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PURPOSE 

'• 
11'he 1:rurp0sF: o:t~ thi ~ :pape'!" is -+.:o acq_'U.aint the reader with tl1e 

phenomeno::-1 of Aircn:1ft Aqua:plan:i ng; 01' r1yd.roplanfr:g g,s it is sorr:e-

time~'> e:alJ.ed, and furtt.er, to t~tinmlate sufficient i.nterest tba:c 

Air Carrier :personnel wi1l. inr.orpora:::e ""et :n.:m1e.y factors in their 

Operat.io!"1s and/ or Fli.ght Manuals. 
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THE F'iENOMEIJOH OF AI?.CHJ'J.;'11 A~:--t'--PLANING 

iiASA des er l bf:s the pheo.,~,mc::r:N . 1~1f 2.i. rc:raft aquaplanj ng as fol1mJc.:;: 

0r exceeds the vertica1 reac+,icn of tne airple.:-ie mass acting on the tire, 

"··' ·"LJ ting in loss of direct tonal sttJ.tilj.tJ anc. braking effecti·leness. 11 

JJ. typical cr.aracter.istic 0_: tir'2 ple.ni".ng is tL.:: whitish marks on the nm-

i1A::·, afte.r t:'..J.s ph·2nor·c~:ion cf ai:rcre.ft aquaplF.::::.ing :Oar~ taken place. These 

:~1;~:l..L0n forc~s under t[lt.~ tire when aque.pla.nin;::: 

PrcsP.nt Ci.vil Ail· Hegiila.tions criteria for exta-~lishi'ng mrn1mum 

n.~Lvray lengt:-i is applicable on1;', to dry £'un·,.;a~:s. Since water is inco;:1-

pressible 2"":.i unable to develop shearing forces, varying coefficients er 

de: pending or. the d·~pth of water and the forward speed of the aircraft. 

NA3A test result::: ~.,~ff i,.n~t r1.:nws:ys ::.how that ti:e ccefficiern:, of frict:!..c~i 

VJ..ries from :~. 3 nt slmr speeds tc 0. 00 at hig:ri speeds in the realrn of 

aq~;o.plnr:inp·. as compared to C. 3 for a dry rur.-...-a·1. This shot:.ld be '.;.; , :.e 
I 

proof that 8.dd:Ltional runway length will be req_ui.red when landing during 

adverse wea~her conditions. 

Mil itar:: avintion considers -~he problem o:· operating on wet and slip-

p1:Ty ~unway:: ;;o i;;iporta:1t that they have inclwded a wet runway fact0r in 

the orir:rati:-:g manu~1l for t::e:i.ch type o:' aircraft Safety in t~e civil 

fleet wou1c1 1:ir: gr en Uy j.mproved by d0:t.ng like·.rise. 
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Aqu.aplan:L1ig is tne :'.1a,jo:l'.' problem encountereci after ~n ai.n:::r~f"\:. 

touches clown o:; ti!e runway ciur·:'..ng adverst~ ',~ca.they condj_tions LisT,cd 

ii-:i Appe::dix 1 are nine accider1\.s tLat h~·re occucred since 1959 in 

w·bich aquaplaning was o. cor:-t.:::;·iL:uting f'octo.:r. AJ.~:,o listed. c...re c~_J t-· 

ake appropriate action to assure tnat the infor:;1ation contained in the 

aquaplar;in~ refere:1ces (Ap5~enclix 2) is put t.:, use in the develop;;;ent. cf 

improvPri cor:ir1any procedures for ope:,:ati:ig on wr:!i.. runways, To or;: tru2.y 

effecti ';e J pilots must, t!len c,_:·mply wi tr~ -the.sc cDrnpany-established proced:_tres. 
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1
:7catly increasr:·d the da::'l{!.ers as.-,odatf~d with lar,dJnc and te .. r~ in.~" off 

1:'rom wet, slippery rummr:: 

There has tc~en a •::on~'.icierable amc.nn-i.:, cl' :,_"e··f::o.r·-:11 ccn:.:.uctr:·d and 

ld1 attempt ha.s been rnaJ.2 ~.r..:: co:cre:ct this :~:i t.LJ.2.t.io~1 r .. y co~:ipiJ:Lr,0 a 

:_·o::iprebensive lisi: of pro,5ects and pu'clic:atlons that ha':e bee!t printed 

a.nu attaching them to tr.is paper as AppencHx 2. AltJ:ou[h no unit 

the publications 

jet·:rrent effe.:>t. on ar.y one obtaining ni.aterial that l:.:; 111:::·2dec~ to ilp·-

D1rinG the course of a rPr0nt &lr carrier acciderrt in?estication 

ir, w};ich aquo.n.1 n .. ni.nc was found to be a contributin1-s fa:~tor, attention 

',.1as foc 1_tsecl on the question cf how well t1-1e phenomenon of aquaplanit::I 

wa~ understood 'nie investie_r.atl.on rev1~aled that the Co:ptain :::..ncl 

~:everal other pi1ots 1.nterv:Lewed ot ln.ter dater.' uere not far:iLliur 

with t~e phenomenon Fxamins.tior: of the I~l:i.r~:c r11anuals and traLnin,:;. 

~:;yllabi. of sevc::ral air carri c1·s f :1..iled. to reveal any ref r.:rence t() 

aquaplaning o:r· to technicpeE for combs.ting it. 

UOOOUG 
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;\.~ :'to tcci previously, it. wa.s found that military av]./3.tion uccc; ~ 

'.JF•t :·_i_r;i;;.~_~, ;'11ctm.· for each airers.ft in deternininc; r.iinir:i.mn 1cn· . of 

r<~'..·.:::-:,' .e'er J_o.ndinc; ac well as takeoff. 

Fer c;,u_1~.~plc: 

'li11.~ T-33 ;-.1anual computes tl'":e wet runway lenr..;tr: t;~, 

.. ultiplyin::.; the dry, no wind, runway lenr;th l;y 1.F'1. 

':...·· -r· B...;l.r"( :10nu11l 5_~,.~rerJ.:.oes tlte runway le:nctt-. r1.::qulre(1 

-..r.J t.o.h' o.l I' und~r slippery ccndi tions ·t.y 2. )'i~ of cac:I-

:prov .i.clcd ucldi tional nmway fGr stop1)in2; purposef.. 

i.Tc.vy :;u1_,licationc ctate that required runway len_:th 

::a~' i ncrca::e from 4 o)o to ~· 00~~ w1;en wet J ove:- tr.c..t 

::'·:.:nli"i.'cd \11icn runway is d.ry. 

iJo ~'.::ic'~c1· ::c.c been found in any air carrier manual exar:iined} \Tr:icj. 

