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An Analytical Study on the Expansion Rates of Mortar-bars
(ASTM C 227-90) for Basalt and Various Aggregates
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ABSTRACT: Since the concrete covers most structures in modern architecture and it is composed
of aggregates of about 75%, the appropriate selection of aggregates is valuable for the durability
of concrete, A major cause of the expansion of mortar-bar measured by ASTM C 227-90 has
been accounted by the alkali-aggregate reaction. This study carried out designed experiments on
some aggregates including basalt and sandstone, to classify the expansion factors into the
alkali-aggregate reaction, the increase of the gel pore volume, and the interstitial water that
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could expand physically thecracks or foliation developed in aggregatesitself. The quantitative
analyses of expansion by each factor indicated that the interstitial water and/or the

alkali-aggregate reaction had major roles in the concrete expansion. Thus, if the supplied

aggregates have deteriorated the structural framework,

exact causes through this suggested method.
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interstitial water
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aggregate,

it is important to investigate the

alkali-aggregate reaction, gel pore,
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ASTM C 227-909] ¢ FA %2 “Standard test

method for potential alkali reactivity of
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method)” o)™, ¢]e} Fdg EHH9 dFAd]F4

(KS F 2546-1993)9] A| 52 “Alul =9} )2 wj
ol a2 b A 9 A wH(EEEs
F A ) elH F AE R nEEey
A29E dE-FA Wbl £ glon EE
2l g A 2 99 HAaqle o
%ot m2Etadel] oA A¥T @
Al BAe AN BF gz *“Zﬂ
e (Swamy, 1992; Michihiko et
1989, &A1&, RBAE—, 19%5).

olof tiated AL FAlef(1997): FEEls
2] e el 7H4(interstitial water)ol 2]
= AA L] EeA B sk B3, Ag(gel
water)ell 213 A|HE o] AE Q] B3 Ty 9

O



z2el2y AFASTM C 227-90)

o) -2
4ol 9

L

2o A% A AA7} REIA LT
Qo] slek APel oW LEFE 061%, B
more 02296744 BATE FHshelchFig. 1),
Agol ST A TR BFE FAY $3)9) A
AE HolAEAN we(E-ARNE)S W7 e
4% Q8% A= oFo) welm FAld 4
Hge) 3t A ARt webdl, 532

ol B4

i N o
i

o] 2 HAL Relud, Aol 9

E=A e
sl Tdg A B2 $FH(flow value)Zb
111.6%¢<] 7% B3k (0.332m, 1156%% 75

0.302mE ¥lul, obdE-FA-So) ok AA
2 Awelre Al ubgel 23 HozAM
A ezl AR oje,

e

(Aggregates)

basalt

phyfiite

marble

granite

mica

gabbro

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Expansion(%)

Fig. 1. Physical expansion rates of rock and
mineral aggregates cured in fresh water under
507, 17days.
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Fig. 2. The idealized illustration of 4 types of
morar-bar  with  aggregates and  their
relationship. The abbreviation is explained in
this text (unit: mm).
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Fig. 3. The idealized illustration of 4 types of
mortar-bar  without aggregates and their
relationship. The abbreviation is explained in
this text (unit: mm).
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Table 1. The comparator readings of mortar-bar with and without the aggregates (unit: mm).

Aggregates Valio"(’% )| B A D C B’ A’ D’ c’
106.2 4608 4.320 4.193 4,001 1.932 1.804 1.673 1.586
basalt 1116 5910 | 5627 5482 | 5286 2241 2124 195 | 1849
1156 6.011 5731 5574 5.375 2.189 2.081 1.834 1.757
phyllite 1100 5.069 4832 4611 4517 1.859 1.735 1.562 1.493
1156 6.202 5978 5712 5611 1.985 1.890 1.631 1563
sandstone 1116 6.108 5.752 5.562 5.385 2134 2.011 1.823 1.751
112.6 6.098 5.837 5.637 5.455 2.247 2.139 1.933 1.861
marble 111.6 5.875 5.654 5.492 5372 2.152 2.036 1.849 1.782
1126 5.983 5763 5583 5454 2.250 2.147 1.934 1.867
granite 1116 5.361 5176 5.077 4973 2.063 1.946 1.772 1.703
1126 5.577 5393 5.273 5.161 2.157 2.053 1.852 1.783
mica 106.2 5935 5.584 5241 5.167 1.939 1.844 1.701 1.652
110.0 5.898 5.553 5.044 4.968 1.838 1.760 1.566 1518
gabbro 111.0 5.147 4.982 4,885 4770 2.016 1911 1.690 1618
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Table 2. The calculation process to obtain @».. R and > (unit: mm).

Flow o a R b Lengthl?)l; %B-A) :|Nominal gag:ell&r)log/oth (250mm)

Aggregates | value N A
) B | pe [P BE g R |y [BA| s | Rk

1062 | 0128 | 0077 0115 | 0.045 444 | 399 | 157 [ 0115 | 0051 | 0.046 | 0018
basalt 1116 | 0117 | 0.076 0120 0.046 413 | 424 | 163 | 0113 | 0.047 | 0048 | 0018
1156 | 0108 | 0.077 0.122 0.050 386 | 436 | 178 | 0112 | 0.043 | 0049 | 0.020

1100 | 0124 | 0.069 0.025 | 0.083 523 | 106 | 37.1 | 0094 | 0.049 | 0.010 | 0.035

phyliite |1 0c6 | ooos | 0068 | 0033 | 0096 | 424 | 147 | 429 | 0089 | 0038 | om3 | 0038
wndstone | 1116 0123 | 00r2 | 0105 | 0oss | 462 | 395 | 143 | 0106 | 0049 | 0042 | 0015
1126 | 0108 | 0072 | 0110 | 0043 | 414 | 421 | 165 | 0104 | 0043 | 0044 | 0017

e | 116 | 0116 | 0067 | ooss | o052 | 525 | 240 | 235 | 0088 | 0046 | 0021 | 0021
1126 | 0103 | 0067 | 0062 | 0055 | 468 | 282 | 250 | 0088 | 0041 | 0025 | 0022

granite | 116 | ou7 [ oceo | ooss [ oo | eaz | 189 [ 179 [ oo | o7 | oo | 0013
1126 | 0104 | 0069 | 0043 | 0037 | 565 | 234 | 201 | 0074 | 0042 | 0017 | 0015

s 1062 | 0095 | 0049 | 0025 | 023t | 271 | 71 | 658 | 0140 | 0,038 | 0010 | 0092

1100 | 0078 | 0.048 0.028 | 0.239 226 { 81 | 693 | 0138 | 0031 | 0011 | 0.09

gabbro 1100 | 0105 | 0.072 0.043 | 0017 636 | 261 | 103 | 0066 | 0.042 | 0.017 [ 0.007

(Aggregates) A
basalt

phyliite

sandstone

marble

granite

mica

gabbro

0.000 0.020 0.040 0.060 0.080 0.100 0.120 0.140
Nominal gage length(250mm) : 100%

(Aggregates) B
basalt

phyllite

sandstone

marble

granite

mica

gabbro

0 10 20 30 40 50 60 70 80 90 100
Total expansion length (B-A) : 100%

Fig. 4. The analysis of total expansion of mortar-bars by the factors of gel water(go), interstitial
water{ls) and alkali-aggregate reaction(R). The hatches of A and B are identical.

A : Calculated when nominal gage length(250 mm) is 100%.

B : Calculated when total expansion length(B-A) is 100%.
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Fig. 5. The increasing and decreasing trends of g2, R and 12 values according to the increasing flow
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