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Measurements of Human Reaction to Hardness of 
Floor Covering 

The ainarence between a oo&ete or 
I terraam ilom, and 5 rubber or mrk tile 

ilom covering can be cleilrly felt Thom 
people, su& m nmea and shop attend- 
e&, who are required to waik or stand 
mneh during their w o d h g  hwra, are 
quick to complain if the ffooring is 

- toohard. T h e l l d n ~ o r m n @ ,  
ClisbioIliIlg ene& of Loon3 is sn mi- 
p o r b r n t p a r t o f o u r ~ ~ ~ .  

W e r  W& 
.  itc come sto men swing the hard- 

neseofdiserontiioorwirfaoesmdthus 
expreshg in numhm the feeling men- 
tioned above, difncdtim appear. In 
spik of muny attempts i t  ha not been 
podbIe, as frw: ne the author hm, ta 
register in any menauring apparatus 
the Mewnw felt betmen hard md 

A uushimed floor sttrfoces. For instance, 
Holden and Muncey (1)' have maasured 
the prrssure on the fmt by mems of 
eondemm placed bet- the foot 
and shoe. The eieetria capacity 
changes due to p m  were morded. 
The vsuits, however, show no vsiicir 
k from recordhgs made for con- 
cmte, t i m k ,  or mrk tiie floor. The 
conduaion muhed in this and 0 t h  
teais is tbat variatbas due to ehnngea 
in the flmr mihca are aimist non- 
exiatent. 

Many writes on the subject of floor 
, coverings have mnoludd that the 

, - r  
, . , . feelmg of relative mftaem or hardmess 

' of the eoverings ia an illusion resulting 
from the iiha%insul&ion capacity of 
the Roors (i). It is frequently m&- 
tained thnt it is wrong to apeak of 
"8oft1' ~d "h~ld" flom; olle 0ught t 0  
spak mther of "warm" and "mld" 
flom. The resson given is that the 
clefonaation of the shoea and of the 
h b  la)-er between the skin d the 

. bones of the foot is m mu& greder 
. S '  ' tbiui tbat of the floor aovwing, tbat the 

latter is of no im-m. 
As a r e d &  any diiuasion of the 

a NOTI+DBWå8ZON OF PAPER 
I IB iNViTED, e i k  for pubhat1011 or for 

the a#mtmon of the nuthor or authors. Ad- 
&fm di aommuniontio~ to ASTM Head- 
qu-, 1916 Raoe St., FbSWphia a, Pa. 

1 Tbs boldfaw ntunbers in parwntheaee 
, rafer t o  the Iit of referenaes uppended bo Glila 

papar. 

soft~esa-the dwee of tigree~bk or 
nonweeable w~?aiking cin different fluor- 
ing matenaleis left out of khe text, 
booka, and no attempt is made to rle- 
cide upon speoi[icutions for softncss 
wbioh floor coverkigs in different rooma 
ou&t to satisfy. 

The author dwa not alpee nith the 
point of view given a h .  men 
stopping h a hard to ir eoit Bom, 
ane feels the difference before my 
heat tnrnsport muld pmibly hnve 
made itdf felt. But thii opinion, to 
hat% any d u e ,  has to be baelied by 

meastimment* tluzt rcgkter the diirr- 
etim hbem floor coverinp. 

It is m-itfently useless to r e p t  the 
mensurements of the pressure cm the 
foot. The feelinge of hardnesa; and 
timiness mur in the muscies and in 
the n e ~ ~ ~ k s  system, however, and 
therefore it appeam nntural to sec 
whether it is posnile to masure 
direcffy the mrli done by tho museies 
during wlaiklg. 

Varim methods of testine secm 
possible, irom -& thc 
presum. Sehwmtz, Heath, Mizieb:, and 
Wrigllt (3, 4). mcasured taie timc 
spant on tlie Iteel, fifth metatarsal, and 
great tae of ench f&. Ho~vew, it 
doea not mrni Iikely tliat $hia svill 
lead &ny furtlier tliaii tlie prassure 
metrsurammb. 

