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Foreword

The study r~ p cr te~1 ~erei i  w~ s rr’ nducted under the general super-

v~ sion ~f C~ e En~- tne~ ri~~ De si~~n Cr 1 ~eria  Branch , Soils and Pavements

~ri r::, or th T 1 . ~~~. rrrry En -ineer Waterways Experiment Station

~~~~~ Vi r ’ u rc~. V~~ . : issi~~rr i . r ers~~ riel involved ~n the croiid~ tiOn

:‘~ rV ~~V ~~~ Mr.  9’. C .  1 ~In5Ofl  of t he I . S. Army Coi~i. Feg ions Research

ri rd  En i nP er i n g  : i r n  or;  ( CF ~ E L ) ,  Hanove r , !iew i-L~u mshire ; Mr .  George

han z ‘ !lp U. . .  r’~ç~~
’ 
~ns ruc t ion  Engineering Pesearch Laboratory,

Tharrtai , 11 ~ . H . ‘I. ~~1~er , J. C. Har . , and f~ ,iT,h Stron~
the I 

• • •  r~1:~ ~r rLne r D i v i s i o n . Ne~i En~ lan~~, Wnl ~~~ern , Massachu—

se t t~~: ~r~d ‘ : r.: . ~~~. J. e~ r cs . R.  D . •Jack~- on, H. 1’. Thornton , J r . ,

F . .1. e~1 :o r 1 , and K.  A.  (
~‘~~on n r  01’ Mie WES . The main n or ion of th i s

re~ orr Fr epar ~ ~~:j M r .  /‘~-iros under the general supervi sion of

M’~:srs . •T . ~~~. Sale , R . ‘ . Ahivin , and R.  L. Hutchinson oi’ the Soils an~
‘ mes s ~- rn t~~ry .  The s~ c~ ion of thi s report concerning f rost ac-

~~~n •rs . ~r~ v~recl by Mr. Johnson and by Mr.  LI . ) .  Cilman of C RREL.
A r  ‘nd i:~ A v~~s ob~.ained ~‘rorn the Air Force .

COL Ersest D. ~ei xotto , CE , was Director of the WES during the

ccr~iuct of the stu -1 sn l  r re~~~rn~~i o n  of the report . Mr. F . P . Br~~ n

wos Te ’Tho i c ai Di i~~ctor.
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Conversion Factors, British to Metric Units of Measurement

British units of measurement used in this report can be converted to

metric units as follows:

Multiply By To Obtain

inches 2.51k centimeters

feet 0.30148 meters

miles (U. S. statute) 1.6093144 kilometers

sq’.lare inches 6.14.516 square centimeters

pomds (mass) 0.145359237 kilograms

poinds (force) per 0.6891i-757 new-tons per square
square inch centimeter

miLes per hour 1.60931414. kilometers per hour

poinds (mass) per 0.0276799 kilograms per cubic
~ubic inch centimeter

vii
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‘( N~iT 1O~ ~!JRVi;Y~ :.IrnOT AIR F0RC 1~ i~A2J- ,, NOBTH DAXOTA

Authori~~

1. Autnor i ty  for con i~ cti ri~ condit  Los surveys at selected air •~
(jells is contained in amen irient to 1”Y 1~i ’A RDTE Funding P~uthorization

(1.u”~-Mc - 3 , 1~ February 11(2), subject: “Air Force Airf ield Pavement
Research Program , ’ from the Office , Chief of Engineers, U. S. Arzmj,
Directorate of Miit’~.ry Construction , iat~ d 18 February 1972 .

Purpose and. Scope

2. The purpose of this report is to present the results of a con-

dition survey performed at Minot Air Force Base (MAYB), North Dakota ,

ch~ring 11-15 Apri_ 1972 . The following three major areas of interest

w r e  considered in this condition survey :
it .  The structural condition of the pr imary airfield pavements .

b . The condit ion of pavement repairs and the t~rpes of inainte-
nance materials that have been used at this airfield.

c. Any detrimental effects of frost action to the pavement
facilities.

3. This report is limited to a presentation of visual observations

01 the pavement conditions, discussion of these observations, and perti-

nE~nt remarks with regard to the performance of the pavements. No phys-

ical tests of the pavements , foundations , or patching materials were

pcrformed dur ing this survey . The annual pavement maintenance plan for

Mk’B is presented in Appendix A.

Pertinent Background Data

G€neral description of airfield

14. MAFB is located in Ward County , North Dakota , approximately

l~’ miles~ north of the city of Minot . The general topography of the

* A table of factors for converting British unit s of measurement to
metric units is presented on page vii.1



s It e  is ~- n t ly  rolling, and th e average elevation is 1,668 ft above
nean .;ea

5. In ru  l97~~, the a i r ti cid  f aci l i ti  s consisted of a NW-SE

r uo::ç , a ~ar allel t I ’ ,.’~~’ , a SAC operationri anron with a hangar
access ax iwr;, anI apron , a CAC alert f a c i l i t y,  an ADC parking apron

w i t ’ , hari~ ar acces. ’ ’ p rcns an 1 t axiwo.y:~, an ADC atert apron and taxiway ,
;:o •;oxn- rs p ar ron: , ~oooestir~ tes wa~’s to I h e  runway and aprons , and
a :si~sll l adinJ facii~y .  The runway was 300 ft wide and 13,200 ft

-e ~ax Iway s were 75 ft a~ide , with 5O-t ~t shoulders on each side ;
arid toe FAC c~ era ’ ansi an ron was approximately 600 ft wide and

f t iOfl~~. A 1s~j o~ r of the airfield is sho rn in plate 1. A pave-
meri t plan ir idicat hiy the  t~isc pavement on each facility is shown in
plare 2.

Previous reports

6. Previous reports concerning MAFB are listed below . Pertinent

s i t a  were extracted from them for use in this condition survey report.

a. Condition survey reports:

(1) U. S. Army Engineer District, Omaha, CE, “Rigid Pave-
ment Condition Survey of Minot Air Force Base,” July
1958, Omaha , Nebraska.

(2) 
_________

, “Rigid Pavement Condition Survey Report ,
Minot Air Force Base, North Dakota,” June 1960, Omah a,
Nebraska.

(3) Ohio River Division Laboratories, CE, “Condition Sur-
vey Report, Minot Air Force Base , North Dakot a,”
March 1965, Cincinnati, Ohio.

b .  Pavement evaluation report: U. S. Army Engineer Distr ict ,
Omaha , CE , “Airfield Evaluation Report , Minot Air Force

- Base, North Dakota,” August 1959, Omaha , Nebraska.

History of Airfield Pavements

Construction history

7. Details of the design and construction history of the airfield
pavements (extracted from the reports referenced in paragraph 6) are
presented in table 1. In July l.)6i1 , the primary taxiway from sta 29+90

to 109+32 (features U1A and T12A) was overlaid with 1-1/2 La. of

2
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asp-balt ic con rete ( A C ) .  The verlay was designed by perso~.ne1 of the

~cond Air !tr:e , and r onst ruct i on  management sos by the Corps of Eng i-
r~~ er : .  A mL: s Li loadIo~’ facility (feature A1J. i~) was constructed in
l)~ c-f - In.  n ’r l s nd  cement - ) r ~cretc (Pcc). The taxi’s access to the -

1 loosI’: - ra:ili  f;r eons shed of 3-in.  AC :snd was br r:igned and con-
r’~~t esi by c 5c r : - . ~ l ’nCinc- ~.rs . he dcc ~~ i s iLoaJ i r c~ of th~ s: facil i ty

• ! ? r ’ r e d  .0  t o  for a ~~l1C~ hav~ n ’  a ~rcs’ c load cf about 150 ,000 lb.

coveoe n~ th icbnesses , ‘lcss r i p t i o n s , and otLe details arc presented in
a i ls

:r~~ ric ‘nis tQ~~
P .  Detalle l t raff ic  records were available for the period July

l9~ O-Decernber 1971. ~hr: ff’ic  records s ’or the latter part of 1971 m di-
about 30 and 12C cyc1es~ per monch were being applied by B-52

onI hC-l~~ aircraft , respectively . There ore ab out 10 cycles per month
of C-114.1 aircraft traffic , and other aircraft (fighters , e tc . )  account
f o r  abo ut  620 cycles per month .  It has been reported (see paragr aph
( 2 ) )  tL at hea’~~ aircraft began operations itt MAFB about July 1960 . A
sununary of traffic data for the period July 1960-December 1971 is pre—
sented in table 3.

Conditions of Pavement Surfaces

Pavement inspection procedure

9. The following procedure was used in conducting the inspection

of the rigid pavements. Representative features were selected for de-

tailed inspection . The features were then inspected s1ab~~ by slab, and

tre defects were recorded. The locations of the individual pavement

features , the inspection starting points, and the directions in which the

pavements were inspected (shown by arrows) are indicated in plate 1.

The results of the rigid pavement survey for those features that were

inspected in detail are presented in table 14. This table shows a

* A cycle of traffic is one landing and one takeoff .
-
~~~~ A slab is the smallest unit , containing no joint s , of a given pave-

ment feature .

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Ly e t N ’ ’ - t i  c~ ~t vor ’L -os:  y r . ’  - i  ,‘ lc : t s  an a conditicn

:tr each i’ -iiefl ’ C s  sc’ s ‘ ,ste bc-i  il ‘3 ts~~ • ‘Pse r r c c e du r e s

- i s a  Cur  ~et~-~~ i nh t  - Uic c . - r j i ’i on  r - , L ~~~ a: - - Lver scr : c nil Ci’-J ’ :r . in

Ap 54 ;rt  hi :: III oC i~ r-’i r! n - r r t  of ’  ~he c’cy ic . , :~~~ al ~tor ,rol  ~~ — •‘~~t — ’- ,

“11, - l i  ‘,~r~hr~~-l 3 - ’ ’;~sraent ~‘ssi’s:,r - i o  .
‘ late r ‘ : mL. r l’j~- 5 .

I - . it ‘..‘:t: s - s c  ~ ‘, e s ,  0 rh ~~ s - : c c t I,,, s nf; t - t cr l e n t ’ 3,:. 1058

an- i 1 ’ - ) Ic; t h e  ~~c-h s - D~ cs~’ ‘os-i  t he  -- k L v r Ph - i s b n  LnJ o r ’t or i c s ,

U t ’ • :: ‘rete n o v - I - r i c o  c s c s r ’~ c’ s  at bb~~’ : .  - t u r ing toe per iods 1956 ,
l i r 

-
‘
. ‘or 195P ‘c - s e  •~xDer 5r1 2 cr -nrc ni ; -  - f -b :  e - r h  i -:ui irsc stages.

‘ - s . c  -~~ ‘:s~ as - cr L’iPhu’c , p :.  3 ,nr-L ’;-Iir sal snacks

n ‘-a :  O-:c : a : r i  sor r - h t  s . :  relate i to cur 1-t~ and nrohe’ : t icrs  of the C

i nt ’ -jun in - or early has l oin perle ’s .  ‘~io ~‘r-ac t 5sc~ nPh nomerion is

r e .: ’ ‘ics he c i r t c ~~o or; f bi  end :rs ’soc Phccd , an i  some of the

‘ s.  r ioroa . a: - s~~~’ r ave clevel -ned into iur r - ’ ,Lt i- d r - -i structur al break: . A

:‘s ’r:::nrc of the n r c  r e s O i Or r  o h  rcss , cr Ic feet - s 110 ‘ - -averoent features sur—

ve ,’e-I in lOo t and i~~7t is p r e s e n t e d  Ph t-;Lle i.

U . In -ene r sA,  the o .n :i tion of the sc~:” -ent  surface on the run—
- on: ic r’s i Lv be v . c ~c rood to exceUf ’nL . Apprcximatelt ’ 75 per—

-‘.~~r i c  of the tr- ’ifh . Pc roe : toe hE (29 ) sad of’ the c-ar ~~~~
- for takeoffs and ,

a: is; rio t- -i ~n tsd lc ,- , about 8 ncr- :c: rr t of the slabs in the fi r s t  500 ft

of this  end of tL~ rcnrc r c: ; ( , - - scsi 1 - ‘ cr . ~ 1ht s c n nr t : , features R IJ, and

P2B~ -:o::t r~c- -’ r:’- c . ‘ or iei ’ -~ct~~. Lt-i tt  10 percent of the slab s in the see—

‘scsI 500 ft . ;hrioh i s  16-in. 1f5 ~: i-atcrre R i o ) ,  contained ma j or defects .

1’- . The it: - ‘ - Sr r- ~r - o s of ‘re r~~c- 
~~~

‘ (LL s2 — ft — wL- ’3e inlay , fea—
‘is-sr E - f  -and R~C ) .  w s s i ”  :on,; i;h : sf  l c — P h . — t - i i c k  FCC , vu: rated in

‘er; cood i - i t  cc  ~n ‘ bc’ j i sarv’ty . ,hs-nr ox irriatelv 18 percent of the

slabs c r r t P h o e d  ma. 5 oc :~ ‘ ‘ ‘ r ’i defect .  In a t r ip re s ort by person-

nel , of ftc Ohio R Iver Dlvi : ict s sc.r anr b ’ , : , dated 7 October 1)50 , it

wa s s U ’ sccI that  a “i ii ’~ 100 ’ t r ir r i t i  rack -xtcsicre d cont inuously thr ough
Oh slab: in lane 7 of the r .nw:~,’ ii: r ’ior . (In plate 3 these are slabs

3145-387 . ) tvi is noted In a t  Ic ’  14. i r e  w- ,: a con s iderable increase

in ].,c or- ltudinaJ. cracking in i i ’ - r’ tr -’ i.nt ’.’ ’ b r  from f.b ~- 19t 0 survey

to t u e  1972 :or~re:; . The 10’;() cco rve~; r i 3  I - n  c i  -ha t about 140 slabs

- -~--—- -~ —~ -~~ - -- -~~~~~~—-•-- ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~i_._



.~~
-‘-— ——- ~~~~ 

-.----—-.‘
~

-,—-- -.—-——---‘--

contained shrink’ s- - r a i s in -  ar i l tha t t i i~ crc-:- .icy i--ac f t  n y  evenly cl i , ; —

i over t :ic fu:~t nvis -~ 1 cure ; .  As is - - - ‘ c-i l  in plat e  5, about 75
teroent of tb ’ s t  rc t . sw -s - i c - t e s t s  counted in 19 (2  occurred in  slabs

I in lanes 6 and 7.

