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The ‘iater Permesbility of Concrete

and Come Factore which Affect It

INTRODUCTION:

for a subject which hse so zreat end vital
g bearing on a lsrge number of different types of
engineering structures, the factors which govern the
water permeability of concrete heve received sur-
prigingly little coneiderstion, st lecet from a con-
certed recesrch stendpoint. Results of & few stu&ieé,
on one or more 0f the fsctore which influence thie
nroperty, have sppeared in the litersture, but with
the exception oi some work nublished by the Zureaun
of Ztenderde in 1911, there has been no publicstion of
regults covering‘a complete or cstisfactory ctudy.

The importence of the waster permesbility of
concrete hae long been reslized, end ctatements by
‘enzineere have sppecred which ettribute meny failures
and unsstisfactory cenditions tc this fzsctor. The
evidence ceems to poiant to o field of sppliestion Zfor
definite (thouzh relative) data to 511 clsssces of

concrete structures.



2.

"A permeeble concrete, full of poree, voids,
and paessges, presents to the solvent action of water
meny times the surface of attack that en impermesble
concrete does. With the latter there is no exposure
except on the surfece of contact =2nd there cen be no
quecstion as to the grestly cuperior endurance of guch
concrete. Therefore, impermeability snd wster tisht-
neeg sre quelities of prime importence in concrete
hydraulic etructures."t

"To prevent detericration of concrete sub-
ject to weter pressure and extreme low tempersture, it
is necessary thst sn impervious concrete be obtained."?2
The water content o0i concrete exposed to Ifrost action
has a great bearing on the lite of the coucrete, snd
henice on the 1life of the structure, and hee resulted in
gt lesgt one notsble dam reconstruction.z

C. E. Grunsky wrote in connection with arch
Gam thickness: "Less thickness due to grester per-
mesbility, may render the life ol & structure, &nd
after s number of yeert, i%c cafety, & fsctor un-
cert=in.™ "It may be repeated that the perviousness

1. H. F. Psulkner, "Impermeable Concrete for
Permanance." llestern Construction News.Dec. 1927
2. Lultipnle Arch Dem at 5em Lske, Freud O. Dolson.
Volume 89, Transactions A. 2. C. Z.

3. C. E. Grunsky. Volume 100, No. 10. Znzineer-
ing llews Record.
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of concrete will be the principle factor to be con-
gidered in this connection and, thst before reaching
final conclusione relsting to the minimum sllowable
srch thickness, some experimentel data with the
materials which sre to enter into the compogition of
the concrete may haveto be secured."%

In the iield of hsrbor construction the
isctor of permesbility of concrete ie ggain of impor-
tence. In this type of structure there occure a
kind of Jdeteriorstion somewhat different thsn in the
oneg before mentioned. "liuch mase concrete hac been
placed where it ie in contsct with cea wster, and while
a Zreat desl hse egtood the tect, especislly in Zurope,
& considerable number ot gtructures havs ghown merked
dieintegration. In ceses of failure, thie feems to
be an accompsniment of one o0l the Following: porous
concrete, seams due to interruptione of work, and
accidentsl rupture or sbrssion of the originsl sur-
fsce."5 "Close investigation hse ehown that the

iailures referred to were lsrgely, if not entirely aue

4. Journal of Electricity. June 20, 1919.
E., lletropolitan Jewer Department of New York City.

Renort of Arthur 2. Tuttle, Chief Bngineer,
? ¢
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to defecte in the concrete itself snd owe their origin
to the porogity of the concrete and the infiltrstion
01 ses water from the tideway, into and out of the same,
if the materisl is porous the ces w:ter coske into snd
then dreing out of it, the moznesium eellis in the ses

water withdrasw ¢ portion of the lime of the cement in

the form of celcium eslte snd lesve = depoeit of me meceis

in ite olsce.”’ In the cace of reinforced conerete
gtructures the deterioration is casused by sn increase
0f volume of iron oxide as sgsinet irou. The rein-
forcing steel ie oxidized by tne diegolved oxygen of
the ses water. At the zone of intermittent dryness snd
wetnesg this sction ie sccelersted becaucge there ig s
constant supply of oxygen due to intermittant inflow
snd outflow of the oxygen besring ges water. It is
obvious, therefore, thst with s relatively impervious
concrete thie sction will be decelers:ed to & minimum.
The deterioration of concrete vewers snd
sewsze dieporsl gtructures msy sleo, in pert, be at-
tributed to the perviouenesse oi the concrete. "Hydro-
gen guliid ie formed bota by bscterial decomposition
0% sulphur conteininz proteine snd relsted compounds
gand by the reduction oi the sulph&tes from the wster
6. Proceedinge oi the Institute oif Civil Enzi-

neers, 1420, Repurt on Deteriorstion ot
Structurer in Jes water.
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supplyes They fcund that the exceping hyarozen sulfid
which is digesolved by the moisture on the walle above
the sewsge, ig oxidized, not slone by the sir, but salso
by becterisl action. ZExeminstions o1l veptic tanze ehow
that » soluble esulphur (364) content in the rew sewsge
equal to 427 parte per million was sufficient to pro-
duce disintesrestion in s councrete closging chamber." "
The smount of deteriorstion depends directly upon the
depth to which the sulphuric acid permeates.

The curHose of thie study wam to relate the
lawe governing the permeability of coilcrete to the ac-
cepted prsctice in proportionins concrete snd to
eveluaste the importence of come of the fsctors which
affect its permesbility. Thi¢ hac beei sccompliched
in & realative vwesy ouly.

vvvvvv

vy wora STy A T T w T .
BAarbRIlBITAL 2PROCEDURL:

It was necescary, firet of sl1l, to select s
type of sppsretus to be used. lost of those uced by
investigators in thie country were reviewed. The
apparatue uced by Profecsor Ili. U. Witheya of the
University of Wicconein was not used becsuse of the
difficulty and expenge of nrepesrinz epecimens snd

7. Barr snd Buchsnsn--Bulletin 26, Iowe Ctste
College.

8. Permeability of 3roken Stone Concrete by L. O.
Withey, Bulletin o1 the Universeity of Vieconsin.
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becsuse thie sppsratue measureg the wster entering
the specimen, snd therefore is not a true measure
of the permeabllity. The sppsratus used by the Bureau
of Standsrds which ie, in meny ways, similsr to the
one uged by the Lps Angeles Harbor Commiceion, Lr.
Evald Anderson in his study on the "Relation between

wster Permesability and sster Absorption,"B and the one

described in the Tentstive Standsrds of the American So-

ciety for Teeting lateriale,? has the difficulty that
it ie imposeible to get sccurste readings when small
volumes of Water sre pscsed, and in the latter three
cases there ie no sssurance that the water will pses
directly through the conecrete.

