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I NTRODUCT ION 

A Statment of 6b ject of Investigat ion 

Thi s i nvest i ga t ion was made in a n attempt to dete r mine the 

ex i sta n ce of possible r elations between the r esults of the standard 

tests of a physical nature preformed upon na tive asphaltic materials 

used i n h i ghway construction . 

It wi ll be noted tha t the second grea t class of such materia l, 

pe trol eum asphalts was not considered in this i nvestigation and 

the conclusion r ea ched is thus tenable onl y for na tive l ake asphalts 

of Tr i nidad and Ber mudez origin . 



B Hitorical Data . 

1. Production , Use , and nefinement . 

The use of native a spha lts f or road build i ng ha s been known 

and pr a cti ced a l most from the dawn of history . One of the earlies t 

i n cidents of which we have postive knowl edge in which native aspha lt 

were put to such use was i n the 'ruphra tes delta in the time of 

anc~ i ent Baby lon . ~he anc~ient but high l y civilized peo ple of this 

district not on ly applied bitumen to many of its present day uses 

out .a lso u sed it as a sett i ng a nd a s a l aqu er i n f a sh on i ng artis ­

tic objects a nd mounting pre ciou s s tones . Thus e lea rn from 

Herodo t u s t ha t t he city of Babylon wa s defended by a moa t conn ec t ­

ed ith t h e Euphrate s , and by an i mmense wall surmounted by a 

roadway par a lleling t h e oa t and t ha t t h es e works we re co nstruct ­

ed of a ir and kilo dri ed brick bound together and wa t e r pr oofed ri th 

bitumen by i mme r s i ng t he hot bri ck i n a cau l a ron of the ma t eria l 

and t hat t he brick fl a gs of t he ro[ dway had t h eir i ntustices fill ­

ed with bitumen so a s to mak e , "A shin i ng pa th" . 

This ma t e r ial was obta i ned fro m na tura l deposits in the vicin­

ity and bitumen is still to be found i:m.·;;lthe lo cality . 

In the wes t ern h emi sphere t he f ir s t ant hentica t ed use of 

bitumen in h i ghway constru ct ion seems to be tha t of t h e an(bien'$ 

Imcas of Peru who not only us ed a bituIIli nou s mortar in their stone 

buildi ngs bu t a l s o su rfa ced t he ir milita r y roads wi t h a s i milar 

substance . 

eturn i ng to th e ea ster n world , it is known tha t bitumen- . 

a l though put t o use s too nu merous to mention her e cl id not play any 

consid er able pnrt a s a cons tru c t iona l m, t er ial in t h e time of 



t he oman mpire either a s a binder or a s a waterproofing agent . 

:tn fact writers on the subject po int out that bitumen was unknown 

as a ma terial for h i ghway construct ion from a period antedat i ng 

the Ro man Empire until 1712 when a Greek octor , Eyrinis by name 

while journeying i n t he Val de TraYters in Switzerla d ne 2. r the lake 

J of eufcha tel found in t he cli ff s surrounding the lake a rock hich 

not onl y burnt to a c erta in exten t but cou ld b e easily worked with 

metal tools wh en hea ted . Dr . Eyrinis identifi ed t he ba sic mater ­

i al found in t h is rock a s bitumen and be i ng of a pr actical turn 

of mind se t about to exploit h is discovery . He found tha t the bit­

umen obtained by grind i ng this stone and heating to fluidity 

was suitable for wat er proofing wood,en1.. and stone tanks and cisterns 

and tha t it gave a smooth surface to the rocky roa ds of h is 

vicinity wh en i xed hot with s ma l l stone and sprea d and r ammed 

i nto the surfa ce of the s e r ocky tho r ofar es . This then may be 

called t h e re - d iscovery of t h e use of bitumen for r oad building . 

Unfortunatly r . 1yrinis did not find sufficient ma r ke t for 

his product , his busi ne ss f a iled and he h ad to fl e e t he country 

being a r ear in royal ti es to t he gover nment for h i s concession. 

Ninely years l a ter Count Sassenay of irance v:ho deserves the titl e 

of first h i ghway mut erials testing engineer , obtai ned a concessi on 

and stf, rted orki ng de pos it s at eyssel ne i:r l)r; . .l!iyr i ni s ' mine . 

The Count in order to study with care t he peculi a r substance er ­

ected a speci 1 l aboratory a t h i s mine i n which he a l s o tra i ned 

his orkmen i n the practi cal carry i n~ ou t of asphalt work of a ll 

classes . I n ~·his manner he so on f ound particul a r ways of refin­

i ng and hand li ng his product to give satisfa ctory resu lts in many 

cl asses of v ork . 

Its use wa s rapi dly ad opted in Fra ce whe r e t h e open s quares , 

market places , bridges , and military constru ctions were covered 



w~th a layer of mastic rm t erial composed of Count Sassenay ' s 

asphal t and broken stone . The Count di s covered that Eyrinis ' method 

of add i ng pitches to flux . the material a lthough it facilitated 

the worki ng , did not add to the qu l it~ of t h e finished ro ad , also 

he discovered t hut the addi ti on of pea gr a vel to the mas tic rend ­

ered t he fi n i shed · surfa ce rnore durable under heavy traffic . 

Perhaps th e most i mportant discovery tha t Count Sassenay m~de wa s 

t ha t if his asphalt was fluxed with natura l petro l eum oil instead 

of pitch the mi xture when appli ed to old and worn as\bhalt roads 

seemed to give them new life . Here we hav e t he origin of a sphaltic 

cement and,"Surfa ce trea t ments . " 

In 1836 the first appli cation of a spha lt to ro d building in 

England was carri ed out in Lonaon . The i ndustry began to grow 

in Germany and Italy ab ou t the same de cad e and slow pro gress wa s 

made in me thods of bui l ding u ntil in 1858 , t h ree sides of the 

square of the ,alais Roya le in Paris ere l a id with compre ssed 

asphal t mastic fro m Val de Franers on a s i x inch concrete base . 

From t h i s time until the pr esent the extens ion of the technic 

of asphaltic ro ad construct io n h ns been in the na tur e of refine~ 1 

ments . Bi g s trides , it i s true , have been or ar e b e i ng made in 

t h i s fie l d but the principal of stone bound by solid°ified bitumen­

us ma teria l r ema i ns . 

The use of na tive l ake asphalts which term i n thi s a i scussion 

t akes i nto account only t hos e ma t eria ls t aken from the Ber mude.z,­

and Tr inid ad lakes of South America , da t es from 1872 when a sma l l 

ahipment was se nt f rorn , Tr :hnd.dadto the United States . These de ­

pos its h av e b e en worked excTusively for road bui l ding purposes , 

i n gradualy increasing sc9 pe u ntil t h e yea r l y production from 

these lakes now approaches t vrn milli on tons . 



- JllE T£/H/IJA£) LAKE --



( 

( 

2 . ~tandards and tests . 

From the viewpo i nt of the testing engineer it is a far cry 

from-the present to the qompar atively recent da te (1893} wh en 

Delano , t he foremost authority of t he time wrote , "The b est v,.ray 

to test t he quality(of bitumenous road ma t er i a ls in general f i s 

t o draw it out into threads ; the longer they stretch , the better 

the sample . " and goes on to say , "Good bitumen should be free f r om 

dross , non- evapo r at ive , perfec t ly black , not brilliant and a t 21 

gegr ee s C. , have a cons i s tancy of beeswax . n Such spec ifications 

would convey absolutly nothing to t h e modern technicia n and woul :d 

even be shunned as sal es talk by asphalt salesme n . 

The fir::;t ttenpt ti t exact specifi ca ti ons were ba sed on chem­

i cal determination of content in voli tile elements , npetr a, l enes " 

and non v oli ti le elements , nrn lthe nes 11 , a nd we re excellent ex-

ampl es of specifications that did not specify since it wa s a t 

once_ fo und t ha t a ny b i tume n'ous a teri a l , natura l or pe tro l eum 

residua l cou l d be so fluxed as to shov! upon analys i s t h e r.equir:ed .:., 

pr oportions of petral enes"'.add mal thene s and further , tha t t wo 

different ~terial~ coul d b~ compounded so a s to sa ti s f y such 

specifications and y e t one would be of brick like co nsi s t ency whi le 

the second mi gh t be a semi - li quid . Hence t he tr end i n specifi cation 

wr iting began more a nc1 mo re to be based upon physi cal tests . 

