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1. Introduction

In the northern regions of our nation, there are from several to over
6 months each year during which cold temperature conditions prevail and
during which time progress on basic construction work and the scale of
operations are greatly limited. Since the establighment of the nation,
under the guidance of Chairman Mao's revolutionary line, we have adopted
various methods for winter construction on the battlefront of basic
construction and have amassed definite practical experience concerning it.
0Of these, cold concrete mixed with chlorates has been widely used in
industrial, civil coastruction, harbor, railroad and bridge construction
projects and in mine construction. However, because of interference and
sabotage attributable to the counterrevolutionary revisionist line of
Liu Shaogqi and of the influence of the doctrine of slavish imitation of
the West, the problem of rusting and corrosion of steel bars in cold
concrete containing chlorates was not solved and the mathod ceased to be
used.

Under the impetus of the Great Proletarian Cultural Revolution, the
workers, cadres and scientific research personnel of our institute, with
class struggle as our guids, resolutely supported the Party Line, carried
out open-door management of scientific research, and, "breaking away from
foreign models, tock our own independent course of industrial development.”
In order to develop a cold concrete hardening additive suited to conditions
in our nation, we engaged in experimental research work and proposed using
NaNO, as an antifreeze agent in an NaNO_-Na_SO, combined additive for

eoldzeoncr-u. Good results were cbu:l.xzud ahon this was put into use.

This paper represents a summary of the results of several years of
experimental work. Because of our low level of ideclogical awareness and
technical skill, we would welcomes the criticisms and corrections of our
comrades in respect to points of inadequacy in our work.

- Basic Theory of Hardening of Cold Concrets

The major factor affecting construction with concrete during winter
is temperature. We have no control over natural changes in atmospheric
temperature. The best that we can & is to prevent or diminish the
freezing of the water in the concrete by scientific means on the basis
of changes in atmospheric tesperature in order to maintain a ligquid phase
and thus facilitate continuous hardening of the concrets.

" Water freezes at 0° C. However, when any soluble substance is added
to' water, the vapor pressure of the solution is decreased, with the result
that the freezing point of the solution is lowered. According to
Lavoisier's law, the temperature at which ice begins to separate out
(freezing point) in an aqueous solution of electrolytes is directly
proportional to concentration and inversely proportional to the molecular

e ——— e Y

e i




.

weight of the solute. It is also related to the number of ions and the
dagree of dissociation.

T™is becomes even more evident when a graph of the temperaturs
components of a simple binary (wvater - NaNO3) system is used to study the
process of the freezing of water in an aqueous solution of NaNO, on the
basis of physicochemical theory. If we assume that the original concentration
of the solution is lower than the concentration of the esutectic temperature
correspondence (i.e., the antifreeze agent is dissolved in the water with
a large amount of water and a small amount of solvent),and if we do not
consider supercooling of the solution, then the relationship between
freezing temperaturs and weight cancentration is as indicated in Figqure 1.
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Pigure 1. Graph of Temperature Compcnents of w.ur-umoz Systen

a) Freezing point
b) Component
¢) Water

Por example, the original concentration of the NaNO solution is C
and the temperaturs is T. The coordinates of the graph meet at point P
(7,C). Because the heat of the solution is dissipated, the temperature
decreases. When the temperature decreases to the freezing point AT
(coordinates at M) of the solution, ice begins to separats out from the
solution. If the temperature continuss to fall, the quantity of ice
saparating out increases, the quantity of water decreases, the concentration
of the solution increases and the freezing point of the solution decreases
further. The coordinates of the solution in the temperature component




graph move along the curve AE. At this tims, each temperature of the
solution corresponds to a single component (or concentration). Each
concentration corresponds to a single freezing point. When the temperature
has decreased to a certain point, i.e., to point E (at the corresponding
temperature T, and the corresponding equilibrium concentration C,), the
solvent (water) and the solute together form a solid solution which
separates out. Point E {s the minimum eutectic point of this system and

T, is the minimum eutsctic temperature of the solution. The results of
measurements and the data both confirm that the minimum eutectic temperature
of NaNO, is -19.6°* C. C, is the minimum eutectic cpncentration of the
solution. %When the temperature of the solution is higher than the freezing
point AT of the solution, ice does not separate out (the coordinates being
in region I of the graph). When the tamperature is lower than the minimum
eutsctic temperature E, all of the water in the solution goes into solid
phase and separates out (region IV). When the temperature falls between
the freezing point AT and the minimum eutectic temperature E, the water

in the center of the solution forms into ice and separates out, while the
remainder of the water stays in the liquid phase (region II and region III).
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On the basis of the preceding analysis, the physicochemical charac-
teristics of freezing of the water in cold concrete and of the water in
ordinary concrete are obviously different, the freezing temperature of
the water in cold concrete having to be far lower than that at which pure
water freezes. In addition, the concentration of the solution in the cold
concrete is not a constant. As the atmospheric temperature decreases,
the concentration of the solution undergoes corresponding changes and the
freezing point also gradually decreases. On the basis of the minimum
eutectic temperature of NaNoz, =19.6° C, the cold concrete can harden
within a range within -19.6°°C. However, when the quantity of NaNO, mixed
in exceeds the amount of water used in the concrete by 13.3%, the dzwlopmt
of strength is greatly retarded, and, when it exceeds the amount of water
used by 33.5%, at -15° C, 7 days are required for condensation. This is
not satisfactory in actual construction work. Thus, it is necessary to
control the content suitably on the basis of the laws for increasing
strength and to confirm the range of the hardening temperatures. For this
reason, centrolling tha freezing point of the solution in the concrete to
between -8° C and 8.5° C, thus assuring that most of the water will remain
in the liquid phzse and allowing a small amount of it to freeze, is the
basis for the capacity of cold concrete containing xm:oz-uazso‘ combined
additive to promote continuous hardening without freezing damage at
conditions under -10° C.

3. Research on rxmoz-ﬁnzs;o,‘ Combined Additive

(1) Materials used in the experiments

1. Cement: No. 500 ordinary silicate cemsnt produced in Harbin.




sand: Medium river sand.
Rock: 1-3 cm river current rock.
Nm?t HG~526-67 second grads.
4 External appearance:
mzso‘z AG-520-67 2nd or 3rd grades for use in ordinary
cement.
Table 2 for indices.
homogeneous fine grains.
Jaz 4°
a)ii ¥ 4 I
NaNO. (il ¢ it) %>
NaNO; (B c i) %<
7K7Fz'&4*' 4)
Tabla 1
a) Index designation
b) Index
c) (calculated on dry base)
d) wMatter not soluble in water
e) Not specified
R
___N_a_SQ_. %_?______!_‘ 98 -
NaCl % < L 0.7
Table 2
a) Index designation
b) Index
¢) 1lst grade
d) 2nad grade
a) 3rd grade

See Table 1 “or indices.
Light yellow white crystals.

lst grade for prestressed concrete.
External appearance:
£04 containing water
of crystallization should be convnmd to anhydrous




6. Triethanolamine, N(C A 01)3 Colorless or light yellow oily
substance exhibiting’high alakinity and readily soluble in
water.

(2) The action of Natl0, in cement and concretas

1. Effectiveness of NalO., in lowering the €reezing pci‘nt

In order to ascertain its effectiveness in lowering the freezing point,
we used the thermal analysis mathod to determine the freezing points of
aqueous solutions and concrete containing differing amounts of Na.\!oz.
results of the determinations are shown in Table 3 and Table 4.

The

As can be seen from a comparison of Tahle 3 and Table 4, NaMNO, is more
effectire in lowering the freezing point of concrete than it is in lowering
the freezing point in aqueous solutions. This is because NaNO,_, Na, SO, and
such hydroxides as Ca(OH), have a synergic effact in the liquid phise’or -
concrets.

Thus, under conditions of -10° C, when fixed amounts of NaNO, are
added during the mixing of concrete, it is possible to assure that the
concrete will not undergo freezing. When the liquid phase in the
concrate reaches the freezing ppint at this time, a small amount of water
is allowed to freeze. However, this does not damage the structure of the
concrete and it continues to increase in strength. The gquantity of :mtoz
to be used,,i.e., the optimum amounts to be mixed in under £ixed cold
conditions, is closely related to the design strength of the concrete,
the water-ash ratio, the type of cement, the amount of cement used and
the maintenance cold temperaturs.

