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AIRFIELD PAVEMENT EVALUATION, ROYAL THAI NAVY STATION, 
BAN U-TAPAO AIRFIELD, THAILAND 

Technical Note N-1058 

.'.3-005 

by 

D. J. Lamblotte and M. C. Chapman 

ABSTRACT 

The reevaluation of the pavement at the Royal Thai Navy Station, 
Ban U-Tapao Airfield, Thailand la presented with the allowable gross 
load capacities of all airfield pavements for various aircraft gear 
configurations.    Included are a narrative-type pavement condition survey 
with a defect summary, supplementary photographs, and estimates of 
remaining runway pavement life. 
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3ACKGR0ÜND 

Ban U-Tapao Airfield Is located at longitude 12o-40l-40" North, 
latitude 1000-00*33" West, approximately 130 kilometers by air southeast 
of Bangkok, Thailand. The altitude of the field is 12.84 meters above 
mean sea level at the centerllne of the runway. A plan view of the 
station can be found In Figure 1. 

During the months of June and July, 1968, the Naval Civil Engineering 
Laboratory (NCEL) conducted a comprehensive airfield pavement evaluation 
of Ban U-Tapao Airfield, the results of which were published in NCEL 
Technical Note N-986, entitled "Airfield Pavement Evaluation, Royal Thai 
Navy Station, Ban U-Tapao, Thailand," da:ed August, 1968 (Reference 1). 

In July 1969, NCEL airfield evaluatjrs were again called to Ban 
U-Tapao Airfield, at which time a compreiensive reevaluatlon of the air- 
field was performed. The 1969 reevaluatlon is the subject of this report. 

GEOLOGY 

The airfield is situated on the alluvial plains of the southeast 
coastal region of Thailand which is bounded on the west and south by the 
Gulf of Thailand, on the east by the flat-topped hills of the Banthat 
Range and on the north by the hills and mountains along the southern edge 
of the Prachin River valley. 

The flat coastal flood plains that separate the hills from the Gulf 
of Thailand are criss-crossed by many gullies and ditches in dendritic 
drain.: 0  a sterns. There are no large rivers or drainage basins along 
the southeast coast, but many small streams carry water from the uplands 
to the sea. The two major outlets to the sea in the Sattahip-U-Tapao 
area are the Klong Bang Phai which flows through the project site, and 
the Klong Hual Pong. The coast line Is a sunken one, and the numerous 
offshore Islands are peaks of drowned landscape. 

In the airfield area are found quaternary deposits of unconsolidated 
silt, sand and gravel, beach and estuarine clay, and residual layers of 
laterlte capping shale, sandstone and sandy shale containing some lime- 
stone beds. 

Quarries near the base have been producing a widely-used fill mater- 
ial (called "Jinglesfone" locally) from interlayered deposits of sandstone, 
shale, sandy shale, and slate. This material was exclusively used for 
roads during construction of the airfield and showed good stability, even 
during wet weather. A dense gray limestone is being quarried and crushed 
farther north at the Navy quarry for use as asphalt 1c and portland cement 
concrete aggregate.  (See Reference 2). 

* 

CLIMATIC DATA 

Temperature, evaporation, and rainfall data for the Ban U-Tapao 
area can be found in Figures 2 and 3. 
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FACILITY DESIGN AND CONSTRUCTION HISTORY 

All of the pavements were constructed in the years 1966 to 1968 and 
were designed in accordance with procedures set forth in AFM 88-6, Chap- 
ter 3, "Airfield Pavement Design, Engineering and Design, Rigid Pavement." 
The runway, parallel end connecting taxiways, access and hardstand taxi- 
ways, north warm-up apron, and all hardstands were designed for heavy 
load to support a landing gear load of 265,000 pounds, carried on twin- 
twin wheels spaced 37 x 62 x 37 inches, bicycle arrangement, each wheel 
having a contact area of 267 square inches. All parking aprons and the 
south warm-up apron «ere designed for medium load to support a landing 
gear load of 100,000 pounds carried on twin wheels spaced 37-1/2 inches, 
tricycle arrangement, each wheel having a contact area of 267 square 
inches. A general summary of individual pavement facilities showing 
pavement type, dimensions, and approximate date of construction is shown 
in Table 1. It should be noted that at the recommendation of the base 
operations and engineering officers, and due to the important role pre- 
sently played by the station, pavement facilities were not divided into 
primary and secondary groupings, but were all considered of equal impor- 
tance. A plan view of the station with detailed dimensions is presented 
in Figure 4. Typical sections for most pavement facilities are shown in 
Figures 5 through 9. Physical characteristics of the pavement and founda- 
tion materials are given in Table 2. 

00HDITI0N SURVEY 

All methods and procedures followed during the pavement condition 
survey at Ban U-Tapao Airfield were dictated by Corps of Engineers Manual 
EM-1110-45-753 App. III. Every pavement section at the station was vis- 
ually inspected and each visible defect tallied. Defects were grouped 
into major and minor defects according to the following definitions: 

Major Defect - A major defect is defined as a crack or break in a 
concrete slab that will impair the, load carrying capacity of the 
pavement. The defect usually extends throughout the depth of the 
slab; thus the individual concrete slab is subdivided by the crack 
into two or more parts. 

Minor Defect - A minor defect is defined as a crack or break in the 
slab that is generally confined to the surface of the concrete and 
does not extend throughout the depth of the slab. These defects 
often cause undesirable surface conditions but do not impair the 
structural capacity of the concrete to carry load. Minor defects 
may or may not develop into major defects through continued use of 
the pavement, but can generally be repaired by normal maintenance 
operations. 

Predominant major defects found at Ban U-Tapao Airfield were longitudinal, 
transverse, and corner break cracks. Minor defects noted included Joint 
spalls, corner spalls, embedded wood, and popouts. 

