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

Technical Note N-1058

3;3-005

by

D. J. Lambiotte and M. C. Chapman

ABSTRACT

The reevaluation of the pavement at the Royal Thai Navy Stationm,
Ban U-Tapao Airfield, Thailand is 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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‘3ACKGROUND

Ban U-Tapao Airfield is located at longitude 129-40'-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 centerline 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 evaluat>irs were again called to Ban
U-Tapao Airfield, at which time a compreiensive reevaluation of the air-
field was performed. The 1969 reevaluation 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
drainayc pacterns. 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-Tapdo
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
laterite 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 "jinglestone" 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 asphaltic and portland cement
concrete aggregate. (See Reference 2).

CLIMATIC DATA

Temperature, evaporation, and riinfall data for the Ban U-Tapao
area can be found in Figures 2 and 3.




PACILITY DESIGN AND CONSTRUCTION HISTORY

All of the pavements were constructed in the years 1966 to 1968 and
vere 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 and comnecting 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-
tvin wheels spaced 37 x 62 x 37 inches, bicycle arringement, each wheel
having a contact area of 267 square inches. All parking aprons and the
south warm-up apron were 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 sumary 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
Pigures 5 through 9. Physical characteristics of the pavement and founda-
tion materials are given in Table 2.

CONDITION 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 sectior 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 usualiy 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 Taxiway 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 Taxiway 1l; Cross Taxiway &4; Apron Taxiway 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 taxiway contained very few more cracked slabs than in
1968 and thus retained its "excellent" rating. It should be noted that
the primary taxiway 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 bec.: 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

I n U-fap~~ !/ .xfield was d-sipnel for the capacity op.rational cate-
gory. a Jd contains 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:

Concretc Flexural Strength

Desired (desig:) concrete flexural strength for all pavements at
the airfield was 700 psi (90-day strength) using a 5.75 to 6 bag concrete
mix, Jield 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 psi for Hardstand Taxiway 1 to a high of 945 psi (average
of 316 beams) for Runway 18-36. These values were considered exception-
ally high.




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:

Plexural Strength = Tensile Splitting + 200 psi

Results of tensile splitting tests yielded uniformly lower flexural
_ strengths ranging from 580 to 700 psi for concrete areas where beam flex-
ural strengths ranged from 705 to 890 psi. Flexural strengths determined
from tensile splitting tests of cores were roughly 120 psi 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 in-place. concrete rather than hand-molded, separately-
cured beam specimens. Thus, the flexural strengths used in the 1968
evaluation were obtained by subtracting 120 psi 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
(1.e., the actual beam test flexural strength reduced by 120 psi) 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
f11ll material. Hundreds of plate bearing tests were conducted. The
average of these tests was well above the maximum "k" of 500 pci 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, & conservative "k" value of 400 pci 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 pci due to a wet subgrade and obvious pave-
ment failures.

General pavement performance since the 1968 evaluation has supported
the choice of a 400 pci "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 pci subgrade sup-
port was again adopted for most pavement facilities.




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,
however, 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 Taxiways 1 and 2, Hardstand Taxiways 1 and 2, and that portion
of Runway 18-36 used as a through taxiway between Access Taxiway 2 and
Cross Taxiway 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's, the Corps of Engineers obtained data which
indicated that rigid pavements constructed on high strenmgth foundations
("k" greater than 300 pci) 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 io
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 such 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 1ife. 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
lh:.'e briefly discussed, however, in the following paragraphs:

Runvay 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 psi, far above the design requirerant of 700 psi)
and a generally strong subgrade support. Even after almrst three years
of operation of B-52 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 evi-
dence of slab movement; faulting of craczs, joints, or corner breaks; or
‘pumping action was found. On this basis, the runway pavement is performing
in an acceptable manner and has an extenied 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-
wvay had not received maintenance. It is thus recommended, 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, NCEL evaluators made 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 clements in the pavement surface were of rela-
tively long wavelength., At the conclusion of the NCEL evaluation, contin-
uing Air Force and 0ICC-Thailand efforts were underway to determine reme-
dial measures for this potentially serious problem.

Parallel Taxiway

On this taxiway the pavement is in excellent condition except for
many longitudinal cracks occurring along the crown of the center lane.
This type of distress has been observed on primary taxiways 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 evaluationm.

Only about 16 to 20 percent of all loaded B-52 aircraft operations
make use of this taxiway. 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.




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

Access Taxiway 1

Althcugh this facility shor'ed 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 concrete 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 taxiway, 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 (Referemce 4);
this taxiway, 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 it could be cxpected to fail if all conmstruction specitications
of concrete and soil stremgth were met.