13. Ab ’, ’i t 3 p erc ’:oc of ire slats  In he fi rst  500 l u  of the
ItW ~1i) end of tr ,r r- ; . r ro ’ ,, (1 ’ - s r i  ~~~~~~ :~ ‘il pavements , l ectures  R5~

I R6A ) contains c- s n- -i. or ’ - sI e f ’er f.s , and ahucz~. 10 percent of the slabs in
the second 500 ft (1~~ ins . FCC o,’orner ’ , I i . - ’ ’  rre R5B ) cont ained major ‘Jo-

se :0:. As is nil ’ ~‘Yc—i  in ‘ -able ~i , t here - has been a substantial incrense
in lear- i tucll: :al  scsi : r a : s - . - - - r z  ‘r - iek i :r , ’ in ‘ - i s  end of the runway since
U e survey In 15’ . h .

10. Thc- AC - ‘ -yen - s t. n-~ e r - si side of -‘n e  }t:C interior of the run-
wr s-,~ (feature b 7b)  e t c  in : ‘ :~ Ln condition , wito  transverse cracking oc-

carr ing about c-yen:; 1C) to 15 f t .  There wuss vertical displacement of

from 1/2 to 2 in. (i.e., the FCC in b o ” i or  being aigi-j er than the AC

er~~es)  at the lour r i edinal 5o) 
~~ of the two tirpes of pavements. The

‘r’aokft. ’ and verf , i  c- al dics pioc’-c :e r r t were due to frost action , which is

2 : : ; o s s e c l  in dc - toi l  in nnragraph s 28-li-i .

15. There were ,-;onc- ‘ - r -r er ’ate pop~ ou 5 s observed in the runway

n nt’e:’sont: , with the majority occurr ing in the interior section . The

max imum size of the voids resultiuij from the pop-outs was about 3 in.

in diameter (photo i) .  These areas are kept free of debris by sweeping.
16. Structurally , the pavement: seem to be performing satisfac-

torUs under traffic fr om the B-52 ’s now operating at the base. Nine

P- 52 pilots and nine KC-135 pilots were asked to rate the riding quality

of the runway pavement . :~;ixt :/-seven percent of the B-~ 2 pilots rated it

a: spe e ch , ari d the other 33 nercent  rated jt, a: fair • One hundred per-
een .  of the KC-135 p ilots rated the runway as smooth .
,~~ inary taxiways

17. The prina~ v hea~~r-load tax iway system consists of the pr imary

taxiway and the SAC operational apron tax iw - ,v .  The NW end (~ooo ft ,
feature T1A) and the SE end ~1.’700 f t .  features T2A and T3A) of the pri-

mary taxiway c o n s i st , of lb - I - s - I , ” - --in . FCC. These pavement: were rated as

in very good condi tion  in this survey . As is noted in table 5, the

5
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s _ v- -na : s on the hh - - ‘ii : I ; i tsjU ’ - ‘ r i  j i c,~ ‘,‘, b - :s  }, JrLr I  inr ’ -,l -snack : -‘ u - I

~t 3li :1cc-s - - r i : : :  n - r i :  tn. - ;’ ’ n n  - i cc .  h- sc- La- on istl - s r i  tr  -sscvc-r c ’-

sr ’  ‘ -i ;, w~~5’ :tl 5-J no~ ’d .  : :- ~~~- -  ; ;rrt 01 f b i -  :1-sb: ci’ ti r e - hE err-i ci

~~ 
Li - r e  nc - c-s ‘- , :c d l  rs a , bs ’  1(5 Sc ’  an : o a r - v ; - t o  on];,’ U 0 e r ’ sfl C i ’

she sUns of t i e  :w end

i~~. The P0 ’ ~~ r - L i0 i u u ’ t~~ - 
~ r u s s r ,’ t os s - - n - , ( fe -eec : ’ ;,; lilA and

— Tl?i~ ‘ccc in cxc: ‘1i’:nt cond i f Un , r U b  t i r E ,’ a t~-~ s’-as i s , - -r.a; sne:-k::

5 :: n
’
c-:f ; . Thu s - - : i~~n, ens ‘j r L. ’ :,- tL Lt - ri:’,r’u- ’ t ’ s j  of 5~~irr . ICC in

I,~~~~ _ ‘mi  ‘sac ‘ - - sd -e M in l I ~ ,O ‘~~ :;h -ri I It ;~~nwr,1 t , h i sk;q eO s n f ’

i - - i - “ 

l i . Tis, ’ ‘ o : : ‘~~ - r ’ r r r h  U, -t SAC or e; ’ ’- t h s r a l ’ 1ros1 , c-s};ieh consist:
-of lr ;— 1”-—l — j n; . 1-i’ ~, ‘-r s s r  ~‘ ‘r’ ; - -co-I n o a d : L i o n . About 15 nercent  of t h e

si-d o cor~f a i r s - - i  ma tsr riefe’’ ’: (t :bI ,e  5 ) ,  but only ntLou : 3 percent of
lee  ‘ -5 05 c - c ’ ” ; ]  In - nrc t ,axi’s -:i loca te- i  in s u e  cx eros ion to t ,si c ‘W

eu 1 ef - he err;’ in ( fea ture  h-IA) . I he ire ;Uen- ; ,y cf o n , or :ei ’ecfr s “ra: s; -, cut

the same sir toe t i - i n .  s ’ r ,r omes: t ~: us for the i-5- in .  p ave: :res t s .  None of

the :r’-y ~ :5 -t i s’t- s ”. ~- I  wsr s -revere - - -:sn toe a - cc- I s - c a i n ; ’ of d isp lacement oru- - .
dAC - a c r a t i r n u l  - c r c - or ;

j . ‘lIn e- 1’ c s - - r - ’ ioo’J s croll -; :ni:i:ts of U — i n .  PCC . :-:1f . —

by 2 5 —h’  :1’- : : :s-:- -no : in ; ;  the o i l ’ ? ’ , n-c r ’  Phrt ( ‘ c : t - c r -  A33) .  I~ie CVISI —

all co~~ :. i, :.— on s of th ’~ apron was s’ ;“ r -’siu- ~i oh scc pr’J:-s iJss ’iUc ’ l~ 19 n-e r -cent

of the dtu: s s - s rn t a i n in r -  !ta , ;u r ,i e O (  - 5 • A - c,n,ar i cs i,’-s :  of 515 num ber of

I,°’(h- defe ts: wits :  the  :s ace- -i ’ of 10 h- des’- - s~ , - (tab 1~ 14) indicate : that

the or i - in m i A  ‘is r n  ( sec - c -ire A3B ) ha: had a s I - ~ : Ifican t i r rer e e se in the
- - I -~r of de fe c t - s  . 110 in ::, -j w , : t i r e  lo st :  Ions an I type s of defects as

si, n’r - i in 1 72 . It , c-c ’ - - n sc: t i e  to survc- ,-~ only a few -circus ‘-rhere

thert  ‘ i c - - ’r th- s~- - i .  In s br- sre nina :, considerable distress in the

:‘tai-:  r , ’ cu l c — c s L r r- - - 1 , c-sax-c i- - .LL v in those slab: on which aircraft wheels

Sr ’s ‘icuell y loca’ nil . i-~ rtcrn-rcn’e , vie rail-a:;: are tran sferred fr om the
a i r c ra f t  to t o  sLab -s i u r - I r  runs-up operations ; and , in almost every
nar is in - sp ot ,  the :laT .n c-.”--r c s - a U ’ s - - i l ,  and. , in some cases , displacement

