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THE RHEOLOGY LEAFLET 
N o . 11 7 r d v r g gel N o v e m b e r , 1 9 3 9 

ANNUAL MEETING FOR 1939 

T h e Eleven th Annua l Meet ing was held as scheduled at the Nat-
ional Bureau of S t a n d a r d s on the 13th and 14th of Oc tobe r , 1939. 
The sessions were well a t tended and the c o m m e n t s upon the p r o g r a m 
were qui te favorable . T h e Society is t ru ly g ra t e fu l t o the local C o m -
mit tee on A r r a n g e m e n t s for the t ime and t h o u g h t f u l n e s s which m a d e 
the mee t ing such a success. 

Symposium on Rheology in Science and Industry 

The g rea te r par t of this s y m p o s i u m was not presented for genera l 
release and c a n n o t be reproduced in this publ ica t ion. A f t e r a 
mos t cou r t eous we lcome by Dr. L y m a n J . Briggs, Direc tor of the 
Bureau the s y m p o s i u m was opened by Dr . A. S. H u n t e r . 

T h e f i rs t cont r ibu t ion w a s by Dr. J. H. Dillon of T h e F i res tone 
Tire and R ubbe r C o m p a n y . His review, which is g iven he re in sl ightly 
reduced f o r m is titled "Rheology in the Tire Industry." 

I N T R O D U C T I O N 

T h e principal basic mater ia ls en te r ing a t ire p lant a re ; C r u d e 
rubber , latex, fabric , steel bead wire, and rubber p igment s . All these 
mater ia ls present rheological p rob lems which m u s t be dealt wi th in 
the labora tor ies of a tire f ac to ry . For the sake of brevi ty, however , 
this discussion will be conf ined to the rheological appl ica t ions of 
rubber in tire m a n u f a c t u r e . 

R H E O L O G I C A L P R O C E S S E S IN T I R E M A N U F A C T U R E 

Brief ly stated, the t r e a t m e n t of rubber in mos t t ypes of rubbe r 
m a n u f a c t u r e consis ts in f i rs t mechanica l ly b reak ing d o w n the highly 
elastic c rude rubbe r in to a less elastic moldable s ta te ; second, incorp-
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ora t ing cer ta in mater ia ls called " p i g m e n t s " ( so f t en ing , vulcanizing, 
and re in forc ing agents , fillers, and age res is tors) , th i rd ; fabr ica t ion 
to the desired shape ; fou r th , mold ing under p ressure ; and f i f th , re-
s tor ing the elastic proper t ies by hea t ing while unde r pressure in the 
mold (vu lcan iza t ion or " c u r e " ) . T h e m e t h o d s of execu t ing these 
processes in a tire p lant are s h o w n schemat ical ly in the char t (F ig . 1 ) . 

T h e c rude rubber en te rs the t ire p lan t in 2 5 0 lb. bales of s m o k e d 
shee ts or crepe. T h e bales are cut in to several smaller pieces which 
are t hen ready for the 1st f u n d a m e n t a l process, " m a s t i c a t i o n " or 
" m a s s i n g " . Refe r r ing t o the chart , w e see tha t there are t w o basic 
m e t h o d s of mass ing . Much c rude rubber is n o w massed in the mach-
ine called a plast icator . It consis ts of a variable pi tch screw t u r n i n g 
in a cylindrical chamber with cor ruga ted walls. T h e cut bales are 
fed in to a hoppe r at the high pitch end of the screw and the rubbe r 
is forced th rough the barrel to the low pitch end where it is under ex-
t r emely high pressure and t e m p e r a t u r e s of 300° F. and higher are 
genera ted . It is t hen ex t ruded f r o m a die in the f o r m of a rough 
sheet . T h e mechanica l work ing caused by the screw combined wi th 
a cer ta in a m o u n t of oxidat ion at h igh t e m p e r a t u r e p roduces the desired 
b r e a k d o w n . T h e older m e t h o d is accomplished on a mill. T h e mill 
consis ts of t w o hol low steel rolls ro ta t ing as s h o w n wi th the f r o n t roll 
su r face speed s o m e w h a t lower than tha t of the back roll. Cool ing 
wate r is sprayed against the inside walls of the rolls. T h e cut bales 
are placed on the rolls and al lowed to go th rough the bite unti l t h e 
rubber kn i t s in to a hot dough . It then t ends to fo l low the f ron t roll 
and is cut and folded back on itself repea ted ly by a mi l lman or an 
au tomat ic kn i f e so as to accelerate the g r ind ing and tear ing act ion. 

A compar i son of the t w o m e t h o d s shows tha t the plast icator 
m e t h o d is more economical but does no t give as u n i f o r m b r e a k d o w n 
as the mill me thod . T h e type of b r e a k d o w n is no t qui te the s ame in 
the t w o mach ines for , because of the higher t e m p e r a t u r e genera ted in 
the plasticator, the oxidat ion action is p ropor t iona te ly grea te r t h a n 
in the case of the mill. Obvious ly , the mass ing opera t ion involves 
Theological s tudy a n d control both of the c rude rubbe r and the massed 
produc t . It should be men t ioned tha t c rude rubbe r is somet imes 
washed on a cor ruga ted mill with wate r sprayed into the bite. O n l y 
a small f rac t ion of c rude rubber is washed, however . 

T h e next rheological process is mixing . T h e more m o d e r n Ban-
bury mixer is s o m e w h a t like a huge bread mixer with a high pressure 
ram at the top. T h e walls are wa te r cooled. T h e rubbe r and p i g m e n t s 
a re in t roduced at the t o p and g round u p toge ther unde r high pressure . 
In spite of the wate r cooling, high t empe ra tu r e s are genera ted in the 
mixer . Hence, in most cases, the s u l f u r is not in t roduced in t h e 
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B a n b u r y , in order to avoid p r e m a t u r e vulcanizat ion ( s e t -up ) . In some 
cases, only carbon black is in t roduced with the rubber in to the Ban-
bury . T h e resul t ing rubber-black m i x t u r e is called a black master-
batch. The o ther p i g m e n t s are added on a mill usual ly located direct-
ly below the d u m p i n g gate . T h e older mill mix ing me thod is still 
very impor tan t . It is similar to the mill mass ing process except that 
the p igmen t s are added and worked into the rubber with the aid of 
m a n u a l cu t t ing or an au tomat ic kn i fe . The final mix ing of a stock 
o f t en consis ts of milling toge ther mas te rba tches of the var ious pig-
m e n t s with rubber which m a y have been mixed in a B a n b u r y or on 
a mill. 

It might be well to inject a f ew words about rubber p igmen t s at 
this point . Every p igment used in a first line tire s tock has a def in i te 
f u n c t i o n . No "f i l le rs" , that is, mater ia l s added only to reduce 
cost are used. S u l f u r is the principal vulcaniz ing agent . Var ious 
organic accelerators such as Mercaptobenzoth iazo le are used to reduce 
the t ime of vulcaniza t ion . Such accelerators also p roduce be t ter phys-
ical proper t ies in the vulcanizate . Zinc oxide is added to ac t ivate 
the accelerator and to p roduce h igher heat conduct iv i ty . T h e principal 
re inforc ing agent is ca rbon black, used par t icular ly in tread com-
pounds . O t h e r organic mater ia ls called an t iox idan t s are added to 
improve the aging proper t ies of the stocks. Still o the r mater ia ls 
called so f t ene r s are added to the rubber early in the mil l ing process 
to faci l i tate b r eakdown . 

The c e m e n t mix ing opera t ion is also included in the char t since 
c e m e n t s are used in the tire bui lding opera t ion . C e m e n t s are m a d e 
b y st i rr ing massed rubber or c o m p o u n d e d rubber in to a solvent by 
m e a n s of paddles or screws. In s o m e cases, " d i p s " are m a d e in this 
m a n n e r . " D i p s " are used f o r impregna t ing the cord fabr ic in order 
to p roduce adhesion be tween rubber and fabric. O t h e r types of cem-
ents and dips are made directly f r o m latex and wa te r dispers ions of 
o ther mater ia ls . C e m e n t mix ing is a science in itself and requi res 
considerable rheological research and control . 