Access Taxiway 2

In 1968, thie western half of this taxiway rated "poor,'" and contained
many cracks, rost of which could be identified as load cracks. 1In the
period betweea the 1968 and present (1969) evaluation, this western por-
tion of A:cess 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-
rywgr s "t ‘g rvaluation the subgrade support .ilue was estimai(:d at 350
pci (comparec to the 300 pci assumed in the 1968 evaluation) and the
flexural strength of the new concrete was assumed to be 700 psi.

Hardstand Taxiway 1

Approximately the first 500 feet of this taxiway (adjacent to Access
Taxiway 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 alout one meter
thicker than under other sections of this taxiway. No further distress
is expected in this area.

The remainder of the taxiway, 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 l;uffic. Traffic intensity, however,
is far lighter than on either of the acctss 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.
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Figure 2. Temperature and Evaporation Data for Ban U-Tapao Airfield.

T 10 .




300 :
Total Rainfall: ;
1,312.2 mm. /
200 / i \ <

100

Average Monthly Rainfall
(millimeters)

8 H0 W W »O#g8 - @ & u (1]
S ¢ § 8 § 52 8 8§ &8 &8 8

Rainfall _ 1)

. Average Number of

25
Total Rainy Days:
121.7 Days
g " /‘\
&
&
1 /‘/
g / = v
2 10
g
4
a s
g ‘\
) .
g8 L @ H M >»D O # - 0 & W (3]
s £ 8 &8 § 8 22 % 8 8 % 8
Rainy Days

From: Royal Thai Naval Air Station--Ban U-Tapao Soils and Foundation
Report, NBy 73038, Louis Berger-Von Storch and Burkavage

Note: Data from 30-year record (1931-1960)

Source: Meteorological department, Bangkok.

Figure 3. Rainfall and Rainy Day Data for Ban U-Tapao Airfield

A , .
11

: —



o



















6961 3ITINGSY JTEH ISOM »

(99°€12) (0s°061)
19 - 9961 (1104 629 (9€) u¥1 00d q uvoady Bupjaeg
(99°€12) (v0°02¢) (I9).91 ®
|89 - 9961 00L 050°1 9€)., %1 ‘ (0€) W21 00d 0 uoady Bupjaed
L9 - 9961 (99°€12)00L (92°SL1)SLS (98) %1 00d
L9 - 9961 (2z2°892)088 (85°6%%) SLYT (9€).¥1 20d g uoady Bupyisg
(v8° €9z (89°898) (9€) w91
| {9 - 9961 008 058°T 03 (0€) .21 00d v uoady Suypnaeq
(98°22) (%6°981) =
L9 - 9961 _S¢ S°Z19 (1%).91 00d S# Awarxe] uoady
(98°22) (0°002) 9% 4 °¢
L9 - 9961 SL 059 (9€) w91 204 ‘Z ‘1# Leayxe] uoady
(98°22) (002)
19 - 9961 SL 059 (9€) u¥1 20d € B ¢4 Aemyxel 8$01)
(98°22) (002)
L9 - 9961 SL 059 (9%).81 09d % 3 1# Aeayxe]l 8801
(98°22) (002) (9%).81
89 - 9961 SL 059 O+ iv)u9l 00d 4# Kemixe]l puwispieH
(98°22) (06L) (9%) .81
89 - 9961 SL 196°¢ 03 (1%).91 00d ¢4 Aeajxe] pueispawH
(98°22) 028)
89 - 9961 St 699°7 (1%).91 20d Z# Lemixe] pusispieH
(98°22) (ST°e111) (9%).81
89 - 9961 [ 059°¢ 03 (1%).91 00d 1# Aeajxs] puwispaeq
89 - 9961 (98°22) (00°L28) (9%) 481
» 14 00L°C o3 (1%).91 20d Z§ Lemyxe] ssao0y
(98°22) (00°S61T) (9%9).81
89 - 9961 74 0z6°E 03 (14)u91 02d 14 Aeagxe]l 88290V
(98°22) (os°Le€e) (9%) .81
L9 - 9961 Se 056°01 03 (1%).91 00d Aemixe] Lawwyag |
(88°281) (0%°002¢) (9%) .81
L9 - 9961 002 _ 00S°11 03 (9€).%1 004 9¢-81 Awmuny
P23onI38U0) (sa93jsu) °33 (sa9jam) °33 (*wd>) cuy
a3eq YIPTM y38ua1 S$8WNOTYL adL1 £33170%3 juswmadAwg
suojsu