2. The plasticizing action of NaNO, on cement and concrete

The plasticizing action of NANOZ oan be discussed from the following
four standpoints. The experiments were conducted at +15° C.

(1) Effacts of NaNO, on cement condensation tine

As can be seen from Table 5, NaNO, had very great effects on cement
condensation time, with condensation tim congtantly growing longer as the
quantity added was increased. tWhen it was combined with mzso‘,
condensation time was also very long.
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i = :
o B | b) HMABMAKES / EKRRK

c) MBS0 /KE

400° 11+1 12+3 15.5 17.7 | 20 0

0°45:1:12295:3-13 5 7 8 9 0

6
d) % (C) —6+20 | —6:6 | —7:83 | —7-65 | —7-65 —0-377

200° s 1 11-6 | 13,3 | 15 | 16-6
06:1:202:4+72 l 3 6 7 8 10
a) k& () , —3479 | —§+57 | —7-16 | —7-51 | —8-88 | —9-15

e = #5007 /KB
400° | s-85| 133 } l | {0
0957 11e295:3-18 | 4 | & f : L'
] ] | i | -
a) ¥k (<T) | —5+12 | —3-63 | : P =043
i i i - |
200° | 5 | 19 | 13:3 | . i 0
0:6:1:2-2:4:72 £ Lol ! 8 i Lo
“ ‘ ; ! e ;
a) %A (C) | —3.79 { —G+39  —8e43 : —0.32

Table 4. Effects of Nmoz on Preezing Point of Concrete

a)
b)
c)
qd)
e)

Marker number/compounding ratio

Rslative concentration of aqueous golution(%)/cement weight (%)
Slag 500# cement produced in Harbin

Freezing point (°C)

Ordinary 5004 cement produced in Harbin




a) AN A RBIN . C W L W~iR
'b) R o} - d) e)
NaNO, | Na,SO, N(C;H.,OH) | E’-fﬁ‘}i'lﬁf o1 .Uff'=71'
0 0 0 1o | e | 755 | o8
6 0 ; 0 : 0.26 ;_w?:oo 9:2 ’— 2:22
Sl iy g i——-——o ‘i' 0.2 | 819 :of{z—
| i |
o [ 5 o emem e e
. B e | o | 926 | B2 . 9:6 Y Dend
B e e ;”é-—-_;c-', Ty 510
T g B A
8 3 | o-03 | o2 liozs | — | —

Table S. Effects of NaNO, on Cement Condensation Time

a) V by weight of additive in cement
b) Water-ash ratio
¢) 1Initial condensation
hours ; minutes
4) Pinal condensation
hours ; minutes
e) Initial - final
hours : minutes
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(2) PRffects of NaNO, on standard consistency of cemefit

Cement mortar containing 6 to 8% of NaNO, has very high fluidity at
standard consistency. The experiments shown in Table 5 indicate that
NaNO, not only prolongs condensation time but that it also has a good
waui-docmainq effect. At standard consistency, water is decreased by
10 to 15% as compared to blank cement mortar. This serves to decrease
the amount of water used in cold concrete and provides conditions for
increasing strength.

NaNO, & | #RERRE | MK | MEBRE
a) XRM(%) JAKE | (%) | (T) .
¥ o ©o | 0ezas g - 10
.8 0.216 11:8 10
8 0208 15-1 10

Table 6. ECEffects of NaNO, on Standard Consistency of Cement

a) Weight (%) of N&O2 in cement

b) Quanttty of water used for standard consistency
c) Amount of Jdecrease in water (%)

d) Determination temperature (°C)

(3) Effects of NaNO, on plastic strength of cement

In order further to clarify the effects of NaNO., on the process of
hardening of cement, we used the needle penetration method to determine
the plastic strength of the NaNO,. The magnitude of the value for
plastic strength, i.e., initial Condensation strength, indicates the
characteristics of hardening of the water - cement - NaNO system from the
time mixing is bequn up to before final condensation. FrSm the relationship
Letween strength and condensation time it is possible to obtain numerical

reference data for selecting the quantity of :maoz to be mixed in and for
assuring pouring time.

As can ba seen from Pigure 2, an NaNO, content of less than 2% does
not have any aeffect on plastic strength. ver, when the amount added
is increased, plastic strength gradually decreases and condensation time
is constantly prolonged. The pastic strength equilibrium stages in the
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Pigure 2. Effects of NaNoz on Plastic Strength of Concrete

a) Plastic strength, kq/cm?

b) Explanation

c) S500# cement produced at [2 characters illegible] jiang.
d) Water-ash ratio, 0.25

e) Ny ([poorly legible]

f) (poorly legible] 110° C

q) Time (hours)

figure indicate that the cement particles undergo comparatively rapid physical
and chemical dispersing effects, during which time the rate of hydration of
the aluninates in the minerals of the cement is retarded. In addition, the
liquefying action of C3A hydrates on NaNO, increases the active surface of
the cement particles and at the same time decreases the quantity of minerals
that have not reacted with the water. This is extremsly beneficial to the
formation of cement rock. As the result, the compactness of the concrvte is
greatly increased. This is confirmed by the marked increase in the markar
number for resistance to infiltration. Consequently, it does not have an
unfavorable effect on the properties of cold concrete.

(4) Effects of NaNO, on_the degree of collapse of the concrete

The tests shown in Table 7 indicate that NaNO, has marked effecta on
both the water-ash ratio and degree of collapse of‘concrete. Under vonditions
of similar compounding ratios, Namz with a water content of 13,.3% mixed into
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Tabla 7. Effacts of NaNQ, on the Degree of Collapse of Concrete

2
a) Concrete number

b) Compounding ratio

e) N by weight of NaNO, in cement
d) Degree of collapse %cm)

e) Degree of work (secands)

£} Temperaturs (°C)

gq) No. 400

h) No. 200

the concrete can decrease the water-ash ratio to 0.05, i.e., a decrease in
the amount of water used of about 10%. If the water-ash ratio does not
change, the degree of collapse can increase 3 to 3 cm and can even increase
to over 10 cm. This serves to decrease the amount of water used in carrying
out winter construction with cold concrete and also provides the conditions
for sufficient mixing and pounding time.

By means of the foregoing tests, it was possiblae to ascertain on a
preliminary basis that NalNO, is a comparatively good antifreeze agent and

that it is also an agent for reducing water content and retarding
condensation, thus having a definite plasticizing action on concrete.
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(3) Dose 3alection of NaNO,-Na550s4 combined additive

1. Dose selection of NaNO,

The proper amount of NaNO, to he mixed into concrete is determined by
testing both at positive and négative temperatures. In the tests,
the NaNO, is first dissolved in water, and, according to Aifferent dose
concantritions, concrete with water-ash ratios of 0.45 and N.6 are
compounded. After it has undergone artificial mixing, shaking and formation,
separate samples are maintained under standard conditions at normal
temperature and in a freezing room at -10° C. Compression strength was
determined for differeant periods of cooling and was compared with that of
ordinary concreta. Table 8 shows the test results. The following points
can be ascertained tfrom the test results.
5

(1) Under conditions of +10 to +15° C, an NaNO_ content of less than
S8 by weight of the cament has a definite early stro%qth.ninq effact. When
the water-ash ratio is 0:45 and when the NaNO, content is 5% by weight of
the cement, strength 110.8% that in the hlank samples can be achieved in 3
days. However, after 14 days, the development of strength slows and an
early-strengthening effect is not evident as the quantity of smoz mixed in
is increased. By the 28th day, there is a comparatively great loss of
strenqgth.

(2) Under conditions of -10° C, an NaNO, content of 6% by weight of
the cemant when the water-ash ratio is 0:45 r&sults in some slowing of
strength in 3 days, with fairly rapid development of strength after 7
days. By the 28th day, strength reaches more than 608 of that in the
blank tests. An NaNO, content of 8% by weight of the cement when the
watar-ash ratio is 0-S is comparatively effactive, with strenqth reaching
50 to 60% of that in blank samples by 28 days. This indicates that it is
suitable to use NaNO, as an antifreeze agent with water in the amount of
13.3% concrete compounded of ordinary silicate cement under conditions of
=10¢ ¢, that this combination can prevent early freezing of the concrete
and at the same time can contribute to continuous increase in its
strength. If the amount of NaNO, mixed in is not sufficient, the freezing
‘Point doaes not decrease sufficiently and damage due to freezing can then be
sustained. Addition of excass amounts of NaN0, is not beneficial to
stranqth in later stages.

