








ABSTRACT

This program was adopted to evaluate each of the constituents
which go into masonry construction used on Vermont Agency of
Transportation projects. Concrete and clay bricks, three types
of cement, Lwo aggregates and two types of mortar were examined.
Also studied, were the effects of hand vs machine mixing and
remixing of mortar batches, one hour after initial mixing had
begun.

As important data was collected, specification changes were
implemented without delay. The use of concrete bricks is no
longer permitted on Agency projectis. When air-entraining cement
is required, Type IA is now specified, as Type IIA is no longer
available.

This report further recommends allowing Fine Aggregate for
Concrete as an aggregate in masonry construction.
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INTRODUCTION

Transportation maintenance personnel are faced with a multitude
cf challenges while endeavoring to maintain the highway
infrastructure in a safe, passable condition. One area of
growing concern in this effort has been the deterioration of
masonry construction. Catch basins, drop inlets, and other areas
of masonry construction subjected to cycles of freezing and
thawing in the presence of deicing salts often deteriorate
prematurely, resulting in expensive and time consuming repairs.

To address this problem, tests were proposed and programs adopted
to examine each of the constituents which go into masonry
construction used on Vermont Agency of Transportation projects.

During developmental stages of the investigation, concrete and
clay bricks were subjected to rapid freezing and thawing tests
with interesting results. Clay sewer bricks, AASHTO M91, Grade
SM, completed 300 cycles of freezing and thawing in a 3% sodium
chloride solution with no evidence of deterioration. Concrete
bricks, ASTM C565, Grade N, Type I and II, on the other hand,
disintegrated completely in less than 50 cycles in the same
environment. This discovery led to an immediate prohibition on
the use of concrete bricks on Agency projects.

About the same time the bricks were being investigated, a broad
program was being organized to examine the cementing matrix of
mortars used in masonry construction.

During the preliminary stages of our evaluation, several cement
manufacturers were canvassed regarding availability of their

products. At that time, it was discovered Type I1IA, Air-
entraining Portland Cement is no longer available in this region
of the country. A limited number of manufacturers, however,

still produce a Type IA, Air-entrained Portland Cement. Changes
were initiated and specifications now require the use of Type IA
cement in masonry work.

Many grouting situations require large gquantities of materials.
When this occurs, Fine Aggregate for Concrete is often
substituted for the Sand for Cement Mortar with the materials
batched at a ready mixed concrete plant and delivered to the
project in transit mixers.

Vermont Agency of Transportation specifications currently require
a blend of Type IA, Air-entraining Portland Cement and Sand for
Cement Mortar, consisting of one part cement and one part sand,
or one part cement and two parts sand, depending on the use for
which the mortar is employed. The cement and sand are blended
with sufficient water to provide a mixture of the required
consistency.
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STATE OF VERMONT
AGENCY OF TRANSPORTATION
MATERIALS & RESEARCH DIVISION

RESEARCH INVESTIGATION

Work Plan No. 89-C-2

Subject Evaluation of the Durability of Mortars, Type I and Type II

Investigation Requested By M. W. Lawson Date February, 1989

Date Information Required ASAP

Purpose of Investigation__ To evaluate the freeze=thaw durability of Type 1& Tvpe II

mortars employed by the Agency of Transportation for

grouting, joint filling and masonry work.

Proposed Tests or Evaluation Procedure Mortar Type I and Mortar Type II will be

evaluated, using Type II Portland Cement, Type 1II-A, Air Entreaining Portland

Cement and a commercial masonry cement.

Evaluations will be conducted using Fine Aggregate For Concrete, Ttem 704.01

and Sand for Cement Mortar, Item 704.13.

Mixing procedures will be varied to include hand mixing, using a wheelbarrow

and hoe, and mechanical mixing, using a Sears 1} cf mixer.

The effects of retempering at 30 minutes after initial mixing will also be

evaluated.

(SEE PAGE 2)
K. Frascoia
Proposal Discussed With C. Benda Projected Manpower Requirements 85 man days
Investigation To Be Conducted By Structural Concrete Subdivision
Proposed Starting Date ASAP Estimated Cempletion Date.  June 1990

ApprovalJDisapproval by Materials & Research Englneer

Comments by Materials & Research Engineer

1s & h Divisi ‘?”5@ NS %ﬂ?@w e 4%
Materials & Researc ivision

Agency of Transportation CAs ée—’/ff/ms- Jamwzzgj

Date Typed: - -l -

March 2, 1989
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The following tests will be conducted:

1.

2.

Mortars

a. Compressive Strength - AASHTO T106-86, modified, using 2" cubes.
Tests will be conducted at ages of 1 day, 7 days and 28 days.
Following mixing, specimens will be air-dried until tested.

b. Resistance to Rapid Freezing and Thawing -  AASHTO T161-86,
Procedure A, modified for use of a 3% sodium chloride solution.
Following mixing, specimens will be air-dried until freeze-thaw
cycling begins at 14 days.

c. Consistency Using Flow Table - AASHTO T106-86. Consistency
will be determined to insure uniformity of the various mixes
examined.

d. Air Content - AASHTO T196-80. Air contents will be measured
to determine variation caused by mixing procedures,

Fine Aggregate For Concrete and Sand For Cement Mortar

a. Gradation - AASHTO T27-84.
b. Organic Impurities - AASHTO T21-81.

