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PERFORMANCE CilTtERIAFOR ROLLOVER
PROTECTIVE STRUCTURES (ROPS) FOR
CONSTRUCTION, EARTHMOVING, FORESTRY,
AND MINING MACH'NES-SAE J 10400

'..
SAER'ecommended Practic~ ~ ~;

Rt'~"lrl "I {'\ln~lr\J' ~ ,,,n ,Inl'l ,11Ulu...I,1 ",I .\1 ... , h"Wf\ ,I ,<t.hnll ..1·( "JnHIlIIIl'~' ~lpP""\f"d \,puJ Jo'r; ...,nd :Ia,' ,JT\ l"'d ,h''hru'll"\ 1"17', Edtl"rld'! dl<i"l'" '\J.i'ul l'~;lt~

mn~f])or..ltr .. 11I.lll'rl.lJ 1"l'Ill"I/\ vuhl,-Iwd ,I' .... \~ ~J 1.:'1' J \'14 "-\11'1 .1 l'lt •.. lIld 11 0 1'1 oj; .....

l/lII I"t'I1Jt"nt 1:'\ 'tht" COI'l\Ttllion.t' {:harpv "·nll(l"h ('\',lluatiulI: it is primaril~ a

>Cl.lJd:'bl,·'Ct,Jutrol cht"ck o'tnd dH' ;ndH"alt'd trnl:pt"'alurt" d()e~ not di~ctl~·,rt"lat(" to

(lj:KT.tlirl~ ~:(lHdlll'UIJ"

.! 3,H The "p("cifl<: I'offe, rner\f\. ,HId \"t'n ical load ('arr~'in~ rrquirt"rnents,

II1c1udIlH! rhc" i{f'ncral 'I"('qu'ir~m('nl of 8.2, art' (() bf" me1. Of t"xceeded, in the
!t· ... IIlH~ "f it n'prr~nldlj\'(" spt''Cimell. Thf'. Foret" and Ener~' requirements do
[j11)1 IH;('d.lo"ht ,;tu ..t.1l1J.bl.,(', 's~Hfuhan("oll,h': ac'oJrdlngh', one Ina\' b~ ~i~nifi­

(,11111\ t'·x·~'.et"ci~~o bt-I'lln' tht- o(ht'r i~ 'aua'llled in Ihe h:Jrizonlal l~adin~,"'Th('
111Ililc1ti~Hl Ull (ic,·ttn-tiol1:\ ,DL\". JJ~)ial is absolu((~; i( cannol ~ ~xceed("d in

;11 I,lIl1il\~ ,hc~lIrce-EII.. rl(Y' \'''flieal (~adin~ requiremenls.
. ! ,l q'. Hr'r,t~·I'~t:. in ~tn ,act \tal ro'l-l. load,ing ""'.i.II he dyna,mic (po!;sibly impat'l ,).

!I\(' H'l" of ",~f("t\ factors" \\hich are-ba~t"d on elastic deformation, or ralin of

thr' til/H' anailled to the ti,ree required. is nllt applicable, The "safetv factor"
"I' ,l ROPS i, related mo~e, til l'ner", absorption capability and de'ails of
\\ t.'ldlllCllt d('si~n and 'o\("ldin~ pron'du-r~- than it is ..,to either static fnrcr
n',i"'l,lIll'(" or til a\'oidllu~ pt:rman("nl deformalion. Th~ slatic e\'alualion proce­
c1un' of dus RC'comnlf'ndt>d Practice is itself a consen:a'li\-'e eI~nlent as it

rnpllr('~ thrTt""presentativt". spt"('imerl"f-ROPS, machine frame, and conn("clin~

""'lIibcIY' 10 ,,"hstand a sustainl'd loading thaI must be fl'sisted b\' all
COlllPOfH'IHS lndudin~ those of thf' machine franle.

~:>, Itt .-\ n:presentalin' sfXcimen i~ one thai is within the nlanufactureros

'p('.·lflcation~

.1, Fori/iIi" and IJu/rummls-Facililil's 10 secure the ROPS-machine frame"""m"" '0 Ill<' brdplale. a> d".cribed bel"",. and to appl\' the side and
\Trtl<'illl"ad, arc required. T\'pica/. bUI nol mandalory. inslallalit>os arc !(i\"en
for ~p("citi(, I \-pf:'S of machines in accompanying illustr.ions,

(""rument s\"Slems used 10 measure mass. forc". and deflection as follows:

Thl· ..tJJIIH" fK"rcentagco
.. arf' lIo111inal rallllg\i of the accurafY of the inslru·

,nell1atlon "nd ,hnulci nut Of' taken (0 indicale thaI compensalini! O"t"rlcst is

rt·cllllrl·d.

-I. Ila» "',i~hl

~.I In ""·,,ill~ ,,"h th,' Jir"<li\'e til indllde SI units in S.-\E lechni"al
!' pili I" ,~ \ L ,1~1I11~, .I·he ttl'l inn ion bCI \\ "('11 Ill;t:-..' dod ",'("i~hl is cnlphasizr:d

"" II"'" II' ltw IH.\."i!' unn t kilol!raIH~j III .''''\1 ('(·ltI~Hlun!\. In th(" ,g-ravinlclrit
"i.jll.tlJI1ll", tht, unil\ Ihfl pound... ~fofTf"' drld Ib pounds) aN" uSf'd, As t:UJnmon
LJ'oHW III Iht \... nl d ·'",·ri,{fll·' to dt"nnlf" "11I~tSS" ." n'II likrl\' to ccase w-ilh furmal
,HilIIHhH1llfSI unlh, it St'(-fll~ dC"slrabk til rl1lpha~ll(' Ihal maS!oll3S pounds or
,t .. kdt1cr.IIII" \\ ill t ontlOlIr 101:)(' Illlsldkruh'~ .ll1t·d "'v\right" for Ill(" furst"caLIt'
(1III.il'(· J 11 f." L 111(' gn'.tlt"s' ("lTor pos!'rihlt' in !lit' ~'("l~hl-mass issuf" is CJ,~)'; ,