■ 



During the present (1969) evaluation, most pavement facilities were 
found to contain more major and/or minor defects than were found during 
the 1968 evaluation (Reference 1). Only a few facilities, however, con- 
tained enough additional defects to warrant a reduction In their condi- 
tion rating. The runway, for example, was reduced one rating step (from 
"excellent-" In 1968 to "very good" in 1969) due to a 7.7 percent Increase 
In cracked center lane slabs during the past year. The western portion 
of Access Taxlway 1, rated "excellent" In 1968 when no visible defects 
were present, experienced severe cracking and pumping In the center (or 
travelled) lane during the past year and was reduced to the lowest con- 
dition rating of "failed." Other pavement facilities which were given 
lower ratings during the 1969 evaluation than during the 1968 evaluation 
were Hardstand Taxlway 1; Cross Taxlway 4; Apron Taxlway 2 and Hardstand 
No. 5. All these rating decreases were occasioned by an Increase In the 
number of slabs In each containing major pavement defects. 

The primary taxlway contained very few more cracked slabs than In 
1968 and thus retained Its "excellent" rating.  It should be noted that 
the primary taxlway contained many centerline-type longitudinal cracks 
which could have warranted a lower rating If Judged solely on a defect 
count basis. However, In the Judgement of the evaluators, the load 
carrying capacity has not bet > reduced, thus the pavement was rated "excel- 
lent." A more detailed explanation of this particular rating action Is 
presented In the "Comments" section of this report. 

A detailed, narrative-type condition survey of each Individual pave- 
ment facility, along with supplementary photographic coverage of typical 
defects can be found In Appendix A. 

ALLOWABLE GROSS AIRCRAFT LOADS   

B i U-rap-"^ . -rfiold wa* d slpne 1 fir the capacity opi rational cate- 
gory, a ü concains pavement sections designed for Types A, B and C traffic 
areas. 

Allowable gross aircraft loadings for each pavement facility have 
been developed, based on the above criteria In combination with the fol- 
lowing design parameters: 

Concrete Flexural Strength 

Desired (design) concrete flexural strength for all pavements at 
the airfield was 700 psl (90-day strength) using a 5.75 to 6 bag concrete 
mix. /leid curing of concrete was accomplished using a membrane curing 
compound.  Representative concrete beams were formed, vibrated, cured In 
a water bath and subsequently broken to obtain the concrete flexural 
strength for each pavement facility. Thousands of these beams were tested. 
Average 90-day flexural strength for each pavement facility ranged from 
a low of 705 psl for Hardstand Taxlway 1 to a high of 945 psl (average 
of 316 beams) for Runway 18-36. These values were considered exception- 
ally high. 
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To check these figures, a limited number of cores were taken from 
selected pavements at the time of the 1968 evaluation.    These cores were 
tested In tensile splitting.    Such test results were related to flex- 
ural strength by the relationship: 

Flexural Strength - Tensile Splitting + 200 pel 

Results of tensile splitting tests yielded uniformly lower flexural 
strengths ranging from 580 to 700 pal for concrete areas where beam flex- 
ural strengths ranged from 705 to 890 psl.    Flexural strengths determined 
from tensile splitting tests of cores were roughly 120 psl lower than 
equivalent beam flexure tests. 

It was felt that the reduced flexural strengths determined from 
tensile splitting tests were more valid based on the fact that the cores 
represented actual ln-place concrete rather than hand-molded, separately- 
cured beam specimens.    Thus,  the flexural strengths used In the 1968 
evaluation were obtained by subtracting 120 psl from the average of beam 
flexural strengths for each Individual pavement facility.    During the 
present (1969) evaluation no additional data was found that would affect 
the previously-determined flexural values.    Therefore, the above criteria 
(i.e., the actual beam test flexural strength reduced by 120 psl) was 
again used for selection of flexural strength values  listed in Table 2 
and in calculation of allowable gross aircraft loads shown in Table 3. 

Modulus of Subgrade Reaction (k) 

Most of the pavement at the station is located on Jinglestone fill, 
usually more than one meter in depth.    During construction, some density 
tests were made on the Jinglestone, but compaction control for the method- 
type rolling specification used was based on plate bearing tests on the 
fill material.    Hundreds of plate bearing tests were conducted.    The 
average of these tests was well above the maximum "k" of 500 pel allowed 
in design procedures.    In the 1968 evaluation, however, partial reduction 
of subgrade support was considered a factor in some Instances of pavement 
distress.    This could be explained by the fact that stresses from heavy 
bomber loadings may penetrate to deeper (and weaker) soil strata than 
did the stresses from plate bearing tests used to obtain the "k" values. 
At that time, a conservative "k" value of 400 pel was adopted for evalu- 
ation of all pavement facilities.    One deviation from this policy occurred 
in the west end of Access Taxiway 2, where the evaluation "k" value was 
arbitrarily reduced to 300 pel due to a wet subgrade and obvious pave- 
ment failures. 

General pavement performance since the 1968 evaluation has supported 
the choice of a 400 pel "k" value.    An exception was the accelerated 
cracking experienced in the west end of Access Taxiway 1; but this can, 
at best, be only partially attributed to a weakening of subgrade support. 
The lower concrete flexural strength found in Access Taxiway 1 and the 
traffic intensity must be considered equal contributors to that parti- 
cular failure.    Thus, the 1968 evaluation value of 400 pel subgrade sup- 
port was again adopted for most pavement facilities. 
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Pavement Thickness   

A list of pavement thicknesses for each pavement facility can be 
found In Table 2. Figure 4 also provides pavement thickness data. 

Traffic Areas 

For most pavement areas, allowable aircraft loads have been computed 
using the traffic area criteria used In the design. Several facilities, 
howev r, while designed for lesser traffic, are actually receiving chan- 
nelized (Type A) traffic. For these facilities, allowable aircraft loads 
are provided for both traffic criteria. Included In these areas are 
Access Taxlways 1 and 2, Hardstand Taxlways 1 and 2, and that portion 
of Runway 18-36 used as a through taxlway between Access Taxlway 2 and 
Cross Taxlway 2. 

A tabulation of allowable aircraft loads Is presented In Table 3. 
Table 4 relates the various gear configurations with present-day air- 
craft. 