Accordinsly en sypasratus wes designed with
g view of overcoming the difficulties asnd imperfec-
tions spparent in the sapparstus reviewed.

As first essembled, the sppsratus consisted
of two chort pieces of eix inch pipe which were’capped
at one end, the other end being fitted with s etandard
pipe flange. The specimen, which a8 cset in s welded
zalvanized iron collsr, eight end one—foarth inches in
diuameter snd two and one half inches high, wes bolted,

8. DRelation between the Water Permesbility of
Concrete and Abcorption, by Zveld Anderson,
Industriel mnzineeriung Chemiestry, Vol. lo, 1YEG

9. americen Societ; of Jesting lLiaterisl, Ztendsrds
1920, peze 0Y3.

b
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with two thia rubber zassketc, between the Ilsnzes.

The compartments on either gide of the councrete dig-
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in the burette. The volume of water mesasured in the

burette tozether with the time required for the nos-
sagé cf this volume of water lJetermined the raete of
permeability.

Leakegze occurred between the epecimen snd
the

seekete becsuce the zscketes were too thin to per-

nit & 2003 ceatinz of the concrete. Thick gsel

i

were tried but these Plew out sfter ceversl tecte due
to overctreceinz., after & comprouice veg struck dve-
tween leskege snd dblovi-outs, resulte of o 1airly
gsticefectory nature were obteined. These resulte,
which embody most of the firet yesr's work, asre of

use in a quslitstive
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With a view of obtsining the sdvantages of
the thick 2ssket, together with zreater eimplicity,
sccurscy, and flexibilit; oz operation, plans were
drawn for . a new appsratus. Patterns were made Irom
which the upper £nd lower compsrtments were csagt,

In this

o3
w

gpoarstuse, ac chown in Figure 1, the firet
inse{ was c¢sst in the flanze to provide latersl cup-
port for the thick zsexets. It wae planned to uce

the sppsrstus in connection with s reserve wuter teonk,
go thet it wae poceiovle to reauce the eize of the sec-
ond inset compertment on “he preecure cide. Specigl
zegkets were mede by the Z. . -Smith Company, snd &
new compressor, furnished by the Z. B. Lacer Company
ot Log ingzeler, equipped with & disphragn pressure
rezulstor valve, wae used to deliver air st any de-
sired precsure up to two hundred pounde per grutre
inch. The ola appesratur was sgsemoblea sv 8 recerve
water taenk. Quarter inch copper tubing equioped with
gtand rd sutomobile gasoline line 1ittinazs were used
to connect the comprecgzor to the recerve water tanu,
and 8 eimiler line wge run from the lowver psrt oi the
recerve wster tenk to the prescvurc compsriment or the
gpparatus proper. A presgsgure gauge gyphon wass pleced
in the top oi the sregsure vide. The receiving cide
wae Iitted with two short copper tubeg, one of which

wee fitted with & velve used to permit the illinzg of
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the receiving side with water. The cecond tube wss
connected to the burette.

The principsl involved in the second agpera-
tus wee identicel with thet of the firet. A1l of tthe
dilficulties encountered with the first model were
o#ercome in the second end it wes poseible to devote
most of the aveilable time to sctual test runse,
rather thsn to adjuctments and tuning up. After
trying various gssket formin: pastes, it wse Iouna
thet a well surfaced epecimen, ground flueh with the
iron coller, gsve only occscionsl leakage. Cosarse
carborundum wee used {for grinding. It wae sleo found
thet it wse necessary to cni, all the lei tasnce snd
gurfsce ekin from both c¢urfecce, in order to obtain
uniform results from identical specimene. The sur-
fsce gskin is & verisble quesntity evenn with identicsl
epecimene and effords an effective water cesl,

The metho& uced to eveluate the fsctore which
affect the permeability of concrete, wae to keep con-
etant ell the factors excent the one being invegti azted.
The major portion of the experimeuntal work was Jone to
determine the effect 0of the water cement ratio snd the
cement aggresste rstio, o thet in thie work the fsctors
of curing, presgure spplied, snd thickness were kegt

eonstant. These sgspecimens were cured under water which
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was stored in a room the tempersture of which was kept
within two degrees of seventy degrees Ferhenheit. The
pressure gupplied from the comprescor wss kept within
two pounds of eighty pounds per equare inch. The thick-
ness standardized on wss three inches, becsuse this
thicknegs gave measurable vslueg of the permesbility in
regssonable periods of time, &nd because it wss four times
the size of the lsrzeet agaregste. The results obtained
with thie thickne<s were more consistent thsn those ob;
tained with the two and one-hslf inch specimens.

A Fuller Curve mix wes used throughout all of
the teste. The aggregste was separsted into its com=-
ponent sizes with standsrd screene and recombined sc-
cording to the Fuller Curve to produce en sgarezste of
meximuam densi ty. Rivereide cement wes used throughout.
All messuremente of the sir dryed sggregste were made
by weight. Separate batches were weighed out and msde
up for each specimen.

Groups A, B, C, and D comprised the tests run
during the year 19206-1927, snd the results of these
teets sre presented here in a degcriptive way only.

Tre first two groupe were prsectically worthless, for
much of the time during the periods of tests wae spent

in sdjustment end eliminstion of leakage.
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The tests on the specimens of Group E, Series I
were mede to determine the efifect of the waster cement
retio on & 1:5 Fuller Curve mix. The conditions of
curinz, pressure spplied,- end thiczness oi gpecimen
were, reegpectively: wster cured, eizhty vpounds per
gquare inch, snd three inches.

The conditione of teet for Sroup Z, Series
I1 and III were identicel with the sbove except that
1:4 8nd 1:6 Fuller Curve mixes, respectively, were used.

In Series IV of Group B, the effect of curing
weo determined on specimene identicsl with those of
Sroup E, Series I, havins g wsier cement ratio of
1.2:1.0. The conditions of curing to which these
epecimens were subjected were water curing (control},
demp gand curinz, and sir curing.

The specimene of Grou- B, Series V were iden-
ticel with those of Jroup 1V except that in this csse
the cpecimens were caset in ceollare of verioue heights.
Three, ¢ix, nine, snd twelve inch heizhte were used.
Water curing end eighty pounde spplied pressure were
veed thronzheut.