-

$97371398d Jusweawd Jo K103STH UOFIONIISUOY puw Liswmmg °1 I1qvl

18

(%3



. 7, - \ B IR o . s
(85°89) (6°%1) sped A9
89 - [961 (144 SLY (1%).91 00d I9m0d YInog 9 Y3IaoN
(98°22) (85°89) (9%).,81
89 - {961 S¢ 1144 03 (1%).91 00d spus3ispavH
(‘R °bs e41%c1)
L9 - 9961 *SpX *bs 6TL°ST = woay (0€) 21 00d uoady dn-uaeM ynos
("R °bS £€%6°21) = ®aay
L9 - 9961 *spX °bg 08%°st (I1%).91 90d uwoadv dn-mieM y3jIoN
(2L sv) (81°L62)
L9 - 9961 0S1 Gl6 (0€) 21 04 unady 88255y 1a8usH
(95°€9) (88°281) (9€) %1 .
SL1 009 03 (0€)ucl 00d_ | uoady AaeN yeyl (edoy
pajonijsuo) | (saa3am) °33| (sxezam) °33 (*wd) cuy
ajeq YIPTM Y38ua 8SaUNOTYL ad{L £3111o84 Jusweawg
suoysusawyq

83F3F1TOord JuswaAed JOo L1031STH UOTIDNIISUO) puw Alsmung (p,3uo)) °I o1qel

19




*a3w[s pue ateys

Apuws ‘ar1evys “suojspuws jJo s3fsodap paiafelio3juy WolI pajiaienb sem auolsa’BUIL

(Aenyxel
pood £Liap (NS) puss |oo% RO-MO (16) 9¢ | 08S Jo 38ay) °0°0°d| (1%) 91 1 Aeayxel
£3131S umoag »ou03837Buysl (% 314 999) puwaspasH
(o81) 22 | szt ,0SZ yInos  °9°9°g| (9%) 81
(Keagxwl
Juayadxy (WS) puss RO-MO (16) 9¢ | 382 3o 3183¥) °0°0°d| (1v) 91
L3135 umoxg youo3sa18uyl 00L | (,009T 3IsaM 7 Leayxe], 889200V
WSLT I8V
4 ST ¥93uad)) °2°0°d| (9%) 81
(Kenyxu]
Juay1aoxy (RS) pues |00% HO-MO (16) 9¢ | s%9 3o I83y) °9°0°d| (1%) 91 (3sv3)
£3131S umoag yauol 831 Buyl (,ST 323u3)) °0°0°d| (9%) 81 |1 Leayxme] 88200V
JualTaoxd (RS) pues RO-MO (16) 9¢ | s%9 (,s28 IsaM) °D°0°a| (1%) 91 (3sapm)
£311S umoag youoaseTduyf 1 Leajxu] 88320V
Jualyadoxy (WS) puwg |o0% WO-M9 (16) 9¢ | soL Kssue1 a=3ua)) °5°0°al (1%) 91 Keapxu]
£311S umoag youo03saBurl (,ST 193ua)) °2°0°a| (9%) 81 Lxvwpag
poon £aap (RS) pues |oo% - (16) 9¢ | sz8 *0°0°4d (9¢) ¥1 303393ul
£317S umoag sduo3sayBujf 9¢-81 Awmuny
pood KxaA (Ws) pues |oo¥ RO-MO (16) 9¢ | <z8 | (ssuwl 123nQ) °2°9°d| (9¢) 41 |spue °313 00S pug
£311S umoag youolsay8ulf (,05 a23uad) °0°0°d| (9%) 81 9¢-81 Lwmuny
pood Lxap (KWs) pues |oo% RO-MO (Lot) 2% | sz8 *s*o"d (9%) 81 |spua@ °33 005 3IST
£3711S umoaqg . youo3sITBuylL 9¢-81 Lwauny
.| ®3ay jJo [uojIwdyIyssvid|Fod| uogidyaosaq|(°w)y) °uyp| ysd uot3idiaosaq (°KWD) °‘uyp| uwoyawoyITIUCPI
Uot3IFpuoe) b1 889WMOIYL| * 13§ 889WOTYL pue
~“®I’3udd) *x3a1d| *oN L3F71o83
“opeaBqng sneyg JUPWOARg
v3eq £3a3doxg 1woysfyy jo ALavwumng °Z I1qel

20




*a3w]s puw a1wys Lpuws ‘aITvys °‘suo3lspuws

3o s3ysodap peiafeyiaju}l woaj pojiienb sem JuolsayBullf «

ayed (Ws) pues |o00Y RO-MD (16) 9¢ | oz8 *0°0°d (9€). 91

£313S umoag youolsaySull Z Leaixe] uoady
Juayraaxy (Ws) pues |00% WO-MD (16) 9¢ | 089 *0°0°d (9¢) #1

£311S umoag yauolsaSuls 1 Leayxe] uoady

pood| (Ws) pues |ocow| wWO-m0 | (Lo1) TV | oweL *2°0°d (9m) 81

£313S umoag youo3lsayBuyl 4 Aemixe] 8801)
Juayyaoxy (RS) pues |o00¥% RO-MO (16) 9¢ | owL *0°0°4d (9¢) 91