?,nrr fauiYo~ h e ?  n c —  i i ’ r - ’ - t

_______________  -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ J
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SAC alert fac ility
~~~ 55/U ‘ tini’ S l’a- U,i Ly :0155 ins cc - t ’  a taxiway ( f e n t u r e T13B)

and nine parking s tub s  ( I c - c r - - r o e A~3 ; t )  . The - - uoi 5 : ~,f, ,ia,; j~ ye s’,- ’ good s o r t —

~j ’ jeer ‘,-:i~ h nr:OUl i~ percent . Cr- ’ te~ s ;slai~o - ;‘ita inIn ~ a ss l c ,)Or .r t ru~’’ - t Y ’ ’ ti

de fect ; StOWS’! ’ -r , -~: I;: :r: , - r _cv’ , in plat e  5 ~cn:t  a t - l u  5, t r t e  : - l : ’ - 
~
‘ ‘ ax I

l an e wrr s in poor con-i i i  I -: ’  ~r : i :;’; 551St a i d -  -Oh ‘Os Ji c- pLr~~~
’iJj~s i f ’t h 5 .

Almost s-vera ’ slab In ~~~~ :, r se •~a: - ‘ ic c 1 cc-i ’- - -; to be shot  tw ’c- ’l ; i . e .  *

slabs were ‘-‘rcsckcs I in to s r lee,,: t s i x  p ieee:. The alert s tun:  were Us ‘cx-
cellent condit ion , ;-i i i t t  soul:’ o r - e a t  ~‘ s t e r n ’ : . ’ of the :l:~t s s  i’ - ,n taua  ins a

major struc tural -As - s e c t .

ABC parking apr on

22. The AbC ps,rkiri~ Sin ro r t  ( fea tur e A5B), which consists of L i — i n . —

thi ck PCC , was in : 5 - 0 I  co nclUsion , c-s I : , l t  id. c- -ct  21 percent of the slab s

ccrrus , ii ing a major defect - fine rna ,de-l ty  of’ the defects noted were ion-

5p it udinrel cracks. In 1959 , it was reported tha t  approximately 13 sla?

Ins U , i,; apron contained longitudinal - ‘rackinr- ~ud 6 slabs -~ ntained,

transverse crackin ~i .  These puvesients s were constructed in 1956 , and

,si,ri,nkai’e and map crackini ; were ‘nrevalcnt in them dur ing the curing and

eer l ;; hardening period .

~~1 and SE warm-up aprons

23. The NW warm-up apron (feature A1B ) was in very good condi-

t ic n , with about II percent of the slab z containing major defects . The

de fects were mostly longitudinal and diagonal cracks . The SE warm-up

apron (feature A11B), which receives much more traffic than the NW apron ,
was in exceflent condition , with only about 14 percent of the slabs con-
tam ing major defects.

Connecting tax iway s B and C

L’~i .  Both of these taxiway s connecting the runway to the pr imary

taxiwa,y are of ‘TL ’sxiUl e pavr - , ’ - r ; t  sores trtic t i r f l . The pavements were in
fair condition , w i t h  random - -r c , rs k iosr ’ in this- . ; ‘u’ t’ acc- (photo 2 ) .  Some

long itudinal -:racssi nt f occurred in tc,x ] vah- C sic a result of operatio~’is of
aircraft during practice alert:. The t-~xiw :- ,- was also used to park alert

aircraft- ; and , because of the - ‘urface COn T i t to n , Base Civil Engineering

7
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per s~ nn~’l ti-i i i,:’, ’. ‘a: r - ‘ - ‘e r ’,ul l h~ :toppeu . ‘S’}re re f ’ore , at t , i ic-

I - res e nt Lice . il- - ‘ i r - r - -r-’t sire not allowed to use this pavement.

Maintenance

25. t4’- : isr - i -n’ i r : c t  at  MAFE3 l;- ~s~ consisted of crack seal ing , replac ~~~
,a: ’iatt,ereci sisil ,- ; :  , , ;t i rr ’s’ ;  c’ l inr - , ,j o s nt- res se- -i tor- , sos- I patching . Tu e

base annual pavement rn;j.101 -csn:Ln ce plan was obtained from i-he Air Force

and is included s’is Appendix A This; maintenance plan indicates the t~’ pe

and amoun t of rr i a i s s f , ts n -sui-se that ha~ been completed through 1971. However,

it vu,: possible ~ - obt st in or,ly the maint enance cost: for the period
1, July 1971.-Apr il 1 1(1’- ($112,500). This ‘rm’remt was reported to i-c rep-

s’ - a-ntat ive of the average yearly cost  of mn nt en’ance performed on the

‘~irfie1d pavement:.

26. Pop-outs are occurring in some areas of the airfield, but

~st-ey h-ave not been considered a maintenance problem . The pop-outs are

snail i f l  size (3-in .-diam , maximum),  and patching is not required.

,ieer 15r keeps any loose particles result ing from pop-outs off of the

pavement sur faces.

27. ~ ‘oblems I saac been experienced with :some of the compounds

used for joint sealing . The senrl ants do not adhere well to the sides of

the joint and have been pulled out dur ing sweeping operations .

Frost Action

Objectives of inspection

28. One member of the team inspected the pavement facilities for

evidence of detrimental frost effects . The ob ,j ective s of the inspection
were to determine :

a. Any adverse effects of frost heave to the pavements dur-
ing the winter months .

b . Any adverse effects of 1o~i-temperature contraction crack-
ing to the flexible pavements.

c. Any traffic-induced failures that might be related to
thaw weaken in;  of the subgrade s or base courses .

8
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Fross t , estVC

29 . The- :s I r f ’i s sl d  naves - s  were i n n  -ceted , I - s - s i  t fics s i l l  n or it r aft i e

sum ac of flexible and r i c i d  nrc-nt : , I . ,  I -  ~j~~ijfy u a i i .j  zesi or ~ e 1I ’ r x —

elize I sur f’s- ‘ -  i rs -~-J ’L1 ar i 1€- S Ic -’j t  r~iCht , i x r - i i c a t e  a it ’r c s ’s sr : L ial frost .

5 e :sV  115g . ‘ : t :  !Isso(st LOu , W 5 1 J b t  Was ’ i’ers i’lcsi c-- ri On 11 an-i 12 April , is: l i - —

1 i--v c-d to have u ’ois i - s I - t ~ - t  w i l l :  or P ,iluwen , :b- ,- r - :, i ’ ’s s ’ter - ,he period of’

t: sStW in c’ of 1~y ’oOefl s ,;e ceul’ses n i  so: gra less when the e l ’fer l c  of an ;j

nonuniform heave c ould be most Sii:t)’ LC ’flt .

30. En ;‘innL-r : 10 t t s ~ Sa:e C v i i  ‘Itt: 5 r seeri ng Office were quer:Led

regarding t}se ‘A crc~ieprrr e rr I. of undes I r :C ic: cur face unevenness during the

winter , and ns loi .n  were asked to r e t -  the degree of roughness of the run-

wsy .  None of 1-~3 ni lot s of B-52 end K~ -135 aircraft who were canvassed

reted the runway c c  rough (see :-ara -r ap }r i(-) .  The consensus of the cur-

vc-~ - team was tlr sc t Lir e r :ues -u v lid not exh ib i t  roughness detectable in an

automobile at s ec-As of up to 60 mph .

~l. The I’lc:-:iLie r vnr sent  of the out,: l i e  edges of the runway in-

terior , c-sh i ns he,: 72— in , combined th~ clsnr as s of pavement and base (as

does the FCC inl ay section), i-sos ps i te smuots : , sin spite of the preva-

lence of low -t c~e e,srsctare contraction crau l a (see paragraph 37).  The

r Usid inl ay was 1/2 to 2 in. higher then the adjoining flexible pavement

(r-irse ~,o 3) ,  e- ’iI’slontly a: a consequence of greater frost heave caused sty

t ;Iie is i 2rcr i’eflLestance of the white surface and the lower heat capaaitj

of the thicker sl~ l s s , which allow for deeper fr ost penetrat ion into the

sub ,~r ’icic- . However , vertical displacement along the longitudinal joint

between the inlay and the flexible pavement is not considered by person-

nel at the bale is an operational ~roblem . 
—

32. The taxiways and - pron c were generally smooth at the t ime of

the inspection . It was reported that  the 1)o~- I overlay of the pr imaxy

~exiwc~ ’ was constructed in r - s t r t to reme~y a pavement roughness condition

end in art to i n C r s ’ l e  bItc - - load-hees’ing cssr pacity . (Failures ha-i oc-
cur red during a L— 52 alert in ns sidsssisuncr , an-i an ensuing inves ipolsion

:Ij sclcsc- ] lumps of clay :k. Idr e bes e ~o -sr : e. )  While t~~ ‘iwsry s B and C

had not -I eforrned scsrio :rsl ; , :c,r:SP of’ t I s ~ cr sj - :k  psittern : ss;-p cared t o  I C

load reli c t c’i .

9
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33. In the nontraff ic  areas , the overruns (63-in . combined thick—

ness of pavemen t and base ) were f oun d to be :ts smooth as the runway pave-

ment : (72-in , combined thickness of’ p avemen t. end base ) ,  ic-spite the lesser
protection against suhgrade freezing provide- i by their design thickness.

Pavements on the taxiway and orron shoulder: (17-in. combined thickness

of pavement and - :ce) were extremely uneven and badly cracked in many
are -i: (photos I~ and 5). It s-sac reported that  i-he differential heave

reaches 3 to 25 i t s .  in t h e se  areas each year with respect to the adjacent

traffic-area pavement. The most severe effects of frost heave were those

observed at the concrete eases for the taxi’~say lights that are inserted
in the shoulder pavements. While m ars ,-’ of ~,bese inserts , particularly at

the NW end of the taxiway system , were found to be flush with the shoulder

pavement , many were heaved several inches above the pavement (photo 6),

constituting a constant problem for snow-removal equipment . It was re-
ported that a number of these inserts had to be removed and recon -

structed so as to be flush with the surrounding pavement .

Freezing indices

311. A design freezing index of 3380 degree-day s has been deter-

mined for MAFB . This value is eased on temperature data from the Fed-

eral Aviation Administration Weather Station at MA.FB and is the average
of the three coldest winters in the past 30 years (19Il~9_5O, 1950-51, and

l~68-69). The value is oased on aver age monthly temperatures, with

average daily temperatures considered for the transition months at both

ends of the freezing seasons .

35. Since data are not now available to permit the determination
or seasonal freezing indices at MAFB for other than the three seasons

cited above , the values tabulated below are fr om the records of the

U. S. Weather Bureau Station at Williston, North Dakota, approximately

120 miles west of Minot . Although these values do not reflect the

indices actually experienced at MAFB and , being entirely determined

from average monthly temperatures, are somewhat lower than indices

which consider average daily temperatures for the two transition

months, they do indicate the relative severity of winters since the
completion of the first pavements designed for heavy-load aircraft .

10 
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I

r ’r ’,-e s- ’. irig Freezing
Freezing index Freezing Index

2ea~: - :5 -k- Jr ’ee-~ls~ys Season degree-day s
1957-Y3 1215 l~)6 5-66 2206

1958-59 1159 1966-hi 2250
10 9_ oh 1961 1967-hi~ 1850

19’ g_ - -1 1i51~ t fl1” -~ -9
1h61- ’ - - yl ; -~ ( 1969-70
1962-0y 1606 1970-71 21110

1963- 165~ 1971-72 25111~
196i1-~ 5

Mean (1931-60 ) 2125*

* Based on average daily temperatures.

36. Since the winter of 1968-69 is indicated to have been of

~k-sign freezing index magnitude and sin ce this condition survey closely
followed a substantially colder-than-normal winter , the general absence
of evidence of differential heave of the heavy-load pavements is sig-
nif icant . The combined thickness of pavement and base required for
prevention of subgrade freezing in the design year is approximately
1~l5 in. and for limited subgrade frost penetration is about 100 in. Ac-
cor - ling i;,’ , in the colder win te r s , substantial subgrade frost penetration
can be expected under pavement: with a combined thickness of 72 in.
(This is the max imum thickness permitted sciely for frost condit ion de-
s ign purposes without specif’ic approval of the Chief of Eng ineers.)
The fact that the heave of the PCC inlay of the runway was greater than
that of the adj acent AC runway edges is strong evidence that substantial
sul ;radc freezing has indeed occurred. Yet heave resulting fr om such
subgrade freezing has been remarkably uniform , and the condition of the
rigid pavements (from very good to excellent ) suggests that frost heave

has not been a maj or cause of cracking of these pavements . (As is noted

in paragraph 10, the cracking of the rigid pavements appears to be re-
lated pr incipally to initial shrinkage dur ing hardening of the con-
cre te . )  It is also interesting to note that the overrun pavement s,with
a combined thickness of pavement and base of 63 in., were as free fr om

1].
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di st e rt i on  of the  surface as a result of frost heave as we-re the 72-in .-

t-hi -
~~ heavy-load pavement:. Frost heaving and cracking of shoulder

pavement: , however , have been so severe that t h t ~ performance of these

pavements must be termed unsatisfactory.

Low-temperature
P contrac t ion cracking

37. All of the AC pavements at MAFB have been adversely affected

by low-temperature contraction cracking . This type of cracking , which

is not induced by either traffic or frost heave , results from a s t i f f -

ness characteristic of AC at low temperatures and its inability to wj t ’ t-

stand or adjust to thermal contraction stresses. As a general rule,

contraction cracking is transverse to the center line of a facil ity ; but ,
at MAFB (where the crack spacing is only about 10 to 15 ct) , longitu-

dinal cracks are nearly as prevalent as transverse cracks in some of the

pavements. flioto 7 shows the pr imary taxiway (feature T11A) where con-

traction cracks are evident in the pavement of both the taxiway and the

shoulder . The heavy-load flexible pavements along edges of the runway

are similarly cracked. However , the cracks in the runway and taxiway

pavements do not seem to have adversely affected either the load-bearing

capacity or the riding quality (smoothness) of the pavement. Ravelling

of the bituminous mixture at the cracks also has not been severe , as

yet , but is expected to become progressively worse .

38. Of all the bituminous pavements at the base , those least af-

fected by low-temperature contraction cracking are the runway overrun

pavements , which were seal coated in 1971. They are in excellent con-

dition, with only a fe~ transverse cracks . Evidently , the double bitu-

minous surface treatment is better able to adjust to contraction stresses

than the hot-mix aspha.ltic pavement . This fact may reflect a greater

tolerance of such stresses by these thin, low-stability surface courses ,

but more probably results from the lower temperature-susceptibility of
the bitumen used in this surface treatment .

Thaw weakenin~
39. The extent of thaw weakening of the subgrades and base

courses could not be readily determined by inspection of the pavements.

12
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Pavement failures usually n,r~’ rei-a ‘~~ 
- r u t h e r w 1~ e corrected (as with

overlays ) as they occur and usuaLLy - r ’ .’ not easily examined during a
condition survey . However , even where exam ination is possible , it is
of ten impossible to es tab l ish  t ,y vi: :ial obzervd t ions whe ther a failure
is the resul t Ut  thu . weake !1 ifl~ or ot’ 1eii~: !ure~Le5 in the thickness of
the pavement sur: on, nt: ‘~ i t  ~ t’ t ‘sp~: - t o  ~~~~ “nox~~~,l ’’ period loading .
In general , t tie - l e t  i - ~t ’ ‘ne t ’ :.~~~gue re :izt ,aitc~ ci’ a pavement system
in a t’rost ar ‘i i~ ~ro~’r ’ - ‘. + ‘  ta i - 1.-r  r ep , : - i t  ‘~ i loadings and is related to
thaw weatse r. in ’  in : t ’j t . the r~~t e  or -le : J t t i o ’,. is e~-e: - .ter - f u r - m e’ the frost—
nelt ing cried . i n i  ~- rate ut t o y - t m ’ - :  - weue~ ’nir ig lol l: true ~rhe ther the
ei~idence of fatigue sr (‘ -dl ui’c l ecurois v i s i h L ’; during the melting pe-

t’ i od or o t. some o t h e r  time of :, uar . Accordingly ,  the degree of thaw
-.- ,~~s kc-n in~ and it: u t ’fec t , if any~ on the condition of the pavements at
MLi’~3 consequently could no~ be appraised solely by this inspection .
Sc.me limited perception ci’ the severity of thaw weakening effects at
M~FB can be gained , however , uy comparing the performance of certain
pavement features with what might be expected in the light of current

frost design c r i ter i a .

Pavement performance
-. -

~ vcrsus frost condition criteria

110. While the combined thickness of pavement arid base in the

existing flexible pavements at M.AFB conforms with requirements of cur-

rent frost design criteria, in certain cases the AC and upper base
layers are somewhat deficient in the thickness required by heavy-load
design criteria. The frost capacity evaluations of the flexible pave-

ments, which are based on -the reduced subgrade strengths dur ing the
frost-melting period , are substantially less than the gross loadings
corresponding to heavy-load design cr iteria but are only moderately less
than the gross weights of the B-52 aircraft that have trafficked them

(see tables 3 and 6) .  Ta.xiways B and C and features TllA and T12A of
the pr imary tax iway may have developed some load-induced deformations
during practice alerts, but the longitudinal wheel-path cracking that
has ensued prob ably orig inated from defic iencies in the thickness of
the surface course and upper base course rather than from inadequate

13
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protection against 1ha ~ weakening of the subgrade . Nevertheless , the

possible adverse influence of thaw weakening of subgrade material s on

load-bear ing capacity •~tnnot b . di :counted.
til .  For the exist in~ r it’ id pavement : , the combined thickness of

pavement and ba se or 72 in. conform s to curren t frost desig n criteria.

The PCC slab t h i ~ kne::.:’: of most of the pavement features also conform

to current heavy-l’ aui ~e :iem ‘ri’t er ia , pr ovided the modulus of re-
action on the 5l-i.~ to 57-in. base course actually is 1~5O pci as shown in
previou s evaluation reports . One exception is the 15-in , slab of the
SAC operational apron , where current criteria would requ ire a 16-in.
slab . Frost capacity evaluations for the ri gid pav ements in some cases
are well below the gross loadings corresponding to heavy-load design
criteria but are only moderately less than the gross weights of the

B-52’s that have been in operation at the base . Most of the heavy-load

pavements are still in very good to excellent condition , although a con-
siderable progression of the longitudinal shr inkage cracks into struc-
tural breaks has occurred over the past decade . B-52 traffic has been

considerably lighter in weight and frequency than what is assumed by the

design criteria , and it may be significant that the more heavily traf-

ficked slabs of the SAC alert taxiway and the parking areas of the SAC

operational apron are in poor condition . While the general progression
of longitudinal cracks that is taking place on the rigid pavements and
the poor condition of the slabs noted above could have their or igin in a

substandard, “normal” period modulus of reaction of the base course

(less than the high value of 1t50 pci shown in previou.d evaluation

reports), it is also possible that the weakness is fr ost related. The
frost capacity evaluat ions are based on a melting-period , modulus of re-
action of the base course of 315 to 335 pci , reduced values that account
for the effect of subgrade weakening. The modulus of reaction would be
sharply reduced below these latter values if the base courses were frost

susceptible. Base materials of GW* classification (as shown in previous

* GW is a designation for a soil classification under the U. S. Depart-
ment of Defense , “Unified Soil Class ification System for Roads , Air-
fields, ~nbankments, and Foundations ,” Military Standard M]1-STD-619B,
June 1968, U. S. Government Printing Office , Washington, D. C.
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e’,’ - -i -.iat ion reports ) are not usuall ,’ considered frost susceptible , but

eVYn moderate thaw ~:eak~ r e i n ~.~ w i t h i t t  the Luso course could reduce the

~c- -~’w1,us of reac t ion to a level :-ir -preacriin ~ cr it~ -sal for the loadings cx-

N-rienced to ‘late .

Evaluation

The latest  evaluation report for this -airfield was prepared

in l°~~ (see- rutragrarih oh ) .  Becau~,e some courige: in gear configurations

and rneethods of evaluation have been node since that time, a new evalua-

f tion table (table 6) has heet i  r-re p- -re :l . The- Dhysi-::tL properties of the

oo 4
~~r ia ls  as determined in rr e-vio-i .~ evaluations w ere  used for this eval—

~ation with eng inee r ing  jud~~ ent u r p lied 1 a , : r-ecit i - :  r: wernent areas where

-rfon~,ance ha.; in 1i - :a ,ed t r o t  the load—carry ing ‘:-pacit ; should t~-e mod— - ;

i( ’ied from that L,n. : o ine-t in using the ,;tre~~- l n  t - r c ’- ’- -Y ” i’ S assigned in

the reported physical rc tp c-r ty -la ta.

Con-slos ion::

~3. ~~ e following 0~ em~~~~ swrn~arize ‘ the f’i r :-~ thg: of the 1972

inis pe ’s tion — ) _ _
~

—a. ~The runway pavements , which are de ’signcd for 2~+O ,OOO-1b ,
twin-twin gear loads , ar e per~’orrninLT satisfactorily under
presen t heavy-load operations; a)  ~

b . ~—-The interior portion of the runway is performing satis-
factorily; however , there has been a substantial increase
in cracking of slab s since the 1960 :urv~~jj at which time
shrink age cracking was observe d to hav~-’ occurred shortly
after construction ,; — —

c. -—,.The pavements on the runway have experienced frost heave , ~
as evidenced by the difference in elevation between the - -‘ 

-

PCC inlay and the adjoining AC pavements. FIowever , -~this
heave has been uniform and has caused very little crack-
ing in the PCC slah s , ~ /

d. The flexible pavements have been adversely affected by
low-temperature contraction crackin: - - but they appear to
be smooth , and their load-bearing - - -~~aci ty ot is not been
affected. ~~~~~ ~~~, ~ ‘ /
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e. .~The center lane of the SAC alert taxiway (l7-in .-thick
pcc ) is severely distressed from B-52 operations . ~:

f .  The pavements in the SAC operational apron area (15-in . -
th ick  ~~c) are being overloaded by present operation s ,
an t distress is occurring in the pavemeni . slab s , partic-
ularly in the area where aircraft are parked.

16
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Table I

Air f ie ld  Construc tion History

Favern,cint Dc-s iij ’r :
Loa-iiti ~ Construction

Pavement 2ac fl,it - iii . ~~~ ln . Period