Af te r the massed rubber has been proper ly mixed with the 
required p igmen t s to f o r m c o m p o u n d e d stocks, it m u s t be fabr ica ted 
in to the p rope r f o r m for tire building. T h e t w o principal fabr ica t ing 
m e t h o d s are ex t rus ion ( " T u b i n g " ) and calender ing. However , 
before the stock can be tubed or calendered, it m u s t be w a r m e d u p 
and some t imes re f ined . T h e w a r m - u p process accompl ishes t w o 
ob jec t s ; namely , t e m p o r a r y so f t en ing d u e to increased t e m p e r a t u r e 
and thixotropic sof ten ing . This is usual ly accomplished on a small 
mill and the " w a r m e d - u p " rubber is run directly in to a tube r or cal-
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ender . The re f in ing opera t ion is accomplished with a mill h a v i n g a 
very small roll c learance (bi te) so tha t any undispersed p igmen t 
l umps are broken up. Most inner tube s tocks are ref ined in an e f fo r t 
lo avoid thin spots . 

The ext rus ion process in t ire m a n u f a c t u r e is limited t o the for-
mat ion of inner tubes, t reads, and beads. In the fo rma t ion of beads, 
which give tire rigidity and hold it to the r im, semi-hard rubber s tock 
is ex t ruded f r o m a die th rough which the requi red n u m b e r of s t rands 
of steel wire are pulled. The rubber -bound wire bundle t hus f o r m e d 
is then wrapped with rubber-coated fabric. Inner t u b e s are ex t ruded 
f r o m a circular slit f o rmed be tween a die and mandre l . T h e tube walls 
are water-cooled and a lubr ica t ing p o w d e r such as soaps tone is b lown 
into the ex t ruded tube to p reven t the tube walls f r o m st icking to-
gether . T reads are " t u b e d " in a similar m a n n e r except tha t no m a n -
drel is required. Because of the high carbon black con ten t of t read 
stocks, they are very stiff and genera te very high t e m p e r a t u r e s in ex-
trusion under the high pressures necessary. Many rheological prob-
lems arise in the t u b i n g opera t ion f o r the tube r screw causes addit ional 
b reakdown of the stock which t ends to vulcanize at the high ext rus ion 
t empera tu re s . 

Thus , great care m u s t be used in in te rpre t ing resul ts of consist-
ency m e a s u r e m e n t s m a d e on the s tock before en ter ing and a f t e r 
leaving the tuber , respectively. In some cases, an ex t ruded s tock 
appea r s so f te r than the feed stock when , in reality, it has se t -up 
(prevulcan ized) more than the desirable a m o u n t . Cons i s tency meas-
u r e m e n t s at several t empe ra tu r e s genera l ly will detect this condi t ion. 

T h e ca lender ing process is i l lustrated in t w o of its appl ica t ions 
in the char t . In " g u m ca l ende r ing" a " w a r m e d " stock is forced 
be tween the heated rolls and rolled out in to a thin sheet . T h e center 
roll is genera l ly slightly ho t te r and runs f a s t e r t han the o ther rolls. 
Sidewalls and somet imes combined tread and sidewalls are f o r m e d 
with ca lender rolls h a v i n g g rooves of appropr ia te shape and size. T h e 
thin g u m strips and t read cushion are f o r m e d on rolls t ha t are sl ightly 
c rowned to compensa te for de fo rma t ion of the rolls. T h e carcass 
stock is calendered to the cord fabr ic as s h o w n in the char t . W h e n the 
fabr ic has been previously dipped in some sort of rubber solut ion o r 
dispersion, the su r face speeds of the rolls are equa l and the process 
is called sk imming . W h e n the fabr ic has no t been dipped, it is usual ly 
necessary to emp loy d i f ferent ia l speeds on the var ious rolls in order 
to w o r k the carcass stock more deeply into the fabr ic . T h e rheological 
p rob lems f o u n d in ca lender ing are similar t o those associated wi th 
tub ing . As in the t u b i n g process, the stock recovers in th ickness a f t e r 
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pass ing t h r o u g h the rolls and the contro l of gage is a p rob lem which 
requi res great skill on the par t of the opera to r even w h e n one of the 
several commerc ia l au toma t i c roll c learance regula tors is employed . 
Rheological un i fo rmi ty of the w a r m - u p stock is very impor t an t . 

Af ter tub ing and calendering, the tire m a n u f a c t u r i n g process ceases 
to be strictly rheological. T h e next g r o u p of ope ra t ions consis ts in 
cu t t ing the var ious tubed and calendered e lements t o the size requi red 
for a tire. For example , the cord fabr ic is cut on the bias and 
is e i ther plied u p in pai rs of plies with reversed angles or built in to 
bands of t w o plies each. T h e process of tire bui lding involves lay ing 
the var ious e l ements on a d r u m and, by m e a n s of var ious w r a p p i n g 
and " s t i t ch ing" opera t ions , p roduc ing a cylindrical s t ruc tu re . Th i s 
cylindical s t ruc tu re is placed be tween t w o p la tens and compressed 
in to a toroidal s h a p e while a thick-walled inner tube called a " b a g " 
is inser ted. 

T h e resul t ing "bagged green t i r e" is inser ted in to a mold which 
is closed under high pressure and is then cured (vu lcan ized) wi th ho t 
wa te r or s t eam in the bag and the mold hea ted wi th s t eam or o ther 
m e a n s . T h e mold ing process, of course, involves rheological work . 

RHEOLOGICAL TESTING 

T h e so-called "plas t ic f l o w " of unvulcan ized rubber is measu red 
with three general types of i n s t r u m e n t ; namely , the parallel p la te 
compress ion type, the ext rus ion type, and the shear ing disk type . 
In general , because of the complex n a t u r e of the ra te of shear versus 
shear ing stress re la t ionship, these f low m e a s u r e m e n t s are empirical 
in na ture . However , the shear ing disk p las tomete r can be used f o r 
absolu te m e a s u r e m e n t of cons is tency at a g iven ra te of shear , t emper -
a tu re and th ixo t rop ic equi l ibr ium. Both the compress ion and ex t ru-
sion p las tomete r s are some t imes used to m e a s u r e elastic recovery as 
well as cons is tency. M e a s u r e m e n t s of cons is tency of t h e c rude rubbe r 
as well as of the massed and c o m p o u n d e d s tocks are usua l ly rou t ine 
operat ions . 

T h e eva lua t ion of vulcanized rubbe r s tocks involves too m a n y 
physical tes ts to describe in this brief talk. Of these, the tensi le test 
on dumbel l or r ing spec imens is the oldest and m o s t t ho rough ly 
s tandar ized test . Both tensile s t rength at break and m o d u l u s at 
var ious e longa t ions are obta ined at speeds genera l ly in the r ange 
1 0 - 3 0 inches per m inu t e . Ano the r s tandard test is the ha rdness or 
pene t r a t ion test m a d e wi th a spr ing or dead weight- loaded p lunge r 
p ro jec t ing beyond a f la t " f o o t " . Resilience and hence hysteres is are 
measured by r ebound of a fal l ing ball o r p e n d u l u m h a m m e r . 
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T h e " T - 5 0 " test which involves m e a s u r e m e n t of the t empera -
ture of re t ract ion of samples f rozen in an ex tended state is f i nd ing 
increased suppor t as a me thod of de t e rmin ing s ta te of cu re (degree 
of vu lcan iza t ion ) . Measu remen t of m o d u l u s and hysteres is at l ow 
e longa t ions and high f r equenc ie s ( the condi t ions of tire service) is 
m a d e by several m e t h o d s but has not yet become s tandard a m o n g 
rubber technologis ts . 

T h e e n d u r a n c e type of test is used in a great m a n y fo rms . O n e 
impor tan t type of e n d u r a n c e tes t ing mach ine which yields resul ts 
of great practical value is the f l exome te r in which heat gene ra t ion 
is s tudied and resistance to b lowout is measured . 

