je« 

76 
15c 
173 

9c 
Oec 

ec 

5: 
1L 

O/l 
Oe< 
Oec 

16 
1C 
L 

19 
6 lie 
VvMt 

6 
10 

54 
6 'i 

96 
IT 
21 

c \ 

(1) Kf r Subfrada Modulus durln« Froat Malting Parlod. 

(2) Dapth of Froat Panatratlon fro« Fraating Inda* Curwa, Chartar L, Part XII of fttglnaaring Ven-jal. 

(3) Tha figura» tatwlatad danota tha a*-raga daily cyelaa of landing and taka-offs for the -wxlmvm 
year of uaaga prier to paaa«ant condition auraay. Ifhara two columns ara tabul»tad, left column 
gives cycles prior to tha first of the two eond’lt'on aurvaya. Where "Nr *eta" la shown under 
"Fa*amant Condition" traffic data la for parlod prior to January lri50. 

(L) Number» under "Lira" heedlrg danota plotted peint» on Plata 2. 

(5) "Percent of Tailgn" 1» tha ratio of tha actual paaement thldnaaa to d- 
resign thickness i» for average wheel load of heoTleat weight claaa 0 

with BTCrage frequency of 5 or more cycles o1 larding» and taka-offa 

»•..rray. 

Where be»e or »ubba»» materia]« under flaaitl« pa*«'* area» are froat 
a» contre 1 ing th» loriarllne -wtarial» ware consldarad nor- 

Û 



VEMENTS 

[ 
3
2
*
5
 

1 

EVALUATION TRAFFIC PAVEMENT CONDITION 

NORMAL 
PEN IOO 

C.M. BANT XI! 
JULY lt4N 

MO»T 
CONDITIONS 

I M MAT XU 

GROSS 
flanc wt. 

(L*S.) 

MAX AV« 
DAILY 

TRAFFIC 

(9) 

LOCATION LINE 

(4) 

OCSIGN 
THICKNESS 

% OF 
OCSIGN 

(S) 

DESCRIPTION 
DATE 

OF 
SURVEY 

REPORTED CAUSE OF FAILURE 

1) 

<■ iu,W: <, 50/10 

5ot0Of < 5r(non 

Jh.OOO < 50,000 

5 ,oro *50,ooo 

< ,.300 
r-'- 

)£>«cO,iX)0 
‘O-?* #l-> V) 
75-:.1 ,>X 

>- .* , »C 
>1); ,cy^0 

33 
* 4 

1 
U»- 5 

Ar-»a 
Teiioeya 1A. 10, ? and 3 

m- y lurtwy 
K^-.-r. lunaay 

d«.» Ni.nvay 
*a*l«ayt 

19 
20 

21 
22 

25 
20 

18 
1« 

U. 
13 

It 
18 

U7-I 
ltJ 

50-, 

65 J 
61-1 
utJ h 

Cor-piota fat’ .r- •.«-'•ay !A ani 
S,S. oomer of aproa. Bxaaaalva 
oraektag -jartleularly at 'otate 
•n Ttaivey* IB, 2 an.4 3. 

Numeró te -rack* and Joint fal luras. 

Esraatla* .-rtaklnp ard Joint 
fallurae 

INr. 191.) 

»y W 

Poor aubgrodo and Inaufflelant 
pavanant thleknaas. Fraquant load 
rapatttlona ovar confinad araaa. 

Overloading and poor aubgr-tdo 
conditlona. 

Overloading and poor aubgrodo 
conditlona. 

■< 50,000 < 50.000 

•< 50,000 < 50,000 
«.-31 tuany 

50,000 -<50,000 

■* 50,000 < 50.000 

50,0(0 * 50,000 

< isooo 
lV*)3,oo ■ 
3^-‘ , 
“»o.?*- ,000 
T*-: '.7,'> 

-. , KN 
»1 ' . V 

677 
Occ# 
9¼. 

Main Ai ron 

Aproa Lit., Ap-on A', nga and 
faalatay« 
d-3 and Nt-SR Ninety 
HR- !C Ilunway 
f.-F Kuiaray 

21a 

25 

26 
27 
26 

15 

15 

12 
12 
11 

5) 

5) - 

67 
56 
a.-; 

794 of Nle&e with rrtoka, carrier 
break« or apella. 

