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AN INVESTIGATION OF THE EFFECT OF CERTAIN 
CONSTITUENT MATERIALS OF BETHANY FALLS COARSE AGGREGATE 

ON SOME. PROPERTIES_ OF CONCRETE 

INTRODUCTION 

1 

Within a band along the west boundary of Missouri, one hun­

dred miles wide and extending from the Iowa line to some 75 miles 

south of Kansas City ~ quarries in the Bethany Falls formation are 

the principal sources of coarse aggregate for concrete. Some beds 

of the formation include shale which occ~s as seams, ranging from 
tU1("-I'•< .J 

one foot thick to very 'thin~ and also/\ dispersed through and inti-

mately mixed with the limestoneo As a result of the different modes 

of occurrence of the shale the crushed product from the quarries 

contains sh.ale·-contam1nated particles ranging from_ pure shale, 
f ..., I il' I ., • 

through thinly laminated shale~ to finely divided~ shale dispersed 

through the stonen The :field inspection forces visually classify 

these contaminated particles :1.nto two categories, ttDeleter1ous11 

(l) 
material and uobjec t1onableLt .rnaterialo 

The primary purpose of this investigation was to determine 

whether or not these contaminants are harmful to the strength and 

frost resistance of concrete containing Bethany Falls stone as 

coarse aggregateo The experimental work consisted of two phases~ 

a la'Doratory phase and an outdoor exposure phase, both involving 

small~ laborato:ry~fabricated concrete specimens.,. The two phases 

are tied together in that ~ for any specific combination of exper"" 

imental factors~ specimens for both phases were fabricated from 

each batch of concretea Eventually 'this should provide the data 

for quantitatively relating the results of accelerat~d laboratory 

freezing tests to results that occur under natural, outdoor 

(1) For a more complete des cription~ see Appendix 2,. 
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SECTION 1 

S~CTION_?. 

2 

exposure., •ro date there has been no evidence of deterioration 

of any of th19 spG:imens subje ,.:; ted to outdoor exposure; nor is 

any expected for sever a:].. years" This :r·eport 7 therefore~ is con-

fined to the rest1.lts obtai.ned i.n the laboratory phase of the 

investigati.one 

.~B ORATORY PHA._~ 

In essenc,9 the La boratory phase of the investigation con­

sisted of' testing~ under .fou:r different arbit r ary test conditions ll 

the resLstance to labo:ratory freezing of twelve concrete mi.xtures ~ 

each co:ntaj.ning Alpha cement and M:'Ls souri River sand but a: dif'fer-
(1) 

ent (~Oarse aggregate e The f'our test condi tiona ·were as follows: 
(2) 

(A) Normal m<.)rtar ·- concre te soake d 30 davs; 
(2) 

(B) Aerated mortar ... conc~rete soaked 30 days, 
(2) 

(C) Normal mortar ·~ concrete soaked 119 days ; 
(2.) 

(D) Aerated mor·t9.r - concre te soaked 119 dayso 

As c1ollatera.l :tnfor·mat;i.on the 3'7 day flexnral strength was deter­

m:tned on one spel'd.men f:enm each batch of conc1.rete " 

The tw~;:llVe :·~oa.:r:se aggregates tested cons1.sted of three 

reference aggl•egate~J ~ Bl.?.ckwater and Pla'tt:tn 1:1.mes tones and Meramec 

gravels plu~ nine Bethany Falls limestones differing from each 

other :Ln. their percentage content o:f. so"·called nneleteri.ousn' and 

111Qbj e (itionablen: materj.aL All o.f these aggregates j arld the 

symbols used to designat e them throughout the report~are listed 

below. 

( 1) For fur ther informat j.on concerni.ng test conditions, 
materials, concrete proportions, batching and mixing 
procedure, and test; methods see App endix. 1., 

(2) After curing 7 days i.n mois t room., 
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SECTION 4 

of a beam specimen with the concrete batch from which it was 

obtained, the test condition to which it was subjected, and the 

various experimental factors)is shown schematically and described 

in Appendix 3o The design was such that the data of the the 

-experiment could be (and were) analysed statistically in accord­

ance with about ten different approaches, each including a 

different combination of the test conditions and the experimen­

tal variableso Details of several of these analyses are pre­

sented in the Appendices. 

Reference Aggregates and Test Conditions 

In some twenty series of laboratory freezing and thawing 

tests of the past, Meramec gravel and Blackwater or Piattin or 

Bethany Fall's limestones have been used as reference aggregates 

for two purposes&: first, to ind_;lcate ~oJhether some extraneous 

factor, associated with the concrete mixture or test procedure, 
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was causing unusual results i.n t he particular series of tests under 

scrutiny; and second~ as bases with which to compare test results 

of other aggregates in order t o establish relative durability 

ratings for the lattero In all such series of tests the quali­

tative frost resistance ratings have been as follows: 

Blackwater or Platti.n, best; 

Bethany Falls, definitely inferior to these, but 

definitely superior to Merame c ; 

Ivferamec ~ definitely i.nferior to the other threeo 

This is essentially the same as the relative performance records 

of pavements containing these aggr egateso 

With this in mind let us examine the top four horizontal 

lines of Table 1 whi.ch give the test results for Blacln..raterll 

Plattin:~ Meramec~ and Bethany Fa1Js .:U
0
00 coarse aggregates!/ tested 

under all four test conditions listed in Section lo Considering 

first the results obtai.ned under the test condition of Normal 

mortar and 30 days soaking~ several anomalies are apparentg 

(l) Plattin is vastly inferior t o Blackwater; 

(2) Platt in is even i.nfer:i.or tc Ivferame c.;; 

(3) Bethany Falls is supe:ri.or t o Platt in and on 

a par wi.th Blackvlatero 

Next, cons:i.dering the results f or Normal mortar and 119 days 

soaking the same anomalies exist, except that Bethany Falls is 

here inferior to Blackwater; however, based on all past experience, 

it is too much infer:i.or t o Blackwater and too little superior to 

Ivferamec o 
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Ilill._LE I 

NUMBER OF FROST CYCLES REQUIRED (l) 
T 0 REDUCE DYNAMIC 10E.a~ BY 60% OF ORIGINAL 

Coarse 
.A~_gate 

Blackwater Lst o 

Plattin Lsto 

Meramec Gravel 

Betho Falls U0 0 0 

Beth" Falls D0 06 

Betho Falls U0013 

Betho Falls D~0 
Betho Falls D~6 

Betho Fal ls Df~3 
Beth" Falls DgO 

0 

Beth" Falls D806 

Beth" Falls D801.3 

Nor mal 
S.oak'IUg P~riod 

30 days 119 da:ys 

23o5 63 o0 

11, 5 ?l' ~ ~ 0 . - 0 / 

17o9 24 0 8 

240 2 27o9 

25.,0 25o 8 

25o3 24 0 8 

18o 7 

2.6 ,, 0 

2.0 03 

19ol 

22 o9 

25'o 5 

2Qo 8 2Qo 9 

22o7 2.1 ., 8 

27 0 ?~ ''/-
0 -~ o 

11Qrtar, 
Aerat ed 

Soaking Period 
30 days 119 days 

4D6 0* 0 300o0* 

400 0* <) 290o0* 

12108 8708 ' 

395o'l 15600 

31807 131o 0 

293,0 lltlo2 

31880 157o8 

259o9 139o7 

25lo7 114-ol 

269o5 11800 

2.67 0 3 1160 1 . 
25'2 00 . 13000 

(Blac:~:water C~;rw " Frozen at 37d ., .3howed 8% Loss 
( @ kv~ of 406 Cy~ 

*Tests stopped v.rhe::':l (Blackwater Conc o Frozen at 126 d., showed 22$ 
· ( Loss @ Avo o.f 299o 5' Cy.,. 