\\ hdl I' "llIdlJ III f('] ... IIUn (0 Ihf" :-:": 5', allo\\ dbif'" and an\' is~ur i!i one of

't'lJl.tnt 1(' r.ll hl'r t han ("ngll1t"("l"in~ CllllSf"qU('noo

...~ In ...,'( lilln A, Ih(~ phrasf' 'Omaximum rt"("C)mmrndt"d rna:-.s" is lJSf'd.

J hi' u·kr.... tl I "clt',Ui Tlli.1I'h'nr" \ alu("s, Soli. mud. rocks. lirnbs. dt'bris o ("IC o

Ih,t~ ; lillirnnnh ;tdht"IT II' OT la\ 011 m ..u:hiflt"~ in 3clual liM" should not hp

'llll,idnnl 1fl dClcrminirn!. the' maximum n'cwllnwnded' \·alucs,

5. ROPS-.Harhin' ,~J$mab~r andAlt«hm,nl 10 Bnlplal,--The ROPS ,hall
tx' .ill,tt Iwd Itl dlf' lIi'H hll·H·, frarne a:s It would tX' on an opt'ralll1~ nld('hiru' :\

n'mpll'te mat'hin~,is not f(''Juired for Ihe e\aJuallon; hOWl'\'er. the mal·hln(·
traml' .lnd ROI'S Ill11Ulllln~ must rl'prl'sent all operating ins.allation, ..\11
n'lrm~lll\ o('lachablf' ",illCic),,"s, panf"ls. dt~Jrs, and other ntmstru(.·tural ('Ie­

1Jl4'llh ,hall be rr-lllo\Td ~ll thl'"'Y do not contrlbu(e to or dt"tracl frulli Ihe
"fill 'ural ,,\·al"311011 F"r h"nz,mtal loadin~. lhe ROPS-machine frame as­
sC"mhh ~haJl he- scnuf·d III the bf'dplatf' S(I thai the members conne('1in~ th«'
a",.mb" and bedp!'lte I'xp,'rtrllCe minimal deflection whl'n Ihl' ROPS is ·,de
I"ad,'oj D\lnll~ "d,' I"adine, th" ROPS.machine frame assembk shall nol
n'CCI\T an\ iUPI'0ft frum Ill{" hrdplalt', other than lhal du(" 10 Iht' initial
all,tl hlnl'"'nl

Ih" a''''mbh ,hall be s"cur"d and or modified so Ihat am' machine,e1e­
men' ,hat mil(hl b,' l "nsidcr"d a suspension Irubber. ~as..~as-oi/. or ml'chani­
cal 'plin~\ ,hall b,' rlle('Jl\'e1\ ('Iiminated as an ener~ absorber. Howenr.
ROPS-t"-Illachin,' fram,' muunt< mus. IlOI bl' altered: at the sIan of the
naJualinn,. thr\' ,l1all b" .IS they would be on an operalin!( mal·hinc.

/. Obj~('lil'f' r() .t·~'I~,hll~h .1 j"'tl'I,,1('III, ft"pt'atah:lt" nw.all~ lIt' (\'aiuatlJl1!

Forc("·l.kfl("(l iQ III and \ ·t'r.!·j(,;'ll! I, I~ld , .UT" .l!Il.g ,charal {f°rl'lu ... uf R«J1.I1In·r prtHC(,.

ti"',t" slruclurr .... unlit'." ~t~',tll L)a.dlf,l~ .•tlld 10 p.n· ...c.nb<· ,pcr,(.urrn"HHC rrqHH('

Illenl ... of d rq.>n"Sfon.t.lliH' Spt'ClllIl'll nnoer ,ut.'h !o,uhul;! Hollo\t'r prlJlIT11\'('

",:(,,:u,('un'~ (R< lP" I .ll.t' "'HIlc.luU·, \dlO~(' prUUdn pUrpl)'1t' i... III n,dll(,(' t tw
pc}!\.s'lbilitv tlf 0l-wr.ullP-,. \"'hl! ,In- \~('ar1n~ '1cal hell" bnHl.': (tll,h('d If llw

nJ.u-:hint' thf'\ \<1.n·'()I)(',f~t'ill~'.'I'ih.~'IHil.d,1"1".11 ,~.I\'!',..
.2. SNJ/H '

2_1 Thf- fl:)llo\\ il)~ ott-hll,::h\\ .IV Illa( hint" (IHlIlllllllh 1I,cd III cdrthllll.\ 1I1\!

llJl:l~IIIl.. lllm, 1('I.;.~II1l{_ ..11\<!' rlUIJIUC:- ..tpplll"dlllJll'" £1ft' IIIL judea. PIll'lill1.J1 H . [II nJ

,l.c:nrultur,i1ltladlitu··'!1 and m.lt hint" '~\ hf ....(· uS(' ~~ prn.io!llJltarll.h 1II t'nl'lff'h_'.

in l1I.tnlJfaCIUrin~ Ill.tll .... :i,~dor 'o...lft-hOU,t" .tf(' .. prt"ltit .dh ("'( I,aded I

I", Trark-l\Il<' tranll" IIf m.", ~n'al("r I han ;'.lk~ I 'I ~l40 Ib,
(b I PU(·unl,jltic-lIrf·d. ,("If.prorwllt-o, ,nlllllr '!, ...dt"n 'of Ill.JS" \!n·,tl,..r Ih.lll,

"MIll!, 1.-.4(1 Ib"
l~·' PI1(,l1nl~tll('·llJ"t'd fnlnl·nld IO.Hkr.... dU/('f\, "U1d thclJ 'mudllh ~llllln, u,t'd

t"" IlIlIlIlC or \·lIl1Jp,u'li'H!, .1IId III~ ... kithkr" of ",as\ ~u,•• trr .lull ';00 L1{
I L-,~Illb,.

