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FOREWORD 

l’his report was prepared as part of the work authorized by the 

Office, Chief of Engineers, in "instruction and Outline for Technical 

Support, Army; FY 1967," dated May I966. 
Engineers of the Soils and Pavements laboratory, U. S, hrmy 

Engineer Waterways Experiment Station (WES), who were actively engaged 

in the planning, testing, and analyzing phases of the various studies 

that served as a basis for the preparation of this report were 

Messrs, J. P. Sale, R. G, Ahlvin, and W. L. Mclnnis. This report was 

written by Mr, P, J. Vedros, Jr. 

COL Ernest P. Peixotto, CE, was Director of the WES during the 

preparation of this report, Mr. F. R. Brown was Technical Director. 
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CONVERSION FACTORS, BRITISH 
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KVAï UAT ION AND f-’A INTEMNCE OF EXIT’D ISITT- 

FîtTRFAnrD AIRF f EU FACTI.TTIES 

PAKT I : INTHODUCTIOM 

Puruuüe atui Scov>e 

1. The purpoise of this report is to furnish instructions to engi¬ 

neer troops in the theater of operations (TO) as to when and how to 

maintain expedient-surfaced airfield facilities. It is realized that 

maximum use will be made of these facilities before maintenance or 

repair will be performed; however, this report points out those measure:; 

that should b> undertaken at the first sign of distress so that a major 

repair of the facility can be deferred. The final solution to a problem 

in a given situation will probably arise from the ingenuity of the user; 

therefore, this report is intended to serve only as a reierence of sug¬ 

gested guidelines. 

2, The expedient surfacing materials discussed in this report are 

aluminum and steel landing mats and a neoprene-coated nylon membrane. 

The installation and repair of the landing mats and membrane are dis¬ 

cussed in detail in Sections 1 and 2 of reference 1 and in references 2 

and 3. Pertinent information has been extracted from these reports and 

is presented herein. 

Definitions of Pertinent Terms 

3. For information and clarity, definitions of certain terms as 

used in this report are given below: 

a. Expedient surfacing. A means of providing a surface medium 
“ suitable for aircraft operations or vehicular traffic in 

lieu of more conventional construction materials. 

b. Landing mat. Prefabricated structural planks which, when 
” fitted together with similar panels, form fin expedient 

paving for aircraft operations. 

1 



i AKT II: EXPEDIENT SURFACING MATERIALE 

TI7 Membrane 

General 

To date, t..e most successi'al membrane surfacing has been the 

TIT membrane, which is a neoprene-coated : -ply nylon fabric designed to 

provide a dustproof and waterproof wearing surface for soil cubgrades 

used as landing areas and roadways. The TIT membrane is currently the 

only prefabricated membrane in the military supply system. 

Peserj ption 

5* The Tl? membrane consists of 5^-in.-widi* runs of the fabric 

joined with a series of 2-1/2- to 3-in.-wide adhesive single-lap 

Joints** (fig. 1). The sice of the raemtrane surfacing ea" be varied to 

fit a particular area; the weight of the membrane is 0.33 lb per :,q ft of 

placing ¡.rea. Its service life is usually limited by inadequate subgrade 

strengths and by excessive locked-wheel braking action. Service tests 

have indicated that, under the effects of light Army aircraft and truck 

traffic, repair and maintenance of the membrane will be very minor; 

nowever, more repairs and maintenance can be expected for traffic from 

the heavier cargo aircraft (such as the C-130, etc.^. Most repairs are 

generally required in the first 500 ft of the runway ends. 

Types of failures 

6. Two types of failure commonly occur in a facility surfaced 

with TI7 membrane: 

ti. An opening in the membrane fabric. 

b^. A failure in the underlying soil resulting in rutting. 

It is emphasized that the best practice is to repair all failed areas 

as soon as possible, as less time and effort will be required to repair 

* A table of factors for converting British units of measurement to 
metric units is presented on page ix. 