It 
i n 

is i nte r esti ng to know to o , i n this connec t ion tha t the 

earlier days of the paving indus try it became customary on ac.:count 

of this l ack of exa ct determinants fo r specificat ion writing to 

l e t paving contracts upon a diffe r ed payment plan or upon a 

mai·ntainance pla n u nde r which the contractor became r esponsible 

f or the behavior of the road . Under t he first of t hese schemes 



ten to fifteen percent of the contract pri ce was withheld upon 

co mpletion of t he work to defray maintainance costs , ov~:rs a 

t er m of five years shou ld such ma i n t a i nance become nece s s a r y , un­

der the second , the co nt r actor engaged and was b onded to ac tua lly 

maintai n the pavement over a term of five ye r s , shou ld such main­

taina 11ce be nece s sary . 

Such contracts , it is easily seen could only be the admi ssion 

on t he one hand t hat the engi no er could not r:ri te spec ifica tions 

sufficiently d~f i na te t o i nsure a go od job and on the part of the 

contractor tha t he was willing to gamble on h is past exp~r.:tence 

on simila r jobs a s to the correct UB t eria ls and methods to use . 

As mus t hav e been foreseen t wo very obvious f tfficulties 

a ro se to the satisfactory completi on of su ch contracts . In the 

case where ab solute ma intenanc e was requi red t he ef fec t wa s to 

eliminate the function of the eng i nee r since the contrac tor could 

~ i~h ::- good show of r ea son , hold his contr act as null and void a s 

to the maint enance clause if the enginee~ so much a s attempted 

to exercise h i s au t hority a s to deli neation of cons tructiona l 

methods . The contractor ha d to ,i n other words,wo r k ou t his own 

solution and any assumpt ion of aut hor ity by the engineer since i t 

cou ld not be prov en t o be of a he l pful na t u r e , could be construed 

as possibly harmful t o the co nt r a ctor ' s inte r ests a nd t h e con­

tractor could r ecover for such damage in court . 

Under contra cts of the differed payment cl~ss a r gument s 

always aro se a s , whe t he r i n the eve t t h e withheld mon ey was spent 

in part or in f ul l , :(' t he aut hority for such expenditure had be en 

exercised i n go od fa ith. Fof i nstance the county , state or city 

paying for the pavement mi ght decide wi thin the t i me limit that 

a complete re- surfacing wou l d be necessar y to put the ro ad in 



question in good shape while the contractQ>:r co uld not ue made to 

see that a patching , i nvolving a t enth of th a t expenditure would 

not serve equally as well . Both of these difficulties resulted 

in exces s i ve contract prices , the contractor protecting h i mself 

by leaving a margin of profit , enough to nullify his possible . 

mainte nance l os ses . 

The s e conditions were of couEE e , i nt olerable and the different 

agencies such as the :$ a t e H;j.ghvrny epartment a nd Gove r m.ment 

Bureau of Ro ads set about the t a sk of ct'e'vi si.rig s pe cifications 

a nd t e sts to put the purchase and use of ab:phaltic road ma teria ls 

on a sci entific basis . 

In the early days of t h e shee t asphalt paving i ndust ry , a 

few crude phys ica l tests were developed , whi ch , while rea sonabl y 

satisfactory for the use of t h ose versed in the u s e of the then 

l imited number of available n~ t erials , were not bas ed upon sound 

scientific principals . The gradual increase in the number of 

mat erials availa ble fo r highway cons truction , the wi dely variant 

characteristics of different type s and grades of t hese material s 

a nd the developme nt of types of construction in common use nec­

essita ted improvement a nd expansion of the older t e sts . Today 

we ha ve a full and pr a ctical series of t es ts for such ma terials 

at our di s posal , thanks to the a mount ofwork do ne on the subject 

by chemi s ts am.d engineers tovJa,rd t h e sta nd a r diz a tion of the metho6.s 

( } involved . Mor e complete standa rdization howeYe)r , is needed in 

order to correla te a nd pro perly interpet the results these tests . 



( 

II PURPOS~ AND SCOP 1 

A Need for Investigat ion 

In a ll specificat i ons fo r bitumenou s materi a ls at least on e 

and usually three or more tests are specifi ed with the limits tha t 

are allowed . These tests a re included so that the terial may 

be identified and the characteristics of the material recorded ~s 

well a s t he source itself . They also serve as a guide for select ­

ion of such materia l for future use . However , the kinds of t ests 

called f or in di fferent specifications may have a wide va riation . 

It is possible tha t s ome of the s e tests have no direc t bear i ng 

on the sui t ability of the ma teria l for t he purpose i n tended . In 

such cases of cour s e , t h os e te s ts a re use le ss and shou l d be re ­

pl aced by t ests t hat have some rel~ tion to the future u se to 

which the ma t eri 1 will be put . Then too , offtime s a 18 r ge num­

ber of r equirements a re specifi ed ne ce s sitating a test for ea ch 

re quirement . It is entir el y poss i bl e tha t many of these tests 

may be eli;ni na ted if some i nter - relat io nsh i p could be found be ­

t ween the tests . That i s if for a serie s of r epresentative 

asphalts a r e l a tionship could be establi shed between , say th e ir 

so f tening poin t and t heir pe r cent of tota l bitumen ; or any t wo 
\ 

or three t ests , t h en one or t h e other of the s e test s could be 

elimi n i:::l ted . Thus one wou l d be ab le to cha r a cterize the material 

entirely by means of one , or poss i ble t vJO or thr ee t ests . ':I.1h is , 

of c ours e , wou ld gr ea tly s i mplify the mf,_tter of i dentify i ng a 

bitumen a nd would do away with an bcr of s t a ndard tests tha t 

a re very tedious , and probab l y inaccurateat bes t , tests tha t re ­

quire e laborate appar a tus and grea t car e in mani pul at io n . 
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ould it not be mu ch sa l'V.i.ng i n t ime , money and pa tience if, s~~ 

t h e pene tra tion t es t be made a nd f rom tha t one tes t t h e qualiti es 

shown ht pr esent only through other t e s ts and exami na tions b e 

deduced by knowledge of cha r a cter istic r el a tions f or such rm terials . 

B Stat ement of Purpo se of I nvestigation 

It i s wi th the above pur~ose i n mi nd tha t th i s inve s ti ga tion 

was undertaken , namely , to investi gat e t he possibility of ther e 

being an inter - rela tionship be t ween t wo or 1more standa r d a s phalt 
t es ts , with t he end in view of elimi n ut i ng some of the ~ and 

also to f i nd if some of the t es ts a r e not superfluous and Mtl 

i nd i cativ e of the tru~ cha r a cteristics of t h e asph alt . 

C Method of Pro ceedure Outlined . 

In order to f urthe r t he i nvestigation a s eries of fourt een 

asphalts were obta i ned fr om t h e Barber Aspha lt Company . A 

deta iled description of wh ich is given in Part A of t h e Third 

division of this report covering Trin i dad and Bermua ei Lake As phalt 

and Asphalt Cements . Four t ests were made on ea ch of these 

materi a ls, na e ly; penetra tion , ductility , softening point a nd 

total b itumen deterr ina tion . These t ests were mad e possible by 

the splendid and up to da te equipment ava i l able i n the ~ashing-

ton and Lee Uni ve r s ity . Road materia ls te s ting Labora tory , anq 

t h e kindnes s of t h e Barber Aspha lt Company i n suppl y ing samples 

of ma t eria ls undBr i nvesti gati on . 

The r esults of t he s e te s t s a s may b e fo und i n Part 3 , Section 

C were studied carefully in order to find a ny pos s i ble specia l re­

lation t ha t mi ght ex i s t b e t ween resul ts of any of t he fou r te s ts . 

hen th e po s s i bility of such r e l a tions exist e4,curves were plot­

ted in orde r t ha t the rela tionship mi ght be mo re clearly de f ined , 

and eaEi er s tudi ed , a nd t hes e curve s in turn analy s ied to formulate 

i n equa t\.,·(nfa·l force the results of t h e i nvestigation . 



III MAT RI ALS I NV ST IGATED 

A Through the oourte~y~of Mr . C. N. Forrest , ita.nager of the 

t e chn~cal department of the Barber Asphalt Company , a series of 

fourteen specimens of lake asphalt and cement covering , in the 
' Barber organization, the tota l r ange of 

opinion of/\ cond i tions , ~limati:c ·· a nd,· physical 1 presented by the 

needs of the American paving i ndustry was secured . Seven of these 

materials were of Trinidad orig in and the remaining seven were 

Bermudez products . Of each clas s fou r specimen V'! ere a sphaltic 

cements and the Qthe r three were refined asphalts . 

