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PREFACE

The summary I f  the exercises reported herein was prepared at the

U. S. Army Engineer Waterways Experiment Gtation (WES) as part of the

landing mat program under “General Purpose Expedient Engineering
Materiel ,” DA Project No. 1T162112A528, Task 0t4 , under sponsorship

o f the Research Division , Research , I)evelopment and Engineering

birectorate , U. S. Army Materiel Development and Readiness Command.

This summary was prepared during August 1976 under the general
supervision of Mr. -J ames P. Sal e , Chief , f~~i1s and Pavements Labora—

t;ry (S&PL). Personnel of the Materiel Development Division , S&PL,

actively engaged in the exercises were Messro. William L. ‘1r lnnis ,

~iu~ h L. Green , Dewey W. Wh i t e , Jr., Gordon L. Carr , Carroll J . Smith ,
and Dave ~~~. E l l i s u n.  Thio repor t  wan wri t t en  by Mr.  Green.

Director of WE- during the preparation of this report was

COL John .. Cannon , CE. Technical Director was Mr. F. B. Brown.
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- ‘ NVERC I uN FA fT hC , U. C . CUSTOMARY TO M~~ RIC ( S I )
J:;ITS UF MEA 3UR~~4ENT

eso~~~~ .ry on i ’.n f ::.eas irernent used in this  report can be con—

v~~r ’ e-1 . ~ic  (ii) -units as follows :

_____________________ 
By To Obtain

25.14 millimetres

0. 3OL~ metres
rd]es ( u .  :. statute) 1.60931414 kilometres

s~~o’Lre feet 0.0929030 14 square metres

p- .w ; l s ~mas o ) 0. 1,5 3592 14 kilograms
Ie~~neeo ( angular) O.0l7i 4532 9 radians

-- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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1]:~.A -;1-. oy . . % . ; I . ~~; l~~T ~~~ .‘~~ :.Ay O~: ~:AI l  ~~~~~~~~~

L I I

•~‘ OE; ,-u !’. o r - r i n 1 ~ of  i ’ I , th e  . ~~. ~.r roy ion ir . -er -

• - ~~~~~~ - Fx r/-r ~‘. -r. . -t ; t ’. i -i-ri (Wi-i ‘- )  wit;; r- - ota- - tel by the ‘. f f ~ cc , fb i e f

f hn..f ne ’~rs ( fE), tro- :0111 tirno rr e C rps , Ft .  h ra~~l, Ii . 1., and

h’•- -~ r~~rtrter;-; , a - t  - u i  ~‘. i r  ‘- rman i, :.a~~-!c:; ~ir F .rre };ase , Va., con—

a t n - r -  .;e l f L e L - i  - x e r :  ise w h i e h  wo. ;i -l in-i- -i ’/e the use of )G418

1ari-lir ;~- roan o:er an exist I r.1~ as:-hu~ t r ~nway . The exercise Wa;; an

annua l  joint ; ;e r v i -  traini ri~ :oar;e r;er i— rate-I in ;~ ri area near the

v i r i n i t ’ ,’ - -
~~~ :;.~~~h an- . m a ’s r- art. One phase ~~f  the exercise invu l veo

‘ii nrnaft :r at i n -  . a an aband- -re i il - r l ’I  - -- ar  I I  a i r f i e l d  which  baa no

an I It I e s ’ . t h e n  t :.an ran~’uy;; . The a ~xi i J  ar:: air fiol :, know n as ‘lak

r- ve (:1 1 F) , is - - a t e  I a n nr n x i m a te l y  100 n.l r .  ;; * east of Ft. hrar;~,

~~~. 1., -in -i ::.iles n .~-tn wo-st  of  F - ; l l o c k s v l i i e ,

The e x i s t i n C  complex nons!stecl  of th ree  runway s , each approxi—

mat e l - ,’ ;,QQ( ~ :~~. n~ aria 150 ft wi le , S ~rfa-:e’1 wIt h  2 i n .  of sand

asp i .u l t  vet - a C—in , shell r-.;ck base material. The runways were

n a t o  an i c. -nta ine-J n umerous cracks wb l r h  were cons idered  ser ious

sinc e : S ~~ -~ O on -~r imo~ erI asphalt would be a pu t en~~la hazard S1L>ufl it

be i : n e o t e - r  lot  a i rcraf t  enb-in es on become a ir b or n e  and s t ruck ny

or ~r c  I l  en b la— leo of the  aircraft  and n a- i r e  addit ional  s t r u c t u r a l  lamare

t . . th e  a l t -n t - a f t . Thus the ~ 1l8 landing mat which was available on

loan fro m a depot in Alabama was selected for use as an overlay on the

ak - ‘lr o-:e main  runway primarily as a safety precaution and to prevent

f ar t n er  deterioration to the aginio- asphalt. Since there were no large

depres -;~ ’~ros or “b irdbaths ’ in the r unway surface , the decision was made

* A table of factors for conversion of U. S. customary units of
measurement to metri c (SI) units is presented on page 14 .
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- - p - a -e .o- - ~
‘;-

~~~ —Ii  r -~- -- t lv n the asubult .‘i ~t t I . -  are of it rar ;-~ 
- 1.0 —

I n ; . - - 
~a ‘. ~: - - - r .  ‘. : ;- a i :~~~t - ‘. al -I  ~~-~~~‘ . ~~ - :.: o r l :1 w ’- ()J

I ;~i r~ - 
- spa -ui i I C - t  I iii .I- 5;; I t o  J~i r  i - er r .— , ~- - - r- oil - i  -

I ‘a ass .t  an -  it .  t O o  o r ;  j t  i’t 1 r l l w;t y  - i O ~ 10~. Oi , ~I~~ni OC t he  r o u t

I ‘~:~ 1 ~. I 0, ~~~ ~-y ~-r ~ ~~~~

3. Uric u~~ru ~~. ; -  t l- ..-~ W I- I r ust  l i - i nut i - i t  i_ t i  ti c;;e exi;rn i~:o;; wa ;3 to 

: ~r- e~ ~r _o _ a I n. ar. i i n 1.’ rOOt oti C x l  sting aspr ial t pa-:eroent

t ha t - -  :0:; stI r whi -n toer - ’.a in e  I t in. ;~_ a 1  l a t i  )rr:  of t h i s  tyr 1e, and

n- 1 00. ~ , oaro~ a S , u — l :i  - - , ~~~ assistance to rol~ I t ory  e.1 er erots

The ;uc -:i:ir purpose ef t~~is n.:u-,rt is to  cite sor e - of  the

lens or - oa r ;. ~nir.o t ne  :‘- . ~r ex e r r i r e r  in  whir r ;  rnat t i r .C  was used an-I

~::•i ~,0r i_  i5 1 I O i . I’ ani t mak e r en-~rnmenid at iun ; ;  f •r f u tu re  s i tu a —

r n  r . ch - in .i i n .: mats ~i I be deployed in th i s  roar iner .

: ‘ : s ; n i E t o - •n of ~~~ Used

- an Iir; ~ riot used in the e x o r ni s es  de s rr ;  ned herein was the

r o t :  O - i ~ a l u m i n u m  root . It was available on loan from the

A r ;n ; s t  n , J , lI~r L -~~ , depot and was capable of easi ly meeting the surfacing ’

ne-~o i r ~’-reot . :  ,f the fl— 130 cargo a i rc ra f t  used in all four exercises .

t was .;t :red in t he  open at Ft. Bra~’r ‘1. C . ,  dur ing the intervening

er i e  Is between exercises .

5. The 01l~ is a one—piece extruded section with extruded end

c-- n r e n t - ir s  welded to each end. The side connectors are integral parts

,n the basic ex t rus ion .  The basic section is partially hollow with

12 internal vert ical  r ibs .  The full panel is 1—1/2 in.  thick , 2 ft

wide , and 12 ft long , and provides 214 sq ft of placing area (Figure 1).

Hal f panels are 2 ft wide and 6 ft long. The XM18 mat , fabricated

from aluminum alloy , weighs 14 .8 lb per sq foot of placing area. This

mat is painted green and the top surface is coated with an ant iskid

material of the same color. The side connectors ( female ari d male) are

constructed to interlock with a rotating motion . The end connectors are

6 1~~~~~~~~~~~ 
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at - . .  ~~~ - - :. t r . t  - 
- ~~~~~~‘ ;  Cf tr~: 

- - nr ’- - t -  .r~; ~u - - r ~ - -n ’: ~ r I  of ?_ o e  La n d

~ Is n l i t ~ - n r ; e : t - , r )  i~~. 1 .wr .  on ‘n~~- . t n cr  c m l  ( o ’ i er l ai .  ‘,nir;~ r.tcr)

-

- 

t 1. e o n I - r 1 f ; i .-~~t ~r — - r i - ne ~~~ 1 is or- pc sIl/  p l a n e - I  o -i~~r t he  end 
• r of a p r I 0 ’ I ;01S ly p - I t  c 1 l. ti r~~1 , 8 r o n t i m~i- -.L~. t - l t ;  of mat is

C so -- ;.  4 f l a t 1 . . ,k i n g  b at -  is  t r en i n s er t e d  j O t o  t h e  I u c k i n~’ bar slo t 

- I panels  to C -r r  ii , t . 1 -; ar ab  le j o i n t .  hoe 1 ‘~nk i n g  bar
-

~ 
•-r o or - - I  C r - u .  is m d  I I .~a in ’-a- . - r ;  r o u t  ~L i  I c .  h e r m a ll y  th e  )C-fl 8

~ .t t  is - u i - i  ~~ . to the saIe— f.-noa~ .- j o i n t  p e t - r e r u n  -~~an t o  the direct ion

- - f . 1t ’~~~~~ . A ~ t led  .1~~
; ; :r iI , + -

. ;‘.ai_ l a ti n i n s t ruc t i ons  for

toe  f~~. -8 rou t and r- -~- at cO u r n  i l i ar y  l t - - r ; .s p r e ; ;c nt e- i  ir~ the installa—

roar ; ;a _ .
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C • - o- - :.~~ t o - —  t 1 roe u i - r i -  - I w h i c h  to i s  rep - nt -- ~-ie rs ( l’i( 3—l9 (C

* ;.~~-5e  15 o X ’- S  i s ’- ; t e l  in wh i c h  toe ~~~ ~ I and i n t -  moat was

i t .  toe  o— .; o~t n r u ;wt~: at . :aS -~ r- -:c. ouch year  there  was a

~ 1 -ot I Cf0 Sm :’- eo toe  n t Oe  lo-n~~ ;n of  toe runway , the method of end

Or . - ;  r~o0C , :;e :- . - - to  — 1  of id e - ar rh -ru n e , or the n - i rohe r  of landimu~ -; in

-00  . 0  - lI re -n t i t  • i r i e n e  sli n}~~. rn- i l l  C i n at i o r n ;  were made in the over—

—~ - 1 : s .t 1-- :-: ‘St - r ;  y eur  in an attemp t, to r e s t r i c t  the sat moveroe r ;t  wh i c h

tC 1 101 : t tne riu , r i ty  if  l ar idinn -r oc c o ir r i r . n  in one- d i r e - c—

st i -r Io- -t e l s t-i ’J~ es of tI ;is  tyoc  in the past ;  however ,

‘_ ; ‘e ;-~ exer-ise.: i j t -~~~:~~ a :Oar i - :e  t i  ~ al n  a a - I i_ t i on a l  i n for m a t ion  front .

a-:t ~a, si t  n ions i n - .- i I - ~- ir1C a i r --r a f t  . per u t in n  under f u l l— s c a l e

0.  ~l r; : en - ~~I l a ~,- at of the  r r way complex at t:-oe hak Grove

- T h e  is ~o s n  on i] .a t. -i  1.