:1 .~.J rl 1,c u:::cc'. ~o c:eir,1putc the ad.cUtional runway required when landinz or 

:~:1'.~:~~1;; c._.:. tL.cc:c '.let, slippery coudj.tions Some cf the for~;;ula:: ~:o ccr.1-

, , , ( j ~~ r J_l :·.c ).. ~·.(·\~er~~ can be found in It em 2 in Appendix 2, 

r.L'1 .c ~ :.:.~_.:_ ~o.ry err.ploy~~ runway di ctnnce markers in conjunction ui t:. 

"',,};,_·Lr :·V, .J;; Li1~: concept. This is r.onsidered to be a better 11:ethod tLnn 

Li>.. ," i:-.1j_n~ · ·-·:·:·:-tc:-.i u::cd by civil aviation. Even thou.gh stoppins 1 s a 

~·1rnct·i 0:·1 ci' -~·.otl: c.l:.::.tunce and ti.me, distance can be more readily 

. ·:::·;;a . .:.c(. :~c;o·ol airline Captains 1 who have been involved in aqua­

r.'1 c n l nr: .i :·:c.i.c~.cnt::-: .i.n the past, sU{3c;csted changing to the di;.:,tanee 
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T: .. ::: c_;_·;il Air nebu.Lations reqt:.i:re that. an aircraft ·:Jt:> capaL' r:: 

a dest.'..r.atior:. Tbe remaining L~o;(; buff'e.r i.s supposed tc· cc~,rc; ::.~:-::L 

th.:l.nc;::: o.s J:<issi b1e pilot e::-ror) a.dverse weather .. e+".:.) but tr.is ~~uf ::'er 

p:'..lot :·~·;::".::, ·~c:.·t ~.Le a:ovr:-: ccr.cl~.tic:;s cf .:.:peed. and. alt'..tude er~:.·~::".· 

~c~e~encc speed of 134K. 

I:ocinc; recommend~ that -:.~1e ai:rcrg..:f't touch down nt ..... 

polnt 1000 feet from the threstold. 

1~ 

':l'i1c ,.:~:i·cund di star:ce t.o stop a Boeing '(20B aircni.ft. 

touc.hinc down at reference pl·.:::; lOK is 2704 fee-c. ·1:".i.r.[ 

'.J"akes) speed l..;rakes a:Jd fu.11 reverse thrust. Pl.ace 

·~iie aircraft 100 feet. over the threshold j_::J.steac1. .. of 

50 feet) which is not at all unrealistic during adverse 
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_::: :·,_ l\·:a~/ will be required tc .;tcp. Ihw [l:::;sume the air 

speecl is lOK high 0:-:1 tbe ap11roach, Hhich is not 8.n unre-

alist1c a~c:st.i.r;:ption. An acldJ.tional 3~;0 t'eet· of ru.nway 

wi.l_l be re11Jlred to blecc. this .lJK o£·r on the [round. 

U!1G.t:~· these conditions the ai :r~1 aft w;.:,u.J_d re quirt~ q_ 

~.,Jtc~ ot' )JOL,. feet of dry ru.nwa.y on wi~i~:h to c.:.op . 

. ·~· 1 ( ! ,~. ~.:.i "~cpe \li. th wet and s li '::''i;::Py r1;nway co!1d.:.. t.i .. ons. 

Sine\! NASA te;;ts revealeci t.bat the coef'fi::::ient ci' fr:i ction 

en 2 ·.1et rm1way may be zero at hiroh 'relod ties ar_d as 

__ t:1.·= c:.: : .. ~ a.t slower speeds cornoa.;oe:d lo o .. 2 for a 

acJver::e wi.:athcr, a".1C publish thif:, ir . .forrr.t.1:.io~l :~ri the F2.ig1--it ~ianual for 

each type alrc·.~aft. This informati '.:ln should also be ta-.;.gbt. formally 

at pilot t.raini:ic sessions. Some of tbe carriers do verbally discuss 

lar . .ii.:-:·:: :-'. wt-·r·,, ~Eppery runways at pilot trs..ininc sessions and plib-

lish tul1-::::-i~; .s.t ·j~fferer.t time;~ c0n~erning this problem. Ho'-tever, 

this is net cun.3ide:-l:d adequa:ce coverage of i..he ~ull,ject. 'l'he J.nfor:r:D.~· 

t tGn riec- ·.:s to 'Ge av~J.i lab.le to the pilot in w-ri tten form for :::-ead.y 

reference at those times when ~onditions conducive to aquaplaning are 

fou.nd. to exist 11pon n.rr.i.val over ttie a~:'stination airport, 
} 

ooooon 
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Propeller or thrust reversers are relied upon to provide c..ddi­

ti.x1al deceleration during landings. \foen a. tea.dwind or t10 wi.:-1d. 

cond.itior: exists on a runway, reversing is Vf:ry effective. Hc;.rever, 

if. the landing is :nade under crosswind conditions, reversing can 

~-~J~lly te a detriment. (See Appendix 1, Ac:.'.ide::t.s 3.· 5, In:::idents 

L, 12 J 14, 15) An aqua:plani:-'.g aircraft tends to WP.at:hervan~ .:._n a 

in mo-·.rir.[ the air 0 :·af+, off 'the side of the ru~-.way 

'1'1-:i s is a~tually w}-,at occur:ceC. in t.r.e aC!cident ref ,-::1-rei to ea:::-.:.ier 

en page 3. When an aircraft becomes ~CC'ked tc the rurr.vay it rr.ay 

bc:come :.ecessary to add forward thrJ.st t.c, alleviate the s ~ t~a":;icn 

rm;': re t.'.,lr:· the ai rc:::1a:~t t c t.he ru.nway centerline, (See F ~6l~re 2) 

:-: :).:.: ·:.·e·~~:res addi t Lons.l r1r~way., fu!'.·:her dimiLi shL1e: -}- :: r;..._ft'-:-~· 

1: he CA?.s when a mi.r-.imum l_ength runway i.s used. 