Good to «acallent randl tier 

Mir. 19L7 Fovomont 11 yoorc old. Age and 
larga alab alta ballawod reapone- 
Ibla for failure. 

H < 50,000 •< 50,000 

< 50,000 < 53 ,000 

50,000 < 50,000 

<15,000 
1^-35,000 
35-50,000 
^0-75,000 
75-120,0^0 
23-1)5,000 

>135.000 

76 
150 
17) 
5e 

Oee. 
40 

Arror No. 1 art Taii«ava 

Apron No. ? 
Huiwaya 

« 

}0 
51 

23 

23 
16 

?6 

5* 
58 

Fair to peer condition, eoaaldar- 
ablo cracking, aopaalaily ahrlaknga 
arteko. 

Good eondltlon. 
Fair eondltlon 

Ihy 19L7 Shrinkage eraeka duo to eonatmo- 
tloa during cold weether period. 
Pavónente conalatontly ovorlondod. 

1) <5C#0CD < 30,000 

< 30,000 < )0,000 

<15,000 
15-)^,000 
)5-53,000 
50-75,000 
75-120,000 
20-13:,300 

>1)5.000 

51 
10 

k 
0 'do. 
Oee. 
Oee. 

No Data. 

1) < 30,00c < 30,000 

< )0,300 < )0,000 

< 30,0c < 30,00C 

< 50,000 < 30,00c 

< )0,000 < )0,000 

< 30,000 < )0,000 

■<15.000 
15-3S300 
35-r'0,ooo 
50-*» »1,000 
75-120,000 
20-13‘ ,300 

>l)5,ooo 

167 
id* 
L7 

192 

1’i Mo. 

No Data 

1) 19,000 -<10,000 

< )0,000 <30,000 

50,000 < )0,000 

3L.0OC < 30,000 

< 15,000 
15-3» ,001' 
)5-5-0,000 
50-^,00( 

7*-127,or-o 
20-1)1 .^X] 

>1)5,000 

71 
d« 
18 

1 
- 

17 

MI-sl Nuiaaey 

M-iFI »uavay 

Hanger Aproa 

5* 

)5 

5L 

15 

15., 

19 

60 

75 

52 

Good to oaoollont eondltlon. 

Pair eondltlon. Lnrgo numbar of 
timnaaorao and diagonal eraeka. 

Bxtanalaa craoklng. Nunareua 
•hattarad alaba, and «palla. 

INy 1*7 

■ot Boported. 

-< 10,000 <10,000 

<50,000 <30,000 

<lfc,ooo 
15-)5,000 
35-50,0(30 
50-75,-300 
■T'-IPO.OOO 

1.??-1)‘ .000 
»435.00# 

61 

Y 

3 No. 
6 Ne. 

No Data 

a 

< 30,000 < 50.300 

< )0,000 <30,030 

L0,003 30,000 

^,000 *r ,000 

< l-.oor 
I1-»- ,ooc 
35-50,000 
50-75,000 
TSl? ,300 

120-13' , 300 
*•15' ,000 

96 
17 

?1 
» No. 

? 

Aproa 
taalaaya 
Rummy A 
Rummy* B and C 

55 
JG 
57 
5S 

11 
12 
9 

10 

55 
67 
78 
90 

Goad ta vary gnad candi tina. Apdl 19L7 

la«" h««dlng d«not« plotted point* on Pl«t« 2. 

a" U th« ratio of tho «etuol p«T«Mnt thlemooa to daal^a thleknoaa i IOC. 
Bla for avoroga «haol load of ^arlaat «eight oleee of pUnoa ualrg ft aid 
Bquenrjr of 5 or awrr ryelaa o' lording* and taka-offa par day prior to eondltlon 

Hibbaaa awtarlala under flailbla pa««'4 area* ara froat auaeaptlbla they «ara oor.aldarad 
th" tert.rlln. "«t.rUl« «rt coMU.r.:! oor-fro»t lu.cptlbU. SUMMARY TABULATION OF AIRFIELD PAVEMENTS 
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SUM 