~~~~~~ ~ll-1-,) runway

Ends 1- -!‘ -:-:i-3i cc-n’ er 13 to if FCC 220 ,200* Apr to Oct 1957
L’sserioi’ 100—ft-wile seater ii FCC ~-~-G- ,2O%~ Jul 1955 to Oe-t 1957
Edges of interior 2 AC iC-0,OOO~~ Jul 1955 to Sep l9~~

Pr imary taxiway
Sta 29-+90 to 129+32 ~n-d taxi- 4 AC lOO ,OOO~~ Ju l  1955 to How 1956

ways C and B
Sta 29+90 to 109+32 , 75-ft -  1-1/2 AC Jul 1961+

wide overlay
Sta 29+90 to 21+140 and i f - i f - id  FCC 21+0 ,000* Apr to Sep 1956

taxiway A
Sta 109+32 to 130+61 i3-i~ -id FCC 2140 ,000* Apr to Oct 1957

SAC operational apron 15 to 13 FCC 2140 ,000* Apr 1957 to Jul 1958
* SAC han3 ar access aaron 12 FCC 160 ,000* Apr 1957 to Oct 1958

Warrr ,-up apron : if FCC 2140 ,000* Apr to Oct 1957

ADC Dar k inC apron 16 FCC 100,000** Jul 1955 to Sep 1956

ADC hangar access aprons and 14 FCC 80,000** Jul 1955 to Sep 1956
taxiwa~’

ADC alert taxiway 3 AC 25, 0001- Jul 1955 to Nov 1956

ADC alert apron and rear 10 FCC 25,0001- Jul 1955 to Jul 1956
alert taxiway

SAC alert facility 17 FCC 265, 000* Sep 1958 to Nov 1959

ADC washrack 8 FCC 20,0001- Jul 1958 to Jun 1959

Blast pads and shoulders 2 AC Jul 1955 to Sep 1958

~~rerrun1s (surface treatment ) Apr 1957 to Sep 1958

Power - 
check pad 10 FCC 1963ff

Missile ~ioadin~ facility 9 FCC 15O ,00O~~ Jun to Sep 1965

Missile 1~~iding facility access 3 AC 150,000 Jun to Sep 1965

* Twin-twin gea\’ configuration .
Twin gear cone ~gurat ion .

ft  Constructed by\  S. Air Force . C~ Y~
!?
~~~, r ‘rr~r ~~~~ 

r- - - ;~

~ - ~—~~ ‘ ~ ‘ - - .~~~.- - -. ~ ~- -~ _ . ~L I



—
. ‘

~~ , I - - — 
- 

—

I I ~ -g
( I:’ tt C ~ C C 

-~
_ _ _  --

r 9

-* t
_i_____ ___ 

~~~~1• —‘—— ‘
~

----——----— — __________ ___________

I: I~~- l -~~

H I~~ - L - H - -

~~~~~~~ 

1”

L L ~_ L L !_ !./L ~~~~
f’(fl V I~ 1J !~ !- ~~ ~~~~ ~~‘ 

~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



-

~~~ I H: . H ‘
~ 

I — 
H~tt~ ~~~~~~~~~~~~~~~~~~1 L C 

—

— ‘ - _ ‘ 3 -  ~‘ -~ - n
— _ _ _  _ _ _ _

:: *
TIH -T

5 0 = 0 0 -~
— _ 

- — -- 
_____

-, -‘ -~

I- .‘ C
‘~~~~~~~~ ‘— —-—--~- — ‘-—- __________ ___________

--HH-HHH 
~ H

_ _  _ __ _  _ _  _ _— —_ _

— I

~ Si. -_
ui “ — — I S

— — —~~
“ — — -4 —

~ ~~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~ 
I

- - - -  

r-’~ -r-

~ ~.- .~ *-“.~ 2 j  I - - - * 
‘ .- i --,-”

-
~ 

.
~~ 

I.~~ ,~~~~~‘

___ ___ ____ - _______



—

- 

_

~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ _ _ _  - - - -  -

t T ~~~~~TT ~II~
H 

- 

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- _ _ _ - _ - - 

-~~ - - --- - -——~~~~~~ —~~~~~~~~~~ -
_
~~~~ -- _ --— _ —~~- - - - -  - - _ —--- 

a

_ _ _  _ _ _ _  _ _  -- - - --~~—- - 

~~~: 

_ _  _ _ _ _ _

t I
~ 

-
~ I

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
:.

J
• C - . - 

--—
~~ ~~~~~~~~~~ -~~~~~~~~~~~

-
- ----- -----~~- - - j



- -~ ‘ ‘ ‘~~~~~~~‘~~ ~~~“ 
‘ ‘  r--’--- ----- - - ~~~~~~~~~~~~ -- ~~~- - — — -~~~~

‘ ‘  -
~~ -~~~~~~~~~~~~~ ‘ - .-_-*--__ -__“ -, __

~~• 
-

‘Ikinle
Air- -r :,~~~~~~~i i i - n 2 - ’’ .

Jul , .’ 1,- - —~ - n( ’ !ta - 1 ~‘/[

Av erri . 7e Lv ’
2 1 0  I

-c ci ’ 5hveuse-r~ ‘17. re- o ’ :~ - ~
- ,-~. - -

- 
- -

~~ -- - -

Involve -I . -
- - - - . Lb in

a tart.  ing tr ot - : . E - — - - 
- ~~~ - , - -- , c— , 5 -  .2)00

(~~-j ) end a! runt-ru ,, an - - , 000
t- ruuch ’,-ia  .IAC c ilero ’ ioni ’CL - ,  I , . -- 

- - -‘ . 1 - , - — ~H,OOO- ar’ur, , .~F c- n - u UI -1 ’ ui - .tr ,- - -- . , . - 
- 5 - , 00u

, an a 1- , - n - r n — sr  -

‘ar  en

- :0’) , - - I— 252 ,& ) ~~2

(r i) ) cat- i  - . - : ‘ a ~~a-,
-a . on - - .

yr .i - .:C:1 via SAC rOast  — - - - -

- - - ~
, ‘ — , 1 4 - - ‘  - ‘ -~~ -2 )~ - — 250 ,0( 11 ,

-— ~~~~ LI _ e- l  -~ - - - I— -- ~~~~ 2 1 0 000and IE worm - ia apron -

Taceot’r a - o r a i r n y  n rc-rn 12- ’ 2 , 1 fl  31+0, 22 10— 250,000
(11) en: Sti ’ r ant-r ay ; up -  1:2,000
2r oas  via .7AC operat ional ii~~ 142o ,ooc-- 250,00:;. n~roui , ~ .it end of DrL’tiary 

14-50,000t.a ’:a ;-iay , and i~~ ‘,-r una—uD
aaron

tlert movement ; from SAC op- 92l~ 31+0,000- 250,000
erotiond n ar ron  to CE end 380,000
of srllnlrcr7T taxiway , SAC
alert. taxiwa!j, SAC alert
s tubs , runway , NW end of
rrirnu~,ry t a:dway , and rIa cP
to SAC operational apron

Takeoff start ing fr om SE Tanker 4 , - :  225, 026 1140 ,000
(29) end of runway Heavy c ’srgo 3, 0~5f 270 ,000 180,000

Medium -nar go 935 175 ,000 95, 000
All others 27, 001 5, 000- 7, 000-

70,000 27,001:

Takeoff ot.arting frau: CW Tanker 1,617 225, 000 11+0 ,000
(11) end of runway Heavy cardo 1,230 270 ,000 i80 ,000

Medium car~ o 1409 175,000 95,000
All others 19,307 5,000- 7, uO-7 _

70 ,000 27, 0 0

No te: Numbe r of operation s does not include touch-and-go operations . k’or-
tions C:f t r a f f ic  data are estimated.

Approxima tely 1,380 alert movements were also made by KC-135 ’s and
EC- 135’ s using SAC operational apron , primary tax iway , and runway .

~ 

~~~~~~~ 
,
~~ 



V : H (‘,i C, ( - -j çr1a) ‘ I H
I ’ ,-

C) - -

C - G- 0 -~~~ 0 0

+1 a i’ 0 —1’ cv’~ (0 ‘.0o s.~ ’~a - - HQ) C) -:
~~ 0 -a’
~~ C-) ‘a 2 H ‘1) CY~ 0 0 0

H
H

~~~ - -
H 0 -  0 (‘fl If’. L(’. N-

‘d $ - ~~ r’a H ~f\ H
‘ 1 0 )  5 : r -1
01+’ 0 - ’ -
o~~~ l ‘ -:1
H O
nt ~~ 0. 0 (0 H H H 0

S

N- Ca cii If’,
,C l • H  I U - -

~ 
-; H C.  H

5 Cl ~) Cli H
o o

u
4-)
o Cl El ,. C) Cl H 0 ‘-i cu 0
C) 0 0’ H

0 —I

IcillH IN-I L(0 C’-) “0 aD
o i tiui ~ I O’4 i.: CC) ,.z~’ 

çf-1 ~~ ‘.0
.r’I ,1*I HI (‘ii 00

C) ~~iCiI
H O~~~~i.,IOI

~~ -P C-) 1=0) I 0 ~-: Cii ‘.0 N- 0
a~ 0 ICT\I H
El IHI

.2
I 5) 0 0 6) Cii 0 ‘ii) 01 CC)

u~~4+’ ,o a— 0’. CX) H H 00
G) ~ 0 a~ • -~~ N- ~z1’ 0 ‘-0

-
- *z~~~~4 B O H  H (‘I H

C) C) C)
H H H

a-1 LI”. IC’. ,O ,O
Cl~~~~~t~~+’ (0 (0 CII Cd Cd

H ,‘l ~*-4 1-’i ,~1 •rl
LI’. If’.

0 CC (‘4 C\J

CC
LI”) LI”.

S C )  CO H H
C ) 0  H H I I

~~~~~ I ‘.0 I CO CO N-
C o ~~ -1 ‘0 H 1,0 H H H

H H I I

~~~~~~~~~~~~~~ 
~~~~~~~~

W 
~~~~~~~ 

~~~~~~~~~•‘-l 5 0 0  ~~~~C ) + ’  ~~~0 S  •rl P4 .H Pi ’,I) Cd
P~~ —l ~~ H C )  ~~~~~~~~ ~~~4~~ C d + )  ~~ -p

Ii) /

0 0  ~~~‘X ~~~~~~~-‘

-P 0 H I C~’Lzt LA’~D In CII In
cui Z CC~~-S

nn’-~v ~‘! r ! !  ~ ‘ r ” ’~I 
- - 

- ~, ~~ 
- 

— I - 
C

“~~
‘
~~“ ~‘T ~~~

‘ - ‘ 
-- C,’