In addit ion to m e a s u r e m e n t s on the rubbe r s tocks going in to 
a tire, the r aw fabric m u s t be eva lua ted by tensi le and d y n a m i c f l ex ing 
m e a s u r e m e n t s . T h e plastic f low of r a w cord is ano the r p roper ty 
which is measured in order t o predict the inf la t ion g r o w t h of t ires. 
T h e fabr ic - rubber bond is eva lua ted by adhes ion and e n d u r a n c e tests . 
T h e dips and c e m e n t s are eva lua ted by var ious t ypes of viscosity and 
f i lm s t reng th tests. 

Tes t s m a d e on f in ished tires are the f inal criteria of the e f fec t ive-
ness of l abora tory tests. Tires are tested both on indoor mach ines 
and in road service f o r t read wear , separa t ion , f l ex break, g rowth , etc. 

NEW PROBLEMS IN RUBBER MANUFACTURE 

T h e mater ia l s go ing into t i res are cons tan t ly be ing changed, t h u s 
necess i ta t ing changes in cons t ruc t ion . Converse ly , i m p r o v e m e n t s 
in cons t ruc t ion o f t en deve lop the need f o r new types of s tocks and 
fabrics . A typical example of this t r end was the in t roduct ion of r ayon 
as a t ire fabr ic . T h e r e a f t e r fo l lowed long and pa in fu l researches 
in an e f fo r t t o develop a me thod of t ire cons t ruc t ion which was com-
patible wi th its proper t ies . At the present t ime there is m u c h interest 
in syn the t ic rubbers , such as the G e r m a n " B u n a " . T h e y have very 
d i f fe ren t proper t ies f r o m those of na tu ra l rubbe r and requi re a who le 
new m e t h o d of tes t ing and analysis . T h e possibilities of direct use 
of la tex in rubber p roduc t s are very in teres t ing and will w i thou t doub t 
in t roduce more complicated p rob lems f o r the rheologist in the rubbe r 
indust ry . 
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F I G U R E 1 RHEOLOGICAL P R O C E S S E S IN TIRE MFG. 

PLASTICATOR MASSING LL M A S S I N G 
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G. G. Sward, Inst i tute of Pa in t and Varnish Research discussed 
"Rheology in the Paint and Varnish Industry". 

As in m a n y o ther industr ies, rheological proper t ies are widely 
used in the paint and varnish indus t ry for m a n u f a c t u r i n g control , 
purchase specif icat ions, and for resarch. Most of the devices used 
are the wel l -known types of viscosity cup, torsion, fa l l ing ball, bubble, 
Mobi lometer , etc. No single device appears to meet all r equ i rement s . 
For the plant control of paints , the G a r d n e r Mobi lometer and the 
Krebs modi f ica t ion of the S t o r m e r v iscometer are the most impor tan t 
devices used. De te rmina t ions obta ined with these devices are m a d e 
solely to assist in contro l l ing the u n i f o r m i t y of the paint , and bear 
no s imple relation to the practical p roper ty of ease of b rush ing . In 
the cooking of varnish the cons is tency of the hot cook is o f t e n used 
as a signal for the end of the cooking stage. The cons is tency of the 
f inished varnish is almost universal ly de te rmined with the Gardne r -
Holdt bubble tubes, that of nitrocellulose and o ther lacquers, with the 
viscosity cups . 

An in teres t ing problem is the leveling of b rushed fi lms, involving 
as it does a ca re fu l control of the th ixot ropic character is t ics of the 
paint . 

The na tu re of resin so lu t ions in the m a n y types of so lvents and 
th inners used in the paint indus t ry has been studied by m e a n s of vis-
cosity m e a s u r e m e n t s . 

Dr. L. H. Adams, director of the Geophys ica l Labora tory of the 
Carneg ie Inst i tut ion, described how even the ear th ' s bedrock is subject 
to f low under pressure. T h e f low of rock is a distinct problem in 
Geo logy and mus t be considered in connec t ion with changes in the 
c o n t o u r s in the m o u n t a i n s and ocean f loors. Beds of solid s tone 
which could only shat ter or c rumble if intense pressure were applied 
at the ea r th ' s su r face will f low like molasses when miles deep. T h e 
reason for this is that the s tone is suppor ted f r o m all sides and loose 
particles have no place to f low. Th is f lowing ability of the ear th ex-
plains how m o u n t a i n s have been lifted and oceans have sunk. Re-
cent ly these condi t ions have been artificially reproduced by caus ing 
marb le blocks t o f low within a steel jacket by exer t ing a pressure of 
2 0 0 , 0 0 0 lbs. per square inch. 

Dr. Wilmer Souder of the Bureau of Standards, specialist in den-
tal mater ia ls reported that while a m a l g a m . f i l l ings f o r cavit ies have 
been successful ly s tandardized there has not yet been developed a 
na tura l color false plate which will not lose its shape. T h e reason f o r 
this is that the plastic mater ia ls in these na tura l color plates f low or sag 
under pressure . Th i s problem of f low has been solved in the m a n u -
f a c t u r e of a m a l g a m but the person requi r ing a fill den tu re still m u s t 

8. 



choose be tween o n e which is da rke r t han his g u m s bu t w e a r s well, 
or the type tha t is a pe r fec t ma t ch with his g u m s but which will de-
f o r m du r ing use. W o r k is being con t inued in the Bureau wi th the 
hope tha t even tua l ly m o r e suitable mater ia ls will be developed wi th 
proper t ies of rigidity, t oughnes s and stabil i ty which m a y be s t andard-
ized on scientif ic principles. 

In addit ion to the a n n o u n c e d p r o g r a m Dr. A. S. Hunter gave a 
paper on " T h e In f luence of Applied Stresses U p o n Physical Proper -
ties of R a y o n " . He pointed o u t the f a c t that the physical p roper t ies 
that are o f t en a t t r ibuted to y a r n s m a y be of a t e m p o r a r y n a t u r e and 
they m a y not really represent the f u n d a m e n t a l proper t ies of the sys-
t em in ques t ion . F r e q u e n t l y applied stresses impar t new proper t ies 
t o y a r n s and if these stresses are r emoved by a l lowing the y a r n s to 
relax in hot wa te r , marked a d j u s t m e n t s m a y occur so tha t the n o w 
relaxed y a r n s will possess physical p roper t ies which m a y be u t te r ly 
d i f fe ren t f r o m those originally measured . Th i s condi t ion should be 
recognized in the eva lua t ion of texti le samples . A reques t has been 
m a d e that Dr. H u n t e r r e fo rmu la t e his out l ine in to an ex tended sum-
m a r y for publ icat ion in a f u t u r e Leaf le t . 

INSPECTION TRIPS 
Friday a f t e r n o o n was devoted to inspect ion trips, each gues t 

select ing the labora tory or ins t i tu t ions in which he had the grea tes t 
interest . F rom repor t s on these t r ips they m a y be considered t o h a v e 
been a very valuable par t of the mee t ing . Special ists in the var ious 
f ields of interest t o the Rheologist were mos t c o u r t e o u s in expla in ing 
their objec t ives and their t echnique . 

