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CO~PERATIVE LABORATORY STUDY OF WALLACE LIMESTONE 
WITH THE NATIONAL CRUSHED STONE ASSOCIATION 

This is part of a comprehensive authorized investigation to deter-

mine the suitability of Wallace crushed stone from Bay Port for highway 

construction purposes. The investigational program includes three 

specific studies which are -

1. An eJ,amination of Bridges UB-1 and UB-2 of JJ-6-4 in Lansing 

to determine the cause of scaling on parts of the superatruc-

turc. This work was completed and reported on February 28, 

1952, R~search Laboratory Report No. 170. 

2. A cooperative laboratory study with the National Crushed Stone 

Association to determine the physical and chemical properties 

of Wallace Stone in relation to durability under freeze-thaw 

action, This study is the suhject of this report. 

J, A field survey of existing highway pavements and bridg&s in 

which Wallace Stone from Bay Port has been used, in order to 

evaluate performance of concrete in service. This study has 

been completed and a final report is in preparation, 

The main purpose of this investigation is to study the quality of 

Wallace limestone and, in portland cement concrete, to determine its 

effect, if any, on the durability of this concrete in freezing and thaw-

ing. Comparative results with the National Crushed Stone Association 

wore ortained by the exchange of teat beams and subsequent testing, 

This report presents pertinent information concerning the materials 

under study, concrete mix design, laboratory testing procedures, geologic 



description of the materials, results of various teats on the aggregates, 

and in particular those from the comparative freeze-thaw teste. 

Materials 

All of tho materials needed for making both regular and air-entrained 

concrete beams were furnished the NCSA Laboratory by the Michigan State 

Highway Research Laboratory. A crushed limestone coarse aggregate from 

Port Inland, Michigan was used as a control or comparison aggregate, The 

materials were: 

Cement 
San:i 

Peerless, Type I, ))etroit. Spec. grav. 3.14 
Boichot, 2NS, Lansing 

Coarse Aggregate 
Coarse Aggregate 
Air-entraining agent 

1iallace crushed limestone, 6A grading 
Inland 11 11 6A grading 
~arex A.E. solution, Eddy Company, Lan~ing 

Mix Design 

The crushed limestone aggregates were used in a concrete mix designed 

according to the MSJID Mortar V~ids method. The follo~ting design features 

~tere followed: 

Cement cont9nt, sacks/cyd. 
b/10 ratio 
Relative water content (regular) 

( A, E. ) 
Slump, inches 
Air content, regular concrete, percent 
Air content, A, E. concrete, percent 
Total mixing time, 1~ cu,ft. revolving 

drum mixer, minutes 

5·5 
0.76 
1.215 
1.15 

2 to 3 
1 to 2 
4 to 5 

5 

The approximate batch quantities were computed to be: 

Cement, p'>unds 
Sand, dry, pounds 
Ccarse aggregate, dry, pounds 
Total water, pounds 
Volume, cu. ft. 
Darex for A. E. c~ncrete, ounces 

Mix Procedure 

18.8 
52.6 
66.0 
11.0 
0.982 
o.l() 

The coarse aggregates ~tere allowed to saturate under water for 

24 hours and the sand stood with excess surface water for the same 
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period, The mixer was moistened and the wet crushed stone and sand 

were weighed and placed in the drum. Cement and mix .rater ~rere added 

and the entire batch was allowed to turn over for five minutes at about 

21 rpm. The batch was dumped out into a damp tray and turned with a 

shovel a few times prior to measuring tho slump. The air content .ras 

measured with an Acme meter and this observed percentage was corrected 

for air in the aggregate portion of the concrete. Six beams~ eao,l:\ 

J..-. by 3- by 15 in. >rere molded 1n t~to layers, redding each layer 50 t imos 

with a 3/8-inch bullet nosed rnd, The steel molds were lined with water-

proof paper, The sides were spaded and the tops finished off .rith a wood 

float, Stainless steel studs 1/4 in. by 3/4 in. ~tere molded in the ends , 

of each beam to determine length change during freeze-thaw tests. 

When the six beams from each of the four batches of concrete had 

cured 14 days in the fog room, two of them were packed in saturated saw-

dust and wrapped in wet burlap for shipment to the NCSA in Washington, D. C. 

A tetal of eight beams ~tere sent in two separate shipments to the NCSA. 

The same number ef beams wore received from corresponding concrete mixes 

made at the NCSA laboratory. 

T~e concrete mixer used was a Sears & Roebuck revolving drum type of 

1! cubic feet capacity. This mixer has three curved mixing bla~es spaced 

equally around the inner sides of the drum. The drum revolved at about 

21 revolutions per minute. 

The physical characteristics or the freshly mixed concrete for tho 

two types of concrete and different aggregates are presented in Table I. 