Group 2, 3eriee VI comprices tecte st ver-
ious spplied pressures on three inch weter cured
specimens selected from Groupe I, II, &nda III. TNo

additionsl specimens were msde, snd the cepasrste ue-
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gignstion ie tfor vserious applied pressures Ifrom thoge
f the constant prescure oi the firet three groupse,.

EXPERIIENTAL RESULTS:

Individual observutions, or even average
obeervations on single epecimens, chowed & cougider-
able variation with identicel Specimens. It wae found,
that in most cases, by a careful control oi experimen-~
tel procedure, thst it wse poceible to maintain the
percentsge error within the limite necesesry to demon-

gtrete the effect ot the vsaristio

e
]

oi & ¢inaxle fsctor.,
The sversre vsriation vetween identicsl Specinmene was
nsueglly emsll se compsred with the sverusze vsrisgtion
between diiferent specimens.

One of the iirst things discovered waeg thet
the permesbility of a concrete cpecimen wes greatly
reduced by the surtesce laitance or skin. Attempts to
evaluate the effect of thie ekin as & percentsze or
function of the sctusl sermesbility were unsuccecsful,
The recsulte geem to indicste, however, thet the velue
of the permesability of concretes tected with the sur-
face laitesnce intsct wae ghout two to Iive percent thet
0f the ssme specimen tected with the surfsce laitance
removed. The fsilure to evaluste this fsctor in no
way affected the other resulte for the resson thst in

all tests the surfsce skin wae cerefully removed.



The resulte of the experiments on the speci-
meng in Groups I, II, and III will be diccuesed col-
lectively becaure these experiments were conducted for
direct comperison. From Plates I, II, snd III it is
resdily ceen thst the rste ol -ster permeability o:
cOncrgte decreaces rapildly se the wster cement :stio
decresces, to & point where tue velue of the vater
cement relio i¢ soproximetely b to .80 perte of va-
ter to 1.0 part of cement, by volume. In the mixes
which sre drier than those indicatéd zbove, the rste
of water permeability increaces very repidly. 1In

other worde the :ste 01 water permeability follows the
trend of the law of nrosortioning for strength
gccording to the veter cement :stio theoédry, except for
the drier mixzee.

Plate IV ghowe the rate of pormeability of

epecimens hsving identicsl woster cement ratios but

o

with different cement gg3arezste retioe., It ie not
probsble thst the mix heving s cement to szsregate
ratic of 1:5 ie the sbsolute optimum of wster imper-
neability. The curves do indicste, however, that tie

eftfect of the cement

o

zgrezzte rotio ie importsnt =nd
thet, lor s-constaat wster cement :stio it is poegible

to u€e too much cement. It ie inferred thet witih g

10 Portlsnd Cement Azsocistion.
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15.
are the time in seconde and the pressure required to
pasc ‘ten cubic centimeters of water through various
¢pecimens selected et rendom from the firet four 2roups
of Serie¢ E. The true logasrithimic scsle waa used in
plotting thece Jsta that the equation ol the time &nd
pressure relation could be cveluated. The egustions

g0 derived sre:

Carve
Namber
1 t = _10,000  _ 40 (a)
P
2 t = 55450 (b)
4 = _L,620 g, (a)
5 t = _4,000 _ 14 (e)



16.

Changing these erustions over to the form

R = (f)p where 2 equsle the rete of permeability in

cubic inchee vaseed per squsre foot per hour, the

equations cre:

Curve‘
Number
1 R=____ 1
=820 003565
2 R= 1
3005
3
3 R = 1
22855 _ 01165
4 R = 1
_;%ééé,+ .001077
5 R = 1
T30BE

(f)

(2)

(n)

(1)

(3)
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The rate of nermesbility is s function of the
ifiret power of the pressure plus or minus a8 constant.

Coneiderinz the equation in the general form:

It sppesre thet for veslues of K less then .3095 the
constant C is sdded and for values of X grester th:n
.3095 the constant C is subtracted. The msgnitude of
the constsnt C seems also to beer a direct relation
to the magnitude of the constent I, Other than the
relation between the congtants there sppears to be
notrinz eyetemstic sbout the veristion of the rete of
permeahility with veristions in the presSdre spplied.
It is probable then, thst the variatioﬁ is'purely a1
hydraulic vhenomena snd might readiiy‘be'evaluated ge
g lunction of the permesbility at,a"prEGGtermined
precsure. The experiments slong this line conducted
in thie ctudy sre not cufiiciently exhsustive to evel-
uste sucn o relstiocu.

The concluri.ng o oe drevn irom the eXxpuer-
iments of Group £, Series VI gre not of s tusutitetive
nsture.  The r.te of garme&hilitg ie not g {irct power
function of thicknezs, £t leacst 1n the reursec uulder

tect. The ratec vere gmall for the tricker epecimene

increscinz to lsr-e vs=lues Jor She three inch 2recimens.



18.
CONCLUSIONS:

1. The surface lasitsnce or ckin is 8 relatively.
effective water seal.

2. liixes hsviag voter cement ratios from .70
to .80 pesrte oi water to 1.0 psrt of cement, by volume,
have ‘the lowest wuster permesbility rstes.

3. The mixee¢ hsving wster cement rstios less
then .65 to .75 parts of water to 1.0 pert oi cement
have very lerze weter permesbility rstes.

4. ©TFor s givenvwater cement rutio too much ss
well a¢ too little cement incresves the weter permeebil-
ity rste.

5. The rste of the wster permeability oi
concrete may be exprecged s s function of the first
power 01 the pressure spplied, plus or minue s conetant.

6. The veristion of the rste of permesbility
with the vesristion in preccsure i1¢ sn hyursulic phenomene
and, ior

given epecimen, ie independsnt oi the chsrsc-

[

ter oi the coucrete.
7. The rate oI permeability of concrete does
not vary dircetly with the thickuegs within the limits

investigated in this etudy.



19.

8. liater curingz resulte in s lower rate of
weter permesbility than either Camp sand curing or eir
curing.

9., The method o1 curing is the most impor-

tant factor in determining the r-te of permesbility.