** Although factoiy gluing of these Joints is now per litted, trouble 
has bf*en experienced with them in airfields in Vietnam. Steps have 
since been taken to ensure better quality of fabrication, but some 
of the earlier material is still in use. 
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Fiy. i. Fil’ty-:‘cLa'-i[..-wiac runs of TiY membrane joined witn 
2-i/?-in.-wide adhesive single-iap joints

a small area immediately alter failure than to repair a large tarea that 

;a;iy uevelop from a small one. 
hepair methods

'f. Wiien a tear occurs in the membra le surfacing on which antiskid 
compounds nave been applied, the failed area should be repaired by 
slitting it in the form of an X and folding the four flaps back. Then, 
adequate membrane surfacing should be removed from a roll of membrane 
and placed beneath the antiskid coated membrane so that it extends 
beyond the failed area of surfacing for approximately 1’ ft on aj.1 sides. 
Adhesive should tnen be applied to the top of the membrane removed from 
the membrane ro..i and to the bottom of the surfacing coated with anti­

skid compound. Aiiiesive can be spread over the membrane witii iong- 
handled j^int rollers. After the adiiesive becomes tacky (1 to min­

utes), the flaps that were folded back previously should be placed in 
their original positions, and the adhesive should be allowed to set for



approximately 15 minutes before the patched area is rolled with a je<^i:. 

'ibis manner of patching should also be used for areas of surfacing that 
are not coated with antiskid compound, but surface patciies can be used on 
uncoated membrane, particularly when the opening being patched is small.

o. Failure to repair a tear in the membrane surfacing will allow 
water to enter and soften the underlying soil. In extreme cases, ne­

glecting to repair a failed area can also cause ballooning during air­

craft operations. Ballooning is usually caused when air is forced under 
tile membrane oy the prop wasii of aircraft engines. liie trapped air 
causes the membrane to rise from the surface and become airborne. Ser­

vice tests on the surfacing iiave shown that aircraft may be operated 
over small surface failures for a limited period without severe damage 
or ballooning of the surfacing; nevertiieless, repairs siiould be- mde as 
soon as possible, 
dubgrade failure

y. If the soil beneath the membrane surface becomes rutted by 
aircraft or truck traffic to the extent that the ruts constitute a 
furtner trafficking hazard then the area should be repaired. One means 
of repairing such an area consists of leaving the membrane surfacing in 
place and roiling the rutted area to smooth out the ruts and to compact 
the soil. Bolling can be accomplishei with a steel-wheel roller 
(fig. 2), a rubber-tirea roller, or a loaded J‘551 5-ton 6x6 dump truck.

Fig. 2. Using steel- 
wheel roller to roll 
out ruts in soil sub- 
gra<ie beneath mem­

brane surfacing



lf either the roliing or .ubs^uent aircraft traffic caaaea the bcU 

become apOh0. it «iU be heceeearf to blit the ^ 

.et materiai, aab bachfiU «ith suitabie materia!. Once 

been repaired and the membrane aurfacing returned to it. origi 

tion, the slit should be repaired as discussed in the prece ng 

paragraph. 

Landing Mats 

10. baring World War II. landing mats were developed and used 

extensively as expedient surfscing material. Ihe mats developed at that 

t le prefabricated steel or al^intu. panels Kncn as PSP (pierced- 
time were prelaPricai,eu versions of these 
steel planks) or PAP (pierced-aluminum planks). ullh the 

.ere standardised as H6 and H8 steel and W aluminum mats With th 

advent of larger aircraft and hi^er tire pressures a ter War^II. 

landing mats had to be developed to sustain heavier aircra tp • 

Steel mats, such as the H8A1. and al^in« mats, such as the A^ m . 

and XM19. »ere developed. ^11 «mounts of PSP and M6 and M9 mat can 

still be found in use in the theater of operations today; houever these 

mts .ill not be discussed in this report. Suggested procedures ^ 

evaluation and maintenance of facilities surfaced with MB. M8A1. AM2. 