~ :. . , . ..... I ~ ., ~, ~ , 1 ~~~~~~~~ P ~C

-- ---- - --~~-- --- -~~~~~ - --- —-----— —“~~~~~- - -  —‘ -- --~-- __ _~~~~ _ -- -- I . -



-

- 
0’-z - _ _ _ _ __ _ __  ~~ Co -

~ ~- o
o - —~ - C, -4

I— ~ _ _ _ _ _S_ _ ____ _ ____ _ _ _ _ _ _z —

~ —~~~~~~~~~~~~~~ — _ _ _ _

“ 
~ 2 - r — 2 a ~ Q.OOO

~ 0, < ç - -

2 0’) — _____

9 ~ -
- _____0 2 5

I Z 

* 
H ~, H U4 _ _ _ _ _  4 0

o ‘~~ 
-‘ — ‘-I -= -: I) —

1*~ U 4 -‘
0 o/ CC -‘4 ‘4 ~~Q,

—1 1’ ~‘ z 2 0 0 1  
______ --4 -- ~ U L I I

i ~‘. ut U -U o’~ ‘0 ‘fl 0 0 a ,I ,l Z —
I  C

— a, a , 0 0 0

- 
~~ ~ .4 H —1 ,—j ~—) ‘— 4 -1 ,—I ‘-I —I ‘—I ,“l

a , - a,
--4 --4 a,

-1
‘a-U - C) U -I’ l -0

a - -~ - ‘  ‘: -t 4 0 ‘—4A U U ~I) —* H -- -D
_____ ______ 

0 4 0
— 1,1 -*- - ft

~ 0, a ~~~
a a a A -i c i  a ~~~D C-

- - - - -  C) 0$ - :. C- —
- - I ,  I Co U C C I  C - C  C —

~

-
- 0 z ’ ~ z , ,  ~o

-~ --0 C, ~
_ 

O X- C C, C a, 
,~ -4 •‘-O 0)0 g

0 
-~~~ 

~~ ~~~~ — I , ~1*~~IC ~ ,,~ , ;‘~ ,~~ ,~~ N,—. - -, - ‘-, “ - ‘  C C I --C ,‘ * > 1  - - I -, . 0  C - :’
-~~ ‘C --  

- 
*1 a, ‘C ~‘ I ’  ‘ C *  -- C

I. •~~

‘

~~ ~~~ a ,
~~

-n - 2 f ~ 
‘
~~~~~ 

--n~4 ~-4~~ ~ 9‘C ~ 1” -0 — — - . - - ‘, I- -’ ,D 1 ’  VI -‘C , N
I)

- CII -
C -~ - 2 - ‘C ‘C - ‘~ C~ IJ ‘C U

— — — —— — 
7~~

7’
~~~~~~ : ~: 

~~~~~T 

‘-- -- “‘- - - --—“--- --~~~~ ~~- -‘- - ---‘ -.---—-~~~~‘
- - - - - -“ — - -  —4



-~~~~

- - - - - ‘:1 0- , -  C i , ( I- , 0 C- - - -  ~~~ 0 , )  C - C -  C ,I C - C2 1 : C C )  C C  0 ‘ 1 0  c r ,
CC .4 ~

— ClI
1, J : ’
- 

I - ‘ ‘  -2 2 - 7’ °

I IC-
‘- 12

(_) C’J CC

- - CVI ‘, C” - DC 1’ — Cl- 0 CI Cl

a.

0’) - • 2 -S

I- -
CII 0 — ——
> ~

LI
D 0 _ _ _ __ ~~__~~~~~,_ __ _ _ _  —

0 ,C CII ( 5  C C  ‘.1z ~ 
-)

0 < _  
— 

—
— U II UI - C) —C) ) H -CI’ H - - 4
0 2 0~ ~~~~~~ 

Q0)
U —

o 25 25 “4 -C —4 CVI - U — O~~ ~z 1- ~I— ~~~~~_ 

U) -~
-

— - : ~ ~~o O o a~~4 P, C, a j Ul UI C- IC) (“C Cl 4 -0- ‘a 0 -1 —1 -1 Z I-U H H I) C C ’

D — — — - C) - 1 • 0 0 0 0 0 0
a

— 2~, -
~ 

‘
~ 

‘C’ ‘° 

~~~~~~~~ 

l
__
;
_ — _ — _ -— —

2’ C- N- 1-sI -0 ‘-0 --I) Ico C C H H H H H —I H H - 
- ~

__________ - a

Cl CCC H 0 - Cl “ 4
0 —5 C’-’ H 2~ C - 0 4’. 4 iH ‘CC C’- II) . 1 O H 0

- 
‘a ‘

~
- < 0  a

‘~~~“0~~~ a 4 ~~~ ~~~~6 ~~~~~~ ‘ U ) 4 ~~~
-2- CI C) - - .. a < v~ —

C- a 
C

_ ,_ _ _ _ __~~ ___i _.~_ , ,,,,,,, _ _ . C
C ‘a _, C) Z~~~~~~Z~~~~~~0

H -- ’ -C C C-a , ’ )  C, C- 5 ) 0 1  U C’ C O c a ,  ~
C C C  !~‘ ,f’ ‘‘‘D
C LI * -~~~~ , I I , -  

~ — I,< i*~~ 0
‘C ~‘ ~~~~ 

, 01 0 ‘0 -
~ ‘ 00 - - - C- 0, -- - C NH j,, - , .lj - - - ,  -- - C C-

‘C ‘C 
~‘~~~~ a~~

-
~~~~~a, -~ ~~~~~ - -C), taJ -D - - -o --C C. - s U)11 0, C- -- : 1 1 0  C Cc

UI 5 CC 0

~f l oo
~
l C 

~
‘ r f

~ • . U  Li, I



-~ 

-

~~~~~~~~~~

-

~~~~~~ 

:

2 
-

‘C

v: ~~~~~ ~

~ ~LiH 

_ _  _ _  _ _  

_ _  

_ _

7 ?  ~- 7 ~~~- a n :

~ 

_ _  _ _  _ _ _  _ _  _ _  _ _

1_ i? I ~ ~~ 

_ _ _ _ _  _ _  _ _  _ _

- -  -~ - C U - ‘ C- , C - U 0 —4 -

2 4 :  ‘) .,

C 0 -‘ 1, ‘ a , O  0 C C

a 4 4 — — - C -~ C - - - — 
U IC, C U - - £_ __ ,&~__ _  A

-‘a - -
~~~ ~~~~~ ~~~~~~ ~~~~~~ 

~~~:-~

~ :~
i1:

~:~ ::~~~ 

:~~ 
____

qpp’~ 
7) I t T ’  

F ’ !

- ~~~ - 1. ‘
~~~~ L!- ‘.~~~~~~~. L.~-JC

L - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



p.-’- — -‘- 
-- - ---

~~~~~~~~

-

~

‘,— S-,--”----— ~~“~~“0  -. -— -.~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

I --
- - -- -  -----

‘C

a s--I

H 2 
0

~~~~~~~~~~
,, 

~ ~~~~~~ ~ 

-
~ ~~ 

~ ~~ 2~~

— _~~~~~~~~~ _ __ 

- 
C) 

— --— -~~ _ _  --~~~~~

0 

H ~~ 
-

~~~~~ 

-

Z z 
— — V 

~ ‘ ‘ C  C) -
-r ~~> - - - - - - - - -  - -

- C
- -

~ , 2 l  ~
- ft

-
~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- ‘ - - II - J - ,-S - . C’ , C)  C)  C’C - C- I V I ’ .

~~~~ _ _ _

a, ~~~~~~~~~ 5~~~~
C Cl Cl Cl -~~ 2 Cl -: If Co Cl Cl -~ ~

-: ~~ -
~~

f t C -  5 - C- - c - ~~~s~~ 
ti -). f t C -  C - f t

- 
-s~ ~~~~~

— ft - 
— 

C ) ?

- - - - ~- I - - C- - C) C - I C C )  - - C) 4 $

- - —‘ -‘ —) - ‘-I —4 ‘4 —I C- H H — C ‘—5 —1 —1

-
‘ I’, 5, 1’, C-, C. C-,U a - -  ,: C- C- a ,‘ U .1

C’ 4 “4 0 -
~

- “C —1 “4 ‘~ :‘ -0 ,~ 4 ‘C 1 ‘a 4 C-
— CCI ,1’ ,,, - ‘ ,I, 2 II,, II, : - -  -—‘C ‘4

- ‘? “C -‘C --4 - -  ‘~ - -  -
Z ~~~LI ( ‘ ‘ a
9 - S. ~‘ 0 ,0  C~

, - - C), - -C C- C,, - f l ,  - ,C. IC, I (C, 0 C . -
0 ‘a 0- 0 0’ ‘C C- 1 = C) 0- (1 C- IC - ‘ ‘C C- CC

4 -0 — — “ — -~ C-, - - 4ci_jiC, ,~~~,,,CC, ,,C,_~~~,,,,, 5__,~ ~,__ --4 -C- ,
- -

0 ~ - IC -1 ‘H 0, .1 —1 -4 
—

C U ’ C  ‘ C  ‘ C i l  C C I  *1 -‘ ‘C C)-n z C o ’  C)~~ C. C- C) -I rI
0 - 

—
C - C D  CC ,~ ,~ 

1, C-
III 2 -

~~ - - -

CS 
H ,~~a ‘~~~

I 

~~ 

~~ 
:~ r~ _ _ _ _

t?, A?i ,

”

, ”U?~V: ‘- :  -.

I ~i
~~
‘
~~~~: , - - C

, . . ” . 
~~~

‘ ‘  - *1
‘ ‘ ‘‘• ‘ - - I C*1 - ‘ - - C~,l.,- • -  •~ I

_ _ _ _ _  - 



— 
~~~~~~~‘ - S ’~~~~~~~~~~~ ’~~~~’~~~~~~~~~~~ ~~~~~~~ ‘ “ -~~~~~~~~~~ s-~~~~~~ - —-  -- _ _ -_-___0- ~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

_ _  - - - - - --- --~~~~~~~~~~~~

CC C)

r~~~~~
- — ---  - _ _  -

_ _—  _ _ _

~~~

- -~~~~~~~~~~ -~~~~~~~~~~~~~~~~

C’ ~~~~~~ - -~ 1 -~ ~~

H

~ ~: ~: 
-

;~~~~~~~~~: H ~~~~~~~~~ _ =
— , ~ ~! !~
:~ L1LII li ~~

_ 
_ _ _

H C- C 
C

-

C ‘ C I  C O  C C ’  C c c  - ‘ 5: - - -
‘1 5) z CCI CI ~~~~C, 0’- C” - C I - - - - 

C- ~~1-~~n~ ± C C
‘C 

*‘I 

-
~ ~ “C ‘C

‘C ,- , C I .  f~~~~ I f - I f  - f j  I f 2 2

CC * C CI - - C,
‘C ‘C - - I C) -S- ’a - - - C- - ‘

C) -

S — 

‘1 
-C

- C l C ’ - 
—1 ,-C -‘C --S Cl C-c U - ~

‘4 0 5
-C ‘LI’ CI, It, ‘C -“  ‘CC, fi, CC,

~ 4- 4 ‘C I’S I , IC Cl (S ‘-C ‘3 0~ CI — ‘5 - - C’ - — Cl ‘I ‘C
LII ’ . ’  ‘ ‘ ‘ C’ ’) - - -  - -, —
> ‘.  

- ‘ - ‘ - ‘:‘ - n C - 
-; -‘ - - ‘ ,.~ 

-
-

-
- C -

O C o  ‘ C C C  ‘ C C -  C ’~~~~ CC CC C -  (3 CC C C L  00 C-. ~C (C, 5) 1, 0 0, -) .1,, j 
13, - CC, 0 .., - S C - C C - s  a

— — a, = “ - -3 = CI C- .“ ‘a C- CI C P C- 3’ C,
0 ~“C — — . ,_CC_ ,,LII__,CC, - )  “ - ,.,C,,,,,,CC) - a

C C )

~ ~~~
,, 

- 0- -  CC — C,~~ 4 ’ . -S 3-~ 4-’

2 3  - U - I l I CI ‘ ‘C) - CI C-C-S 
4 U 2 ~ 5 4

~~ I’~~~~ ,~2 ‘
~~~

-
~ ~ 

t
~ 

4 ’ C  4” U 0 - -~ C-3 d C C C ’  ~~ CC C C - C C  ‘I - - ‘
- 0 0 V 4 ’ C  ‘j I’ ~~~~~ CI S I C ’ ”  , ‘ . ‘ C C - ’ C C -  IS -

C’ C ~ -~~~~L I2 2 f~ A 2
‘1 ‘C ‘C “ C ,o ‘I - - ‘H ‘ 0-’

ci~ A~U” ~~?‘ 

~ 
r~ ~~~~

- ‘- c:,, ::‘~:
~ :~: ~~ ~



-n 

-

____ 

,

~~~

,

‘ - - ; ‘4~~ :•. 
, .

•
.I’

~~~~~~~ ;

~~~~~~~~~

_______ 

~~~~~~~~~~ ,
Ca~ 

- -

— 

~~~~~~~~~ ,r~~~

_____ ~~~~~~~~~ 

4-3,

‘C 

0 )‘~* ‘t C~’ ~ 
3. 1~Cf~’4C ). 43’C.a,Ct~~~~~

C ‘C ’ ’ ~~~~ ‘ 4- - -‘~~~~~j~ ~ f ,  ~~~~~~~~~~~~~~ IC____‘1,

~~~~~

’ 3’ 
~
, .~~~ t 

II
cC -~n- - ~~~~ ~~~~~~~ ~

~ 
-
~ 

~~~~~~~ ______a 

~~~~~~~~~~~~~ 
~~~~~ ~~~~~ ~~~~~~~

1 CI 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~,P u7.~~ ” 

C

rhoto i. i - - in runway interior
(a ” “:“u: i, ’:, ’ “ a,, , , t~,a:~:” j, a~ size observed)

~~~~~~~~~~~~~~~~~~~ 
,t ~~

- 
~~~ __________

~~~~~~p— ~~~~~~~ 4,’~~~~~~~~’o~’,’ ., , s” .. (~ CI~,’.C1 - , , ~~~ ~~~~~~~~~~~~~~~~
—~ ~~~~~~~~~~~~ JI~. ’, (SC~ ,, ‘ , ___________

~~~~~
0
~33P ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~ 

-

— ‘

-- 3 ’ 
_ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_______ - ‘C-C’ - “

_ _ _ _ _  

CC

. 

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _

______________ - -

- ______

- __________________ _____

‘-S I,’
‘3. __________

I’noto 7’ . Rand~~ cracking in t axiway C

- - - -  - -——~~~~~~-~~~~----- ——- -—,-—~~~ --- -~~ — C



- “ --Ss-,~~~~~~~~~~~~~~~~~ - ‘ -~~~~~~~~~~~ 
-

~~~~~~~~~

~ i,l 
_______

- ‘-S -a- ~‘

‘
~:-‘ , _  ‘ ‘9 .