THE CONVENTION DINNER 
T h e d inner which was held at the W a r d m a n Park Hotel on 

Fr iday even ing had not been a n n o u n c e d in the Leaf le t f o r f inal ar-
r a n g e m e n t s had not been comple ted . Abou t th i r ty- f ive m e m b e r s en-
joyed the excel lent food and the s t imula t ing intel lectual fa re . Dr . 
L y m a n J . Briggs described the f u n d a m e n t a l scientif ic w o r k in p rogress 
and con templa t ed by the Bureau and discussed the impor t ance of Rhe-
ology in the broad out l ine of scientif ic knowledge . He then in t roduced 
the principal speaker of the even ing and recounted his m a n y cont r ibu-
t ions to f u n d a m e n t a l physical science. T h e speaker , Dr . Paul R. Heyl, 
Chief of the S o u n d Sect ion of the Bureau of S t a n d a r d s is well k n o w n 
to readers of T h e Scientif ic Month ly as a wr i te r on th ings both physical 
and philosophical w h o combines an impos ing famil iar i ty wi th h igher 
m a t h e m a t i c s and a no less considerable sense of h u m o r . Possibly his 
o u t s t a n d i n g con t r ibu t ions t o science have been the rede te rmina t ion 
of the cons t an t of gravi ta t ion , G , ( B u r e a u of S t a n d a r d s J o u r n a l of 
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Research, Vol. 5, December , 1930. ) and his absolute de t e rmina t ion of 
the value of grav i ty , g , (Pau l S. Heyl and G u y S. Cook . Ibid. Vol 17, 
D e c e m b e r 1 9 3 6 . ) . In connec t ion wi th this w o r k he had the oppor -
tun i ty t o examine the records of the Royal Society of L o n d o n and in 
his talk enti t led "E igh teen th C e n t u r y Science f r o m the Archives of 
the Royal Soc ie ty" he told us about s o m e of the mater ia l he uncovered . 
F r o m this unusua l o p p o r t u n i t y Dr . Heyl d rew m u c h tha t is t ru ly 
amus ing , in par t icular the sad case of the noble lady w h o m e t her end 
f r o m s p o n t a n e o u s combus t ion , and at the s ame t i m e m a n y incidents 
tha t w e today m a y consider wi th prof i t . T h e Royal Socie ty had to 
c o n f u t e the s ame sort of pe rpe tua l mo t ion s c h e m e s as the ones t h e 
Bureau of S t a n d a r d s m u s t explain today . [While t h e earlier scientists 
did not have the s ame concepts of ene rgy tha t w e n o w h a v e they 
showed considerable ingenu i ty in d e m o n s t r a t i n g the fa l lacy of t h e 
va r ious devices presen ted . Dr . Heyl reminded us tha t whi le science 
has scored m a n y advances in the last c e n t u r y there still r emain m a n y 
mys te r i e s to be solved. So m a n y of the basic p rob lems of science still 
awai t solut ion tha t a f t e r all, the a t t i tude of the research worke r t oday 
should no t be so d i f f e r en t f r o m tha t of his predecessor 150 or 2 0 0 
years ago. T h e electron is o n e of these myster ies . Whi l e physicis ts 
today k n o w abou t m o m e n t u m and kinet ic ene rgy which their seven-
t een th c e n t u r y predecessors did not, the p resen t task is to decide 
w h e t h e r the electron is a part icle of a t ra in of waves . 

SATURDAY MORNING PROGRAM 

T h e first h o u r was devoted to considera t ion of the repor t of the 
C o m m i t t e e on Def in i t i ons and Nomenc la tu re . A S u m m a r y of Criti-
c i sms had been prepared by Dr . Mooney and these cri t icisms w e r e dis-
cussed in considerable detail b u t w i th no genera l ag reemen t . T h e f ina l 
decision of the m e m b e r s present w a s tha t the repor t should be revised 
in s o m e m a n n e r so tha t the cri t icisms could be embodied in it and t h a t 
it should then be presented t o the ent ire m e m b e r s h i p ei ther by mai l or 
t h r o u g h the Leafe l t so tha t a ballot could be t aken . Th i s will be carr ied 
ou t dur ing the first pa r t of 1940. 
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A Three-Dimensional Model to Demonstrate The Relationship 
Between Principal Strains and Simple Shears, Abstract by ML Mooney. 

T h e model represen ts in proper space re la t ionships the axes of 
pr incipal s t ra ins in a d e f o r m a t i o n at cons tan t v o l u m e and the axes 
of the co r re spond ing s imple shears . T h e mode l consis ts of t w o sets of 
CartesianAxes m o u n t e d inside a large spherical glass f lask . A s ta t ion-
a ry set of axes represen t s the principal s t ra ins and a movab le set w i t h 
t h e s ame origin represen t s the axes of s imple shears . A series of neu-
tral l ines is pa in ted on the su r f ace of the sphere, a d i f f e r en t color be-
ing used to represen t each d i f fe ren t ratio, r, of algebraic m a x i m u m 
to algebraic m i n i m u m principal s t ra in . W h e n the m o v a b l e axes a re 
set so tha t all th ree intersect the sphere in t h e neu t ra l line f o r a par-
t icular va lue of r, the or ien ta t ions t h u s de t e rmined is a possible 
or ien ta t ion of axes wi th respect to which the par t icular d e f o r m a t i o n 
consis ts of shears only, wi th no e longat ion a long the axes. 

Note On The Use Of The Rolling-Ball Viscometer For Measure-
ing The Effect Of Pressure On The Viscosity Of Liquids, by Raymond 
B. Block. Th i s pape r occasioned considerable discussion. T h e publica-
t ion m e d i u m has no t yet been decided. 

Computation Of Some Physical Properties Of Lubricating Oils 
At High Pressures, by E. B. Dow and C. B. Fink is to be publ ished in 
the J o u r n a l of Applied Physics . 

Neglected Fields Of Rheology, by E. C. Bingham. This was a 
m o s t in te res t ing review of some p h e n o m e n a which are ordinar i ly no t 
considered in t e r m s of rheology bu t which on close examina t i on 
p rove to be largely p rob lems of f low. It is hoped tha t this ent i re re-
v iew will be avai lable f o r publ icat ion in the near f u t u r e . 

Psycho-Rheology by G. W. Scott Blain (1) and F. M. V. Coppen 
( 2 ) , Nat ional Ins t i tu te f o r Research in Dai ry ing , Univers i ty of Read-
ing, Eng land . 

Rheo logy has been def ined as the science of the d e f o r m a t i o n and 
f l ow of mat te r , and is concerned wi th changes of f o r m (s t ra ins ) pro-
duced by the appl icat ion of s tresses of var ious k inds du r ing f in i t e 

1) Rheologist 2) Psychologist 
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per iods of t ime. T h e p h e n o m e n a of rheology are t h u s descr ibed in 
t e r m s of s t ress (general ly shear ing s t ress) S, s train c r , and t ime t, 
and these are genera l ly g iven in c.g.s. units , except w h e n measu re -
m e n t s are m a d e for pure ly practical purposes , w h e n arb i t ra ry units , 
some t imes conver t ib le into c.g.s. units , are used. 

Mat te r ha s f r o m the earliest t imes been though t of in t e rms of 
th ree states, solid, liquid and gaseous, and these categories appeared all 
the m o r e conven ien t to the classical rheologis ts w h e n it was f o u n d 
tha t solid mater ia l s showed a s imple re la t ionship be tween S and o* 
over wide limits, S be ing propor t iona l to c ( H o o k e 1 6 7 8 ) , and tha t 
l iquids obeyed an a lmost equal ly s imple law, S be ing propor t iona l t o 
rate of f l ow d c r / d t ( N e w t o n 1 6 8 5 ) . 

It was s o m e t ime before it w a s realised tha t the use fu lness of 
rheology to the c o m m u n i t y mus t depend on its appl icat ion to mater ia l s 
which obeyed ne i ther of these s imple laws, a l though Palissy, a prac-
tical rheologist , discussed the f l ow proper t ies of pas tes and d o u g h s as 
early as about 1540 wi thou t m a k i n g any specif ic a s sumpt ions abou t 
the S : <7: t relat ion. 

T r o u t o n and A n d r e w s ( 1 ) were probably the f i rs t to m a k e a de-
tailed s tudy of the f l ow proper t ies of a mater ia l which deviated bu t 
slightly f r o m t ru ly f luid behaviour . ( P i t c h ) . T h e y showed, in e f fec t , 
tha t the in t roduct ion of a small t e rm to al low for the anomal ies , per-
mi t ted a Newton ian type of equa t ion to be applied. Th i s t y p e of t rea t -
m e n t was m u c h more fu l ly developed in the w o r k of B i n g h a m ( 2 ) 
and, f o r special cases, in the theoret ical analyses of B u c k i n g h a m ( 3 ) , 
Reiner ( 4 ) and m a n y others . 