COMMENTS 

In the early 1950*8,  the Corps of Engineers obtained data which 
Indicated that rigid pavements constructed on high strength foundations 
("k" greater than 300 pel) continued to satisfactorily carry the design 
traffic for long periods after the slabs had cracked.     (See Reference 3). 
Based on these observations,  the decision was reached that more than 
initial cracking could be tolerated In pavements constructed on high 
strength foundations without causing undue aircraft or maintenance pro- 
blems.    Following this, a reduction was made In the design thickness of 
rigid pavements constructed over high "k" subgrades.    Thus,  some crack- 
ing is "built-into" and must be expected in pavements constructed to 
these criteria.    Similarly,  it should be assumed that,  since most pave- 
ments at Ban U-Tapao contained relatively few cracks,  these pavements 
have been and will continue to be structurally sound. 

Another problem at Ban U-Tapao which is peculiar to the station 
but related to underlying principles of Air Force pavement design cri- 
teria is that of accelerated aircraft operations.    As pointed out in 
the 1968 evaluation report,  the capacity operational category for which 
the field was designed equates to an expected life of about 10,000 
"coverages'* or roughly 20,000 loaded B-52 launches for Type A traffic 
areas  (Reference 4).    Pavements at Ban U-Tapao are receiving traffic of 
several times the normal rate and cannot, on this basis, be expected to 
last as  long as normally-used pavements.    That Is, unless auch parameters 
as pavement thickness, flexural strength, or subgrade support exceed the 
design values.     It should be noted here that only loaded B-52 operations 
are effective In reducing pavement life.    Unloaded B-52 and other lighter 
aircraft operations do not have any appreciable effect on the pavement. 
Since the runway at Ban U-Tapao Is the most critical pavement facility 
to the mission of the station, a more detailed study of its future life 
expectancy has been made and Is presented In Appendix B. 



Ban U-Tapao Airfield cannot. In Its entirety, be uniformly evaluated 
with regard to the above concepts. A few Important pavement facilities 
«re briefly discussed, however. In the following paragraphs: 

ftunway 18-36 

Although the single runway receives all operations of all aircraft 
at the station, loaded or unloaded. It has an unusually high concrete 
flexural strength (825 pel, far above the design requirement of 700 pel) 
and a generally strong subgrade support. Even after almrst three years 
of operation of B-S2 aircraft, a large majority of the critical center 
lane slabs have not yet been cracked. Not one of those which have cracked 
has yet reached a "shattered slab" condition (6 or more pieces). No evl- 
dence of slab movement; faulting of cracxs. Joints, or corner breaks; or 
pumping action was found. On this basis, the runway pavement Is performing 
In an acceptable manner and has an extended useful life even at the pre- 
sent accelerated rate of traffic.  (See Appendix B). 

It was noted that about half the pavement defects found on the run- 
way had not received maintenance. It Is thus recoomended, In light of 
the accelerated traffic rate, that all cracks be routed and sealed, and 
all spalls and similar pavement breaks be patched to prevent further 
deterioration of these defects Into FOD problems. 

During the evaluation, serious consideration was given to pilot reports 
of rough aircraft response to the surface profile of the runway. Although 
other engineering efforts to Identify locations and causes of pavement 
roughness were already underway, NGEL evaluators msde concerted efforts 
to locate possible pavement Irregularities with a ten-foot straightedge. 
Little was found with the straightedge, however, leading to the conclusion 
that the roughness-causing elements In the pavement surface were of rela- 
tively long wavelength. At the conclusion of the NOEL evaluation, contin- 
uing Air Force and 0ICC-Thailand efforts were underway to determine reme- 
dial measures for this potentially serious problem. 

Parallel Taxlway 

On this taxlway the pavement Is In excellent condition except for 
many longitudinal cracks occurring along the crown of tht center lane. 
This type of distress has been observed on primary taxlways of other 
heavy design airfields and Is not of serious concern. It can be avoided 
by sawing a longitudinal joint In the center lane as was done extensively 
at U-Tapao, even though the Air Force criterion does not call for such. 
These sawed or naturally-formed joints were not considered to have reduced 
the load-carrying capacity of the pavement, and were thus assigned to a 
minor category for this evaluation. 

Only about 16 to 20 percent of all loaded B-52 aircraft operations 
make use of this taxlway. It thus receives what at other B-52 bases 
would be considered a "normal" rate of traffic. Also, very few new cracks 
were found during the present evaluation. This pavement facility can 
thus be assumed to have a life expectancy greater than that of the runway. 

i 
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Maintenance on the taxlway has been performed to a larger extent 
than on the runway.    About 95 percent of all cracks have been routed and 
sealed, and additional work was being done during the period of evaluation. 

 1 __ ä 
Access Taxlway 1 

Although this facility showed no distress at the time of the 1968 
evaluation, the evaluation report warned that the combination of Type B 
Traffic design (16-In. thickness), the traffic Intensity, and a relatively 
low c ncrete strength would contribute to its early failure. This pre- 
diction was borne out by the relatively sudden failure of many center 
lane slabs (in the west portion) in early 1969. The eastern portion of 
the taxlway, located at the foot of a small hill, undoubtedly receives 
a greater degree of subgrade support and remains in excellent condition. 
It  is interesting to note that, compared to the design life basis of 
10,000 loaded B-52 "coverages" for Type A Traffic areas (Reference 4); 
this taxlway, designed to a lesser thickness (Type B Traffic area), failed 
at Just over 9,000 loaded B-52 "coverages"--very close to the number at 
which 1;: couid be expected to fail if all construction specifications 
of concrete and soil strength were met. 

Access Taxlway 2 

In 1968, t'.ie western half of this taxlway rated "poor," and contained 
many cracks, rost of which could be identified as load cracks. In the 
period between the 1968 and present (1969) evaluation, this western por- 
tion of Access Tnxiway 2 was rebuilt: much of the original jinglestone 
fill was removed and replaced with new, compacted jinglestone, and new 
concrete was placed (18-in. center lane, 16-in. outer lanes). For pur- 
r-»sr ; r ' f  s '"slua'lon tt " subgrade support  Jue »'as estiina. -6  at 350 
pel (compareo to Che 300 p-i assumed in the 1968 evaluation) and the 
flexnral etrength of the new concrete was assumed to be 700 pal. 

Hardstend Taxlway 1 

Approximately the first 500 feet of this taxlway (adjacent to Access 
Taxlway 2) showed signs of distress soon after construction and was re- 
placed.  (See Figure 4). The replaced section exhibits very high concrete 
flexural strength and the underlying Jinglestone fill is about one meter 
thicker than under other sections of this taxlway. No further distress 
is expected in this area. 