AIRFIELD 

traaque Isla 
Air Pore* 
Baa«, 
Prasqu« IsU, 
Main« 

Ron« 
Airfield, 
Or Iffiaa Air 
Koro« Baa« 
Rom«, 
N«* York 

Scott Air 
Fore« Bate, 
B«a««iU«, 
III inula 

LOCATION 

PAVEMENT 

TYPE TMICKNE88 
( INCHES ) 

FLEXURAL 
ATRENATM 

OF CONCRETE 
AT M DAY* 
(LM./M. IN) 

Iterar SantM f.C.C. J-t-6 
Apron« nod Tal- 
«y« A tn T. 

Runny« Bit. Cao. 5f-Ll 

55J 

665 

Apr«« «fld «pro« 
•at«i »loa, tail* 
■ay« A,B,c and 
B-«, ic-sw, rn- 

it Ru nra/a. 
k-S Runway 

Taxlv«ya D, a, 
•nd P 

F.C.C. 

F.C.Ç. 

F.C.C. 

e-6-e 

9-6-9 

590 

590 

700 

BASE 

TYM 
THICKNCM X PAMIIW 

( INCH Ft) *tOOSICVt 

r»0AT 
•UKCPTiaiE 

( % FINE. 
THAN 0.02 imj 

Sand é Grav«i t-ül* 
ti? A»e«) 

Sard è Ora««i U-lJt 
(u ah ) 

5-10 

5-10 

Bordarlla« 
(o-e) 

Border lia« 
( 0-A ) 

C NR OR 
•URRRAOE MODULUS 

K «i 
_m 

CM. 

500 2L 

SUSORADE 

AIRNCLO 
CLAMIFICATIOR 

%wA»§wm 
*200 «EVI 

(USCIFTIKC 
(«FINER 

THAN 002m) 

ATTERRE 
UNIT» 

LL. 

ie-50 Tn (12-(.5) 50 

18-50 Tm (12-45) 

» .n«ll «r«tt 2-U. T«« (1-8) 22-(.2 !«• 
3F. ») 

OL, CL 96-98 T«. (52-71.' 25-L) 1«- 

01 96-98 Tm (52-7U 

01 96-98 T««(5<*-7L) 

Salfrldg« 
Air Fore« 
Bas«, 
Mt. Cli 
Michigan 

Orl g liai B-W 
Nuna«y (ua«d aa 
apron) original 
k-S Nunnay (ua«d 
as ta«looy'> 

Vf-S* ami fc-W 
Runways. 

»-3 Kuno«y 

Aproa 

F.C.C. 

F.C.C. 

F.C.C. 

B-6-e 

12-9-12 

12-9-12 

12-10-12 

61*9 

7Í*? 

725 

750 

Oroool 
Soai 

Oroool 
•and 

Oravol 

6 
15 

6 
le 

12 

6-12 
5 

6-12 

6-12 

T«a (5-5) 
■o (1) 

Yaa (5-5) 
No (1) 

Y«a (5-5) 

176 

150 

150 

L, CH 

55-95 Yaa (1P-75Î 21.-52 20- 

55«95 Toa (18-75; 

55-95 Toa (18-75) 

55-95 T«« (18-75) 

Shaman Air 
Fore« Baa«, 
Fort 
LaaTaiiwortíi, 
Kansaa 

N-S é 1*11-31 
Runway onda. 

Runwoya 

Tax Ivay« 

F.C.C. 9-6-9 

C Indar« 6 

F.C.C. 9-6-9 

Clnd«r« 

Snoky Hill 
Air Forca 
Bas«, 
Salin«, 
Kansas 

MB-SR è S-W 
Runways 

Mir-St Runway 

Taxlwaya 1-2, 
¿.-12, origlaal 
apron. 

B-3 Rurnny 

F.C.C. 

F.C.C. 

F.C.C. 

F.C.C. 