-.._:; .::::; c:' tr,e L- U?.E ai r·.:.:ya.f't. 1.2r."2ir IJ-lo3 Marrnal. considers tha:. "2C:K 

L .::. · ... l:r-: ;;;ax:ir:~1J.::: c:rcs swind. corr1p;ment a.::. :owable :'or l.anciing or. w~IJ 

.:-:'U:'!v.'ays oi' f'".(Jrma.:.. charac:te:ristics." HoWF:\-e.!') i-c i2ons~ders i<BlOK 

a~: a. r..3.~dmL'T1 crosswjnd component when landi:1g ·:JT 1 sno1.; ,:,r i::~e where 

brakir,1..: :'._::, poor " It is difficult to correlate this fact wit!~. the 

previo~s~y mentioned evidence regarding reduction of friction coef­

fici~nt d~e to aquaplaning. 
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One other interesting point that was learned duTing t111.s study 

is that as the wheel aquaplanes it comes to a complete step. Ii' 

this condition lasts more than three seconds the anti-skid war~ine 

system is deactivated, I'hi s means that at that point: the aircraft 

is in a full skid condi.t~on. 1: See F igu.re 3) 

000011 
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SUMMARY 

':'he acivent ,:.Jf heavier_, faster aircraft has served to increase 

markedly t11e pi o1Jlem of aircre.ft aqua:planing dui'i.nr; the landing and 

. t.a}:c::of 1 regirr,es. Con::.i derable re~~earc11 has been 12·::Jnd11cted by NM.:.A; 