The remainder of the taxlway, however, contains relatively poor con- 
crete (lowest flexural strength on the station); less than average subgrade 
support, particularly on the South half; and receives Type A traffic on a 
pavement thickness designed for Type B traffic. Traffic intensity, however, 
is far lighter than on either of the access taxiways or other primary 
facilities. Thus, the prognosis for this pavement section is that it will 
probably occur more gradually than other pavement failures experienced to 
date on the station. 

H .• 
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Figure 2. Temperature and Evaporation Data for Ban U-Tapao Airfield. 
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PAVEMENT CONDITION SURVEY 

RUNWAY  18-36 

General Condition - Very Good 

One hundred sixty-five of 3680 total slabs (4.5 percent) were found 
to have major defects, mostly longitudinal or transverse cracks or cor- 
ner breaks. About 50 percent of these cracks had been sealed., No evi- 
dence of settlement or differential movement of cracked slabs was noted 
by use of a 10-foot straight edge. However, visual observation of 
cracking patterns showed nhat two or three small areas of the runway 
may have settled slightly in areas comprised of roughly 6 to 12 slabs. 
Most defective slabs were cracked into two to four pieces, and most 
occurred in the lanes imnediately to the left and right of the center- 
line (the travelled lanes) in which 15.2 percent of all slabs were 
cracked. This represents an increase of 7.7 percent over the 7.5 per- 
cent of these slabs found cracked In the 1968 evaluation. 

The cracked slabs appeared to follow e reasonably random pattern 
along the length of the runway, although some groupings or concentra- 
tions of defective slabs were evident. One of these concentrated defec- 
tive areas is located about 900 feet from the south end of the runway. 
Distress in a group of 12 slabs was noted in this area during the 1968 
evaluation, with some cracked slabs occuring in lanes outside the cen- 
ter two. Now, this distressed area has increased in size, somewhat with 
15 slabs cracked, 8 of which are in lanes outside the center two. No 
evidence of lower-strength concrete was found in this area. Contour 
maps, however, indicate that the site lies near the course of an old 
klong (stream) over which 3 to 4 meters of fill was necessary during 
construction.  It is thus possible that the subgrade support in this 
area may be lower than average. Approximately 50 percent of all cracks 
in this area were unsealed and showed evidence of incipient spelling. 

A second pavement area where localized distress has occurred is at 
the intersection of the runway with Access Taxiway 2 and Cross Taxiway 2. 
The 1968 evaluation found that in this spot, the three rows of runway 
slabs corresponding to the width of the taxiways on either side contained 
11 cracked slabs out of a total of 24. Now, this area contains 12 cracked 
slabs, an increase of only one slab. It would thus appear that the cri- 
teria established by the Air Force in 1968 of restricting taxiing oper- 
ations over this area to unloaded aircraft has succeeded in stabilizing 
the pavement condition. At this location, all but the newly-discovered 
cracked slab have been routed and sealed. 

One other concentrated area of distressed slabs centered on an area 
approximately 2500 feet from the north end of the runway. Twenty-two 
out of 44 slabs in the center two lanes (50 percent) were cracked at 
this location, an increase of 12 cracked slabs over those found cracked 
during the 1968 evaluation. 
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PAVEMENT CONDITION SURVEY 

RUNWAY 18-36 Cont'd 

Of all cracked slabs noted during the runway condition survey, 
approximately 50 percent were unrepaired, unsealed, and showed evidence 
of incipient spelling. 

Minor slab defects were of varying types, including snail Joint 
spalls, patches, popouts and embedded wood. Approximately 16 percent 
of all slabs contained one or more of these minor defects. Joint spalls 
were usually very small, but some showed evidence of loosened particles 
and approximately 5 percent of these could be rated as severe. Except 
for a live SO-caliber cartridge, no loose material was observed on the 
runway. 

Patches were constructed of either asphaltic concrete (AC) or epoxy 
concrete and were generally in good condition. Popouts and embedded 
wood observed were small and of little significance. 

Approximately 15 percent of all slabs were observed with hairline 
crazing or surface shrinkage cracks. In a few Instances, the larger of 
these cracks had been sealed. These cracks are surficial only, and have 
not shown any tendency to deteriorate since their condition was observed 
during the 1968 evaluation.  (For typical defect photos, see Figures A-l 
and A-2) 

PARALLEL TAXIWAY 

General Condition - Excellent 

One hundred thirty-seven of 1374 total slabs (9.5 percent of all 
slabs) contained major defects, according to the foregoing Corps of 
Engineers criteria. Of these, 110 slabs were found to have longitudinal 
cracks directly down the centerline of the center lane. This is an in- 
crease of only 12 longitudinally-cracked, center lane slabs (2.9 percent) 
over those found to be cracked in the 1968 evaluation, and an overall 
Increase In total cracked slabs of 19 slabs. Thus, the percentage of 
cracked slabs in this taxiway has risen only 1.4 percent. 

It was noted in the 1968 evaluation report that such longitudinal 
cracking of the center lane of taxiway slabs (which occurred at U-Tapao 
soon after initial traffic began) la a common occurrence on channelized 
primary taxiways at heavy load airfields. When the cracking became 
apparent, a centerline Joint was sawed in all remaining uncracked slabs. 
It appears that this effort has essentially stabilized further occur- 
ences of uncontrolled cracking. In assigning an excellent rating to 
this facility, it was assumed that these centerline longitudinal cracks 
act basically as Joints where none were placed and, as such, present a 
minimum structural deficiency. 
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PAVEMENT CONDITION SURVEY 

PARALLEL TAXIWAY Cont'd 

One group of seven adjoining slabs In the center lane was found to 
have severe surface map cracking, but most cracks were found to be sealed 
and no deterioration In condition since the 1968 evaluation was noted. 

Minor defects noted were small joint spalls, embedded wood, and pop- 
outs. These minor defects occurred In about 14 percent of all slabs and 
were generally insignificant, although an Increase in overall number ot 
transverse joint spalls was found. Patching of minor defects had been 
extensively performed In over 230 slabs (17 percent), an Increase of 90 
patched slabs over the 1968 survey. Patches were made of asphaltic con- 
crete or epoxy concrete and, except for a few Instances of minor cracking 
or spelling at the edge of a patch, had not deteriorated since the 1968 
evaluation. 