Group E
Series 1
Fuller Curve Mix 1:5 by weight

Size Percent Percent Amounts
Passing Retained per
Sieve specimen
lbs.
75 100 0 0
« 08 65 35 5.6
.1858 46 19 0.04
.093 Med 8.8 1.41
«046 1.5 5,9 0.95
020 “8D.7 5.9 0.95
.0116 20.8 4.9 0.78
.0058 16.9 a7 0.59
cement 1&K.7 Y
99.9 15.99

Vater Cement Ratio

Speoimen Volume Weilght Weight in Number

Ratilo Ratio lbs. per made
specimen
VWater Cement
la .6/1 .398/1 1.063 2,67 2
iv J75/1  .498/1 1.320 2.67 2
lc 9/1 $596/1L 1.591 2.67 5
ld 1.05/1 .697/1 1.861 2.67 2
le 1.2/1 L7S7/1  2.128 2.67 2

Jote: All specimens were water cured for twenty-eight
days before testing.



droup I

Series 1

Specimen 1 a Tumbers 1 ond vnmeasurable w=
mounts of water at low presgaues. Testad 11,/10/27

ressure Reading snount umount
By 1bg.3q. 1. C.C. CeCo cu. in.
9:15 80 U6.5

925 10 80 25.8 0.1 042
9:89 10 2e 5.7 0.5 021
5:45 10 80 94.7 C.c 2057

average L0837

average cubie inches passed per >imen per hour O.222
Average cubic inches passed ner ars foot of
exnosed surfzce ner hour 1.13
snecimen 1 b, o. 2. Tested 11/23/27
Time ATire Fregsure Feading Jmount, amcund
heimin, min. 1bs.sc.in, CeCoa T oG Al in,
1018 ae 64 .9

Y

10:28 10 20 % 1.0 (,Ocl)
10:08 10 80 62.5 LA 024
10:48 10 80 2.9 .6 Mok

1Trh.en ¥ ar I
LU L0 190 [IREN G:L .4: oE‘ .OZ‘:‘L
averaLe L0051
s
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Group E

series 1

Specimen 1 ¢. Humber 1. ‘Tested 11/14/27

Time ATiwe Pressure Reading  Amount
hrimii,  min. lbg.sc.in. C.Coa C.C.

8:40 2o 87.0
8:55 15 20 82.9
9:10 15 20 78.5
9:2 15 20 74,9
G140 15 20 70.9

NI NN
. .
O, O

Average
Average cubie inches passed per sneci
average cubic inches pacssed ver square foct of
exposed surfucsz per hour '

Specimen 1 ¢. Huwbss 2. Tested 11/24/27

z anount
. C L] c .

o

Time ATine Presgure HAeadir
hrimiu. in. lbs.sq.in. c.cC

€:48

703 15
7:02 198
7.2 15
7:56 19

o ~3-~20m®
b Oy
* L]

IO SL Y
i, e

0 (O (0 Co
OOCOCO
&
@ k1O D,
O O b
*
oy O D -2

D N

<

@
3

average cuble inches nassed per
Avera_e cubic inches pasgsed per sguare foot of
exnposed surface ner hour

15 min)

Amount

.
Cli. 11l

0.2
0.27
0.22

0.29

<245

imen ner hour .98

4.98

Apount
cu.in.

el

*
[N SN
S

|

[
.
¢

i o Y

gneciren per hou

64. 50



Ssecimen 1 d. wabor 1. Toobsd 12/3/27

LNt A B e
saount Sl OUNG

2 eCo CeCoe cu.in.

Y
FRS R = SN N

89.98

10 88, 1.3 10.097)
10 84,3 3.7 2,23
10 79 .7 4,6 .20
10 74,7 5.0 .31
FIAVECH ST ia Ve 27

LVoTra ihic iren
Lverass cuble inches passed
T

exoosed surface 2xr

Loount Amount
CeCo Clelne

.
(@R VIl

NGRS

87.1

LVerae
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Date Tor CGraphical Treatrent
Group B Series I

1:5 Tuller Curve-ilix

, Water Cubic Inches

Specinmen ement Passed per =cguare
“atio foot of surfoce
By Vol per hour.

la-1 o6/1 ot measurable

1b-2 75/1 04945

le-1 .9/1 4,98

lc-2 .0/1 0430

1d-1 1.05/1 Be83

1d-2 1.05/1 5,51

le-1 1.2/1 7.01

le-2 1.2/1 49,38

Average
cubic inches
rassed veT square
foot of surface
per hour,

Not measurable



Group E
Series 1]
Fuller Curve nmix l:4 by welght

Amounts
Size Percent Percent per
Bassing Retained specimen
Sieves 1bs.
75 100.0 4] 4
«08 65,0 38 56
+ 185 46,0 1lg 3.04
+093 37 44 8.6 108
‘046 31’5 6'1 ggﬁ
;623 zﬁiﬁ 6:8 ﬁ??
0116 22,8 Be7
+D058 20.0 . 248 ;4:4:

Cenment ’ 1%8‘%‘ §§‘§Q

¥ater Cement Ratlos

Specimen Velume Weight WVelght in Fumber
Ratio FHatio 1lbss per nade
spegimen
¥ater Cement
2a g?/l 3465/1 1440 342 2
2b «8/1 «B31/1 1.7 3.2 2
Be ;9/1 g$97/1 1.81 Se8 2
24 1.0/1 W715/1 B.29 3.2 2
2e 1.1/1  L731/1 2,34 3.2 2
2f 1.8/1 L797/1 2.56 3.2 2

Note: All specinens were water cured for twenty~eight
days before testing.



Specimen 2 =a.

Time
hr:min.

10:05
10:26
10:45
11:06

Average
Aversge
8axpoasd

Specinmen 2 .

Time
hr:min.

11:50
1£:10
12:30
12: 560

Average
Aversge
expogsed

Group E
Series I1I

Rumber 1. Tested 128/21/p7

ATime  Pressure Reeding Anmount Anolnt
min. 1lbg.sq.in. CeCs CaCe cu.in.
78 92.3
20 78 g92.1 0.2 .Q12
20 78 92.1 0.0 +000
20 78 92.0 0.1 » 006
Average .

cubic inches peseed psr epecimen per hour .018
cubic inches paseedper 8qusere foot of

sarfsce per hour 091
Number 2. Teeted 12/21/27
ATime Pregsure Reeding Amount . Amouant
min. 1lbs.sq.in. C.Coe C.C. cu.in.
78 6.3