FA.A_, t ne 2.:rcraft mari 1J.f'ae:Lirers and s·:-ime cf the air carriers. H•'..JWever, 

~~~;e r.,:_·;~ults of :..his r'22ea::'."ch have not t-::r:n reflected in th'2 tec1'.niqur:;· 

It. i!". 01JJ:' f i ~'r.1 cc::-ivi ct ion that the air carriers st0u.lJ. tc.;,f:c 1:.Le 

i r1jf-,i_2},ive in --r.!ns el9."t:':·e~ by establishj_r:g a wet rum1ay fac:tcJr' fo!"' 

e<iC'h differeri':, type aircraft -s1-:;ey op0ra""Ce by utilizinr; formula::'. t.:.r;u--:: 

000012 
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FIG. l 

/\ircraft -· Bocir:u; 72CB Conr~tant s - Will u:.:·~· ~ 

fl Over thrcs~old: 
Alt ... '50 1 

·~·pc·ed - Y'·~:f. + Ji'.)~~ 

----------. Recommended 

bral:es, ;,:p1 ~r •tl brake::;, 
full· revc:r SC' to r;oK 
ori i:: ad1 landing 

--.....___ ~touchdown point 
-·...__·-....,_ r 2704 1 to stop 

---.. ..__ J( 
·-------~--~---. ---=-+=--:::-==-4 I ·----.____ _____ J___ ___ . ____ _L __ __J 

10001 20001 30001 4000
1 

5000
1 

6000
1

. 6500
1 

f/2 Over thre0hold: 
.i\lt. - 100' 
Speed - ref. + 20K 
Hur1wa;1 - dry 

touchdcwr. 

----..___..__..__ 10'.)k 350 1 to 
eXC8SS 

-------. .._____ ~ \at 1950
1 

----..___ ____ -..__,_ __ . (bleed off I 0 K 

---... __ ~ =t=== ~04
1 

:_ stopj_ ______ j 
-~~~10~±~=0=.~

1 ===3=0~~=,===4=0~0=0=,===5=0~00' sood·s5od 

#3 Over threshold: 
Alt. - 1001 

950
1 

lost because 50
1 

high at threshold 

-.___ Jp~ed - ref. + 20K 

~~.~ - wet (:~u~~~~~n 

. ____ ~----1----·---.J-i~~~e~ins ro 

l000
1 

2000
1 

3000
1 

aquaplane 

==:j:======~ 
4000

1 
5000

1 

oH r-unway~ 
__ +---::;;t---

60001 G~Ou 

#3 ,, ~topping di etance wJll c1epend on: Tire condition, type of runwa,y 
depth of watr~r., amount of neo.d wind, deJ ay in a.pplyin::; :reverse tr1runt, etc. 
Shortly after aq1Japlari.ing be!5ins ( 3 cec.) o..nt~.-skid ..,;; ct em j s dcact. i vatcrl 
and aircraft J..j in full sk1d comli tion .. 

0 0 0 () J. .1 
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FIG. ~ - Dur~nr_~ (~ro::,s-wind landing ~~. Ldc thrust .Crom thrust re:verscn:;, 
once airplane i~ ~anted to centerline, pb1s cross-wind cru1 drive airplane 
off runway. To ':'.OYrect path, re .. turn aJ_l engines to for,,iard t r1ru :--,1:. at low 
power to return to center, use dif f1~rcntlal brakine; to stra.ightc·r, rc·ll 
pat:1 then r •n:rsc thrust tc stop. ( Sxtractec1 from Dc:e,:::mber J.960 boe1n£~ 
A'. rliner )· 

CROSS-
WIND 

Tr)UCH 
DOWN 

START BR:~KES STRAl~HTEN APPLY THRUST 
REVERSE OFF ROLL PATH REVERS€RS 

THnu:3T FORWAR!J SY MME TR ICl~U.Y 
ThRL'ST 

?IG. 3 ~ Touchdown i. s made. on a wet runway. The aircraft beg'i.ns to 
aquaplane almost irmnediately. The w11eels stop turninr; ci ther fro-:n 
:)::·al-:e action or Gpin down from the aquaplar.i_ng effect. If this con­
ii tion last~. ::1ore than 3 second:-o, t"he ani:,j_-s}~i_d equi11r:ie0t becoric::: 

cieacti vated. 'foe aircraft is now in a full skid. 

WITH CROSS -WIND AND IN 
FULL SKID COND. ACFT WILL 
WEATHERVANE AND ACFT WILL 
DRIFT OFF RUNWAY 

~ 
~ ---* -4--~~~ =:-1 cr--=-=-=-=~-t ~ ++--+--+----· ---~ -· . ___ _1_4 - -~-

CROSS- TOUCH ACFT 
WIND DOWN BEGINS 

TO 
AQUA· 

PLANE 

\ 

IF WHEELS STOP FOR 
3 SEC. OR MORE, ANTI­
SKID SYSTEM DEACTIVATES 
AND ACFT IN FULL ~KID 
CONDITION BEGINS TO 
WEATHERVANE WITH 
CROSS-Wl~W. 

CROSS-WINO 

WITH NO WIND OR HEAD Wt'ND 
ACFT WILL SLIDC: OFF END OF 
RUNWAY UNLESS ENOUGH REVERSE 
THfWST CAN BE APPLIED S'TM·· 
METRICALLY TO PREVENT IT. 
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1959 Accidents 

(1) 4/9/59 

(2) 10/10/59 

(3) 5/12/59 

- l~ -

APPENDIX 1 

AQUAPLANING" ACCIDEI~l'~. 

Houston, Texas, Viscount. The aircraft tuu~hed down 
in a. normal landinc on t"he <~enter.line of rur1way 3 
during a heavy rain storr:i. A -~ralj c.f r_s 

0 r-.c:d been 
maintained on fina:l approach. The Captain said the 
ai-rcraft began •water ·planing" on touc11dowr:, He 
said that ·even with ~~0° -30° of risI'.t crab a;1d fu.LJ. 
right nose-wheel steering he was unable to prevent 
the aircraft slidj_ng off tlE~ left si cle c,t r.; e 
runway. 

'rhe wec:·.ther a:. the t..:..rne ·,;~_,.., qoor seal, ::.~:rc·d. i::t:-asured. 
, ')QJ2 b k c:on1''1I r, , ·~ c·t" ' ..; "''· ·r· i· 1 : , .. ,r I"\..._.. .. • , • ..L-. 1.. ro en, ) u. ....,ver-... a..., ,, 1 ...... , ... .1.-~ ... -~·v -·c: r:n-'-e~;· 1n 
rain, triunderstorm c'.rerr1eacl movj_ng ;;uutl1e1] sT...... 3. 06 
inches of rain had fallen since J 2,oc hours. 

Winston Salem) N" C., C-4-6~ After ez..ec 1,;,+,ir;g a ml.f.::..;e 1..i 

approach to runway 33 beca~L1se of lm: vLlbil .. it::..Y causH:. 
by heavy rain over the approach end. tr,e pilot electe~i 

to land on runway 15 as the wind was given as calm and 
the a:pproach was clear. Upon touchdm.'n on the '!..'e-t:°, run­
way, the brakes had no e:'f ect so an intentior.al grou!-:d­
loop was attempted. to keep from running off the 
embankment at trJe end of t:he runway. 

'I1he weather was 200 feet scatt.:>Y(-d) 1..'::-.i: ::.",atec: JOCC1 
feet. ov..:..rco.s~_, ·11 ::::l.tiiJ.i..<:.~' ) ;::i.J<:..;, LLl!fft Uru21Jer-sLU~':;1. 

Charleston, W, Va., Lockheed L-101,:_~.., Wea.t:her - rain 