Joint seal and asphaltic concrete shoulders were in excellent condi- 
tion.  (For photo see Figure A-3) 

ACCESS TAXIWAY 1 

(West Half) 

General Condition - Failed 

Twenty-two of 99 total slabs (22 percent) between the edge of the 
runway and the North Power Check Pad were found to have major structural 
defects. Twenty-one of these slabs were found In the center lane (64 
percent of all center lane slabs). Nine of these were found to be pumping 
at the cracks, joints, or both. The slabs were all transversely cracked 
in such a manner that overloading and/or weak subgrade support could be 
assumed a« the causative factor. Although all cracks have been routed and 
sealed, some differential movement of cracked-off pieces seems probable, 
as several sealed cracks have reopened and are pumping. Several severe 
spalls have also appeared along repaired cracks. 

Because only B-52 traffic makes use of this taxiway, the "failed" 
pavement rating given this area was based on the large percentage of 
defective center lane slabs and on the evidence of pumping and probable 
differential movement under load. 

About 20 percent of all slabs contained minor defects, usually 
transverse joint spalls. Joint seals were generally in excellent condition. 
Asphalt shoulders were In excellent condition.  (See Figures A-4 to A-7) 

ACCESS TAXIWAY 1 

(East Half) 

General Condition - Excellent 

Five of 327 total slabs (1.5 percent) in this portion of the taxi- 
way were found to contain structural defects (transverse cracks). These 
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PAVEMENT CONDITION SURVEY 

ACCESS TAXIWAY 1 Cont'd 

slabs were all confined to the center (travelled) lane. Minor occurrences 
of Joint spalls, embedded wood, and popouts were observed. Thirteen slabs 
contained patches of minor defects. Asphalt shoulders and Joint seal «ere 
In excellent condition, with a few occurrences of small embedded aggregate 
In the Joint seal. 

ACCESS TAXIWAY 2 

General Condition - Excellent 

Only one slab of 378 total slabs contained a structural defect. About 
4. percent of all slabs contained minor defects, mostly Joint spalls. All 
these defects, major and minor, occurred In the eastern half of the taxi- 
way. The western half was rebuilt in 1968 after several slab failures had 
occurred. This portion is, at present, entirely free of major or minor 
defects. Joint seals and asphalt shoulders were in excellent condition. 

HARDSTAND TAXIW..X 1 
i 

General Condition - Very Good 

Approximately 500 feet of the south end of this taxlway was rebuilt 
in 1967 after pavement distress (severe cracking) occurred shortly after 
the pavement was subjected to traffic. This area is in near perfect 
condition. Tn the remainder of the taxlway 25 slabs (5.6 percent) con- 
tained major defects (usually transverse cracks). Of these, 20 cracked 
slabs occurred in the center lane (13.5 percent of center lane). The 
1968 evaluation showed a tctal of 19 cracked slabs in this area, with 12 
cracked center lane slabs. Ic was noted that about 10 of the present 
cracks had not been sealed and showed evidence of incipient spelling. 
About 20 slabs contained small patches of minor defects. A total of 73 
slabs contained minor defects, mostly small Joint spalls. Joint seals 
were in excellent condition, with Infrequent occurrences of bubbling 
Joints. Asphalt and concrete shoulders were in excellent condition. (See 
Figure A-8) 

HARDSTAND TAXIWAY 2 
■ 

General Condition - Excellent 

- 

Five of 342 slabs (leas than 2 percent) were found to have major 
defects, mostly transverse cracks (the 1968 evaluation noted a total of 
3 cracked slabs in this taxlway).    An additional 65 slabs (19 percent) 
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PAVEMENT CONDITION SURVEY 

HAMBTAND TAXIWAY 2 Cont'd 

were found to have minor defects, mostly minor joint spalls, popouts, 
and embedded wood. Three slabs contained small patched areas. In good 
condition. Joint seal contained numerous small aggregates, but was In 
excellent condition. Shoulders were In excellent condition. 

HAMSTAND TAXIWAY 3 

General Condition - Excellent 

No major structural defects were found In this taxlway. About 10 
percent of all slabs contained minor defects. Joint seals were excellent 
with random embedded aggregate, and asphalt shoulders were In excellent 
condition. 

HAMSTAND TAXIWAY 4 

General Condition - Excellent 

This taxlway, under construction during the 1968 evaluation, is 
now complete. No major defects were noted and only 4 slabs with minor 
defects (small joint spells) were found. Joint seals and shoulders were 
In excellent condition. 

CROSS TAXIWAY 1 

General Condition - Excellent 

One slab of a total ot 78 slabs (1.4 percent) contained a structural 
defect (a longitudinal crack). Ten other slabs contained minor defects 
such as embedded wood and small joint'spalls. Eleven slabs had had 
minor patches (AC) applied as repairs to minor defects. Joint seals 
and AC shoulders were In excellent condition. 

CROSS TAXIWAY 2 

General Condition - Excellent 

No major defects were found. Nine slabs (12 percent) exhibited 
patches (AC or epoxy concrete). Patches were in very good condition, 
Indicating no deterioration since the 1968 evaluation. Eleven slabs 
were found to contain very minor defects. Jcint seals and AC shoulders 
were In excellent condition. 
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PAVEMENT CONDITION SURVEY 

CROSS TAXIWAY 3 

General Condition - Excellent 

Two center lane slabs (2.5 percent of all slabs) were found to con- 
tain longitudinal cracks. An Insignificant number of minor defects were 
found. Joint seal and AC shoulders were in excellent condition. 

CROSS TAXIWAY 4 

General Condition - Good 

Nine of 78 total slabs were found to be cracked. Eight of the 9 
cracked slabs occurred In the center (travelled) lane (31 percent of 
center lane slabs). These figures represented an Increase of 6 cracked 
slabs In this taxlway since the 1968 evaluation. The "good" pavement 
rating given this facility was thus baaed on (1) the high percentage of 
cracked center lane slabs, and (2) to the sharp Increase In cracked slabs 
since the 1968 evaluation. 