20 78 94.9 0.4 .024

20 80 94.8 o1 . 006

20 80 94,7 1 <006
Average <012

cubic inchee pasged per 8pecimen per hour .036
cabic inchee paseed per grusre foot of

surfsce per hour 182



Groun B
Serieg I1

Specimen 2 b. Number 1. Tested 12/21/27

Time ATinme Precsure Regding Amount Amount

hr:min., min. 1bs.gq.in. CeCe CeCa cua.in.
1:00 80 90.0

1:15 15 78 90.3 3 .018
1:30 156 78 90.1 .2 .012
1:45 15 78 90.0 .1l . 000

Aversage <012
Averaze cubic inches psssed per specimen per hour .048

Average cubic inchee psssed per squsre foot of
exposed surface per hour 244

Specimen 2 b, Number 2., Tested 12/21/27

Time ATime  DPressure Reading Amount - Amount
hr:min., min. 1lbe.sqg.in. CsCe CeCo cu.in.
2:40 78 91.1
2:55 15 85 89.9 0.2 .0l12
3:10 15 80 89.8 0.1 .006
3:25 15 82 89.5 0.3 .018
3:40 15 78 8Y.4 0.1 . 006

Averuge .0102

Averaze cubic inches passed per specimen per hour .0408
Average cubic inches pesesed per square foot of
exposed suriasce per hour .2076



Group E
Series Il

Specimen 2 c. Number 1. Teetod 1&/28/27

Time ATime Presgure Resding Amount Amount

hr:min. min. 1lbs.e1.1in. CoCa CeCe cu.ln.
7:11 79 86.6

7:21 10 76 83.7 2.9 3177
7:41 10 80 74.8 .1 1 §
7:561 10 80 69.0 5.8 »354

Aversge «21D
Aversze cnbic inchee peseed per 8pecimen per hour 1.290

Averc e cubic inchee pagsszed per square foot of
exposed surisce per hour 6.56

Specimen 2 c. Number 2. Teeted 12/28/27

Time ATime  Pressure Reading Amount Amount
hr:min. wnin. 1lbe.eq.in. CeCoe CeCo cu.in.
8:25 79 86.7
8:356 10 79 8l.4 5.3 »SEA
8:45 10 79 76.0 5.4 «330
8:55 10 80 70.5 6.5 336
9:086 10 79 65.0 5.6 «335

Aversge -

Average cubic inchea passed per 2pecimen per hour 1.98g
Averaze cubic inches paseed per squsre foot of
exposed sarfmce per hour 10.100



Group E
3eries 1I

Specimen 2 d. Number 1. Tested 12/28/27

Time ATime Pressure Resding Amount Amount

hr:min. mnin. 1lbs.e7.in. C.Ce C.Ce cu.in,

9:29 80 100.0

9:39 10 80 (100.) 33.6 61.5 3.76

9:49 10 80 (100.) 34.9 6b.1 3.97

9:69 10 80 37.0 63.0 3.85
Average 86

Aversze cubic inchee pas=ed per epecimen per hour 23.16
Average cubic inchee passed per gqusre foot of
expoged surfsce per hour 117.5

Specimen 2 4. Number 2. Tested 12/28/27

Time ATime Pressure Resding Amount Amount

hr:min. min. 1233.8(}1;1!1- Cala Cas Qs c.in.
4:38 80 90.6
4:48 10 79 85.8 4.8 294
4:58 10 77 79.9 b.9 « 360
5:08 10 - 75 76.7. 3.2 «195
65:18 10 73 72.0 3.8 .232
5:28 10 72 69.0 3¢9 « 238
' Average 264

Averaze cnbic inchee psssed per epecimen per hour 1.584
Averaze cubic inches pacefed per eguare foot of
exposed surfsce per hour 8.08



Group B

Series II

Specimen 2 e. Number 1. Tested 1/9/28

Tine ATime Precesure Regading Amount Amount
hr:min.. min. 1bs.sq.in. C.Ca CeCa cu.in.
7:25 80 100.0
7:27 2 80 b2.0 48.0 2. 92
7:29 2 80 (100.0) 6.0 46.0 2.80
7:31 2 80 ~ 83.0 47.0 2.86
7:33 2 80 (100.0) 3.0 50.0 3.06
Z:gg 2 80 51.0 49.0 2.98

: 2 80 1.0 50.0 3.05

Aversge ~ £.9%

Aversxe cubic inches pasced per epecimen per hour 88.20
Aversaze cubic inches pasesed per squsre foot of

exposgsed curisce per hour 449.0
Specimen £ e. Number 2. Tested 1/9/28

Time ATime  Preesure Reading Amount Amount
hr:min. min. 1lbs.sqg.in. CeCe CuCe ca,in.
7:50 &7 100.0 .
7:02 2 80 .. . . bl.0 49.0 2.98
7:54 2 80 (100.0) 3.0 48,0 2. 92
7:56 2 80 56.0 45.0 2.74
7:.58 2 80 {100.0) 9.0 46,0 2.80
8:00 2 80 61.0 39.0 2,36
8:02 2 80 24.0 37.0 2.2

- Aversgze 2e O

Avereze cubic inches pscsed per specimen per hcour 80.10
Aversge cubic inches psesced ner gqusre foot of

expoced

eurfsce per hour

408.0



Jroup b
Series II

Specimen 2 f£. Number 1. Tested 1/14/28

Time A Tinme Prescure Reeding Amount Amount
hr:min. min, lbes.ev.1m. C.Ce CoCoa cu.in.
3:12 ‘ 83 1.50.0

3:17 5 80 80,0 20.0 1.22
3:22 7 &0 57.8 22.2 1.3¢
3:27 b 80 33.7 24.1 1.47
3:32 b 80 10.0 23.7 1.45

Averege .

Aversge cubic inches pascsed per epecimen per hour 16.5
Aversgze cubic inches psssed per squsre foot of
exposed surfsce per hour 80.42

Cpecimen 2 f. Number 2. Tested 1/14/28

Tine ATime Precsaure Readliiz Amount Amount
hr:min. wmin. lbe.g8v,.11. C.Ca C.Co cu.in.
7:00 80 100.0
7:01 1 80 £6.0 33.4 2. 04
3:08 1 80 33.2 33.4 2.94
7:03 1 80 7.0 20.6 1.92
7:04 1 80 72.8 £7.2 1.65
7:05 1 80 45,7 27.1 1.65

Aver age .

Aversge cubic inches pessed per cpecimen per hour 108.0
Aversze cubic inches psesged per square foot oi
exposed surface oer hour 549.0



Dats for 5Srsphicel Trestment
Group B Seriee II
l1:4 Fuller Curve Miix

Water Cubic inches Aver&ge

Specimen Cement pegged per square cabic inches
Ratio foot of eurfasce  paseed per 2jusre
3y Vol. per hour. foot of surfsce

. per hour.