L3138 umoag xouolsaTBuyr ¢ Lemyxe] 801D
udrTaoxy (RS) pues |00% RO-MD (16) 9¢ | owL *0°0°d (9¢)

£313S umoag xouo3sayBuyr ¢ Kenjxm] 8801)
Juatiaoxa | --(WS) pues |00 RO-MO (Lo1) 2y | oLt *0°2°4d (9%) 81

£313S umoag yauolsayBuysl 1 Aemlxe]l 8801)
Juayracxy (Ws) pues |00% RO-MD  [(081) zL | oiL |(ssueT 233n0) °D°D°d| (I%) 91 % Leayxe]

L213S umoag ¥9U038aT Buyl (,6Z 222ua)) °D°D°al (9%) 81 puvaIspasH
JueTrIONF (RS) pues |o00% RO-MD (081) 2L | ooL {(sauel 133nQ) °*0°D°d| (1%) 91 € Lemarxe]

£311S umoagd »3u03sa Uyl (.67 133u3d) °0°0°d| (9%) 81 puv3IsSpasH
JuaTadxy (¥s) pues |00% RO-M9 (16) 9¢ | S69 *0°0°d (v 91 T Learxe]

L3138 umoag you03saTBuil puv3iIspavy
B3Iy JO [a0FIWOTIIssw)| 1od| uwoyidyaosaq| ("WD) °uy| ysd uoyidyaosag ("RD) °uF ] woFIeOFIFIUSPIL
uo¥3IFpuo) p.| ssamOTYL | * 338 8SoWIOTYL puw
1easu’’ °x91d *oN K3f¥1tIo®d

apewadqng aseg JudmaARg

(p,3u0)) eieq £L3avdoag TwoFsdyd jo Lirmung °z ITqel

21




*93w]s pue 21wys LArues ‘arwys ‘suoaspues jo s3ysodop paisafwyiojuy woxl pataaenb sem auolsIATBUIL &
IudTT3oxE (1s) pues |{00¥% HO-MD (16) 9¢ | 089 °0°0°d (og) 71 uoady
£317S umoag »ouo3lsa1Buyl (9¢) %1 LaeN eyl 1wdoy

Juarrexy (Rs) pues |o0% WO-MO (16) 9¢ | o1L *0°0°4d (og) 21
£313S umoag youolsatSuyr (9¢) %1 | @ uoady Supjaeq

Ul T30x3 (WS) pues |o00% WO-MO (16) 9¢ | o1L °0°0°4d (9¢€)
£313S umoag youo3saySuyl SO (0g) Z1 | O uoady Bupyaeg

(aw 91

JuaTToxa (RS) pues |o00Y% RO-M9 (16) 9¢ | o1L *0°0°4d (9¢) 7
£311S umoag yauo3lsay8uir g uoady Buipyaeg

Juar1aoxy (WS) rues |00% RO-MD (16) 9¢ | ozs *0°0°d (og) z1
£313S umoag yauo3sa3uysl (9¢) %1 | V uvoady Bupjyaed

JUITTIOxXA (RS) pues |00Y HO-MD (16) 9¢ | oL °0°0°d (9¢) %1
£313S umoag »3uo03saTBul 9 Lemyxe]l uoady

UITIeOXT (RS) pues |o00% RO-MD (16) 9¢ | o1L ‘0°0%d (a 9
£37718 umoag sauo3lsayBull ¢ Learxe] uoady

JuITTI0xT (WS) pues |00% WO-MO (16) 9¢ | o1L *0°0°d (9¢) 7
£3131S umoag »ouo038a78uyl 4 Lemyxe]l uoady

JuaTTaoxy (is) pues | o00Y HO-MO (16) 9¢ | owL °0°0°d (9¢g) %1
L3138 umoag youolsaySuyl ¢ Lenyxe] uoady

¥31y Jo |uoFI®OTIFsswD| Fod| uoyadiaseaq|(°wD) °up| yed uo¥ldyadsag | (*WD) °uj| UOTIWOFITIUSPL
uo}3IFpuo) p ¢ ssauOIYl| * 13§ 883UYOTYL pue
1®39u2) *x91d *oN £L331¥oRa
speadqns aseg JUIWIARG