The refine rs classification follows ; 

Trinidad Lake 
Ash Org . Insol . 

Bermudez Lake 
Ash Org . Inso! . 

a . efined Asphalt • • . ......•. 36 . 0% 8 . 5% ( 4 ) 3 . 6% 3 . 0%· ( 9) 
b . Asp . Cement 25 - 30 Pen ••••• 28 . 1# 6. 3 11 ( 8) 3 . 1 " 2 . 7" ( 13) 
c . tl " 35-45 n ••• • • 27 . 31f 6 . 1" ( 7 ) 2 . 9" 2 . 1" (12) 
d . II 11 50- 60 II • • • • . 26 . 3n 5 . 8" ( 6) 2 . 7" 1 . a " (11) 
e . Refi ned Asp . 120-150 11 .... . 23 . 4" 5 . 2" ( 5) 2 . 3" 1 . 6" (10) 
f . II It ( 1) ( 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
g . " " • • . • . • • • • . • • • • • • • • • • • • • • • . • • • • • ( 2) (14) . . . . . . . . . . . . . 
the numbers suffixed be i ng t h ose used for referonce in testing by 

t he author~ . 

A comprehensive i nvest i gati on of native asphalt and their cement s 

as used in highway construction today was thus rendered possible . 

B Tests Per formed 

1 . Det er, i nation of total bitumen . (Filtra tion method ) 

This test consi s ts in di s solving t he bi t umenous ma t erals in 

carbon tetra chloride and recovering any insoluabl e matter by 

filtering the solution thru an asbestos f elt . 

From ctn~ to three grams of the 2.terial to be tested was 

put into a tared ~rlenmeyer flask and weighed again . This was 

t h en dissolved b · adding lOOc . c . of ca rbon tetrachloride and 
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shaking from t i me to t ime in or der that no lumps mi ght be left . 

It was then set aside for forty-ei ght hours to settle . At the 

end of this time the solution was poured off into another flask 

preciously we i ghed , i n such a manner as not to ~i stur b a nd residue 

tha t may be l eft . The contents of t he first flask was again treat­

ed with 100 c . c of ca rbo n t etrachloride and set a side for forty ­

eight hours to settle . 

2 . The solution in the second flask wa s then decanted thru a 

weighed Gooch crucible, about 3 . 2 cm, diamete r at the bottom, and 

fitt ed with an asbestos fit t er . This was ca rried out ca refully 

i n orde r that t h e residue i gh t not be disturbed . The solution 

i n the first flask was trea t ed similarly . 

The crucible and both fla sks were t hen dri ed in an oven at 

125 degrees c. and we±ghed . The filtr a te containing· bitumen was 

evapora ted in a previously weighed evapora ti ng cru_ci ble , burned 

and weighed again . The sum of t h is ash ans the -wei ght of the 

residue l eft in t he t wo fl a sks subtracted from the original weight 

of t he specimen g ives the amount of soluahle bitumen. 

This i s t i·ie proceedure recommend ed by the American Society 

f or te st ing materia ls . 

-
t. • t 3 . Test s for penetration. 

The consistancy of bitumenous materials is expre s sed as the 

distance tha t a standa rd needle will penetrate t he substance under 

certa in conditions . 

The s e t es ts were carri ed out under the following cond itions ; 

(1) Standa r d needle No . 35 , 50 . 8 m. m. 'long a nd havi ng a diameter 

of 1.016 m. m. and a t ape r of 6 . 35 m. m. (2) leedle carried a 

weight of 100 grams . (3) The time the needle was allowed to pen­

etrate was 5 seconds. (4) The tempera tu.re wa s 25 degrees C. or 77 F . 



_The appar a tus used was a New York T-Jesti ng L_ab ora tory Penet:iam­

~'t"e-r and a contai ner for holding speci men , 55m. m. i n d i ameter and 

36 m. m. deep . 

4 . The materia l to be tested was melted and poured i nto the 

co ntainer , which was then a llowed t o cool for one hour . It wa s 

( ) then placed i n a water . bath maintained a t 25 degr ees C. and 

allowed to remai n for one p our , a lo ng with a trans fer dish . The 

transfer d i sh containi ng the sa ple wa s then r emoved and placed 

upon the s t and of the penetration achine . The n~edl e f.~~~~~ 

with t he 100 gr am we i ght wa s first brough t flush with the sur ­

fa ce of the smaple ; and wa s then released and a llowed to pen­

etr ate for five seconds i nto the sample . The depth tha t it pen­

etra t ed was f ound by the use of circu lar mi crometer s ca le grad -

uated to read the penetra tion to 0 . 1 m. m. Severa l tests we re 

made , each one being at a distance of 1 cm. from any other test . 

The av er age of these severa l ·tests was taken as the penetration . 

Note : The above test has been adopted as standard by the Amer -

ican Society for Testing Mat erials . 

5~ Test fo r Ductility . 

The ductility of a bitumenous ma terial is tested by pu l ling 

apart a briquette of standar d size , at a given· r a te until the 

specimen breaks . 

The appa r a t u s used i n this te s t wa s a Smith Ductility ach­

i ne , and the bri quette wa s of t h e s i ze shown i n the figure . 



The hot mater i a l was poured into the briquette mould wh ich 

wa s placed on an amalgamated bras s pl a te i n or der that the mat ­

erial mi ght not stick . When the materia l i s n early cold t he 

excess was cut off with a war m k.imiife . Thi s bri quette was· then 

i mme r sed for t hirty minute s i n wat er mainta i ned a t 25 de r ees c. 
At t he end of thes time it was t aken out of its bath and placed 

i n the ductil ity machine . This mach i ne co ns i sts of a rectangular 

stone box having a moveable block worki ng on a worm gear from · 

left to :tight . The left c.l.ip of the specimen was held f irm by 

placing its ring over a peg in t h e l eft end of the box . The right 

ccippwas fixed to t he moveable block by placing t he ring over 

a peg in the block . 

6 . The box was filled with water mai ntai ne d a t 25 degrees C. 

and the briquette was placed in position . Power wa s applied so 

t hat the worm gear moved the block ahead a t t he rate of five cm . 

per minute . The distance the block h ad mo ved :f:mom the s t art of 

t he test to, the pl-ace where t he spe cimen broke was considered 

the d~etility of the substance . 

This method is recomme r~ed by the American Society f or 

Testing t eria l s . 

7 . Test to f i nd soften i ng point . 

Ring and Ball method . 

Bitumenous ma t eria ls a r e not definite chemi ca l compounds 

( but mixtures of a l a r ge number of compounds , And t hose that a re 

termed soli ds a re not true so lids but sol id solu tions and h ence 

they can hav e no true melti ng point . That i s when heat ed th ey 

. gradu~~ly be come sqft er and soiter u ntil they become flu ids and 

no0 :t?i·ti cal t emper a ture can be obser v ed . Fof ' th i s rea son 

any method to determi ne the soft ening point of bitumens is purely 



( 

arbitrary . 

The ri ng and b all meth od is one of these a rbitrary stand-

ard tests recommended by the· American Society for Testing 

Materials . This test ia s carried out by means of 

shown i n the figure . 

ll0/58&56'q,egrqJ.J h'lre 
d' i.--¾~r4j 

...... 
~ 

~'-----'--' ..i...._ 

\) 3/e "sled Ball. 

8 . The mat erial to be tested was melt ed and poured i nto the 

ring shown i n t h e figure . It v.ras allowed to cool a nd the excess 

was shaved off with a war m kn&fe, The ring co ntai ning th e sampl e 

wa s then put in water whose temperature was ab out 5 degrees C. 

and allow ed to rema i n for fifteen minutes . At t he end of this 

time the appar a tus was a ssembled as shown in fi gure . A 600 c . c . 

glass beake r was f illed with water at about 5 degrees C. to a depth 

of 8 . 25 cm. The ri ng wa s then pl aced so that its bottom was 1n 

from the botto of the beaker and the thermomet e r place d· so that 

the bulb as at the same l ev el a s the ring and within O. 635 cm 

of it . Heat wa s then applied in such a manner that the temperatur_e 

rose 5 degrees C. or 9 de gr e es F. every mj_ nute . These readings 

at t he end of each minute we re recordedJ td> osee that the temper ature 

did not vary more than 0 . 5 degree s C. 
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9 . As t he terial beca me soft the bal l , which was placed 

in the center of the ring , sank .down thru i t and fina lly touch ­

ed the bottom of the beaker . At the instant the bal l touched 

the bo~tom the temperature was recorded and this wa s t aken as 

t he softening poi nt . 