1*90 

5U0 

613 

619 

:i, ch 

CL. CR 

CL, CH 

cl, :h 

66-99 Taa (50-76 ) 55-65 17-Î 

66-99 T«a (50-76) 

6^99 T«a (50-76) 

66-99 Ta« (50-76) 

Spoksns Air 
Fore« Bas«, 
Spokan«, 
Washington 

HV-SW Runway 
Loft and right 
wing* Cantor 
Taxlwaya 

B-R, B-J Hu mm y 

Aproa 

F.C.C. 

F.C.C. 

8-6-6 

675 

675 

919 

Pit Run 
Oroool 

Fit Nun 
Oroool 

Pit Run 
Oroool 

12 

12 

L-10 Asa.nod No ?17 1*5 

i*-13 Aaouaiod Mo 2.7 1*5 

1*-13 Aaauo«d Mc 217 1*5 

aP. dH, fifi. r. mi 2-7J Too (2-4i1a) 16-55 16-3 

GF, », iO,S>, Ml 2-75 Too (2-J*L) 

or. », sr.sr, mi 2-73 Yv* (2-li*) 

(1) Kf s Sutgrsd* Modulus during Frost Malting Period. 

(2' Perth of Pro it Penetration froo Fr««slng Index Cur 

i3) The figures tetalatad denote tho «oorage dally eyr: 
y-er of usege prior to rooenort condition a urn ay’. 
fl*«s eye lei prior to the firit of tho two eondltlt 
"Feeeoett Cerdition'' traffic de«« u for period pH 



FROST INVESTIGATION 
1949 -1950 

SUMMARY TABULATION OF AIRFIELD PAVEMENTS 
SUBGRADE 

b PASSING 

200 SIEVE 

F POST 
susceptible 

( % FINER 
THAN 00?*Mn) 

ATTE 
LIN 

RBERG 
ITS 

C B.R OR 
SUBGRAOE MODULUS 

L.L P.L N Rf 
(1) 

C.BLR. 

18-40 Y.. >l2Hi'J )C 20 - . 

Id-SO Y.. lli-l»}) 

Y.« U-«) »-Jií lO-» 220 

Y.i IV-7V ÎS-1») ie-Sfc 66 

«>-48 

06-48 

T.. (42--¾) 

T*«( V-7(*) 

66 

66 

)--0) T., . )7-7)) 2(,.¾ 20-27 84 

)4-4) T.t ( I«-’) 

)4-0) Ut (16-7)) 

)4-4) Y.. (18-7)1 

ue 

1.6 

66-44 Y.. ()14.76) )4-64 17-29 01. 

66-74 Ut ,)0-76) 81. 

6(--71 Yu ()0-76) 61. 

(6-04 1,, OC-76) 81, 

2-7) Ym (2-14.: 16-)) 16-)7 

2-7) -.. (2-(4.) 

2-7) Y*. (2-u.) 

GROUND 
WATER 
DEPTH 
(FEET) 

SUBSURFACE 
DRAINAGE 

APPROX 
FREEZING 

INDEX 

FROST 
PENE¬ 

TRATION 
(INCHES) 

l.-ror.t.Y mi,pip. 
n 6-..1,-64. b.-kfl l l.d 

■ 1th oo.-.. pr.4.0 
9ck «n«l •’«)'• op#li 

'oi#r pip# »iti run of 
b#o «r#T#l te«krm 
l#ld #lg#a of runway#. 

Mot 
((•port #4 

Mot Ha port #.1. 750 59 2) 

B#l«i In- Op#r Jolat til# draina 150 
fluwic# alorr *dp#a oí mía» a y 
depth pavenont 

0.5-6.0 Perforated til# pip# 
ho«|rf1U#d with rank 

un <;rat#1 »Ion,; #d^#a 
of ail paewawnta. Open 
.lolnt til# pip# J#.’k- 
ftiled w‘.tv. gravei on 
5>V c«nt#ra under apron 
and Interior #f field. 