:- - ;x ’ .-U: - ThU”Ek  71 ~~ s7 -)

7. The exercise c- . n t i c-te d  in l9 ( 3  was th e  s ixth  of the  EX OTIC

1FF sorien ;o  wooer , i t  was the fi rst in which landinR mat was

- -:en a s un a l t .  ;1 -ri er , -o ax ~ descr ibes  the exercise  as applicable

C b o l l  no ro ~~t. Ihe- m;or th— so oth r- ~oway which was su r faced  was 14000 f t

- 0rI~ on ;  150 ft  w id e ; h ow e v e r , the ma t t i nn~ surfaced an area 3500 f t

1 - .o~ ao l  Cl ft  w id e  and included a turnaround at the sout h end (Plate 2 ) .

I e - 1  ~f the  c— ;r ;v e nt i e n ai  auger—typ e anchors which are contained in

tht- l~-Ilii rn-at set , shop— fabricated anchors were used. Neither end of

t 0e- l an l in o  mat runway was bur ied since the mat complex was contained

w i t h i n  the  conf ines  of the exis t ing  asphalt runway ; however , cold—mix

asp h a l t  wa- s placed at the north end to provide a t rans i t ion  onto the

r o at t i nc .

B . Approximately 300 sorties (one landing and one t akeof f )

o o n - i r r e d  w i th  approximat e ly 95”~ of these being in a south direction .

9
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~- ! t t  sh i  f T h o n  - .r r .-- i in  t m . - r un way i t .  t he  area i n  w r i c h  a L  r : r a ~ t

1 - ra/~~r o  o c t 0 5  n -  1 an ; I wa.  t o-  a.; app r ex i  rout e i 
~

‘ 25 i t .  • ‘ - . ‘.a~ to the

~: it o , w : , i n i .  vu .;  ‘1~~- i i r - -~- - t i - -n - C ~t~f l . j ~~r~~’ • Also in  t h i s  area the

:oaf.t;on a _ - r , to -— n - I ow a n  - em ’. , -r  l i n e  r - :e ’ied far~or;cn C O O t ,  f _ he  mr~rt t. a_ eon

‘ - i t O -- S  e - 1~ ’~~ , w ith toe - i i  f f e r er -:c It .  movemen t n e - i n n  a r ur - ~x i r o a t e l J  1’— U -

it .. AiCt. . -~~o heavy rainfall - - r c a r - r e - . 1  -l ining trim exer~- ise m u  s

t 1 a. slat ro-: .’ierf liir; t - - ,- -  ;rn.--i , no mat - , r• ant i  dc 1(1 ‘ iar-oine vu;; oL:;er-.’- l , an -i

toe fount I rip’ r~en Co t-too I rat i 5 Ca :t en t y .  Pr” -dc— t he  a;; pha l  t I r. areas

moa t n - it in w r . i c n  7 — j  ~~ ) a i rc r a f t  ip en a t ed  n e n f i  rroed

C h a t . t b - —  - 1’. Thi ,r. t use toatt 100 was nene ssary . U e b r i e T h n~ -of the

1 t o- r eveale ’l  that r.~ r o n - t i  eros were expeni cone- I  en operat i r.g em , t he

rou t Cr to toe r ; i  l -e t ’;i vj e wi  lot . The- m a i n  o n s m r ; i tt ion gained irk t h i s

ty :.-e o t  ;oat seTh - 1,coertt was t h a t  when a majority of a i r cr a f t  operat ieno ;

are it, n.e mI r e - - ti r , , t o e r e  wi l l  be substantial m a t  mro -zement. Pewever ,

w wa -re.; are o cmr r i nn  toe -re  are aun arent  ly  ne m u i r p rah i  ems .

I l I L I b  1H111,1, 71,

). The ; en - ’ o.I exercise involving the use of landing mat ever
acp :;ait  wa.~ c - o I s nt e I  Ito the- opn io i ’  of I P 7— (Appendix i i i ) .  The rmiaj —o n

- -oan :e in th e  land i rin  mat complex from the previous year was the son—

f a c in n  of  an a-Iooomi ing parallel taxiway iO’OP w i th  mat and the burying

- f  the r~- rCh end of the  root runway for  anchorage (Plate 3) .  There were

331 .;er t i e s  of 1—130 ai rcraf t  plus n -onoer -oas operations of OV— l ai rcraf t ,

v i t o  a majority of all operations being again from north to south . The

;;a- a— f a b n i cated anchors were made from 3/8—in.—d iam reinforcement bars

in . :te a-d  -o f the 7/8—i n ,  material  previ -0us ly used , and resulted in the

top plate breaking of f , of ten during instal la t ion of the anchor.  In

the taxiway at various t rans i t ion  and t urn areas , asphalt was used to

f i l l  the  -zc- i ds and resulted in no positive connection between mat runs

in several locations.

I D .  ;~ t-~~~j t - .  movement of the mat was experienced in the direct ion of

lan - i in i ~ al- r,i~ the runway and in the turn areas in the taxi_way. Although

SOt-I C panels had moved as much as 30 i n . ,  the anchored end of the f ie ld

10
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did not move; th is indicated tha t movement devel oped from the in i t i a l
slack in the ~ 

,ints between mat runs.  After the second use of the same

IC-I l -B rout In s i - c e s s i v e  exercises , there was apparent ly nr ’~ s t ructural

-ioirr
~
a

~
e t o  the m a t t i n ~’ and i t  was sa t i s fac tor i ly  support ing a i r c r a f t

.)Deratior.S. A ’I th- -u ~ h the  mat runway length was appr oximate ly  650 ft

l-o ’ n~ er than in the previous exercise , the movement  of the mat was s t i l l

evident.

SOLID U H I E L D  75

11. Tn the spring of 1975, SOLID SHIELD 75 was held us ing  the

same )c418 mat , but with modifications to the overall runway layout

(Appendix  C ) .  Poth ends of  the main  landing mat runway were anchored

by buryir n approximately 18 f t  of mat in a 2—on—l sloped t rench.  The

taxi wa,y was ana in  surfaced, but except for the turn areas it was not
anchored  (Pla te  a ) .  Runway edges and ends were anchored every 8 ft

wi th  the 7/ —in. steel drive anchors . In l ieu of the combination “H ”

connector and asphalt t rans i t ion  at turns on the taxiway , posit ive

connect ions  were made using the 90—deg turn adapters contained in the

X~-Ii8 mat set. During the mat laying operation , a military tractor was
used to tension the mat and remove any slack in the jo ints . It was

thcui~ht that with this extra tensioning, together with the mass of the
tax iway wh ich was now positively connected to the runway , and with both

ends of the runway anchored , the movement of the mat field in the
direct ion of landing would be reduced if not contained.

12. A f t e r  300 C.-l30 sorties , with approximately 93% of the opera—

t ions to the sout h , m at movement as much as 20 in. was recorded in the
- 

- 
aircraf t  braking area. The mat movement along the center line was

- 

- again more than that at the runway edges . The drive—type anchors

tended to pull out of the asphalt in the areas of the runway subjected

to heavy b r - a k L n 1l and some of the welded anchor heads tended to pop

of f , but these were considered only a minor maintenance problem. Thus

it again appeared that it was di fficult to prevent mat movement caused

11
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ly sustained opera tions ct cargo aircraft  in one direction , although no
structural mat damage had developed. 1:

SOLID SHIELD 76

13. For the fourt h consecut ive  year the same ~~~ -U8 landing mat was

placed or.  the asphalt runway and taxiway at the Oak Grove test site

d u r i n g  S bI , I D SHIELD 76 (A ppendix D). Again both ends of the mat field

were buried , the edges of the r unway anchored , and the turn areas in
the taxiway anchored (Plat e 5) .  The only change in laying procedure

was to use two tractors in parallel pulling the mat to remove slack in

the .i . -- i n t s .  The 7 / 8 — i n ,  anchors wi th  steel cap plates were fabricated

s l ight l y  di f ferently in that the reinforcement bar was placed through

a hole in the plate and then welded to both sides of the plate. This

wa5 more satisfactory .

114 . A total of 301 sort ies  were made during the exercise, with
approximately 80% of these being made to the south . Maximum mat move-

ment was approximately 11—1/2 in. in the runway, with maximum bowing

along the center line of 1—1/14 in. Again no structural damage was

-°bserved on any of the mat panels due to aircraft operations. Even

after  the fourth year of usage , the mat was still easily assembled and

in such good condition that plans were made to return it to the depot

fo r  fut ure reissue.

12 
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15. m l - . r t - the . .  — I C C  CPIELD and i-IXCTI C LACCEP exercises non —

I at toe ak m - sit e , the- WEC naIl conducted stuJies i n vol v i n g

a - - - : - , ‘- n t  - ‘- .-- t -  m — ~~€ o r i -  r ate -i  asphal t .  P -wever , the four exercises

at ok I t -  cc or - o-i-io - 1 -Iota wi th  live aircraft operating under actual

r o ~~- t i n.s I n  f i e l d  atmosphere , and thus unant ic ipated events such as

root “ o -reoo er~C - ‘ii I C  s t ud i ed  more real is t ical ly .  Thus , as modi f ica—

Ci ns were too-ic t~ e x i s t i ng procedures , they could be evaluated imme—

Iiotc~y arid the  results validated. Thus, over the four—year period

rot c of the- lessens learned were f i e ld  validated and will  prove most

ti~~o p f u i  in future s i tu a t i ons of th i s  type .  A summary tabulation of

to-at mouV ~ t~e-nt  iS Of.  i Wf l  below .

Thtal  C o .  Cc . of Sort ies Maximum !-Iat
Year of C o t - t i e s  Thwar i the South Movement , in.

1913 300 385 25
19714 331 315 30

1975 300 280 20

1916 301 236 11—1/2

The lessons learned will be summarized as conclusions and reconnmenda—

tj005 in the following paragraphs. Generally , the respective installa—

t ion manuals for the various landing mats should be followed as closely

as possible in any matt ing installations.