For ID:1.terials having a softening point above 80 degrees c. 
glycerine was used and the proueedure was the same as given above . 



S ~CT ION III C 
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Sample #1 . 

REFI NED TRINIDAD L 

DUCTI LITY 

ASPHALT--BARB R CO. 

None 

PEN ' AT I ON 
1 . 4 

SOF'l1 ENIN G POI NT 
( i ng & Ball) 

97 Degr ees C. 

TOTAL BITUMEN!~58 . 30/ o 
First charge .Mar . 2 
·T ample--5 . 367 gm. 

FIN.AL ¥'TS 

TARE 

MIN •,RAL*ASH 

~OTAL BITUl'i[ ~N 
1t Tl % 

MI NlrnAL ASH% 

Fracture 

1 . 3 
1 . 6 
1 . 3 
~ 

Degrees F . 
mi n . deg . 

1 93 
2 164 
3 113 
4 121 
5 130 
6 139 
7 148 
8 156 
9 1 65 
10 174 
11 183 
1 2 191 
1 3 200 
14 208 

ch 'k 
70 
80 
89 
98 

10'7 
116 
124 
134 
143 
152 
161 
170 
179 
188--98C . 
197 1 5 

16 • 205--96 . lC . 
•• Softening Point - 97C. 

Total T 
Tare Flask 
Sample 

Crucible #1 
n #22 

FH!sk # 
'1 #4 

Ash Crucible 

Crucible 
n 

" Ash 
Fla s k 

II 

#1 
#2 

#2 
#4 

3 . 132 - 58 0% 
5 . 367 - • 3 0 

5 . 367 

45 . 117 
39 . 75 

5 . 367 

75 . 78 
31 . 62 
41 . 7 2 
53 . 120 

7 . 70/149 . 94 

1 5 . 74 
31 . 44 

7 . 67 
39. 75 
53 . 105/147 . 705 

2 . 235 2 . 235 
3 . 132 
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Sampl e 1/2 

TRINIDAD ASPHALT C 1 II NT*BARB'IB 

DUCTILITY 

PENI1,TRAT ION 

SOFTENING POINT 
58 . 7 C. 

TOTAL BITU mN:.. - 75 . 56% 

T Sample - - 5 . 727gm 

TOTAL 

FINAL TS 

TARE 
T Sampl e 

Crucible 
Ash 11 

Flask #1 
n #2 

TAR" 

~rucible 
11 Ash 

Fillask #1 
n #2 

MIN~R.AL & ASH 

MINERAL & ASH%--24 . 44 
TOTAL BI TUMEN 

" " i --75 . 56 

23 . 6 

29 . 9 

5~ ,. 0? 2 ' 
47 . 29 5 

5 . 727 

min . 

31 . 44 
10 . 345 
48 . 456 
50 . 585 

31 . 36 
10 . 200 
47 . 285 
50 . 571 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

23 . 6cm. 

28 . 5 
30 . 5 

31 . 0 · 
30 . 0 
29 . 5 

149 . 5 

Degs . c. 
8 
12 . 2 
17 . 0 
22 . 7 
28 . 0 
33 . 2 
38 . 5 
43 . 8 
49 . 4 
54 . 4 
58 . 7 c. 

140 . 826 

139 . 426 
1 . 400 

29. 9 

58 . 7C. 

5 . 727gm 

1 . 400 

4 . 237 
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ample #3 

R I N D B RMUD~ ASPHALT- BARBJR 

DUCTILITY 22 . 1 

PENETRATION 14 . 2 

SOFTENING POINT 69 degs . c. 

TOTAL BITUMNN) 
TOTAL V TS 
TAR 
VT Sample 

--92 . 75 
52 . 570 
49 . 220 
: 3 . 050 

FINAL \✓ T S 
Gooch Cr . #1 

n n #2 
Ash 
Flasl{ 

1l 

" 

TAR 1 

Goo ch Cr . 
11 I! 

Ash 
Fl ask 

MI N, ,RAL & ASH 
TOTAL BITU1filN 

• 

1l 

II 

#1 
#2 

#5 
#6 

• • Mi ne r a l & Asho/o- - 7 . 25% 
Total Bitumen---92 . 75% 

1 5 . 84 
31 . 375 

9 . 705 
4 5 . 370 
4 9 . 250 

15 . 73 
31 . 37 

9 . 635 
45 . 365 
49 . 220 

1 4 . 0 
14 . 5 
12 . 5 
15 . 5 
14 . 5 
7T:o 

min . 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2 

22 . 1cm. 

degs . C. 
10 
13 . 8 
18 . 6 
24 . 0 
29 . 0 
34 . 2 
38 . 9 
43 . 6 
48 . 3 
53 . 0 
57 . 6 
62 . 8 
67 . 8 
69 . 0 

151 . 540 

151 . 320 

14:2 

69 . 0 

3 . 050 

0 . 220 
2 . 830 
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Sample #4 

REFIN~D TRINIDAJ) LAK ~ ASPHALT- BARBER 

DUC'11I LITY 
Hone 

PEN ~TRATI ON---- 1 . 4 

SOFT111NI HG POINT 

93 Degrees C. 

TOT AL BI TUM8~N -- 54 . 17; 
52 . 965 
51 . 940 

'.!: • Sam.ple 

FINAL TS 

TARE 

Total rt 
Tare 

1 . 025 

Gooch Cr , 15 . 895 
Flask #4 52 . 295 

" #24 47 . 255 
Ash Cr . 9 . 715 

Flask #4 
.y. 24 ., 

Gooch er . 
Ash Cr . 

51 . 940 
47 . 190 
15 . 870 

9 . 690 

MIN .l!;RAL & ASH 
TOTAL BITUMl~N 

Minera l & Ash ~?, --45 . 9% 
Tot a l bitumen % --54 . 1% 

racture 

min . 
J 

~-1 
2 
3 
4 

,- 5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

125 . 160 

1 24 . 69 G 

dgs . c . 
64 
76 
84 
94 

104 
115 
123 
130 
140 
150 
1 61 
170 
178 
188 
197 
199 . 5---93 c. 

1 . 025 

0 . 470 
0 . 555 
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Sample , 

REF I NiD TRINI DAD LAK 1 ASPHALT-BARBER 

DUCTILITY 111 

P""'NETRAT I ON 110 . 5 

SOFT3NING POINT -- 42 . 4 c. 

TOTAL BITUM ~ 

WT. Sample 

FINAL T. 

TARE 

MI N.bJRAL & ASH 
TOTAL BITU1vlEN 

--72 . 5% 

Tota l ~• T 54 . 360 
Tare 3 . 005 

1 . 35 5 

Fl a sk # 5 53 .. 28 75 
Gooch Cr, 16 . 585 
Fl ask 25 55 . 705 
Ash Cr . 10 . 3325 

Fl a sk #5 5~ . 005 
11 25 55 . 67 0 

Long Gooch 1 6 . 555 
Ash Cr . 10 . 3075 

i ner a l & Ash 
Total Bi t umen 

27 . 5% 
72 . 57~ 

B YOIID LIMI TS OF MACHIN" 

110 
111 
109 . 5 
111 . 5 

mi n . 
0 
1 
2 
3 
4 
5 

Fl ask 

egs . 
1 3 . 0 
18 . 8 
24 . 6 
30 . 0 
35 . 4 
40 . 8 
4 2 . 4 

1 35 . 9100 

1 35 . 5375 

c. 

c. 

110 . 5 

4 '°' . 4 c. 

1 . 355 

Q. 372p 
0. 9825 
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Sample #6 

TRINIDAD L.A.K.!i ASPHALT CE ENT- BARB-SR 

. UCTILI TY 

P N.,_,' NrION 

SOFTENI NG POINT 

TOTAL BI 1:I.1UM.1,N 
TOTAL ~ T 

69 . 1 

48 . 9 

52 . 1 c. 