Idl Pm·u,"cll.ic-lir(:d:-.prill1c,lllll\tT' 01 I1Id~' C"u·.ttt·r th.lll :-fNl.~~ :J -)·.... IIIJ

i(' Pnc.'ufnatlc-Itn:d, 1I1J'-hu,:h\\'t\. IIIH1trailt'd h""llne Ufll .... \\'1111 'n',1f fit

~i(k dump bud ie's, of rna:o.!- 1{n:alC(' thdn 700 k..l:: r I ~.--JO Ib I

If, Four-\\ht"t"1 orin', ,kid ,t..-('1' f,1I111·(·nd IOctdt'T\ tJf .IIl~~ ... ~r,·.tt~'r lh.lll

,(~) k!( I Li40 Ib"
(gl Induslr·ial-t\·pc. \dwf'l('d frof11,.-('ud load(·r.- and oo./.{'r, of IHti"i:'\ ~n'.tlt'r

than 700 k~ I LHo Ib'
Ih\ Rollers and Cllmpal"tors "I m,,,, I(reat!'r than !7(~' k~ l'l'l,)lllb,

2.2 The r("quir~nl("nts art' f(}f"(:r l"csistancf" and ("nt'rK\' absorpliun undn
hl,lrilOntal loadinl(. and \'enil'a! load carrvin~ capabili" afln rClllo\'al of, h,­
horizontal load, IThere ar" limiI3t;on, lin delll"!'tilll1S under boll. horizontal
clnd 'o'erlie-al loadin.~,l Spe(·itic requin'lIl("nb rlt'ri\'(' from 1IJ\'("Sll~atiolh on
ROPS Ihal han' perforllled the 11Itcn,kd fUlll'tillnlll a \·ari"t\ Ilf ad,,,d
rollo\'crs. a~ w('11 as analvlical nJnsldt'ralillrl:'l bas('d upon tht" compalihilit\ nl
ROPS and !he m~h:hin(' fr.llth:' 10 '\ hit·1t it all(u,'hc~ ~

In addition 10 lIu' loading reqlllrt°nwnls. Ih("rr i~ a T,-mlwr.ltun'. \1.II!·nal

rl'qlJirelllt"lll. Thi~ rl'quino~ eithel 1II,."-lllg rht" ~ra,i(" lo.adin~ .. ,",!th .111 ..;I!ll.·

turall1l(-mb('rs aL or brlo\', a '{in'n fC'mper,lIun- Ilf m~t~Hll{ ttw 1t).t(i1n~"i dbo\t
tht' L:'iYcn lenlpt'raIUf(' alld 4'onsrrtU l/ll~ 111(' I{( )l'~ 01 Ill,tlr'nal lhat lIl("el'"

certaln mfchaniral rcqllll("IIH'nh

II is intended Ih.lI ill I POllicoll" .•! :Ill"; Rt"IIIl\lllt"rH.it-d P!oU tnt ""II! !w

IT\·irwl'd and rc\iscd as kllo\\ln1l!!' '11 K( 'PS p,'r'4IJrlll;Ul((-, cihl~'; ~·\.tlll.I;:,.I:

and manlll'ilflUl"r inn·eas,.,
2.3 Bt"(:aust' lhi~ rf"(llnlll1rrHi,·d pr,II,lln· pr<':'otlllt\ ~J41fI: !"'''.I'd'''l· .i1j.11

{'rile"ria 111~11 ar(' if\Il'lldf'd lor lIHI.'ICkr.iTliill .t .. \\l)r1d~ I(k \1.IfHLII(.b fllr J{( )p ...
lIlt" fullowin.l{ p<J~nh ilftO('\'pliflth 'l,tllOd 10 aId in IIJllt."Q.tndJllW; I" IJfhl.·rt'

lIl,g prin('iple:-.. intf'nl inn. rlnd applil.1I ion
~,J,I This ("·alualinn prucedurr ",ill nol IU·('t''\,.uih duplu.tl(" '1f1H"lunti

ddilrmatiol\s due.° Itl .', ~1\t'1I a ..·lllrli rl)ll
~,.~,2 This c"\'aluauun prt)('~dun- i\ l(C"Ilf'r<lllv df'~lrUtTI\f' i.t thf' R< )P~·

marhinc.- ass("nlhlyo ch prrtlliiHc,'ni ddoflU.'fHHl IS <lpt It. he lIldlll'('d in ('Ithc,t HI

hu.h,
.!. 3. ~ ,\11 hllUsrh R( )PS I11("TI i I1C t !WM' f' nH'r1a' Ill.l' nol CI\'O , rII,h pI" ,I.'~ III or i

ufukr all t"tJll('("i\'abk l'If{'UIII'I~UK('''' In "hu fa do mal huw l fluid o\"rr1ur!l IIi'

('Xlx'deft Ih.lt I'ru,,,h pn1lc"('h,nn _¥-·dl tlf' o"SUII'U uudn .'1 It-,t.,' thc' '-1'11 ••" :fll.'