520 50 

250 2L (2) 

Mot 

Reporte I 
Rot Reported. 150 ie (2) 

Mot 
Reported 

Mot Reported. ?L 

EVALUATION 
L0S. GROSS PLANE WEIGHT 

TRAFFIC 

NORMAL 
PERIOD 

E M PART XU 
JULY 1946 

FROST 
CONDITIONS 

E.M. PART XU 

* 50,000 

65.000 

: 50,000 

15.000 

50,000 ■ 50,000 

50,000 50,000 

< 50,000 < 50,000 

< 50,000 7* 50,000 

: 50,000 «<- 50,000 

5L,oot < 50,000 

55.000 < 50,000 

GROSS 
PLANE WT 

(LBS.) 

«<;5.o«o 
r-55.ooo 
5^-50,000 
50-75.000 
75-120,000 

120-155,00(] 
>155.000 

<- 15,000 
15-55.000 
55-50.000 
50-75.000 
75-iro,ooo 

120-155,000 
>155.00) 

415,000 - 
1 (000 
55-50,000 
50-’5,0C0. 
75-irr,oca 

Í2C-1" ,000 
>l.“5.ooo 

< 15.00T 
15-55,000 
55-50,000 
50-75,000 
75-12r ,00( 

120-155,000 
>l55,oco 

56,000 5^.000 

50,000 < 5c,ooo 

50,000 < 50,000 

< 55.000 ^ 50,000 

Lo.ooo < 50,000 

^15.000 
15-5^,00- 

55-50.000 
50-75,000 
75-12^.00: 

120-155.00( 
>155.ooo 

< 50,¾)) < 30,000 

30,000 < 50,000 

30,000 < 30,0^0 

^15.000 
15-5^,000 
35-50,000 
50-75,000 
75-120,00( 

120-155,00( 
>155,«V' 

< 15,000 
15-35,000 
M .4 t 

t0-7e,'YV' 
75-120,00' 

120-1 *' ,00' 
>155,000 

MAX. AYS. 
DAILY 

TRAFFIC 

_(1) 

5 
25 

76 
Lft 
50 

7/L 
20 lio. 

157 
206 

21 
12 

?AId. 
-6/Alo. 

100 
no 
LL 
75 

13/Ato. 
Dec . 

15 
L 
3 

5*>* 

20 
£5 

6 
?5 

l/*o. 
U 

Oca. 

27 
LO 
1C 
9 

10/¼. 

15 
Oo-. 

Apron# 

Me Dal 

Aproa 
B- * fe 

H-S, I 
Apron 

Apron 
R-Mf Rv 

Orlgli 

ME-SR 
Aproa 

No Data 

NOTES 

Ifei - i during FroRt Maying Period. 

• P»netration fron fraailng Index Ohartar L, Fart XI! of FJnglreerlng Wanual . 

•*» denote • • e *•* lv (••/-las of landing end take-off* for t m ■'axllll'lIT, 
rr'.or t aT-ne'• -ondltlon s rvey. Whar# two roluaire «re tatRjl»te , left column 

Jrlor to tne fir t of t-e two condition auraeya. Where ’’Nr 'fete" \t Rhown under 
ddtlon" »rafMc d«1 a , ror r,r- 0 \ prior to Jen1 ary 1^50. 

lL ) Nvjaitera under "Line" heading denote plotted point* on Flete 2. 

(5) "Percent of Doalgn" la the ratio of the actual pavement thin rea? to dealgn thiekneaa I 
Feelgn thlrknean la for average wh.-al load of haavteat weight clesa of planea uairg fl| 
with average frequency of 5 or more rye lea o lend Inga and tako-offa per day prior to 4 
a rvoy. 

Wher- base or aubbaae nateriala under flexil lo paver areas are frost auaeeptlble they 1 
as ooT’trclVng, th* !• I *f . BoHerllna nateriala were conaidered nor-froat auaceptiblOa 
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CM 

FROST INVESTIGATION 
1949 -1950 

SUMMARY TABULATION OF AIRFIELD PAVEMENTS 

SUBGRADE 

AIRFIELD 
CLASSIFICATION 

% PASS INS 

*200 SIEVE 

FROST 
SUSCEFTISLE 

( % FINER 
THAN 0.0tmm») 

ATTERSERS 
LIMITS 

L.L. F.L. 