12
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N i’yht Compression strength (kg/cm?)
welig:
Maintenance at positive i i ; -
::no - temperature po i Maintenance at -10° G
in 4 3 7 14 3% 1 1 14 28 3
cement days | days days | days , days | days days | months
. 400% concrete, compounding ratio 0.45 : 1 : 1.295 : 3.18
0 3 S1.2 1302 295 2827 215-3 ' 271 308-7 321
100 10C 100 100 100 100 100 100
5 90 184-3 2635 2273 45 97 173 231-1
110-8 102-3 89.3 804 20-9 358 56 719
6 757 152-5 | 2473 23646 38.7 1087 198 2525
93.2 84-6 83-8 837 179 40-1 64-1 786
7 757 1522 2537 1733 39 1037 179 240-3
932 §4-6 86 574 18.1 38.3 579 74-8
8 753 170-2 239-3 2073 303 ! 827 171 2332
92-7 945 81-1 73.3. 14-1 i 305 554 ! 72+6
] i
) 64-5 1504 | 2207 | 208-7 | 135 ; 633 ! 142 ‘ 1893
79-4 | 83°5 | 74:8 | 738 6:3 T 23+4 ' 45-9 | 589
200# concrete, compounding ratio 0.6 : 1 : 2.2 : 4.72
b 43:8 | 14423 {277 | 181 | 164 | 194:3 §2:8.7
. 100 ! 00 100 100 199 190 | 100
| ‘ | .
) 2 | I
| 47.8 147 187 1.9 | 35.3 |94 2501
7 1001 | 101-8 | 105.6 9.1 | 215 ! B9 | 5T
| ALes 1337 | 172 167 ¢ 60 i _110_ | 132 _
N 92-7 | 972 | 12°7 | 365 | 586 ; 3747
' g— i R A Eikie = T e
| 4T 1393 | AT1_ | 7ot | ML | 95 1366
9 102.1 | 96+5 | 9646 5.6 5 159 . 597
jo | 3880 (125 (152 | 18:3 | 36:3 | 96_ | 1434
e . BTeA 865 | 35°9 | 143 | 34°3 494 . 627
Note: 1In the maintenance at 10° C columns, the blank test
values are standard maintenance strengths.
Table 8. Nmz Dose Selection Tests
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2. Tests combining MatO, with Na,S0,, NaCl, CaCl, and Nar

As can be ascertained from the preceding discussion, NaNO; has the
defects of delaying cement condensation time and lowering strength at 28
days. For these reasons, we had to search for an early-strengthening agent,
which when combined with NaNo,, would achieve the following results: Be
able to provide a good early-strengthening effect in the early stages; promote
rapid growth of strength at negative temperatures; contribute to rapid
growth in strength after change to positive temperatures; give a loss

of strength in the later stages not exceeding 10%. %e selected the
following substances for these tests.

Na,so, (optimua mixture quantity is 3%)

NaCl, BaCl, (amounts to be added limited to an allowable range
of 1 - 2%)

NaF (optimum mixture quantity, 1.7%8)
n(c23403)3 (optimum mixture quantity, 0.55%)

Each of these substances was combined with 6% of Narno, and comparisoss
were made of their conditions at -10° C, of percentages of blank sample
strength reached in 28 days and of percentages of loss of strength after change
to positive temperature. Table 9 shows the results. The results
obtained from these combinations indicate the following points.

(1) Combining NaNO, with Na,SO, produced the best results. Strength
was comparatively high after 28 days at -10° C and loss of strength after
1l year and 6 nonths did not exceed 10W.

(2) single combinations of NaCl, CaCl, and NaF with NaNO, produced
poor results in all cases. However, comparatively good results were
obtained when they were combined with Na,SO, at the same time. The best
results were obtained with NaF, with strength after 28 days at -10° C
reaching 47% of blank strength and with almost no loss of strength after
1 year and 6 months. In consideration of convenience of operations, it is
disadvantageous for a combination additive to be too complicated. Therefore,
we did not use combinations consisting of more than three types of additives
with NaNO,. Although NaCl and CaCl; were of definite effectiveness, their
effects were not particularly evident when they were combined singly with
.\m.voz. Moreover, it is not advantagecus to use them since they further the
danger of corrosion and rusting of steel bars. Combination of NaF alone with
mmoz is not of vary good effectiveness, while good effects are achieved when
it is combined with NaNO., and Na,SO4. MYowever, Nar is highly toxic and costly
am is not generally uni. If definite protective measures are taken during

operations and {f the raw materials can be readily obtained, its use can of
course be considered.

On the basis of the foregoing results, we dacided to use mz with
mzso 4 to compound the combined additive for cold concrete.

14
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\ by weight Compression strength (kg/cm?)

'+ of additive
_ in cement 3 7 ]34 j28 |2 3 5 |1 year
days| days| days | days|mos | mo mos |6 mos
P 59 | 126 | 120 | 217 2622
271 | 58 | 82-8 | 100 1208
NaNO Ji:9 | 255 | 904 125:1
Sri L 5 | 16-1 | 41+7 57 |
NaNO, 6 | 8.4 {34.2' 92 |100-9 135 | 249
Na;SO, 3 39 | 15+8 | 42-4 | 465 622 i 114-7
!
NaNO; 6 4+6 (14°9 | 74 [ 63-4 (83-5|85-8 10323} 215
NaCl 1 2+1 | 6° 34+1 | 301 | 38+5 | 395 | 476 | 99
Rodtos 8 |1 24-3 | 96 |83.3 | 103 | 109 [109.3{222-1
Na, SO, 3 34 11~2l4 *2 | 3843 | 474 | 502 | 502 |102+3
NaNO: 6 1:95 | 17 | 41 | 661 86-5 1 155
€€l 1+5 0+9 | 78 [ 18+8 | 30+4 | 39+8 | 71+4
2:2,‘" (85 | 4:05 202 48:8] 86 |110-6 154 | 245
L . o4 | 39+6 | 5049 .
Nay§O, 3 |1°88 | 373 | 2274 | 396 | 509 7049 | 119
NaNO: 6 | 8.1 | 9.4 |16-5| 65 | 101 | 111 | 124 ; 206
NaF 1.7 | 37 | -3 | 76 | 30 |46-5| 51 | 57 | 9
|
NaNO: & 58 iues! |10z 138 i 139|260
Na; SO, 3 267 | 53 47 | 6 -6’,' 64 | 120
Notes: 1. 1In the blank tests, standard maintenance was
applied. 1In all other cases, maintenance was
at -10° C and the cement contained 0.03% by
weight of N(C2H40ll)3.

2. In the 1 year 6 month tests, the sample was
maintained at ~10° C for 5 months, after which
it was transferred to maintenance at +10 to
+15° C for _13 months.

mos: months
Table 9. Tests of Combinations of e:azso4, Macl, C.‘acl2 and MaPF wWith
NaNOo
2




3. Tests of Na), - Na,S0, combined additive

In order to determine a schems for combining NaNOz and NapSO4, further
studies were comducted of the effects of NajyS0, and triethanolamine in
sompoundings and of the amounts to ba added.

(1) =ffects and guantities added of NayS04

The effects and amounts to be added of Na;SO, were determined by two
experiments. First, tests of strength-increasing effects were carried out
at positive temperatures with a 1 : 3 cement-concrete mixture having
a water-ash ratio of 0.55. After that, it was combined with 6% NaMO,. Then,
the strengths of concretes with water-ash ratios of 0.45S were dete ed for
Al #ferent periods of cold, being maintained at +15° C and at -10° C, in
order to facilitate determination of the suitable amounts to be added in.

Table 10 indicates that, at positive temperatures, the
addition of NaySO4 alone has evident early-strengthening effects. '%hen
the V by weight added was 3%, strength 270% of that under blank conditions
was obtained in 3 days, with somewhat greater strength being achieved after
23 days.