..'olu.liliun: .\11 inili~tl fllrw,nd \t~lnfil\ uJ It· Ih Lrn h ,0 IOmph ('" d b.lld (1.1\

,urfarr uf .\11 del: ma~lIl1"l1l ,1,,1"" .1t~1 dl'~ "f roll al~'\It thr '",11 hlne.·' Illn~III1'

dlll.ll ,l,i,. withnlJI 1'1"'-1-n!.! ("Inl~tc I 'o\llh rh(' ~Iopr('

; ..t4 Th(' h()rilIJ111~tI flirt"(· n'q II I..,. II Il' 111 ,UHf IIIIHt~lIll)1l '11' ddtc', Ill/II : d,·

tlcrlinn limili'n~ volunle' tIlL\'l, ~tT S:\F .J.~'i7a, (I'rt· inlt'lIrit'd 10 ....'\'I.n IkJI
Iht' J{()PS \\111 pt.·nc·lla"o unff.'...·/I ,1111. Itwrl'b~ t:l\in~ a br.lkll1t.: .'111'111 1".1

mil.
.!. L:I The ene-re:' n'quin'IlH'rlt 'illd 1:lIllIl.&lIIIH\ "II d,.tl,,( 114111 Ill.\·, 'I" ." \!.

.J:4~~-; ... undt"f horiltt'lI~" I.}adlll~,ol"l' 'lnl('f}tlt-d tIl .,,:,\111{' 1h.1I lh~· J{( H'''' ,,,III

<!t-tl.t"n \",·tu·u il inlp.tll:-. c' surlaft" \\hil-h \'\llIlIot '1l{llltlt".lI11h drl41rm I frn/I'll

ground, [0114:I"("U', ru:L: l. whik r('t;lllHtH~ '1~IHh(".UH Ltp;lbilll \ to ~ IIlhl"IIIc1

an~' ~ubscqu("nt inbpa.... b in dO O\'t'I"tUll1.

::.3.h The- n'nital loadlll.'-: require-melll i, 'Il\l'nded to ""un' th.1l " d,'­
I(,rmed ROt'S will bl- "bl,- w support th,' ma,·hin.. III an upsid"-down alli­

tude.
2.3.7 The Temperalure·~lat('rialrl'quirenwlIl is inl ..ndcd to assure that th('

ROPS will ha\'(' m"anin~ful resistance 10 brill'" frac,uff- The material re-

Mean' to M.asur.
.,-----------

Vehicle mens
Defleclion of ROPS
fore. l>Il RoPS

Accuracy

~ S "to ,of max mass
.:: S -/0 of max deflection
::':: 5% of mo. Iofco
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For the \-ertil·alloadin~.there is no limitatioll on "'(Turin,,? or supporting the
ROPS-machine frame a.ssembl" other than no "'pair or straight"ning of tht,
assembly is permissible durin~ or after sid"lo"dtng and during Ih.. ,nlll'al
loading,

For t"ditoriat and printing con\,('nierlct', s~)t·(..jlir~ of atlachl1u'nt 10 ht'dplal(,~

arT c(l\'erf'~ along with rnachine d("SlTipllOllS and .I{()PS rC<juircl1Iclll... in
se('lion 8,

6, l,oading Proudur~

6.1 Side Loading
6.1.1 Load distribution dc\ in''\ Ina, he u:o.l,d to pn'\ ('nl 101 ali/cd perlt'l ra­

tion.
G.I.:? Load shall b<- appllt"o to major. uppt"f. and Inllgit\ld'II~!1 Tlw.1ll1>f"'o.

t'x('"("p' when a nlle- or twn-po,",{ ~lrUt·ture wilhout cantil('\'('n,d 0\(" he •.lli ... hidd
is used, For that tvPt' of struclure, 1".ld shaH be "pplit"d ill hn.' wilh tllf' "Pllf'l
cross rllelubel'.

61:1 Inilial Inading or a one, or,.lw"-p'''1 fralll<' with an o,·t"rhcat! shidd
shan be dinalt"d b,' Ih~ Ifltalloflgitlldinal d,stance b,'lwt",'n major. Uppt',
ROPS lll~ltlbt'rs 1/,1 and tht" \("n;cal pW.lenion oflhe front and rear plant's of
the DIX, Th~ load point ma" nol be within /.1 frolll the on~, or Iwo-post
frame, Should Iht' l. :l1'0inl be between II,.. "'n;cal projt'l'lion of the DL\'
and tht> nne- or t\\'n-po:'-t frame. the load poin! shall mo\"(" d\\-a~ froll) the­
fram,' unlil il eOlt'fs Ih,' ",·ni.-al projeclion of Ih., nix tFig, II. ,\m load
distribution platt' used IllUst not impt"de rotation of the R( )I'S around a

vertical axis during tht' loading and ilia" nol ·disnibutt" Ihe load lJ\'('r a
distance !(realer than 80', of L--· Fig I.

6,1,4 For ROI'S of more than t\\'o pOSIS, loadin!( ,hall not bt· dis"ibuted
o\"('r more than 8tY f, of tht' horizontal distance bt,t\\"('en the front and f('ar

poslS, Loading ,hall b~ within the 1000 nUll I,I'U in) Ihat is dt'lint"d I"
"erlit-al projeclions of plant·s 80 mm (:I,:.' ill I outside of· th,' front and ,,'a,
plane' of the DIX (Figs, 2-4),

6,1,5 Thl' ini.ial dirn'lioll of loading shall be horizonlal and perp.cndi"ular
to a ,"t''flical plant" thrnu~dl the- machine's IOIlKitudinal ('{"nterl.nc. As loadin~

continur-,s. the ROPS machine fralne deformations Inay cause the dir-(~ction of
loading 10 "han!:e; this is p....llli<sibl,·.