64 . 8 o/o 
50 . 470 

mi n , 
Q 

1 
2 
3 
4 
5 
6 
7 
8 

TAR 47 . 17 5 Flask # 7 
T Sample 3 . 29 5 

FINAL V, T . Gooch Cr . 16 . 255 
Flask # 7 & # 3 97 . 045 
Ash Cr . 10 . 1 50 

TARE Flask #7 47 . 175 
fl # 3 49 . 055 

Gooch 11:ea ium 15 . 900 
Ash Cr . 1 0 . 115 

.M:IiHJRAL & ASH 

TOTAL BITUMEN 

Mi ne a?al & Ash16 
Total Bi t u men% 

69 . 1 

48 . 9 
48 . 5 
50 . 5 
49 . 0 

d e g s . 
11 . 8 
17 . 2 
21 . -2 
26 . 0 
31 . 1 
35 . 8 
40 . 4 
45 . 0 
50 . 2 

c. 

52 . 1 ·c. 

123 . 4 50 

122 . 295 
1 . 1 55 

3~ . 2% 
64 . 8% 

48 . 9 

52 . 1 c. 

3 . 295 

1.155 

2 . 140 
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Sample #7 

TRINI DAD LAK ◄ ASPHALT Cl~ 'J;UT 

DUCTILI TY 

PENETRATION 

SOFT3U I NG POIH 

TOTAL BITU:i·fEN 
TOTAL T 
TARE 
~ T Sample 

FINAL WTS . 
Gooch Cr . 
Flask # 1 

II #2 
Ash Cr . 

TARE Flask #1 
II #2 

Tall \ioo cb 
Ash Cr . 

MI N ;;RAL & ASH 
TOTAL BI TUI~N 

28 . 1 

33 . 2 

60 . 0 egre es c. 

70 . 0% 
42 . 48 5 

min , 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

3 2 . 5 
34 . 5 
32 . 5 
34 . 0 
30 . 5 
34 . 5 

degs . C. 
12 . 0 
l:fi-.,2 
21 . 4 

26 . 2 
30 . 8 
35 . 8 
41 . 1 
46 . 0 
51 . 2 
56 . 4 
60 c. 

39 . 675 Flask #1 
2 . 61 0 

r l . 470 
40 . 160 
50 . 490 

9 . 822 

3 9:...6\'l,5 
50 . 470 
31 . 360 

9 . 67 2 

Minera l & Ash 
Tota l Bit umen 

1 31 . 942 

1 31 . 177 

29 . 3% 
70 . 7% 

28 . 1 

33 . 2 

60 . 0 c. 

2 . 610 

0 . 765 
1 . 845 
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Sample #8 

TRI I IDAD LAKE ASPHALT CEM 1,,JT 

DUCTILITY 32 . 4 · 

PENETRATI ON 27 . 8 

32 . 4 

27 . 5 
28 . 5 
27 . 5 

58 . 9 Degrees C. 

TOTAL BITU 
TOTAL • 
TARE 

TSample 

FINAL l.'TTS. 
Go och Cr . 
Flask #8 

11 28 
Ash Cr . 

Gooch Cr . 
Ash Cr . 
Flas k #8 

" 28 

MI N i1 1.1 & ASH 
TOTAL BITU l N 

min . 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

61 . 27 'jJ 
40 . 2 50 
39 . 120 

1 . 130 

15 . 775 
39 . 460 
50 . 105 
1 0 . 340 

1 5 . 760 
10 . 3125 
39 . 1 20 
50 . 0 50 

Mineral & Ash % 38 . 73% 
Tota l Bitumen% 61 . 27% 

Degr ees C. 
1 . o 
20 . 0 
22 . 2 
22. 0 
31 .7 
36. 8 
41 . 8 
47 . 0 

51 . 7 
56 . 6 
58 , 9 c. 

115 . 680 

115 . 242 r 

27 . 8 

58 . 9 1J/ 

. 4375 
0 . 6925 



Sampl e #9 

BERMUD EZ LAK"' R1ilFIN1.!..D ASPHALT 

DUCTILITY 44 . 3 44 . 3 

PENETRAT ION 16 . 5 17 
1 6 . 5 
16 . 0 

1 6 . 5 

( 
SOFTENING POI NT 64 . 6 C. 

min . degs . c. 
0 13 . 0 
1 1 8 . 0 
2 25 . 0 
3 30 . 0 
4 35 . 4 
5 40 . 2 
6 45 . 4 
7 50 . 2 
8 55 . 0 
9 60 . 4 

64 . 6 c. 
TOTAL BI TUMEN 96 . 1 o/o 
TOTAL T 47 . 1 20 
TARE 45 . 330 
\''T Sampl e 1 . 7 90 1 . 790 

FINAL WTS . ~ooch Cr . 1 6 . 580 
Flask # 9 4i3 ,. 375 

n 29 50 . 330 
Ash Cr . 9 . 685 1 21 . 9~0 

Gooch Cr . 1 6 . 5 500 
Ash Cr . 8 . 675 
Fl ask #9 45 . 330 

n ,.. 
<.. 50 . 345 1 21 . 900 

MIN 'i'R.AL & ASH 0 . 07 
TO TAL BITUMRN 1 . 7 2 

i ner a l & Aslff 1o 3 . 9 
To t al bitumen % 96 . 1 
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Sample #10 

B"'R ,ID.0EZ LAKE Rt!.FIH ~D ASPHALT 

DU C'? ILITY 99 . 5 

PENETRAT ION 11 7 . 0 136 
129 . 5 
138 . 5 
138 . 5 
135 
136 

SOFT~lH NG POINT 42 . 77 c. 

TOT.AL BITUM-.:N 
TOTAL 'i,~T 
TARE 
r' T Samp~e 

FIUAL \I. TS. 

TARE 

I N ""RAL & ASH 
TOTAL BITU vI 1'.N 

95 . 0 o/o 
47 . 20 
46 . 150 

1 . 055 

Gooch Cr . 
Flask # 10 

11 # 30 
Ash Cr . 

Gooch Cr . 
sh Cr . 

Fla sk 1 0 
IT 30 

mi n . 
0 
1 
2 
3 
4 
5 
6 

15 . 865 
46 . 1 50 
58 . 6225 
10 . 1 55 

1 5 . 860 
10 . 125 
46 . 1 50 
58 . 60 

Minera l Ash 0 o 

Tota l bitumen % 

9915 

- 16 -- 120 
- 14 . -115 
- 20 . 5 - 118 
- 20 . 5 - 118 
- 20 . 5 - 114 . 5 
- 19 . b - 116 . 5 

117 . 0 

egrees c. 
54 . 0 
64 . 0 
74 . 0 
81 . 0 
90 . 0 

100 . 0 
109 . 0 

1 30 . 7825 

130 . 74 0 

117 . 0 

42 . 77 c. 

1 . 055 

. 
- -·--- - -] • <; ;_, ,, 

0 . 0525 
l. 0025 
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.:ia ple /fol l 

B rl RhillD Z LAKE ASPHALT C 1.BNT 

DUCTILI'I'Y 

P fETRAT ION 

SOFT 11'N I NG POINT 

TOTAL BITU 3111.'J 
TOTAL T 
TARE 
VT Sample 

FINAL ':.'S . 

TARF. 

MI N~RAL & ASH 
TOTAL BITUU 11N 

53 . 8 

46 . 5 154 - 108 - - 46 
156 - 109 -- 47 
157 - 110 . 5 - 46 . 5 

53 . 2 c. 
min . egrees C. 

90 . 0% 
48 . 1 85 
47 . 020 

1 . 165 

Gooch Cr . 
Flask #11 

" #31 
sh c~· . .,... 

15 . 80 
47 . 040 
49 . 160 
10 . 375 

Goo ch Cr . 15 . 7 80 
Ash Cr . 10 . 313 
Flask //:11 4 7 • 0 0 

Tl 31 49 . 1 0 

1inera l & Ash o/o 
'l ' otal Bitumen % 

0 16 . 6 
1 19 . 0 
2 24 . 1 
3 29 . 2 
4 34 . 3 
5 39 . 4 
6 44 . 8 
7 50 . 1 

53 . 2 c. 

122 . 380 

1 22 . 26 3 

10 . 0% 
90 . 0% 

53 . 8 

46 . 5 

53 . 2 

1 . 165 

0 . 117 
1 . 048 
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Sample :f/=12 

BERMUD 1 Z LA ◄ ASPHALT C -~Tu '~lfT 

DUCTILITY 

PfilPTRAT ION 

SOF'J.1 J;N I UG PO I ] T 

47 . 8 

3 9 . 0 

b5 . 5 C. 