% by weight | water

Compressi strength
of NazSOs4 : ash enl)

g .

|
in cement ratio I-—~§ ' 7 28
! i days | days ‘| days
0 | 055 1 37 123 | 220
1 | o.55 65 | 143 | 242
2 ‘ 0-35 . 76 . 19 | 232
3 | 055 | 99 | 167 225

Table 10. Early-strengthening Effects of Na,;80, at +15° C

Table 11 and Table 12 indicate the following points. When NaSO4 is
combined with NaNO,, a quantity of 3% is satisfactory in terms of the strength
of the concrete. In 3 days, it is possible to achieve a strength 47% of that
at 28 days under blank conditions, an increase of atout double. As contrasted
with the results of tests of NaNO, alone at positive temperatures shown in Table
8, losses in strength after 28 days were decreased from 43 - 17% to 11 - 6%,
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Marker % by weight of addi- | Maint. Compression strength
* number | tive i | temp. 5 _i:!/‘;'z’ = -
00@0“2:&3 NaNO, |Na, SO, Trieth | (°C) days | days | days days
: s Vs fomal @ [ i |38 | an
% % |maine.; 228 | 486 | T8z | 100
. i '
s ‘ 8.3 ! 423 | 110 | 172
S | 6 U 08 19 5% 156 | w0ea | 63
[ :
. j | [ i '
- 1.8 | 47.7 ; 119 | 149
» 8 R e L = O I e
o | ‘ o e DR ST VISR
R g 7o (AT R
L o e e, TR S A el L
.-:-. 8 3 } 003 —10 3.6 l 158 l 49 63
o~
[ -
- 4 10-2 46 i 109 i 157
@ . s 003 | —10 | 555 | To-v | w0o1 | 577
g s M| s
N2 108-3 } A €9 =9
8 : ! ! 0.03 ::::: 53.9 65-6 ' edel i 94
REREEE 1 SR g | :
P N R e T T I R
Bl B Ty B R R
— e | e .- o J - - —— - - —.‘—- - — L S ———
6 a ﬁ' 003 ! v 1-9:7 l _'93 : .2.3§. .2.l.:.):
T | 177 i 698 | 875  ¥o.3
" __I SPESYEA .-:--. el G o o . — = s - --—ic--.---— . .
g B8R | ATL3] 222 : W
l 6 - 0«03 v s ! eael _1:5 60y
Table 11. Cose Selection of Sodium Sulfate When Value of NaNO., was
Held Constant i
Maint. temp. = Maintenance temperature
Stand. Maint. = Standard maintenance
Trieth = Triethanolamine
3
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Marker % by weight of addi- |Maint. Compression strength
number tive in cement temp. (kq/cm2)
Compounding 7 14 28 ¥
{ ratio | NaNO, Na, SO, Trieth | (°C) days| days |[days [months
o | o | o [stand2szs |asr  fasrer |
maint. 652 87 100 '
———e S
°© !
] 863 1536 232 :
o . "‘10 —_— — ————
;’3 S § % Briy 22-3 097 69 :
— o '-——-..
= . |
= O 52.7 11246 18§57 ; 239.9
- «03 '_10 - | ———
S ! . St 136 | 2971 | 476 | 6I-;
& [ 4 42 o" |--;‘::"-
5.9 5 03 | —10 | 845 (L7 1 198.2 [ 257.0
- a0 167 | 30T | 51-5 | oo
3 : o |stana. |105e1 1135 {236
maint. | 44+5 | 57+6 | 100 |
. = B _i._- = —
'° 2z 1 - z =10 19‘8 iG.._‘_ | lol i
& 0 ! [ > e 3 8.4 | 282 | 454 |
S 8 27.5 | 93 | 157 | :
. o e i o J "l—_ :
=) ! : yuge 0 e | w02 5 |
: _t AagR
=yl i : 26.8 | 75 118
~N 1 o032 o - : i
28, ' L R W1 557 | e |50

Table 12. Ocse Selection of Sodium Nitrite When Value of Na_SO, was
2774
Held Constant
‘faint. temp. = Maintenance temperature

Stand. maint. Standard maintenance

Trieth. = Triethanolamine




As can be seen by contrast with Table 8, which showe findings at negative
temperatures, combining Na,SO4 with NaNO; resulted in earlier strengthening than
when NaNO, alone is used, with a comparative increase in strength at 7 days
2rom 178 ¥o 32.5%. At the same time, at 28 days strength reaches over 60%

of that in the blank samples.

From a comprehensive review of Tables 8, 9, 10, 11 and 12, it can be
ascertained that the optimum NaNO, content for cold concrete with a water-
ash ratio of 0-45 is 8% and that the optimum NaNO; content for cold concrete
with a water-ash ratio of 0.6 is 8%, The aqueous solution concentrations
at these times were about 13.73% and the freezing point values were about
=8.5° C. Nay304 was of very little effectiveness in decreasing the freezing
point. When the solution concentration was 2%, the freezing point was
-0.6° C, and when the solution concentration was 4%, the freezing point was
=1.2° C. From this it can be seen that the NaNo, is the principal antifreeze
agent in cold concrets and that the Na;SO4 has a definite early-strengthening
effect in cold concrete when a liquid phase is present. As the result,
continuous increase in the strength of the concrete can occur when the change
is made to maintenance at positive temperature. A content of 2 to 3% is
quite suitable.

T PR TR NS IR PR R S RTINS S T i o S

(2) Effects cf N(CyH4OH) 3

We made a comparative study of the effscts of triethanolamine at nega-
tive temperatures (-1C*® C). The results, which are shown in Table 13,
indicate the following points. Combining triethanolamine with NaNO; -
Na53504 at negative temperatures resulted in a definite catalytic
effect. At 7 days, strength of concrete with a water-ash ratio of 0.4S
could be increased 6% and strength of concrete with a water-ash ratio of
0.6 could be increased about 12%. At 28 days, strength was increased
about 5% in both cases. Consequently, it is beneficial to add an amount
of triethanolamine of 0.03% py weight of cement to cold concrete. However,
if suitable conditions are not present, it need not be added.




% by weight of Maint.| compression strength (kg/cm?)

additive in te

o it g 3 14 [ 28 | 3 |- 3 month
(°C) l days days | days nths |+ 1 month

'400' concretfe, compounding ratio 0.45 : 1 : 1.295 : 3.18

Stand. | 252-5 | 337 387.8
Blank sample maint. | 652 | 87 100

NaNO;, 6 g O 135-6 | 210 239 380
Na:SO, 3 169 | 397 | 54-4 |

NaNO. 6 86-2 | 1356 | 232

Na;SO, 3 —10 =

N(ClﬂgoH)g 003 223 39-7 60 $

200# concrete, compounding ratio 0.6 ; 1 : 2.2 1 4.2

105|136 | 200 }

50-3 | 67 100 ,
NaNO: 8 o |25 | o5 |wsr lae | _3u
Na:SO‘ 3 13’7 -‘7’5 78‘5 {
NaNOC. 8 | 553 |122.7 | 168 !226 | 314
> e i 19 | 35 | 615 | 835 | ;
N{C.H,OH); 0.03 ' | l : l

Table 13. Combination Tests With N(C2H403)3
Maint. temp. = Maintenance temperature
Stand. maint. = Standard maintenance

4. Characteristics of Strength Development of Cold Cencrete

(1) Increase in strenqth when maintained at ~10° C

1. Maintained at -10° C for fixed periods and then maintained at
positive temperatures (+10 to +15° C). 1Item 2 in Table 14 shows the states
of increase in strength of cold concrete with a water-ash ratio of 0-45.

On the 7th day, strength was 31.9% of that of the blank test sample subjected
to standard maintenance and on the 28th day, strength was 66.5% of that of
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the blank test sample. When a transition was made to a positive temmerature
af‘er 3 months, in one month it was possible to attain a strength 74% that
of the blank test samples given standard maintenance. Eight months after _
transition to positive temperature (l-year strength) strength was 93.3%
that of the blank test sarples given standard maintenance, with loss of
strength in the latter phase not exceeding 10%. Item | in Table 14 shows
the characteristics of strength increase of cold concrete with a water-ash
ratio of 0.6. Strenqgth at 3 days was 17.9% that of the blank test samples
given standard maintenance, strength at 28 days was 81.5% that of the blank
test samnles given standard maintenance and strength at 9 months after
trangition to positive temperature following the 3rd month (l-year strength)
was 96% that of the blank test samples given standard maintenance, with
loss of strength in the latter period not exceeding 5%.

2. 1In long-term studies at -10° C, strength at 6 months was found to
he more than 70% that of the blank test samples given standard maintenance.
As can be seen from Item 3 in Table 14, although the strength of cold
concrete kept at -10° C for prolonged periods continues to increase, the
increase is slow.