(Plattin Conco Froz en a.t 37 d" showed 6% Losa 
( @ .Av o of 399 Cy" 
(Platti:n Cor~c o Frozen at 126 d ., showed 11% Loss 

@Avo of 290o5 Cyo 

(1) Each tabular value is an average o.f r esults on 4 specimens " 
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6 

The most likely inference to be drawn from the above is 

that some effect must have existed in this series of tests which 

had not been present in previous series~ and changed the pre­

viously obtained indications regarding the relative frost resis-

tance of the concretes containing these aggregates. The type of 

sand used in this series was the only factor knmm to be different., 

For all prior series, having evaluation of frost resistance of 

coarse aggregate as the obje ctive, Reading sand in an air-dry 

condition was used as fine aggregate; but in the present series 

Missouri River sand was used as fine aggregate6 There was a two-

fold reason for use of a different fine aggregate in this exper-

iment: 

(a) Reading sand was no long er available; and 

(b) Bethany Falls stone will almost invariably be 
used with Missouri River or a similar sand 
in construction worko 

Offer ed as an explanation of the difference in behavior 

of the reference aggregates in previous series with Reading sand~ 

as compared with their behavior lvith Missouri River sand in this 

experiment, is the following: 

Reading sand being a highly por:J)~~) 1ater ial and 

Missouri Riv er sand one of low porosity, and both 

having been placed in the concrete air-dry, it is 

reasoned that the Reading sand contains unsaturated 

pore space even after the concrete has undergone pro­

longed soaking, whereas the Missouri River sand does 

not. It is further reasoned that because of this, 
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Reading sand mortar is considerably more frost resistant 

at early ages (several months) than Missouri River sand 

mortar; and that, in accelerated freezing tests of con­

cretes containing the former, differences in indicated 

frost resistan. ce are reflecting a coarse aggregate effect, 

whereas the .Hi.ssou.z:·i River sand mortar (under our test 

procedure of continuo~s soaking) has so little fr ost 

resistance that any differences in coarse aggregate effect 

are masked., 

~·Jhether or not the above reasoning outli.nes the actual 

cause, the effect existed~ I t was not entirely unexpected since 

another series of tests~ in progress but incomplete when this 

series Has started !I had indicated the possibi.lity; also other 

investigators had encounter-ed similar anomalies v1hen testi.ng frost 

resistance of ccarsa aggregates :in Unaerated mortarso Fear of the 

possibilj_ty l'i'aS one of th:-: pri.nc:ipal reasons for duplicating the 

complete set of combinations of experimental vari.ables using both 

Normal and Aerated mortarso 

SECTION 6 SincfJ the :indicated differences in frost resi.stance of con--

cretes contai.ning the refe.renr~e aggregate s t ested in Normal mortar 

vlere unreliable~ it was ~oncluded. that ind:i.cated differences among 

the various Bethany Falls combinations v,Jith Normal mortar should 

not be trusted. The.refores results .from the two test conditions, 

i.n which Normal mortar was used, were not considered in evaluation 

of the effect of dj.fferent quantit:tes of 11Delete.rious" and 

"Objectionable 11 mater ials in Bethany Falls rock . ., 
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Bethany Falls Comb:tnations Tested in Aerated Mortar 

SECTION 7 Returning now to Table I;J consider the concretes contain-

ing Aerated mortar and the fotl.r reference agg.regateso Black!.vater 

and Plattin concretes deteriorated so much more slowly than the 

other concretes that tests on the former were stopped long before 

either had reached 60% loss in Eo Hmvever :J for both soaking 

periods, the tests were carried far enough to demonstrate that 

these two concretes showed far greater frost resistance than 

either of the other two, and als o that the Bethany Falls D00 0 

was stl.perior to Meramec o Thi.s is i.n line with previ.ous laboratory 

test results as well as pavement performance in the field o Because 

of this it is inferred that vJhen the concretes were made \vith 

Aerated mortar 9 differences in i.ndi.ca.ted frost resistance of the 

concretes were~ to a large extent~ due to differences in the 

coarse aggregateso 

Having established the frost resistance of "clean" Bethany 

Falls stone (D 00o) -vli.th respect t o the reference aggregates, the 

data were analysed fo:r the effeGts Df adding "Deleterious" mater·­

i.al~ 11 0bjecti.onablen material , or both,. For this analysis all 

test results with the various Bethany Falls stones in Aerated 

mortar were consideredo The results obtained on the concretes 

soaked 30 days and the r·esults on the concretes soaked 119 days 

were separately ana1yzedo 
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;Effect of 18Deleteriousu I'<faterial 

SECTION 8 Freezing and. thawi.ng test r esults f or Aerated concretes 

soaked 30 days are shown in the fourth column of Table 1 and 

i.n a modi.fied form :i.n the thi.rd column of Table 2" Each value 

in the field of the Tables is an average of results on four 

replicate specimens~ expressed i .n terms of the number of cycles 

required for 60% loss in sonic modulu s" 

If~ for a specific level Ceo g" ~O%) of "Deleterious',!( 

material tested~ one averages the !'esults obtained at the three 

test ed levels of "Objec tionable" material there is obtained an 

estimate of the frost resistance to be expected from concretes 

containing O% 11De1eterious 11 material and some random quantity 

(between Q and 13%) of "Objec tionable" material" This has been 

done for each of the three t ested levels of uDeleterious 11 

material and the results shown i.n tl:1e second column of Table 3o 

Inspection of these values shows that the indicated frDst 

resistance is roughly inversely propo~tional to the amount of 

11Deleterious11 matei' ial in the concrete; i . ., eo~ the frost resi.s tance 

of the concrete de creased as the pe:r-:::en t "Deleter :ious 11 mat eri.al 

increased" 

SECTION 9 The operation des cribed i n Se ,: t:i.on 8 was repeated for 

the spec:imens tested after soaking f or 119 days~ the averages 

being tabulated i.n the fourth coltunn of Table 2 and the third 

column of Table 3o Agaln the trend indicates a decreasing 

frost resistanc e 111i th :i.n~reasing quanti ties of "Deleteriousn: 

materialo 
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Per Cent 
Deleteri.ous 

0 

5 

8 

TABLE 2 

FROST RESISTANCE(l)OF AERATED CONCRETES CONTAINING 
BETHANY FALLS. LIMESTONE WITH VARYING QUANTITIES OF 

11DELETERI OUS 11 AND n QJ3J.ECI I ONABLE wo MATERIALS (4) , 

Per Cent §.oal~:.ing Per:i.od 
Q.Qje~tionabls 30 Days 119 Days 

0 
6 

J.'-4·L __ _ 

Avgo 

396 
319 
·""'0 ':'1 C:£,;., 

3.36 

156 
131 
141 

14J 

0 318 158 
6 ~0 ~0 

1'' 2r.:"2 114 - __ :;_z.f;;,_, -------==-.:...--
Avgo 

0 
6 

13 

Av g, 

? ·7 ·? -·o 

270 
;:>(; '7 
?2_2 
'" I! "'j·, ~\(>)_) 

137 

118 
116 
1'~0 

121 

10 

===============================-=-====================== 

Per Cent 
Deleterious 

0 
5 
8 

_,..-' 

T~~ 

FROST B.ESISTANCE (1) OF .AER.ATED CONCRETES CONTAINING 
BETHANY FALLS LIMESTONE WITH DIFFERENT (2 ) QUANTITIES 

OF 18DELETERIOUS 80 MA:rERIAL (1) .. ·-r.-- •<J 

Soakl.ng 
lQ Dazs 
~336 

2'7'7 
2.63 

Per:i.od 
119 Days __ 

l4J 
13'7 
121 

(1) As measured by the numter of laboratory freezing and thawing cycles 
causing 60% loss in Dynami:; HoduL:ts c:f Elasticityo 

(2) For each indicated level of 11Deleterious11' ma te:rial, the tabular value 
is an aver·age o.f the .resu1 ts obtai.ned .for- the three tested levels of 
"Objectionable" :materialo 

1.3 . Each tabular value i.n Tables 2 and 3 :Ls an a.verage o.f results on foQ't" 
and t\velve test f!pec:Lmen.s respe c t:i.l?elyo 
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SECTION 10 