14 7 . - 107 . 5 
1 4 4 . 0 - 104 . 0 
143 . 0 - 104 . 5 
144 . 0 - 1 06 . 0 

min . .Der s . C . 
0 1 5 . 1 
1 24 . 0 
2 30 . 1 
3 35 . 0 
4 40 . 2 
5 4 5 . 3 
6 50 . 4 
7 ·5 _5 

4 7 . 8 

39 . 5 
40 . 0 
38 . 5 
38 . 0 39 . 0 

55 . 5 c. 

ote: The v a l u e 55 . 5 was che c ked t wi ce . 

TO TAL BITUMEN 91 . 75S 
TOTAL V'T 521865 
TAR ◄ 51 . 590 

T Sample 1 . 275 1 . 275 

FINAL WT 
Gooch er . 16 . 56 5 
Flask $ 1 2 51 . 620 

" 3 i:.: 39 . 710 
Ash Cr , 9 . 715 117 . 610 

TARE 
Goo ch er . 16 . 535 

s h er . 9 . 675 
Flask #12 51 . 59 0 

It 3 2 39 . 705 117 . 505 

MilE RAL & ASH 0 . 105 0 . 105 

TOTAL BITU ,mu 1 . 17 

Mi ner a l & Ash co 8 . 3 
Tota l Bi t u , en ~o 91 . 7 
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Sample # 1 3 

BERMUD EZ LAKE ASPHALT CRI,1!.N T 

DUCTILITY 

PEN=TRATION 

SOFT HI NG POINT 

TOTAL BITDICN 
TOTAL WT 
TAR'"" 
WT ·Ssmple 

TARE 

57 

26 . 

56 . 4 c. 

79 . 7% 
46 . 335 
45 . 317 5 

1 . 017 5 

Goo ch er . 
Flask #13 

" #33 
Ash er . 

lo ng crucible 

Ash er . 
Flask #13 

11 #33 

57 . 0 cm 

1 31.0 - 104 . G- 27 . 0 
1 27 . 5 - 1 00 . 5 - 27 . 0 
122 - 96 . 0 - 26 . 0 

min . 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 5 . 805 
4 5 . 375 
50 . 505 

9 . "/ 50 

..6750 
45 . 317 5 
50 . 467 5 

Degs . C. 
54 
62 
70 
8 0 
89 
98 
1 06 . 5 
115 
1 23 . 5 
1 32 
133 . 5 

.J 

121 . 435 

15 . 767 5 

1 21 . 2275 

26 . 0 

56 . 4 c. 

1 . 0175 

Milf c":RAL & A SH Q) • 2 (J) 7 5 
TOTAL BITU1:1.:£n ID. 8100 

~ i neral ~ sh% 20 . ~~ 
Total Bitumen% 79 . 71.:, 



Sample :f/=14 

DuCTILITY 140 . 3 140 . 3cm. 

P .i!iN ~T AT IOlt 199 . 8 324 . 0 - 121 . 0 -- 203 . 0 
313 . 5 - 121 . 0 -- 182 . 5 
237 - 119 . 0 -- 218 . 0 
333 - 114 . 5 218 . 5 

( 3lb . 5 - 116 . 0 212 . 5 
311 - 126 . 5 -- 184 . 5 199 . 8 

SOFT ·m r NG PO I NT 37 . 5 c. 

min . Degs . . 
0 56 
1 60 
2 69 
3 78 
4 87 . 2 
5 96 

drop 97 . 4 37 . 5 c. 

TOTAL BITU=.E!JN 99 . 7 6o/o 
TOTAL v:T 51 . 730 
TAR.1.1i 50 . 490 
WT Sample 1 . 240 1 . 240 

FIMAL W'l' S 
Gooch er . 15 . 625 
Flask #14 50 . 495 

n 34 51. 003 ,, 
Ash er . 9 . 690 -; 

TARE 126 . 813 
Short er . 1 5 . 640 
.Ash ll 9 . 680 
Flask #14 50 . 490 

( II 34 51 . 000 
126 . 810 

MI N'~R 1 L & ASH 0 . 003 

TOT L BI TU1.1t7 J 1 . 237 

Mi ner a l ~ Ash o 0 . 24% 
Tota l Bitumen 99 . 7 6 ,10 
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IV I UTERPR"1' 1rAT ION OF R-'-" SULTS . 

Digest of dLt a obtained . 

For purposes of compa rison a ll dat a r esult ing from the 

foregoing t ests were coll ected on one data sheet i n cluded herewith . 

The l abratory numbe r given each sample a s noted i n Part III 

section A, was entered and opposite these key numbers the cla ss­

ification penetrat i on , softening point , ductility , total bitumen 

and for t h e t en specimen for wh i ch t he r efi ner furni shed su ch 

i mpormati on the cont ent of ash and i nsoluab le organic ma t ter 

was e ntered . 

Thus were obta ine d complete da t a f or the four te s ts cover­

ing three degr ees each of refinement of Tri ni dad and Be r mudez 

l ake asphalt and f our degr e es each of t he respective cement of' 
which t he fluxing rm t erial was l i ~uid petroleum. 

1. Summation of dat a and preliminary discussion of s ame. 

To f ac ilita te comparisons and to fur nish a starting point 

of the anal ys i s of the s e results the va ~ues i n per cent by 

we i gh t of tota l bitumen , were plott ed on coordinate paper and 

against t h is on t h e axis of Y were plo tted the values of pen­

etra tion , softeni ng point, ducti lity , a sh and i nsoluabl e organic 

matter on an arbrit rary scale . Upon joining these po i nts , cer -

( 1 t a in general r el a tions became a t once appar ent. 

It was a t once s een tha t the seven ma. t er i a ls of Tri n i dad 

origi n were of lower b itumen content than the Ber mude z ma t eria l s , 

the for mer r anging i n the respec t from 54 per cent to 76 per cent 

while th e l a t ter r anged from 80 to 100 per cent to tal bi t umen 

and of it, s i x sampl es sho ed a tota l bitumen content in exce s s 

of 90 per cent. 





It appe ar ed from the da ta a t a gram that a s pen etr ation i n ­

cr eases ducti lity increases thou gh not pro portionally ; t hat a s 

penetra tion incr ease s t h e softe ni ng point decrease s t h ough not 

dir ectly pro portionally no r in the same r a tio as the duc tility 

de cr eases ; and hence obviously a s born e out i n the chart; as duc ­

tility i ncreases the softening po i nt de cr ea se s . It may a lso be 

noticed tha t for Tri ni dad products the so ftening po i n t · de cr eases 

with t he percentage of ash a l tho i n a uch Ja r ger sc ale . Then 

obvio usly from the ob serva tions above the per cent of ash va ri e s 

i nversely as the penetration and ductil ity t h ough i n di ffer ent 

propo rtions . Another pe cul i a r ob s erva t i on made from t h e data 

diagram i s the f a ct tha t i n Bermudez products as the per cent 

of tota l Bi t umen i ncrea ses the per cent of ash r ema i ns a l mos t 

con stant . 

With t he s e s ev er a l ~imi l arities and d i ssi ma l ariti es i n mi nd 

curves were dr a'i'lm i n ea ch of the cases mentioned i n order tha t 

the r el a tionshi ps mi ght be car efully and eYJlaus tibl;v s tudi ed . 

B Exani mat ion of t da ta f o·r speci a l r e l a tionshi p . 

A careful cons i de r at ion -of the data sheet and data chart#l 

con~ir1 ed the i dea of the existance of the gener a l re l a tionship 

ment i oned i n the previous sect i on and a lso brought to li ght 

severa l i nterest i ng relationships between t he qualities of pen­

etra tion , ductility and softening po i n t regardle s s of the total 

bitumen cont ent . All of these relat ionshi ps will n ow be de ­

cussed i n order . 

1 . Plots and ana l ys i s of cur ve s for such relationships . 

Chart #2/ Rela tion of oftening Po i nt and Penetra tion . 

