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Measurements with a special pressure cell, using an SR-4 strain gage
as the sensitive element, show that the alkali-aggregate reaction in ce-
ment pastes and mortars may develop pressures in excess of 2,000 psi.

@ IN HIS DISCUSSION of the alkali-aggregate problem, Hansen (1) showed that the ce-
ment paste could act as an osmotic membrane across which hydrostatic pressures
might arise to cause the disintegration known to occur with high alkali cement and opa-
line aggregates (2). Also McConnell and co-workers (3) measured pressures in
excess of 550 psi, using a neat cement disc as an osmotic membrane and water glass
(38 percent sodium silicate, NazO to SiOg ratio of 0.30) as the solution. This pres-
sure is of the same order of magnitude as the tensile strength of concrete and could
perhaps cause the observed disintegration. However, at higher concentrations of elec-
trolyte (which form at the surface of pure opal (3, p. 123) one might expect much high
er pressures such as were found in the following tests.

* APPARATUS AND PROCEDURE

The pressures developed were measured with a special pressure cell turned from a
solid piece of cold rolled steel (Fig. 1). An SR-4 type AB-3 strain gage wrapped in a l
spiral around the outside acted as the sensitive element. Because of the difficulty of
removing the cement mixtures a new cell was required for each test.

In order to calibrate the device the cap on the cell was replaced by a special plate
drilled and tapped to take a 74 inch nipple. Oil was then pumped in under known pres-
sures varying from 50 to 2,000 psi. The response observed on the SR-4 strain gage
was linear and acceptably reproducible when the hydrostatic pressure was repeatedly
cycled.

In an actual test the cement paste or mortar was packed into the cell with a Y4 inch
diameter rod. The mortar was struck off flush with the surface of the flange and the
cell sealed with a steel plate so that no moisture could be lost or gained. An initial
pressure reading (shown on the curves as zero psi) was immediately taken which gave
an indication of from 250 to 750 psi pressure above that of the empty cell. Increase
or decrease in pressure was then read on the strain indicator every few hours at the
start of the test, and later at intervals of several days.

The cause of the 1nitial pressure mentioned above is not known. However, several
possibilities may be advanced, the most probable of which is that the mortar is tightly
packed in the cell which thus makes possible the negative pressures indicated later in
the paper. Second, stresses may be set up when tightening the screws in the cell cap
to close the cell, particularly if a grain of sand or other foreign matter becomes
lodged under the cap.

Several different mixtures were tested: (a) A cement paste, using 100 g of high-al-
kali cement (1.10 percent NaO, 0.09 percent K:O) with 25 cc water, and 4 g of opal
from Carson City, Nev. (analysis in Table 1) sized between No. 16 and No. 20 (US
standard) sieves. (b) A similar paste using low-alkali cement (0.00 percent NaO,
0.29 percent Kz0). (c) Mortar made with 100 g of low-alkali cement, 40 cc water and
200 g graded Ottawa sand. (d) A mortar similar to No. 3 using a high alkali cement.
(e) A mortar similar to No. 4 with 6 percent of the sand replaced by opal sized between
No. 50 and No. 100 (US standard) sieves.

*Presented at the open meeting of the Committee on Durability of Concrete—Chemical
Aspects; January 8, 1957.
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RESULTS AND DISCUSSION

The results of five typical tests are shown in Figure 2. Pressures measured in
comparable tests differed from those

shown by about 25 percent. The highest HAND LAPPED SURFACES
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volume of the opal in excess of 300 per- Figure 1. Cell used to measure pressures
cent (5). The control sample using low- developed by the alkali-aggregate reaction
alkali cement and opal showed no appre- material is CR steel.

ciable pressure over the same period.

Mortars made with high-alkali cement, and using opal as 6 percent of the aggregate,
also developed considerable pressure: about 400 psi in 190 days. The three composi-
tions which did not contain both high-alkali cement and opal developed only low pres-
sures.

In the course of this investigation it seemed desirable to determine if creep in the
metal of the cell was a significant factor after prolonged pressures. A cell which had
indicated a pressure in excess of 1,700 psi over a period of 142 days was opened and,
without disturbing the cement, placed in a vacuum desiccator. After evaporation had
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Figure 2. Pressures developed by the alkali-aggregate reaction over a period of 320 days.
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continued for 60 days the indicated pressure dropped to less than 70 psi signifying the
absence of any excessive creep in the gage. This drop in pressure also indicates that
there had been no permanent volume increase caused by reaction or by recrystalliza-
tion in the mortar and strongly suggests that the pressures developed in the cell are
due to osmotic forces generated in the
vicinity of the reactive aggregate.

The cell was originally packed under
considerable positive pressure. The

TABLE 1 — ANALYSIS OF OPALS?

"negative pressure'' indicated by the Item Percent
curves at early ages for all mixtures ex-
cept that developing the highest pressure Loss on igmtion (1,100 C) 5.32
is attributed to the shrinkage which is HF residue 4.30
1;1“:!‘1’:: %%)"_cc“r during hydration of ce Si0s (by difference) 90. 38
- Fe:Os ° 0. 54
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