25"'1 .7/1 Oml

28-2 7/1 -182 137

2b~-1 .8/1 . 244

2b-2 .8/1 «2076 2258

2o-1 .9/1 6.56

2c-2 .9/1 10.10 8.33

24-1 1.0/1 117.5 62.79

24-2 1/1 8.08

2e~-1 1.1/1 449.0

2e-2 1.1/1 408.0 428.5

82-1 1.2/1 80,482

2{-2 1.2/1 549,0 314.71



Group E
Serlee 1III

Fuller Curve Mix 1:6 by welght

Amounts
Size Percent Percent per
Passing Retained gpecimen
Sieves lbse.
«75 100
.38 65 36 5.6
«180 46 19 3.04
.093 37.4 B.6 1.38
046 31.3 6.1 0.98
.023 25.b6 5.8 0.93
.0116 20.6 4.9 0.78
0068 16.9 3.7 0.59
Finer thsa
.0058 14.3 2.6 0.41
Cement 14.3 2.29
165'5 »
Water Cerment Ratio
Specimen Volume Welight Weigzht in Number
Ratio Ratio lbe,. per made
@pecimen
Water Cement
3a J7/1  .464/1  1.06 2.29 2
3b .8/1 .630/1 1.22 2.29 2
3¢ .9/1 .696/1  1.37 2.29 2
34 1.0/1  .663/1 1.58 2.29 2
3e 1.1/1  .729/1 1.67 2.29 2
3f 1.2/1 .795/1 1.82 2.29 2

Note: All specimens were water cureu ior twenty-ei #ht
deye before testing.



Group E

Series III

Specimen 3 a. Number 1 and 2. Tested 2/4/28
Psgsed unmessurshle nusntities of waster.

Specimen 3 b. Number 1. Tested 2/4/28

Time ATime Pregesure Resding Amount Amount

hr:min. min. 1lbg.sq.in. CaCe CeCa cl.in.
3:03 84 92.1
3:13 10 84 91l.2 0.9 .0656
3:23 10 86 90.1 1.1 . 067
3:33 10 856 88.9 1.2 073
3:43 10 87 87.50 1.4 . 085
3:53 10 84 86.2 1.3 .080
4:03 10 80 85.0 1.2 .073
Average .072

Aversge cubic inches ps¢sed per e&pecimen per hour .432
Average cubic inchee passed per saqusre foot of
expoged surfsce per hour 2.194

Specimen 3 b. Number 2. Tested 2/4/28

Time ATime Pressure Reading Amount Amount
hr:min ming lbs.e1.in. CeCe CeCoe cu.in.
4:36 84 86.2
4:46 10 78 85.9 3 .0184
7:40 180 78 80.1 5.8 « 350

11:06 200 . 81 7.0 3.1 «190
(Weighted) averaze (for 10min.) — 0158

Aversse cubic inches psacssed per Specimen per hour .0948
Averaze cubic inches passed per siusre foot
of exposed surisce per hour 482



Group E
Series 111

Specimen 3 ¢. Humber 1. Tected 2/4/28

Time A4 Time Pressure Heading Amount Amount
hr:min min. lbe.e1.in. CeCe CeCs cu.in.
7:21 82 57.7
7:31 10 81 £5.9 1.8 0.11
7:41 10 81 54.2 1.7 0.108
7:81 10 81 b2.5 1.7 0.102
8:01 10 81 BO.7 1.8 0.11
8:11 10 78 48.8 1.9 0.118
8:31 10 77 45.0 2.0 0.122

Average

Aversze cubic inchee passed per specimen per hour 0.6¢C6
Average cubic inchee paceed per gnusre foot of
Vexpoaed gurface per hour 3.58

Specimen 3 ¢. Number 2. Tected £/4/28

Time ATime  Precsure Resding Amount Amount
nr:mian min., Ibs.gg.1in. CeCu S CaCe cu.in.
8:50 85 £4.0
9:00 10 80 0.9 3.1 190
9:10 10 76 47.9 3,0 183
9:20 10 74 45.0 2.9 177
9:30 10 75 42.1 2.9 «177
9:40 10 74 39.3 2.8 .17
Avera-e .180

Aversge cuablc inchee paceced per epecimen per hour 1.080
Aversze cublic inchee passed per gnusre foot of
exposed surfsce per hoar 5.49



Group -
Series 111

Specimen 3 4. Number l. Tested 2/62/88

Time ATinme Preasure Reading Amount Amount

hr:min. mnmin. lbe,.87.1in. CuCo CaCo cu.in.
9:4% 856 98.9 :
9:585 10 83 80.8 18.7 .14
10:05 10 81 54.0 26.2 1.61
10:18 10 7 27.1 26.9 .65
10:256 10 77 1.1 26.0 1. 569
Aversge .»

 £verage cubic inchee psceed per epecimen per hour 9.00
Averusze cubic inches poegeed per ejusre fool of ~
expoged gurfsce per hour 48,72
Specimen 3 d. Number 2. Tested 2/¢/28

Time ATime Pressure Reeding Amount Anount

hr:min min. 1lbz.23.1in0. CeCa CeCoe cu.in.
10:31 85 89.9

10:41 10 83 737 l6.2 99
10:81 10 80 54.7 13.0 l.16
11:01 10 78 63.0 21.7 1.33

Average 1.16

Average cubic inche¢ pssged per specimen per hour 6.9¢
Averaze cubic inchee pasged per gjuare foot of
expoged eurfsce per hour 35.40



Group 2
Series IIX

Specimen 3 e. HNumber l. Yested 2/11/28

Time ATime rressure Resading Amount Amount

hr:min. miu. lbe.ag.in. CaCo CaeCoe ca.in.

2:44 73 765.8

2:54 10 78 50.7 26.1 1.564

3:04 10 77 £5.8 24.9 1.62

3:14 10 77 1.6 24.2 l 49
Aversae 2

Averege cubic inches passed per @pecimen per hour 9.12
Aversgze cubic inchee passed per gtusre foot of

expoged snrfsce per hour 46.40
Specimen 3 e. HNumber 2. Teected 2/11/28

Time ATime Pressure Reading Amotint Amount

hr:min. min. 1lbs.sa.in. CoCe C.C. cu.in.