1’. ,,1~~~~~~C’.C~~~
8’ ,C ) 3C3LI 4 .~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- ‘
~~~~

, ‘ ‘C - - - 
~~~ ‘ - ~~~.,. 3 ,  - / - -

~~~~

Photo 3. PCC runway C L i  heaved 2 in. above
AC runway c 3ge -‘ .‘~ i . ’- ’n ~. near intersection of

runway ;~i’ ’ taxiway C
—‘-0— — ~~~~~ — — ._ ___ ,•_,_•.•,_•_;_____

~~~~~~~
‘— 

~: 
-

~~~~~~~~~

-

— ‘

- 
“.

. 

-

Photo ~• Random crackinC of shoulder pavement at
taxiway B caused by nonuniform frost heave

I— -~~ -~~~-.--- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- 
“—~~~~~~~~~~~~~~~~~

-
~~~

_ _ _ _ _  — ‘

~~
‘
~~~~~~~~~ 

C. _ _ _ _ _ _ _ _ _ _ _ _ _

C’.’ ~~ ~~~~~~~ 
‘.~~ -

_ _ _ _ _  

‘~~~~~i~~~~I~IL —~~~~~ 
_ _ _

Photo 5. Shoulder pavement of parallel taxiway
heaved 1-1/2 in. above edge of featur e T1IA

Photo 6. Differential frost heave at concrete
insert in shoulder of taxiway B 

- -- —-



- 1

C- , ,

4- \~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~ 

~~~~~~~~~~~ 
~~~~~~~~~~~~~~~ ~~h

- ;-‘a’~~~ & 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

____ 
____

, ,± ;~~
—‘--- 

‘ 
- 

- ~~~~~~
‘ ,~~~

.:‘ -~~

Photo 7. Tr ansverse ari d longitudinal low-temperature
contraction Cr— - a at ‘ r a, ’ ing of 10 to 15 ft in edge

of pr i.r Llar ’, ta y  L a’~ (featur e T11A)

- - - - --- -‘—

~

----- - - ‘_-

~

------—- --

~ 

- ‘ ------- S--’---- — - ‘ --
~~~~~~ - - -



L

- 2 ” *CA504R 4
PC -CC- ( ,CC’C’CLYC

HANGICR5

- FCC PCC-/  0CC - 1 - - ~~~~ CC 
—n~1,

CC 
~: “ ‘,, PC5C)

- 
— - ‘4 5) , C I CCC - -

~~ : I A C - P C - I C  T A ,  - s A C ’
-S AC;, “~ ‘ ‘ PA ,- - - I CIA  - ‘ 

- - - i _ C - ” ‘ - ‘. —
- 

- 
- - 

T 7 A  

-‘ • 
SAC 0 I I EA C - T C I .A~ APP -C -S I 

— ‘
— -C- 

- 
P 4 ’C ) 4 A~ ‘A s _ C I A ,  

- ~~~~ ~_~__= = - - = = 1CC
- - ‘ ‘ ,~~~~ Z L C -  C-~,,,,,,,,,,,, _ — ‘CC-r I CI

‘,4 ,0-3 ’~3 CCCI y 1 
-

‘S C - C— - , T 4 A
1 ‘4 ,

~~ a,’ 1C4 C- - 
- 

T h A  - - 0 C C -  - LB ’
6 3’ 44) 6 PC-C

‘C- - ,
‘ 

,- _,_ -a, 
, —

- A ,2, t’ 3 2 C - C -  - 1 300

CC II C I S C -
B:  

; 3 ~ ‘C) I- 
C C C -  

-~~~~~~~

‘ C C -  C R C  315
-CC ’ 6~

SCALE IN FEET

LEGEND

C C ) 3  — F E A  CC DE SONA ’S O N  - S E E  ‘,O’ ET I)
2 CC- — S,,P’CC E PA ,’EME ’lr T o  f t P ’ I E C N  AND TYPE

‘S’ IP E CF FEA”CJRE

1— ‘ A I I L / V A I
A - APRON

AREA CSEE NOTE 2) ROlES 1 FEA ~’tiPE D E S L G N A C - : ’V N  C-5) N, ’ I C -  s O T  CC-— — - 
A -  A TC P E ‘ 3 0 4 4 C C  C’ FEATURE , NUM BER CC- F 0 0 4 ’ . AT 1 C C - C  -C N
N —  B T~~~E ’PA  P C  TYPE , A N C - TYPE T R A T L C  O A f  A

C- T ’ P E  ‘ R A ’ F L C -  2 T4 , 5 C [Cl A lC OA D E S : 3 N A T L I ’ -IS ARE BA SED
C) — C) CC- PT T R A F F I C  DPI C - F A C- v ’ ,,,C A C  C - O C T ’ S lC~~A

4,0 T C C II,V F V  T I PS  ASSIGNED

AC - - A SPC’C AL LC C-O’ ,OPE TE
PCI - C - C - C C S’~~~AT ~~~ - S C M ” ’ , T CI ’,006 -E
D BST - DC - RIO B : ’5 - V  f , ’ ,: ,-S SURFAC E T R E A T M E N T

• - C l PF IC - D N  C’ S N t is

I
5 -— - -—’ - -—-

~~~~~~~~
-- -  ——- ‘-- “ - -- -.

~~~~~~~
.--

~~~~
- -C—’- -

~~~~~~~~~~
- -



- ‘ - ~~~~~~~~~~~~~~ ‘‘  ~~~~~~~~ ‘ -‘ - ~~~~~~~~~~~~~~~~~~~~~~~~ 
- ‘  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

- ASIC
A - I fs - 

- - 
CCC - ’SCCI 3” ),

;‘ .4 , I” A ’ 5 1 3 P 4 1 1 / 5 C-APRONS

45 5 / 

All 

-~
‘:

0~ 
I 400 I’ ” A P C ,,! (

C-I A 
/ CI / -2 CC

- 1 A ‘C 

4- C 

AOC ALE PT ~~ 
/ (f/ -

—

DO IA’ FACC E/T C’  —“ — 
C- ~~, C-

CI / / 7 CI

A o 
A S S  // ~~ 

Cl’ 4 /~ 
‘C

C-, -C PCC - P 7
31 

~~~~~~~~ 
/
‘
~~I3B SAC 45,,60T SICISS ~

— -- —— ‘ 
- ‘2 ~~ 

I / CI ,4f:1- I 7” -
- —- - /

C 12 A TB 
/ 

,~/
/ ~~~~

-

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

‘C 
- A C C C - T  1,2/1’ ‘e” ‘I II ,/ ~F SC’ IVAPM-CIP APPON

6;;
- IC , ! C C C C SI 

- 
~B )

•3Jr A C ’ 2 ’)  ‘ 5 .  
7~~~ 

‘ ‘ 
-

13 - 4- / 0 9 1 ” ~
‘

C ’ ’  ~, T ‘ 2’AC )
~ 1 0  4 ~~-‘ “ 4

- C C B  A -

3’~C-~C~-’ ~~~

‘/ 5, F ‘ ‘ C i ’

C C  -A C - C ’ L f t D~ , A ’
C C C I ’ 3, 4 

- ‘, ‘.~BP ~ C _ C 1 4 A ’ (’[ ~~ 1A C- C O N
‘ s C - f  A N  ‘ C-’  ‘ C C C I ’  A 5 f ’C.

2’ ICIC5,’F I A4[ 8 C - O S  ‘, ‘ , 4 ’  ‘ , ‘C 

~ BE B A C - O C )
‘,~~~4 O A , 3 ,, -I C i ,- hi 0 ’ I 1  A

MINOT AIR FORCE BASE
NORTH DA~cOTA

AIRFIELD LAYOUT

PLATE 1 -‘C

CI-,-



-- — ~~~~~~~~~~~~~ —~~~~~~~~ _‘  - r’C--’-rp~ “C“ — - -  —~--—— .- ‘  --- -- -‘SC--- --

\
45.,13~ ,‘SJCCS$

- — C-

ç

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SL~~~~JT~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I

_

4 5 4

C- , - SC C-JN W# V ‘3 . 200’ 0 30c

L E G E N O

A S PC C A L ’C CONCRETE ( A /

PORT LA’J D  C- EMETI C’ Ci) ’- I C Q E I E  (Pcc)
D O C I B L E  B ‘1 ,57’ ,-), S SU P C-AC- [ ‘RFATME N T (DOST)

B L A ST C-C , C- ’3 [ ) 3 T  (~A iI ‘/ ‘C’C ‘ S R A F ’  cl



.-‘------ ‘ -‘ - -
~~
---‘- ‘- - ~~~~~~~~~~~~~~~~~~~~~~~~~ ,----- --,‘--“•--—~~~,.---. ‘---

‘C’ A, ‘($ 5

‘S 

‘ 
4” ,‘CI C V~~3 !C A, [55 4CC-PD ’;)

5
~~~~~~
TT

~~~~~~~~~~~~~~~1 -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 

-

MINOT AIR FORCE BASE
NORTH DAKOTA

PAVEMENT PLAN

PLATE 2

_ _ _ _ _ _ _ _ _ __ _ _ _ _ _-  ‘C “ C
~~ ~~~~.“



- ~~~~~~~~ -~~~-~~~~-~~~..‘—--- --r,- ‘S,C-—’C~~~~~~~~~~” ’C-S— ,__, — - ‘C C-,” _ ~•‘~ ‘C ~~~~~“ ~~~~ 1~~~~~C-’C’~~~~~~-,.’

V 3543 1 0 951 1 I 3 3NI ’l 0 ] NI1
H~~LVI~4 SC CV Y.  N3J,V I~4 C4 3 ,LYV4

0C1 ‘C
~~~

’ c~ “T”T 090 ’CT’C[’

, ,,  , , L , z o
- ‘ “  ‘ 1

4 - ’ ’  ‘v ’ ’

09 ’ ‘C~~’ S O ,  ~~~~
‘ ‘  0L2 ‘ ‘ 6,0 ‘ ‘ ‘ (fl ~

-~~ : - ,  
- _ : I.... 

~. ‘C ‘ ‘  ‘ ‘ ‘/  ~s~~ ’• (,) Z ~,,,_

irr t s’’ — - - r  
~~
‘
~~

‘

09 
C - : :  

~~~ ::: O L E : , ’: Li_~~~ 0w z
5 ”

C- ,-’ , . ,  , , ,  ‘ I I  IC

oci i~~
C - 1  66 09C. ’ ’  

~~~::~‘- 1
- : : : :~:‘~~ ~ I o ~“. ~~~~~~_ ;I,’~z:: OS ’ 6 c C . : ’ ;  °~°~~~: :

—
-‘I ’ C - :

OFR~~~~’ ’ - SF1 052 ‘C7~~ 650 ‘ - - 
- ‘ U

-‘ - Cl/Il - ‘ ~ ‘t  ‘ -
~ 

-

‘ ‘I ’ “ 4 - ’
~ 

‘ ‘  C-

~ SOI 1 o~ i 052 ‘-I ”C 066
2 , t 

-J 
~~

‘ ‘ . - ‘- --‘ iZ C - , C-!’-± - ‘-‘C-’
CC - - - - -5~~~.-C - - -

- ‘ , ‘ ‘ 

~~ 
- - - - —‘-i— I’- SPE 1:.: -

CI ~ 
- ‘ - ‘ - ‘ C -

1”‘ - ‘ 1  .-‘C__ -,- -~ -‘C’j’Cl CC

J 3NIT CC
‘CC ’  - - I ‘ ,~,

_ ] H V 3 ’3 CC 
CC 

CC
62 0 E I [  502 I GPO J 5FF CC 

CC

- 0 4 0’L , .  - -, . T , .  . . ,  Z Z P , U~~~~~ O
-. , ‘ , , ,  Li

CC I I -  H , - - - . 4~) ~~~~3 C 4  CC

O7 tC- ‘ ‘ ‘ C ’ S 2 I r t  T”  002 ‘C- ’ , ’ Boo l y ~~~~~~~~ Li C’- Z

- 1 -~ o z 5 z i -
It 1 ~~~~~~~

- - - -H— 4,,,~,, ,I — ~ U A

55 ’ S ’  02I ~~~I I ~ c OEE /1C-
C -co~~4IJl~

o s - ‘ - 5 1 1  ~~~
‘i ’C 022 

- ‘ j ’  S20 ‘ C
’ ’  oo p

ftC -’- -‘ - - I

H’- .“

~ 
‘~“~~~~~~ O I l  S I C .  020 — S2P ‘C” C”

I - 
I S ,,

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~

0~~ T-’—
-- 

~,T.’H o I2 ; S I E ”C’ 02P ’CC-
~ 

co 6
V

5E~ ~~~~~~~~~~ 00I~~~~~~ c02

H
~~ 

O I E