3. Item 4 in Table 14 shows the state of increase in strength
found when the test samples were kept for long periods at -10°® C and also
buried in the earth at depths of 20 to 30 mm. As can be seen, strength at
1 month was 73.5% that of blank test gpecimens given standard maintenance.
Because the test samples were buried in the earth, they were not subjected
to the impact of air currents, humidity was constant, the ice in the test
samples could not readily sublimate and the liquid phase water could not
readily evaporate, factors which were favorable for the occurrence of
hydration i{n the cold concrete. Por these reasons, strength was 10 to 20%
greater than when the samples were introduced directly into conditions of
-10° C.

4. Item S in Table 14 shows the state of increase in strength found
when the test samples were kept for long periods at -10° C and when the
surfaces of the test samples were soaked in 5% sodium methyl silicate.

The sodium methyl silicate was a product of the Jilin Industrial Chemicals
Institute. The concentration was 20%, and, when it was used, it was
prepared as a 5% aqueous solution in which the test samples were soaked
“hen this was done, strength at 1 month reached more than 70% that of the
»lank test samples gqiven normal maintenance and at 6 months reached 75% that

of blank test samples given normal maintenance, the increase in strength thus

beinq almost the same as that obtained for tast samples buried in the earth.
Sodium methyl silicate 1s capable of reacting with the Cl(OH)z that separates
2ut when hydration of the cement occurs, producing intense adsorption and
crystallization. The reaction products adhere well to the surface of the
concrete and do not dissnlve in wzter and inorganic salts. As the result,
inbedded hydrophobic films are formed on the walls of the pores and on the
walls of the capillary tubes of the concrete, thus preventing dehydration of
the concrete and sublimation of the ice crystals in it and ensuring that the

moisture in the concrete will bring about satisfactory hydration of the cement.

21




)
=

e
I
3

-4

93810uU0) PIO0D 30 Yzbusils uy Yyjmoxd jo saje3ls ‘pr °Iqel
' 93@DF[TS UNTPOS U peszewmy ‘D 00T~ = € Yy3ae®s ut patang ‘D ,0T- = ¥ !SOURU3jUTPW pIPpUERIS = JUI U3S
| YIUow = W {SYIUCE = SOW {SUOTITPUCD SDURUSIUTEW = PUOD JUN {SUTWRTOURYISTIL = YISTIL
; "0 00T~ 3@ Sporzad BUOT I0F pauTRIUTRW SISM G PUR § ‘€ SWAII 'O oST+ O3 OT+
,, % paurRuTew axem A3y3 YOTYM I83J% ‘SUIUGW § I0F D o0T- 3I® POUTRIUTRW SI9M g pUR 7 SWO3I 930N
§ | ! Jum .Y
; vev6 9101 i2e¥OT oY1 fcocol [2-FOT |2-001 |5+ 201 £0+0 ¢ g 22:9:22:1:9¢ |g
w, SEE £-L6C | VT [evsze |dopoz | 1LT | zer | eat| S| 00z “oN
§ 218 | ¢6 gets | g8 |eeve lgezv fgesr | a1 2Le¥:22:1:9+0
: £-882 | 632 fe-es1 801 |2o72T goss Jgogt [>01] O 3 s o . '
M _oot | oot _001 | 00T | o0t | oot | ool | oor| ¥ 0 o | _Brizez:1:9e0 |,
{ sse | o2 9tZ €+ 201 [gevel | ¥OT | Tuer [Tz | S 00Z -oN
: i g " v LelG P16 06 (8-66 [g-g0r | I : i 8T€:66ZT:[:57+0
) 68 S-€0L L o - | == eSS €00 £ :
! m L 168 (S VeV _ Sl mt.Hc.w..-m 6.2 | vve m_..Nl evt :.dm ¢ ’ 00% °"ON 9
} e e il K TR e
! r-68 LevL |tevy (feZL (p-0L 1 & | goe0 g 9 LS m.omww mww..mv Oig ~
£-c6t L4192 | 197 segye 9°5¢ Lot . o= | I% s
2-06_ ___le-9z ig-gr (E-18 (G-8L : ¥ | £0+0 £ 9 2.?%“.“%".26 ’
L Le96E 9:92 | 997 |I.292 {9-LSZ €-922 . : =
£269 __lear Jgeze pr1s lseso 2.01—| g0 & o [PLemceebeiiisEred s
cog L 9VZ | TgeT sz 92T (84502 R s 00y “oN
A, ‘lvl—'l. e s o A M S S S ST b oo
2:06 €-£6_ '6eCL igegl 9c1L 1699 g.6¥ lg-1E [€°81 B2 : 81+£:662+1:T:6F+0 A
. 96E -2zt | 86 (-264 9622 (2502 | 66T goge fe-gT 2017 £0°0 ) € . ooy “on |
001 ' _001 00T} ool | ool } 00T | o0f 001 | 00T | jum 0 " ls1-£:562-1:1:68-0
orF ; 1iv '£e6VE €-82¢ | ¢lg | 008 | 1LZ |61z | L8T | uyg 0 00p "oN !
ESESTISS DI, PO — P
sxeak, zeak] sowlu sou| s sAep| s skep | sk &
| u,_. Tt 9 _wc.m_m.L € ma m«i ww nuc muc B y3atag |'OS*EN|*ONEN m, Mwuﬁ...
TRy 1% wo/6Y) YabueIas B JuswWad A ° DA OENES 3
A. /5%) y3bueays uoyssazdmop W 30 meﬁmqumva Idqunu IYIEW/| 4




(2) Increase in strength under maintenance at positive temperature

The test results are shown in Items 6 and 9 in Table 14. Three-day

F strength of cold concrete with a water-ash ratio of 7.45 was 103.3% that
of the blank test samples and at 2° days strenqgth was 91.4% that of the

: lank test samples. 'At one year, it was 103.5% tha* of the blank tast
samples. Three-day strength of cold concrete with a water-ash ratio o€
70-6 was 157.5% that of the blank test samples. At 292 days., it was 105.3%
and at 1 year it was 10l1.6%,

When cold concrete is maintained at positive temperatures
the plasticizing action of the NaNO9 causes increase in the Zenseness of the
concrete and the strengthening action of the Na;SO4 and N (C3f40H) 3 not only
qives a very high compression strength but also results in physical and
mechanical properties far superior to those of the blank test sammles.
Pesistance to infiltration in particular was better than that in concrete
containing FeClj. At a water pressure of 30, this tyve of concrete did
not have any rusting or corroding effects on steel bars.

(3) Effects of maintenance temperature and time on growth of strength

1. Table 15 shows the effects of different maintenance temperatures on
the growth of strength of cold concrete. As can be seen, at 3 days there is
an essentially linear relationship between strencth and temperature, with .
strength increasing rapidly as temperature rises and increasing more
slowly as temperature decreases.

2. The higher the early-stage maintenance temperature is and the longer
it is maintained, the more rapid will be the growth of strength of cold
concrete. Maintenance of normal temperature for a fixed period in the
early stages is of extremely great significance for the strength of concreate.
In actual operations, this can be achieved by raising the temperature of the
mixture or by adding a covering after pouring. Table 16 shows the effacts
of early-stage maintenance temperature and time on the strength of cold
concrete,
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A
:af:’It}"viqﬁ ggment Mt::npt | SN A c,-z
(°c) 3 7 | 14 | 28 | - 2 months
days days | days | days - 1 month
Blank sample + 563 122 162 219 242
M | 956 | 5i3 2 738 100 1i1
Ne.SG, = e1e | 897 1 13 | o1aes! am a3
N(C.H,OH), 0-03 31-7 | 503 | 64:3 | 78 109
"
. ¥ 62 4 Lo1aes| _an ' 26
28¢3 | 504 | 643 ' 78 . 1075
. " +3~+7 _ A8 _ 112 i _ktz_: _1;82:_6! 238
288 | 5§02 ! 47 | 88 : 1085
" R T N BTN
123 | 3G*4 | 63 | T2.8 104
_ i-- - —
# asg VAE o mir ! omy o R
| 78 | 20-3 |, 5¥.3 | 67-8  1:d
. —10 | 3-8 { 282 475 . 89 _=t8
5, 10:3 26 9 Tiee
. —13~|__0_: 1 | sl . 916 1z
~1 0 | 5 | 2302 Tales 62
Note: 200# concrete, compounding ratio, 0.6 : 1 : 2.2 ;: 4.72
Maint temp = Maintznance temperature
Table 15. Effects of Different Maintenance Temperatures on Growth of