As soon as the beams were finished, they were placed in a fog room 

at 75°F. and protected against dripp:l.ng ~rater. The molds were stripped 
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after 24 hours and the beams marked aqd placed back in the fog room for 

a total curing time of 26 days. 

Tll]LE I. CHARACTERISTICS OJ!' FBESH CONCBETE 

Regular Concrete Air-Entrained Concrete 
Coarse Aggregate Inland Bey Port Inland Bay Port 

Code Marking IN BP INAE BP.AE 

Cement, sacksjcyd. 5.49 5·51 5·47 5.1>() 

Water-cement ratio o.538 0.516 0.551 0.538 

Slump, inches 3-l/4 2 5 2-3/4 

Fine aggregate, dxw wt., lb. 52.6 52.6 49.4 49.4 

Coarse aggregate, dry wt,, lb. 66.0 66.0 66.0 66.o 

Cement, lb. 18.8 18.8 18.8 18.8 

Total water, lb. ll.OO ll.OO 11.22 ll.38 

Batch volume, cu. ft. ·989 .989 1.01 l.Ol 

Unit weight, lbs/ cu. ft. 151.0 151.4 147.0 145.6 

Air content, gross, percent 1.5 1.4 4.7 5.1 

Air content, net, percent 0.9 0,8 4.1 4.5 

Freeze and Thaw Testing Procedure 

When the concrete beams had cured for 26 days in the fog room, they 

~rero placed in a water bath at 70°F. for 48 hours. After this initial 

saturation period the weight, length, fundamental frequency, and specific 

gravity of each beam ••rere determined, The beams were placed on end in 

rectangular rubber containers, covered with water, and placed in an alec-

hal-water freezing bath maintained at -l5°F, The beams were f~ozen over-

night for 16 hours and thawed for 8 hours in a tank full of running tap 

water at 55°F. The freeze-thaw cycle changed only on week ends when the 
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specimens were fr~~en for 64 hours instead of the usual 16. On days When 

sonio measurements were made, the beams to be tested were removed from 

their boots in the thawing tank after 5 hours and placed in water at 7Jl-75°F. 

for 2 hours before measurements orere taken. This was done to bring speci-

mens to initial room temperature for testing. 

TEST RESULTS 

Geologic Description 

Inland Limestone: This stone is a light buff-colored magnesian lime-

stone deposited in the Silurian period. Inland limestone is found mostly 

in the Manisti~ue )olomite formation and is quite thickly bedded, 

Bay Port Limestone: This stone is fairly thin bedded and the entire 

working face is only 12 to 14 feet thick. It belongs to the upper Missis-

sippian period and contains both Bay Port and Michigan formations. Tho 

upper 30 inches or so beneath the overburden is a sandy limestone. Follow-

ing this sandy limestone in order aro: about 3-1/2 feet of fairly dense 

gray limestone; 6 inohes of marine shale containing numerous orinoid fossils; 

3 more feet of dense gray limestone; a thin layer of chert nodules; about 

4 feet of dark gray magnesian limestone: about 1 foot of dense, dark, buff-

colored dolomite containing some chalcopyrite; and finally, a thin floor 

of carbonaceous shale. A visual examination of produced stone indicates: 

Soft, absorbent, sandy limestone 
Fossilized marine shale 
Dense, gray limestone 
Dense, dark buff, magnesian limestone 

4.6 percent 
l. 6 " 

81.7 II 

12.1 II 

The examination indicates that 6.2 percent of the Bay Port material 

should be classed as deleterious, 

Chemical An~lysis of Stone 

A chemical analysis was made of each type of stone, the results of 

which are shown in Table II. 
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TAJ3LE !I.-CHEMICAL ANALYSIS OF STONE 

Determination 

Loss on ignition 
Si02 
Rzo3 
CaC03 
Mgco1 
Resiaue in 6N. HCl. 

Percent . 
Inland Bay Port 

43.20 
0.83 
Oo75 

88.28 
10.14 
1.67 

35.89 
15.54 
1.44 

75.83 
7·19 

18.02 

Specification Tests on Aggregates 

The results of normal specification tests on the fine and coarse 

aggregates are presented in Table III. The test results show a marked 

difference in absorption characteristics of the hro coarse aggregate 

materials. 

Soundness Tests 

Both materials were subjected to the standard magnesium sulfate 

soundness test and, in addition, to 25 cycles of freezing and thawing 

tn water. The results of these teats are presented in Table IV. 

TAJ3LE IV. RESULTS OF SOm~DNESS TESTS 

Sieve 
Fraction 

3/4- 1-1/2 in. 
3/8 - J/4 in. 
No. 4 - 3/8 in. 