At the o ther end of the scale, work on imper fec t elasticity in 
mater ia ls such as muscle , rubbe r and f ibres had led to modi f ica t ions 
in Hooke ' s law to allow f o r incomple te or non - in s t an t aneous recovery . 
Finally, f o r mater ia ls in which viscous and elastic proper t ies are abou t 
evenly balanced, two- te rm equa t ions have been proposed, one t e r m 
al lowing for viscous f low being Newton ian in fo rm , and the o the r be-
ing an elastic ( H o o k i a n ) t e rm. In some cases the la t te r t e r m is itself 
modi f ied to allow f o r elastic a f te r -e f fec t . As a n example m a y be 
quoted the equa t ion of Schofie ld and Scott Blair ( 5 ) in which d e / d t , 
the rate of ex tens ion of a dough cylinder is g iven by 

where n is the shear modu lus , r j is the viscosity, and d oC / d t a t e r m 
to allow for elastic a f t e r -e f fec t . 
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This equa t ion p roved use fu l in appl icat ion to the proper t ies of 
f lour doughs , bu t there are t w o fac ts about it which m u s t be borne in 
mind . First , n and q , which are c o n s t a n t s for solids and f lu ids re-
spect ively, are very fa r f r o m cons tan t fo r doughs and secondly, the 
calculat ion of n and r j depends on a division of the s t ra ins actual ly 
observed into t w o parts , a recoverable par t , and a non-recoverable 
par t . T h e line of demarca t ion be tween these t w o is no t hard and fast , 
but depends on the t ime du r ing which recovery is al lowed to proceed. 
D o u g h shows t rue hysteres is apar t f r o m af te r -e f fec ts , which m e a n s 
tha t the elastic e l ements will never recover complete ly , so tha t the i r 
p e r m a n e n t s t ra ins have to be included, together wi th the s l ipping of 
the uni ts past each other , all wi th in the head ing of plastic f l o w ; nor 
can these t w o essentially d i f fe ren t types of strain be, in fact , d i f f e ren -
t iated. These fac t s do not in any w a y diminish the value of two- t e rm 
equat ions , bu t in consider ing the a l te rna t ive sugges t ions that fo l low, 
they should be borne in mind . 

In practice, in m a n y indust r ies the rheological proper t ies of 
mater ia ls are assessed subjec t ive ly by touch and handl ing . Apart f r o m 
r u p t u r e proper t ies (crumbl iness , shor tness , e tc . ) and stickiness, which 
are not so directly connec ted wi th the S : <j : t relat ion, the proper t ies 
m o s t general ly assessed are f i r m n e s s ( and its opposi te , so f tnes s ) and 
spr ing (spr inginess , oppos i te d e a d n e s s ) . F i r m n e s s is one of those 
concep t ions not exclusively associated with any o n e set of physiscal 
d imens ions . If a person is asked to c o m p a r e the weights of t w o ob-
jects, a l though he m a y be inf luenced by d i f f e rences in vo lume, h e will, 
w h a t e v e r the mater ia ls , at least a t t emp t to restrict his j u d g m e n t t o dif-
fe rences in mass . But if asked to c o m p a r e for f i rmness t w o samples of 
a t ruly viscous b i t umen he will judge by viscosity, whe reas if rubber 
samples are presented, his j u d g m e n t will depend on compress ion 
modul i d i f fe rences . 

An in teres t ing expe r imen t consisted in p resen t ing subjects , one 
in each hand , with a sample of rubber and one of b i t umen of the s ame 
size and shape. W h e n adequa te p recau t ions were t aken to e l iminate 
r ight -handedness , t e m p e r a t u r e var ia t ions and so fo r th , it was f o u n d 
tha t in judging f i rmness , if a single b i t umen sample was c o m p a r e d 
wi th a series of rubbers of va ry ing modu lus , a reversal of op in ion could 
be obta ined over qui te a wide r ange of modul i if the t ime dur ing which 
compress ion was al lowed was varied. T h u s the rubber sample wou ld 
appear so f te r fo r a half-second compress ion , bu t the b i t umen w a s 
chosen as so f te r if f o u r seconds were al lowed. Similar ly a r ange of 
viscosities w a s f o u n d over which reversals could be obta ined in com-
par ing with a single rubber sample . 
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In c o m p a r i n g t w o samples of cheese or f l o u r d o u g h which d i f fe r 
in spr ing as well as in f i rmness , it is clear tha t the t ime fac to r is ve ry 
impor t an t , and also tha t f i rmness has d imens ions which depend on 
the spr ing of the mater ia ls . 

W e have carried ou t expe r imen t s ( 6 ) * on the smallest d i f fe r -
ences in f i rmness (viscosi ty) which can be correct ly detected e ighty 
t imes o u t of a h u n d r e d f o r about a dozen subjects , us ing samples of 
Cal i forn ia b i t umen of viscosity of the order of 10 poises. T h a t these 
samples were very near ly t r u e f lu ids was established by the me thod 
of R h e o g r a m s (vid. Schofield and Scott Blair) ( 7 ) . T h e r e w e r e n o 
s igni f icant d i f f f e r ences be tween subjec ts t aken as individuals , and a 
" t h r e s h o l d " (in the above sense ) of 3 0 per cent was ob ta ined . 

A similar e x p e r i m e n t w a s carried ou t us ing samples of rubbe r 
d i f f e r ing slightly in compress ion m o d u l u s ( 8 ) * . In this case, there 
w e r e s igni f icant d i f f e rences be tween individuals, bu t if a m e a n is 
t aken , the threshold is f o u n d to be 9 % . T h e compress ion modul i of 
the samples were of the order of 1 0 e.g.s. uni ts . 

In both these exper iments , the subjec ts were judg ing f i rmness , 
and it is in teres t ing to enqu i re w h y they could judge wi th three t imes 
the accuracy in the case of app rox ima te ly elastic rubbe r tha t t hey could 
f o r viscous b i tumen . In the f o r m e r case, t h e d imens ions of f i rmness 
were those of a modu lus , i.e. of a stress. In the la t ter they were those 
of a viscosity, i.e. s t ress x t ime. The re is some reason to suppose 
f r o m other evidence that d i f ferent ia l th resholds do increase wi th in-
creas ing complex i ty of d imensions , bu t it is d i f f icul t t o p u r s u e this 
line of t hough t m u c h f u r t h e r until the l aws of psychological d imen-
sions have been worked out . At present all t ha t is k n o w n is t ha t t hey 
d i f fe r f r o m those of physical d imensions , e.g. in physics a s train is 
dimensionless , whe reas in the subjec t ive m e a s u r e m e n t of s t rains , t w o 
leng ths have to be judged . It is in teres t ing tha t the d imens ions of 
viscosity and compress ion m o d u l u s d i f fe r by one t. Unl ike stress and 
strain, t ime is not directly perceived by any sense organ , bu t is infer red 
indirectly. T h i s m a y be connec ted wi th t h e very b ig d i f f e rence in 
threshold here f o u n d . 

T h e d imens ions of f i rmness be ing t h u s dependen t on spring, o n e 
is led to enqu i re as to the d imens ional s t a tus of the la t ter p roper ty . It 
is clear tha t in the ex t r eme cases of t rue f luid and solid, f i r m n e s s be ing 

* This work is in process of publication in detail in the Proc. Roy. Soc. Lond. 
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judged by viscosity and shear m o d u l u s * respect ively, we can wr i t e : 

O u r hypothes i s is tha t fo r mater ia ls which s h o w in te rmedia te p roper -
ties we m a y wr i t e : 

It wll be seen first tha t ^ has d imens ions which depend on k, 
and secondly tha t k becomes un i ty for a t rue fluid, f being the vis-
cosity, and zero f o r an elastic s o l i d , f being the m o d u l u s . 

K is in fac t the spring, and is seen to be dimensionless . 

T h e fac t tha t in indus t ry rheological proper t ies of mater ia l s are 
directly compared a l though they d i f fe r in physical d imens ions has not 
received the a t ten t ion it deserves. It is of interest to s t u d y an e x t r e m e 
case of this type of men ta l synthesis , and for this pu rpose a very large 
n u m b e r of people is being asked to state, w i thou t u n d u e medi ta t ion , 
which seems to them the larger, an e lephant or a second of t ime. T h e 
expe r imen t is by n o m e a n s complete , bu t it a l ready appea r s cer ta in 
tha t only qui te a small p ropor t ion are unable to give any compar i son . 
T h e m a j o r i t y select the e lephant as the larger, bu t a f ew p re fe r the 
second. In m a n y cases ra t ional isa t ions are given, but in s o m e cases 
the j u d g m e n t appea r s to be spon taneous . 