Conclusions

H 16. Based on the results of the exercises conducted during the

past four years and related investigations3 involving landing mats , the

following conclusions are drawn:

a. The use of landing mats over an existing deteriorating

asphaltic pavement will upgrade the pavement , and prevent foreign object

damage to aircraft from occurring.

13
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U . 1 t he re- are no- mmt j -~ r p-~th  - I e;; -r “bi r--Ibathr ” I n the run —

~~
‘ Ll to- tt w- -~ 1 1 Su it;’- moa t  I t - i  I S I t S , j f , is  n’ t r . e - - e s ; a m - 7  C- - n l a - e a

ins 11-se C oar . i :-e tw~-~-m; the tottt an-I the  pavement .

I C the -In t e  n- is r a t e -  1 5-111 -li ti- sn and r- i um l r mnm es  :; of toe lie-I d

-i i - t a te - Coat  a i t-ce - i  t riO S i l l  - - - i t - S e -  Ii’ re- ;-i i r e - I , a limlbtwe i Cht membrane

sh- - -~~1 1 be p m a - c et wt-e -ni  toe s .i l  m i t  he landing  mat to p r e ven t  pu~ pi rmc :

C toe so! at th e -  t r O t  j -  - l n t s  i i ’ I r Lnl O i nn  leme mo t weather .

P1 anik—type- b o i l  rig mat , ic-h as t he  C-118, can ;tain

h.~ni~~- r ;t~aI  ro~ veroenit in. the d i r ec t ion  of aircraft l anuings in toe nia,7ni—

toi l-— ~f appn~ ximateiy 25 iii. w I t h ~~ut structural mat d amage ‘or adverse

ef f ec ts  t the runw ay complex; however , based or . s imilar exerc ises , a

d e t r i men t a l  bow wave may develop i f  j o in t s  be cume t i i th t l y  c l o s ed  and

tnis so osod be closely “ob served and a vo i de d .

Recommendations

IT. Based on the lessons learned in the exercises disc ussed here in

and similar investigations involving landing mat s tudies , t ; - ~- f , l l o w i r ~~
recommendations are offered as an aid in f u t u r e  operat ions wh ch inv~,ive

the combination of landing mat and deteriorated pavement :

a. The ends and edges of the runway should be securely

anchored to minimize excess slippage and horizontal mat movement and

subsequent development of a transverse compression hump or bow wave in

front of the aircraft tires .

b. If steel reinforcement bars are used in lieu of the stan-

dard screw—type anchor issued wi th  the mat sets , the bars should be a

minimum of 2 f t  long and 7/8 in. in diameter.

c. If the anchors fabricated from plates are used , the plates

should have holes in the center with the bar placed through the holes
and welded on both sides of the plates.

d. Locking bars should be used with all anchor adapters to

make a positive connection between the anchors and the mat.

e. All elements in a mat—surfaced complex (turnarounds ,

aprons , anchor adapters , turn adapters , e t c .)  should be installed

- - -- -_ ~~~~~--~~ -~~~~ ~~~~~—-— - - - - _ _ _-~~~~~~- 
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i u rin g  i n i t i a l  moa t p 1ane -m er~t .  Positive connectors sh’,u] d be used at

r~
_ 1 in te rse -  - . I os o r ohan~ .- .: - - C mat d i r e - -C I on of runways and tax i ways

w i t h asphalt fillers at toe-se n-~nne (mti -sr1s e l iminated to prevent a poten—

titi l hazard to aircra t.

f. Arm approach ramp sb-s iT- -I be provided for the t r ans i t ion

between the landi r~; mat and the pavement at any loca t ion  of ai rc ra f t

access - ,r egres s where the mat is ri~~t bur ied .

N’s pieces of motorized equipment spaced at approximately

third points should be used in parallel on the r inway/taxiway width to

tension the mat and remove any excess slack in the connector joints.

15
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DEPARTMENT OF TI’IE ARMY

P 0 BOX 63~
V IC KSB UR G  MISSISSIPPI 39180

~ ~~~~~~~ m I,g~~ ,-o ‘~~O 7 -  - - 15 “~:j I~-i ’~ l

I:I-Il- -A1 l ’ -I FOR St- - N

~~5E— of 2-co tim - ‘ -~
-
~~
‘ m - i t .  SO Il - iN -

~i 11 0111 AlIbI VT

I. i--k -IT-I I- Al-Ill- VI. Otto a;,m,ual m; oili t t r ,- Of t lOirt: ex e rt - iso fc,r ~ O , -
- I O f _ ~~, O, f . ; , san hei t : I s  0T~-Or in -art area alcns  ::ox-tr , Car--- :lim;a s

-c oa s t  near  Ja - i uto - ,-I 11C un--I in-salt-c ‘+ 2 ,000 troo1,-s . The .1 sim o t tr ’olo—
ims  -~;-;~ - r ; i s e  ito -so lv e-I  Aim:, A 1r b - o r - n e , an’! lavy ‘iri~ ts art-I - 0 0 0 S a St e -  of
a m ass airLo:-n-~- assa- t i t  - t i l i z i n i ’ 1— 13- I air’~n -~ Ct art-i 2000 an -S t

j-oroo Ito wits foI l  -orohat ~Iear an - o m l , L~ ‘iS assa-olt  i nvo lvinc  -°0-l-I
ma r in e s  in a beach lan-lire-- . A i r ’  1st -mo 1— - P -;oi aro jet: f l e w  ~~h :t o
n-c Oo;J oisnao e CiI,-0it~ an-I s imulate  I a i r  s~ -b k- :: - aol Inc 1— 131- - -oar co
si r  - r a f t  O o r - - a-1-Iitionally irmol-sco in bet -2 ‘1oi i~~:; o;ot leli- - ert’ by air—
oro -s sjt~, I— il cargo L u r - s - o m o t o s , t oe  los aU i t~ to r a r ac -h-~ ta e x t ra ct i o n

‘m leli cc by ~-~~ors u an issault  ~ - ‘i o’-
exerni se was somewhat h”on-s- i r ~o by hi~ h win- is and ex’oessi’.-’e r-oims l all ,
w m o i c r .  oc:~~rre  I art -i i :o ”-r ea :-e -J I r-ohUems in croon-I mobil i ty.

2. The XVl ex t x - . be I, alumirtur. Ton l I r ; ,: mat osed in t roTs  e x e r c i s e  was
Isp layed  at Oak bro - .-e AFB , 2. C., an abandoned W orld  War II air base

wro i ch had rio major f ac i l i t i e s  other than runways. At she r eat e st  of
‘111 , the WEll I;ro-side-I assistance to the Corps Er i ’ in e e r  of the XVIII
Airb orne ‘Iorps.  The WI -~-b becam e involved a f te r  the decision was ma-d c to
c i l i ze  :-ll-aH mat over the exist ing 2 - i n ,  sand/asphalt runway which was
l e t er o - ora t o rt , due to age and which contained num erous cracks in the
s . r f ’-t ’oe . This condi tioro posed a potential hazard to aIrcraft if the
asphalt were  to crumble and be ingested into the en~ In ’o s  or be struck

the propeller blades of the C- 13C- a i rcraf t .

3. WES personnel inspected the Oak Grove runway complex prior to mat
placement (see 1~~R dated ~l February 1973, subject : Visit to Oak trove
AFB arid Ft. Bragg, N. C.); assisted Corps Engineer personnel in mat
installation (see MFR dated 16 March 1973, subject: Visit to Oak Grove
AFB , N. C.); monitored several days of aircraft operations ; photographed
various phases of the operation ; and made measurements of mat movements .
This MFR describes the EXOTIC DANCER VI Exercise  as pertains to the XMl-5
landing mat at the Oak Grove AFB test site. WES personnel involved in
this exercise were Messrs . W . L. Mclnnis, Dewey W. White , Jr . ,  and
Dave A. Ellison and the undersigned of the Materiel Development Division , -

and Mr. Thomas L. Guynes , Jr., Photographer, Reproduction and Reports
Division .
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15 May 1973
-f 2 - r io - l i mo - M a t  in lort ,~’ort ctio ri - ; i t h  1-X~J J i 1  dAllfhl VI

- J h e - - ; - : i s ’ ire-: :jI~ ’i-- I ~~ t )i~~ l i- -s - i t -  All ) t ; Sj S t ’ - ’l of a t r i a r t r u ] a r
.oo” i- ’: -ru m s ;  1 - - ,-., ci tl~ - - a rh 1cc of t l t ’ - ’ ’ in .t i ‘ - x  - -ws ;i :;tinc of a r unway

ft long - oH 150 ft ‘cl i’- ( ! n - i  1), :o r- fat- - - - 1  o-’l~~h 2 ,o .  of :ar~i/
cv- m~ a 6—i ro . slu - il r~ -rk toas- :  r: ,a t ’-r , ’ i I .  ; -Nntwa ! l~i— 3 6 , e r H - n t ’- -~

i n  a :, - r ” — n 1Ir- ~ - 1  ‘:.. ‘
~. 

-
~ tro- or- ir oor- - ,’ runway ant was u2-ri  f o r  all

,ra m jr,c ro, I t a k ~- , , f :’ o r - - rN 1  i - m n .  Toe ~~ j~~ — i-~~e :t t ~~~ r u n way :  (27— ~~ ar,d
0 — - - - os’- ’ I  t o t -  O a x i i r l c  ~ r ’ - r - it i -v ; :  i f thi- i— 13i a I rcr a f t  and as

11 ‘ -~~+ - r ’ ; a I S  - - t m e r - + -  ser- - n~ m:a ’ -,r bii - -tr athc or potholes in
- ci :oc . r ~r,wa’,- - a sun l ’ i - m k ’ : t  wan no t  r equl  re-I 1 eri ’-ut h tic: mat

:~~~~
- - -- on tic - r cwm ,’ mo -or wan r~~n,i rant ’ ; u t i l i z e  I . T1-~er-- -

~Tu:: a -lopre:sion
0 5— . - lot-at ed at - i t o ~~t tb ’ col t  roo o tt  or  the lenn~~h which

w o o  - - ‘
- - - s - . a 1 i -  :1 n_kane r, r- ,-; r;-f a ~o—  in, . c tvj c re t e  ‘Iraina,~e

t o u t - i - nt  P e t e-a’ I - - ‘  sur: ’ um:. This area -r an -o -j ~ n - 1 ~~! I ~Htrt local san~i and
wit :: Ill-I l :‘ ‘ i - t t l r ; c  t -- a oriltr~ of ~i-~ ft.