Pig. X . 4 h o h g  (lejt) test sribjest with ekctrodes attached,'and (w) elsbmyo- 
gra* ncorder. 

The alres f m  the eicctrodcs run to n - e g  &ed on theaibiect'(~bacl. and 
thii is ronweted to the rrrordpr. Conerete aiah rntb vanom floor wvwingr c m  be ase. 
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Elcctromyogmphy, the n'l'ording of
electric musele-uction potentials. IlUS

heen extellsivel.r used in the lust.
decade Cor annlysis of muscle ('oonlina
tion. The pot.cntinl changes travel
nlong the muscle fibers, and cause
activatioll of the contraetible substnnce.
The electriri potentials in the Inuscles
are recordccl, through the clrctrodes
fustened to the skill, b.r cnthode-tube
oscillogmphs. This method of re('ord
ing the work oC the mllscles sccms to
have been uscd first by Erlungcr lHld
Gasser (5), ami Lunden'old (6) for
mensuring t,he musclllnr energy in
"typewriting.

The tLuthor awukened the interest of
Luudervolcl in the present problem.
and a collubomtiou ,vas initiated.
Llindervold seeing the problem from
the physiologiclli angle. lllld thfl; lluthor
from the h"C'hlli<'al.

Fig. 2(a.) llud 2(b), and it is still clearer
where the person has walked from con
crete to soft Boor coverings, and the
reverse: But this qualitutive result is
e\,idelltly not sufficient. It is still
neressar.r to express the results in
numbers that show clearly the degrees
of hardness registered for nlriolls ma
terials.

Discussion of Results

Lundervold has shown that tiredness
results when two untagonist museles
are working simultancously. It WDS

therefore decidcd to register the lengths
of time when twa such muscles \Vere
working together. 'Vhen using the
cun'cs shown in Fig. 2, only the periDds
were added ",here the museles of the first
and second electrade, and the second
and t.hird. \\"ere working t.ogeUler,

Onlr devintions from the menn line
are recorded; the IIlong wavelength"
oscillations seen on the curves are not
considered. The recorders also hal'e a
tendency to continue a sideway mO\'e
ment once they are sturted, and tims
brenk the mean line. This is illustrated
in purt of the first curve in Fig. 2 (a)
where the menn line is indicated, and
the corrected eurve is drnwn nbove.

Furthermore, persons performing the
test do not walk with cxuctly the same
speed every time. To m~ke the resuIts
more compnmblc, chnrnderistic points
on the curves wcre found, nnd the curves
were redrnwn 50 that the distauccs
between these points "'ere alwl1Ys the
surne.

Part of the first two curves in Fig. 2
are redrawn in Fig, 3 in the way cle
scribed above. To determine the de
gree of tiring musculnr activity. the

,- correeted curve

1-~~'t
--"'--"",-~~I~'-----""'-

(a) Walking on concrete.

(b) Walking on vinyl eovered by soft earpet.
Fig. 2.-Electromyograpb eurves for musete action in left leg (Pre"-tibinl group, CaU group, and Quadriceps group).

The recOl'ders have a telldency to continue a sideway movemellt onee tids hns startcd, nnd thus brenk the menn line, In Fig. 2(a) is shown
how this is eOl'rected when the arens of uctivity uro cnlculnted.

The "Ionl,; wuvelenl,;t,h" oseillntions seen on the diugrams have no significanec.

Experimental Methods

The tcsts cOllsisted ill having vnrious
persons walk on different Hoor covcrings,
and recording the work performed by
the museles (Fig. 1), The electromro
grnph wus an eight chnnnel brass
nmplifier and recorder, with fl, sensi
bility oC 500 IJov per in. The results
are ns sho\\'n in Fig. 2.