6,1,6 Should Iht" Opt'rillOl'" seal he off of Iht" mad,int"'s longitudinal ,'('nl .. r­
line, the loading shall be against the outermost side nearest the seat, For
on-centerliu(' S{'at~. if Illount ing of the R()PS lS such thai differellt rfll"l"C­

d..fleclion r"laliom ar" oblaincd from'loading rmm I.,ft or right sid('s, the sid.,
loaded shall bt· Ih,lt ,,'hidt will plat't" the most St"\T'T re'lu;,'elllelils on th.,
ROPS,mat'hin,' asst"mbk .

6,1, i The rale of appli""t'illll of ddlct'lion i load I shall ht, swh t hat it tan b..
considered static. ..1\.' dCfl('(~liI111 illen'ments IlII ~rt'~lt('.. than I J 111m 1{).~J in I. at
Iht' poiOl of applidl!iull of th.. r"sultant load, fortt, and defl"clion an' to I,..
recordt"<l, Thi, Inading is II> ultllinue until tht' R( II'S ha.s achinTd bOlh IIIf'
furn" Clud encrg-y rt'~llI'ln:nl(·nts. lS('c Fig..i 1'01 ltlt"thexJ ·(if <.:akulatill~ ('rH"I'~\".l
The d..f1t"t'lion(s) uSf'd in .."kul<ttillg ellerg\' "Iart'! to bt, thaI 01 IIIf' I{( WS
along- the lirH'(s) uf at"lion of thl' fon:cls). Any (k(k(,tion of Illt'mher.... lI:,\('c1 tfJ

sUPP'''t load appliralion d",'ln's shall b.. d ..dueled frolll IOlal <ldl('(lIo ...
6,2 Yertiral l.oading ..- :'fter rnno\'a) of Ih.· hori,,,nlal load, a ""rtll' a I

Inad shall 1)(' applit'd In the top of the I{( H'S Th.'n' an' no Iilllitat;"", on IIIf'
lIlannr! (Ifdi ... llihllliul.! rh.i, load 1111 the R()f)S lillie" 'I")(Tificalh' indi('awd in

LOAD
DISTRIBUTOR

REAR
DLV

FRONT
DLV

FIG, I-L~):\D mSTRIBllOR :\:'\\) SOCKET ARE TO I'RE\L:'\T
LOCAL PF.:\ETlUTlt i\\:,\» Tc) H( )LO E:'\D (IF I.< I\D

(;[:'\E!Uf(:'\l; UE\'ICE

TYPICAL BUT NOT MANDATORY

Fie;, '2

LOAD DISTRIBUTOR

TYPICAL BUT NOT
MANDATORY

FIG ,1-- LOAf) [)ISTI{IBFIOR i\l':D SOCKET ARE TO I'RE\'E~T

LOCAL PE:'\ETKATION Al':D TO HOU) END or LOA!)
(;E~ERATIN(; m:nCE

St'Clio"ll. hg<. h 10 sho" I'p,cal ,'('",itcallnarlings, :'\ol~ thaI ri I,: , Ii is luading
b\' 111'1" alld tlu- olhcr, Ifl.ldinc 1)\" /i"o :\, rrqllln"111(",llts art" nl.ils~ ha''-f·cl.
It I' IItTf·".If"\ (0 n·I.II(' funT and rna:\~. The' ('orn"4,'t rc·latioll l~

n('wl()ll~ = tl.HIl66.'l k~. ~1,HOf)t).i m ~~ be-jog tht" CT3vitatiunai alTC"h'ration at

th.. ,I""d,ud ""nditi""s "I' >t'" "'\d, 4:', r1t'g ""il"d., IS"" S,\E ,)'Illi,.
i, Trmp"atur~·,Uat~rialRrqui"mmt.,-The't" "'quirt"llIenls shall·bt, tII ..t )\'

eithn pnfmming Ih.. horilOntal and vertical I"adi"gs with all ROI'S and
ma..hin~ rram~ ,\"embers at - I8"C (O'f) or below, or perfurmin!; Iht, huri­
zolllal and ,'erlteal loadinl(' al an" higher temperalure and m~etilll( the
following ltIat~rial requirements:
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L

',-:

I
i LOAD i I.
IOIS:::UTO~RREjR'

, 'r DLV

,1 F~~NT I
DLV .,

LOAD
ZONE

100 em
TYPICAL BLJT NOT

MANDATORY

FIG, 4--UHD D1STRlHlTOK /\1'1> SOCKET .\KEIO I'KI,\ 1ST
LOC\I I'F.:"ETK,\TII I:'>; :\:"1> T() HI )1.1) L:"1l 1)1 I.! 1\1)

(;E:"E1{,\T1:"(; ()E\'JCE

~--------------------,--

DEFLECTION

FI(,

7.1 Bolts and nuls used to a"a"h ,hI" R( >l'S ,,, tIll" 1I1adllll<" fJ",", "lid ,,,
connl"C! strurtural pans of the ROPS ,hall be S,\E (;,.,Ilk 'J '" fl ,'-,\1-: J Ic"
and J<l%l,