5. ‘on- this -nx--rci: e . 1~~~, ~ i-t o f Xol° m:,at w i t r :  ancillar ies  were pro—
- n- - b y the  XVII I  Air - f  on -n e Corps :‘ r-cns the A i n i r r t -o r At-roy Depot on loan
us a I i-l Ob item:, - w i t h  tL ’ - mat ting  t r -a mo sp or - t ’-  I t o the a i r fi  elol by t ruck.
Ts~ :o-a t tinc  was place -I ‘on Ito’; n --uven - .c m . t  of run way 1~ -36 to surface an
ax-ca 60 ft wide urH 3500 ft lomc. 1- ince t },e mo ,axln , oim crown of the runway
-eras 1€ -sn than 2 port-i-st - t }Ot- -or vemoti- ;om,al lay of mat was utilIze r . Mat
ayinr 1 - :c- ;r; tt to’- apx roxlrnate longitu linta l nr,i Ij oito t of the field .

By unina a star’i r a l - ap t er  (Intl 2), two layi nc cr e-ws  laid the s~~t in
-o r osit-- directions, w ith a total of two i0--~ :n oreor n plus one forklift
slerotur. Access adap ters were installed cenerally at interval: -of
250 lint ft. Altlroo-ioh rain I- 1anperi- d the coat pl-iice: :,ent , the mat was
installe—l at roT -n t - i ron - rates r im-in to from 206 to 3~lJ sq ft per man-hour,
i’—temvi inn cr~ srovai ’l  i nt o weather  conditions. Ant -b raVe- along each e-d~-

Was a t -m o - m n  l n n I h e - 1  ty riacing of shop-fabricated anchors at 1~~ to - ‘--ft
Hot - rvals. The ccor ,-sentional aun -er-typ-e anchors t - omt t r o i ro ed  in the mat
:r ~t were nut u se- -i s ince  it wool - i have been necessary to in - i l l  an
;e ’-p hole t t . r o - o n .  the asphalt and supporting shell rock and later refill
tb-n holes to r’ostore the runway to its oricinal condition . The anchors
cons o s t-n i of 2~-in .,  No. 7 reinforcement bars ( 7/8  in. in diameter) with
3- in:. square plates , 3/8 in. thick w e l l e d  to one end as anchor heads .
The opposi te  end of the anchor was a sawed end and not pointed. These
anchors were lose- I ir~ comobi ros t ion  with the conventional overlap/underlap
anchor  a lapter . An a i r - o -  ;~~~

- , aek hammer with  a pointed tool was
in itially USe -l i to drive a hole approx imately 8 in. deep through the
asphalt an--i supportiri — base material. After the anchor was placed
through the attachment and in the hole , it was driven in-place with the
:ock harmon-ocr with a flat tamping head attachment. Approximately 10 to
12 seconds were require-i to install an anchor using a three-man crew .
The approaches ott the  ends of the runway and at a turnoff ramp were
surfaced with coHo-roix asphalt for a distance of 3 to ~~ ft from the mat
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-- n- s ( i rc i s  ,; an-i ;.) . I r +  asphalt van c-i lit titii’krtess fr-c:, 0 to  1.5 in.
A:. horace mit m -- :: , w a ’ - - r  is u t i l i z o  I a n ct u r s  ar t - I  adapters. : o ’wever , the
am. - r-s it. jt, i - i - l b o  mot li-i ‘s~-rt tbrou ’h tb’ atta-rIrm~er:t s; thus , the

resent nor r-entri nt horizontal movement i j~~ the en-Is.
Alt r u-u -b it was r- -:omr:;,t- that the conway ott-Is be ant- non-c-I against

n-b ‘ 1 :r.~-v- mem ~t ,  A i r  For:’: ; - rsonnel  H o — l i t - a t e  i these anchors would
so a inSt-nt al h i-oar- i to a i r-cr a ft  t i r e s  if t o u t -n  ic, ’wr, oc cu r r e -i  at this
0 1 st .  1 buS . aocm e-r s w ’-t - : I r~itially driven b o h r - i  the  arc bor attachments

to  i- es- -so a low r r r f l l c  anchor head an-b to att’mrspt to prevent vertical
r’ ,o ’;- ’:;,ot:t or the  a t t a - r h m e t i t s  (m ci ~) .  The d e pr e s s i o n  over the irainane
-ui’. -- n -S on runway -1 1-23 -was su r f a c e -  I i n i t i a l l y  -with a 60— by 16-ft
ian - i In - ::,ut pa i n’ser- a san-i blanket . No membrane was ut i l ized wi th  the

~a t . :;o w e : er , ar t -hors  were p lace-i aloron all si - be - s .

Tb’s ~ -~l’- l ao:-Um;o mat rur,’wa~s was sub , iected to approxin.ately 301
b ar ,  in n :  an, I 22. takeoffs of the C-l30 a i r c ra f t  plus additional t rans ient
0~~- ra±ion: P-s li dots- r Ar-mo o ’ aircraft . Duriro c the exercise- period , the

inn - rca was :uh . o r r t e I to ra infa l l  varying from 1~ to 8 i n . ,  hi gh
w i r d s ,  mott o I f ’bo o - i r : o . A r iver inundated an ad acent swamp backwater
or--s. to within an -oTt-vat ion of approximately 1 ft of the runway eleva-
tion. The 1-13-I a ir cr -a ft  -we-re loaded with cargo resul tinc in total
aircr aft cross -w’- h--i,t: of -or to 12L~,000 lb with tire pressures of 95 ps i .

:-Or relOrt lmm purposes. toe north er- I of the mat runway -was lesignated
mc a 0-+-00 art I tb-u suut : en -I  was iesis-niate--,i sta 35+00 . Inclosure  6 shows
- :,:l;- - - .Ix asi:ait p-la-- e l at the north ci t - i  of the runway and resul t ing

- - :-iz ntal roovemert of trio coat away f rom this approach area. llkII mark s
I; , :im i-te a t ouch  lown - w h i t - b  occur red  short of the mat runway. Touch-Iowns

‘o r- e l 5 to 10 f t  short of sta 0-4-00 on the runway and rao~ ed up to
:ta -~~oU (Incle 1 and c t ) .  Approximately 15 touchdowns occurre l at tho
5- - Ic . end of t h e  f ie l d .  Total roll-out and stopping length occoirre I
- or~- r-bII-i front sta i0-’- OO to sta 35+00. Touchdown speeds were approximatel y
120 :011; w I t h  Iani ioo- s ma-Ic in which initial contact was on front, one to
four ‘wi t - i s  with one landing made in which the aft portion of the  a ircraft
actually ma -Ic in i t i a l  mat contact . Many times , cloud ceiling was re-
lore - I to ‘- -11 f t  -with visibility only 1/2 mile , and instrument landings

-were required.  This resulted in landings not always being symmetrical
-with the ron-way center line and also in fair ly hard impacts on the mat
:- rface- . Approximately 95 percent of the landings were made in the
lirection tow- -r d toe south as a planned mission due to ground clearance
re-noire-I over trees, location of radar approach equipment , and prevailing
‘wit-I --ortiitjons . A 90- icc turn at sta 22+93 was available for turning
-off th e  coat runway onto the east-west taxiway in order that landing
aircraft could tax i on the  two asphalt runways to the off-load area
locat- I to or the north end of the primary mat runway. After off-loading ,
t h e  om~ osl m o - r o c e - - l u r e  was to return to the north end of the mat runway
an--I tak - off in a ‘lue south l irec t ion . Time lapse between touchdown and

~ak,’-nff was ropproximately 15 to 20 minutes .
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0 • flue- to iro- ~1’cr;i-:m :t w e r t t m n - r -  condi t ions , many t inmn- s  t i r e  a i rc ra f t  -was
u:,aPle t o reduce spc’— 0 in t im e  to make use of the 9( J _ I e i l  tur-niofi an I a
i ’ D -  I~-~ turn was made on the  asphalt turnaround at the south I’rt ’~ of tb-
f i e l  I .  io -wev i- r - , after approximately 132 lan -h od: , t h i s  c c - r n - - t m ,  - i - ! -~

- -
~ 

~r:e r u t te  I arid t h e  asphal t  bc~ an to break up an-I deteriorate (H- -i - - ) .

- ‘ i - i m c ’all L r- -- arm u- hea~r,’ - I u n i r r c T  this ru-r io-I , the  water tab le was w i r ;in~
approximately 1 f t  of tie runway surface , an— I cab n ’wat ’- r t n  I ’- I t O sm-c l it .
b irlbatl,s (Tn;cls 10 and 11) which developed in the asphalt . To alJo-vi ’it’-
the tu r r , ar o -~m ;d prob ’lers , the south end of the ri-at field -war: wi - l on e  I -r i

- - a t -h  s i Ic of the  r -ur: ’wav to provide a turm :-otrounu - i -re -a on the  mr.u t ( m ci 12).
The main i - o i l - - m r .  en-monte-re I in the  wi - l er t i rt o was in a-li-lit;, - mm,a t to thc-
-wes t e I - t- of the  exirot i n ’  coat runway s ince  art urtderlap connector on co-at
b e i m o - - i- I I - - mo t on-i 4~ be j o in ed  to an overlap cor,rtcctor on the i n — p lace
rr ;att i nn .  Th i s  m - - - i s I  m r  i pr y im ;n  up of previously  laid mat along the
e x i s t  i nn  r -unwao -  - -  r - - - , t h u s  - I i  -t at mon o a “ha-ok-war I ’ m a t  laying pro -- c -- lure
(Inc l  13) .  As s lo ’~moo cnn Tnt-c l 114 , some movement occurred of the mat pad
place-I over the  ir ’n in o a -e ‘silvert on runway 05-23 .

9 . A sun-nary of mat n f l l  airfield ri-ovenroents is shown on m c I  15. Shift-
~ng of the ri-at f ie l - i  ccc :rre -I pr imari ly be tween  sta 0+00 to sta 30+00 as
indicate I by r i -ca sur etser ot s ni-a-he along each edge of the runway and by
s tn i n c-T ~ ne- measure-intents r i -aGe across the width of the f ield at several
locations. The bow line e f f e c t  (r: ;ove-merit of ri- -at along center line in
lire-otiom o of lan ] m n t .  m ore  than mat in the same run at edges of runway)
oct-un-re-i as far  so ;tI -w~arI  as sta 29+00 ; however , due to several landings
in- : a north-ward dir ~ t i o m o . a slight reverse bow line occurred at the
ext reme south en -I of the runway although too small to measure . Maximum
edge movement of mat occurred between sta 7+00 and sta 16+50 and was
approximately 25 in . in a south direct ion.  The maximum bow line measure-
ment -was approximately 2-3/14 in. occurring in the touchdown area at

-~~~ sta 7+00. Inciosure l~ shows bow line effect occurring at sta 5+00 due
to a i rc ra f t  touchdowns. Generally, mat movement along the east edge
was greater due to a i rcraf t  landings not occurring down the center line
of the runway , but slight ly to the east of the center line . On one
occasion , individual runs of mat began shif t ing laterally at the 90-deg
t u r n o f f ;  however , a fork l i f t  was used to realign the runs. Mat runs
in the south turnaround shif ted laterally approximately 3-1/2 in .  due to
the turning action of the aircraft ; additional anchorage in the turn
areas would probably have prevented this. Total movement measured at
the center of the field at sta 0+00 was 8 in.; however , after approxi-
mately 200 landings , the anchors were relocated and driven through the
adapters and movement ceased.