The qucstion whether there "'ns nnr
real diffcrence registered in the muscle
",ork when wulking on different fiooring
materials wus decidecl in the affirmo.tive.
(Sec Fig. 2). The differences lue evi
dent if ane compares, for instancc,
the right-hand po.rt of the first CUI'VC in

Fig. 3.-Extraet from the first 4 iD. of
the first two eurves of Fig. 2.

In cnlculnting the orens of museulor ncth'4
ity. only the parts where both muscles Bre
active simultnncously nre counted.

Tims. for instanec, the orens of activity
nppearing in the upper eurve between 1 and
2 and between 8 nnd 9 cm are not countcd,
because the othcl' museie is innctivc on thcse
str('tches.

arens of nctivity [lrc shown in Fig. 3
Two muscles ure always counted to
gether, und only those parts are countcd
wbere botll museles ure in activitr.
The stretches drawn us a wav:r line
(compare with Fig. 2 for tbeir churac
teristics) ure counted as nctive, but the
area is zero. In other words, the ac
tivity of the other museie is counted over
these stretches.

The curves obtained have been
unulysed in this way. The results
vary a good de111 from individual to
individual, and for the Sl1me individual
from covering to covering. But the
corre1ation of results for the different
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TABLE I.-TEST RESULTS FOR SUBJECTS WALIUNG ON DIFFERENT FLOOR SURFACES.' , 

I 0.05-in. Shcct Rubber plus 
Concrete 0.15-in. Foom Rubbor / Rubber as Befare Plus Cnrpet 

K". 5 . . . . .  { l  ; 

Subject 

K". l . . . . . (  

P 

ilioes 
P 

Averngc 
P 

58 
. . .  
. . .  
173 
. . .  
138 
. . .  
. . .  
85 
. . .  
. . .  
. . .  
. . .  
82 

. . .  

. . .  

. . .  
107 

P 

Witli 
P 

Calcu- 
Intcd 

35 
80 

Bnrefoot 

Calcu- 
Inted -4vernge 
-p 

With Slioes 1 Bnrsfoot / Witb Sboes Bai 

Cnlcu- 
Intcd 

. . .  

. . .  

. . .  

. . .  

. . .  
98 
84 
. . .  
40 
52 
53 
34 
47 

101 
82 

102 
, . . 
P 

.bens of n~t iv i ty  in equare centimeters, for cnlf group pluj qundrioeps group. One squnrs centimeter rcprcsents 33.3 riv-sec. 

O -4reos of nctivity in squnro centimeters, for pre-tibinl group calf group. One squnre contirneter reprosente 33.3 riv-sec. 

TABLE 11.-TEST RESUiTS AS I N  TABLE I BET FOR CALF GROUP FLUS BUADRICEPS GROUP.a 

T.UILE I~I.-~\vI.:I~.~GE VALCES n r  A I ~ E A S  01' ACTIVITY F o n  3 r c s c r . E s r s  PRE- ,,.lieii ,vulkirin bnrefoor; for iliustlej 
TI111.!1. GROCP PI.US C.~T.I'G110111'. TLST PERSONS WERE USINC 5110rti. 1'011 in ,r3ble rl,L, incrr3i,, CO.\II>..\I~IJ~IS, V.\LUEJ or s1101tr .%su IKUL:S~.\TIOS TI:ST~ 

Suhjeot 

No. 1. .  . . . . . .  1 
Xo. 2 . .  . . . . . .  { 
Ko. 3 . .  . . . . . .  i 
No. 4 . .  . . . . . .  { 

cent. 
Shore The work in muscles higher up in the 

Mnteria body (hamstrhgs group, erector spinne, 
and gluteus mnximus) was in good 

floor coverings wns good. Resnlts nre 
shonn in Tables I and Il. 

Tlie kind of shoes used, thickness of 
soles, heiglit of heels are all important. 
Therefore experimeuts were carried out 
mith the subjects  valki ing barefoot aud 
in high-heeled shoes. Tlie results with 
the ligli-heeled shoes mere in good 
agreement ns far ns muscle work was 

Concrcte Rubbcr ns Before Plus Corpet 

Conoreto . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Vinyl asbestos tile, 0.08 in. 