Strength
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% by weight | Mainte- | Compression stren (kg/cm?)
of additive ‘"”’ce 4 — e Do -7
Ao Besant tempera-{ 1 3 5 7 14 |28 -3 i- 3 mos
. | ture(°C)| day ; days | days|days | days | days imos |+ 2 mos
Blank l | 43-8 144:3) 177 1|
o+l ! == i Bk B LA i
sample ! : Zﬂ'l : 80-5; 100 !
+ i ! | i —
NaNO, 8 . i | ! : {
Na:SO, 3 57 10941 111746 | l
N(C.H,OHJs | i ; | 6145 . o7 -
[TERS { { ! i g :
~ G k 1 ! ——o s - ——
= e | 1-25 | | ! £8-3 10 ; 151
. ' vl s e
L 517} 071 i i ; 3845 |51.3 | 85-1
= N e S R Ll T T *
. oieh e 80|12 22405
A A T T 51| 805 | 1%
AR B G LT 97| 1432185
\ : { [ 16+9 ; ' 55 ;837 !124-5
ool - L , Poirll oo ol
Sy | b fezeal  lwees:ise_iseses
B | | 3501 | 60 | 58 !15 3
- —— !- : ; i 3 l-—————l e S
W wl yiwig i |87 11T 56 {255
! | | 36-1 | 66 | “ss et
e i e T e s ! —— \ I‘ _—— ey vim—— ) =
" i T 20 ! 66 | 108 1 i7a 2luet
— V2 A el B =
g eyt 16.9 | 57-3 | 60 | 97+7 120
Note: 200# concrete, compounding ratio, 0.6 : 1 : 2.2 : 4.72

mos = months

Table 16.
of Strength

: -3, one day

-10, 3 months
trangfer to
positive temperature

: =3, 3 days

-10, 3 months
transfer to
positive temperature

: =3, 5 days
-10, 3 months
transfer to

positive temperature

Effects of Early-Stage Maintenance Temperature on Growth

D: =3, 7 days
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=10, 3 months
transfar to

positive temperature

: =3, 14 days

=19, 3 months
transfer to

positive temperature

-3, 28 days
=10, 3 months
transfer to

positive temperature




(4) Effects of differing water-ash ratios on strength

The water-ash ratio had extremely great effects on the strength of
cold concrete. TRach increase in the water-ash ratio of 0-.0S resulted in
a dacrease in strength of 30 to 40%8. ‘The 28-day strength of concrete
with a water-ash ratio of 0:4 was over 60% that of the blank test samples,
the 29-day strencth of concrete with a water-ash ratio of 7.5 was about 50%
that »f the blank test samples an2 the 28-day strenqth of concrete with a
water-ash ratio of 0.55 was only about 30% that of the blank test samples.
Thus, it can be seen that the water-ash ratio has very great effects. If
the water-ash ratio is too great and the original amount of NaNO, is added,
then freezing damage will occur at -10° C. If the quantity of antifreeze
aqent added is increased, this not only adds to the expense but also may
have deleterious effects on the physical and mechanical properties of the
concrete.

T

Por this reason, when cold concrate is being mixed, the water-ash
ratio should be rigorously controlled and the plasticizing action of *he
MaNO, must be taken into full consideration. As low a water-ash ratio
shonid be used consistent with assuring easy workability. Table 17 shows
the effacts of differing water-ash ratios on the strength of cold concrete.

(S) Frozen strength of cold concrete

From our study of the development of strength of cold cencrete, we
discovered that although its early strength was comparatively low its
frozen strength was comparatively high. The reason for this was that,
when NaNO, with a water content of 13.2% was used, the freezing point fell
Lo ~8 to -8.5° C, the difference between this temperature and the maintenance
termerature of -10° C (-2 to -1.5° C) resulting in a small amount of
freezing. 1In order to ascertain whether frozen strength of cold concrete
could be utilized in construction under fixed conditions, we conducted
“ests in regard to the characteristics of the frozen strength and the
structural strength of cold concrete. No. 200 cold concrete containing
Aiffering amounts of NallO, was used in the tests. :

10 x 10 x 10 cm test samnles were formed at positive temperatures
immediately after which they were placed in a freezing compartment at
=.0° C. They were maintained in a cold state for considerable periods, after
which they were removed and determinations were made of their frozen strencth
ani of their structural strenqth after thorough melting. Observations were
male of the relationships between these strenqgths and the quantities of
Nal0, used for differing periods of cold treatment. In addition, determinations
warae made of the conditions of early stage frozen strength on the hasis of the
comparative values for frozen strength and structural strenqgth. Table 18
shows the results of the tests of frozen strenqth and structural strength.
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IMaint. ! gp.. % Compressiog strength
Additive . Char e R )
(°C) l L R S 14 28 213
| days|days‘days days lmos__iuos
NaNO. 3%+{ tr str |4.7.‘3' 80-5 |90 |ss.7l25 o4
Na: SO, 3%+ —10 st str | 5.3(|19 (30 |42 !56 !sz
N(C:H,CH), 0+03; ,Lt:omp vl 9 | 43| 3 z-4i2.3 [ 15
' H i [ [ e
NaNO, 6%+ k-r str |'36+3 | 63-1 f 8745 1122 !117 21
Na.SC, 3%+, —10 St str ! s5.3!223.8) 41.1067.3 1813 €2
N(C.H,0H); 0+03! Fomp vl!- 7 0 27| 2e1 148, 1ed! 145
NaNoO, 6%+ rstr 38774 jue 129 117 4
| i { z i
Na:S0. 3%4.3 —10 St str | 8.4(24-2(85 |67 .76 |89
N(GH.OH). 035 mp vi| 4.6 2.2, e8] o8] 251 18
fmemine el R
NaNO: 7% +| [Fr str !23 :52 A ger 18 3
Na: SO, 3%+| —10 st str ’ de2jz4 |40 {80 93 07
N(C.H.OH), -0 omp vli 67 | 2:2¢ 1.7 | l'u: 1o2] 101
| I !____' — = e e ———
NaNO: 855 +! Praer 29 Jss |73 jor Nor e
Na:S0, 3%+ —10 :St str  2.9l30 lys ige o2 114
N(C:H,CH);  0+05 Fomp v1i 9.8 i 1.9! 150 1eg! v Py
Maint. temp. = Maintenance temperature mos = months
Str. char. = Strength characteristics
Fr str = Frozen strength
St str = Structural strength
Comp vl: = Comparative value

Table 18. Relationship Between Frozen Strength and Structural Strength
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The tests indicated the following points.

1. The early-phase frozen strength of the cold concrete was greater

strength gradually aporoached zero and the commarative value for frozen
strength and structural strength gradually aporoached 1. .

2. W%hen the maintenance temperature was lower than the originallv
designed freezing point during the process of the hardening of the cold

was high. When the NaNC, content was high and the ice content was low,
frozen strength was low. When the amounts of “WaNO, added were 6% or less,

7th day, whereas frozen strengths were greater than structural strengths
throughout the entire period after the ldth day. The fact *that the
comparative values for cold periods of 3 months were over 1.5 indicates

temperature was comparatively great, that the concrete was subjected to
freezing to differing degrees and that the structural strengths at these
times cannot be utilized. When the amounts of laN0O, added were 7 to A%,
thsre were, similarly, comparatively high frozen strengths up to the 7th
day. However, after the l4th day, the comparative values decreased to a
comoaratively great extent, while structural strengths increased
comparatively rapidly. After cold periods of 2 months, the comparative

growth in structural strength and early-phase strength could be utilized.
3. when the freezing point and the maintenance temperature were in
logs of strength in the late phase is guaranteed to he less than 108 (see

numerical data of Items 2 and 8 in Table 14), early phase frogen strength
can be utilized.