XMia, and XM19 are presented in the follo.ing ,»ragraphs. 

’.)g>r.grip!ions of landing mats 

11. Mb. The Mti is a prefabricated ateel panel. 11 

long and 1 ft 7-1/2 in. »ide. containing four parallel rows of perfora¬ 

tions (AO holes per ro.) in each panel. The panels are Joined toge e 

by connector hooks located along one side of the panel and by a rol 

t a. 4 i„ i f-î ff llic MÖ mût is an inH* 
slotted edge along the opposite side (tig. 3). 

proved version of the Mb mat. 

12. MÜA1. The MbAl mat is an improved version of the MB mat. 

panels are the same site as the Mb mat and are Joined together at the 

aides with connector hooks, but the end connectors are dlfferen 

chose of the Mb (fig. M. The MbAl panels are not perforated, so the 

5 
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weight per panel is slightiy more than that of the M8. A revised de­

sign of the locking lug enables easier removal of the M8A1 panels for 
repair.

ad. . The AMi' is an extruded aluminum mat with a solid top
and bottom (Tig. '}). Tiiv jianels are IT ft long ani T ft wide and are 
Joined together with overlap and underlap connectors on the ends and 
with hinge-joint connectors on the sides. Hie side connectors are 
integral parts of the basic panel extrusions.

r-
female
hinge

OVERLAP
LOCK

CONNECTORS

UNOERLAP
LOCK

FEMALE
HINGE

CONNECTORS

r> t.
\

PLAN OF PANEL
NOMINAL DIMENSIONS

,5* .3*
12 - 0 e X 2 - O4

OVERLAP
LOCK

male
HINGE

CONNECTORS

MALE
hinge

UNDER^AP
LOCK

CONNECTORS

Kig. 5. AM2 aluminum iaiiding mat

ii*. XMi8. The XMI8 is an extruded aluminuuu mat very similar to
the Pi\2 (fig. 6). Hie primary differences in the two mats are:

&, The XMI8 consists of thinner-gage aluminum, thereby 
decreasing the weight of the individual panels from 
6.0 to b.9 lb per sq ft of placing area.
The ends are reinforced with 2-in.-long internal tube 
inserts.

15. XI-119. The XMI9 niat is a sandwich-type structure containing
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NOMINAL txMCNS'ONS

0%‘i-oX

MA. ' 
- %v{

L-^*^4ECTORS

profile

3 ^
MA. t

CONNECTORS

Fig. 6. XMl8 aluminum landing mat

a honeycomb core of aluminum foil that ic bonded to the top and bottom 
sheett with a fiber film epoxy adlieuive (fig. 7). The connectors are 
welded to the top and bottom sneets and bonded to the core with a 
potting compound. Two edges of the panel have overlap and underlap con­

nectors that are nested and then secured with a lockin’; bar. The panels 
measure U ft 2~l/h in. by k ft 1-1/2 in. 
hvalnation and types of distress

it. As stated previously, the proper methods for installing 
each uiat are discussed in detail in references 1, 2, and 3. It is im­

perative that the proper procedures for installing panels be followed 
so that individual panels can be removed when repair is necessary. if 
mat is not laid properly, damaged panels will have to be cut out with a 
torch and new panels cut and welded into place. In most cases, this 
method of repair will not be satisfactory.