Seven slabs were found to have surface map cracking. This cracking 
had been repaired by sealing and represented no structural deficiency. 
El ver slabs contained small AC patch repairs of minor defects. Very 
few unrepaired minor defects (embedded wood and small spalls) were found. 
Joint seals and shoulders were in excellent condition. (See Figure A-9) 

APRON TAXIWAY 1 

Genarax ^o   lition - Excellent 

No major defects were found* Veiy small percent of slabs contained 
minor defects, mostly embedded wood, .• nd small joint spalls. Joint seals 
and shoulders were In excellent condition. 

APRON TAXIWAY 2 

General Condition - Fair 

Twenty-four (38 percent) of a total of 63 slabs were cracked (an 
overall Increase of 6 cracked slabs over those found In the 1968 eval- 
uation). Fifteen of the defective slabs were cracked longitudinally 
along the centerllne of the center row of slabs, similar to most cracks 
found In the Parallel Taxlway. As on the Parallel Taxlway, a sawed 
joint placed In the center of the center lane slabs appears to have pre- 
vented much additional uncontrolled center line cracking in this taxl- 
way. Only one new center lane crack was found. Only 4 newly-cracked 
slabs were found In the south outer lane. Most of the cracks In this 
facility had been routed and sealed.  (See Figure A-10) 
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PAVEMENT CONIITION SURVEY 

APRON IAXIWAY 2 Cont'd. 

A relatively large number of minor slab defects were noted, parti- 
cularly email, unrepaired spalls along longitudinal joint (34 slabs). 
A total of 49 slabs (78 percent) out of 63 total slabs had minor defects. 
Joint seals and AC shoulders were in excellent condition. 

APRON TAXIWAY 3 

General Condition - Excellent 

Three (5 percent) of 57 total slabs contained structural defects 
(no change from 1968 evaluation). All three defective slabs were in the 
center lane and all failed in longitudinal cracking. About 20 to 25 per- 
cent of all slabs contained minor defects, all small Joint spalls. Nine 
slabs showed evidence of patching of minor defecta. Patches were in 
good condition. Joint seals and shoulders were in excellent condition. 

APRON IAXIWAY 4 

General Condition - Excellent 

Only one slab (center lane) of a total of 54 was found to be cracked 
(no change from 1968 evaluation). About 12 slabs were noted to have 
minor defects (22 percent), mostly small Joint spalls. Joint seals and 
shoulders were in excellent condition. 

APRON TAXIWAY 5 

General Condition - Excellent 

No major and no minor defects were found, except for one AC patch 
of a minor defect. Joint seals and shoulders are in excellent condition. 

APRON TAXIWAY 6 

General Condition - Excellent 

No major defects were found. Thirteen percent of all slabs showed 
minor defects such as small spalls, popouts and embedded wood. Joint 
seals and shoulders were in excellent condition. 

PAMCING APRON A 

General Condition - Excellent 

Only 53 (1.5 percent) of a total of over 3600 slabs contained major 
structural defects. Most of these defective slabs were concentrated in 
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PAVEMENT CONDITION SURVEY 

PARKING APRON A Cont'd. 

only three rows of slabs roughly in the center of the apron and probably 
used as taxiing lanes.    It should be noted that these three lanes are 
constructed of 12-inch concrete, but are located inmediately adjacent 
(to the east of) three lanes of 14-inch concrete which were designed 
for taxi lanes  (See Detailed Plan View, Fig. 4).    A second small concen- 
tration of cracked slabs was found at the apron entrance to Apron Taxi- 
way 2.    The remaining defective slabs were randomly distributed. 

About 145 slabs (4 percent) contained minor defects Including embed- 
ded wood, small Joint spalls, and popouts. Joint seals were in excellent 
condition. 

PARKING APRON B 

General Condition - Excellent 

Fifty-two (2 percent) of the 2690 total slabs in Apron B contained 
major structural defects, an increase of 17 cracked slabs over those 
found during the 1968 evaluation.    Thirty-six of these cracked slabs 
occurred in an almost continuous row along one of the center taxiing 
lanes of the apron (28 in this row in 1968 evaluation).    Several other 
cracked slabs were grouped near the apron entrance to Apron Taxiway 3, 
and the remaining few scattered throughout the apron.    The 1968 evalua- 
tion noted  that no Indication of low concrete strength could be found 
in the severely cracked row of slabs.    Only about 3 percent of the apron 
slabs contained minor defects such as embedded wood,  popouts, and small 
joint spalls.    Joint seals were found to be in excellent condition. 

PARKING APRON C   

General Condition - Excellent 

Although no cracked slabs were found on this apron during the 1968 
evaluation, the present survey found 49 cracked slabs (4 percent) in the 
entire apron. The relative severity of this increase in number of cracked 
slabs is reduced, however, by the fact that (1) 35 of the 49 cracked 
slabs were found to have occurred in 6-foot wide concrete patches placed 
over trenches containing utilities and do not extend beyond the patch 
to the remainder of the original slab, and that (2) most of these cracks 
in the trench patch have been sealed. The few cracked slabs encountered 
which did contain bonafide structural defects were somewhat randomly 
located. 

About 100 slabs (8 percent) were found to have minor defects, mostly 
small joint spalls. Joint seals were in excellent condition. (See Figure 
A-ll) 
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PAVEMENT CONDITION SURVEY 

PARKING APRON D 

General Condition - Excellent 

No major defects were found. Lees than 5 percent of all slabs con- 
tained minor defects, mostly small Joint spalls. Joint seal and asphal- 
tic concrete shoulders were in excellent condition. 

RTN APRON 

General Condition - Excellent 

No major defects were found. Approximately 5 percent of all slabs 
contained very minor defects. Joint seals and shoulders were in excel- 
lent condition. 

HANGAR ACCESS APRON 

General Condition - Excellent 

No major defects were found. Approximately 6 percent of all slabs 
contained small joint spalls.    Joint seals were in excellent condition. 

NORTH WARM-UP APRON 

General Condition - Excellent 

Only one slab (less than 1 percent) was found to have a structural 
defect.    About 9 percent of all slabs contained minor defects, mostly 
embedded wood and small joint spalls.    Ten slabs contained small patches, 
in good shape.    Joint seals were in excellent condition.    Both seals 
and pavement showed no jet damage. 