7.2 Structural nH'nlb('f~ of Ihe RC·)PS and 1ht> tllOlHlh "hwh all;\ch 11 III

the mat'hine frame shall he made of 'lct·ls lha, h.I\T "lit' of ,II.. Ih'''I''
",notch impael' strrn,~ths a' - 3"°(: 1-,20"11 ,h"" II In T"bl,' I

Sp("'(irnens art' to be ··Ion.~iludill"'l'·dnd lakt"rJ from ltat 'iloc.:k. IllbuLH.. IH

structural S("ct;ons before f"lmin!( VI "l"ldillg fill us'' III the I{~)PS Sprt'1I1ll"J1'

from tubular or strul'lural seClions are to be l;lkf"n frolll tht' middJe of dw "'Hie

of ~r("alest dimensions. nol to includt"" wdd:-.
SAE Information Report JII19 preseniS mOf(' data on 'penh,", of C\':"

specinlen ~ize-tt~st tt'lnperalure interaction that nl~("ts tht> intent of ,he ba,i('

3

TYPICAL BUT NOT MANDATORY

F1(; l>

. ['.,. ~L~ I\I') 1 MANOATORy TES T CONFIGURATION

ft"4lJil"f'ltlt'IIl' III 'I,lhlt' I SAE JII14 also ~i\('" informati\Hl' on (:h(·l11i~tri("s.

illanul.l(,:ftlrin~ pJ'l)(' (~~s("s. and f(""n:'ide proJX"rtirs of stt:'f"1 suitable' for \lS(' in
J{( 1I'" bll' lillis, ,he C\";S; impact ,rren!(ths ar~ the mandator\' r~4uirt'ntl"nt fOf'
I he I{< )1',,",, t11.llrrl.ll lIpl ion

8 \farlll'" f)t.<criptioll-- A/ltUIommt to Betlplat.- FaredEner.'O'1 Vertical
Load Rrquiremml.

8,1 ~",,(',ellng\ ;wel n'nicalload r~quilem~nt' shallI><' met ",ithill ,he
d~I1;'''"llni'' IWrIlIIII"d b\ Ihe Dd1<·('(lolll.imiling\'olllllll"(DL\". SAEJ:l'j;i11
.lIllti(' \.\/ III ,Ill" \'HIOUS f'"quation!'ii drncur-s 'mass.)

8.2 In Ih.. h"rl7l1nl,,1 lo"dm~. if the force is attaIned hefore the cnerl(Y
the fonT Illa\ d("cl"(,l'Isc hut nHJst' again attain the r("quirrd I('vel when thf'
{'nen,"" requirf"lllrnt 1\- met 'or ('xc('('oed.
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4

FORCE

~TIEDOWN

TYPICAL BUT NOT MANDATORY TEST CONFIGURATION

VERTICAL LOADING BAR

"'"

',_ r OAIVE
"-.AXLE It

TYPICAL BUT NOT MANDATORY TEST CONFIGURATION

FIG, 10

ENERGY Isidt' load I:

'.0 ,.
7.'
7.0
7,0
6.$
6.'
6,0,.,
'.0
".S
4.$

, ~,,~~ .. ;'" .,.' "
:-'./. \,.: - I ..

.~_lhaIi-

"i'

unit~: Ibf and Ib

units: ~ and kl{

, .:

10 x te­
10 x 9
10.8
10·.7.S·
10.7
10.6.7
10.6
10. S'
10 x"
1.0.3.3
10.3

.10.2."

\'f.RTlc,t.: Thl~OPS-machincassetnbl~' shali support a ~icall~ l1i
1.\1 art~r th,. sidt' load is removed,

ILLI R"'luircm,.nts for machines whost maa is greater than 60 000 kg
( t:l2 !HlI Ih .lrt'

t'OkCF (sick loa<;l):

F = L'O 000['~rl
.
zn

10000

F = 80 610 [~r":!O
IlJOOO

'IndicaIH pNfMed Ii•. Spec~'
. the 'material win permit.

IRefe,en<e, ASTM A 370-68. Stondo;d Method. ond Definition. far Mec:horlical T.,ting of
Steel Produd•. )

TUllE I-MINIMUM

VERTICAL
LOADING BAR

TYPICAL BUT NOT MANDATORY

t'IG.8

FIG. 9

8.3 Track-T~'p<' Tractors, Without Sid..booms. t's..d Only for Bulldoz­
ing, Ripping, Pushloading, Front-End Loadinll:, or PullinI/; a I>rawbar
Load-St-t- SAt: .J7:l7b and] 1057 (3.1 and 7.1) for dc.niption and nOlllcm·la­
ture.

8.3.1 Conntttion to th.. bedplat.. shall be through th~ main housing afl(l <>r
track frames (Fig>;. 11 and 12).

8.3.2 R..qui ....ments for machint's whOS(' mass is 600nO kl( ( 1:12 2HO Ih I <>r
1t'<5 ar,.:

FOR"''' puck load):

unils: ] and kg

units: in -Ibf and Ib

[
H ]".2.,

t'= 78000 -'­
wooo

r = .'166 -480 [ IO'~)()r25

VERTICAL: The ROPS-machin.. assembly shall support a v..rtical load of
1.11 after tht' side load is remo\'t'd.

B.3.4 .\1 in Ih,. abovet~quations is tht' machine manufactu ....r·s maximum
r~commt'ndt'd mass of the machine and its attachments. excluding towed
equipment such' as scrapers and rollers.