17. Periodic inspections of a facility surfaced with landing mat

8
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Fii'. 7. Xl-119 aluminum landinr; mat

should be made so that the first evidence of impendin?^ distress can be 
detected. The first thing to look for in these inspections is evidence 
of soil being j.umped up through the landing mat holes or joints. This 
pumping inuicates that the facility is experiencing subgrade strength 
loss due to wetting, and it will result in deflections. The continued 
pumping of the soil from beneath the niat will eventually leave a cavity 
or void which, if not rojjairod, will cause failures in the mat panels. 
Excessive beagling of the mat will cause failures in welds, breaks at 
connector hooks and locking-lut' slots, and breaks in the side and end 
connectors. The aluminum mats (Ai-I2, Xlllb, and X1'119) can experience 
internal failure of the mat without the benuing; however, tnis type of 
failure will usually occur only on mats that have experienced a tre­

mendous amount of traffic. Minor damages such as skin tears, sharp 
corners, etc., that could create a tire hazard to aircraft operations 
may in some cases bo repaired very easily by welding, filing, or 
grinding, without removal of the mat. heft-rence explains in detail



the types of damage that the landing mats can experience as well as 

when and where damaged mats that have been repaired can be reused in an 

airfield system. (Generally, landing mats that have experienced failures 

affecting the structural quality of the mat cannot be repaired and re¬ 

used in the areas of an airfield where a majority of aircraft operate 

(such as the central one-third of runways, taxiways, parking stands, and 

taxilanes on aprons). 

Maintenance and 
repair procedures 

18. Cavities inder the mat. As stated previously, cavities or 

voids under landing mats are usually detected by soil being pumped out 

onto the surface of the mats. Field tests at WFS indicate that these 

voids can be successfully filled by grouting, thereby effectively ex¬ 

tending the life of most pumping landing-mat-surfaced subgrades. It 

should be recognized, however, that grouting cannot correct the condi¬ 

tion leading to development of voids under the mat. Cubgrades that have 

been allowed to deteriorate to substantially below the required subgrade 

strength will fail too rapidly to be satisfactorily repaired by grouting. 

Detailed results of the grouting study, showing materials tested, equip¬ 

ment used, and procedures for application, are contained in reference 5. 

19. The grouting study performed was a preliminary approach to 

the problem; a more extensive investigation woulo be required to com¬ 

pletely analyze all of the variables involved. The study did indicate, 

hower r, that mixtures of materials could be successfully pumped beneath 

landing mat surfaces as a temporary repair measure. In general, the 

study indicated that the use of asphalt as a grout was not satisfactory. 

Materials blended with portland cement and water gave satisfactory re¬ 

sults in most cases. Cement content on the order of not less than 

.10 percent was required to give a satisfactory mix, using sand, lean 

clay (CL), or heavy clay (CH) as the material to be mixed with the 

cement. The higher the cement content, the quicker the material hard¬ 

ened and cured. The neat cements containing approximately 9Ö percent 

cement mixed with sand cured in about 4 hours to a sufficient strength 

to carry the required loads. The soil-cement mixtures (lean and heavy 

10 



clays) required approximately ¿ to U days curing before the material 

could sustain traffic. As stated previously, this investigation was 

very preliminary; thus, other formulations of cement and soil that were 

not investigated could possibly provide better performance than the 

blends tested. 

20. w^ak subgrades. Subgrades that have deteriorated substan- 

tially below the required subgrade strength, as a result either of poor 

drainage or of water penetrating breaks in the mat and subsequently 

saturating the subgrade material, can only be repaired by removing or 

reprocessing the material. Sections of mat (AM2, XMl8, or XM19) can be 

removed by starting at an access adaptor and removing as many runs of 

.sat as necessary to repair the subgrade area showing distress. Access 

adaptors are normally placed at periodic spacings in runways to enable 

easy removal of runs of mat. Where access adaptors are not provided in 

the runway, runs of XMl8 and AM2 mat may be slid or cut out, as dis¬ 

cussed in paragraph 21. Removal of Mb and M8A1 mat is also discussed in 

paragraph 21. The weak subgrade can be removed and replaced with a 

better quality material, or it possibly can be stabilized by the addi¬ 

tion of granular materials or chemicals as admixtures. Stubili/.ation 

with admixtures should be considered only when it would be the most 

economical means of repair. (Classification, quality, and stabilization 

of soils are described in detail in Chapter 5 of reference 6.) After 

the distressed subgrade area has been repaired by the addition of better 

quality material, properly compacted, and brought to original grade, the 

undamaged mat panels should be reinserted in the runway. It will prob¬ 

ably be necessary to stretch the mat in order to Join the last row 

to be placed. This stretching can be accomplished by drilling holes in 

the next to last row of mats, attaching cables through the holes to 

heavy equipment, and pulling the mat until it is stretched close enough 

to connect the final row of panels. 