~~~~
H 

c I P ~~~~~~~

500 
‘C’- O I P

j
~~ — 

‘C- SS °°~ :
: ;ii~ i :~i~: ce : : : 06 ,tii~i cc~~:—~: °°~ : ::  :~:‘1 

~~~~~~~~ 
C ’ C ’ S  ‘ , ‘ ~~—E--4-~- ‘- ‘ ‘ ‘ , ‘ C ‘ ‘ 4-- C -‘ 1— ’--’-:~: :.: SI

09 69 067 560 
‘-‘ ______

~~~~~~~~~~~~~~~~~ 5L~~~~~~~~~ oSI ~~~~~~~~ ‘C97~~ O6€~~~~~~~

A 
OL 601 092~ 

~~ 1 I I ~ ,

~~~~~~~~~~~~~~~~~~~~~ C L i ,,L, ,,, , 9LC. t I t , ~ ~~~~~~~ •
~~
,

.C
. , j  

—

~~~~~~~~~~~~~~ “~~ V 3N1’S 0 3541 ’S 3 354 1 ’S 0 3NI ’l 3 3545 ’S
55 3974054 3NY ’l 

— HDJ,V 74 FIDIVI4-4 H32Yr4 H3A974

PLATE 3

- __ _
-

_•—--_ ,,-,A~~~~~~~~ “~9’ 
“—C-—’— , — _______________________



‘,‘ ,‘ “ - ‘4 , , ,fl .. ,. ,4,,,,-_ .-,”C”S”a”S” -“SS’S’S” -- - - - - ~~ ‘Ifl4-? C~~ - - 4-’5’ _ , ,,,,,___’ ,,, ,, ‘ ,‘.‘~~~ _,, ,•,,•, ,_,_ ,_ - _., - , P•uu~~~

- ‘C - ‘C ~~~~~ 4 C- C~~~~~~~

__ _ _  _ _ _ _J’3
~~I~I~IH H~-~i_~i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C-
~~~~~~

, , _ , _ _ — - - C - - - - —

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ ‘ ‘ ‘ ‘S t  ‘ ‘
~~~~~~~~~

‘ ‘ 4 - ’ S
~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
_______ ~~• 3~ \~ ~ 4-~

’5~~ ,~, ~ t .~~
‘l:3, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

‘ ‘~~~~~~~
_ _ _ _ I ’ _ _ _ _ _ _ ’ - _ _ C -_

~~~~~~~~~~~* , ~~~~~ — — ‘ —‘ — “ - C~~—- — — — —  ‘~~~~~~~~ — ‘ C -~~~~ —~~~~ 
f _ C  — —

I - I 
C- -- --S’-C —f—- ‘ t ~~~~~~ ‘~~~~~~~~~~~

- -

~~~~~~~ 

-~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ii
I I I E I I I I = ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ =
— -F - - — - — - — — - — 

~~~~ ~~~~~~~~~ 
—

~~ 
- - -- - — - - -

--
~~~~~~~~

- - - -- - - — --  

E~i- ~I 
E ’ E E~ ‘H’ ‘‘

— - -~ - - — - — - 
~~~~~~~‘~~~~‘~~~~~~~‘ 

- 
= 

— - —
_ _ _“ ~~~~~~~~~~~~~~~~~

— - - P  

_ - ,
~

ii i~ 1 1 1 1  1 1 1 I I  I I I 1 1 1 i i  I I I I I  1 1 1 ~~~~~ I I I  I I I
-St 

~ 
- 

II I~~= I = 1 III IIii 1 111.1 1111111111

LEGEND

LIII LONGITUDINAL CRACK SHRINKAGE

T R A N S V E R S E  CRACK ‘
~~

‘

~~ ~~~~~~~~~~~~~~~~~~~

Z DIAGONAL CRACK REPL A C D  SLABS

CORNER BREAK FUEL PIT

S HA T T E R E D  SLA B — ‘— - CENT ER LINE T A X I W A Y

4-- - ’ . - . _ _  _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



-

_ 

~~~~ I~~~I~~~~4~ 4 L  II LLI~~ I ~- 
_ _ _

- 

-

, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - 1 I 1111111 I~ L~~~~ ~~~~~~~~~~~ ~~~~~~~ 

- - - + -_ 
- 

~~ ~~~~~~~~~~~~~ ~L ‘C

~~ 1IIIIt1IiIII - - -v  

~~~ ~~I~II~ III III
~ 1 J 

-

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~ ~~i=’ ’~~’,,~~~~~~~~::’ — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~I~I1IIIIIIIIIIII I ~~II I~~IIII 
t - ~~~~~~~t t ~~~ —~~~~~

U 
I ‘N — - I —

C - C -  

t ’ ’  : C-’
~~t~~~~ J~H,’ ‘ ‘ ‘ 4 - - -

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -  - - — -~~~~~~~~- - — - - - - - -~~ -~~~~~-+ --
~~~~~Cl--

~~~~-
- - - . 

1111 1 ‘_  C .C,~~~~~ =~~= = =

-

_ _ _ _  _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- — - — - — — - — ‘~~~~~ 

~~~ = : :; — — - - - -- — - — _________

OP “PISIARC CIC7V WC4 P

‘$‘- P,NKA C,E CRAC+0

A R E A  PI-O T SURVEYE D- SCALE
) A L E R T  AIRCRAFT PARKED

R E P L A C E D  SLABS

F H EC  PIT

CE NTER LINE T A X / S A C ’

-I

—--- -- C--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~~~~~~~~--—- —“ -‘ - 



- _______ C” C’ C’

- - __

‘ - -
. - ‘ ‘~~~~~~~~~ ‘ ‘ ‘ C ’ ’ ’ 

~~1 1 4 -~~ -~
---V2t 

~
-

- 
~~~~~~~ ‘ C ’ ’ ’ ’ ’ T ’ L ’ ~~~ 

° ‘‘ ‘‘ ‘ ‘ ‘‘

-~~~~~~~~~~~~~~~‘ - ‘ ‘ ‘ ‘ ‘~~~~~~~‘ ‘ C T ” f ’ t~ 
‘S~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I

~~~~~~~~~~~~~ 

•

~~~~~~~~~~~~~~~~~~~

‘ ‘

~~~~~~~~~~~~~~
• 0 7 - P

~~~~~ ~~ 
±ff~~

- ’~ 
~~~~~~ ~~ F 

~~~~~~~~~~~~~~~~~~~~~~~~~~~
‘C 

~~~~~
‘ ‘ C ’ ’  f ‘ ‘, jJ ,~ 

-

~~ 
‘C 

~ 
ft 5 */

C ff~ t’~ ~~~~~~~ 
“ ‘ I

— ‘C - ’ C ’ ’ ’  -‘C “ “ r  ~
‘ 

~~
‘ ~~ 

-t ‘I ‘C ‘C t 1- ‘ ,,,‘
- ‘ ‘ ‘ ~‘-‘r --~---’ - ‘S s- -A *

~ 
,
~,4 ] I~~— ‘S

~~~—4’~~~~ 
, I ‘ I I I

- “S ‘j ’4 ‘S 4’ -, —i—--.- 
~
— 
~1’ 

—
~~ 

- ‘ - t C’ S ’ S ’  ‘S 1 ~‘~~ ‘ ‘ ‘ ‘ --I
— ‘_— l

_
I~~~~~~~~~ _ _ C  I ~~~= I I C

- ‘ t ’ t ’C” ‘ ‘ ‘ t  0’ ‘f j /t ~ ~~ ~~~1 ’ ’ ’ ’ — ~~~-’--t~~
1-- ’--r ‘-‘ O  ( -

~
-‘ * * ‘ S $ ’~~4”~ ‘C

- I . ”  ‘C 4 4 4  * C P ’ S  ~~~~~~~ -~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
3 ;  

-
~~~~~~~~~~~~ ~ -C ~~~~~~~~

- _
~‘— ‘ C -~’~-t--’ -

~
- ‘ “—t t~~~~~~ff-~~~ 

‘4 -4- C C 4 1 C~~~~s 4 4
~~~~~~~~~ 

‘C~~~~~~~~~~~~~~~~~C-’~~~~ 
-

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 

C 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

4

~~~~~~~ 
=-

~~~~
-

~~~~~~~~~~ .‘~~~~~~~~~
--= -

~~~~~~ ~~~~~~~~~~~~~ , -‘ - : _-
~-- -~~ -+-- ,---

— ‘— 5, t I I - - I -
— — C 4 +_ ~~~~~~~~~ - _~~~ -~~~~~ -~~~ ‘S - t ‘ I + ‘~~~~~~~s s ’ ’ ’ I C
• - -~~ — H -

~~

~~~~ _  

~ ~~~~~~~~~~~~~~~~~t’Hff -
~~~: 

~~~~~~~~~~~~

: E ~~~~~~~~ : t L ~~ : ‘  ‘ :  ~~
F rt’~~IIIIIJI~~~: iL’~ ~~~I~~~~~~I’H~~I

9fty A ’ U V W A~~ t — ____________

SCALE IN FEET
0 1 00 200

DEFECTS IN SAC
OPERATIONAL APRON

MINOT A FB, NORTH DAI~0TA

PLATE 4

2 -



______  ______  ___ ____ - --‘C-—’- -

‘tO 
I ‘ IA ’ 1 7 ’ (fl~~~~

I / 
‘2:/ ,/

I , , ,  
- ‘ I

-
‘ ‘ ,~ . : 

‘ 
‘ 3 L

‘ I  0 <
-
/ 

“ 
‘
.

‘ -
- ‘ - -  4 ’ < z

C 
-

-
-

‘
.~~~~~

-
‘

- - - : - - . •
‘
~~~

‘
~~~

‘ “
, 2 /  . T t J

• : : :‘ : ‘ : ‘ , “ ,
~~~~~ ~~~~-‘~~~~

‘ :  : : :•
~~~~

‘ 
, 
/

/ 

I’ : : : : : ~ (‘/ ‘\
\ \

- 
. ‘ 

- ‘ ~~~~~~~~~~~~ 
\
\ \ 

~~~~~~~~~~~

— 
- 

- : : ‘: 4’
- ‘I C - ’// 

>

. ‘A ;’ :CI,
5
,4//  / \ p~~~~~~~~ C 

, I’-i’I’I/~~
” /

/ l,~~~ ’~’C~~~~ \ IC

- - - ‘ -7’ / /  / C ’~ , / 1  \ C C 4 C C  C C , J
- ‘ 

- 1/ / \ ~/
“

~ ft U ~ U 4 -

1 0 1 ,’ / \ ~~~~~ I

\ ~~~~~~~~~~ \
- ~~ / —. \ ~—‘-A+--~ I Li 4- ~ Z IA ‘C

/ / / C A~~4’~~~ \ .a~~3 z g z ~~~~~

~,/
) ~ _ , J I  (,~/

/ ‘N \ -
~~~~~~ \

- G I ,.I I ” O O  0 5 C C

~~~~~~~~~~ <~~~~ \~~\ E~~~~~

t 
- 

‘
A
/

C’ I

/ ///3~~~~~~~~~~~~~~~~~~ I \ /~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ \

3511 ’) HD)P4’#

PLA T E 5

- - .“ -  -‘  — — --— ‘C- —‘C, - ‘  ‘-C
~~~~

’ C-’S
~~
’
~~ ~~~ 

~~~~~~~~~ ,.- ~~~~~~~~~~~~ . ‘



‘-4-- .

11 0, ~_ _ [ _  9/
‘1 r~, ‘ii

0 , 0  ‘5 ‘ i , I0 - 7  1 .
5.1 5)

‘4,j P 0
0,33 “4 ‘- 1 0,,
O s d  0 .1 --C

‘ C  
L I - I

‘21 , C,) ” I  - ‘.‘ I) CI
U U U U /

I

‘-4

‘C ,
.1 -.01--H I CCI ‘ I  CC- ,-
C—- - ,—I I - _ - - I ’ II - ‘  ‘ H U

- - - ,D ,; - C” -! ,—I c - 4 s—I
5, / C’ O H s - - I s-C C-: H - .- I)

-CI, ‘C 13 ‘C ‘C IC)
- -- C”C 4-3 1 1 , 1, -‘ ‘S / 1 ’  0

.4 - C C ) ,  ‘ c ’ A ’ 51 11 00 0 -  5) 17 ~~~~~ ‘.
L I ( ,,C5 C) C ’ ”1 1 ’0 U / 1

‘C’ ‘H 0 /  I 0,, I 1 I I ~—C ‘C C- , ‘- ‘1 CC ’
‘~I LII’ - 0 - - C,C- ’ C - C  ~~~~ C, ’I -“ - S C  -; C- H -

H IC H 0 • H ~) 0 U U I ‘- 1 ’ - U HPC C l L , 1” . d  H~~~~ :Z L I  .“ -Ct “ 0 ‘—4 4
0, 5 ) . ’  / ,—C Q ‘C U — C  ,1 01’

C ~~~s -I~~~~~~ ‘C 1-1 o = 
Ii z E l

- “4 5” Z 1 , C) ~~ I. - - - ,,“C 33 Z ‘ - U UI -.
7 C) 0 I’C’) I U IC- . - .~~ -s-I 33 Cl C C
U ~~ ‘ ‘ C _ C C ‘CI), C*’) .s-+ ‘ C I  I I 3,3 ., U) ,_ C 

~~~~~ l
CC ,~ ,~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~ PC I~~~ -C

U ~~~U ~ ‘C U U H 0+ 43 I C - H O ,
‘-C -0 o Z .s -+~~~~~ I 0 ‘-C . - 1 C ’ H  “ 4 2  O P-I H

C ~1 .51 4-1 4-) ,~‘ 5 H H H  43”U ,’[ C,) !C- P-~ 0 I
“~ C) ‘C 0 , Z H  - 5 C C . Ci Ii G C ’C 0 , H  ‘3 LI I (0
C~ 3 3 1 ) 0 33 I I)), ,/~~ 5) ’5 C) CIS H ( 3  C L . ’