Total % loss on 

Wetght, 
grams 

INLAND BAY PORT 
Percent Corrected Percent Corrected 

LosS" Percent Loss Percent 
--~-~~~--=~----~~~ 

Magnesium Sulfate (5 cycles) 

3,000 0.067 o.o3 5.64 2.\+9 
2,000 1.10 0.52 17.2 7.61 

6oo 1.33 0.21 22.5 2.22 

original gradation 0.76 12.65 

Freezing and Thawing in Water (25 cycles) 

3/4 - 1 in. sao 10.64 1.46 20.00 3.02 
1/2 - 3/4 in. 667 25.00 4.91 13.94 2.91 
No. 4 - 1/2 in. 633 4.74 2.04 6.16 b1& 

Total % loss on original gradation 8.41 8.07 
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TA:BLl!l III, 

SPECIFICATION TEST RESULTS ON AGGREGATES 

---------------------------·--· 
Test Results on Fine Aggregate 

Sieve Analysis: 

Sieve Size Total Percent Passing 

3/8 in. 
No. 4 
No. 6 
No. 16 
No. 30 
No. 50 
No, 100 

100 
10') 
91 
70 
50 
17 
2.0 

Loss by >Ja,hing, percent 0. 2 
F3.neneec, mod<'-··lS 2. 70 
Orgm,Jc plate No. I 
1:3 mor;;a::- ~-~l:ength ratio, 

7 day 1.15 
Bulk Spec. Gi·a.vHy (S.S,D,) 2,68 
Bulk Spec. (;-~ovi!;y (ciry) 2, 66 
Absorptoon, percent o.8~ 

Test Results on Coarse Aggr"gatea 

Sieve Analysis: 
Total Percent Passing 

Inland Bay Port 

1-1/2 in. 
1 in. 
)14 in. 
1 I 2 in. 
J/8 in. 
,Ko. 4 

100. 
76-9 
6J.2 
43.55 
16 .. 15 

.. 5 

\•!eight per cu. i't. , loose, dry 88. 8 
Bulk Spec. Grav. saturated, surface dry2,67 
Bulk specific g1·anty, dry 2,b5 
Aboorption, percent,(av. of 2 tests} 0.69 
Apparent specific gravity 2. 71 
Absorption, :pe:ccent, 5 hr. boiling 0. 650 
Absorption, per"cent, (ASTM 0 127) 0 59'7 
Ratio of 24-hr, a1Jborp. to 5 hr. boilingO, 92 
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100. 
70.85 
55.75 
)4.65 
11.5 

.15 

85.1 
2. 65 
2.615 
1.31 
2. 715 
1.322 
1. 273 
0.96 



A good port ion of the breakdown in the sulfate soundness test 1r0as 

due to the laminated structure of the marine shale portion of the Bay 

Port stone, 

The most noi;a.ble fact from the sound,ess tePts is that ·ohe magnesium 

sulfate soundness test shoors a marked difforenoe in loss be·o•reen the t>ro 

agg:regates - the BB.y Port material having a loss of a•,ound 12 percent 

which checks with previous experience, In the free£e-.. ·i;hmr ·tests, both 

aggregates performed about the same. 

Freezing and Thawing Tests 

The results from the freeze-thaw tests e.re summarized in Table V 

and presented graphically in Figures 1, 2 and 3o J\.t tl:e beginning of 

the program, toro air-entrained mixes were mad.e using 1 ounce of Darex 

per sack of cement, resulting in air contents of aoout 9 percent. Al­

though the air content of these mixtures was not \1Tithin the range spec­

ified for the testg, the results obtained from thete beams are included 

in Table V as a matter of general interest. 

Re~la;r_C.QQ9J'ete: Of the regular concrete, beams molded in the 

Research Laboratory failed more rapidly than the corresponding beams made 

at the NCSA I,aboratory. There was no significa:r:t. difference in the dur­

ability of the t~10 Hmestcnes ~lhen tested in regular concreto, The lower 

durability of the be .. ~.ms of both aggregates cast in the Research Labora.­

tory may possibly be due to the fact that these m1•rture~ contained about 

1 percent less air than those made by the NCSA" Figures 4 and 5 show 

the appearance of beams containing the two aggregates at the end of the 

test. The ~lalla.ce Stone beams in Figure 5 show the characteristic dark 

particles of shal.ey material usually present in small quantities in this 

stone but which apparently do not appreciably affect the overall dura­

bility of the concrete. 
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TABLE V 

SU!1l1ARI_ .. QF.~ZE AiW TRI\.\1' TEST DATA 

The follo>Iing 1table repNsents a complete compilation of freeze and tha>I test beam data on all beams made by the 
HiglMa-,r Research La1Jo1·atory, and eight (8) beams received from the National Crushed Stone Association. 