11 

Effect or G80bjectionable 1i :Material 

The average values, for concretes containing the various 

combinations of the two classes of contaminants and frozen 

after 30 days soaki.ng ~ ·we.r 2 .retabulated a,s s.nm .. m in T"abl.e. 4-., 

For each level of 11 0b j ec tionablen material tested, the results 

were av eraged acr•;.)SS the t; l:,.ree ·~ested levels of une leteriousu 

materi.al, and the values s ..., ol::tained tabulated in the second 

column o.f Table .?o Analag.Ju.s t; o Se c tion 8 on lf1Deleteriousn 

mat erial, a value i.n Tab l e '5 pr· ... wi.des an esti.ma te of the frost 

resistance to be expected from cow~:rete containing a specific 

quantity of 11 0b je0ti.onableu matar.l.al and some random quantity 

(between O% and 8%) o.f "·Delete.n .. ous" materi.alo Considering 

the three values in the second t~ :Jl 'J.mn of Table 5 :it i.s apparent 

that the trend is .for the> average .fr .. ..,st :r esJ.stanc.:e of the con­

crete to decrease a.s tha pec c e:a +~ 'lOb ,~e cti. onablen material 

increased.o 

SECTION 11 An analys:l.s ~ :: 5 m.i.l.a:r t, ') -:::: b.EJ.t des •::--ri.'bed Jn the previous 

paragrapb.~ !!las pEJr.f\ 1rmed :::.n tr1.8 ds.ta fr om tb.e concretes soaked 

119 days prior tc f r esz l ngo Ths result~ are t abulated in 

the fourth col'IJ.rnn .:>f Ta.ble ~· ar,d t .h.e third 2o:...u.mrJ, of Table 5o 

It is apparent that the sams t ·:-'eLd e.x:i st s as was exhib:tted by 

the concretes t ested after 30 days s oakingo 

SECTIQN_l2 From the data and discussion p:reE.ented :in Secti.ons: 8 

through 11;1 i.t v!OJA.ld appear t ha.t th2 fr ost .res:istance of" 

concretes~ as measure d after ~ ither 30 days or 119 day~ 



IhJikE .:1: 

FROST RESISTANCE (l) OF AERATED CONCRETES CONTAINING 
BETF...ANY FALLS LI:MESTONE WITH VARYING QUANTITIES OF 
.uDELETl~JUOU.§~~ A@. g' OBJ.J;;CT ION4£?.~.~-}1ATERIALS _ (3) 

12 

Per Cent Pe:r Csr.,t: S1~1D.g__p~r:.og 
Ob .i ectionabl·? · D.s~e ter-:S..ou.s; __ ~-·---·-~-~~() ."Qa;y:s _____ , 119 ='Da;zs ~ 

0 396 156 

0 

6 

13 

. 0 ~Q 

~ jlc lJ~ 
8 ?'71 ""'"'8 ~--·-=-.h_ ~.;;:;._ ___ _ 

AV'f!' o 328 14+ 
·--------------··-------------·---------------

(, ., '" ., 
.. _,.,:•.L.../ 

.~ '(. 
2 ~;~ 
\,,) c...tl 

·~---· --~- ..... .,.._ __________ ,.._. ___ ;..;..<.. 

A '·? g: o 28:2 

1'~1 

lif.o 
116 

·: ·-,q 
-C-., 

---->-~~-~~------·-~------

0 293 
-::: ~ );;.:;; 
"' .... ,/._., 

. ___ fL ____ , _________ /5 -~---

k Jg o =~66 

14·1 
114 

--·-- 1~0 ----------
1Z2 

- ~--~~-~-··-----~-...--··----:-v-·-.._ .. ,_,.,... ... ~-.___ _ _.,_.,..._ __ _...., 1.::1 < 'CI - -• .......-~,..,.-·---·,.,r...,.. 

::::ABLE .. .::· 
,., ' -·--~ \) . ., 

FROST RESISTANCE OF AE.RATED CONCRETES CONTAINING 
BETHANY FALLS LIMESTONE WITH DIFFERENT' (2) QUANTITIES OF 

10.Qf?:'EC~I,ONAB~IU MATEiiiAb (3) 

Pe::o Ce n:~ §£1.§JdQ,g,_.f.§.r ~ - n{.! 
') c~ Da v-s 119 Da__ys 
-~.,~·~--~..,..r-..-

.52.0 L++ 
Cb , 1-. 'h'" 
~.;;.,ale c:ib on~.~·::::, 

C' ,. 
0 ;-Q-_;, J."' ·;,;•)! 

~'--j-,· - '--' •:. 
;/f/·. l .di 1 •·: 

~---

----· 
(1) As measured by the n.t:~.mber ,·_::f' l.a.bo-:r.'atc•ry fre<:-;z.Lr,g and tha. iN":i.n.g cycles 

r> u . 60% l <:". "' D . .~ .... M:J-''h .. ": I"' . f H' ''r :::<+·: .~t' r .... a s1ng o _o...,s .~.n ynam~· "" .. L 'J.u.L!J.,, o. ..u .... ,'::l.·- _ .••. c: .... ·:J .. 

(2) For each indj_cated levsl of ~tob;j e,~ f-;i..;n.al<le If material, t;he tabul.a:r. value 
is an average of the :results obtained for th'9 t;h·re,e tested lev els of 
"Deleteriousn materialo 

(3) Each tabular \1 a1U·9 in Tables ~- ax:.d ~-· is ar~ a ve:ra.ge of !."esul ts on fou~, 
and twelve test speciiiBn::. respectivelyo 
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soak:Lng, dec~' a as eS w:!. tt increasing q•.-~.B.n+ities of e:l.the!' 

11 Dalet erim::.sn .:;:.:.' euot }.s . ti.onahlE; 11 mat e:.t"iaio This is a correct 

picture of the fa~ts p~~vJ.d~ngg 

(a) thas knc~ntr~iled variab~es were not affecting 

ths test :'es·•Jl t s tc st.: b. B. degree that ~he average values -
use<i in th-2 ft:'\8.-~,ysi.s- are ;_-,.f' hi gb.ly uncer to. in validity; and 

I (b) ~~1~+ +~~J'P \•l- 0 ~ . . t -..~., ., ,J,L.,t;-: . ...,. .::;~, ..... .cu .. : ~:tn.t e:::jat..~t ion ·betwe er~ tl'1e 

effect cf '; 9 Df:,Leterl..ov:c"~! material and the effec:t o.f 

I!Ql-.i- +1"'"'ohlett ill''"''er"'i 'l., !-...-c,,;fd ... • v,_......_ . ..:.~·:: ... ,J.~ . ~ J..CJ,\1 .... ~»~·•:;. . .. oL .. :) L 2 0 ? t:!:.at t;h6 8ffe.-;:t ()f 

"Dele te:rj.o~J..s 13 m.a -ce.r:1.al i::: of the same rnagni tv.de regard-

leSS 0.:':' -~:~].•:4 q0\fl.:rJ.t:lty u.f i&'Qbje ~T ionable ~'' material Wi.th 

ltvhict .. J.t 1s f;,· mb:I.r::,o::rrlo 

The sxyer::.m<::YCl,[, W3..E' s.:' r_'l\.:,,2,J..gn,ed as tc ;y:ield data f or 

investi.gatJ.ng -r;h.a ·3,!:k·ve pr• '7;1.-:, .. :·::. o Tne metLod of i.n:vestigation 

is by appl5 ..... :a.1:i<):r:; of stat;.l.·::·c:L ~8..:;_ 2.c.a:l.vses of th.:"" varl.ances o.f 

the test resulLs a De~a~ls ~f t~ese are pr~sen~ed in Appendi~es 

i\ < ·· d c:::' f '.' r ...-.:"') .";'YJ -+·-c·• ,...., -~ 'k•- .-~~ ').""\ 't'"li.:. •,• ,.., t\. ~r~·T-'-' .. ';]Q ...... f""> tj7, ' 1· •• 
't' an .) ... U ... ,· .... YJ,.:.:::;,r;;,: ;., ~a~ .. '·'·..)'··· a .. ,, .. ,;. ,LL:1 Qa.o}':;;; .:. "SpeC , .J'e.y., 