Type II, Portland Cement, Type II-A, Air Entraining Portland Cement
and Masonry Cement

a. All Physical tests normally conducted in the Materials and
Reseach Division, Cement Laboratory.

Sy















TABLE 9

TEST RESULTS-TYPE I MORTAR{(one part cement/one part sand)
RETEMPERED MIX-Type IA Cement & Sand For Cement Mortar

Batch Number 1R 2R bR TR
Type of Mixing Machine Machine Hand Hand
Flow 112.0 110.0 109.5 105.5
Air Content, % 4.6 3.8 4.5 4.7
Temperature, °F 77 79 75 75
W/C Ratio 0.376 0.408 0.398 0.395
Comp. Strength, psi
24 hours-Cube 1 4316 4267 4865 4138
Cube 2 4529 4099 4316 4385
Cube 3 4499 4262 4573 4578
Average 4448 4209 4585 4367
7 days-Cube 1 7589 5715 6274 6002
Cube 2 6570 5814 5553 5992
Cube 3 7015 6551 6002 5953
Average 7058 6027 5943 5982
28 days-Cube 1 7300 6488 6775 7388
Cube 2 7150 6525 7350 7338
Cube 3 7438 6688 6975 7065
Average 7296 6567 7033 7264

Resistance To Rapid
Freezing And Thawing,
% weight change

50 Cycles-8Specimen A -0.4 -2.8 +0.5 +1.0

Specimen B -0.9 -3.2 +1.0 +1.4

100 Cycles-Specimen A -0.8 -4.9 +0.4 +1.0
Specimen B -1.2 -5.7 +0.9 +1.2

150 Cycles-Specimen A -0.8 -6.5 +0.4 +0.9
Specimen B -~1.2 -6.3 +0.6 +0.9

200 Cycles-Specimen A -0.8 -5.8 +0.4 +0.9
Specimen B -1.3 -6.6 +0.4 +0.8

250 Cycles-Specimen A -0.8 -6.1 +0.2 +0.8
Specimen B -1.4 -6.8 +0.2 +0.6

300 Cycles-Specimen A -0.9 -6.4 +0.1 +0.5
Specimen B -1.6 -7.2 +0.1 +0.5
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TABLE 14

TEST RESULTS-TYPE IT MORTAR(one part cement/two parts sand}

INITIAL MIX-Type S-Masonry Cement & Sand For Cement Mortar

Batch Number 121 131 161 171
Type of Mixing Machine Machine Hand Hand
Flow 109.5 114.5 105.56 110.
Air Content, % 6.5 7.5 6.6 6.6
Temperature, °F 79 71 73 71
W/C Ratio 0.445 '0.448 0.420 0.42
Comp. Strength, psi
24 hours-Cube 1 1463 1313 1420 1378
Cube 2 1550 1350 14865 1393
Cube 3 1450 1425 1480 1373
Average 1488 1363 1455 1381
7 days-Cube 1 3263 3078 3900 3700
Cube 2 3588 3048 3788 3713
Cube 3 3638 3313 3675 3800
Average 3496 31486 3788 3738
28 days-Cube 1 3450 3190 4493 4285
Cube 2 3575 3533 4013 4153
Cube 3 3300 3048 4445 3703
Average 3442 3257 4317 4047
Resistance To Rapid
Freezing And Thawing,
% weight change
50 Cycles-Specimen A -0.2 +0.3 -4.6 -3.9
Specimen B -0.4 -1.14 -4.4 -5.4
100 Cycles-Specimen A ~-1.3 -1.7 -8.0 ~7.0
Specimen B -1.7 -5.0 -9.0 -9.6
150 Cycles-Specimen A -2.1 -2.17 -11.0 -10.
Specimen B -2.9 -8.2 -12.7 -14.
200 Cycles-Specimen A -3.3 -4.1 -13.3 -13.
Specimen B -4.3 -11.2 -16.0 -18.
250 Cycles-Specimen A -4.4 -5.4 -16.4 -16.
Specimen B -5.5 -14.2 -20.0 -22.
300 Cycles-Specimen A -5.6 -6.7 -19.6 -18.
Specimen B -7.1 -16.4 XXX KX -25,
¥¥%¥¥ - Indicates specimens removed due to severe deterioration.
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TABLE 19

TEST RESULTS-TYPE 11 MORTAR(one part cement/two parts sand)