falling at time of app:roaci1 ar.d'tol";c:hdo•m with :::.:.a.nd~r.:; 
water on runway, scattered clouds at 600l' and: 1500 r, 
wtnd 4 knots east-southeast. 

Aircraft landed fi.rst tflird runway 32 ( ) .. ~750 1 long'), 
flaps fully extended, airspeed 105 knots e.ppi'."oacri. 
Brakes functioned properly but no re~3ponse due to 
aqua.planing. Ran out of runway, Captain ground.looped 
but aircraft skidd.Ed to left and slid down steep 
embank.m~nt in reverse bej'ond airport boundary. The 
~ircraft was consumed by fire. There were t~o 
fatalities (1 passenger ancl 1 flight engineer)" 
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Dalti.more, Md., Douclas DC-3. Weather - hE1 a·1~/ precip:l­
t~1tion, 800 1 ceiline:;) 1'1ind B ~u-,ots nort.bwest. 

A:i. rcraf't. landed 5oor from approach end of r·.;.nwr:i.y 32 
(4440 1 lcng) wiLih full flaps. lnitltil braking act.ion 
positive; however, with flaps up and. tail wheel down 
just past midway of runway, brakh1g &ction nege.tive 
and ineffective. Aircraft proceed~d off end of runway, 
over the seawall and into a creek. Considerable damage 
tc aircraft, 

1.;1_.ica, N. Y, J Convair 440, Weat,her - ceiling l+C1G' _, 
----- J:-
vi si bili t.y 12 mi.les in rai.n, snow and fog) c-ross \·find 
ni' 11 irnot s, 1 inch of snow cove:t'ing a wet. ri..1nway, 

A'. r·::rJ.ft. t>li J left -v.ih5..1e weatber,:.oclcLr,g to :rigbt. 
,.:,~--: 1~i:·r i .. cd c.:.11Tection 'Ji th right -:·evr:::Tr-::e_, br2 ... }:c·s and 
:i<.":.:•." \!heel ~-",eer.i.n6. :3trw::k 1+ ir: ... ;h snow be.i1K on lei't 
.-. i de of runway, 

\·io.ch __ ~!lf~ t c,n_, D C. , Lor~kh_,ed 10L~9c, Taki::~oi' f '.3.tlorted 
2500= do"Wn tbe wet slusi·i covered rur.way at 90 knots. 
Co<:ildn: t stop so ground-looped the a.ircra:· ·:. to :right. 
at which time side loads failed left gear • 

Lallas, Texas, DC-8. Night ILS ar'proach,, c~iUne; 300~ 
vi::;: l:: Di ty 3/l4 rr.ile.i light snow &.nd sleet, 8 krtCt t.a.-!.1-
w~ ~d, r~nway covered with 1 inch to 3 inches of slush. 

f\•V:r:t[)':'-inr~ "Jo _19.nd on rl.lnway 15 'l'ou.chdown eir·curred at 
1·~.l kr~0 1·s 'i:1S~ead :.J:" 134 recommen:ted. FJ.a_ps were l'.''2-

.... ri:i.c:ted :::i.r.d 11eJ.d on r 1.mway by forward yoke,. #2 and Jf3 
c<ii!:ine full re1rer':.·P. with "some'' l'eversi? on#:l 8-:>:1G.#4. 
r:J.~d off edge of runway 422c: from +,ouchdown, 

• ;J., -~ 1./2 ·5/ 61 !·'.,):::'cant.ov,rn, W Va., D:-3. The aircraft touclx·d down at 
Go knots wi T'""hi n 3Jo= of the approach end of the 3~>1e~ 
Jonr;;i 1oci wide r'..l:1wsy. When brakes --were aupJ.i-ed they 
had no effect so the pil0i unlocked the tail ~ilieel in 
ant: cipation of an intemional grotmd loop t.o the le-fT. 
"rhe aircraft continued in a gradual :right skid and de­
parted the runway 50 feet from t.he end. 

The weather was 3000 2 i:;;~~~ttered, estimated 4500f over-
cast .• vj_sibility 6 miles., moderate steady ratn, winds calm. 
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:~~!~-::__~---~_: __ ~!.- -=~~ CCi~Ct~(l'._/,,'; T/C, . .'. ~~:2 --~C w.:_t:r.J_r~ 
tr;i-· t':1':~t .1-2U~· .i.'cr~-::. 1!1-' :'".:•1'..2:.r ;~~ ·,;L~·:'.:c ,, •j(\~~ feet 

::tr.:! l;,O i'ec::t WiUt'. A.-: n:versir::~ ·,m;~ arr--:.ied, ·;,he 
ai rcra:·t r~e:gan veer ir'.1- Li.:; tr:•2 left, l-ul2.. rj ,-:-.t rudder 
.J.'~'1 2.i}.r~ror.J ti:c:n !1(,f/"- '.-'hF;r·1 steL':' \Tere ;,;":Q; rut 
tc:.. nc avaj l Gr.:J tre c1j :· -. .,,'1 ·.·r, -:lr:.>par1~P'l tLc n;:_1;a~r o:! 
U Jc:.:.·1. ~::r:c, l. ;-j- ;'.: ,t '.'·:· :: tb; ~1r-:-,-t:.c,:~1 c-:-_-l c,f t;·,e 

We'.l'~.:-.·_-r <:.:,':: t!.l: \.. ~:::---~ · .. :::.: ?' :;\.:/ ::-,,1,_,,~-~J'•_<, vi;::~_-r;,'.:_lit; 1 

l r:1ll·::) tL~.ici•:::rC't:crm :1: .. ~ Lc'3.v:,r 1·a· n ~~hrn-:·2r, ·,,:nci 3 
l.\ nol: s eas c-n - rth(:C.o:I.., t :rH>~c~r ;, :..c ;·::1 .:. ·:c-r1:>_·ad . 

U0w O.r.lCC.!tr>, Le_:.,, L .. - L L!.c: Ca.~ 1~'....!.~~j. '- -':~~ .. '.:.:.tte!.l tu·~ch-

11G\-i!l ·o;:c n. po~!1t." 1200-l·~c),j .:.·..::c:t, .Cro::1 ~-L~: r1pprc,::.cb er.i ~n 
a normal mcumel.' or. tl-:c: ce:i:tPrline of tr1e 8525-foot ::--un-

~- i. ::· :. eft. 
,):-: ~, and if-L r_:l"';.:~: f;·-_-;:, :\-d l 1-: i :,~~1 ~~tcr :~·~ i ~- r:c1·ti'·: ... 1 a~td 
(!.~·: :~

1

t a~1d ~l-~c .!li!"'"?!'aft~ .i~pr.i~"t.ed t1J• ~J:~·~ ::.cL· .. 1:::f t!:e 
.:.·-,;!n.,ra:/ appro:-~j ::iat .. ::2-:r 6000 feet frnc: ~hr:: ~-pprc~ch e:::! 
l~ .. :, t1"~J.!1·wa~/ .. 1'::c· !:· ·,:Jc1"'~' mar~-cs a~~.r.~:[1.~r:S. wJ tr. uqua·-
phl.n L1c~ ex:.:. ct.-.d :'rcra pci.nt. of tm1c! .'.i ,..,;;1 (a pp~·-:ix::.rr:at,''.l::f 
r::irlpoint of ru11wri.·,-) tc tLe [Jla:'.t.'! ti;.:: s. i.rcro.t't depar:-,e1l 
tr~o r~_ir.'t""~:/, 

Tl1t' ·,:eat.hL'l' '•IU= ,~!CO~ ;~<·a.tt.·::::·ed) :'.1(;•[!::;·..:.rcc. .LLO:J~ oror:-::nJ 
~- 0'.J()~ uvercasi:,, :~1cr.l.crat~ ra~ n ~h.J'i-:er·::; .• 1.1ind west­
::::;ou-::.Lwr:;:::,t; 20 k~ct~~. 

N~w York. I1Y. Y , [:C--c°, La~...,r~inr: 1!1-. a ::lt..:.:::.h a:-:d .:mow-
;:-c:r.::--~J rum1:t~/ ·t1i.tr. a lOK t:=.i.ilwi!;'.l, ~~c;,;_c·!~do.,-i: occm':::cd 
\., ~ tL ·~·xccs~;i·rc ~:jpc:ed and a: :·~::..,'3.:·t :::~.:c1 cf c· e:~.d. of 
~""":.~ t L\1UJ . 

Kno:·;_Llle, 'I1e::n., L-188. Landed L:·1 <:.r::u·,-1 raj_n 3tor::1. 