10. As the asphalt taxiways became softened due to t r a f f i c  ( m ci 17)
and because of i-moncestion due to excessive helicopter t r a f f i c, it
becam e necessary for aircraft to turn on the south mat turnaround after
landing without u t i l i z i ng  the 90-deg turnoff  or runways . The aircraft
would taxi north along the mat runway in returning to the off-loading

14
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area prior to takeoff , t hus cr ea t i rt c  t h r ’- - -  tru ’i’- co .-m ,t : - n t , th’- r’ur ’way j~ -r
sort ie .  Inclosur e 19 shows skid mark s or i ts - ‘ ‘0’ r t n w a ’.’ i n  t t o e  t out - i :—
-luwn area indicat ing the in tens i ty  u !  1 am~ i i m m s  0 ~r t ’ H o ’  in t r - Is area.
Heavy rainfall cause-I some pump ing of to samsi r ti - n c - - r n , - ‘t S P  th -
:m;atting placed over the drainage c il’.- ert s on r ’ i: wo- - ‘ -O f. To “- -rn-re-ct
this situation , the matting was rem:ov~- ~ 50jj , t m - - n H ’ . ’ r h  ~t -  : . an i-oat
replaced and lengthened to cover ‘ir~ area - ‘ l~ wi-r ’- m~m - r  H.- 5’
:;o failures were present , although tb- pal  s o i n - f a - - - - 1 0 - mm - w t ’ i- t. w a - i s .

This situation probably could have l-eom: ‘- l imr ,lm , ot- -
- et m. t n-m i-ne

beneath the mat or by use of a clay soil i,Jam ,k- t imrl--r’l’g, - ; r o w e - i c r , only
native sand was avai lable in t ils vicin ity as b - u r n -  - ‘w m m a ~~-r ia 1 . The oa t
movement along the runway edg— s r e s u l t - - i i t t  s i l o i t t l y  rr-c - -~ lar ~-Ig es
and caused the anchors to ini t ia l ly birt ’I at pan- I :u i r 0 ’ s - i- mi thert  to
be pulled up slightly as mov e-mont  cont inue-I . To -all- -i l ito a possible
bow-wave condition and prevent  anchors from protruding above the runway
surface , the anchors in the area of mat mo - ; emren t  were relocated approxi-
mately 1 ft and redr iven.  The anchor holes -were observe- i  to contain
water due either from rainfal l  or the It-lob water table.

11. In general , participants invol-re l in the exercise reported the mat
gave satisfactory results , was smooth to land on , a-n’l performed well
during heavy ra infal l .  The antiskid mater ia l  on the mat was not
affected appreciably by the assault landings and ever present moisture .
Lessons learned in this exercise involving placement of m a t  over an
existing pavement include the following:

a. The ends of runways should be securely anchored against hori-
zontal movement. This is especially important if traffic is primarily
in one direction . Anch”~-age of mat edges is also required.

b. If a sand blanket is placed beneath mat , membrane should also
be used to prevent pumping of the sand during inclement weather . If
possible , an underlay soil should contain cohesive material to alleviate
pumping.

c. Unless the surface is irregular , a soil blanket is not needed
beneath mat placed over an existing pavement .

d. In order to prevent undue di f f icul t ies  and construction effort
later , all elements in a mat-surfaced complex (tur narounds , aprons , etc.)
should be installed during 

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

iF~ m c i  Flu L. GREEN
as Eng ineer

Chief , Landing Mat Branch
CF w/ incl :
HQDA ( DAEII-ME R-M/Mr . d .  R.  Kozan ) and (DAEN-MER-D/Mr. Paul F. Can ton)
ANC , ATTN : AMCRD-GM (Mr. B. G. Marshall)

4 COL Cleatus -T. Cox , XVIII Airborne Corps , Ft. Bragg, N. C. 28307
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D~ PARTM~ NT OF T I-IE ARMY

- - - - 

W A T E R W A Y S  

V CKSB URG M~~~~~SS~~~PI 39180 

ENGINEERS

- -  - -  - um se 1 (-a

- ‘XO ~-h l-J COI-H

- - ‘
~~~~~~: Ioi-noz - ,- -~

- - m It - at - - -
~~ Oak i-~u ;C  AF’1~, -o m ’ f , m .  o r- ,- : l m i a

I. Or : I l int -- . ~r .  i’a - - - F11Hc-m. -s n m  I - i i i-~~-~~ a~ ~ro-.-e A F m , :— o r t n .  Car o l ine
- - i - c : - - ’ ~ao m i m r  - - n t  r ’ ’- - -i’s ‘ t o n  m t - n or m aio ,- ::o-’em- ,e- , ’-, of the cat a f t e r
‘ - 10’ :  O n i - e i m  -- - a :  b- C-m. cc 0:Ie-t .

2. oo 100 u S  - - v H”I- . ’ z,irl ’ ’:et m to OaK ~ro ’ e  A:-’ t- -was o- .-t - - r l a i i  - ;i tn m-:,at
- S 0 0 t w a , - - )00 m n  l~ - ,u to . : -  -O f .  wi me - -a m . 1  an a I - o i m ’Hn cc tax iway

- w - .. -t o — 
- Lu -  ~~

- t~’ wi le (H o c :  ~~). lo -o ,wa-j m — ~ O was uset
o o ’.l - - t - - : , , - , - - - t h , o. t o m H  k e -  om- rm - ’it om :. A a r  t0 of the  C-130

a t .  - n n  l am _ IH - f ,h- t  n o ’  n o .  t - :1- m uo.o , m . m  t n o ~- - i- x h-m a , - lootz- an t  then
m t - K  • mo- O0 r z .  ~o I  o: ~ :.t- r - w n . .  0 o -~ ot S t ’ rctmm tnt -c north end of the

1 m e  n -to - u, -rot: - o x t e m .  me I z - - - m ‘ :o_ t - t : . cm ’ :ta -l±-Jj in or c -~r that  se’ser~
r o.s ,: o.mt m cj :  b c : m ’ H - : 1’ ,’. i n - - s -  we: moo -,- i s al - ‘:i l e n m e  tn a t
t h e  i- r i - -  : - a n  m a :  :oc- ’i- : ~i t o - i t :  ,- the mil lO an - ’ ,- -.- x t - o ’z i s e  . i k i m m m ,-arks it t - t i  cat e I
t i - i n  a -- .a or i n o o f  n : .  O - - to.’:. :c wm ‘- t o r t - : .  sta -+~~~.- and 6÷’oo : no-weo-er.
a 5 - a  , m : - w m 3 - - ’ t : m ’ m’ C t O  - o- , : c I n - c a i r n ’o - - l - J . ~~,rm ’r n - o a s 0V —~

- r ’ - - , s - ~t- r - -  also : f - o t t - m m - c :  or~ : -  -a t . Torn-c was m . o c z r - ace c t r~~-zt u r a l
:it- aot- - o n -  am -,- I::: o~ -0’. 2K - S to tr:ls Co t-a ~r’ a m y  ct -no e s- ar e a s  on t h e  runway

- -~~~ ~aas. An. ,scec i:r :‘ ti:- r ,:.rmo: i-ce: imul i caSe I am H r c x i c a t - 1 v  5 m ze r - t e to t
an-th o rs , a n  b - - u .  ~1H- : 2 3 o n .  abo ut- the am om ioc- r- o n t o  : t o - ~m , t s .  ie- :erai

mo t to  m i - n  s c i -  f o r  - ,: ‘miooi:  -di e m- at were only I / - - - — : 0 ~.— i 1 ’ ~~
r e m a n - c  ( ox - m a : -. : . -~/ t :— ’ - am - c i- sc - i to .  t lz ’t -  - o c o r - : : --  .a:n y e a r )  wit r i  a Sla *
o-~~~er -~ ~~a’a wo-~ m e :  - O no ’0- ’- : . : of ‘ t o - - m a r . T h i s  s naI l  bar wa: the c, : thable

t - m O ’i :tV c-S m - t -  ‘ -x 1-a t en i  - br-o ak o f f  m i - r i -  ,r-lacenso mo t an-i t i e
a l :  L m pc mh u to. an: - t o - . ‘i-toi t- of sot- c 00 the ant - l oo m- s to b ’ imzi .

- - - The c ao.-ere ~I or ~ I : . to -: - ‘to m, -:- t, wre n m a r  1 a m . j  the m a i m .  - axi- r a ~- (m ci 1)
trot: a:. : m -  i- - : : m _ -w--  - -:r . It o - - o’e r - - - t -  o- r a t l r - : , s , an chor  a i t t a c -r - c . nt s  w e r e -  t i - c t  u set
-aic- -o~’ 

- : - r io-es - The a. m m . u r s  ,:- re In - i-s en ‘wit n ‘tore r t -r ;ars  t ou rh ir , o t o e  ends of
- toe r i -an . t - r  b t - i r t - m r - i - s c m . .  toil I t oe ar -thor p Late  ,o- - - - m - l a c n - e  m t I e  m a t  = r fa c e .

c n -aox’nre l m- . ’i~. c m it- . : o-s -  ic -too - , 2, and 3 c-m i Ir~:i 1 nom :si ted of -soil areas
-w i - m o  r n  -~ f i ~~~oi  w Y :. -a:: r ou t .  At the -o m - m l-z- t iotz of Ia . . i i mop  operat ions a 3— to

cam bet,w~zer . t he  a : r l oa lt  ant  m- m--0 1. L a o  n -‘: r r -e I -at p ot - i C  in-:.: 1 aol P. A
- — i  — m t . s m -a-c o -4as - o a r - o e m  a ’ r o t - I t ic r . 3. uu- SC -am : ox -cor n -e l at t h e  south 

r e O t :s - o f ,  am - i r - r  c a - t o t - r i t zy a .r ’ - m - ’ t m t  ~~z r - n~m - em - I brakirur, as it
- m O o ’  i~3 ’  in a s. - m ly -m- t r c - z , -t r  m a’m , I ron t i e  r- .~:.wav ontu t n ’  n t - a l t o  - a.xl ’- . 

-
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Pi-, Jut e-
‘- i t ’. j ; -  n - t o ’  to i-A Or , , se -  ;~; ‘ , S , - r t  r C m nro j m a

0 - - e l u - I ’s : : _ i - i . ’ - - c - to t  ‘ m - ~ m m mi ’. t x -u :.O 5 m - -  t o m :, - t o : Cm ’ t m . - , : : ri-t
-o m o:m i - - m c  , - - i .  I ~ -

- . Ar Sn :  : 1  ,~~~m n: 2 i - a . : I ’ . . :  t n _ : : , -:tt tmt to t -i- to mn:. I t - -- :m oe- : t n r
t i x j r - , c- n - n , - , a H  t m ’ . r - .: - rh- -- ‘, nto f , - - m  m i - t i  ,rO~ m - . - - : t - m t o m ’ i - i : o : j ’a ’ i r

-to m o m ~~~i o m .  -. -w a .  a t f , : : ’ . a ’ - . 0 , - t . - , r : m , e1’t l : . : . was
t r a m - - - -

- a :j .-- m m ot t o. of ox i - ;  :- 1m .t ; / m oax - s  f, : : .  m i - m m~~~ - -~- t -m .  Toe :‘ e s u i - t i m ,to ‘.. : o .m t x-
S c : ’ :. - :  it - - - oi . m - : - i i m m i - t L - : ,  m o m s j s~~~~ j u t  a : - a I r  m ’-: - t o u~- ’ . r - m . - - :  J : s : : - ~ :o w :.
a l . m : a r u : -:- cI ‘, m O : ’ t m - ,tt : - :.m m t -  -r J - x - i 4 _ (J ’ - -  -- - Sl y a.: t i -  t o t e r  ::i :e
( i n  ~1 - a ) .  ‘ l ize ‘t or n- . - m i - I -  -co: .:. - - - : .  c m hook-- : i t O  ‘h cot ,m: ’x -t  H i-ray

it  si  mt -  - 
- - a t e  c . _ - - m ,  was sit: .: c v  :1. : j - . - m - -  t e n t - to - -  0a~ntoz ’r t -m t a r

-s: : a m - - - ‘ in to  ‘; e tt( m:r . e c t j O m i -  to t o n i - t i c - : .  - n- ,: , 0 ’ - , :  i t , a c - - t a r o t : m , c-f oat 

- traffi-; t m -t- :-e ma: a 1~~— j n .  - -am at m c , s i f , j  to 5 ( I t t-t I 1) ~r ’ : - -n
m Y-to w i n - l i -  -