On oonoroto.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O n ~ o o d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Linoleum, 0.10 in. an  conorete.. . . . . . . . . . . . . . . . . .  
0.05-in. slicot rubber an 0.15-in. foom rubber an 

oonereto . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Snme. ivitli ' 8-1". molen cnrpet. on concrste.. . . . .  
CorL tiics. s/ ' ra in., on oonorete.. . . . . . . . . . . . . . . . . .  
Shcct vinyl '/n in.. falt k e  '/,B in.. on concrete.. . 
Nor~vnyipruoc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

concerned, but shon-ed tliat otlier 
muscles mere iised. Lundervold wili 
publish an nccount in Khich tliis nil1 
be discussed. 

Tlie results for snbjects walkiug bare- 
foot are al80 shon-n in the tahles. The 
ngreement ntth tlie tests Fith slioes is 
good. Tlie nork of the muscles i11 
Table I increnses abont 20 per cent 

0.05-in. Slieet Rubber plua 
0.15-in. Fonrn Rubber 

very pronouuced, and agrees very well 
nith the feeling of "cusluoned" effect 
of the floor coverings. 

Electromyograph tests cnnnot be 
made easily every time i t  is clesired to 
examine tlie qualities of a floor covering. 
The imnortance of the test lies nrimarilv 

With Shoes 

&-o. 5 . .  ...... 

With Shoes 

20 
13 
. . .  

clinnging the relationships. Tlie dif- ' For tost iioor. Indentntion terta for dificrsnt vlnyl Boors sive vnlues from 2.9 to 12.0. 
b For test floor. Indentation tosts for different linoleum flaors e v e  vnlues from 2.5 to  G.G. ferenoe in registered muscle work is 

in esta<lishing the actual renlity hehiii;l 
the f e e h c  of hard or soft floors. nnd in 

Bnrefoot 

l5 
72 
44 

Barefoot 

18 
30 
. . .  

Cnlcu- 
h t ed  

37 
41 
. . .  

:: 
t i  
103 :a: 
135 
79 

. . .  

. . .  

. . .  

With Shoes 

18 
9 ... 

Cnleu- 
Inted 

24 
20 
. . .  
20 
8 

10 
3 

... 
108 
77 
86 
. . .  
34 

. . . . 

. . 

. . agreenient with the results shown. 

9.50 The results grouped according to floor 
4 .3  materials are s h o m  in Table 111. 
G . ?  These electromyograph results are from 
0.G the oalf group and pre-tibial muscle 
. . .  group with the subject mearing slioes. 
3 .8  
2.4 Any muscles other tliau those regis- 
2 . 6  tered, cauld have been used without 

107 100 

81 I 77 
48 i 7  

giving a bnsis for comparisou. 
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Cnlou- 
Inted 

. . .  

. . .  

... 
149 
147 
32 
20 
12 
96 

l18 
I l l  
119 
24 

. . .  

. . . 

. . .  

Cnlou- 
Inted 

... 

. . .  

. . .  

. . .  

. , .  
6 

12 
. . , 
101 
97 

100 
91 
32 

. . . . 

. . 

Averngc 

39 
. . .  
. . .  
i 5  
. . .  
12 

. . .  

... 
l55 
. . .  
. . .  
. . .  
38 

Average ................ 04 

Cnlcu- 
Inted 

21 
10 
19 
54 
40 
. . .  
. . .  
. . .  
90 

137 
. . .  ... 
10 

. . .  

... 

. , .  

Barefoot 

19 
17 
. . 

Avernge 

22 
. . 
. . 
24 . . 
. . . . 
01 
. . 
. . . . 
25 

34 

70 

71 
G4 
50 
48 
ST 
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AI-crnge 

. . .  