f~nr1~3.y covereu w i tr, wate;·. S trcnc c·o:::wind from left. 
Landed on, right gear, bounced, crune d0wn on both. 
Bc::Gar:. a.quaplaninc as nose[_Sc:ar ·couched. dc.wn a;.d. full 
r1:?v2rse thrust was employed. SUd c::'f' ri~3ht side of 
.....-,u-:way tearing of1' J'i ;;ht '.1in.s anc1. cear. 
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Inclie.::o.:polts, Ind .. 1 1JC--7B. While 18.ndinr:; dn r-u::ws.y 22 
from.2.:back cou;::3e ILS ,heavy rain was encounterc1:1 ,just 
pri.01· to touchc .. oi,.1u. L.Juchdc11m was me.de in tLc centc_=:~:--

of tte runway 2900 r\::et from the approach end uf the 
runw2:r the right ·wheel slid off the rur,1..,r:::i,y j at 3~00 :::·eet 
the r~:_1se wheel left the ro.r,way and at l+c'.00 feet ·c:--1e left 
wheel departetl the runway surface. 

Wea.tr·;er was jOCJ scatt·~red, 600 variab1E: over2a.st, 
visitili~y 5 ~iles iG modera~c rain and fng, wind 
SfiE E knots .. vbit:i.Ht:r uccas-:onal.ly .l.~ r:1Ll .. r:s iu 
bcav:/ rain. 

Ho !_,::-:.tkt:[; :.;:.:;r:·:~ .• no~··mol :rev•.:-rsing &t, £'.'..::st, t!-~en rcz•.::es:.:.~ve 
1 <J•l ·l :.rn,1 2 w,:ich .~1n.l...1 i:.i:::r .. deci to \·JC'a-:.>1ercr:;cl< tr.e aire':"al.'t 

r!1air-~.:.., Fo~r:1·)sa, DC-(B, T1>e ai.T,::ra.f't t.01_;:Ji·:~'l elem en 
tT)e c~;l~;;;:?Line cf -r,1nway .LO, a-pproxim2;i::ely ~ie;:~ -:.·~e:t 
f2·01:; :.::.pproach end at J.Oi3K. The C2:ptain ::;ai_d pr•-J·-
pcllcr ran away r.1or:l'.::nta:ri ly and. veered the oircra.~'t 

to t:-.c rl[;}-.t. The a:rcraft then held th.::1 t line· and 
hycir;..ii;ilaned off the t.>dge oi.' tl~e wet runwa;r. Correct.~ ve 
:::cct ic!1 to strai.gtter. t.he pat11 of the: ai:rc.rai't \las tc ~.o 

2.va3 .. 2... The: ai r'Ta:::..,t landed apprm:ir:'.ateJ..y 5 :r:in-c.t.2~: 3.fte.:r 
a r::c::crate sbcwc~. 

St, :.c:ti::. Mo. , .270'; - -~ )J.. Du.d r.r, f:1 Iir 1::':)ach tc rmwav 21i 
h:e-:,:ICit:,.,.as ci vc:ri" we~-r.:nc:r: w i ::ci ESE :_O- l)J{, -,'01·:/ 
ovc:rcast, vis.:..btli.ty 1-,~ l:Lght. rain a!1ci. forr,. (>o::-;sed 
i:hre'3hold a.·~ .. :.. ~6K then toucherl dowr: lCOO~ down the 
SO:),::- runway, .;.y,i pped tl:en trn.:che·;i co',.,,·;. 3.i;C;.i:: lOcor 
l.'u1'L'.'lcr ri01,:r: Spcile:::'s were placed to t\illuTJ. • .::'ulJ_ 
brake~, end Pi.aximll..'.11 rc:ver .Je t.lirust were app.lii::d. 
Aircraft contin!r1cl ;i5·J~ off end of r·.;..r:'.·l<:iy ir.t::i the 
mud where #2 en0ine ::;1,.ru:~k the ILS loc'.1l..;..zcr ..;hack. 

Houston, Texaf, OC-j, Aircraft. made an ILS appr0act 
to nnway 3. Weather was 300; cei.lj nc;, 1 mile visi­
bili'c,y, li3ht rain, wind west at lOK, ·wheel marks 
-i.~·ld.i'~n.te that aJ.rC1'aft touched down 2/5 :)f way down 
76oc= runway Shortly after ~:ouchr3.c)wr,, ai rcra:i"t c0m-
meneed to r:Jv:'2r're 1,0 ld'".: and cont i r1ueJ. the swerv~ 
unt:il the left wheel left the rum;s.y 5800 = from the 
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npproac'r, end. It conti~ueci 1689~ r~.L'I ,·,er wLr~re all 
three wheels tecame mired in the mu\1. lk:;"~:-.alfun2ti0n 
or failure of brakes, propeller revc::r.: .. 1:,-, or nose 
wh2el steering. 

Kansas Ci r.,y, Mo, , B707. Pilot appeared t:.:J be unable 
t0 stop his landingroll and airc::-aft sl:ic off west 
side of sout'r1 end of rummy 18. iJo flnn:::i.:-;c to aircraft. 

.Ja2:i::.;or., Miss., DC<.:5· Landed hoc: fr,-::··. 8.-:-1.rr:a~L .·.nd 
,J1'Ti"l1°1\'i&-,;~-:----=~:~=-;r:s-[~·prl~-':-:r2 ~r.1.1t ,r<?:~~; .. J .. L t t le --~ya;r .. L 
::ct~c,r1 r(~~:;~_1JG(;--l, Witll _:_5cc,: (··~· .... _;~·:.-,,_ ... '/ ~.,...~..l~ ~--r: inten .... 
t:o:;a1 1:r-c1.lYJd •. loc.p atte:-:ptc'.l ~ ~ :::". '11~~:1. ::.:-,~'.·::·:-:ult'..:. 
Att·::!--:-,1:1ted tc tLe !" ~n<i o:tt,air.r:-~ -;-:~ixr.: .·,~ t?·t-.1-P:!,..r,1:;i-
'""' .... - -. :. L.c:." ""' ; l· ,-J id o···~·· ,,,,.,..::i OJ' 1.,1-,""' ), ·r''l"'l~'T 
J .!l.J.. l.r .. :: ~· .. / .) CJ,, ..... : .J.. LI .·_.. • -'- ~'"' ..i.... .__ .l..:. i.J.. ..1.. .4 ~ '-- ~' ' .J. u , ,· <;.?., • 

T!11J:;i3c:rstorm po.sse:r: ovr::r field 10 
he:J.,o:c c t 11e l.3.ncli np: had d epoci ted 

tr~ l.~· . '.~ n'~te s 
./}' : [' ra:. n . 

(:) 12/1?./61 · Atlantr1, Ga.. , DC-7B. Landi.nr: wa::: rx1dE: -,n r~E1wn.~/ 27 
·ny l:.::".::. Of:'ic er. Landj ng was nor:;.ril. ::-xc. ::-tl~/ aft<=::r 

I. 
\ l.C/2/61. 

7/29/61 

::,,J'Jcl·i(.lcwn licJ1t brn.ke applicati..or:::; i,.;er:: f:".2~~:: a1-:d they 
~·ee:-::ed ~o be operati·i'l,'_; ::9tisfactcrU:r. /\;~ '. 0 ::-:·~r·rr. 

·end cf the runway was a?proar~cd and lrakc~ were 
upp.=_in::1., l~·.t O:':f:'..ccr incii'.:'.lt.""r1 '!-;0 t:f"Jn Yt-:-, ':-.":"'.l\:e:~ .. Thr: 
Ccrptai~'l cl:ocl··.ed, then oper.ed the: <:r:!::Y:~ ~ .. ,,--::, :J.2..r ;ab e 
after Lc.1\· i r.~: prn::ped the 11a:ir1 pu:;·.p t,-,. !·.r:; "'::J 2-1 Air-· 
craft :::;2..ld off end cf 'T26o: rumn:,· ' ... '..c', · : '. st.c:ppeci 
:.n the r::ud \fr.ite mark:: fr;::;::i T).-,::..;.t c;: :·,··.;;J-.jr·.wn to 
end ·c.1: r~in\.JC:i.~/ f Ead. i .. n .. i :.erl .. ~"' +~l ,_ t '. - ~.;: ._ :~;i~~ r "re?: 

·~ :-: out 0f an 

;:r3.~'t oe~~an i.~o aquaplane as ind: r:.'J.tr~ci t~ 1 · '.-. > i: wL: te. tire 