~~~ -o l t . As .a : m x - :  m r .  s te-i ton i - c  r am clot-- : : an :  ~ t ’t- :m - 21-0 t o r r a t i -o m s
OLe cur t - - -  - to- l i-ro t ; am i - - a.. 0, . i- I  m c  ~m t ~ t m , e  to m : r , ’i- , t :‘i l ler .  A run  of

coo n- .- H it  ci’ ra: r - - m o u r - -  : ant i to- f  C i re u t  t h - -  :05 war am e l .  
c o t  of n i - s ex i : - - , a . - - — j : . .  o u t :  tt -m ’ - - a  c-so: to - : L- ,f , ,. -: - - : ,  t m : - -  ‘o r . m e z : n Ho,-

- as: ha t t i t i ’ - m - . Or:-- a:. - m i - o r  I - i - n - ti -as br -ut ---:. o t t ’  00:

~a-;i : in  Or: -  ‘sc-j r a r e - a  a : . :  - - r uu tm :. iK m of ic-ocr - : m n i - a c t  0 - r O t -  m o , - t : ’ - e m  at-
m l t i o n  5 ( I o .toi  1-li- ). 

i c r   ~s no w i t h  t m - .- ‘,r-r t-~I ; - :: ,X m c c t -  (F : - t ,t : c  D am -to - t ’ in-I), toe co- - a C t - n
- .- - a:r ,r ’-mm -:t .ox oc r - c  ‘‘i-k- no at - - a  Q+u-I , , 7÷00. . - - t- , a:. :  .~~~~

- - - , - . A :’o.::aro- of
- mr  a m t : m Y w : ‘ - : - ‘ r ” : I: . : m t:-: - , -o n r c . ~, Tlo- ’ m’:ax i tm: elto -o tox 
o n - - :  ‘0 :  mm ::t’ , -‘- - - . o t m  St a u — - . The totot - o u t - i  In -a cu - to ot-ran :Ir-t-nt i or.
a :000-mlm - . L-r. 1 30 - 

- . o:m one w’-:; ’. s i t e  of 0 :0’s air ’, i - : l I  ( 1.- o c i  °a ). The moax Hmcuno
i- . .:-: Ii. - - a: - m o  ‘was l_ ,/c i t - . 0 0 - n - i - r n - i t t: at. sta I: ’ D  ( I t - -t I -b ) .  At the-
-on -t iox .: :f - h -  . rc-s i -c -to - - x - - m ’ m i s e i t t  -ro Y- f 250 C — 1 3 .  I a n - l i t , , ’: ‘were m a l e , t h e

- - : ,-e o.oo- - ’ m m . e - o  of - ‘ao~ - .o-x - r r c o i  b- ’- -,-:u ’c m o sth 7-i- -1- ant i st-a uo+ 1f ar. i was
a : m : - : x i m - , - i- ’e i’s 25 - . .  mo a c m . -: ’ m . : i r -o - : t I u m .  on ‘mo- S- east s i H  the a ir t ’icl -i . The
tt.a x~ mto ‘ mm . : -w i t ne  m - . -, -o:; . r- -m o ’:. -wa -. - : I t . .  at sta ~ Ou- . As in l i :a t e- l  on In o l  3.

o r e  . m o -  ‘~- a c - r e - - e m ° , e~ t h-- r -u-0’ -t- r l i n e  -cm rh .- r t - o r a y  ~a m t rr  3~ i a: - -s w e r e
le t :  ‘m: ~~’t ‘ t o -  m’ — a 5 t o - ’~ - - -  ~s a, - . 2oO to:. ‘inc’s at- ste 16+50 a nt  3 f+D-I . This  was
a: n an - - t o  ty -a - I : - /  se-;eral a I r - r a f t  lan -ti:: w c m ’. a rort hwar imr eot ic-n.

8. Recort-meridatimons for future exercises of this  type are as follows :

a. Oh-- ends of runways ch’oui ’l be securely anchored against horizontal

b . If c t — e l  m-’sbars are used in l ieu of the standard screw—type anchor ,
the ret-c-n m t:h-:.ii - -I be -at l eas t  2 ft long and a minimum of 7/8 in in
I amet’rr .

-c . In or-icr to prevent the mat from disconnecting at various changes
f lay di r-c- -ti-on , the proper adapters should be installed during initial mat

i - i - n  - - -  tt - - ’o ’ . A s m - h a i t  f i l lers  shoul d be minimized  at these connection

2 
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b. Vol—I area and loose asphalt at the junction of the connecting

taxiway loop and the runway

Incl 2

_________— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ -~~ ~~~~~~~~~~~ ~~~~~~~~



ruir- 
~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~~ —‘~~ r~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—--- - —--- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

“.‘ 
~~~~~~

‘ --
~~~~~ ‘ “

~~~‘l~~~~~~~~~
” ’  - -- 

~~~~~~~~~

n—n w IL
~—4 V ~1 ‘~c--i cn n-—’ 0
cxi- n-, ’ c ~t - - n -  Q) n-

0 r -d ~~~~ a
En- - n- 0 o r -  o

o -n--a
II—

on
E- Li

i- i -I0 td ~
-
~~~ C’~J

a: a : o c n
i—a u’- -~-a ~~~--a~ —e

~x ( ~J~~ t- ~~~~~~ i I
it i-n o i -r’ C’i- —’o x

‘ID-r ano, ~~ ,~ ~
~1 a 0 ~~on o — - ---’ r — .
1-4 -n--i c-to ~~‘, Lf\ (0 —‘r~ ‘~~ O ---

~ 
(a Ct-,

—4 - -  to

0

• 0 ~
0 C-

~ m— c ’I
a: i—a 0 b~1a-i- C\J~~~i-ri- -— .r
CC E— 4-’ (~ -, LJ~i- ~~~~ —4
r~-n- cit it 0 ~~~~ i I

. m  ~~~t i  > it — t i)
—n m o o

0 0onon

CC~~~~~

~~~~~ E-i

~~~~~~~~~~~ ~~~~~~~~~~CC E-’ ri~ ,—i i~1 (\J 0- .,t
inn a C’

.) ~-e (a
on n ,c r’mm -n-i ‘~~~n--~~~f l n --~
~~ -~ a C ‘—a i i i

on C ~,~4 .i~ —1 ,-a n--a

C
i—a -n--a

—5 ~~1

o~~~
on a (at
Omi t-. ~~i--a o O C
CC ~ i-n— - --a

CJ~~~Ei -i-i- C r’miti), I
C/) it it ,—l .~~~ 00

~~x ~

-n-~ 0 - .) ’ ,) ’O
4-~ 0 0 ° C
it
+-‘ o r - - c  -
Cl)

cm -
‘ 

— -

Thcl 3

___.., - _,___ -— . ,  n- . — , - — , ... -_~,___ _, .- . — ~~~~~~~~~ i-mi..— —- .J’&CAS _, _ - . -



/ _ _ _  
~~~~~~~~~~~~ N

~~~~ i- _ - r i -  ~~t i- t  t: ;. ’/ et :eno on - i -  n-c’ -i In - of the airf ield - i- sta 16+50

— - 
n-
~~~~~~ ’ -p

~~
- ‘

~ 

___________

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

- n--i---
— ~ -f ~~~~~~~~~ ~~~~

---,

- 

— // ~~~ 
‘Ii. O~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ II ~~~~~~~~~

~~~~~ 
-
~~~

, 

~~~

‘-

-.

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~ N

,/
/“

_ / ~1 —
“- 

-z —

/
/

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

-

b.  i:oo-f ItoI ’o- n - n  - , - rr ’ r - ’ r ’ of ~i a’ ~t ’n l~~- c -

m c i  ~4



A21-:—:uD X -O : ‘n-IS IT TO - 1-A~I DD
01It-E A I R ~~IE i ,D , . C . 00 l~ ADD ii JU DE 10(5

I 

—. - ,— n--n---- —-—- - - , —.— -——-- . -—-  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



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

~~~~~~~~

DEPARTMENT OF TH~ ARMY
WATERWAYS EXPERIMENT STATION, CORPS OF ENGINEERS

P. 0. BOX 631
V ICKSBU RG. MISSISSIPPI 39160

-‘  ~~‘~~ ‘- ‘ ~~~~~~~~ ‘° 15 July 1975

~-~Ei-~O DADDIiM FOR RECORD

SUBJECT : V i s i t  to Oak Grove Airf ie ld , N . C., on 14 and 11 June 1975

1. On 14 J r-ne 1975, I visited the Oak Grove Airfield , N, C., to inspect
-.0’- - :-C-~I D  l- i - r n1imn ~ mat airfield and to record mat movement after approxi—
na’. ely  225 sorties of C—i30 aircraft. A layout of the test area is

~ iver n on m d  1, The runway was anchored every 8 ft along both longi-
tud ina l  edges and each end 18 ft was buried in a 2 to 1 sloped trench.
The t ax iway  along the straightaway was not anchored.