(p,3u0d) ®miwq £313doxg (wo¥slyjy jo Livummg

*T dqul

22




*33®Is puw Iiwys Apues ‘aTeys ‘auoispurs jo s3ysodap paiaferiajur woay pariaenb sea auoilsarBully
(S) pues HO~-MD .= yo9Y) I3mog
(WS) pues RO-M9 (seue] 123n0) °2°0°a| (I%) 91 spuwaspiey
worreoxg| ) P8 1009 |, snoneerguzs| (16) 9€ | ozt *0°0°d (1v) 91 | 91-6 spueaspien
worgeoxa| W) PIE {007), quonoaiaug | (16) 9€ | s29 "9°0°d (19) 91 | @8-y spueaspiey
pooy | ) e 190 | ouoronauy| (16 9€ | s29 "2°0°d (19) 9t S pus3spiey
(RS) pues RO-MD (saueT 193n0) °2°0°d| (1) 91 6ot
JUITTeOXz £311S umoag 00% 42u0189TSur [ (081) ZL | sttt (,Sz 323u3)) *5°2°a| (9%) 81 £ ¢ 1 spueispiey
(Ws) puesg RO-M9 cnone uoady
PO0Y L3941 forrs umoag | 907 | ouozsersups| (T6) 9€ | S¥9 9°0°d (0€) z1 et InmmbE
(RS) pues RO-M9 o voady
JUITTEOX7 £373S umoag 00Y wouo3safSurr (T6) 9¢ | ozL J2°0°d (1%) 91 dn—wiey y3ioN
WS) puses RO-MO oo uoady
JuarTIIxy »M:w umoag | 907 | ouo3sarurs| (T6) 9¢ | OUL 0°0°4d (o) 1 s829oy 1e8usy
B31y 3JO |uolIVITITSSETD ad uoradradsaq (WD) “uy mwum uoyidyaosaqg ("W0) “ut UOTIBOTIFIUIP]
UOTITPUOD A SSaWMPTY]L -xa1d SSIWITYL pue
Texaud) *oN L3TTICERl
apeasdqng aseqg JuawdABRg
(P,3u0)) ®3eq A312doag Tedyslyqd jo Laeummg °z 921qel