3:38 78 8b.7

3:48 10 80 46 44 39.3 2.41

3:58 10 78 Yed 37.0 2.E0

4:08 10 79 64.8 35.2 2.16
Aversze 2.28

Averaze cubic inchee passed per epecimen per hour 13.68
Aversge cubic inchee psssed ver squere foot of
exposed curf.ce per hour 69.5



Group B
Series III

Specimen 3 f. Number 11 Tested 2/27/28
Time A Time

Pressure Readin Anmount A
hr:min. min. lbe.2q.in. C.C, 5 C.C. cg?gﬁ?
9:47 | 82 99.0
9:52 5 79 57.8 41.2 2,52
9:57 5 82 14,3 43.5 2.66
9:58 82 99,1

10:03 5 79 56.9 56.9 2,568

10:08 5 78 15.8 41,1 .51

10:09 81 100.0

10:14 5 83 55,6 44.4 2.72

10:19 5 83 1%.0 41.6 ~ _2.55
veraze .

Average cubic inches psugced per specimen per hour 13,20
Aver.cubic inchec pacsed per syuasre foot of ex-

posed surfsce per hour 158.00
Time A Time Pressure Resding Amount  Amount
hr:min. min. lbs.8q9.1in. C.C. C.C. cu.in.
9:156 80 100.0
9:20 5 79 52.5 47.5 2.90
9:25 5 81 5.7 46,8 2.86
9:26 81 99.3
9:31° 5 80 6l1l.1 38.2 2.34
9:36 5 78 26.5 35.6 2.17
9:37 80 99,5
9:47 b 79 15.3 40.5 2.47
Average 2e 07

Aversge cubic inchee pessed per cpecimen per hour 13.10
Average cubic inches passed per square foot of
exposed surfsce per hour : 166.,5



Dats for Srsphical Trestment
Group E Series III
1:6 Fuller Curve liix

e ter Cubic incnes Average

Specimen Cement pea3sed per sjusre cubic inches
Ratio foot o1 surface Ppasged per sjuare
By Vol. per hour. foot of surface

per hour

3a-] .7/1 unmessurable anmeseursable

3a-2 .7/1 .

3b-1 :8/1 2.194

3b-2 .8/1 .482 1.338

Bc-1 .9/1 3.38

3c-2 .9/1 5.49 4,44

3d-2 1 1/ 35.40 40.56

3e-1 1.1/1 46.40 )

Bowd 1,1;1 69.5 57.95

3f=1 1.2/1 158.00

LS 1,2;1 156.560 167.25



Group E
Series 1V
Faller Curve Mix 1:5 by welzht

Size Percent Fercent Amounte
Peseging Retsined per
gpecimen
lbe.
«7b 100 4] 0
38 65 ab £.6
-1856 46 19 3.04
. 093 37.3 8.8 1.41
.046 31.5 5.9 0.956
«023 2b.7 5.9 0.95
+0116 20.8 5.0 0.79
« 0068 16.9 3.7 0.569
Cement 16.7 2467

Weter Cement Hatio Conetent
for all epecimene
1.2/1.0 by Volume .8/1.0 by Weight

Specimen Hethod of Dste izde Date Tested Rumber

Curing ma de
4s We ter 1/30/28 2/27 /28 2
4b Alr 1/30/28 2/87/28 2

4c et Sand 2/1/28 2/29/28 2



Group E
Series IV

Specimen 4 a. Number 1. Te.ted 2/27/28

Time A Time Precsure Resding Amount Amount
hr:min/ min. 1bs.g1.1in. CoC, C.Co cu.in.
10:41 81 93.9

10:46 5 81 71.7 28.2 1.36
10:51 5 81 46,1 25.5 1.56
10:56 5 81 20.2 25.9 1.59
11:00 81 90.0

11:05 5 81 64.0 26.0 1.60
11:10 5 81 38.4 25.8 o2t

. ; Ue [

11:15 5 81 _ 13.1 Averacs T

Aversxe cubic inches psssed per epecimen per hour 18.48
Averaze cubic inches psseed per squsre foot of
expofed surface per hour 93.88

Specimen 4 8. [Number 2. Tested 2/27/28

Time A4 Time Prescure Resding Amount Amount
hr:min. min. 1be.gsq.in. CaCo CeCe cu.in.
12:00 82 97.5 ,

12:056 5 68.2 29.3 1.80
12:10 b 37T.5 30.7 1.88
12:15 b 6.9 30.0 1.87
12:18 82 99.6
12:23 5] 68.2 31l.4 1.92
12:28 5 37.9 30.3 }.gi
. L3 51.1 L
12:33 5 82 6.8 Averie :

Avers e cubic inches psssed per cpecimen per hour 22.2
Aversze cubic inches psssed per square foot of
exposed surfsce per hour 111.77



Group B
Seriee 1V

Specimen 4 b. HNumber 1. Tected 2/28/28

Time ATime Precaure lesding Amount  Amocunt
hr:min. min. lbg.aq, in. CeCo Celoe co.in.
9:31 : 84 :

9:32 1 80 183 183 11.8

9:33 1 80 366 183 1l.2

9134 1 80 541 175 10.7
9;38 1 80 932 191 11.65
9:36 1 80 923 191 11.686
9:37 1 79 1123 200 ie.20
9:38 1 81 1323 200 12. 20
9:39 1 81 1614 191 §§'géf
9:40 1 81 1706 191 «65
9:41 1 81 1908 %vﬂrggg ia.za

Averege cublc inches pseeed per 2pecimen per hour 696 8]

Avercge cubic inches pesose g
exyaae% aur%sce per gur d per equsre oot of 3540.

Specimen 4 b, HNumber £. Tested 2/28/28

Time ATime  Prevsure Reeding  Amouw:t  Amount
hrymin. min. 1lbe.eq.in. CoCo Cu cu.in.
10:01 80
10:0¢g 1 80 150 150 9,15
10:03 1 80 300 160 2.15
10:04 1 80 &50 150 g'%g
10:0u 1 80 608 158 o ob
10:00 1 81 766 158 g'%
10: 07 1 81 924 158 -¢8
10: 08 1 82 1074 150 .55
10:09 1 81 1232 158 3,66
10:10 1 81 igzg 158 9.15
10:11 1 81 &ver%%g o0

Avers:ze cubic inches pacced per epecimen per hour 564
Aversze cubic inche. psesed per squsre foot of ,
exposed earisce per nour A , 2860