2. The following personnel of the Ninth Air Force, Shaw AFB, S. C,,
were contacted: LTC Miller , LTC McNaniara, W.J Bob Blauth (Safety
O f f i c e r ) ,  CPT Guenter S. Posjerra , and SGT Walker. MM Blauth escorted
mmmc on the airfield complex and assisted in obtaining m~t movement
me asurements.

3. The C—l30 aircraft had a weight and tire pressure range of 125,000
a lot - i- 135,000 lb and 85 to 95 psi , respectively. All aircraft to date

( 14 June ) have landed from nort h to south and touchdowns have been in the
touchdown area from sta —1 +00 to 14+00 ( m d  2) .  Maximum braking and
r~ a-erse props for braking have been occurring from sta 8+00 to 16+50
which have caused a maximum lateral mat movement in this area of
114— 1/14 ira . ( m d  3) Thi s movement has caused anchor heads to fail
(:n- r i 14a) and some anchors have sheared the asphalt and soil subbase
(m ci 14b) . Some anchors in this area have been replaced twice and.
constant maintenance is required to keep the anchors driven down,

14. No structural mat failures were noted in any area. The welds were
performing adequately and no stress lines were observed in the male!
fe r mmai  e connectors .

5. On 11 June 1975, Mr. C, J. Smith and I visited the test site to
tak e end of t r a f f i c  data after approximately 300 sorties of C—130
aircraft had been completed . We met with LT Lindbergh (Company B ,
27th Engineer  Battalion , Ft. Bragg, N. C . )  who was in charge of taking
up the mat . LT Lindbergh said 145 sorties of C—l30 aircraft were made
on Thursday , 5 June , and 30 sorties on Friday , 6 June , for a total of
300 sorties on the mat airfield. Six to ten of these landings were
made from south to north. We also met with E7 W. R. Robertson (New
Riv er — H&HS — 314) who is in charge of the Oak Grove area.
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-; ‘ -~ 0~0 C  15 July 1975
SUBJECT : Vi  m it  to Oak drovE - A i r t i - - id , N. C., on 14 and ii June 1915

n- . I l f t -  1 mn t -~ - a-- ti m i t . m m n o v e n - n m n t  an ; described in paragraph ~ war  again
- I - i- f t i m - ’ end of en ; t n - ;  or aft e r  300 n- n o r - t i e r  of  the C— ] 30 ( m el 5) .
i-~ m m n m t x  j r- a - us mm v~- m a n m n r , ,f  20 in , at sta 7+0 1) w i - n m  recorded on the east edge
i- f  - h- - n m m , w m t  ( I n c i  6a). A maximum movement of 19—3/li i n .  occurred at

- i- 1- ±50 (Imn i - - ] 6b) mt ~ -j r ~~ the west - a I ~ c the runway . Also , the t r a r n n m —
yea -s-  i- - a - n m . n- - - l ine  1’ t h e  taxiway (wim i ch  was riot anchored and only 36 ft ,
w i  1- - )  rn - ye I a rna x i mni r m a  of 18—3/ li  i n .  (In c l  7a) in a northerly direct ion

i i r - -- - m t -  i - m r ,  o~’~~. r - a f f i c ) .  D r n ] y  minor  s h i f t i n g  ( approximately 2 i n .)  of
Ji- n~ rt -m t~. n - c c i - r n - n -- i  f r i  the r ad iu s  of the  tax iway s ( Incl  T b ) .  Photographs

s l i - I - - s  of the  a i r f i e l d  were made and are on f i le  in the Landing Mat
i a - t n - n h ,

7. The - - i - - no i - - n~ l ine  of t,he mat runway moo’ed south fur ther  than the
eI -s ’sr ‘. h-o- mat n -wn wm iy producing lateral bow in the mat as follows :

Sta Bow , in.

3+00 1
5+00 3/li
7+00 3/ 14

10+00 2— 1/ 8
11+00 1—3/14

There did not appear to be any significant bowing in the 36—ft—wide
taxiway similar to that above. The mats were again inspected for
structural  fai lure af ter  300 sorties and none were noted0

B . We inspected the taxiways not covered with landing mat and the
asphalt concrete continues to deteriorate under C—130 traffic.

9. In future use of mat at this  test site , it is rec~ inmended that :

a. Locking bars be used with all anchor adapters to make a positive
connection with the mats.

b . Screw—type anchors be used to determine if the mats can be pre—
vented from shi f t ing  along the ground,

c, Mat be placed on all asphalt concrete where traffic is scheduled
to prevent continued deterioration of the airfield .

d. Positive connectors be used at all intersections or change of
mat direction of runway and taxiways .

7 Iricl GORDON L. CARR
as Civil Engr Technician

Landing Mat Branch
CF w/incl:
CFT G. S. Posjena (LGX)