T h e expe r imen t s described above suggest a me thod for invest igat-
ing the alleged super ior i ty of exper t s in var ious indust r ies to judge 
rheological proper t ies of mater ia ls by feel. Binns ( 1 0 ) has a l ready 
s h o w n tha t the supposed super ior i ty of testers, ascribed to long ex-
per ience and even to heredi ty, to judge the qua l i ty of wool- tops is 
only a fac t w h e n sight is used in m a k i n g the judgments , and Katz ( 1 1 ) 
has m a d e a s tudy of bakers ' j u d g m e n t s of f lou r dough qual i ty , and 
concludes tha t their special skill is not in the ma in due to any abnorma l 
capaci ty to judge rheological proper t ies of the dough . 

In our expe r imen t s on b i tumen and rubber a l ready ment ioned , 
t w o of our subjec ts were highly skilled cheesemakers . T h e y did not 
show a n y super ior i ty t o o the r subjec ts in the viscosity exper imen t , and 
a T^ tes t indicated a s igni f icant infer ior i ty in the case of the compres -
sion m o d u l u s . 

• For the mater ia ls discussed, the compression modulus may be taken as a simple 
multiple of the shear modulus. It is hoped to extend the t rea tment la ter to cover the 
the case of mater ia ls whose Poisson ratio dif fers appreciably from 0.5. 

Y »5a*" 1 = n 

V - s a - t * 
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It the re fore seems likely that exper t s are not super ior in judging 
subject ively rheological proper t ies of mater ia ls by reason of any en-
hanced tactual acui ty, and three o ther possibilities present t hemse lves : 
( 1 ) In the case of mater ia ls s h o w i n g such proper t ies as work-hard-
en ing and s t ruc tura l viscosity, a reversal of j u d g m e n t would be ob-
tained in m a k i n g a compar i son if s tresses used and hence s t ra ins pro-
duced were varied. As al ready noted, d i f f e rences in t ime of compres -
sion will p roduce reversals in j u d g m e n t f o r pairs of mater ia l s d i f fe r -
ing in spring. T h e exper t migh t be super ior in his capaci ty to repro-
duce the joint m o v e m e n t s of his h a n d s in respect to stresses and t imes, 
( 2 ) T h e expert might be super ior in his capaci ty to recognize rheo-
logical condi t ions which he had earlier learned to associate with desir-
able or undesi rable qual i t ies in his mater ial , ( 3 ) T h e exper t m a y be 
super io r only in respects which have no th ing to do wi th the judg ing 
of rheological proper t ies . He is p robab ly able to m a k e bet ter use of 
the in fo rmat ion given h im by his senses due to his knowledge of the 
r equ i r emen t s and condi t ions in his indus t ry . 

Expe r imen t s are in progress in which 20 sub jec t s are be ing tested, 
six of w h o m are " e x p e r t s " , in order to test the f i rs t t w o sugges t ions . 
The invest igat ion is still far f r o m complete , bu t it does not appea r 
so fa r as t hough the exper t s were showing any super ior i ty . 

O t h e r fac to rs as well as exper ience in technological tes t ing a re 
of interest . In the expe r imen t s wi th viscous b i tumen samples, al-
t hough X 1 tests showed no s ignif icant d i f fe rences be tween individuals 
as such, it appeared tha t the y o u n g e r and less educated subjec ts were 
s o m e w h a t super ior to the older and m o r e highly educated , t hough it 
w a s not possible t o separa te the e f fec t s of age and educat ion . 

T h e g r o u p of those sub jec t s w h o are normal ly engaged in rou-
t ine labora tory analysis ( p - g r o u p ) was def ini te ly super ior . 

In the expe r imen t s with rubber samples there was m o r e d i f fe r -
en t ia t ion . Again the p g r o u p and the y o u n g e r and less educated sub-
jects showed super ior i ty . 

It mus t be borne in mind in connec t ion with these conclus ions 
tha t compara t ive ly f ew sub jec t s have been tested and m u c h f u r t h e r 
work requi res t o be done. 

S U M M A R Y : 

1) . T h e classical t r e a t m e n t of the rheological behav iour of complex 
sys tems is discussed. In this t r ea tmen t s trains are arbi trar i ly divided 
into recoverable and non-recoverable parts , and all the data are forced 
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in to the double f r a m e w o r k originally des igned f o r t rue f lu ids and solids 
respect ively. 

2 ) . An a l te rna t ive t r e a t m e n t is ten ta t ive ly proposed more cons is ten t 
wi th the psychological f ac to rs involved in subjec t ive tes t ing which 
p lays such a large part in industr ial rheology 

3 ) . Expe r imen t s are described on the m e a s u r e m e n t of the smallest 
d i f f e rences detec table by feel in the case of viscous b i t u m e n s and 
elastic rubbers , and it is s h o w n tha t the lat ter can be judged wi th th ree 
t imes the accuracy of the f o r m e r . T h e reason f o r this is discussed 
in t e rms of d imens ional theory. 
4 ) . T h e n a t u r e of the alleged super ior i ty of the exper t in j u d g i n g 
rheological proper t ies of industr ial mater ia ls is considered in the light 
of the expe r imen t s described. 
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REPORT OF THE BUSINESS SESSION OF THE SOCIETY 
OF RHEOLOGY, OCTOBER, 1937. 

T h e fo l lowing off icers were declared elected to serve for t w o 
yea r s : 

A. S. Hunte r , Pres ident , 
E. I. d u P o n t de N e m o u r s and Co. , 
Sta t ion B, Buffa lo , N. Y. 

J . H. Dillon, First Vice-President, 
Chief Physicist , Research Labora tory 
Fi res tone Ti re and Rubber Co. , 
Akron , O h i o 

H. R. Ewell, Second Vice-President , 
D e p a r t m e n t of Chemis t ry , 
P u r d u e Univers i ty , 
Lafayet te , Indiana 

W . P. Davey , Editor, 
D e p a r t m e n t of Physics, 
The Pennsy lvan ia S ta te College, 
S ta te College, Pa. 

H. F. Wakef ie ld , Associate Editor , 
Research Division, 
Bakeli te Corpora t ion , 
Bloomfield , N. J . 

H. R. Lillie, Secre ta ry-Treasurer , 
Research Divison, 
Corn ing Glass W o r k s , 
Corn ing , N. Y. 

T h e m i n u t e s of the preceeding mee t ing were read and accepted. 

T h e report , of the ret ir ing Secre ta ry-Treasure r was read and ac-
cepted. Dr. M. Mooney was appoin ted cha i rman of the C o m m i t t e e on 
A r r a n g e m e n t s for the 1940 meet ing . T h e fo l lowing p r o g r a m com-
mi t tee for the 1940 mee t ing was appoin ted by Pres ident H u n t e r : R. B. 
Dow, cha i rman , E. C. B ingham, H. R. Ewell, H. F. Wakef ie ld , G . R. 
S tu rm, W . F. Bartoe, J . W . McBurney . 

A discussion of the Rheology Leaflet seemed to indicate tha t the 
m e m b e r s h i p wishes ( 1 ) editorials, (2 ) reviews of work in par t icular 
fields, ( 3 ) articles on applied rheology. 
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The edi tors plan to increase the u se fu lnes s of the Leaflet to Indus-
try by pr in t ing a series of practical articles wr i t ten by specialists in 
d i f fe ren t fields. T h e fo l lowing cont r ibu t ion f r o m Dr. W . F. Fair, J r . , 
of the Mellon Inst i tute is presented in accordance wi th tha t plan. 

RECENT INVESTIGATIONS ON THE FLOW PROPERTIES 
OF BITUMINOUS MATERIALS 

D u r i n g recent yea r s considerable progress has been m a d e in the 
s tudy of the rheological proper t ies of b i t uminous mater ia ls . Space 
pe rmi t s the descript ion of only a f ew of the invest igat ions which em-
phasize the impor t ance of absolute de te rmina t ions , and illustrate the 
m e t h o d s used in s tudy ing the f u n d a m e n t a l proper t ies of these complex 
subs tances . 