SOUTH WARM-UP APRON 

General Condition - Very Good 

Twenty-seven (11 percent) of approximately 240 slabs showed major 
structural defects  (cracking).    This is more than double the number of 
cracked slabs (11) found during the 1968 evaluation.    About 7 percent 
of all slabs contained minor defects.    Six slabs were found to have small 
patches, in good condition.    Joint seals were in excellent condition. 
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PAVEMENI CONDITION SURVEY 

NORTH POWER CHECK PAD 

General Condition - Excellent 

Only 2 (less than 2 percent) of 147 total slabs contained structural 
defects  (transverse cracks).    Six slabs contained patches of Joint de- 
fects.    Several of these were large patches, but were In good condition. 
About 6 percent of all slabs contained minor defects.    Joint seal was 
in excellent condition. 

SOUTH POWER CHECK PAD 

General Condition - Excellent 

Eight (4 percent) of a total of 213 slabs contained major structural 
defects, mostly corner breaks.    Four of these cracked slabs have appeared 
since the 1968 evaluation, three of them in slabs near the location of 
the aircraft gear when parked.    About 13 percent of all slabs contained 
minor defects.    Joint seal was in excellent condition with a few cases 
of blown Joint seal due to Jet blast. 

HARDSTAND NO. 5. 

General Condition - Good 

This hardstand contains 6 cracked slabs (22 percent) out of a total 
of 27 slabs in the facility.    (All these cracks have occurred since the 
1968 evaluation.)   These cracked slabs are all located in the two outer 
lanes of the hardstand.    None of the cracks had been sealed.   About 12 
slabs in the hardstsrd  (over 40 percent) also contained small Joint 
spalls.    Joint seal was In excellent condition and concrete shoulders 
were in excellent condition.   (See Figure A-12) 

ALL OTHER HARDSTANDS 

General Condition - Excellent 

Of the remaining hardstands, Hardstand 1 was found to contain two 
cracked slabs, and Hardstands 4, 6,  13, 14 and 16 were found to have 
one cracked slab each.    Few of these cracks were considered serious; 
some were only a few feet long.    None of the cracks had been sealed, 
however.    Approximately 12 percent of all hardstand slabs contained 
minor defects, mostly small Joint spalls.   A higher number of these 
minor defects were noted In Hardstands 4, 6, 7 and 8, with a relatively 
lower percentage of minor defects In the newer hardstands.    Concrete 
shoulders and Joint seals were found to be in excellent condition. 
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Figure A-6.    Close-up of pumping at crack,  Access Taxlway 1  fWesM 
Ban U-Tapao Airfield. iway  i  (West), 
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Appendix B 

PAVEMENT LIFE CALCULATIONS 

BACKGROUND 

During the 1969 evaluation, the NOEL evaluators were asked to prepare 
au estimate of remaining pavement life for Runway 18-36. The preparation 
of this prognostication Is the subject of this appendix. 

Predictions of airfield pavement life are possible because pavement 
design curves for selecting design thicknesses are based on the criterion 
of a known, finite pavement life in terms of "coverages" of the design 
aircraft.  (Reference 4). Coverage Is a term used to define the number 
of maximum stress repetitions that occur In the pavement due to the 
aircraft operations. By definition, a coverage occurs when each point of 
the pavement surface has been subjected to one maximum stress by the 
operating aircraft.  (Reference 4). It should be noted that many 
operations are conducted with aircraft at less than maximum loads, thus 
these operations do not produce maximum stresses and present practice is 
to ignore them In the computation of coverages. At Ban U-Tapao specific- 
ally, B-52 aircraft operate at a maximum gross (loaded) weight of 
420,000 lbs. Two passes of these loaded aircraft are required to equal 
one coverage on Type "A" traffic areas (runway ends), and five passes of 
the loaded aircraft equals one coverage on Type "C" traffic areas (runway 
Interior). 

Methods for estimating remaining pavement life were found In 
Reference 4, dated May 1966, and in Reference 5, dated March 1962. The 
pavement life approaches in botb reports are based on the same fundamental 
research on concrete fatigue, but the methodology outlined in the more 
up-to-date report. Reference 4, Is much less ponderous. Therefore, the 
pavement life estimates that follow are based on Reference 4. 

ESTIMATES OF FUTURE RUNWAY PAVEMENT LIFE 

Reference 4 (Figure 3) relates total design pavement life (in 
coverages) to the design safety factor used In the pavement design. This 
design safety factor in  obtained by the formula: 

Design Safety Factor  Design concrete flexural strength  
Maximum stress in pavement by design aircraft 

As In all construction, however, actual pavements do not always have the 
precise strengths specified, some sections being weaker and some stronger. 
Thus, it follows that if actual strength values and actual stress values 
could be substituted In the equation, an actual, rather than design, 
safety factor would result which would allow a more accurate estimate of 
pavement life.  For Ban U-Tapao airfield pavements, actual strength and 
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stress data are available or can be calculated from data contained in 
the 1968 and present (1969) NCEL evaluations.    Actual safety factors 
(ASF) can be calculated by the formula: 

ASF Actual concrete flexural strcnRth 
Actual pavement stress by loaded B-52 

Table B-l contains calculated safety factors and basic pavement and 
traffic data for several critical pavement facilities at Ban U-Tapao. 
Facilities listed include Hardstand No. 1, which failed only a few months 
after B-52 operations began; Access Taxlway 2 which failed in early 1968; 
Access Taxiway 1, which failed in early 1969; and Runway 18-36. It can 
be seen that safety factors for the runway have bean calculated for two 
possible flexural strength levels:  (1) for a flexural strength of 825 psi 
as determined during the 1968 evaluation and (2) for a hypothetical 
flexural strength of only 700 psi as required by the design specifications. 
In addition, past traffic (in terms of both loaded operations and cover- 
ages) is shown. 