2

_________  - -,. -~ ---
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SOLID SHIELD 75

~~~ M -~ - n- ’F~~~. !~T (~~N I N 5 H ~ L ;)  AT OAK I~~5’E AI }4F IEI D , N. C.
AYi L:H 225 ~U JnTlL n OF C— 13 0 AIR CRM I ON 14 JUN E 1975

Runway (Moved South)

lO ft  l O f t
East of West of

East Edge Center Line Center Line Center Line West Edge

—, — — — — 1

01-00 3 3— 1/2 3—1/8 2—1/2 1—1/2

7+00 5 11_3/li 11 9 5
10+00 12— 3/1~ 13—3/li 13—1/2 12—1/2 10

16+50 14—1/2 8—1/ 14 10—1/14 11—3/14 114_i/lI

21+00 1—1/ 14 1—1/14 1 1/2 1—3/14 3/~4

33+00 2—3/ 14 3—3/li 3-3/14 3—1/14 1—3/ 14
2—3 / 14 3 3—1/ 14 3— 1/14 3

Taxiway (Moved North )

29+10 13—1 /2 13—3/14 13—1/2 13—1/l i

Thcl 3
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i- s -- - 14—i i - l i  t — t / J  ~
_ _ i / ~

20 16— 1/8 114 i i _  -0-- 7
n i ~~- .. u — i / l i  16—3/li 16 .~ — / 2  10--i / li

6—~ /2 10-3/li 13—1/ 8 15—i/ l i
2-1 / 4 2— 3/8 ~-1 / i -’  ~~~~ /~‘ 1— 1/2

3-5/8 14 3-7/8 
~
- -

~~‘~~

3 3—1 /2 3—1/2 j —~ /~

Taxivi-y (~‘~ - -

18—1/2 18— 1/2 18—i/li 18-1/1

m c i  5
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b. Mat moved 19-3/li- in. along west edge

Runway moved south (left) after 300 sorties
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- ~~~~ ti-s ak i-a -~~

1. I .n r i n i -  . - .— i - 6  ~]ay 11-6 , 1- I r .  -Gc r r - ;l i  . . O m m j t h  and I -n -d s i ted  Oak Grove ,
: ; - ‘ , t :  m ,3~i- n--ce aircraft -oper-at ions a m n - i  ta~ e e n d — o f— t r a f f i c  -lata  on the
C/I-I l a m.  i i r ,r  mmi i- :;- i-face-.1 ai r-f/ e~ c.  This n -at  was placed in a nor th—so uth
n I m - e o t ~ on - y ea -  a ceter ~~s ra ti ng  asphaltic pavem ent  in or -Icr  to ~ro .t ect  i t

ar-n - I  t~ pen --s i t a i ror a f t  i -Le n- a t i - r s  0- - o nr mp n- rt  t he  mi l i ta ry  exercise SOLID
2.818:21 6. The :0,1 I -n -w i ng p e r son n e l  were - c : n t - i c - t e d  i - iu rin C the  - ;islt :

1 1 n - tm s Tact ical  A i rL i f t  W i n g , - / - . r m n p any B , 2~~th  Engr Bn ,
L i tt l e  ho ck AFP- , AP F-nr- t 8rag~~, 5° 

—

210 harles 0. G-:- p inrar .irmer LT Th oma s 2 . Davis
ST-I Davi -J ~1arwn GT Gickles
OPT bob Traylor  SOT T. - tm m D ’i-r. ald

2. A c  rnmmn ary of - - un- I nsp c- :t i nn , o b n s e n - v a t i c m n - ,  ~tn.r ic ta  re o r - r dc -d is g b - en

a. Then we a r ri ved  at -Oak Grove i-n t h e  i- i - f~,em -r ~-jo n of 214 May 1976 , a
t : -t a  of 290 a i r c r af t  sort ies had been co-i- le t ed , and the  A i r  For ce
n~a hecun  to remo ve the i r  i c n n t  em - ao l  n - n . m c ipmo er t  us ing  C— 130 a i rcraf t

~Thc 1 1, ph ot o s  1—3 ). We -observ e-I  one . — . ~‘a t akeoff  and n i-ted that at
sta Z l - ~ 1l1 and 16+50 , some of the an chors  .ere pro t ruding  about ii in .
i - i -  w- a- , these were I riven  1-w o  m . r i r t o - i - i  a - - r a f t ,  operations on 25 ~]ay 1976.

b. ~n a d d i t i o n a l  11 c - r t i ~~s weT - c - a-s 1 - ’ . e i  on 25 May wi th  the last
aircraft sehe fub e d  t . l i - i c-n--c -lu r in g  toe  ~~~~ i-afternoon; however , two
aircraft encountered rseohar l c& p-a- ri -lems which lelayed the completion of
the men-a:l - ri - s . All ain- - -n r - - . n - i c  I - - m - .n.°- c cr1 t ask o f f  loaded wi th
e s - i ip m en t .  We obser- ;i-- I 1°- .m - lcr ,tin. ’: ani ix takeoffs of the a i rcraf t
-n - a - i t O  all opera t i ons  fm- - — i n . t -  r . r ’h. .ince the runway was still
a c tiv e , we were not a~~l , -n-.- o- ;  c ress t - tro i-i- r n - m n -way other than to be
driven i n a n-jeep by mi l i t a ry  v - a - mm ~: rsei -la -un the runway to  mak e visual
o b ser ;at i on s . 5 -  s-a -- n - b I e r . : areas were n o t e d .

a- . LT Davis h - I - i  -i s t h ey  would beg in  r emov in g  the mat as soon as all
aircraft operations w -m -e r - mnp l e t i -~. l ie  said they had to inspect and
repackag e all the  mat for -iep- - t storage since the mat will be returned to

—. .~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



n- n-n - lb l i - I ll 114 2 y 1(6
IU8, i b l n-T : Visit t i - -  ai--n Or - ye , ~

i i - n-

t i ne .I~~po t r athe r  t O - i- r n I I ’  r t  1--a -egg a nn it had been in the t i - T i - m i - h .  18-
-:ti m nn - at- - :  they  n i l d  be at Oak Or - for  aL ni t a r n - r n - t n .

- I .  mn - 6 May i- .i16 , I - Ic . . Ini - t h  and I m a l e  f i na l  m onn - - ic-mer t measurements.
A t ‘n - ui - - m n- 301 cn n-ties ncr - n- .’ ci rn p l e t e I  in t h is  exercise w i t h  approximately
80 pe rcent of these  b elt -a - i ra-rn ma r-tO t o  mo u th .  Skid marks on the ra - r t h
n - :n -n- i  i - f  t I -c  n - - coun t y  also indicated that m m  m i -h of the l andings were fri-i-rn
n - n - t o  t -o  m n - - i - t O ( i n n - - i  1, ~h-o t n - - n i n a- in  the mat runs as well  as mat
m-: -zerncni t  ( I r a - i  2 , a -a - t i -  i- n ~— b )  wa s nn , i- - a n n a re l . Measurements are shown a-n
ir a - I 3. 11am .n-.n, n Lana  f l o g  nma at panels were or i g ina l l y  (lem n i l-Ir n-c a and fabr ica ted

- a -  a loose m i t  i-it t i e  c o r n - r i c a - t s r  j o i n t s .  This allows for tie mat expansion
an I i - n- m p en i a t e n o  r

n- - a -  t i n e  n a t u r a l  w a - z i m a e n o nc inherent  in e x t ru - i e l  panels.
c+ a e m ~ etc h 25 r i - r i - n m (50 :n-

t )  of the mat, were placed , they were m i - t a - e t c h e d  in
t h e  - f i n - c a - t i n of pla- .n n - c m r - r a t  by two pieces n - I  rn - - t i - r i  zed equipment pul l th~’
m a r - m i - I  i d  t-o- n -ems n -ze slack from the male—female connector jo in t s  and
to ni - l i -m s the rum-ray. This was done to prevent the mat fri-i-rn buckling at
the  joirmt s when c ompressed . At the comp let ion of t he exercise , there
na: y l itt l e slack in the male—female joints ( m d  2, photo 7). The
- i - ni - i - I n - n n- - n n t - re  loose in the maximum brak ing  area (ni -t a  10+00 to 16+50). A
t yp ical ri-n i - n h- -or is shown on m d  2 , shot s  ~l. This anchor was fabricated
W i - t m  t in -C r e b n n f  r -o-o r .ent bar placed through a hole in the plate and then
wel IenI to  0 sides of the plate. This type anchor worked more satisfac—
t a - r i b  t h a r i -  tO n- ni- c used in previous exercises in which the reinforcement
bar - w ant b at ted against the plat e and welded only on one side . The plates
tha t  were h ut t e i - i  a -a b a - n - i -mt  t i - c  end of the reinforcement bars frequently
ro r- oke - n - f  f  w i n - e r a  the am a -nh -a - was driven into the soil , and some of the plates
failed due to the ri-nat movement . I-Ia anchor failures were observed where
the sla te:  were w eb -be-I  on both s ides.  The nraximuia mat movement in the
runway anso-int e-i  ‘las 11—1/2 in .  south at sta 16+50 ( m d  14 , photos 9— 10) .
I-loveroern-t of the ri-nat panels in the direction of landing (no r th  to south)
resulte-i in transverse bowing between sta 2+00 and 16+50. 1-taximuro bowing
o cn m a r re -J  tb on g  the -center l ine  at sta 10+00 and amounted to 1—1/li in .  A
v i e w  of the south end of the runway looking north is shown on m d  i-a , photo 11.

e. Mat movement a - f  20— 1/2 in .  was recorded at sta 21+20 in the parallel
taxiway nea r the south end of the runway ( m d  14 , photo 12). However , the
taxiway nas -~n i y  86 f t wide and was not anchored along the edges.

f. Two approach legs were constructed with the mat on the west side
—ni - f t m - n - c runway at approximately sta —1+50 and 1+20. A combination of
ancho r adapters and 90 deg turn adapters were used as ramps at the ends
of these legs to negotiate the 1.5 in.change in elevation from pavement
ti-s mat  surface ( m d  5, photos l3~ l1a ) .

a-. One of the uncovered ends of the runway, which had been buried
dur ing the exercise , is shown on Incl 5, pho tos 15 and 16.

3. The mat r nn - o -zem en t  of l i — i / P  in. on the runway during the 1916 exercise
was l ess than that in SOLID SHIELD 75. The mat movement in 11 975 was 20 in.
alter 80°.: - r t i e . o . 5 problems developed in either exercise as a
result of t h e  mat shifting, it is believed that the smaller mat movement
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114 D a l y  1916
‘n - i  sit t. n- - ti -k ir OV n - n-

rec - r - f e i i n .  P - I J I n -  1I}I! lb Li )  . ‘ r n -nina possibl y be a t t r i h - i a t c f  t o  the  f n - 1 1- -w in - gm

a. l i - n - n -  I as~ -1 m a anti -b-c r ( i - t
n- i -p ea-a t. i - - ri - m o to t h t n  ni - - - u t h  • I l - i -m m -ac of t he ai rcraf t

l ara .Iina-s were made fr - -on nm— c --n i- t in - t o  rn - r t h  ‘n-i - t i - i a - I s  probably caused the mat to
sf 1 f t  i-i- - t he  r a n -i - a-ti rod thus reduced the to tal  mat m’ - -jernaent ti-s the s ou t h .

b. i nn -pr -a-f e I rm ae th  -d of  removing the sia-~k in the r i -n at j o i r a t n i - . The mat
t i n - I s  year was t ensi ne ’f u s i n g  twa- -n--c h u b  ems in parallel whereas only one
c o i n - i s l e  u i-ri -c used in 1975 .

c . Imr-n-r-o-ve f fabr icat ion of nircch- rmm (descr ibed in para 2 d ) .

.1 . G c - l u c e I  r a in fa l l  dur ing  exercise. Possible greater f r i c t i o n
- -c: urn -ed be tween mat and pavement .

i- n- . In t he future , i f  the ICn-118 l a n d i n g  mat is used at Oak Grove or at
a s imi l a r  i n s t a l l a t ion  over ~a-; emeot , i t is recornrnerided that the f o I l - - w i n g
pr n -e dures  ir a add i t ion  to t h o se  g iven in Inami - t ru--tion Report , ID 1— 69—3 ,
~~r n a t a 1 I a t i c t n -  of Xt-!1 8 Extrude-i Alu nnirau ri-; Airfield Landing Mat” be followed :

a. An approach ramp be pr -n - ideni  f o r  t i n - c  t r ans i t i -a-n between the landing
mm-nat an-i-i pavement at any loca t ion  of aircraft access c-r  egress where the
ri-nat is not buried.

i-i- . In exercises where the screw tyJ .-i-- n - t n - c u rs are not i-mi -n ed and anchors
f a b r i c at e - i  f rom ri - I ates welded to re in f  a~-i - ’ r - . - n -r t barn .n ar” -a se d , the  I l a t en t
n i - h o - c l - f  mn -i -ce holes i n-a the center  w i t h  the t a r n  p1 ai--e-l n- cr ,  i - n - - ma  t h e  holes
and - nn-i -~~.1e-1 on both  sides of the plates.

c. Two pieces of motorized e~ uipnra-mi -o s in - uli - 1 be used in parallel
space-i at approximately third points -on the runway,7 tax iway w i - d th  t s t ens ion
11’ae mat and to remove any looseness in the n-n-ale— female c—n t - c a - t i - r j :intmn .

-i 
,1/1

-n-- kmn-t~~~7 tv
/ 

~.V7~~h7t—

5 m d  DIbWI-1 {’ k’. dOII T FI ,
as Mechanical Engineer

Landing I-li-i-h Branch
CF w/Indl
COL Philip S. Engle , FT Bragg, Ga-
LTC David Glamm , Little Rock AFB, AR
CPT 0. S. Posjena , Shaw AFB , SC
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‘‘ ‘ n - n- t j ~ m i - l u — n ;  I i - i - n - i - l i - i -  a - n -i - n i - n -  r. ’om n t a K n - -’ nn - n - ma

- ‘ I-!- n- :r i t  at i-ak O n - -an- - A i r f i e l d ,

~unway ( M  a ‘ - - u t t n - .i-

10 lbt 10 Ft
East Of West Of

:n --rt i i - rn t act  Fl-ice Center Line --m n -t ’-r l i n a c  Center Line West Edge

2 7/8 3 i/ I a 1 l i - -n- 3 2 1/2

6 7/8 7 1/2 7 5/8 7 3/8 6 5/8

I 5+00 8 5/8 9 5/8 o -
i-~’~~ 9 5/8 9

- - + 10 II 3/8 11 U 1/2 11 3/8 11 1/2

1+0-1 7 3 / i -. 8 3/0 8 7/8 8 1/2 6 7/8

31+0-0 5 1/? 0 7/8 0 5/8 In- 1/2 0 1/i-n-

5 5/8 5 1/0 Ln- i/8 in- 3/8 3 1/8

O- i-i - u th  Parallel Taxiway (Moved Borth )

20 1/2 20 i / in - 20 3/8 20 1/0 20 1/In-

Mat Bow
Stat ion Bow , Inches

7+00 1

10+00 1 i /b

16+50 1

Incl 3

~
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Ira accordarace with ~~ 70-2-3, paragraph 6c(l)(b),
dated 15 February 1973, a ten-cs Imile catal og card
in Library of Comgress format Is reproduced below.

nu-n - - n n- Hugh L
Usa ge of l a n d i n g  mat as overlay on asp halt r nnway dur-

ing m i l i t a r ’ :  f i e l d  ex i - - r i - is -s n- by Hugh L. Green. VinG.- s —
b u r g ,  C. S A r m - ,- Enginee r  i - S i - t o r i - a -n- -a n-; E > n i i - i - r m m e n t  S t a t i o n n-
1974.,.

1 v . (v - i - r u - n - n - s  pagings) illu s . 27 cm.  ( U .  S.  Wate r—
wi -n - s t n-npn - n -r m m r- nt Station. ~- iis li aneous p ap er S—7 6—24)

Pre pared fi - - r I S. A rm - : t ;n - a- r icl [or n--~-Iupment and Readi—
on - - i - s t n n - i - mmnn - nn - I. A 1 a-xa ndria n- V i r g i  n i - n - . under Project No .
1T1 62 1 1 2A52 8 , Task i-)4 .

Inc tn - n - i - I - - s n- i- i i i -  I I i - - g rn - n -  ph- n- -

1 . F1 n - - xi b l e pavements. 2. Landing mats. 3. Landing
s t r i p i -  . -i- .~~t u - m n h r n - n - n n - - s  (Ai rf i n -id s ) . 5. Overlays (Landing
mats). I. I’ . S a M n - a t n - n - r i e l  Development and Readi-
ness  C -r i - r i - i - n - n i l . ( S e r i e s :  U .  S.  t.- i t n - - r w n - n - v s  Expe r im en t
S t a t i o n .  V i c k s h u r i n n- i- l i — n - , .  M i s c e l l a n n --o u s paper 5 — 7 6 — 2 4 )
T A 7 . t - 3-1 o n- n - >  S 7 5 ~~~i 
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