. Strength of Cold Concrete in Resisting Damage by Freezing

During winter when construction is being carried out under extreme

poured cold concrete is not subject to damage by freezing when a long time
is required for oremaintenance. This is a major parameter in cold concrete
construction technoloqgy. For this reason, we conducted tests on strenqgth

shake formation were carried out under normal temperature conditions, the
samples were ommediately placed in a freezing compartment where they were

29

than its structural strength. 23As maintenance time was nrolonged, structuril

toncrete, ice formed within the interior of the concrete and the ice content
at that time was closely related to the NaNO, content and the frotzen stren<th,
When the NaN0, content was low and the ice content was high, frozen strength

there were comparatively high comparatively high frozen strengths up to the

that the diffarence batween the cdesigned freezing point and the maintenance

values were basically similar, indicating that the desigqned freezing points
and the maintenance temperatures were in basic conformance with each other.
Although small amounts of ice wera prasent within the concrete, the concrete
did not suffer any damaqge from freezing. Tharefore, there was a continuous

conformance with each other under maintenance conditions of -19° C and when

cold, natural air temperature is usually between -20 and -30° C. At -10° C,

in resisting damage by freezing. In the tests, we used No. 200 cold concrete
samples with water-ash ratios of 0:55 and 0:85. After artificial mixing and
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kept for periods of 3, 5, 7 and 9 days at -10° C. Determinations were made
of compression strength in each case, after which the test samples that had
been subjected to the aforementioned cold periods were placed acp;aiately in
Sreezing comnartments at -20° C and kept at that temperature for 2 davs.
Determinations were made of their compression strenqths, after which thev
ware once acain in a freezing compartment at -10° 7 and kept at that
temperature for periods of 25, 23, 21 and 19 4ays. Determinations were made
of cold 28-day strength. The remaining test samples were transferred t»
positive temperatures and subjected to standard maintenance for 28 days.
Ceterminations were made of normal 29-day strenqgth, i.e., 2-month strenqath,
and their strangth was compared with that of the 29-4ay strength, i.e.,
2-wonth strength, of samples kept at -10° C. Table 19 and ™igure 3 show
the test results.

Compression strength (kg/cm?)

o -

F"" <519 -3 (days)
* Maintained at nega- ~={=— Transferred to —={ aging
i tive temperature positive temperature period

figure 3. Strength of Cold Concrete in Resisting Damage by *reezing
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T™a tasts indicate the following points. Loss of strength decreased
as the veriod of earlv-phase maintenance was prolonged. There was almost n>
loss in the strength of cold concrete with a water-ash ratio of 97.5%5 when ¢t
wasg kept at -10° C for 7 days, “rozen for 2 days at -20°* C and then
maintained at -19°¢ C “or 21 davs or in the strenqth of concrete transferred
to nositive temperature conditions for 28 davs. These “indinns were
basically similar to those for the strength of concrete maintained at -19° <,
This indicates that cold concrete maintained at -1N® C “for 7 days acquuirns
a strength of 15 ka/cm?) i.e., that it can withstand a low terperature o
-20° C. Colad concrete with a water-ash content of 0:A5 that was maintained
at -10° < for 14 Adays could withstand a low tempera%ure of -20° C without
undergoing damage. Prom the curve in Tigure 3, it can be seen that the
critical strength at this time was 35 ‘%g/cm2.

Figure 4 and Fijure 5 show the tast curves for the strengths of llo. 210
and No. 400 cold concrete in resisting damage by freezing. The ahscissa in
the figures indicates the time when the cold concrete was transferred from
negative temperatures (aging period of 3 months) to positive temperature.
From the curves, it can be seen that strength continued to increase when the
cold concrete was transferred from -20° C to =10° C and that strength increased
rapidly to design strength when it was then transferred to and maintained at
positive temperature. From a comparison of both curves, it can be seen that
the premaintenance time for high marker number concrete was shorter. 1If a
strength of 35 kg/cm? i3 used as an index of judgment, damage by feezing to
YNo. 400 concrete can be nraventad by maintaining it -13° C for 3 Aays,
whereas a veriod of 5 days is required for No. 200 concrete.

From this it can be ascertained that the oremaintenance period at -10° C
for cold concrete should be controlled on the basis of the critical strength
and that it is directly related to the marker number of the concrete, the
wataer-ash ratio and the negative temperature of early-phase maintenance.

The representative characteristics of concrete after early-phase
freezing are as follows. The strength of the concrete is very low and its
strength when it is once acain subjected to maintenance at normal temperature
cannot reach the desigqn marker numner. whan the degree of freezing differs,
loss of strength also differs. If the concrete is frozen {immediately after
pouring, loss of strenagth is about 508, If it is maintained at normal
tamperature for less than 12 hours before freezinqg, then loss of strength is
about 16%. If it is maintained at normal temperature for more than 24 houts
before freezing, then there is basically no loss of strength. The strenqgth
of the dond hetween the concrete and the steel bars is veakened. The
capacity of the concrete for resisting infiltration may be deficient. The
capacity of the concrate to resist freezing is decreased. For these reasons,

concraete poured during winter should under no circumstances be subjected to
freezing.
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Piqure 1.

a)

b)

e)

N ¢n7
g ™7
- a:i'
E’ WS
° - {?2] number: 200#% _J
el ~ - oy
) ! /. Comj undin ratio:
m = ;/ | 626 2 1+ 1.52 ;04,72
[~ N)",‘ r
3 Blank Standard maintenance
o8 / T ‘
s 4 — ) MazSe 13 Maintenance at -10° C |
- - ll sl S Al e s e _JI
N i £ e |
-t gy | '
' r

S *Jif; e B

3 i ——"-! b4 c) —1

) (days) 1 3 4 3 il(months)
Maintained at nega Transferred to .Jaging

tive temperature

Maintained at -10° C for
maintained at -10° C for
temperature for 3 months

Maintained at -197° 7 for
maintained at -10° <7 for
temperatura for 3 months

Maintained at -10° C for
maintained at -10° C for
temparature for 3 months

Strength of 200% Cold Concrete in Resisting Damage by Preezinn

positive temperature ‘period

3 days and at -29° C for 3 days:
23 days, then maintained at positive

7 days and at =-21° ¢ for 3 days:
21 days, then maintained at positive

14 days and at -20° C for 3 days:
14 days, then maintained at positive
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Compression Strength (kg/cm?)

ERAXRRAXANRER

o
e

s

.
sl apast o

158 - .
Lo Design marker no.: 400#%
] unding rauo
'n: Eo 3.18
= Blank ! Standard maintenance
ﬁd
41 1 ::g;%; | Maintenance at -10° C
. i B Sy .: a) i
Y
: - b)
3 1.
Y . 0
(;i % 1§ (days) 2 - 3 + § 3 (migths)
: a
———Maintained at nega- —}—— Transferred to - pZtigd
tive temperature positive temperature

Figure 5. Strength of 400%# Cold Concrete in Resisting Damage by Freezing

a)

b)

c)

Maintained at -10° C for 3 days and at -20° C for 3 days;
maintained at -10° C for 23 days, then maintained at positive
temperature for 3 months

Maintained at -10° C for 7 days and at -20° C for 3 days;

maintained at -10° C for 21 days, then maintained at positive
temperature for 3 months

Maintained at -10° C for 14 days and at -20° C for 3 days:;

maintained at -10° C for 14 days, then maintained at positive
temperature for 3 months
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The following methols were used for the purvose of discriminating
sarly-stage freezing of concrete:

Jl. an iron hazmer is used to strike the structure. If the sound is
muted and if an empty sound occurs, this indicates that the structure is
brittle and loose. If concrete that is not frozen is struck with a stone,
the sound is clear and crisp, indicating that the structure is dense.

2. An iron hammer is used to strike the anqglas of the structure.
If large pieces fall off, the concrete mixture is brittle and loose and
the skeletal material is of poor adhesiveness. TIf large portions of the
skeletal material and the concrete mixture become sevarated from each other,
the vertical matter can be pulverized with the hands. Concrete that has
not frozen is hard and the concrete mixture and the gkeletal material are
closely bound to a2ach other. ‘then it is struck, the skeletal material can
be pulverized.

3. When piecas of concrete that have been knocked off are examined,
water-line traces can be found at the points where the concrete mixture and
the skeletal material were joined. This is because a type of ice filnm is
formed on the surface of the skelatal material when concrete is poured
during winter, the traces being left after the ice has melted. This
phenonenon doas not occur in concrete that has not been frozen. This is
a2 major indicator of whether or not freezing has occurred.

4. when the strength of the structure is measured with a
resiolometer, a very low resilience value indicates very low strength.

5. Concrete that has been frozen has a dark color that gives a

person a melancholy feeling. Concrete that has not been frozen has a
deep gray color.