C S R OR 
SUS6RA0C MODULUS 

111 
CAR 

82 

s-«2 

L-M*; .5-2? 18-17 

r*t iL-% 

'•» (L-S'. ) 

Y*. {L-5L, 

Y#« 

(¿4-S4, 

H, CL# W, OL 

B, CL, OF 

H, CL 

I# OF. GF. 8F 

Î5-F*> 

W-FÇ 

*•« 

ri.. 

Y«* (¾) 

Imp <Hi) 

26-66 11,-30 

CL. F, 01 

CL# bL# ST. Ot 

CL# MA 

CL, ■ 

CL, ■ 

P7-99 

P7-99 

87-9*; 

67*99 

67-99 

67-99 

Tmm (66-96) 23-L9 18-LO 

Ymc (68-96) 

Tmm (66-96, 

Tmm (66-96) 

Tmm (66-96) 

Tmm (66-96) 

1-90 

1-90 

1-90 

1-90 

1-90 

1-90 

Tmm (0-5L) 20-39 18-66 

Tmm (0-¾) 

Tmm (0-¾) 

Tmm (0-¾) 

Y». (0-¾) 

Tmm (0-¾) 

LO 

LO 

LO 

LO 

Lo 

Lo 

38 

28 

28 

28 

28 

28 

GROUND 
WATER 

DEPTH 
(FEET) 

SUBSURFACE 
DRAINAGE 

APPROX 

FREEZING 
INDEX 

FROST 

PENE¬ 
TRATION 
(INCHES) 

0-7 Op** 1o!rt p'pM ir 
pMrwlc.i' ÿranmlk' biok* 
nr »t : un roi”*«• 

570 50 

Mor.M Rtport'd 88C 

EVALUATION 
LBS 0R0S3 PLANE WEIGHT 

NORMAL 
PERIOD 

E M PART XII 
„ULT 1946 

FROST 
CONDITIONS 

EM PART XI! 

TRAFFIC 

GROSS 
PLANE WT 

(IBS ) 

MAX AV6 
DAILY 

TRAFFIC 
(1) I 

*« 30,000 

< ' ', 

^ 50,000 

c *• ,000 

< Î . .XO 

* 5 ,ouo 

J0,ú00 

-c 30/00 

< 57,000 

•c 30# 000 

•< ,rcc 

< ,00i 

fc.oo 

< *0,000 

37,0^0 

37,000 

< ! , 

* 50,000 

< 30,000 

4: r/ 

18-2C ■»-SB mjkI BB-OW RjtTWMjr« 
h*-M tldt dfMlnê of per- 
»lo-j« aMlMrUl Id 
tmrchMM CMtr 6" pit# 
IntMferpter <irM*n" for 
Apron# end Taxlwty». 

?L 

^ 30,070 

< 50,300 

< 30,000 

* 50,000 

< 30,000 

5C,ooo 

< 57,000 

< }r 0 

c » -, 

-4 30,0..': 

< 50,f 0 

< 30,r» 0 

</,700 
18-3^.000 
3*,-feo,-x)0 
hi'-l1 ,000 

. c 
120-135/00 
>138,000 

152 
2Lt 

17 
17 Ho. 

Ccc, 
Oro. 

^15,000 
15-38,000 
39*90,000 
30-75 ,000 
7C-120,00( 

120-135,000 
>¿35,000 

79 

19 
27 

7 
1M 

5i.,OOU 

35,000 

LC.OOO 

Le,000 

* 30,001 

4:30,000 

5i, v,o 

3“, ..00 

Li , C'OC 

< 30,'XO 

< 30,(00 

<15,C0C 
1^38,000 
35-50,000 
5r'-75,OOC 
75-l2C,COd 

120-135,000 
>135, COO 

6 
12 
L 

90 
Ooo. 

L 

< /.,000 
.‘-‘‘.OOC 
39*50,00c 
*0-75,000 
7C-120.00( 

120-135.000 
>155,00c 

2L6 
16 
12 

16 Ato. 
5 

Mo Dot» 

B-W Ru 

Apro» 

Othor 

All U 

Apron 

Vo OktA 

KB* 
Apron 
VR-BB 
B-» 

6* Apr. 
Or 1 ein 

(1) Kf m Subindo ItoduluM durlic Froot Itoltlnf Porlod. 