The most readily apparent possible rela tionship denoted by 

chart #1 was t hat of s ofteni ng po i nt to p ene tration. It ,a s 



not ed t hat the va lues fo r t hese t ests as mentioned above va ri ed 

i nvers el y and i t was appar ent tha t i n the ma jority of cas e s 

wh en I funes were dr a n j oi n i ng the plo tted va l u e s f or such t ests 

for spe cimens fa l l i ng adjacent to ea ch ot he r i n t h e scale of 

t ot a l bi t umen t hat the slope of t h e lin e join i ng the va lues of 

( penetra tion was as a rul e roughl y tlflrice t hat of the line j oin­

i ng the co- ord i nates of softeni ng po i nts . He r e t hen was a prob ­

l em, to r educe thi s gener a l rel at i on to an exact statement of 

r el a t i onship . 

iii t h t h is end i n · veiw the va lues of penetr a tion f or t he who l e 

se r ies were pl otted a l ong a sui tab l y co - ordi na t ed axi s of X 

agai nst whi ch were plot ted t he corres ponding values of t he soft ­

eni ng po i nt pa r a l lel to t he axis of Y. Th e po i nts t hu s ob t a in-

ed er e f ound to delineate a r ough par abolic cu rve and t h ru 

t he ir region wa s dr awn a smooth curve h ich apparentl y cov er ed 

t he plotted point s . curve wa s t hen drawn showi ng t he r e l a. t i v e 

varia tion of these t wo t es t val ue s fo r the whole seri es of 

s pe cimens ~ary i ng i n penetrat ion fr om Oto 200 and i n soft ening 

poin t f rom 28 t o 97 degree s C. 

To obta i n an approxi ma t e express i on fo r t his cu rve va l ue s 

of co - ordi na tes rn re chosen a t r andom thr u out its r ange and 

plo tted on l ogr i thernic graph paper wh ich po i nts v.re re t hen s een 

to li e approxi rn':l. t el y i n a st r a i ght line . Thi s s t rai ght line 

1J1.as dra rn and its s lope h i dh was negative , was measur ed i n 

r e ct a ngul a r co - ord i na t e s and i t s i nt ercept on the Y axis of the 

ab:ili s sa X • 1 wa s r ead i n lo gr i t hemi c co- or d i nate . I f t hen ,Jl 

denotes t he Y i ntercept and N =tan . e ~- slope of l ine , then if 

t hese val ues be subst itu t ed i n t he exponentia l equa tion 

Y =-MXn t h e r esultant equa t i on will be t ha t oi f t he parabolic 





( 

curve in its rectangula r co-ordinates . 

Thus in this case , 

M =132 N - - 0 . 236 
• 

• • Y = 1 32X -o. ~35 

or 

y : 132/ X - 0 . 236 

1l1he pr oof of t he above method of analysis can be eas ily 

shown . 

Given t h e genera l rectangul a r equation of the paraboli c , 

pa ssing to logarithm 

log Y = log M N log X (1) 

Compa ring t h is to the r ect angula r equation of the strai gh t line, 

b ( 2 ) 

we see t hat ; 

in (1) is anal ogus to Min (2) 

log . vr i n ( 1) i s c..nalogus ;y o b in ( 2 ) 

Hence if we sub otitute ; 

N - slope of line 

M - Y i ntercept when X =1 , 

As found fr om the lo gari thmi c di agr am i n the formula 

Y : wf tha t expr e s s i on becomes t he rectangul a r expr es s ion of 

the par ab ol a ·, r epres_en t ed by t he straight lin e of the lo garithmi c 

anal ysis . 

Chart #3 Rela t i on be t we en ductility and penetra tion . 

As mentioned in the perliminary de scu s s ion t here is a relat­

ionship that exists between ducti lity and penetrat ion for the 

s eries of fourteen specimens . Hence a curve wa s plot ted as 

Pene t rat ion aga ins t Ductility , using ductility a s ordina tes. 







It will be seen a t once thru i nspection of this ch art t hat the 

values of both tests arrange themselves in a more or le s s re ­

gula r fashion . Hen ce a curve was drawn i~~olvi ng as many of these 

points as possible . From this curve it is evident tha t as the 

va lues of ductility i ncrease the values of penetration incr ea s e , 

but however , on a JJ:arge r scale , the values of ductility ranging 

from Oto 1 50 and those of penet r ation from Oto 200 . 

As in the ca se of 1 ( a) poi nts were plotted on logarit~~mc 

paper and were found to lie i n very nea rly a stra i ght line . 

Thencby t he method prev ious l y given the equ tion of this cu rve 

was found to be in rectangul a r co - ordina tes . 

Y = 5 . 05X • 648 

1 . c . 

Cha rt #4 . Rela tion of softening po i nt to ductility . 

In the perliminary discus s ion , it wa s a lso found tha t there 

was a n inverse r el a tionshi p between s oftening point a nd ductili ty 

covering t he entire seri es of specimens . 

Thi s rela tionship was more closely es tablished by plotting 

values of ductility aga inst corr esponding values of softening 

point . The points thus plotted being i n a more or less orderly 

arr angement . A cu rve was drawn t hru joints seeming to lie in 

the most regul r manne r . This curve took , s omewhat , the shape 

of a par abola in which it was seen tha t a s t he softening point 

decreased ductility increa sed the values plotted r anging be­

tween O and 14 0 cm. for ductility and O a nd 100 degr ees for the 

softening point . 

This curve as before wa s trans~err ed to logarithme tic paper 

and came out nearly a . str a i ght line . The equ a tion wa s th en found 

to be: Y = 136x-· 242 
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l . d 

Chart #5 Relations be t ween softening point , penetra tion 

and ductility . 

It will be noted that i n cha rt #2 , penetration was plotted 

against softening po int whfrei in chart #4 ductility was also 

plotted agai ns t softening po int . 

On a compari son of t hese t wo charts it was foun~ that t he 

t wo cu rves thus f ormed were a l most exactly similar . Hence a com­

posite chart 15 , wa s made , being compounded by plotting pen­

etration and ductility against softening point . The absi ssas 

being t hose taken from charts #2 and #4 a nd t he ordina te be ing 

t h e co mmon soften ing point . This cu rve was of course t he s ame 

as both //:2 and #4/ 

1 . e . 

Chart # 6. Rel At ion be t ween penetr ation , softening point and duc­

tility to total bitumen for Trinidad Lake Asphalt Cements fluxed 

with liquid petroleum. 

From chart #1 a certain regularity wa s noted in t he variation 

of t he ordin~t es for t he v~l ues of penetrat ion , softening pa i n~ 

and duct ility f or Trini dad Cements and for Ber mudez cements also . 

In the co nsiderati on of t h is appa r ent rela tion , it seemed plaus­

able tha t t he variation of these r esults i ht be expressed as 

a funct ion of t he tota l b~tumen content f0 D the cement alone. 

This section deals wi th the i nvestigation as t o the Trinidad 

Cements . 
s 

On the · axis of abs c ~ssa the r ange of va l ues for the bitumen 

content was l a i d out , 6O( to 75 per cent approxi mat ely . For the 

ordina t es the co - eff:1:-cients of penetra ti on , ductility and soften ­

ing po i n t were used . The widest r ange in numerical coefficients 

were between #2 and #6 i n a ll three ca ses and was greates t in 





the du ctility t e st fo r vhich #2 shovied 23 . 6 cm. and #6 , 69 . 1 cm. 

Specimens #2 and # 6 were t hus ch osen as the cri terions upon 

which to base the plotting of th e curve . At the proper ~1b.sci:sS_IJ.S 

t he .ordinates of ductility were drawn for the s e to specimens 

a nd the s e po i nts project ed upon the scales of penetra ti on and 

softening a nd giv en the va l ues of each test corresponding with 

the spe cimen . Then by l ay i ng out the sca l e f or penet r at ion a nd 

soften i ng , these to po ints having thus been determi ned t he other 

po i nts correspond i ng to the other cements of t he s eries were plot ­

t ed . A smooth cu rve as then drawn on the plot a nd by means of 

this deagr am i s made to expres by one line the va r i a tion of the 

results of t he three tests with r ega r d to total bitumen for Trin­

idad Lake As phal t Cement . 

The natur e of t h is curve shows very conc l usively tha t 

bitumen content is not a criterion of ductility , penetration , 

or softeni ng po int or vice versa and this t hrows light upon 

the ba sic i dea of their work ; the i nt errel a tion of physi cal tests 

and will be cfurther d i s cussed i n drawi ng u p co nclusions in the 

final section of the i nvesti gation. 

1 . f 

Char$ #7 Rel a tions of penetration , softening point , and du cti lity 

to tota l bitumen for Be r mudez Lake Asphalt Cements . 