· :~;a:r::.:-'. about 65CJ~ from tte c'.lflpT~"".~;.~J-. ,-,f r~:·, .. ;:1:· and s::1.id 
3c9~ past tl·ic:: cr.d of the 2000~ rr.1i,.;:i.y : ~~-ct stated 
1. - ·ucted :-irnm 3.t l25K. U 1!.tt ~~n~:--. rd, · ·-,,~ time and 
n~c oeen raining for ~ prolcn~ed ~~~led c~ time. 

Iii::w York, N Y , DC-8. Landinq, ;-::Jn ,:zL 'i'.<:~r: a raj_n 
~term ·with a l0-15K :::ro:::.swi.nd. Tr:u'.:!Lc.:! "Ydn at 135 
to 143K at ILS touchdown point. AppJ.ir·ci r.rakes and 
70- ~,(',~ti reverse th:rust on 2 ar.:l j o.n.:: idl·:· n':verse on 
-. .. vl L,. Bra.kine was inef'fccti ve, .:c f'J) J ~eversP 

·.;a:: ;:ippl.i.ed to all 4 engines. Air2:t2::'t slid 2L13: 
o:.'f encJ of a 8i1-co~ rJ.nwa;y. 

00001n 



(10) 8/7/61 

(11) 5/7/61 

(J.~~) 4/9/61 

(13) 3/5/61 

(l.4) 3/8/61 

- 20 -

Jackson, Michigan, I:C-3. Ai :~craft landed 1.)Ut of a low 
visibility a:p.p:ronch-.-B.rake~. we:re u:ppl:Led l:.ut ~c·emed 
to be weak then faded away completely. Grounu loop 
atten.ptcd but to no avail, and aircraft .s.Ud off end 
of runway. 

Kam,a~~'Yz ~~ DC~i_, During n low visib.Llity 
approach in moderate rain) heavy rain sim·J la:. to a 
water spout was encountered upon touchdown ju:Jt o..s 
windsh{eld v;:Lpers broke. Could see outsid.e windO'w 
that alrcraft was sliding to ri[;ht. Enc,i.nes taken 
O\J.t of reverse pitch, Captain said aircraft was 
aquaplaninG across a thick layer of water und. skiddinc_; 
~~o the left ··,,,iith nc response frcm nose v.·hcel steerinr;., 
brakes o::- ccrrcct l ve pm1er. Soft c:;,rourni cluwed the 
airc:r.aft sui'fi.ciently to regain cteeri ng contrcl, rolled 
back onto \,r:~ runway after pa.sstnc; through the heavy 
:ca.in .• then tPxied t.o the gate. 

Buffalo, N. Y., Viscount '700D. Lan.d.int; o:::-J. runway 23, 
Ceili~obscured, it- mile visibility, light :mow 
showers. Snow melting as it landed. Smooth landinG 
at approximately 130K. Brake3 a.pplied then liand brake 
applied locking the ..,rheels. Speed not arrested until 
aircraft slid intc the mud beyond end of runway. 

J.\kron, 0hio, DC-7. Land.ing on runwe.y 01 which is 
559"81 -lonc;. Stated c:rnssed. field bou!1da1·y at 110/115K 
touchinc; down 500--800' from beginning of runway. 
Applierl reverr.ling unti 1 slowed t.o apprqximately 50K. 
Said taxi speed was slow and reasonable. As end of 
runway 11:1s approached brakes were ac.;ain applied and 
wlieu not cf'.l'ective full reverse again apvlied. but 
e.ircraft sl:ld off end of ru:iway into the mud. 
Wea',·'.11:r was ~1 oov · ·over·cast, li:);t ra::. r. n::U. fog. 

Chi cu,-:o > IlL , L-188. L'3.nding on J2R. 6oot overcast, 
visibility 2 miler; in light d.:."'izzle and .fog. Slush on 
runwi::tyJ wind NNE 14-l?K. At touchdown full reversing 
was applied. Aircraft began sliding to left side of 
runway. As:irmmetrical :reverse thrust; applied but air­
craft cor:tinued to slide off left side of runway 1700: 
from threshold, coming to rest 2500: from threshold 
with the left wheel stuck in the mud. Nose gear and 
right mai.n gear remained on pavement, 
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Utica, H Y. , Convair 240. A cLrcline: approach -was made 
to runway 15. Weather was 7oot obscuration, visibility 
} mile, :1..ight snow showers o.nd fog, temperature 33 ° ·' "' 
wind east 11 rn. -p. h., slush on :runway and braking action 
was poor, Touchdown made q.t 97K and as r1.ose wheel 
touched down .:i.ircraft bec;an to skic. ri cht. Right 
throttle used to correct twice, then aircraft slid 
through snow bank and ofi' 0clge of runHa.~'. Reversing 
not used. Delay in getting fla~3 up Lo copilot waiting 
to nssist in :.t't:ve::rsing. C:lrito.in sa.i:.l ~.:raidng action 
·"ras nil. 

Bal t: more, Md. , B707. Dur~.nc tab:!o-·~:' f. :- the 1st Officer 
from. 6gh~ seaf-ons-hisl1-ccvered c~~~ l_ ~:\ ····.::·:·day 33., 
the aircraft weather.'aned lnt0 tLe 1-:,K ·-~ : "'I. Cor­
re:.:t~d once by CB:pta:'..r. \.:::;inc n::>se ;.:}-.c.: · s':-e· ·i.:1:::;. 
Occurred again so C2.pto.1r~ atcrted at :~<"J<.~ ~ ·4".p., .1:

1ulJ_ 
-.~cvc:1·::-,e ori t:i.ll ,;:1 ;re 1. :\.~:-':~raft E:..'...:J: •~.1. ,)f t'he side 
or t!:c~ ;:~co 2 ;.:idc) /··)u· .';_c~1r rur:way at the :niC.noint. 
I l-. was round th2.t riYider tri.r.1 tab had bi=:en left in the 
5 ·points ;~igL-: :po·:,itic!1 t'::at. bad 'uee:J u:>cd fer la~1ding. 

Boston, Mass., Vi.:eccunt 'i'45D. Du.rine; takeoff .:'ro:1 
runway 9-"'~he aircl'.'aft ac::-:::.Lcrated normally to 70K but 
then was slow acc:li::ratint; beyond tha:s point a.nd the 
takc:--f'f' 'L.lf.l.S aborted. Ir.spection of the runway found 
the snow to be up to 2" and.the distance between the 
heavy accumulations was 3(')()': to li-50: . 'I'he Captain 
noted that, •apparer.tly the slush pror,lem has ma11y 
nore ramifications than ar.y of us realiz.cd previously. 
I personally feel cpera:ticri in M~ s;iow or water ccn-
di.t ion would be bP.nef'i ted by an a.dd]. ti on8.l safety 
factor of a distance marking or acceleration check 
poir1t on the runway." Ti':e ffirricr at tbi c time limited 
the operation of their Viscounts to ~..:-" slu:::h or sta.n 1i­
·.:.ng ~.,rater for takcof::'.'.' or l"" of ei the; foT landing. 