Vo lkmann , Rhodes, and W o r k (1 ) showed that the capi l lary rise 
v iscometer could be well adapted to measure the viscosity of coal tars 
in absolute units , Rhodes , V o l k m a n n and Barker (2 ) pointed ou t the 
va lue of this type of i n s t rumen t as a viscometer capable of cover ing 
a wide viscosity range of b i tumens . Later the same au thors ( 3 ) showed 
that the capillary rise i n s t rumen t could be used as a re fe rence m e d i u m 
for var ious types of empirical v iscometers of l imited range, and pub-
lished convers ion tables by m e a n s of which such results m a y be con-
ver ted t o absolute units . T h e y also indicated that coal ta rs exhibit 
viscious f low, and conf i rmed the earlier work of Ubbelohde and co-
worke r s ( 4 ) showing tha t the curve obta ined by plot t ing log log visco-
sity of coal tars against log absolute t empe ra tu r e is linear, again em-
phas iz ing the impor t ance of absolute viscosity de t e rmina t ions in con-
nection wi th the evaluat ion of v iscos i ty- tempera ture criteria. 

It should be noted that the capi l lary rise v iscometer is used over 
a wide but relatively fluid range , and hence should not be used at t em-
pera tu res where the viscosity of the matera l is over approx ima te ly o n e 
million cent is tokes . 

T o invest igate the f low proper t ies of more viscous mater ials , T rax -
ler and Schweyer ( 5 ) suggest the use of the fal l ing co-axial cyl inder 
v iscometer . By using light or h e a v y fa l l ing cyl inders in this i n s t rumen t 
of sugges ted appropr ia te d imens ions the inves t igator m a y s tudy a wide 
range of viscous mater ia ls to give a rapid de te rmina t ions of viscosity in 
absolu te units . In ano the r publ icat ion (6 ) they show h o w increase in 
viscosity of asphal t s with t ime m a y be studied by m e a n s of this visco-
meter . T h e y f o u n d that several asphalts , and some filled b i tumens , 
increased in viscosity upon s tanding, but that re-mel t ing yielded ma-
terials of about the original viscosity. T h u s they concluded tha t the 
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viscosity increase was due most ly to age ha rden ing , possibly by de-
ve lopmen t of internal s t ruc ture , ra ther than to ex tens ive evapora t ion 
of volatile c o m p o n e n t s . C o n t i n u i n g these invest igat ions, Trax le r and 
C o o m b s (7 ) de te rmined the viscosities of several d i f fe ren t types of as-
phalts , and f o u n d that some exhibi ted a n o m a l o u s f l ow characterist ics, 
though t to be due to age-harden ing processes, which were reversible 
by heat ing, and also f o u n d that the same asphal ts showed sur face pat-
te rns when t reated with solvents . Th i s leads to the hypothes i s of a 
progress ive fo rma t ion of internal s t ruc ture , uns tab le to heat and to 
working , possibly dependen t upon gradua l isothermal sol-gel t r ans fo r -
mat ions . 

T rax le r ( 8 ) later pointed ou t the impor tance of absolute de te rmin-
a t ions in a paper describing empirical tests, and m e t h o d s of measur ing 
the viscosity of f luid and viscous asphalts . He suggested the use of a 
capillary or fa l l ing coaxial cyl inder v iscometer for more fluid asphalts , 
the lat ter or ro ta t ing cylinder viscometer for viscous asphalts , and for 
non-viscous (such as air b l o w n ) asphal ts the ro ta t ing cylinder instru-
ment . Of great value in s t imula t ing research in this field is the em-
phasis m a d e by Trax le r and his co-workers on the impor tance of ob-
ta ining stress-rate of shear d i ag rams to de te rmine the na tu re of f low 
of d i f fe ren t asphal ts . 

A t t empts have been m a d e f r o m t ime to t ime to deve lop s impler 
m e a n s of es t imat ing the m a g n i t u d e of f low proper t ies of b i tumen. 
T h u s The l en ( 9 ) sugges ted m e a n s of de te rmin ing f low-shear d iagrams 
f r o m pene t ra t ion m e a s u r e m e n t s . Rhodes and V o l k m a n n ( 1 0 ) criticized 
The len ' s def in i t ions and proceeded to develop, by a me thod of succes-
sive pene t ra t ions , a p rocedure by which to app rox ima te the visco-
sity and obtain f low d iag rams for some representa t ive coal-tar pi tches. 
Trax le r a n d Mof fa t t ( 1 1 ) report tha t this me thod of successive penet ra-
t ions is not sound (possibly because of un jus t i f ied a s sumpt ions in the 
der iva t ions conce rn ing the f low du r ing pene t ra t ion ) since occasional ly 
negat ive yield values are f o u n d for cer ta in asphal ts . 

Th i s me thod may , however , be of some qual i ta t ive value at least 
to f ind the order of magn i tude of the yield value for a non-viscous 
sample , or the a p p r o x i m a t e t empe ra tu r e at which changes in genera l 
f low character is t ics might occur. 

An ex t remely in teres t ing me thod of invest igat ion has been fol-
lowed by Vokac ( 1 2 ) w h o proposed using a compress ion test not on the 
b i tumen alone, but on the sample of whole pavemen t , t o m e a s u r e the 
physical character is t ics of d i f fe ren t pav ing mix tu res . By emphas iz ing 
the t ime fac tor in app ly ing loads, this invest igator ( 1 3 ) developed rela-
t ions and f low d iag rams to d i f fe ren t ia te by labora tory tes t ing be tween 

20. 



types of paving, and poin ts ou t the analogy be tween compress ive 
stress and shear stress, and be tween rate of vo lume disp lacement and 
rate of shear . Upon con t inu ing this work wi th actual service m i x t u r e s 
Vokac (14 ) c la ims to have observed ex t remely bet ter correla t ion be-
tween compress ion tests and service pe r fo rmance , than was f o u n d for 
a n y of the o ther c u s t o m a r y empirical me thods n o w in use. As a f u r t h e r 
con t r ibu t ion he has sugges ted ( 1 5 ) de te rmin ing compress ive s t r eng ths 
of pav ing mix tu re s at d i f fe ren t t e m p e r a t u r e s to arr ive at a m i x t u r e sus-
ceptibil i ty index, ana logous to a v iscos i ty- tempera ture susceptibi l i ty 
factor , to aid in the compar i son of d i f fe ren t asphalt ic pav ing composi-
tions with chang ing t empera tu re . 

Ano the r field to which tar and asphal t chemis t s have lately t u rned 
their a t ten t ion concerns the proper t ies of soils and clays, because of 
the g rowing impor tance of soil stabil ization and the necessi ty of de-
veloping m e t h o d s to dist inguish be tween soils of d i f fe ren t physical 
characterist ics. A m o n g the a t t empt s to put this work on a more f u n d a -
menta l basis is the proposal by Rhodes ( 1 6 ) to adapt a dough tes t ing 
machine for soil stabil ization eva lua t ion be fore and a f t e r the addit ion 
of coal tar, in the belief that some types of dynamic test on wet soils 
would be bet ter correlated to field results . Using a Brabender Plasto-
graph , which d raws a g raph s h o w i n g the resistance to paddle mix ing 
as wate r is u n i f o r m l y added, he repor t s dist inct ive curves ( inver ted-
V-shaped) with critical points s h o w i n g marked d i f fe rences be tween 
soils previously k n o w n to give good service results, and those k n o w n 
to be ex t remely unstable . Similar cu rves showing consis tency in g r am-
me te r s against t ime (o r % wa te r ) m a y then be obta ined with ta r 
treated soil to show the i m p r o v e m e n t possible by stabil ization, which 
appears to depend upon the a m o u n t and kind of - 2 0 0 mesh mater ia l 
in the soil. 

Of interest in this connec t ion is a paper by Roller ( 1 7 ) w h o studied 
the compress ion of cyl inders of clays, cements , and o ther mater ials , 
under increasing load and arr ived at cer ta in conclus ions concern ing 
the plastic f l ow of these subs tances . Methods similar to this m a y be im-
por tan t in the f u t u r e to those interested in soil s tabil izat ion eva lua-
t ions. 