1'Xl8 ., ,, 0 A " , 'L.. i . 
aXl.S ... J.:';r_:? .:L -~. J .. :'."J, .P:fJ 8JUJ :~ .. X !r- ~· r.:,Cf'llv· -~ ~.rte magr~i tude of +'y.,~ 

".;,. .. ·~ 

effect ? as ::.u;:;::.a. :;ed 14ltr.. :?.·r;,. .·:-<:a.:: ~~-Lg l.:;.a'r~ t.~.t:Les cf ei the:::' 

I 
18 Deleterion:c 1 ~ ~~·.[' nobj.3 ' T'LJna.bleijU mate:>:Js.l~ t;;.::. be g:r.eatel' 

than tt~.at :l.nt.:r· .. •dtt.feed 'h·,. ,, ' .... +.,. ,.,., .. -d 'i"l r·~ b1 ··• o nd 
!. :y !.,;,lJ •J,•J ·o .... ··-~~-'·'~ v a ... ,,,a~' -8~ ~ a su.ff1-

c:j.entl;y· grea.te:r "L't:·.!.,s,+. "!:J\~:! t:rtan.ds :Lnd.Lcat,ed :in Tables 3 and <:; 

are statist~_r:;al:Ly s:igni.f:i·.:ar.t a:r..d b.e·J.;:;t:J . :ar: be :l..nferr.·ed t; ;J be 

rea:. 0 Furtherm::~~'e ;1 th8 inf luenc:e of ths interac. t:i.on bet-vrsen 

the ef.fe a~ of n·Deleterious 11 mater·::Lal and ~he effe~;~ of 

13.0b"jectlonable" material i.s no"':; of s.i.gnifi.car..t magn~- tUdd ~ 
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in fact is even smaller than that due to uncontrolled vari­

ables& 

The results for specimens soaked 119 days were sepa­

rately analyzed (Appendix 5)o For these tests the nDeleterious­

Objectionable11 interaction was statistically significant; but, 

vlhen this comp onent of the total effects vias isolated~ the 

effects of "Deleteri ousu and "Objectionable" materials were 

each of statistioally signi.ficant magnitude, although ths 

trends are not so cons istent as in the case of the beams 

soaked only 30 daysg 

It thus has been demonstrated. that under the laboratory 

freezing and thawing tests f or both 30 days s oaking and 119 

days soaking , the trend for a de ~reased frost resistance of 

concret e 1vi th increasing quanti.ties of either "Deleterious" 

or u,Obje c tionable " materials is su.ff:iciently pronounced that 

there is a remote (less than 5%) chance of it being due to 

the effect of uncontrolled variableso 

SECTION 13 While the trend has been established ~ nothing has 

been developed about the actu.al magnitude of the effects of 

the two types of contaminants o To examine t his:;> studies were 

made of the relation between the percents of 11Deleteriousn· 

and uobjee tionableu materials and the number of cycles of 

freezing and tha.vJing requ~ored. to reduce Dynamic E by 60$<> 

These are outlined in Appendices 6 and 7o Under the assumption 

that the relati.onship is linear~ equations of the "lines of 

best fit" were calculated for the data, and graphs of these 

are shown as Figso 1 and 2o 
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Figo 1 shm·.rs the relatjop for concretes .frozen after 

30 days soaking; Figa 2, that for concret es frozen after 119 

days soakingo Study of these g:::aphs reveals the following~ 

(a) Each added percent of "Deleterious" material 

resulted in a de crease of la6 to 2al% in the frost resis-

tance of the concrete ~eJative to the frost resistance 

of concrete containing clean Bethany Falls stone (D 0 0 0 ); 

(b ) Each added per:-..::e:nt of "Obje <'; tionableu material 

resulted in a de crease of Oa77 to lo4% in the frost resis-

tance of the concrete relative to that containing D0 0
0

; 

(c) F o.!' 'tt.te two test condi.tions studied, the effec t 

of 1'Ueleterious1t mate~c:ial i.s approx:lmately 1-3/4 times as 

g.rea t a s the effee t of 1aob;je gt ionable 11 mat erial () 

Actually~ th8 i ndicated magn:i.tud.e of the effect of 

"Deleteriousn mate.r i.al and its raJ:;:i.o to the effect of 

nobjecti.on.able" mate:rJ.al may be unreal.i.stL:;ally small, 

Exami.nation of speci.men fa'Jes exposed by flexure tests revealed 

fewer of the large.r UiDeleteri.ous 28 particles~ representative 

of the sub=clazses (; onsist:i.ng p:.ri.rwi.pally of shale~ than 

would hav e been e.x:pe ,-; tedo F'iJ..tth.ermore Sl on the beams that 

were .frozen, there was pra::~ ti.cally no evi.dence of surface pits 

such as are usually found in concrete containing large aggre= 

gate particles made up partly or wholly o.f pure .shaleo It 

was known that some of thi.s material had di.si.ntegrated to 

powder under the standard 2 hour soaki.ng peri.od ~ to which all 

the coarge aggregate was subjeoted prior to incorporation in 



I 

l 

l 

18 

the concrete . To investigate how extensive this degradation of 

shale particles may have been, a set of four beams, two made with 

pre-soaked and two with ai.r-dry 18De1.eterious'' material were 

fabricated~ sectio~ed, and examined for shale content by a 

microscopic linear traverse~ These tests definitely demonstrated 

that the specimens made with pre~soaked "Deleterious 11 material 

contained only 20 to 2.5% as much recognizable shale as those 

made with air-dry "DeleteriousR materialo A seemingly plausible 

explanation i.s that pre-soaking soft ened the shaly particles-; and 

that the succeeding batchi.ng and mixing process reduced these to 

sizes too small to be re cognizeable as shale in the microscopic 

examinationo Experience indicates that porous particles of 

small size (~~ mesh) are much less damaging to the frost resis­

tance of concrete than the larger counterpartso It is, therefore~ 

reasoned that the ma.gn.i.tude o.f the detrimental effect ascribed 

to ttDeleterious" material in this investigation was materially 

less than would have been the casE had the "'Deleterious" material 

not been pre-soakedo 

Offered as purely an opinion is the investigators' idea 

that the magn:i.tude of the effec t o.f 'lkDeleterious " materi.al would 

have been considerably greater had this material not been pre­

soaked; and also that in many instances i.n actual pavement con·~ 

struction, a greater proportion of the larger-size, shaly 

particles will exist as such after placement in the concrete 

than was the case in these tests. If this be so 1 concrete 
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2.9 

containing the larger quantiti.es of 1"Deleterious 11 material 

could be expected t;o show a greater reduction in frost resis­

tance when used ~-n pa·vements 9 than wa.s indicated by the labor­

atory testso 

The di .s-::ussion thus far has dealt exclusively w:i..th the 

general trends regarding the effec ts of the "Deleteriousu and 

"Ob jecti.onable" materia1so These trends were deemed more 

important than the dl.fferences indi.cated by comparisons of 

spec:i.fi.c pa:lrs of aggregates; however·~ these can be studied for 

each test condition, and Tabla 6 shows such comparisons for 

the results obtained on Aerated concretes tested after .30 days 

soaking a 

The vario~s aggregates tested are shown along the 

upper margin and repeated along the left-hand margin of the 

Tableo In each cell of thB Table there is a figure and a 

letter o The f:lgtn'e is the number of cycles for 60% loss in 

Dynam:i..e E f<Jr the agg:regate in the row mi.nus this value for 

the aggr-egate i.n the colu.mr..o The let te:ro tells whether the 

numerical valD.e i.s stati.sti.~Jally signi.ficant at the 5% ri.sl-{ 

level., The let t er s have the follow:ing meaning~ 

S in a csll means that the frost resistance of ~on­

crete containing the aggregate in the row was significantly 

superior .to that containing the aggregate in the column; 