8.4 Pnt'umatic-Ti ...d, Self-Propdled MoCor Graclers-Stt SAE J870 and
. J 10."17 (61 for d,.scription and nomenclature.

BA.l For nonarticulated machines and articulated machines using both
frames. conn,.n;ons to Ih,. bedplale shall be directly from the machine frame
at or n,.ar Ih,. fronl axle support and the ....ar dri~ support, For articulated
machint"s. the hin!(t" shall be locked if both frames are u.ed in the evaluation;
if only that frame to which the ROPS is mounted is used, {he conn..ctions
shall be at or near Ih,. extr~me ends of the frame (Figs. 13-16).

unili Ibf and Ib

units: " and kl(

unit.: in -Ibf and Ib

units: J and kg

F = iO (0) C~'~~1J r~

F = WlO Lo'~xJC"'
'--ENam;'is;(k bKI):

U = 13 000 [~]1.2~
10000

U = 42 830[~]t.2S
10000 .-- --- .
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5

'~BLor:"'EC TO PREVENT DEFLECTION

TYPICAL·BUT NOT MANDAT.OR'f TEST C()NFIG:lIRATION

F1(; II
TYPICAL BUT NOT MANDATORY CONFIGURATION

FIG 12

NOTE' 0" ARTICULATION
IS REOUIRED

\. ANY ARTICULATION
TO BE BLOCKED

FRAME NOT ;N CON TAn
WITH BEDPi,..ATE

TYPICAL BUT NOT MANDATORY FIG 13

8.4.2 Requ,rements lor machin,'s ",hose mass is l() LOI k" ,1,6 [.j() Ib, or Ir"
a~:

F = no om [~]".'"
10 IlOO

units: N and kg

VERTICAL: The ROPS-machine assembly shall ~IlPPOFl a vntical I""d of
1.\1 after the side load is remo\'ed.

8.4.3 Requirements for machines whose rna." is ~eater Ih"n 300r)() kg
(66140 Ibl are: .

FORCE (side load):

units: Ibf and 1b

uml •. in -Ibf and Ib

unit" J and k~

[
II ]" HIF= -t3620 -'-'

I()()()(J

(. -IS IMMll-·_II-r,·e,.
\() lJUll

/. = .126810 [ IO:~Jrt
.,

\'feRrH'" The ROPS-machin.. a..",mbl\' shall SUplJ<.Fl a ,·..rtic,,1 load "I'
1.\1 aft.. r ,h.. side load is remos...d

11.4.-1 .\1 in th.. above equal ions is the machine manufacturer's maximum
recommended mass of the machine and its allachmt'nts excluding lowed
t>quipment

8.5 Pneumatic·Tired fronl-End Loaders, Doun and Their Modifica­
tions t:sed for Rolling or Compacting, and Log Skidden-~e SAi JIOS7
r :1.2 and ;.2) ror d..scription ,!nd nomenclature.

units' J and k~

units: thf and Ih

units: in -Ibf and Ib

. [ .If I' '"f = 70lMJO -- ---
lillO)

F = 6600 [_.\_'_]IIG
_ 10 000

ESDGY (side load\:

l" = IS (X)() [ IO·~ ft.,
l' = 49 HO [lO'~re"

FUAl'[ ,side load)'
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6

"'- FRAME NOT IN CONTACT
WITH8EDPlATE

TYPICAL BUT NOT MANDATORY TEST CONFIGURATION

FIG. I~

NOTE ..

~. FRAME NOT IN CONTACT
WITH 8EDPlATE

FIG. 15

TYPICAL BUT NOT MANDATORY

unit>: :'Ii and kg

units: Ibrand Ib

units: .J and kl(

units: in -Ibf and Ib

[
I.f ]0 "0F = :160 (XX) -'-

10 000

[
~I ]0 ·'0F= b9100 -'-.

. 10000

E~f:R"Y (sid.. load):

l·:; 75 mu [ )()'~ r""
l· ~.H 690 [~)".2"

10000

\'t:RTlC:AI.. The ROPS-machin.. assembly shall support.a v..rlicalload of
IAI after the side load is remo\'ed.

8.:>." ,\1 10 (he above equalions is the machine manufacturer's maximum
recommended mass of Ihe ma~hine and it~ attachments, excluding towed
equipment.

\·FRTlc.~1 Th.. ROPS-I1\,l('hrne ~mbh' ~hall supp!,rt a vrrlicaJ.load of
1.\1 "ft.. r tilt' ·Sld.. load is rel1lm·cd.

8..):1 ReqUlremelils for machin..s whOS(" mass is .l(rNter than 60 O(X) kll:
I 1.\1 2110 Ibl are

FORC>: (s,d.. load I:

units: :'</ and k~

uni'ls J and k~

unll.: Ibr and Ih

uniu: in -Ibf and Ib

F = 'lL'() [ IO'~~ )''''

ESERGY (sid~ loadl:

l':; 11500[_.'_1_1'""
111000 r

l' = 41 180 [ \(;:~r:'

8.5.1 fornonarticulated machin..s and artlculatrd machlnf'S lI"n~ bOlh
fram~s. conn"clions to Ih~ bedplate shall be d"..etl, from the machine.frame
al or n..ar Ih.. fronl axl.. SUpp0rl and Ih.. r..ar driv.. support .. for arti ..ulatrd
machines, th.. hing.. shall be loc·k..d if bOlh fram..s ar.. l1s.-d In th.. e\aluallon:
if onh- Ihal frame 10 hid, Ihe ROPS is mounl ..dis l1,..d, .he conn..cll<m,

shall be at or near Ih xlreme ..nds of Ih.. fram.. I Fio:s. 13-16,.
8.5.2 R.equir..ments for machincs ~yho"" l1Iass is bO OtHI kl( ( I :L~ "80 Ib I or

less ar.. :
FORCE (sid.. load)

., [If ]U(]
F = 60 IlIM) -'­

10 OOU
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7

FIG. 17

-- '­-----::-........