23




sreg 12O
™ . 000 05 000 ‘052 900 ‘08¢ 000 °059 000 “00y 000 ‘0l 000 °02¢ 000°522 000°05) 000 "0nt _ Ansedes s0mag wanog pus e
. ™ 000 ‘00» 000 ‘992 000 ‘ot [N 1} 000050 000 ‘03¢ 000 ‘0L 000 “01¢ 000 024 0000127 Ansedesy o1-0 spuesepsvy]
T - 000 ‘o7 000 5272 000 ‘0Lt [ 1] 000 ‘06t 000 ‘90t L 114 090 '597 800 ‘st 000 °581 Anseder 8-+ spumispiny
L[31 2
[ ] 900 ‘005 000 °01¢ [ X 11 090098 00 0rs 000 ‘02¢ 000 ‘0Ls 000 0Lt 00012 000097 Anrede> E2-21 ‘-1 spumispany
s [ 000 ‘062 000 °05) 008092 [N ] o0 ‘007 000 502 00 ‘002 000 ‘081 00000 000 ‘071 Argovden vesdy dawuse g aneg
[} [] 000 ‘060 000 ‘992 000 ‘0t? 000 05t 000 5P 000 ‘05¢ 000 ‘019 000 ‘0lt 000 ‘0Lt 000017 Anseden wsady dnmang ion
[ « 000 ‘07c 000591 00 °s82 900 ‘06> L X1 00522 [N 1 000 ‘561 000 ‘001 00 ‘0t ¢ Anoeden woudy s823>y saduey
« [ ] 00 ‘0l¢ 000 ‘09t [ X' 00 ‘02y 008 's62 000512 000 ‘562 000°s81 0056 000°s2" Ansedes weady dawy yeyy jeiey
] [ ] 00 ‘or¢ 008 ‘5§91 00 50T 000 ‘060 [ R 1{1 008 °522 000 °91¢ 200 °561 000 ‘907 900 '8¢ 1 Aneden Q vesdy Soppsng
. [ 000 ‘0zg 000 °591 00 ‘so? 000 ‘04> 000 ‘ot 000 ‘572 200 01¢ 000 ‘561 000001 00 ‘0 1 Awredes 20
. « 000 ‘08¢ 00 "ot [ N 111 000 ‘0tS [ N 11 [ < 000 ‘00t 000’552 000°s6 1 000°sLt Anaeden #1 3 wosdy hansng
s « 000 ‘0e¢ 000 ‘081 000015 000 ‘ot 000 ‘055 000 °502 000 ‘0rt 000 °552 000 °s€) 000 "s11 Areder € vesdy Seppaeg
[ [} 009 ‘0L 000 °561 000 ‘956 000 ‘0L5 000 ‘09 000 ‘097 000 °09¢ 000 °572 000 ‘021 000 081 Anovedey ¥ wady Seryang
v [} 000 ‘08¢ 200 ‘001 [N 111 [N {7 [N 11 900 ‘592 000 ‘0¥E 009552 000 ‘s¢1 000 °sL) Ansvden 9 hsmpre | woady
v « 00 ‘09 000 ‘022 000 ‘0Lt 000 ‘0t 000 "06¢ 900 ‘s42 000 ‘009 000 ‘01¢ 000 ‘0L1 000°012 Andedey s hvapm] weidy
v . 000 “08¢ 000 “08t 000 ‘011 000 "ocs 000 °0t¢ 000 'S 000 “0r1 00552 000 °$€1 0007301 Anseden ® puv ¢ shsame] vosdy
v [ 000 ‘ot 000 °502 000 ‘0s¢ 000 ‘009 00 ‘oLE 000 's27 00U 33s 008 582 000°551 000 °s61 Aysebery 7 hvomm ) weady
v [l 000 ‘0% 000 ‘0Lt 00 °$62 900 ‘00% 00 ‘01¢ 000 ‘0c2 000 ‘015 060 ‘092 000 °0¢1 000 091 Aaroeded 1 heamey wesdy
v [ 000 "05¢ 00°597 oveosh 000 ‘05 000 ‘aLr [ X 000 ‘060 000 ‘08¢ 000512 000 592 Anovden » Avaprey sseun <&
v L 000 ‘969 000 ‘$€T 900 ‘00% 000 ‘089 000 ‘0C» 000 "0t 000 °0¢Y 000 "0t € 000 ‘SL1 000°222 Agarvde € Puv 2 shemme] seasn o
v e [ ") 00 °SL2 200 09 [N 7} 000 ‘06 o9 °0Lt 000 ‘01§ 000 *0b¢ 000 ‘022 000 °522 Anredes 1 hvapey seeay
v . 000 ‘s 000°6L2 008 °090 [N 7} 008 “0by [N '] 000 ‘015§ 90 08¢ 000 "022 000°522 Anredes + doasme] pusepsey
v [ [N 1] 000 °5§T 000 ‘0t 000 ‘oz 000 ‘059 000 ‘055 000 ‘02v 000 °09¢ 000 °s02 000552 Aondes € Avagwey punrepavy
e . 000 ‘00 000 582 000 “o70 00 01L 00 ‘0sp 000 ‘00t 000 ‘o 008 00t 000°59 000°012 Anoedes Avmprey peniopivy
v e 008 °050 000 'siz 000 ‘0% 00001y 000 ‘vot 000 582 000 ‘04 009 ‘0Lt 000591 000°012 Aydedery 7 Avasnv ] puseproy
[} [ 630 00y 08512 000 05¢ 000 ‘065 000 ‘8sc 000 °502 000 “06¢ 900 °052 000 °0r1 000521 Ay reden Avamv] pumepioy
v . 000 ‘02 000 ‘001 000 ‘00¢ 000 °01§ 000 ‘02¢ 000 ‘092 [N {1 000057 000 081" 000521 Anoudes 1 bempre] pumspaey
1 . 000°0TS 000°082 000°0SY .8“02 ..8“-3 !“.8 000°0TS 000°0¢ 000°68T 000°$€T Anoedey Asmpieg sead0y
« v 000°00y 000°S€T 000°06€ 000°05y 0000ty 000°0z¢ 000°0CY 000°0¢¢ 000° 68t 080°$62 Anovdey 7 Avamre] 39030y
[ [ 000 ‘0td 000 06T 00 o0t 000 059 00 ‘00 [ X1 008 "oz 00 522 000 ‘051 000 ‘061 Ayyredes Lempmeg 03230y
v . 000 0ty 000561 000 05t 000 095 008 ‘056 000 ‘097 000 09t 00°sL2 000 ‘051 900 °06t Ansede 1 Avamu] ssarry
v [ 000 ‘0t [ X, 000 ‘05v 000 0t 000 ‘050 [ 3 00 0Ly 00099 000 °s02 000557 Anredey Avmmeg havwrag
> E 000 ‘009 0801t 0009 000 ‘008 000 ‘005 000 "ot 000 ‘o2s 009 ‘05¢ 000 081 000 °902 Ansedes aors0mn
v . 009 "0te 008 ‘907 000 ‘05¢ 00 °009 90 ‘0L 000 °sL2 000 001 00 °582 000 €1 000 ‘561 Ansedes sorzom
v e 900 “029 008 °00¢ 000 ‘005 000 ‘0ve 000 “0ts 000000 00 055 000 ‘o2 000 ‘02 000 ‘00t Apswded spug 3000
M-8t inyg
o [ 9 ry [} s v 3 T 1
.i'ngj NI | sniewd | sl ewE [ snilewa | el e L Ok saaeveid |
v Are woyy| "MV IEwes | sy oemed |isewmes w wery cd wesy D vesy D | wesy pmme) | weay oemen | wesy eemen sy sen weyesyTmepy
A vissaculivay e #17 g bg 197 -L2-6-81-¢ B FIYS - b5 oy -y by g ‘o -bg oor ‘D L X “w og 001 d g0t Towenm.aado pus
oy >gyeal AL el | O°D i WAL puspuey Al renq w9 * Wi 2040 AL ODWEAL | -Duevsioua | 2-Dusz Al [ ) o Asntang
| wepuny way wepus] - oy Sug
S X T ST T ST ‘
1 suspresalyes) pue sedi] 2ven Supue-] wpeyy [ 1 caSsy-L1ep
h suay ey
o LIVETEV OO TTRVAOTIV 40 AUvRNDE PRyl ‘eedel-n weg pIaysTY 0 awen wwpeweay 30 smg