Beam Fresh Concrete Cycles Reduction Length Weight 
!dent ificat ion Pe:rcent Air- lr/C Slump, F1·eeze in Modulus, Change, Change, 

& Number (net) (by wt.) inches & Thaw percent percent percent 

NCSA Beams 
Reggla~ Concrete 

Il'I-a&d 2.1 -538 3 42 50 - 1.84 

:BP-a&d 2.1 • 550 3 38 50 - 1.67 

A>r-entrained Concrete 
IN-2- a & d 5·5 .486 2 200 25-7 - 6.37 

BPA-2-a & d 4.9 .490 2 200 25.7 - 10.54 

MSHD Beams 
.fu!gu1ar Concrete 

Hl- 1,2,3,4 0.9 0,535 3-1/4 0 50 -1 .077 - 0.15 / 

l3P- 1,2,3,4 Oc8 0.515 2 6 50 -1 .099 -1 0.09 

A'r-entrained Concrete 
IN.'\E- 1,2,3 9.0 0.504 3 200 3-3 -1 .028 - .29 

BFAE-- 1,2,3 8.6 o.483 3 200 10.1 t .030 - .89 

IN.I\E- ?,8,9 4.1 ;).548 5 200 1.7 -/- .023 - 1.12 

BPAE:- ?,8,9 4.5 0.538 2-3/4 200 5.6 1- .014 - .98 
------·-



' Air-Entrained Concrete; As in the case of regular concrete, there was 

little difference in the resistance of the two limestones to freezing and 

tha~ring ~rhen tested in air-entrained concrete. Unlike the regular concret'', 

however, the air-entrained concrete beams molded in the Research Laboratory 

showed considerably greater durability in the accelerated test than tho 

corresponding NCSA beams. The Bay Port stone gave very slightly poorer per-

formance in the beams molded here, but at 200 cycles there was no differ-

ence at all in the performance of the two sets of beams sent here from the 

NCSA. Photographs of the beams in this series are shown in Figures 6, 7, 

8 and 9, 

It is evident from these tests that dtfferences in making and curing 

concrete specimens, even When the same materials are used throughout, have 

a profound effect on the results obtained in the accelerated durability 

test. In both the regular and air-entrained concrete, there were wide 

differences in the results obtained on beams of the same materials molded 

in the hro laboratories, 

Both the NCSA and MSHD air-entrained beams sho>red an increase in mod-

ulus in the first stages of the test, ~robably due to continued hydration 

and hardening of the cement during the tha~ring phase of the cycle, .rhich 

more than compensated for any loss in strength from freezing and thawing. 

This is a fairly common phenomenon, and has occurred quite frequently in 

other previous tests of this kind. 

Concluding Remarks 

For all pre.ctical purposes there was no significant difference indica-

ted in these tests in resistance to freezing and thawing of concreto con-

taining the t'•IO aggregates. In air-entrained concrete particularly, both 

limestones were about equally durable. The Bay Port stone does, however, 

exibit some popouts or disintegration of coarse aggregate particles aris-

ing from the presence of small amounts of deleterious constituents, such 

as marine shale and absorbent sandstone, in this stone. 
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FICURE 4. N.C.S.A. RECULAR CONCRETE SEAMS MADE WITH INLAND STONE AFTER 42 CYCLES OF FREEZE AND THAW 
IN WATER AND 50 96 REDUCTION IN MODULUS.THE TWO CUT FACES OF EACH SEAM ARE TOWARD CAMERA. 
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FIC.URE 5. N.C.S.A. REGULAR CONCRETE BEAMS MADE WITH BAY PORT STONE AFTER 36 CYCLES OF FREEZE AND THAW 

IN WATER AND 50 % REDUCTION IN MODULUS. TWO CUT FACES ARE EXPOSED. 



..-._ 
..llllflllllllllll._ FIGURE EL N.C..S.A. AIR -ENTRAINED BEAMS MADE WITH INLAND STONE AFTER 200 C.YC.LES OF FREEZE AND THAW IN 
WATER AND 26 ~REDUCTION IN MODULUS. WEIC.HT LOSS= 6.4 'il6. THE TWO C.UT FAC.ES ARE IN VIEW. 
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FIGURE 7. N.C.S.A. AIR ENTRAINED BEAMS MADE WITH BAY PORT STONE AFTER 2.00 CYCLES OF FREEZE AND THAW IN 

WATER AND 26 S REDUCTION IN MODULUS. WEIGHT LOSS: 10.5 <J6 THE TWO CUT FACES ARE SHOWING. 
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FIGURE 8. M.S.H.D. BEAMS MADE WITH INLAND STONE AFTER 200 CYCLES OF FREEZE AND THAW IN WATER AND 1.7~ 

REDUCTION IN MODULUS. AIR CONTENT : 4. I '96 



....-.. 
FIGURE 9. M.S.H.D. BEAMS MADE WITH BAY PORT <.:>TONE AFTER 200 CYCLES Of FREEZE AND THAW IN WATER AND f>.6S 

REDUC.TION IN MODULUS. AIR CONTENT: 4.5 S 