21. Replacement of failed mat. In cases where the mat panels 

have failed structurally, it will be necessary to remove these panels 

and replace them with new panels. A single panel of M8A1, Mfc, XM19, or 

AM2 landing mat can be removed from and replaced in the interior of a 

11 
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runway by the procedures described below: 

—' and MB mats. 

(1^ Kemoval. 

(a) Unlock the end-connector bars (hooks) at both 

ends of the panel to be removed. 

(b) hemove the 12 (6 per side) side connector locking 

lugs that hold the panel. (Break the weld on the 

locking lugs of the M8.) 

(c) Drive the panel laterally (approximately 1 in.) 

until the side connector hooks are centered in 

the side connector slots. 

(d) Pry the side connector hooks out of the slots. 

(e) Drive the panel laterally to clear the end from 

the overlapping end of the adjacent panel. 

(f) Hemove the panel from the runway. 

(2) Replacement. 

(a) Remove the side connector locking lugs of a new 

panel (break the welds on the M8) to allow the 

panel to slide laterally when positioned properly. 

Orient the new panel in all respects so that it 

will be in the approximate position in the run 

of that of the damaged panel. 

(b) Drive the end of the new panel under the end of 

the adjacent panel so that the adjacent panel 

will overlap the new panel. (The panel will then 

be in its approximate final position.) 

(c) Adjust the panel so as to align the side connec¬ 

tor hooks with the side connector slots. Engage 

the two by hammering together. 

(d) Drive the panel laterally (in the same direction 

in which panels in the same run were slid during 

initial placement) to hook the side connectors. 

(e) Lock the end connector bars (hooks on the M8) at 
both ends of the panel. 

(f) Replace and engage the side connector locking 

lugs in the lock lug slot (reweld on the M8). 

b_. A M2 mat. 

(1) Sliding method. 

(a) With a tooth of the harrow on a motor patrol or 

with other power equipment, engage a panel end in 

12 



the same run with the damaged panel and force the 

entire run to slide out until the damaged panel 

clears the runway or taxiway edge. 

(b) Disconnect the ends of all panels that have been 

slid from the runway by removing the end connec¬ 

tor bars. 

(c) Discard the damaged panel. Connect a new panel 

in its place and lock at the end with the adja¬ 

cent panel in the run. With a tooth of the motor 

patrol harrow, engage the panel end and slide the 

panel until only 2 to 4 in. of the new panel pro¬ 

trudes past the edge of the runway. 

(d) Keinstall succeeding panels as in step (c) until 

all panels in the run are in their original 

position. 

(2) Cutting method. 

(a) Cut the damaged panel in seven places, as shown 

in fig. Ö. 

OVERLAP 

MALE- 
HS> 

A 

■*' V 

UKDERLAP !>r 

Cut so 0 -Cut to mit 

LOC« vOiO Of PTnOr 
I*« cut j » i*c* 

CuTS so 0 T-»OuGh 0 . 

Cut ccwpJTtcl* Thmo jg* 
PANIC 01PT ■« OP SA A CUT 

«• NC**S 

CUT «*0 0 -CUT IN G»0DVt 
eiTPClN PANELS A T* SAA 

SIT AT IQ OIGPf t «IVlL TO 

MIT VO'O AT lOC« •*" 

DIPT* OP SA A CUT - » ¿ 

iNCMf $ 

■FEMALE 

■<s> 

Fig. Ö. Cutting method for removing 

AM2 or XM1Ö landing mats 

13 
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a. Unassembled

b. Assembled

t’ig. 9. Replacement panel arid accessories for AJ-l;? mat



(b) Witn a pry bar, force up cut Ilo. and hinge out 
one uide of the cut panel.