I means the .frost res:istance of concrete containing 

the aggregate in the row was significantly inferior to that 

containing the agg:r·egate in the columrq 
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DIFFERENCES IN DIDICATED FROST RESISTANCE( l)FOR EACH POSSIBLE 
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FOOTNGrES FOR TABLE 6 

(1) As measured by number of cycles of freezing and thawing c:ausing 
60% loss i.n Dynamic Eo 

* Concrete made with Platti.n Stone showed 6% loss at 399 
cycles and concrete made v-Ji th Blackwater Stone shmved 
8% loss at 406 cycleso For purpose of calculat ing the 
tabu.lar differences the number of cycles for 60% loss in 
nEu vlas arbitrarily set at 500 cycles f.).r both c oncreteso 

§.m1ION 16 

N means that there 1-1as no si.gnificant d:ifference 

between the frost resistance of the concretes ~ontaining the 

aggregat e in the ro\v and the a ggregate in the c.Jlumn; it does 

got. mean that there was actually no difference; but rather 

that if ther e was a d :iffe r en ce , it was s :.) small (relative t o 

the variation in frost r esist ance of supposedly identical speci­

mens) that it could not be inferred to be a real difference 

with a maximum 5'% chance of be ing \vrongo 

The r e lative frost resistance of any pair of aggregates 

can be found by locating the ro·uJ· containing one of the aggre-

gates ~ the column containing the other~ and nottng the figur"e 

and letter in the cell com..rnon to beth., It ·will be o'bserved 

that all Bet;hany Falls c;ombl.r,ations (even Dc.Po) were inferi.:)r 

to the reference aggregates, Plattin and Blackwater; and 

all 1-1ere super:i.or to Merameco Considering only the Bethany 

Falls combinations , it appears that these line up as would 

be expect ed fr om the regress ion equation of Figo 1, with 

the one exc eption that the positions of n5o6 and Dso6 
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along the upper and the left~hand margins slwuld have been inter­

changedo 

In Table 6 ~ the comp.rehens:i:ve pi.cture , as contrasted vli.th 

the segmental pictures obtained from the tndi.vidual comparisons 

between pairs of aggregates, reveals the same trends with regard 

to the effect s of "Deleterious " and "11 0b,jectionable" materi.als as 

have previously been pointed out and discussed.. Whi.le these data 

a re actually tb~ same as those previous]~ us ed , still they can be 

considered as fu.rnish:ing subsr;anttating evidenceo They shmv that 

each test ed level of the contami.nant.s c: ont.ributes to the over~all 

effec t) as contrasted wi t;h a possible cond:i.t:i.on where eight of the 

nine Bethany Falls combinations m:i.ght have produced e ssentially 

similar results vdth onl.y one diffe:ri::n.g materially therefrom., 

SECTION 12 In Table 7 the test resu.lts for the Aerated conc~retes 

soaked 119 days are presented ln a mar,.ner similar to that used 

in Table 6 for the con ,:~retes soaked .30 dayso The comprehensive 

p ic:ttu·e is essentially t he same as that p:::esented by Table 6 9 

and the discus sion in Se c tion 16 would generally be appropos 

for Table 7 o 

SECTION 1§. Table 6 (and Table 7) also depi.c t the over ~all varia··· 

bility in the entire group of aggregates tested, and in a 

sense provide an est:i.mate of the discrirrui.nat o::cy power of the 

test procedure., Consider the two halves of the Table on each 

si.de of the diagonal lineo If the test results had been. such 

that each aggrega te showed a frost r es istance statistically 

different f rom that; of every other aggregate~ there would 
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FOOTNarES FOR TABLE Z 

(1) As measured by number of cycles of freezing and thawing 
causing 60% loss in Dynamic E. 

* For the purpose of calculating the tabular differences in 
number of cycles to produce 60% loss in E., the numbers of 
cycles for Plattin and Blackwater stones were arbitrarily 
set at ~00 and 300 respec tivelyc 
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have been an S in every cell above and an I in every cell below 

the diagonalo On the other hand, had there been no statistical 

difference in the frost resistance of the members of any possible 

pair of aggregates, every cell both above and below the diagonal 

would have contained an N., Thus, under the assumption that there 

is in actuality some di.fference i.n the frost resistance of every 

aggregate, the proportion of Ng ::.:. provi.des an estimate of the 

discriminatory power of the test procedureo Sharper discrimina~ 

tions would have been possible if the number of replicate batches of 

concrete had been g.reatero Hovleve.r;~ the enlargement of tha 

experiment necessary to have achieved this would not have been 

warranted since 9 in the investigators~ opinion 9 differences of 

the magnitude of those assigned an N would not be practically 

significant~ even though established as being statistically soo 
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SECTION 19 

The Influence of Air Entrainment and Length 
Of Soaking Period on Experimental Results 

25 

Thus .far the data of this experiment have been treated 

a s though derived from four separate experiments, one for each 

of the test conditions described in Section L, However~ the 

experiment was so designed that the data from the ni.ne Bethany 

Falls stones obtai.ned under all four test conditions can be 

analysed as th0Ugh derived from one comprehensive factorial 

experimento Through. such an analysis~ the direct effects of 

two elements of the test conditions (air~content and length of 

soaking period) aan be measured; also the influence of these~ 

on the effects produced by the principal experimental factors~ 

can be evaluatedo 

Under such an experimental layout, the experimental 

fact ors become~ 

(a) "Deleteriousn material~ tested @ levels of 

0 ;1 5 ~ and 8%, 

( b) "Ob j ectionable" material~ tested @ levels 

of 09 6, and 13%; 

(c) Length of Soaki.ng and Curi.ng :1 tested @ 

levels of 30 and 119 days; 

(d) Air Content 9 tested@ levels of Normal 

and 4%o 

The results of the statistical analysis of variance are presented 

in Appendix 8.. Since this analysis throws no additional light 

on th-e effects of uDelet erious 11 and "Obj ecti.onable" materials~ 

only the effects of air~entrainment and length of soaking peri.od 
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are here discussedo Both of these 9 and the interaction between 

them~ are shown i.n Appendix 8 to be of statisti.cally signifi·­

cant magni.tudeso 

Effe9t of Aeration 

In Columns (1) through (4) of Table 8, the results of 

the freezing test on each Bethany Falls combination are shown 

for each type of mortar and each soak:ing peri.od a Comparison 

of results i.n Column 1 vs . results in Column 3~ and Column 2 

vsa Column 4 shows that in every case the concretes containing 

Aerated mortar were much more resJ.stant to laboratory freezing 

than the corresponding concretes containing Normal mortaro 

The same pictu.re i .s presented by the figures in Columns 5 and 

6:~ where the test results are averaged across both soaktng 

periodso 

Effec t of Soaking Period 

The effect of length of soak::i.ng period on Normal mortar 

conc:retes can be seen by c omparing results i.n Column 1 with 

Column 2; and on Aerated mortar c oncretes by comparing Column 

3 with Column 4 0 It is apparent for the Normal morta:::' concretes 

that increasing the soaking period .from 30 days to ll9 days 

had only a small effect for any aggregate' that the effect 

was inconsistent~ indicating sometimes a decrease and some­

times an increase in frost resis tance; and that, the average 

effect for all the aggregat es was n:i.l ~ On the other hand~ 
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for every concrete containing Aerated mortar, the longer soak­

ing period caused a dec ided decrease :i.n the frost resistance~ 

ranging in magnitude from 50 to 60%~ and averaging 54%~ over 

the nine concreteso 

SECTION 22 Obv:iously9 there is an interaction between the effect 

SECTION 23 

of entrained air and the effect of length of soaking period on 

the laboratory frost res:i.stance of the conc.reteso Its nature 

leads to the general inference that the immature concretes 

subject to frost act:i.on after a short soaki.ng pe.ri,od are greatly 

benefitted by entrained air~ but that the degree o.f i.mprovement 

is materially reduced 1~ri th increased duration of soaking and 

agee 

Flexural Strength of Concret~s 

One beam .from each batch of concrete mixed, was tested 

for flexural strengtho Since there were four batches for each 

c ombinat ion of experi.mental factors and test conditions~ there 

were four flexure tests for each of the combinationso The 

beams were cured 7 days on the shelves and 30 days in water in 

the moist .room" At 37 days these were broken i.n flexure~ first 

on a fourteen inch and then on a seven inch span, using center 

point loadingo Only the strengths obtained on the 14" span 

are considered b.ereo 
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(1) 
Coarse % Delo % Objo Avgg FlexQ Stro - 14" S2an 
Aggregate Matla Matl 11 Normal Cone ~ Air Ent .. Conco 