... 

... 
148 
. . .  
21 
. . .  ... 
111 
... 
. . .  
. . .  
39 

80 

A v e r n s  

. . 

. . 

. . 

. . 
9 
. . 
. . 
97 
. . 
. . 
. . 
27 

44 

Average 
~ ~ ~ ~ ~ - P P - ~ - -  

30 
. . .  
. . . .  
47 
... 
. . .  
... . . .  
114 
... 
. . .  
. . .  
l ?  

40 

Cnlcu- 
latod 

. . 

. . 

. . 
94 
89 
. . 
. . 
. . 
80 
85 
OG 
. . 

O 
. . . . 
. . 

G5 

19 . . .  
38 
25 

40-50 

Awrnge 

. . .  . . 
. . 
92 
. . 
. . . . 
. . 
87 
. . 
. . 
. . 
14 

64 



OF Y.4RIOUS FLOORING NBTERL4LS 

Prncticai Tests for Fioor Surfaces 

For n more pmctical wny of testing 
the floor hnrdness, results of Shore tests 
nnd indentation tests nre s h o m  in 
Tnble 111. The Shore test consists of 
introducing n spike in the mnterinl, nnd 
registering the resistnnce to penetration. 
Tlie indentation test is made nith nn 
indentation tester (7, 8). The indent- 
ing to01 consists of a flat-ended cylindri- 
ca1 steel rod '/+-in. in diameter, cnrrjing 
a lond of 29 lb. The vnlues given in 
Table I11 nre the inverse of the inden- 
tntion in millimeters after 30 sec. 

Tlie Show tests give a useful idea of 
tlie cusliioning effect of a flooring nia- 
terinl, rubher escepted. But they do 
not give any information nbout the floor 
as a mliole, as they indicate only tlic 
charaeteristics of tlie surface material. 
Comparison betmeen vinyl tile on con- 
erete and on mood iUustrates this. 

In  Tablc I11 the acreement hettveen 
electromyograpli nndlndentation tests 
is escellent, ni th the emeiition of tlie 

IInteriol 

....... Conente.. 
Vinyl tile ......... 
Rubber.. ........ 
Slicct >inyl ....... 
Cork tiles.. ...... 
Linoleum.. ....... 
Xorsny spnice. 

vamisl>ed. ..... 
Terrnszo.. ....... 
Limestooc, hond. 
l\-itli fine sand on 

the aalss: 
... Terrnzsa.. 

Lirnestone. ...... Iioned 

results for rubher. Tlie silore nnd in- 
dcntation tests give very lon., tliat is, 
"good" results for robber, \vlierens the 
electromyogrnph plnces nibher far 
higller on tlie scnle. .%gain, this agrees 
nitli "feeling." Rnbber feels soft, bnt 
in spitc of tliis, valliing on nilher is not 
as agreenble ns might be espected. 

Ruhber Sole 

Friction CoefEcients for Fioors 

To clenr up this point, if possihle, the 
friction coefficients of the materinis nwe 
mensured (9). Tnhle IV gives the re- 
sults for tests made hy pulling n 
neighted sole nlong the floor (10). In  
some cnses specinl test floon (Fig. 1) 
could be tilted so thnt the friction angle 
could nlso be mensured directly. 

The Inst t no  tests xere included to 

Lonther Sole 

DN 
Stntii: Iunctio 
O 0.il 
0.58 0.54 
0.41 0.63 
0.48 0.67 
0.53 0.50 
0.42 0.36 

0.50 0.40 
0.35 0.34 
0.38 0.27 

0.31 0.29 

0.15 0.13 

establish the minimum safe valoe of the 
friction coefficient. In  the lobby of 

DW 
Stntic Iunetic 
0.51 0.45 
0.46 0.39 
0.45 0.63 
0.43 0.39 
0.43 0.34 
0.2i 0.25 

0.31 0.25 
0.25 0.22 
0.27 0.21 

0.26 0.26 

0.10 0.10 

R'et 

Static Iuoetio 

0183 0:ii 
0.87 0.50 
0.82 0.61 
1 .O0 0.95 
.. . . 
.. . . 
.. 
.. 