The dotted curve of Figure B-l, adapted from Figure 3 of Reference 4, 
shows the predicted relationship between pavement safety factor and the 
number of coverages that will produce "initial failure" of the pavement. 
Three pavement facilities already have failed at Ban U-Tapao. They are 
Hardstand No. 1, Access Taxlway No. 1, and Access Taxlway No. 2. The 
actual safety factor shown in Table B-l for each of these three failed 
sections was plotted in Figure B-l versus the respective number of 
coverages experienced up to the time of failure. The plotted failure 
points correlate very closely with the failure-prediction curve. This 
lends credence to the curve as a predictor of pavement life at Ban 
U-Tapao if used with the actual safety factors rather than the hypothe- 
tical "design" safety factors that were originally intended for use wica 
the curve. It is a simple matter to enter the graph of Figure B-l with 
an actual safety factor (from Table B-l) and learn the total number of 
coverages that will produce failure. The number of past coverages to 
date can be subtracted from the total allowable to determine the allowable 
number of coverages remaining. The quotient of remaining coverages and 
estimated rate of coverage is the estimated remaining life of the pavement. 
Such estimates are plotted in Figure B-l. The life estimates should be 
revised from time to time if the rates of coverage vary from the original 
estimates. 

Basically, Figure B-l shows that Runway 18-36 has a much higher total 
life expectancy than did the pavements which have already failed and has 
considerable life remaining before "initial failure" i.e. before 50 percent 
of the center lane slabs have been cracked into from 2 to 5 pieces. 
Calculstl -ns indicate that the runway interior may reach this condition 
in from 11 to 33 years. The runway ends have a slightly shorter life 
expectancy, ranging from a minimum of 6.5 to a maximum of 17 years. It 
should be noted, however, that even though "initial failure" may occur 
within the above time frames, this does not automatically mean that the 
pavement must be replaced or strengthened. It is possible that, after 
reaching "initial failure", the runway will require only an accelerated 
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maintenance effort during many additional years of life, particularly if 
the cracked slabs maintain their present integrity and do not evidence 
such severe complications as slab displacement, faulting, or pumping at 
cracks or Joints. Should these defects appear, immediate maintenance 
and/or repair is recommended. 

All predictions of possible future pavement performance presented 
in this report are not firm predictions, but are based on the best 
available evidence in combination with current procedures for predicting 
pavement life (which are, at best, only approximations). Other factors 
which tend to reduce pavement life, such as weathering, ageing, neglected 
maintenance, obstructed drainage, etc., were not considered in this 
procedure. 

> 

• 
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Note; 

Table B-l.  Pavement Facility Safety Factors and Related 
Pavement and Traffic Data. 

Critical aircraft in operation at Ban U-Tapao with respect to pavement life calct 
UICF- lbs actual gross weight, twin-twin bicycle gear, wheel spacing 37x62x37 incl 
267 sq. in. 

Facility 

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 ( 

Pavement 
Thickness 

(in.) 

Subgrade 
"k" 

(psi/in.) 

Actual 
Concrete 
Flexural 
Strength 
(psl) 

Flexural 
Strength 
Required 
by B-521 

(psl) 

Design 
Safety 
Factor2 

Actual 
Safety 
Factor3 

Past 
Loaded 

Aircraft 
Passes'* (( 

Original 
Hardstand No. 1 
(Now replaced) 

Access Txy 2 
(West)(Now replaced) 

Access Tx> 1 
(West) (Failed 1969) 

Runway Ends 
(Type "A" Traffic) 

Runway Ends 
(Type "A" Traffic) 

Runway Interior 
(Type "C" Traffic) 

Runway Interior 
(Type "C" Traffic) 

16 

16 

16 

18 

18 

U 

14 

300 

350 

A 00 

400 

400 

400 

400 

5805 

6155 

6455 

8255 

7006 

8255 

7006 

770 

720 

670 

580 

580 

580 

580 

1.59 

1.59 

1.59 

1.59 

1.59 

1.50 

1.50 

1.20 

1.36 

1.53 

2.26 

1.92 

2.14 

1.81 

120 

2,000 

16,000 

18,000 

18,000 

18,000 

18,000 

1 Equals B-52 flexural stress x design safety factor (for loaded B-52, 420K gross wt.) fr 
Engineers Manual EM 1110-45-303 of Feb. 1958. 

2From Reference 4. 

3
AO„  Col. 3   Col. 5 
ASF - 7n—T   x 

Col. 4 

^Provided by Ban U-Tapao operations personnel. 

5Flexural strength determined from beam and core tests during 1968 NCEL evaluation (Refe 

^Flexural strength required by construction specifications. 

7One coverage equals two passes of loaded aircraft. 

80ne coverage equals five passes of loaded aircraft. 
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Table B-l.    Pavement Facility Safety Factors and Related 
Pavement and Traffic Data. 

aircraft In operation at Ban U-Tapao with respect to pavement life calculations  is the B-52, 
actual gross weight,  twin-twin bicycle gear, wheel spacing 37x62x37 inches, wheel contact area 
.n. 

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 Column 8 Column 9 

Pavement 
Thickness 

(in.) 

Subgrade 
"k" 

(psi/in.) 

Actual 
Concrete 
Flexural 
Strength 
(psi) 

Flexural 
Strength 
Required 
by B-521 

(psi) 

Design 
Safety 
Factor2 

Actual 
Safety 
Factor3 

Past 
Loaded 

Aircraft 
Passes'4 

Past 
Traffic 

(Coverages) 

Estimated 
Future 
Traffic 

(Cov./month)1* 

16 300 5805 770 1.59 1.20 120 607 4507 

ced) 
16 350 6155 720 1.59 1.36 2,000 1,0007 4507 

969) 
16 400 6455 670 1.59 1.53 16,000 8,0007 4507 

:) 
18 400 8255 580 1.59 2.26 18,000 9,0007 4507 

0 18 400 7006 580 1.59 1.92 18,000 9,0007 4507 

') 
14 400 8255 580 1.50 2.14 18,000 3,6008 ISO8 

) 
14 400 7006 580 1.50 1.81 18,000 3,6008 1808 

ural  stress x design safety factor  (for  loaded B-52,  420^^ gross wt.)  from Fig.   6,  Corps of 
EM 1110-45-303 of Feb.  1958. 

Col.   5 

U-Tapao operations personnel. 

h determined from beam and core tests during 1968 NCEL evaluation (Reference 1) 

h required by construction specifications. 

als two passes of loaded aircraft. 

als five passes of loaded aircraft. 
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