s:·:annon, I:L."elar:d, I'C-8. The ai::--c:::a:'t :::..:::i.:1ded on runway 
~-which :l.s 10,000 i·eet long. Ap"[:.:~oach and confj_gura­
tion ·,.;ere normal. rouchdo-.m occurrr>d o.t 1.000-2000 feet 
from the heginning cf the runway. :'he runway was wet. 
l,/eather consisted of dri.zzle vdth low •:eiling, wind 
100° 10 knots with a tailwind component of 3 knots. 
~rn}d ns action was ineff ecti.ve unti 1 the aj_rcraft de­
l':eli-:rated below 80 knots. This occurred dul'ing the 
last several hundered feet of the landing roll and the 
aircraft came to rest with the tail ovP.rhanging the 
runway. Braking system and .spJilers checked normal· 
and the foot thumpers and anti-skid device were operational. 
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APPENDIX 2 

~Q,UAPLAlITNG REF&ENCE PUBL~9:S10NS 

HASA Report, '"Tire-to-Surface Friction - Coefficient Measure:nents 
1.;i th a C-123 Airplane on Var~ ous Runway Surface311'J by Sawyer 2,nd 
Kolnick.1 dated Jw1e .::_952. 

Sci.::,-;nr'J. Edition of Garbel.l Ae:ronautical Series No. J, 1954 t111The 
Ground Hun of Aircraft in Landjng and Takeoff in ICAO Units"" 

NATO Rer,ort 51., "Ti~·e-Runvm:r· Eraking Friction Coefficient::"' by 
r.:. IL Gm.1.£h, R. H Gawyt? :· and ,J. P. Trant, dated FebrLl<ll'Y >J51

). 

;t. lrf,CA. T.::crinic'.ll Hot·:: U1.06, "Lew 'I' ire J:'rictior, ai:d.. C0;.::· .. _ 1·ir:.g Fc~~c:s 
0:r. n. Wr:t ~~lt::'l3.:c"' ;-_:_,- }lG.r:d n} d.ated SE-pte1:1be:r 1958. 

(:. 

I, 

. ·, ) 

(_J, 

1 IJ 

lL 

12. 

I·/1\;:,;~ Mc.'''.":'!Oranl.i"c.1_';1 C- ·-C.3-59L, "T~ re-tl.1-Surface Fri :::ti on E::-.pecic'..1 lly 
U:: 13c:r :,~ct -;c:-.c:::.i.or..s'i b:i" ;Jn:,;yer, elated r.1arch 1959· 

:r.i\~~A Rcpcrt D-l•O), "':Investication of Tandem--Wheel and. Air-Jet 
,·.1 .. ~'an1;e;i:::nts fer Ir..p1~cving .Eraking Frictic1n on Het Surfacesr.· 
:_ 'J E N .. Harri n,, dated ,June 1960. 

~iM~A Report D-552, "Sti.id.ies of Retardation Force Developed on an 
Ai rcr2.ft Tire Rol En€ in Slush or Water" by W. B. Horne,, V. 'I . 
.Joyner and T. J. W. Lel.m~d; dated September 1960, 

11 Ap·9roac1: ~;peed Co~~t.rol" and "Stopping Under Adverc:..e Conditions"· 
i.!1 the~ February 1961 and December 1960 issues,. :respectivel:,·, of 
"~~11e Boe in;; Airline r.~_1blication. Our F'ig. #2 extracted from t'b.e 

"'F:unway Slusb Ef f er~t s on the Takeoff of a Jet •rrar.sport, FAA Project 
3xn dated May 1962. Appendix II referred Lo "'Tire Aquaplariing 

'!eloc_L ty Calculations. fl; 

"'Vehicular Measure:nr:!"lts of Effective Runway Friction~ FAA Project 
No. 308-3X Amendment I, dated May 1962 

?JVi.. - Fligrit Standards Service Release #470 - "Statistical 
Presentation of Operational Landing Parameters for Transport 
Jet Airplanesu dated Aue,ust 8, 1962. 

"Runway SU pperiness and Slush" NASA Report, by Walter B. Horne 
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APPENDIX 3 

£'_0RMUL~ REI ATED TO AQUAPLANIHC~ 

F :: 1
.- C p d b v2 

s 
Ref, (9) 

Where F ... Reta:rdntion fm·cc acting on the a:i.rpla.ne tire d.ue to slusl: 

p ::: Mass deris~ty of sl!Jsh 

d ::! Slush depth on runwa:r 

V .... Aircraft fo:c-waTd veJ..o::-1ty 

C _ Slush dra2 ~oefflcie~t 

II. Tire Aqua1)lanin13 Velccity CA..lcula"'.::f.01,s 

III. 

l = F "' ~ CL 
8 

l~ A.. VD
2 

'I V, S J v • 
Ref. (9) 

Where F = Vertical load on tire due to airplane mass 
v 

F Hydrodynamic press'l.<l'e force 
v) s 

C = Hyd.rodynamtc lift coefflcient 
L~. s 

p - Fluid. density 

AG ~ Gross tire contact area 

V = 1rire aquaplaning velocity 
P. 

v = st/ p Ref. (12) 
p 

Where v = p 
Tire hydroplaning velocity (knots) 

p ::c Tire inflation pressure (lbs./in.) 

Assumptions' (1) Average tire groun1i-: ··3.ring pressure may be.· 
approximated by tire inflat:Lon pressure (p) 

(2) All poss1ble runway fluids that can collect 
in depths large enough to prodi..;ce tire hyG:::·o­
planing hsve densi tj.es a11proaching water 
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IV. .Retardation ForcesJ Acceleration & Distance ·J:!'~-~:·2.rsea. by 
Aircr~ft During Takeoff Ref. (7) 

(1) F ~ N F + N F 
x,g,e n x,g,n m x,g,m 

Where F = Total aircraft ret.ardation force clue to 
x, g' e slush or water 

N = N\unber of r1ose-w\iee1 ti~·es 
n 

F = Eetardai:ia~ force - singli:: nose-·wheel tJ.re 
x,g,n 

N Number of ieadi:ig ~ain-·,.;!1eel t:i.res 
m 

F .. Reta:rd.ation force - sinJle ine.in-·..tbeel t::.:re 
x,g_,m 

a :: F 
i~ x,.;,e -w-

Where a - Horizontal decel.erat.ion airc!'af+, due to slm;;h water 
r 

W - Aircraft total gross weight 

(3) a - A. - a 
n r 

Where a : Aircraft hori z.ontal accelerat.ton on wet runway 
n 

a = Aircraft horiz.ontal ac~eleration on dry r~mway 

(4) /\s -1 

Whe:ce /~s-, = In~rernen"tal takeoff dis-.;a.:ice of ai.:rcrnft 
-- ..1.. 

v = Aircraft 
H,l 

forward velocity at instant (1) 

VH,O = Aircraft forward velocity at start. (o) 

a n,O = Aircraft horizontal acceleration or. '\.let. !'Un Way 3.t s·cart 

a = Aircraft hor:l.zontal accelera:Cion on wet runway imrtant 
n;l 

( sa"!le as above i'or :iiff c!'ent 
instant or step) 
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