T h e above cited pape r s have been chosen for c o m m e n t here be-
cause they all s tress the impor tance of absolute m e a s u r e m e n t s and the 
use of comple te rheological data in deal ing with the f u n d a m e n t a l prop-
erties of these complex mix tu res . It is to be hoped tha t m o r e a t ten-
tion will be paid to this type of invest igat ion to increase our k n o w l e d g e 
of the f low proper t ies of b i t uminous mater ia ls . 
Mellon Inst i tute W . F. FAIR, J R . 
Oc tobe r 21, 1939. 
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MISCELLANEOUS NOTES OF INTEREST TO RHEOLOGISTS 

A C O R R E C T I O N 

O n page 16 of the Feb rua ry 1939 Rheology Leaflet , in Dr. M. 
Mooney ' s article, "S t ress and Rate of S t ra in ; An E lemen ta ry Analy-
sis ," the values g iven for the shears a y ' z ' and a x'y1 should be in-
te rchanged . 

T h e Trus t ee s of the J o h n and Mary R. Markle F u n d have awarded 
the s u m of $ 2 9 0 0 for research upon the viscosity of the blood to be 
carried ou t at Lafaye t t e College unde r the direction of Dr. Eugene C. 
B ingham. T h e exper imenta l work will begin as soon as a sui table 
m a n can be f o u n d for ca r ry ing on the work . T h e historical survey of 
the field is already in progress . 

It is in terest ing to note in view of the discussion now go ing on in 
regard to the Rheological Def in i t ions that the American Society for 
Tes t ing Materials has a commi t t ee on Rheological Def in i t ions . Mr. 
Robert Burns , Acting Cha i rman , repor ts favorab le act ion of tha t com-
mit tee on the new revision of the " T e n t a t i v e Def in i t ions of T e r m s 
Relat ing to Rheological Proper t ies of Mat te r , " with A. S. T. M. desig-
nat ion E34-37T. T h e def in i t ions mus t now be submi t ted to the ent ire 
Society. 

W e are happy to a n n o u n c e that the work of the Bureau of S tand-
ards on the de te rmina t ion of the Viscosity of W a t e r as the basic vis-
cosity s tandard has been resumed. It will be recalled that this impor-
tant research was originally inst igated and f inanced by the Society 
of Rheology. 
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RHEOLOGICAL MEMOIRS 

For m a n y years Prof . E. C. B i n g h a m has advocated the publica-
tion of a series of t rans la t ions of classic pape r s in rheology. T h r o u g h 
his initiative, such publ icat ion has now been under t aken , and the first 
n u m b e r of ihe series IX and 101 pp., 15x23 em., 10 figs, has been 
issued, and can be obta ined f r o m Rheological Memoirs , Easton, Pa., at 
the price of $2 .00 in pape r covers , or $2 .50 bound in cloth. 

This first n u m b e r of the projec ted series con ta ins a t ranslat ion of 
the classic paper of Poiseuil le on the f low of water t h rough capillaries, 
published in 1846 in the Memoires p resen tes par divers savan t s a la 
acad roy. des scienc de 1'Institut de France . This invest igat ion was a 
part of Poiseui l le 's s tudy of the mechan ics of the circulat ion of blood in 
animal bodies. It provided the first demons t r a t ion of the laws of vis-
cous f low, an exper imenta l de te rmina t ion of the law of viscous f low in 
capillaries, and data on the absolute viscosity of wa te r which compare 
f avorab ly with the most accurate m e a s u r e m e n t s ever m a d e of this 
quan t i ty . The reader m a y be surpr ised to learn that n o w h e r e did 
Poiseuil le use the t e rm "viscos i ty" . Th i s paper of Poiseui l le 's is the 
first and historically the most impor tan t chap te r of the whole exten-
sive l i terature devoted to viscosity. Since his w o r k on blood began be-
gan before 1840, this is a cen tena ry which deserves recogni t ion. 

Historically, a t ransla t ion of such a paper is of obv ious value, and 
p resumab ly every technical library will we lcome it. These older scien-
tific papers , however , are deserv ing of a wider popu la r interest , which 
they would receive if their educat ional value were more fu l ly appre-
ciated. O n c e a successful analysis has been developed in any field 
of science, the ideas employed ha rden into a rigid f r a m e w o r k , which 
is accepted uncrit ically by the s tuden t , and seems to h im self-evident 
and inescapable. No th ing can bet ter restore the intellectual f lexi-
bility that should character ize the research worke r t han a s tudy of the 
original w o r k that laid the f r a m e w o r k of our present t hough t . In 
these original papers we can see at first hand the fo rmula t ion of con-
cepts which are fami l iar to us, bu t which were novel creat ions to their 
au thors . 

The con t inua t ion of the Rheological Memoirs will depend upon 
the suppor t g iven this first number . If this is well received, f u r t h e r 
n u m b e r s are p lanned to include a m o n g others , the s tudies of Schwed-
off on plasticity (which he called the "rigidity of l iqu ids") and of 
Pe t rof f upon lubricat ion. It is proposed to pu t in each vo lume e n o u g h 
n u m b e r s to m a k e about 500 pages. It is t o be hoped tha t the welcome 
given the Poiseuille n u m b e r will war ran t the issue of the others . 
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TWELFTH ANNUAL MEETING 
OCTOBER, 1940 

T h e invi ta t ion of Dr . Roy C h a p m a n A n d r e w s to hold ou r 1 9 4 0 
mee t ing in O c t o b e r at the Amer ican M u s e u m of Natura l His tory h a s 
been accepted. T h e fo l lowing c o m m i t t e e has been appo in ted and t h e 
m e m b e r s are invited t o coope ra t e wi th t h e m wi th sugges t ions and 
con t r ibu t ions : 

R. B. D o w , C h a i r m a n , R. G . S t u r m , 
P e n n s y l v a n i a S ta te College, F reepor t Rd., & Cata lpa St. , 
S ta te College, Pa. New Kens ington , Pa . 

E. C. B ingham, 
La faye t t e College, 
Eas ton , Pa . 

W . F. Bartoe, 
R o h m and Haas C o m p a n y , 
2 2 2 W . W a s h i n g t o n Street , 
Phi ladelphia , Pa . 

R. H. Ewell, 
P u r d u e Univers i ty , 
Lafayet te , Indiana 

J . W . McBurney , 
3 0 0 S o u t h Building, 
U. S. B u r e a u of S tandards , 
W a s h i n g t o n , D. C . 

H. F. Wakef i e ld , 
Bakeli te Corpora t ion , 
2 3 0 G r o v e Street , 
Bloomfield , N. J . 

H. R. Llllie, 
C o r n i n g Glass W o r k s , 
Corn ing , N. Y. 
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APPLICATION 

Mr. H. R. Lillie, Sec re ta ry 
Research Divis ion 
C o r n i n g Glas s W o r k s 
Corn ing , N. Y. 

I he reby apply f o r m e m b e r s h i p in the Society of Rheology for 
the yea r as fo l lows : 

[ ] Sus t a in ing m e m b e r s h i p ( inc luding subscr ip t ions to both J o u r n a l 
of Applied Physics and R. S. I. $25.00 or more 

[ ] Regular m e m b e r s h i p ( inc lud ing subscr ipt ion t o J o u r n a l of 
Applied Physics) $6 .00 ( fore ign , $ 6 . 5 0 ) 

[ ] Associate m e m b e r s h i p $ 2 . 0 0 ( fore ign , $ 2 . 5 0 ) 

All m e m b e r s receive a subscr ip t ion to the Rheo logy Leaf le t . 

P lease also en te r m y subscr ip t ion f o r the fo l l owing addi t ional 
per iodicals publ ished by the Amer ican Ins t i tu te of Phys i c s : 

at $ 

at $ 

at $ 

I enclose $ . . . to cover the above . 

( N a m e ) 
(Please Pr in t ) 

(Tit le) 

(Corporation or School) 

(No.) (S t ree t ) 

(City and State) 