Bla ckvm t er 1082. 1053 
Platt in 1020 990 
Meramec 926 87l 
Betho Falls 0 0 946 937 
Beth. Falls 0 6 94o 939 
J3etho Falls 0 13 971 92.9 
Beth. Falls 5 0 946 952 
Betho Falls 5 6 950 934 
Betho Falls 5 13 960 938 
Betho Falls 8 0 983 910 
Betho Falls 8 6 953 937 
Bethe Falls 8 13 1004 906 

Avg.,, 973 941 

(1) Each tabular value is an average of test results from four beamso 

Effect of Coarse Aggregate Upon the Flexural 
Strength of the Concrete 

Using an average strength for the 9 Bethany Falls concretes, the 

flexural strengths for the different aggregates are as follows~ 

Coarse 
Aggregate 

Blackwater 
Platt in 
Meramec 
Bethany Falls 

These results indicate that~ 

Avg 2 Flex2 

Normal ConcQ 

1082 
1020 

926 
961 

Str. - 14ur Span 
Air Ento Conco 

1053 
990 
871 
931 -

1 0 The flexural strength of the concrete varies from one 

coarse aggregate to another; the highest and lowest 

strengths being obtained~ respectively, with Black-

water stone and Meramec Gravelo 

2o All of the above strengths would be considered as 

satisfactory for pavement grade of concreteo 
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Effect of Ai.r Content Upon StreiJgth 

The average strengths of the N'ormal and air-entrained 

concretes show that the average effect of the air-entrainment 

v1as to reduce the flexural strength by 100 (1 - 941) :: 3. 3 
973 

per cent o The use of air=entrainment caused some reduction 

in strength with eleven of the twelve coarse aggregates test ed. 

These results appear in line with previous experience; 

namely~ that air-entrainment (within specification limits) 

reduces the flexural strength of concrete, but not enough to 

be considered criticalo 

Effect of "Deleterious" and "Objectionable" 
Materi.al in the Bethany Falls Stone Upon the 

EJexural Strength of Concrete 

The effect of the deleterious and objectionable materi.al 

in the Bethany Falls stone can best be shovm by the following 

tabulati.on 9 where each strength shown is the average of twelve 

measurements~ 

Per Cent Fle.x11 Str g ~ 14'tt SQan 
Del., Ob j,. IIJOrmal Air-Ent o 
Matlg Matl,. Cone !a! Conc 11 

0 0~13 952 9-5 
5 0·~13 952 9~·1 
8 0~13 979 918 

0=8 0 958 933 
0=8 6 948 937 
0=8 13 978 924 

These results indicate that, when used in concrete i.n the 

manner employed in this i.nvestigation, the effect of the nDeleter­

i.ous" and "Objectionable" material upon the flexural strength of 

the concrete was small& Definitely no consistent trend, similar 

to that noted with air-entrainment, was evidence~lo 
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SUMMARY OF THE CONCLUSIONS DRAWN FROM THE EXPERIMEiiJTAL DATA 

· SECTION 26 Below is a compJ.lati.on oi:' the principal conclusions 

drawn from analysis of the experimental datao Applicatio:n 

o.f these to mater:i.als and exposure conditions differi.ng from 

those of the experiment should be approached with cautiono 

It is concludeds 

(l) Since indicated dl.f'ferences in .frost resistance of 

the reference aggregates v·fhen tez.ted in N;rmal mortar (non~ 

aerated) did not conform with previous experience, that indi­

cat ed differences among the var1.ous Bethany Falls combinations 

tested in normal mortar weJ:e u:~::trel:iableo (Reference aggregates 

were i.nclud.ed in the experimental design eor the express purpose 

of disclosing this eventuality.) 

(2) Since indicated differences in frost resistance of 

the reference aggregates w:t1.en tested :i.n .Ae:rated mortar ali.gned 

themselves in accc.rdance wi.th thei~· performar:,ce in pavements 

and numerous e ther labc:ratory- tc:sts~ tr1,p.t tb.is t est condi.tion. 

was reflecting differenc es caused by coarse aggregateo 

(]) As a :result of tha two previ~us conclusions~ that 

only the test results on A..e rated. concretes should be used for 

evaluati.ng the effects of 111 Deleter:itJtt:::~u and 18 0b j e (~ tionable" 

materials a 

(4·) That c lean (DcP c) Bethany Falls stone was deci.dedly 

inferior :i_n lab<t"Jratory frost !''e sJ.stance to both Blackwate!' 

and Platt :i.n stones;> and def:ini. tely su.per::I.or to Meramec gravelo 

(5) (a) That beth "Deleter lou.s " and •nobje c tionablen 

materials were detrimental to the laboratory .frost I'esistance 

of concretes' 
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(b) that ths i.:r;.te!:s:l.ty of the effect was proportional 

to the pe::centags Df su.::.:h materi.al pr·esent; 

( c) that tb.e m.agn].tude of t .ne effe.~t of uneleterious11 

material was 1-l/2 +.-. ? 
\J\_,1 ......... t -1 mes r. ·ha+ ~,+' u ob 1e ·., t1· o.,..,a.bla 11 materl· a]· ~.. ' J. ~ v.,;,.. C! ~ ... , , J..i, • ~-' u . . ,. ' 

fd) and that~ dtte to presog:k:ing and consequent 

(obse.rved) degradat:L .:n::. of s;:JIDe ~:·f the shale part:i.cles of the 

11Deleterio'usae1 ma ter:.al ~ the 5nd:1. r::ated ma.grJ.:Ltt1.de of the effec t 

of thi. .s ~or.taminar<t may h3.'le bean u:nreal::.~.tically small• 

(6) Thats regardless of the coarse aggregate used, the 

entrainment of 4~ a:ir was highJ.y beneficial to the resistance 

of the concretes t:J ~~l~:.§ltD.£1[_.f:r:'ee2ng and +~hawing; but that 

the magn.itu.ds of the imprc.vement: associated vl:i.th aerati.on was 

v e:ry mater-ially dec\reased by :l.r;r.~I'eas:ing the s0ak.ing (and curing) 

perl.od from. .30 t;;-, 119 rJA.YSo 

( '7} 'Tl 'ha t a ·,··nct..::;r +:lriQ --xr,a'"'" me""·t':a"'~ nr~ "'"' d11res used ·the . l. . .. ,? 1 U, _. ~.L.dv C .t" ~,;,;~.! ._.,. ~l-It. ...l.. 1:;'· I(,..; _,v . ' 

3? d "'Y f.L~eX"''' '""a -i st·ranP'+·h c··f 'u.· .,..,+"',..,,"' 7'8'r. Cfl'rl•,rete was o l:.:...t. , .l.A,.L • r..._ .1, - '-' · O lJ J-.1• -,, .&.~~L .... . ...... -~ ~ ~t' - . o 

(a) Sat 1 ""fa..,+,~··~-:·· +~ ,~ .. ,.., . .., ·l-; " ., ..... ··•r e·•· e" o -· ~ __ ....., v ._,_ e1 .•• '""'........ a . . .1... '"""-'J.~'~ .., b •.;:? 3 

( l\ · + .,.' "f'"i,•,·y+"'. • rop. '>+·d 'j... + · h~ . ·t-••i'V ,) 1 r~.J ., ;:;l.gD.J. ·- ·-,a .• ~ ..... ~..y a.r...~..e,, ... e . ,_,y "'~-'-'=; quan ~.o:r. '"' 

( '•"' ) ·-· 

D~ ei th.er nne:l.et e:r·i.OUb11ll o::.:' ~£ObJe c t ionable 11• 
ma·'- er .7 .-, J !": 0 .)J.' .., ~ . .... l':;l. .... __ ~ 

d~ Jr eased tw aeration in a dsg~es that was 
sta~isti~a:ly b~t not prac tically signi-
.f j · ~a.~rt 0 

The u.ltim..S~.te pr oblem posed by th.e presence o.f the 

"Deleteriou . .s1!. and. !J>Ob.je -::; tionab].e " materials :in Bethany Falls 

limestone~ pertaJ..ns t o U.1.e wr:i.ti.ng of:' a specification f or the 

' 
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maximum quantities of these contaminants to be allowed in the 

product of quarries working in the Bethany Falls formation. 