£ XIeve




= PR it - tig .a.. == RS s
E3" & LT . . i
! !
[T
29°3
wed
2014
so1~s
vol-4
Tt
58
_ o
_ ATIA s ool-3 (17
! i e e ves " A
! .
SCIO% 46* 1) o84 o3
%) 26752 5> -3 s
Ts-e vsd 1% ”°d os-8 ostd > ve-s ”-s
6 ] & ’ s v c 4 1
WL NIV 3L MOV WL MOV
vIuv 15viNOD> | NOUvENOUNOD | vauy 1dwinod | SR JOVE ) SR SONE | vaav 15vinod <unu:5xw-<z~3 WL HOVI 2INSSING
‘NI "OS 498 wvio ‘N1 ‘O$ 30T p el ‘NI 'OS 00F it VI3V 1DVINOD F 1773
T iy 8 ® L ‘NI ‘0§ oC? NI "OS 49T . NI 'OS 9TT o
o£C- oT9° alC vs 33 9 ML 33 uZ€ M1 2-2 W09 33,8 Mt NI ‘0$ oot 15¢ o0l
NUML-NIML WIONVL NIML WIGNVL 110NIS £t
opANng oAy oAy
jooym  ojduinw [Poym  edusg
X3CGN! NOUWVIIINIG! 12VEOYlY
% °1qe]
. |
i T =z




i ! s R m T, ' L8
/ T B AL T s g CF 'tp-?-,&ﬂ i 78

A : i:' .. q‘.‘ t5t gl J ,

#

s
Oy,

. 3

-

Appendix A
CONDITION SURVEY NARRATIVE, PHOTOGRAPHS,
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PAVEMENT CONDITION SURVEY

RUMWAY 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 that 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 immediately 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 & 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 possibie 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 spalling.

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 locatioun, 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 spalling.

Minor slab defects were of varying types, including small 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 50-caliber cartridge, no loose material was observed on the
runvay.

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-1
and A-2) v

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 trafiic began) is 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
wvere generally insignificant, although an increase in overall number of
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 spalling 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)

(teneral 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 as 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 eyidence 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 nt'

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 were
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.. 1

General Condition - Very Good

Approximately 500 feet of the south end of this taxiway 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. TIn the remainder of the taxiway 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 spalling.
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 (less than 2 percent) were found to have major

defects, mostly transverse cracks (the 1968 evaluation noted a total of
3 cracked slabs in this taxiway). An additional 65 slabs (19 percent)
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PAVEMENT CONDITION SURVEY

HARDSTAND 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.

TAND TAXIWAY 3
General Condition - Excellent

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

HARDSTAND TAXIWAY 4
General Condition - Excellent

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

CROSS TAXIWAY 1
General Condition - Excelient

One slab of a total or 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 conditionm.
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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) lene (31 percent of
center lane slabs). These figures represented an increase of 6 cracked
slabs in this taxiway since the 1968 evaluation. The "good" pavement
rating given this facility was thus based on (1) the high percentage of
cracked center lane slabs, and (2) to the sharp increase in cracked slabs
since the 1968 evaluation. S

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 TAXTWAY 1

General voirdition - Excellent

No major defects were found. Very small percent of slabs contained
minor defects, mostly embedded wood, ¢nd small joint spalls. Joint seals
and shoulders were i{n 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 centerline of the center row of slabs, similar to most cracks
found in the Parallel Taxiway. As on the Parallel Taxiway, 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 taxi-
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 CONI'ITION SURVEY

APRON TAXIWAY 2 Cont'd.

A relatively large number of minor slab defects were noted, parti-
cularly small, 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 defects. Patches were in
good condition. Joint seals and shoulders were in excellent conditior.

APRON TAXIWAY &
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 conditionm.

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.