.. 

.. . . 

a resenrch institute, it wns found 
necessary to put up ivmnings, "Take 
care, the floor is slippery." \Vhen tliis 
floor (timestone) tested in the usual 
ivay, it gave practiczlly the same results 
as terrnezo. Holvever, wlien the tests 
mere repeated ivith fine sand on the 

Vet 
Stntic Iiinctic 

0130 0:il 
0.43 0.27 
0.78 0.29 
O.% 0.55 
.. . . 
.. 
. . 
. . 

.. 

.. .. 

soles, this did not mnke much dinerence 
for the terrnzao. but lowered the frietion 
coefficient to less thnn hnlf of its fonner 
vnlue for the limestone. 

The rrsults indicnte thnt the friction 
coefficient for a floor material, tested as 
nbove for kinetic friction, ought to be 
not less thnn 0.20, nnd not more thnn 
0.40, for leatlier soles. 

It tvill be seen that rnhher behaves 
differentlv from the other materials. 
It is w e l i h o m  that the static friction 
coefficient is luelier for other materials 
hut for rnbber ille kinetic coefficient is 
higlier. The same result is found for 
slieet plnstic with robber sole, prohahly 
because the sole has decided the issue 
here. It is thus ensy to esplain wliy 
the eleetromyograph places riihber in a 
more disndvantngeoussituation than the 
Shore and indentation tests. The foot 
slides nlong the floor before heing lifted. 
Then the kinetic friction coefficient 
comes into play, giving, for rubher, nn 
incrensed resistnnce tomotion, and caus- 
ing incrensed moscle nork. 

Hardness Scaie for Floors 

It is tempting, on the basis of what 
n.ns found nhove, to propose n hardness 
scnle for floor surfnces, similnr to the 
hlohs hardness scnle. .h appro.simnte 
scnle is given in Tnble V. 

TABLE V.-HARDSESS SC-LE FOR 
FLOOR SURF.%CES. 

Rdntive 
Iinrdness Ilnterinl 

10.. ... .Canente. terrnazo. stone 
i.. ... .Vinyl -bestos tiles 

... 5 . .  .Linoleum. soft ruhbcr 
o.. ... .Co& tilcs. soft wood, =ork 

linoleum. high-pade rinyl 
4.. .... Shcct riny1 on felt bme 

Even thoug11 this Tnble V is fnr from 
esnct, i t  gives tlie relative hardness of 
the flooring materials, and ako n basis 
for indicating in hiiilding specifications 
the flooring mnnted. 

iT'Iiicli floor will be felt to be satisfac- 
tory in the different rooms and corridors 
depends very much on the standard of 
comiort in tlie locnlity. The nutlior has 
come across a typical example of tliis. 

The small 'lonveginn town, Steinkjer, 
wns destroyed by fire during the war. 
Like all Nonveginn smau toms,  it mns 
formerly built of wood, hut vns rehuilt 
in concrete. During the first two ycars 
after reconstruction, nearly the entire 
popuintion complained thnt their feet 
hurt. Later the comphints died down. 
The tonrn hnd become nccnstomed to a 
lower stnndnrd of comfort. 

summarg 
Tests nwre enmed ou t  to see s h a t  

dilierenees enn be recorded bekveen the 
hnrdnesses of dinerent flooring mntehls  
felt slien malliing. Since direct pres- 
sure recording by vnrious methods hns 
given no results, the author used the 
electromyogrnph tests. A clear d i e r -  
ence in the renetions wns found-in 
agreement Mth "feeling," and nith 
Shore tests nnd indentntion tests. Tlie 
importnnce of frietion in the effect of 
softnese of floor surfnces is considered, 
nnd n hnrdness scale is pmposed. 
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