The purpose of such a specification being to insure satisfactory 

durability and strength of concrete in structures exposed to 

natural weathering, the optimum basis for the specifications 

would be factual, quantitative information on the effect of 

varying quantities of these contaminants on concretes exposed 

to actual service conditionso Unfortunately, as is almost 

invariably true in cases like this, the available information 

is not sufficiently comprehensive for the purpose. It then 

becomes necessary to consider the available information 

(largely qualitative in nature) and the opinions of the most 

experienced observers, in conjunction with the results of 

laboratory investigations such as the one described in this 

report. On points where there are gaps in information, 

conflicting opinions, or economic considerations involved, 

arbitrary decisions may have to be substituted for inductive 

inference in the final formulation of a specification govern­

ing the production of this type of material~ 
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APPENDICES 

1 - Descriptive details of the materials; concrete proportions; 

batching, mixing, and curing procedures; test methods; and 

test conditionso 

2 - Description of the constituent materials composing the two 

classifications, ''Deleterious 11 and "0bjectionable1t.. 

The following Appendices are bound as a separate section; 

upon request copies will be furnished to anyone interested. 

3 - General comments on the design of the experiment and the 

statistical analyses of the datao 

4 - Statistical analysis of variance for the Bethany Falls 

concretes containing Aerat ed mortar and frozen after 30 

days of soaking. 

5 - Statistical analysis of variance for the Bethany Falls 

concretes containing Aerated mortar and frozen after 119 

days of soaking., 

6 - Multiple regression analysis of the Bethany Falls concretes 

containing Aerat ed mortar frozen after 30 days of soakinge 

7 - Multiple regression analysis of the Bethany Falls concretes 

containing Aerated mortar frozen after 119 days soaking. 

8 - Statistical analysis of all Bethany Falls concretes for 

both levels of aeration and both soaking periods, treated 

as a single comprehensive experiment. 



APPENDIX NO. 1 

DESCRIPTIVE DETAILS OF THE MATERIALS; CONCRETE PROPORTIONS; 
BAT CHING, MIXING, AND CURING PROCEDURES; TEST l<lETHODS; AND 

TEST CONDITIONS: 

SECTION 1 - Materials: 

Cement - Normal Alpha 

Air-Entraining Agent - Neutralized Vinsol resin solution. 

Fine Aggregate- Missouri River sand (Jefferson City), 

used air-dryo The bulk specific gravity (dry basis) of 

this sand was 2.64, and the thirty minute absorption was 

0.18%. 

Coarse Aggregates - Three reference aggregates and nine 

Bethany Falls limestones, graded from the lt~ sieve to 

the No. 4 sieve, were used. These aggregates and the 

specific gravity and absorption of each were: 

Coarse Bulk 8-p. Gr. Per Cent 
Aggregate (Drz Basis2 Absor£tion 
Blackwater Stone 2.61 1.2 

Platt in 2. .. 69 0.3 

Meramec Gravel 2.45 1.9 

Bethany Falls D00 0 2.62. 1.2: 

lti II. Do06 . 2.61 1.3 

u Ui Do013 2.61 1.3 

II n D~o 2.60 1.4 
r -

II l:t n~6- 2.60 1. 5 

II Ill D~13 2. 59 1.5 

u If n8oo 2. 59 1.6 

fl " n8o6, 2.59 1.6 

Ul ljl 

D8°13 2.585 1.7 

1 
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The Bethany Falls coarse aggregates contained varying 

quantities of 11Deleterious" and ''11 0bjectionable 11
! materials. (l) 

In the preceding table the weight percentages of each are 

indicated by the subscripts to the letters D and o. 
All the coarse aggregates were in a partially saturated 

condition when batched. This condition was attained by 

soaking the air-dry aggregate for two hours prior to batching. 

The per cent absorption shown for each aggregate represents 

the absorbed moisture content at time of batching. 

SECTION 2 - Mix Design; Batching; and Mixing:: 

Mix Design - a. Cement factor 1.45 barrels cement per 

cubic yard, (no air). (Range in average 

cement factors was 1.438 to 1.455), 

b. Volume coarse aggregate = 43% of volume 

of concrete. 

c. Slump 2i-" to 3~'· desired; however, water­

cement ratio was set by trial batches and 

was not changed when slumps deviated from 

desired range. (Range in average slumps 

was 1.9 11 to 3.9"), 

d. Desired air content in Aerated concrete 

was 4.0%. (Range in average air content 

was 3.1 to 4.2%). 

Batching Materials -All materials, except air-entraining 

agent, were batched by weight. 

(1) See Appendix-2 for a description of these contaminants. 
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Mixing Concrete - Concrete was machine mixed in a 

Lancaster SW mixer for 30 seconds prior to adding 

the water and for two minutes thereafter. 

SECTION 3 - Test Conditions: 

3 

This investigation consisted of testing twelve con­

crete mixtures, each containing Alpha cement and Missouri 

River sand but a different coarse aggregate. The test con­

ditions were: 

For Frost Resistance Tests 

(A) Normal mortar - concrete soaked 30 days after 

7 days moist curing. 

(B) Aerated mortar - concrete soaked 30 days after 

7 days moist curing. 

(C) Normal mortar - concrete soaked 119 days after 

7 days moist curing. 

(D) Aerated mortar - concrete soaked 119 days after 

7 days moist curing. 

For Flexural Strength Tests 

(k) Normal mortar - concrete soaked 30 days after 

7 days moist curing. 

(B) Aerated mortar - concrete soaked 30 days after 

7 days moist curing. , 
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For OUtdoor Ex£osure Test (1) 

(A) Normal mortar - concrete subjected to outdoor 

exposure after 7 days moist 

curing. 

(B) Aerated mortar - concrete subjected to outdoor 

exposure after 7 days moist 

curing. 

SECTION 4 - NUMBER OF BATCHES AND SPECIMENS, AND :t;.IETHOD OF RANDOMIZATION 
' 

WITH RESPECT TO POSSIBLE. UNCONTROLLED VARIABLES: 

For each coarse aggregate forty 3t" x };.tUt x .16tt1 beama 

were made. The relation between a specimen, the batch and 

mixing period from which it was obtained, the order of mold­

ing from a batch, and the test condition and test method to 

which it was subjected is shown in the following Table for 

all specimens containing Plattin limestone. 

(l) Two complete sets of beams (192) were subjected to 

this teste Originally one set of beams was to have 

been subjected to frost resistance test at age of 

one year, but the frost resistance test on this set 

of beams was postponed for an indefinite periodo 
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Tabulation Showing how the 40 Beams Made with 
Plattin Stone Were Rela ted to Batches, Nixing Periods~ 
Test Conditions, and Test Met hods. (Numbers in the Field 

Signify the Order of Molding the Five Beams from Each Batch.) 