In prec i s ely t he sa e manner a s de t a iled in the last chap­

ter , a r egula r variation of the va l ues a s shown by the data cha r t 

for penetration , softening point . and ductility was nhi~d for 

Bermudez Asphalt Cement . s effort to correlat e the_s e va ria tions 

with t hat of bitumen co ntent wa s made a s a l so deta iled in the 

l as t se ction was ma de a nd the r esultant curve #7 bea rs a marked 

s i mila rity to and be ars out t he conclus ion to be ba s ed on t h is 

curve a nd cu rv e # 6/ 







·, . 

l.g 

Chart #8 Rela tion of penetration t o softe ning poi nt a nd ductility 

fo r Lake Asphalts a nd Lake Asphalt Cements. 

In the ca se of cha rts. #1 a nd #4 it was found that a s ingle 

curve repr esented the rela tionshi p of duct ility and pene tration 

to sof tening point. The purpose of chart #8 was to find some 

s i mila r r ela tion be t ween ductility a nd soft eni ng po int when 

plotted aga ins t penetra tion. To do this penetra t ion va l u e s were 

plotted as absebssas and du ctility a nd soft eni ng point as ordinat es 

The ducti lity scale being l a i d ou t by t aki ng t he hi ghes t a nd 

lowest va l u e s of du c tility and dividing the va l ues be t ween, into 

proportiona te parts. The points pl otted howeve r, di d not f all 

i n the same curve as they di d in chart# 5 , but rather f ell 

i n to t wo di s ti n ct curv es, on e of t hese being duct ility against 

penetra t ion and the ot he r softening point agai ns t penetra tion. 

1. h. 

Chart #9. Relati on of softeni ng point , 0ductility a nd penetration 

to Ash for Trinidad Lake Asphalt s a nd Trinidad Lake As phalt Cements 

On inve s ti gation of chart #1 it was found t ha t there was 

a seeming rela tionship be t ween a sh content and s of t eni nt point. 

hen ce since there was discovered a r e l a tion be t een softening 

point, ductility a nd penetration it was t hought tha t there mi ght 

be an i nt errel a tionship between the three just mentione d and 

the Ash cont ent . To i nvesti gat e this Ash co t ent wa s plotted 

a gainst penetra tion a nd the po i nts f ell i n a f a irly true curve 

as shown i n chart #9. Then ducti lity was pl otted aga i n s t ash 

using t h e Y axis a s the ducti l i ty ordina te and dividing the values 
be t ween 

the high a nd low limits ":. i nte "propor t i ona te parts. These points 

were found to f all . ve r y n ea rly on t h e curvedrawn fo r penetra tion. 



However , wh en i n the same manner , a s for du ct ility , softening 

points were plotted a gains t ash conten t these poi nts took a 

seper a te a nd dist i nct course of t heir own and hence a s econd curve 

was plotted acco r dingly. 



V CONCLUSIONS DRA\ffl 

e hav e i ndicated in t he forme r section the relations 

arrived a t fro m the considerati on of t he data and curv es 

( obta i ned i n this investi gation. 

It now r emai ns to d iscuss and di gest a nd dr aw conc l u sions 

a s to vhat li ght , if any this work has thrown upon the matter 

of the rela tion of physica l t es t s upon n ative l ake aspha lt±c 

materia l s . 

A Diges t of Conclu sions . 

The first and mo st stri ki ng c onclus ion t hat can be arrived 

at is tha t for th e whole series of s pecimens ranging through 

t he d.egr ees of r efinement of the unadultera t ed na tive a sphalt 

and the cement formed f rom these materials by the admi x ture 

of li quid petroleum flux . A distinc t rela tion was formed be ­

t we en the result of penetra tion and softening po int t e sts , 

between ductility and penetra tion, and b e t we en sof t ening point 

and ductility . Not on ly were we ab le to conclud e th e na ture 

of these r el a tions gra~h ically, but we were a lso ab l e to ex ­

pr es s t hose rela tions by for mul ae . 

In orde r to show those rela tions i n mo re comveni ent f orm 

graphs were prepa r ed to sh ow the var i a tion f irst of penetra tion 

a nd duct i lity with respect to softening poi nt a nd second of 

softeni ng point and ductility to penetration. 

It was shown that a curve cou l d be prepared to bring out 

the rela tions of s oftening po i nt, penetr a tion and duc t ility with 
. 

r espec t to tota l bitumen content fo r each of the t wo seri es of 

c ements wh ich va ri a tion in bitumen content was due of cou rse to 

varia tion in flux con tent . Thi s f lux which a s add ed to sof t en 



the material con~a i ning no miner a l ma tter itself and was by the 
0 

limita tion of the labra tory a nd the wr iters necessarily included 

in the tota l bitumen cont ent. 
-

The chart of t h ese two r e l a tions show v ery cl ea rly t hat al-

though any of the t hree qualiti es of penetra tion. sof tenes s or 

( ductility ca n r ema in unspecified and ye t be automa ticaly deliD­

eated by the r ange of specifica tions of the other t wo; yet a ll 

three qualities mi ght be s pec ified fo r these cements and yet the 

bitumen content would be not delineat ed. 

..I 

For exa pl e consulting char t f/= 6 one can r ea dily appre ciate 

t hat a Trinidad sphaltic cement coul d be specified f or a pene­

tra tion of 30-35, du·ctili ty 25-35 and softening po i nt of 5'7- 59 

degre e s and th e specifica tion eould be fulfilled by t wo distinct 

cements , one of wh ich would h ave a -bitumen content of about 62% 

while the second would ha v e a pproxi mat e ly 70% bitumen . It is 

logica l ::.;1;-0 , assume a nd a s Privost Hubbard points our scientific 

i nv estigation and t h e r esult of exper i ence i nd icates t hat the 

assumption i s the true criterion of the va lue of Asphaltic ro ad 

ma t eria ls . be cause it is the bi nding matter upon wh ich the use­

fulne s s , in the f ina l analysis of the materia l, depends . 

In the light of the ab ove con'3iderat ion. i t is then conclud­

ed tha t in specification writing for asphaltic cement total bitumen 

mus t be s pecifi ed in order to protect the purchaser . 

Parenthetical y it may b e stated t ha t it would be mos t inter­

esting and i ns tructive t o obt a in data of ac t ua l sonr6e ~ sho~n 

by t wo materials both of either Trinidad or Bermudez origin used 

i n i dentica l constr u ctions a nd being i de ntica l i n penetra tiont 

softness and ductility but having different b futumen content. 

In con si dering the Trinida d ma t erials a compaEison of the 



ash content to the three qualtti es of penetr a tion, duct i lity and 

soft ening po int the only conclus ion possible to dr aw was tha t for 

'.l1rinidad materials as t he a sh content increa ses , soften ing point 

becomes higher , ductility i ncrea ses and penetrat ion de crea ses , 

and these rela tions amount only t o a gener ali ty . 

B Summary 

From the results of these i nvestigat ions we may summarize 

the followi ng i mpor t ant conclusions , 

(1) That for native lake asphalt paving rn21terials in the 

sinse the term is herein used , it has been shown t ha t r el a tions 

exist between the values of softening point , penetr a tion and 

ductility as shown by standa r d t e sts which may be expressed an­

alytically as follows : 

Y : 132X - 0 • 236 where Y = softening point de gs . C. 

y = 5 . 05X 0 . 648 

Y: 136X - 0 •242 

X = penetration m. m. 10 

wh ere Y - ductility cm. X = penetr ati on 

It y softening point degrees C. 

X = ductility cm. 

Hence f or the purpose of rough t ests usualy made i n the 

f ield in which the ma teria l is on ly as a rule submitted to these 

thrae in addi tion to t he specifi c gravity te s t any na tive l ake 

agphaltic roo. t er i a l cou ld be submitted to only the penetration test , 

whi ch is easily the mos t accura te and easily mani pu l a t ed of the 

three and the other t wo va l u es could be deduced fro m the formulas 

given with sufficient ac cura cy $<il det er mine whether or not the 

material should be ac ce pted with certaini ty as to i ts passi ng 

specifica tions . 

(2) That for cements of both Bermudez and Trinidad orig in 

it is nece ssary to specify bitumen content to insure a satisfactory 



material i n all r espeut s wh i ch will be uni f orm but it is necessary 

in ad dition t o spe cify onl y s pe cific gravity and penetr a tion . 

The lo cal origin of the ma t eri a l ca n b e easi ly checked up when 

te s ti ng for tota l bitumen since the ash of Trini cad asphalts 

is of a ealmon pink color while t }at from Ber mude z is black. 
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