Cl N 1-1- 33 H Si~~.IT I ~ , 0’) 01 01 33 CX 0’ Cl’s A) ,/, I 4’— <~
U 5) U 0) C/) Cl- H >4 4’) 1 I CC) I - - - CU 0,
CI) ‘CI ’P CC U I- I  ‘ , , ~4 0 + H + C  N- CU H ’ C  ‘ “ ‘IT
33 -(I C - U C I TI 3 3 0 5 ) 5 )  0 + 4 0 0 )  ‘~~ CC) H ‘CL IT’
C) U ‘ , - 1 3 3 3 3 C’,j 131— ’,-1 33 11 Ci C ’ / CLi c~ 1-,
2’ G) , , 3 3 4 ’ C O 3 3 0 + 0 + 0 +  H CC-1 (3 0) 1) 0) H I-i S) 0) ‘-4tO

~~~
P’, 4-3 5 1 ,

~~ 
PC CO (O Q LI~~t P-4 L1 CI~~~ CC -~~~ I C C S )  0’

0 H 3” .0) -.‘4~~~,) I,, -C Q q ~ C’ I C O  4’) “ 00 sO 0 52
33

IC O N- 0— ‘3 -IT ‘U -I
0 + 5 3  I/C LU CI’S CI’, 11),

>4 0 CD C’S CD CC CD CC
LI) H H H H H H CI

‘9
1”

o
‘It I t ~, 3 3 .  - 051 44 5)
C I~~~ ,0 + - ’ ~~ IC 1” ,C CI
5) I Ci 1, p-I ’5 ,C ‘ C 3”) ‘IC -‘0
CC, 4’C I C )  “-I - LI ‘-I C)

‘sI 3 3 3 3 1 CC 5T~~~ c) ,~ 
‘
~~ “S

33 P-I I H  C’I ,”4 I I
C 33~ ’~ I -,

>‘ E’4 ‘ 5 ) I  CCC “4 “~ ‘U ‘CI 5)
33 ‘s-f I . 0 1  1-1 --C ‘s-I -- I  5,

O H S )  C) ‘~~~ 1 ,~ 430 - s
‘H _ I T  O C l H  H --I -- “4 11’ “4 _ i II
LI s—f LI CC, 0’, [ ‘1 CC H Cli H ~ H H I”

-1)
I-,
C)
311

33 ‘ 4  CI)
O ‘I CI)

ci 5-i -U u ‘~I c~O • 0 0  Ps 5) 0
“4 ‘CI Q L— 0 0 ’~ LI CX) —0 II C) - - Q LIT
-I-’ ~ 0 H CU) C/C H 4’— 1 ,  Oj ci I I - CO ‘- (0 H I  <5 -

H ~~~~~~H ~~~~~~~~~~~~~~~~~~~~~~~~~~~

, ç 4 3 ,  ,- C L r , ‘ -. “ N - 0 + .  l I - H 5
* . - -~~~~~L I - l  IC ‘C L I

-:11

O H C~ lU)
z

- - - - - --4



CI)
+5
C)
C)

4,0’)

c-I
0

‘C 11 1 C - - -IC C- ‘CC

~1
00

CII

U , II’
-4 .0 5) r

- C  CC H
‘-4 - - - , - - 1  11 1
‘1’ , ,

I T ’ C  - “1 ‘1’ - .~ - 33
C I T - ’ . ’) - C -‘ ‘, -  LI ~~~~ :- H 0 6 H

4’, s-’ HH -C - H . , ‘~~C H 5-’-
‘-1 CL -: - 1  --4 0 -
Cl ‘C H H 5) 1> C —C - , H - C) —i  ‘C’ “Cl -~~
II’ _. 11 11 5— lI I— II’C 1 - C I ’ — ‘ 1 ’ I

“ 0  — ;U ‘- — f ’  - ,-~ .C~~A C,
-Cl ‘ I-, CS H IT ‘- - - ‘ ‘ I H

- H U, I ‘.‘ ‘ - - I - - I ‘C , - -  V
I’ ~~~~~~ ‘ 5 )  - ‘ I .T I U C 1 ,9/ - - I N- “C- H IT)

‘C 
‘C D C-I ~~ -l ‘C

‘-1 “0 C. ~0L H I CH  H~~~ HC- . 1’. ’— ~~~~~~~~ H “ - -a

IC I 
H - ~ ‘1 ‘C 1 ~~ “) I “ I ‘C ‘C —

‘ - - C - - H C~ - - 11 1, 11 C .

I-i I~~~~~~l El
C-,, 

~‘C) 0 - C Io l  1 1 - U )  ‘ . ‘C-~~~~~’

SIC C-I C C O ” Q )  / 3 ) 33 - .0 C- I C - U  C - C C )  - ‘ CC ,O C,) 5)
0
‘I)

‘s-C

1)
‘C

“ C-_ H H H ‘C H H

‘ I T  
‘
I 

~~C

IC IT - ‘I C - I ”

C I t  I H  I I I H  I I
C-C ;.- I I I H
1, ‘C ‘SC) I ‘C ‘ I “1

“4 ‘H I I  01 ‘. 5  “C ‘s- I >4 +
‘C , ‘30 - 11 5) - ‘ ,1< 0)

.—I LLIC/ ‘—‘ C—  HO H0 ‘-I , ‘.-C -
~ ‘H II H0

L I H H  I I s -C C - C l  L~~ ’C’ O s - ’ Ill s- C O H  LI~~rl’

o -‘  -C’
5, CC I 0)
0,, ‘) 0 Cs) +5

- - ‘1 1’: - ‘, 5,3 0) CC-I
U - 53 , C 0
CI ‘ ‘ C  0 ‘1 4-’ 4 2 +

U . ,  - 0+ - N- 5 0 1 C’s 53 “,‘S CU CD
- 0 - - - “C Cs, • - (U) H H 0 C ’S Cs) [‘1 0 10 ‘C 0 H
IT ‘-‘ ~- I 0 ‘CL’ ‘ci) 05 5-” - Cs CC - C” -, 4’, - ‘C ‘C (<5 - C~ 5, - CD ‘CL -f -  PD

0. 4C C— 11~~~~
H H H  H H H ~~~~~ - 05H ~~~O H  

~I-I~Q ,s), ’C
5, CU ~ H C” N- ‘ - • -IT H H • (“7 • ()C- CD

) ,) “ ,-I ”C I > 4 3 0 ,  — C U P  CL 0 LI4 ’ N- O
I 

~~ >4 -C 
4” 

~~~+ > 4 ~~ 
‘~ ~~ ~~ CD~~~~~~

1 - U  ‘ C 3 I T _ 1 s -- C - - 1 1 5 33 - 33 C C C C I  CC~~-U ’ 3 3  ‘ , - - - I - p ’,O CU CO 3 3 ’ U Ci 0 , C-’ CIC CI
‘1 . ‘ ‘ ‘C- Ci . s - C ’ C N - 5 , , . 5,4 A- - s-} ’CH LI CCI C’, I ~ 

-
N: 

- - ‘ 
‘~~ -

‘ 
I’
.

1 s-f LI H H



- ‘- ‘— —--‘--“ - - -‘C— -,--‘—- ‘ ----- -‘--.- ----“—--—-- —‘s- -—’S.’--” - —‘—— —.‘C’--’---” ‘-“C‘ _- ——— -‘-5-

C-) (‘C-

1,

‘
‘C 

‘
~~~

s--
~ S

CC

- 
•~~~~~~~- 0

<7 ‘CC L I ./ 4’— 7

I-I H f ” I ,~“S 5) - - ‘C I
C-, ,I~I 1, 0—C l) IT 0 C ~ 01 11
CII 0 ‘11’0 , -

-s- I 1-, “ 5, , ‘ -- U
‘3 44 C I T  ‘C C I H I T -  11

0 01 s- 
~~~~~~~~~~~~~ I • C - )

.. C) ‘0 ‘1 ‘ ‘  LI H
CI) ‘4 ‘ CL 4”— I I I ‘3 1—l 1— I 52
‘H 5) 41 . - )  C’ 0-- I-, :- -.
IC 1’— .0 33 ‘CI

0 0 0 H -“ 1 - I C - I ’ 0 ~~~,5, ‘CI U H C ‘ -  “C H I  I,
‘H ‘C “1 0 0 3 1  I 1 C) 4rI H
U - - -0 ,- 4” 12 C-- I/C C, , I
CC CL - C. ‘1) 1-. ‘) ( 0 1 , ‘ 3 1  I ‘- ‘‘ C)
‘CC 3, :-- IT ’.’— I I I -C ‘-02 II, H

0’- 5) U •‘ ‘ C 5 2 0 C 3~~~1 I I
>4’C’ H 01’O CI, ‘ L I Z I s  C H (0D .I’~~C’ C)’

—‘2 - CC U ~1, -3 II’ H —C H I N- I
c / C )  ~3 I I  I H

‘4-- CC -~ ‘C ‘C 1_ Cl 5 ‘C
C “—“ H C H 0) 1) ,D H s--3 s--3 0 ‘C ;- - ‘ s-C - , ‘C

“II ‘H ‘—‘H - ‘—“H H H CI 1, 3’, U) 31 -4 I
IT El C . 3 3 ,1 1 1 1 ,  I C - I L l U )
I) ,, 5) C X ’ .) I CI) 4) CI) 0) 5) 5 3 ’ )  10 C) C— “ 144
1’ ~C I O U . ,  C C C”) 43 0) L ~‘C ‘CU)~~r4o‘-1 I ’ l i 2’, . C . ’CI r H O -  C O N -
4,1 CC 1 ) 1 1  C C )  0) CI C) ’U ’. L, C) I I ”
U 3 3 1 . 0,0 33 “ 0 ) 3 : 0 :1 ~
CI - ,  1 H 0) IC3 03 :4 0+ 0-, C, 0. 01 0 C) -4 1- I 1.1 C)

01 01 ,3, CC- ’’, CO C 2 0 0 0,I ” I T  C~) U U ) A~~~I . L I C,Il
- -‘ 0

U 0)3, 0, 12 3, 0) U ,O O ’CIC 5) ci ~
‘ CO

/1

‘0 I
IT, C) C N- ‘3 N- CO ‘C C C  CC’S 0 1, CC

‘-C 4-s 33 LII’, L’ s C/s CU Cl”, LI I ‘10 “ - .1 ‘1)
>‘~ o C’~ C’ C’s CD C’- C’ N- CD 3D CD CC-

O H  H H H H H H H H H

0 C U ) ’~>4 >4 >4 +5 CCL -“C
0- 0- 0- -C 0 ,C

I cC 33 CO CO 4,- ,- ‘ O~~~~~ 0 CC) ,C I
+5 I S )  2) 5) 5) Cli II ‘I’f ‘s-C s-f ‘H 5 , 3 4 3

11) 2) 1 U) Ci~ ‘C~~~~~~~ 01 ’-
~, ‘-1

I I H I I H ,- ‘) CII I 
~~ 

I 
I

“3 ‘CC I “i CC ‘ d l  I (H “7 C) ‘43
33 ‘H ‘H ‘H H ‘H 4,4 ‘1 I ‘H P4 ‘-4 04

P-i ~~~~ ~~~~~ .~~~ C3 .0,i’ •~~~0 ~~~~~~~~~~~~~~~~~ -~~~0 ~~~~~~~~~~~~~~~~~ CI

L IH  C ) H  Z H  LIH ~~~~ I,, PC U )  Z H ~~~ U ) C D  CO~~,7 s1C t,

- CI)
- ‘ 4 3 0  CI)
0 53 - (5, CO lI C) 0) 5) I C )

-0)- H 35 CI) -’ 
PC 5~4 H c~ CI

53 CI) IC- ‘430 “ ‘Ci , C OU H  ( ) 5 3 H ’ d <~ 5)0 0 C )
0 53 4-4 33 .  5 30  “—

~,‘s4 - () C1 ,C 3 3 3 3 3 3 ’ s - I  U) I-11,0)’ H CC
-03 33 H 14) 0 CC 5,3 CU 5) (“IN- (P CI) 0 (“5 (‘1 0) 4”, C/) (0) +4 ,UI CI) (U) s—f ~ ‘
4~) CO C J  ‘C - S O / C  (C) H 4-’ C~C’J (C) ,54 C) N- 5 ) 4 - 5  01 CCU) CU’0 >4 Cc’s CC - CD U) >4 CD C~ 33 1- . (45 >4 C)D LI 02 - ‘ri C)) (P ,53 0 +‘ c3 4-4
-s-f CC- H U) H LC,s--f ”’-,, H (5 0  .‘H ~~H 0 0 ) 0 4 3 5 ,  33(5, -H -
5-, C C —CO 34 5’— U ) -  I I H 0 5-, 33 33CC 0 - 01 40 ,0)’ - C ’S 4’C
5 ) 0  • - 0 •  H 5 ,  r’~ - 0 +0  - 3 3 H O 4 - 4  H- ’ 11C C) H O H C C C O
CI’) 5-, ‘C~~~ - 0 ‘ C O  > 4 0 0  H O  0 1 1 ) N - O  0 - ’ d ° -  4 3 C 1 /1 0 2) CU C ) H
Cl) P 0 ) 53 H C U U )  0 U) 5 , 0 5 3  -s-I 4 - 4 1 1  ‘ 4 3 C U 5 3  0 0 1 < C 0 ~~~LC- H G ) LI H . ’

5 2 0 3 3  ‘R .‘ ( )  (3 ‘>4 34 4) 1 -4-C L 04) 0(0 5) . ( “ ) I 3 3 - ,’ 5) C ) 5 ,  0 0-

I~~~ I S ~ 
‘
~~‘4’~ ~~c s )(~9 ~~~~~~~~~~~~ I~~~~~C~ ~~~~~C/J C/J -~~“~~~r~ 

s - ,  ~~~

O — - — 1’ - C ‘0’ - (1’ H - I “CU) H H ‘-4 H H C L  Ii C I  (‘4