RETEMPERED MIX-Type II Cement & Sand For Cement Mortar

Batch Number 20R 21R 24R 25R
Type of Mixing Machine Machine Hand Hand
Flow 109.5 106.5 106.0 106.0
Air Content, % 5.5 6.2 6.4 6.3
Temperature, °F 80 78 70 73
W/C Ratio 0.400 0.440 0.436 0.434
Comp. Strength, psi
24 hours-Cube 1 2650 2863 2250 2375
Cube 2 2863 2725 2225 2273
Cube 3 2575 2850 2263 2355
Average 2696 2813 2246 2334
7 days-Cube 1 5000 4800 4540 4863
Cube 2 4988 4663 4443 4988
Cube 3 5088 4700 4660 4415
Average 5025 4721 4548 4755
28 days-Cube 1 5340 5303 5310 5250
Cube 2 5360 5443 4995 5455
Cube 3 5083 5205 5293 5355
Average 5261 5317 5199 53563
Resistance To Rapid
Freezing And Thawing
% weight change
50 Cycles-Specimen A ~-5.0 ~3.4 ~2.8 +0.5
Specimen B -4.1 -2.3 -3.5 +0.3
100 Cycles-Specimen A -12.0 -8.7 -10.5 -0.5
Specimen B -11.9 -6.0 -8.5 -1.1
150 Cycles-Specimen A -16.,9 -13.7 -19,2 -2.1
Specimen B -20.2 -10.1 -15.0 -3.3
200 Cycles-Specimen A -20.6 -15.7 -26.1 -5.7
Specimen B -24.8 -12.3 -19.4 -8.9
250 Cycles~Specimen A Xk X %X -16.7 EXE kX -8.0
Specimen B LSS RS -14.6 -23.9 -11.1
300 Cycles-Specimen A XXX %X -20.4 Xk k¥ -7.7
Specimen B KKK KX ~-16.5 XK KX -13.6
¥¥%¥%*% - Indicates specimens removed due to severe deterioration.
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TABLE 20

TEST RESULTS-TYPE I MORTAR(one part cement/one part sand)

INITIAL MIX-Type 1A Cement & Fine Aggregate For Concrete

Batch Number
Type of Mixing

Flow

Air Content, %
Temperature, °F
W/C Ratio

Comp. Strength, psi
24 hours-Cube 1
Cube 2
Cube 3
Average

7 days-Cube 1
Cube 2
Cube 3
Average

28 days-Cube 1
Cube 2
Cube 3

Average

Resistance To Rapid
Freezing And Thawing,
% weight change

50 Cycles-Specimen A
Specimen B

100 Cycles-Specimen
Specimen

150 Cycles-Specimen
Specimen

200 Cycles-Specimen
Specimen

250 Cycles-Specimen A
Specimen B

300 Cycles-Specimen A
Specimen B

o> ol g

o 3

311

Machine

105.5
3.3
77

0.341

6100
5825
6625
6183

7798
7608
7603
7670

7735
8298
8480
8171
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321
Machine

114.5
3.5
75

0.339

5775
6475
5750
6000

8115
7833
7725
7824

7298
7920
7068
7429

351
Hand

108.0

3.2

74

0.356

5710
5545
6235
5830

6890
6910
6778
6859

7673
7263
6820
7252

361
Hand

110.0

77

0.381

5122
5102
5140
5121

6935
6250
5943
6376

6762
65650
6527
6613












TABLE 24

TEST RESULTS-TYPE I MORTAR(one part cement/one part sand)

INITIAL MIX-Type S~Masonry Cement & Fine Aggregate For Concrete

Batch Number 391 401 431 44171
Type of Mixing Machine Machine Hand Hand
Flow 106.5 112.0 105.5 114.5
Air Content, % 2.6 2.8 3.1 2.9
Temperature, °F 79 79 77 77
W/C Ratio 0.351 0.353 0.348 0.350
Comp. Strength, psi
24 hours-Cube 1 3170 2745 2645 2095
Cube 2 3395 2733 2523 2123
Cube 3 3195 2495 2533 2235
Average 3253 2658 25617 2151
7 days-Cube 1 4780 4600 5213 5113
Cube 2 4840 4545 4948 4710
Cube 3 4960 4533 5003 4603
Average 4860 4559 5055 4809
28 days-Cube 1 5320 4973 6410 5573
Cube 2 5148 4835 6213 5098
Cube 3 5570 4620 6483 5085
Average 5346 4809 6369 5255
Resistance To Rapid
Freezing And Thawing,
% weight change
50 Cycles-Specimen A -3.1 -1.8 -7.1 -7.4
Specimen B -2.3 -1.6 -7.6 -10.0
100 Cycles-Specimen A -7.9 -9.3 -18.6 -12.3
Specimen B ~6.5 -10.4 -12.4 -15.7
150 Cycles-Specimen A -10.,3 -16.7 -23.2 -18.4
Specimen B -9.1 -17.1 -14.4 -23.6
200 Cycles-Specimen A -12.4 -21.2 XKk -29.2
Specimen B -11.5 -21.2 -17.8 -27.0
250 Cycles-Specimen A -13.4 -24.7 XFkkk FEX kX
Specimen B ~-14.1 -25.0 -20.1 *Rkkx
300 Cycles-Specimen A -16.9 -28.8 FX kKX EE S P
Specimen B -16.1 -28.0 -26.0 X kX kX
x¥%%x%x - Indicates specimens removed due to severe deterioration.
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