PARKING 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 1-ed1ete1y adjaceut
(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,

PARF.ING 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
snnl% joint spalls. Joint seals were in excellent condition. (See Figure
A-11
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PAVEMENT. CONDITION SURVEY

PARKING APRON D
General Condition - Excellent

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

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.

HAYGAR 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 conditionm.

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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PAVEMENT 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 hardstand (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, Acces
Ban U-Tapao Airfield.

s Taxiway 1 (West),
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Appendix B

PAVEMENT LIFE CALCULATIONS

BACKGROUND

During the 1969 evaluation, the NCEL 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 1bs. 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 estimatin, remaining pavement life were found in
Reference 4, dated May 1966, and in Reference 5, dated March 1962. The
pavement life approaches in both 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

5
1
|

Reference 4 (Figure 3) relates total design pavement life (in
coverages) to the desizn safety factor used in the pavement design. This
design safety factor 13 obtained by the formula: '

Design concrete flexural strength
Maximum stress in pavement by design aircraft

Design Safety Factor =

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

60




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:

Actual concrete flexural stremgth

ASE-» Actual pavement stress by loaded B-52

Table B-1 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 Taxiway 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 teen 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-1, adapted from Tigure 3 of Reference 6
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 Taxiway No. 1, and Access Taxiway No. 2. The
actual safety factor shown in Table B-1 for each of these three failed
sections was plctted in Figure B-1 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 wi.a
the curve. It is a simple matter to enter the graph of Figure B-1 with
an actual safety factor (from Table B-1l) 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 coverag:s 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~1l. The life estimates should be
revised from time to time if the rates of coverage vary from the original
estimates.

Basically, Figure B-1 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.
Calculati-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 1life (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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Table B-1. Pavement Facility Safety Factors and Relaced
Pavement and Traffic Data.

Note: Critical aircraft in operation at Ban U-Tapao with respect to pavement life calc:
420K 1bs actual gross weight, twin-twin bicycle gear, wheel spacing 37x62x37 incl

267 sq. 1in,
Column 1 [Column 2 |Column 3|Column 4 |Column 5|Column 6|Column 7| (
Actual |Flexural Past
Facility Pavement |Subgrade |Concrete|Strength| Design | Actual Lozgﬁd
Thickness k" Flexural[Required | Safety | Safety Adr Lft
(in.) (psi/in.)|Strength|by B-521 | Factor?| Factor3 crau («
Passes
(psi) (psi)

Original
Hardstand No. 1 16 300 5805 770 1.59 1.20 120
(Now replaced)
Access Txy 2 16 350 6155 720 1.59 1.36 2,000
(West) (Now replaced) ’ ' d
Accese Tx; 1 16 400 6455 670 1.59 | 1.53 | 16,000
(West) (Failed 1969) : : >
Runway Ends 5
(Type "A" Traffic) 18 400 825 580 1.59 2.26 18,000
Runway Ends 6 )
(Type "A" Traffic) 18 400 700 580 1.59 1.92 18,000
Runway Interior s
(Type "C" Traffic) 14 400 825 580 1.50 2.14 18,000
Runway Interior 6
(Type "C" Traffic) 14 400 700 580 1.50 1.81 18,000

lEquals 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 Col. 3 Col. 5
ASF = 01, 4

“Provided by Ban U-Tapao operations personnel.

SFlexural strength determined from beam and core tests during 1968 NCEL evaluation (Refe
6Flexural strength required by construction specifications.

70ne coverage equals two passes of loaded aircraft.

80ne coverage equals five passes of loaded aircraft.
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Table B-1.

d Traffic Data.

Pavement Facility Safety Factors and Related
Pavement an

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
Actual |Flexural
Pavement |Subgrade |Concrete|Strength| Design | Actual Lz::Zd Past E;ﬁ:z::ed
Thickness k) o Flexural |Required | Safety | Safety Traffic
(in.) |(psi/in.)|Strength|by B-521| Factor?| Factor3 AITCOREE (Coverages) rafE it
= ’ (psi) (psi) Passes" (Cov./month)*
16 300 5805 770 1.59 1.20 120 607 4507
ced) 16 350 615° 720 1.59 1.36 2,000 | 1,0007 4507
269) 16 400 645° 670 1.59 1.53 16,000 | 8,0007 4507
Y 18 400 8255 580 1.59 2.26 18,000 9,0007 4507
9 18 400 7006 580 1.59 1.92 | 18,000 | 9,000’ 4507
N 14 400 8253 580 1.50 2.14 | 18,000 | 3,6008 1808
) 14 400 7006 580 1.50 1.81 18,000 | 3,6008 1808

ural stress x design safety factor (for loaded B-52, 420K 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 1l).

h required by construction specifications.

als two passes of loaded aircraft.

als five passes of loaded aircraft.
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