(c) Force up and hinge out the opposite uide.
(d) Force out the ena connector baro, and remove the 

two triangular j>arta by forcing down or up and 
out. (The adjacent panelr can be pried up no 
that tiie trian-ailar part;- can be removed more 
eaaily.)

(e) Use special panel and accessories to replace 
the damaged j>anel. (The special panel and acces­

sories are shown unassembled and assembied in 
fig. 9.)

if) Mace tue accessories in tiie void and connect and 
align in such a way that the panel will fit on 
tup of (overlap) two edges and hinge on a third 
edge. (The accessories assembled and connected 
on one side in the void area arc shown in fig,. ; ^

Fig. 1j. Acce. . ories in i-osition for replacing an ANil panel

(g) Fngage the hinge on the panel and drop Into posi­

tion. (The normal underlapping end of the panej. 
contains an end connector bar, recessed to pre­

vent interference wnei; dropped into position arid

it;



Ijecurt-a with two jet^jcrowi;. ) hemove scrowc ana 
une a {lointeh rod to work the end connector bar 
into the clot of the adjacent panel. Replace trie 
aetscrewn and acrew down alotit; the aide edge of 
the end connector bar to prevent the bar from 
diaengaging.

(h) Place tile top I'ail for the aide and aecure with 
counteraunk alien acrews,

c_. Xilly niat.

(i) Cutting method.

(a) Cut the damaged panel in four placea aa ahown in 
fig. 11.

wmj

■ r ' ■

Mg. 11. Damaged panel of X1419 ianuing rroit cut for 
removal from mat field

(b) With a j,ry bar, force up one of the triar.guJar 
cut a.

(c) Pry up the- renainitig three pieces.

(d) Place the replacement panel in the void and en­
gage the hinges. (The replacement panel and

lo



aecoJiJorie^ lor XM19 mat are -iliowii uiiaj:3embiea 
and asitemblevl in fi?’:- 12.1

;) bj.ace tho coimector bar i!i the i;iot and secure 
the countersunk alien screws.

Unasser.’t jeu

b. Assembled

Fit', is. Hei>lacement panel and 
accessories for XM19 mat



LITERATURE CITED 

1# Headquarters, Department of the Army, "Planning and Design for Rapid 
Airfield Construction in the Theater of Operations," Technical 
Manual ^-366, Nov 1965, Washington, D. C. 

2, White, D# W., Jr#, "installation of XM1Ö Extruded Aluminum Airfield 
Landing Mat," Instruction Report Ü-69-3, Jul 1969, U. tJ. A nay 
Engineer Waterways Experiment Etation, CE, Vicksburg, Miss. 

3. Green, H. L. and Ellison, D. A., "installation of XM19 Airfield 
Landing Mat and Ancillary Items," Instruction Report Õ-69-L, Jul 
I969, U. S. Army Engineer Waterways Experiment Station, CE, Vick. - 
burg. Miss. 

14• headquarters, Department of the Army, "Criteria for Inspection, 
Evaluation, Classification, and Reuse of Used Airfield Landing Mat," 
Technical Manual (in preparation), Washington, D. C. 

ouin-j, L. D. and Barber, V. C«, "Restoration of Lanuing—Mat—Surfaced 
Subgrades by Grouting Methods," Instruction Report E-70-3, Jun 1970, 
U. S. Army Engineer Waterways Experiment Station, CE, Vicksburg, 
Miss. 

0. Headquarters, Department of the Army, "Planning and Design of Roans, 
Airbases, ana Heliports in the Theater of Operations," Technical 
Manual 5-330, Gep I968, Washington, D. C. 

1Ö 