Normal Mortar ilera ted Mortar 
Test Condition and Re2licate Batch Identification 
Test Method to which A B c n 1i_ B c D 
specimens were Mixing Period 
subjec ted 6 15 67 95 12. 18 68 80 

S>oakea~- days, 
Frozen in labo 5 5 1 5 4 3 3 

s _·oaked 119 days' 
Froz.en in labo 3 1 3 1 1 5 2 

Cured - 37 days, 
4 Tested in flexure 1 2 2 2 1 5 

Placed in outdoor 
exposure pit 4 4 2 4 3 4 4 

Placed in outdoor 
exposure pit 2 3 5 3 5 2 1 

A similar procedure was used for the forty specimens of 

each coarse aggregate test edo 

4 

2 

3 

1 

5 

5 

This tabulation shows that, for each type of mortar, 

four replicate batche.s (5 beams each) were mixed and one 

beam from each batch was assigned at random to each of the 

f ive combinations of test conditions and test methods., such 

random assignment of the beams from a batch to the five 

combinations of test conditions and test methods provides 

the best possible insurance against any possible extraneous 

effect , associated with order of specimen fabrication, being 

systematically applied to the specimens subjected to a 
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particular combination. 

The entire experiment required ninety-six 5-beam 

batches and mixing periodso Available facilities permitted 

only twelve mixing periods per day; hence, eight mixing days 

spread over five weeks were necessaryo Numerous uncontrolled 

variables are probably associated with day of mixing and even 

with period within a dayo Among these are: 

(a) Variation in quality of materials; 

(b) Variation in atmospheric conditions; 

(c) Variation in curing conditions in 

the moist room~ etco 

To insure against any systematic application of these to 

the specimens for any particular segment of the experiment, 

the ninety-six batches were randomi.zed with respect to the 

ninety-six mixing periods requiredo 

SECTION 5 - Curing~ 

During the first seven days all beams received the 

follmving treatment: 

(a) Two days in molds on shelves in moist room, 

(b) Five days on shelves in moist roomo 

Curing after seven days was considered as a test 

condition (see Section 3)o 

SECTION 6 - Tests: 

(A..) Secondary 

(1) On fresh concrete (each batch) 

(a) Slump, ~ 
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(b) Weight per cubic footo (Used in calculating 

air contento) 

(2) On hardened concrete 

(a) Weight record of each beam, starting at 2 

dayso (Weight in water also determined at 

2 days), 

(b) Periodic determination of Dynamic Modulus of 

each beam starting at 7 days, 

(c) Length measurements, 10" span on top and 

bottom of all beams except the 96 subjected 

to flexural strength test, starting at seven 

day so 

(B) Primary 

(1) Frost Resistance (Laboratory) 

(a) Freezing in air to 0~ .. , 

(b) ThavTing in water at 4oa.F., 

(c) T1vo cycles daily (except weekends~ and 

holidays), consisting of a short daytime 

and a long nighttime cycle~ 

(d) Two hour thawing periods, 

(e) End point of test, 60% loss in 

dynamic modulus. 

(2) Flexural Strength 

Determined on a 14 11 span with center 

loadingo 
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(3) OUtdoor Exposure 

Beams placed in an outdoor test pit in 

special forms where only the upper surface 

of each beam is exposedo The test pit is 

so constructed that the sand base, on which 

the beams rest? can be and is kept in a 

saturated conditiono A continuous record 

(every 10 min . ) of the concrete temperature 

is kepte 

8 
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APPENDIX 2 

DESCRIPTION OF THE CONSTITUENT MATERIALS COMPOSING 
THE TWO CLASSIFICATIONS,, 11DELETERIOUS11 AND "OBJECTIONABLE." 

The contaminative materials in Bethany Falls limestone which 

1 

have been designated as "Deleterious" or "Objectionable" are made up 

of several sub-classes as follows: 

"Deleterious" 11aterial 

Shale 
Soft Stone 
Pure Shaly Stone 
Cap Shale (+20%) 

"Ob,iectionable111 11aterial 

Cap Shale (-20%) 
Shaly Seams 
Skin Shale 
Mud-Coated Stone(l) 

The followi.ng description of the various types of "Deleterious"r 

and "Objectionable" materials \vas furnished by the Testing Laboratory: 

lo Shale 

Lumps or particles of shale, substantially free 

of stone~ stone fragments or particleso Breaks down 

readily on wetting or immersing in watero Generally of 

a laminated structureo Essentially pure shaleo Black 

in color~ when weto 

2 0 Shaly Stone 

(Sometimes referred to as "Pure Shaly Stone" or 

"Heavily Contaminated Shaly Stone")o 

(1 ) No material of this classification used in this investigation. 
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(.A) Occurs as stone that is generally intermingled wi.th 

or "shot through" with shale to a high degreeo Has gray, 

reasonably uniform appearance, somewhat si.milar to some 

soft, absorptive stonesa When particle is wet, slight 

rubbing removed sufficient shale from surface to cause 

surface water on parti.cle to become muddy, or dirtyo 

(B) Also occurs in . the form of shale lines, or seams~ 

i.n large number and closely spaced throughout stone 

particleo Has a laminated or streaked appearanceo 

(Distinguishable from "Shaly Seams'', listed as Noo 5, 
below, because of contamination to a higher degree as 

evidenced by greater number of shale lines or seamso) 

(C) A.lso occurs as stone with shale coatings on two 

faces, somewhat similar to "Skin Shale 11 , listed as Noo 4· 

below, except that shale coatings are much thicker than 

in case of skin shaleo 

(D) Also may occur as combination of "'Eve and 11 C11 , 

/ 

described aboveo 

3o Cap Sh~~a 

Occurs as a layer with a line of demarcation of 

the layer~ or U'Cap'!i of shale or shaly stone which gener­

ally occurs on one face of stone particleo Usually 

little or no other contamination on stone particle~ 

except shale capo Where cap exce eds 20 per cent of 

depth, or volume~ of stone particle:~ it is classified 
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"Cap Shale (+20%)w, and is considered deleterious 

materialo In those cases ·where cap amounts to 20 per cent 

and under, the particle is classified as "Cap Shale (-20%)" 

and is considered objectionable materialo 

40 Skin Shale 

Occurs as comparatively thin, continuous coating 

of shale 9 usually on two opposite faces of stone particleo 

Total coverage of shale coating equivalent to 50 per cent 

or more of surface area of par ticleo 

5o Shaly Seams 

Occurs as comparatively thin lines or seams of 

shale· extending through particleo Number of lines depends 

somewhat on particle sizeo Lines are generally parallel~ 

or approximately soo 

60 Soft Stone 

Usually classified and reported as 11 Soft and Fbrous 

Stone"& Some types can be readily broken in t1.vo vJith 

fingerso In some cases~ because of. larger particle size 

or more rounded, or spherical shape~ cannot be broken in 

two with fingers but small areas can be spalled, or 

chipped off with fingerso Or particle can be cut or 

broken in half, by mechanical means~ after which edges 

of cut face can be spalled with fingerso Porosity, or 

high absorption, detected by rapid disappearance of 

surface water on particle, and by breaking or cutting 

3 
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particle in half and observing depth of penetration of 

moistureo Also includes some stone which may not be 

soft but is highly porous and absorptiveo Soft stone 

in this formation usually tends toward brown or buff 

color. 

7 o Mud-Coated Stone· 

stone particles which , on becoming wet, show a 

partial or complete coating of mud (soil, or clay, as 

differentiated from shale)o Stone particle itself may 

be sound and uncontaminated , except for mud coating, 

or covering"' 

The compositions by vJeight of the "Deleterious 11 and 

"Objectionable\~ materials as used in this investigation, were: 

11D.eleterious 11' Material 

T_ype :Material 

Pure Shale 
Soft S.tone 
Pure Shaly Stone 
Cap Shale ( + 20% ) 

Per Cent 

15.,8 
l3ol 
37o5 
33o6 

1110b.iectionable ttl Material 

Tspe :Material 

Cap Shale J ... 20% ) 
Shaly S.eams 
Skin Shale 

Per Cent 

30ol 
1108 
58ol 

4 
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These compositions approximate the average of the composi-

tions of a l arge number of samples from the routine production of 

several plants., 
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