(2) Dopth of Fnot Foattrotloa fro» Froatlac Indas Cum, Choptar L, Furt BIT of *>|lnoorlng Itonuol. 

(L) Bu»fc«r« u»dor •Lino* hooding doont.« plottod pointe on Plot# 2. 

(J) Tho flguroo total lot od doaoto tho onngo dolly eyoloo of londing ond toko-offi for tho mxlau» 
yonr »f uaofo prior to paroaont oondltloa ourvoy. Whoro two eoluano or« totailitod, loft eoluan 
I looo oyolot prior to tho flrat of tho too eondltla» ourooyo. Ihon "Bo D»to" la «hooi» un dor 
"Fromm—t Coadltla»” tnffla data la far portad prior to January 1950. 

(5) "Porcont of Doolga* !• ratio of tho actual ncoo^nt thloknooa to doolga thiol 
Dosign thUksoac la for OTtragc vhcal load of haartoat «right olas» of pl»n»o ui 
with tvorago froqurncy of 5 01 aior* jyclca of landinga end toKO-offa por day prior 
awrooy, 

Whora boao or aubraao aatorlola undor flosltlo poo*-1 orcaa aro froat auaooptlblo 
aa oontrelllag th* daalgn. Borderline oaterialr rorr eoaaldorod nor-froot auae< 
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OF 

SURVEY 
REFORTEO CAUSE OF' FAILURE 

19U3 No 1« tu re paMtratlon Into boat < 
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Jjalnta. - 

a.; iy.7 
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Cortina». ot.rlMdlr, .In.. 1¾} 

fnllar.. b.llmd 4u. t. Urn .1.1*. 
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NOTE- 

Numbers adjacent to plotted points on Figure / 
and Figure 2 refer to line numbers on Summary 
Tabulation Table /, Sheets ! to 4. 

Wheel loads plotted ore of heaviest doss of 
piones using field with frequency of 5 or more 
cycles of landings and take offs per day for the 
year with maximum traffic prior to failure study 
or condition survey. 

Wheel load considered to be one half of gross 
plane load. 

The wheel loads plotted represent planes m the 
following gross weight ranges - 

/5,000 lb. wheel load- /5,000 to35,000 gross plane wt. 
20000 " " " -35,000to50,000 " " " 
30,000" " " -50,000to 75,000 " " "• 
60,000" " " -120,000 to Í35fiOO " " "■ 

LEGEND 

X Failed 

• Satisfactory 

FROST INVESTIGATION 
1949-1950 

PAVEMENT BEHAVIOR 
VS 

PER CENT OF DESIGN 
THICKNESS 

FROST EFFECTS LABORATORY 
NEW ENGLAND DIVISION CORPS OF ENGR.I 
BOSTON, MASS._■***£ 1980 
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CLINTON OOÜNTY AIR FORCE BASE 
WILMINGTON, OHIO 
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D(M AIR PORCS BASE 
B AH 00 R, MAIRE 
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GREAT PALLS AIR FORCE BASE 
GREAT FALLS, MONTANA 
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LOCKBOURHE AIR FORCS BASE 
COLUliBUS, OHIO 
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LOPTRY AIR FORCI BASS 
DENVER, COLORADO 
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MITCHEL AIR FORCE BASE 
HEMPSTEAD, LONG ISLAND, NEW YORE 
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OFFUTT AIR FORCE BASK 
FORT CROOK, NEBRASKA 
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PATTERSOH FIELD 
FAIRFIELD, OHIO 
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RCUE AIRFIELD 
( GRIFFISS AIR FORCE BASE) 

ROME, NEW YORK 
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SCOTT AIR FORCE BASE 
BELLE71LLE, NE* YORK 

PLATE 19 



PLATE 20 



PLATE 21 





PLATE 23 



STEWART AIK FORCI BAU 
«WBUROB, HIT YORK 
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WRIGHT mu> 
DAYTOH, OHIO 
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