Grouap B
Jerles IV

Specimen 4 ¢, Number 1. Tested £/.3/238

Time ATinme Pressure Resading Amount Amount
hr:mian. min. lbe.e7.in,. C.Co CeCa cu.in.
7:48 81
7:49 1l 8 37.5 37.5
7:60 1 51 75.0 37.5 2.29
7:51 1 80 112.56 37.5 L.239
7:82 1 80 148,.9 36.4 £.29
7:53 1 80 186.4 37.5 2.20
7:.54 1 80 223.9 37.6 2.29
7:56b6 1 80 280.3 37,5 2.89
7:506 1 80 297.8 36.4 £2.29
7:57 1 80 33B8.3 37.5 2.20
7:68 1 80 373.8 37.5 £.89

37.5 2.29
’ 2029
aversge 5,07

Averege cubic i:chee paseced pes oSpecimen per rour 136.8
Aversze cubic inches paseved per squure oot of
expored surfece cer hour 691.9

Svecimen 4 c., Number 2. Tezted 2/29/28

Time A Time Pressure degding Amount Amount
hr:min. min. lov.2v.4in. CeCoa CaCas cu.in.
B:45 80
8:47 1 80 3.2 31.6 1.93
83;48 1 80 94.8 31.6 1.93
8:49 1l 80 124 .8 30.0 1.83
8:50 1 80 156.4 31.6 1.93
8:51 i 80 183.6 £7.2 1.66
B:5¢g 1 79 213.6 30.0 1.83
B:E£3 1 79 243.6 30.0 1.83
G:E4 1 79 275.2 2l.6 1.93
8:55 1 73 305.2 30.0 1.83

. Averu ze 1.86
Aversse cublc inchee psaeed per epecimen per hour 111.60
Aversze cubic inchees pseced per gquere foot of

exposed surfsce per hour £66.9



Data for Graphical Tresiment

Group 32

series IV

1:5 Fuller Curve iiix

vater Cement Ratio

Specimen liethod of
Curing
48-1 water
4g-2 water
4b-1 air
4b-2 air
4c-1 wet saund
4c-2 wet =sand

Constant 1.2/1.0 by

Cubic inches
passed per
square foot
of surface
per hour

93.88
111.77

3540.0
2865.0

691,9
566.9

Volume

Average
cubic inches
paseged per

square foot
of surface
per hour
102.3
3202.5
629.4



Group E Series V
Fuller Curve Mix 1:5
Water Cement Retio 1.2 to 1.0 (by vol.)

Curing--Water

Average cubic centimeters passed

Time per Specimen ver hour.
3" 6" 9" 12"
gpecimen gpecimen specimen specimen
lst 12 hours 183.00 0.30 0.05 0.033
2nd 12 hourse 192.00 0.71 0.15 0.020
3rd 12 hours 300,00 0.80 0.45 0.410
4th 12 hours 310.00 0.94 Q.45 0.416

5th 12 hours 312.00 0.98 0.50



Veriation of Pressure Dsts
Group B. Series VI
Specimen 1
Fuller Curve Mix 1:6

Water-Cement Ratio 1.2:1.0

Time required to pe2ss ten cubic centimeters

throuzh & specimen at given temperstures.

~ Presesure - Time , Pressare Time
# per €7. in. Sec. ¥ per &g, in, Sec.
11 800 124 44
11 725 124 45
12 800 102 58
14 725 82 70
14 678 81 80
25 475 50 1405
25 3175 R7 340
48 1565 26 339
& 1656 25 357
50 145 14 710
81 86 12 725
81 82 11 8zo
82 90 11 900
82 o8 11 a0
100 60 8.25 1250
102 60 3.75 2.00
124 45 3.75 2500
124 44 3.75 2570

124 46



Variation of ZPressure Dste
Groun E. OSeries VI
Specimen # 2
Fuller Curve lix 1:4
Water-Cement Rstio 1.1:1.0
Time required to pase ten cubic centimeters

through a epecimen av given temperstures.

. Pressure Time . Pressure Time
# per sq. in. Sec. # per &1. in. Sec.
9 SYAY, 124 29
10 340 73 45
21 167 b7.5 64
21 165 40.0 100
38 94 21 1656
30 90 10 350
39 8o
b7.5 64
57.5 64
13 47
74 44
122 27
1z2 28

124 27



Varistion of Presgssure Data
Group Z£. Series VI
Specimen 7 3
Tuller Curve liix 1:6
Viater-Cement Ratio 1.1:1.0
Water Cured 28 days
Time required to pass ten cubic centimeters

through 8 specimen at given temperstures.

. Preseure Tine , Presgure Time
¥ per £€49. in. Sec. F per 9. in. Sec.
13.5 3750 119.5 310
13.5 3780 103.0 360
2240 2400 81.0 460
22.0 2325 70.0 540
33.0 1460 50.0 1000
3340 1410 32.0 1560
£50.0 8560 22.0 2220
5Q.0 840 13.5 3900
50.0 840
70.0 025
20.0 575
81.0 460
81.0 46Q
102.0 370
102.0 300
119.5 330
119.5 310

119.5 320



Jariation of Pressure Data
Group &. DSerieg VI
Specimen ¥ 4
Tuller Curve lLiix 1:4
Uster Cement Ratio 1.2:10

Time required to psse ten cubic centimeters

through a specimen at given temperatures.
Pressure Time , Fressure Time
# per 8q. in. Sec. + per sq. in. Sec.

12 150 90 30
ig 140 G 40
21 102 69 37
21 96 63 39
21 96 bZ.5 41.5%
0.5 o8 42.0 b2
30.5 006 42.0 50
30.5 70 30.5 b
42.0 48 30.6 70
42.0 50 21 94
42 .0 b2 21 94
bg. b 40 12 14
52.5 41

bL.b 42

62.0 o8

62.0 40

©5.0 39

©0.0 40

00«5 38

90.0

30



Variation of Pressure Dats
Group Z. OJeries VI
Specimen F 5
fuller Curve liix 1:4
wWater-Cement Ratio 1.1:1.0
Time required to pase ten cubic centimeters

throuzh a specimen st given tempersture.

Pressure Time Pressure Time
#* per =q. in. Sec. ¢ per eq. in, Sec.

21.5 1¢0 138.0 15.0
25. 0 150 123.0 18.5
23.5 160 110.0 22.0
25.0 130 100 .9 26,0
43.0 506 78,0 41
45.0 82 60.0 56.5
45,0 76 : 44,0 83
62.0 b4 22.0 16.0
£3.0 52 19.0 17.0
78.0 41

78.0 40

100.0 26

100.0 26

109.0 23

109.0 23

115.0 20

119.0 20

121.0 19.5

138.0 ' 15.0

139.0 15.0