"\
..... -'0 \1

I'
" ! ,

..../ " I
'--~""', .... _-" /

" I

" /, /

TIRE NOT INCONTACT~
TYPICAL BUT NOT MANDATORY TEST CONFIGURATION

FRAME NOT IN CONTACT
WITH SEDPLATE

TYPICAL BUT NOT MANDATORY

fORCE I side load,:

F =95 om l~l1.20
n 100m

FIG. 16

8.6 PMumatk·Tired Prim~ Mov.,n of scraper,;. water waKons. bOftom
dump wagons. sid.. dump waKuns. rear dump wagons. and towed fifth,wh..e1
attachm.,nts-Sef, SAF. J869, J728a. and JI057 {4.1.1.4, ''''.2.1. ~2.1.1.

4.3.1.2. 4.:U.3. 4.:1.2.1. and.'» for descriplion and nomenclature.
8.6.1 Conn<:ction to the ~dplate .hall ~ dir('Ctly from the machine frame

(or CaR') at or near the drive tire Of axle l"uonection. (For prime mO\"("rri that
art: adaptations of another bask machine-that is, truck, whert tractors.
~c.-the attachment shall ~ a. s~cifi«l ·und..r Ih.. ROI'''* Illrria li,r th...
lMie machi..... ) Sef, Fi!f> J7 and 18.
-&6.2 R.,quirement' for machiM" "'hc« I1UlSS is 3.'> 000 k!( (77 Ilill Ib lor les,
aN':

[

_ _ M_I.1.20
F= 8270

10 000 J

units: Ibf and Ih

VEHICLE CASE ~

AND FRAME
NOT IN

CONTACT

TYPICAL BUT NOT MANDATORY

VI!:R'11CAl: Ttl<' ROPS-machiM 3SS<'mbl\' shall support a "..rtlcal load of
1M aft~ th.. sid., load is ...,moved.

8.6.4 M in the above equations is the machin~ manufacturer's maximum'
JeCOIIlmencrd masa of the prim.. mov.,r only-kingpins. hitches. and articu-

FIG. 18

laIrd steerinl( components Ihat attach to hifches or towed units a..., excluded
fronl the Inass of the primf' Illo\.'er.

8.7 Pn~umatic·Tirt'd. Off.HiKh,,·ay•. ~ontrail<'d Hauling Units with
Rear or Sid~ J)ump Rodi... --S.... SAEJIOS7 (4.1.1.1. 41.1.2. 4.1.1.3, 4.115.
and 4.:1.1.1 \ and J1016 li)r d~scriplion and nomenclature.

8. i.1 C:onnt"Clions 10 the bedplat~ shall b<' at, or near, th~ front and ...,ar
axl.. IlK·ations. Se~ Fig. l'l.

l!. i.J I{"'luirt·me., can be mel hy any of the following options: ROPS
onlv. hodv onh·.,combination of ROPS and body.

8. i:l For a I{t >PS noll'. sid.. load force..,n~rgy ...,quirements as indicaled by
thr r'l"ations 01" paragraph 8.7.7 shall b<' m~1. After m....ting thes~ require­
ments. the I{OPS ,hall Sllpport a vertical load of 1M I<'ss the body (are mass.

8. i.~ For a bod,' onlv. sid.. load furc....,ner~· requirem..nt. indicated bv the
equations of paragraph 8.7.B shall be met. After m....ting these requirements,
the hod" canopv shall support a verlical load of 1M.

8.i ..', \\·h..n holh ROPS and bod" a..., used. th<' side loading Forc~ and
Enerl('\' re'1uirt'rn~nts for each shall be 60'7, of thOS<' indica...d by the equations
of paragraphs R.7 i and 1l.7.R. respt-ctivelv. Th., vertical load r~quirements for
bOlh I{OJ'S and bodv ~hall b<' as sp.-cified in paragraphs 8.7.3 and 8.7.4,
rt'sp,... tiwh·.

8.7.6 Side. or ,·..rtical. load in!! of the ROPS and/or body need not ~
applit'd simultanrollsly. to both m..m~rs of a combination. The only limita­
t ion on the order of lhe four loadingll is that the vertieal loadin.~ of m..m~rs
shall b<' afler their sid~ loading. Side load and venicalload on th.. truck body
shall be applied within the lengthlkJund..d by the "..rtical proj<:ctions of Ihe
fran ( and rear plan'" of the DLV IFi~. 20).

units: '\ ancl ke;

unit<: tbf and II>

units: in -Ibf and Ib

units: J and k!(

unils·. in ·Ihf and Ih

units: J and' kg

ENum' (side load I:

[
M ]I.%S(' = 20000 -­

10000

[

II ]US
l' =65 880 -""­

10000

ENERGY (side load):

l W ]"'""l' = 70000 -'-
10000

li = 508:100 [ 10'~1O r~:'-----_.. __.. _--_._-- .

~RTii;AL:--'ni., ROPS-ma('hiM tsSembl" shall support a \Trtical load <If
1M aft.,r th~ sid.. load i. n'm;,,·rd.

8.6.3 Requirements for machines whose nlaSS is great ..r than :\" I"MI kg
(77 160 Ib) art::

FORCE (side load I:

F = :l:l2 S()() [~l"'~'"
IOOtXl

F = 63 R20 [~]n .•"
10000
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