6. Properties of Cold Concrete

In order to facilitate the application and wider use of cold concrete,
we made initial determinations of its mechanical properties and its
durability. The concrete was subjected to artificial mixing and shake
formation under positive temperature conditions, after which some of it was
placed in a freezing chamhber at ~10° ¢ and maintained there for 3 months.
Following that, it was transferred to nositive temperature and subiected
to standard maintenance for 1 month. The other portion was used in
comparative tests in which it was subjected to standard maintenance for
4 months in a standard maintenance environment tojether with ordinary
concrete test samples.
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Among the mechanical tests, we used cubic tes® samples o€ 10 x 19 x
10 cm for determining compression strength, with compression strength of the
10 x 10 x 10 cm test samples being determined by the side splitting method.
~he modulus of compression elasticity was €ownAd for 10 x 10 x 20 cm test
-amples using a Martens mirror type expansion meter to determine deformation
values of 9.4 qrade axial compression strenqgth. The bhoné strenqgth of the
steel hars was determired by extraction of 4 16 circular steel embecdded in
10 x 10 x 20 cm cuboii samples. Tests of resistance to infiltration were
conducted with ¢ 15 x 15 cm cylinders using an osmometer.

Among the durability tests, the resistance to freezing tests were
conducted by the slow alternation test method in which 10 x 1¢ x 12 cn
test samples were air-frozen in a freezing chamber at -20° C €or 4 hours
and then melted for 4 hours in water at +15° C, with determinations being
made of loss of strength and change in external appearance for differing
nunbers of freezing and melting cycles. Carbonization and alternating
dry-wet tests were conducted using 4 x 4 x 16 test sampnles made of a
cement-concrete mixture. After artificial mixing an® shake formation,
some of the test sample was placed in a freezing chamber at -10° C for 6
months, while another portion together with a blank concrete mixture test
sample were kept under conditions of standard maintenance for 5 months,
after which comparisons were made. The carbonization tests were carried
out in sealed condainers having a CO; concentration of about 70%, with
carhonization strengths and carbonization coefficients teing determined for
various periods of cold. In the alternating dry-wet tests, the test samples
were dried at 100° C for 4 hours and then irmersed in water and saturated
for 4 hours, a procedure that was repeated 30 times. Determinations were
made of strength and softening coefficients. The results of the tests are
shown in Tahle 20,21 and 22,

The following points could be ascertained from the tests.

1. Except for the €“act that findings for the modulus of elasticity
and resistance to infiltration tended to be low, the indices for the
rechanical properties of cold concrete were close to those for ordinary
concrete.

2. Cold concrete that was maintained in a positive temperature
environment had comparatively good mechanical pronerties. This was because
cf qgreat increases in structural density, bond strenqgth of the 3teel bars
an? resistance to infiltration. 1Its superior resistance to infiltration
has opened up new possibilities for breakwater concrete.

3. Cold concrete exhibited qood resistance to freezing and good
Adurability.

4. The carbonization tests indicated that the carbonization coefficient
of cnld concrete tends to increase gradually as the carbonization cold neriod
is prolonged.

S. Alternating dryness and dampness did not have deleterious effects on
cold concrete.
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Xey to Table 21:

st mnt
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nos

sm strip
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vy slt

standard maintenance

month

months

some stripping

stripping at some placas on surface
very slight
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7. The Problem o€ R2wsting and Corrosion of Steel Bars in Cold Concrete

(1) The rust-preventing action of MaNO»s

NaNO; in the concrete medium (pH = 10-13) serves as an anodic rust-
preventing agent. It prevents rusting by reducing the anode area that is
readily subject to rusting and corrosion. %hen an insufficient quantity is
addad or when the pH of the medium is changed, anodic processes will still
be inhibited, but, at the same time, activation of cathodic processes will
be stimulated, with the result that local rusting and corrosion will be
induced. This type of rusting and corrosion is much more dangerous than
homogeneous rusting and corrosion. Therefore, when NaNO, is used as a
rust-preventing agent, the critical concentrations in differen: media must
be carefully detarmined in order to avoid inducing cathodic activation and
the consequent local rusting and corrosion due to addition of insufficient
quantities or unnecessary waste due to addition of excess amowunts.

The electrochemical quick method and the quick alternate drying and
wetting method were used in the tests and the test specimens were compared.

1. Electrochemical quick method

In these tests wa used a 1 : 3 cement-concrete mixture and a water-
ash ratio of 0:35. The cement used was No. S00 silicate cement produced
in Harbin. For the steel bars, we used No. 3 machining steel of specification
¢ 6 and of a langth of 120 rm. The dimensions of the test samples were
4 x 8 x 16 cui. After the test samples were formed and molded, they were
kept in steam for 14 hours, after which they were kept indoors and
maintained under natural conditions for 40 days. At the time of determination,
the steel bars were subjected to polarization at di®fering current density
levels. After a stable state had been maintained for 10 minutes, the
polarization rotentials corresponding to each current density level were
determined. The results are shown in Table 23 and Figure 6.

The following points should be evident from Table 23 and the polarization
curves in Figure 6.

(1) In blank test samples containing no additive, the anodic
polarization potential shifted very rapidly in the positive direction,
deoxidatior potential was reached,and the steel hars were in an inactive
state so that rusting and corrosion could not be induced.

(2) In test samples containing 2% NaCl, anodic polarization was slow
as indicated by the smoothness of the polarization curve, with a state of
activation being presented. Thus, it can be seen that MaCl is an agent that
accelerates rusting and corrosion so that the presence of NaCl can stimulate
the occurrence of rusting and corrosion in concrete.
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Elec- larization potential (my) [State of

Additive trode teel
g : Ve Ve Vie Vie o

% anode | —387 | +624 | +657 | +738 [Not
Blank sample : ¥ : acti-
| - |Sath- | —359 | —702 | —878 | —1250 |vated
. ode | —657 | —537 | —417 | —80 |Acti-
NaCl 2% n vated

cath- | 00 | —785 | —928 | —1238
ode ; =

NaCl 2% janode —434 +603 +637 +716 o:i

’ ac -

+NaNO: 2:2% [S3P | —as6 | —684 | —823 | —1170 [vated

t NaCl 2%  lanode | —356 | +614 | +651 | +721 Foci
cti-

+NaNO: 4-4% g;:h' —345 | —656 | —762 | —1152 ivated
NaCl2¥% ariode | —347 | +615 | +663 | +782 2:-:1
+NaNO, 5.5% [S30"" | —362 | —e61 | —730 | —1183 [vated

NaCl 2% |anode | —353 | +618 | +663 | +780 |Not
: acti-~
+NaNO, 7.2% g;:h- —290 | —613 | —704 | —964 |vated

Note: Average values for test samples of 2 groups were usad above.

anéde | —y15| +580 +620 +713 iNot

cath- acti-

N1:SO, 3% ;
ode —475 | —896 —1187|—1316 |vated

Table 23. Na,50,, NaNO, and NaCl Polarization Potentials

(3) ‘hen the amount of NaCl added was 2% by weight of the cement
ani when differing amounts of laNO, were added as a rust-preventing aqgent,
there were marked decreases in the extent of rusting and corrosion of the
steel bars as the amcunt of VaNO, added was increased. When the “MaNO
content was 4.4% (by weight of tﬁe cement), no rustina or corrosion wﬁatscevar
of the steel bars occurred. When the MaNO, content was further increased,
the affects were basically similar to those when 4.4% was used.
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Blank sample

il _q‘uucp+ 234 Na N0z
110+ 2, NaCl + Abg, NakO;
’”-j I Nal| + 5.59% NaNOz
b 2 MASE + TG NaNOz
430~ :
+8-
."_ -——...____._- ﬁ“
o
' 0 2 3G

~iqure 5. Sodium Nitrite Rust Prevention Polarization Curves

2. Ouick alternate drying and wetting method

e test samples were €ormed in the same way as for the electrochemical
nethod, after which they were subjected to standard maintenance for 7 to 19
Javs. Thev were then kent in steam at 100° C for 4 hours, dried at 105-
110° 2 for 3 hours and then set aside indoors for 17 hours. The foreqoing
procedure constituted one cycle. This procedure was repeated 30 %“imes. After
each 17th cycle, one hatch »f test samplaes was hroken oven and direct

ohservations were made of the condition of the steel bYars. The resul“s of
the tests are shown in Table 24.
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Key to Table 24:

a)
b)
e)
4)

e)
£)

q)

h)
1)

b))

k)
1)

Slight rust and corrosion spots
in 1 to 2 places

Severe rust and corrosion spots
extending over entire strip

Slight rust spots in 1 to 2
places

No rusting: one-layer of silver-white
€ilm on surface of steel bar

Wumbar of rusted and corroded bars

% by weight of rust and corrosion
tos total weight

S of area of rust and corrosion
to total area

Rust spots on surface of steel bars

Slight punctate rus:t svots of surface
of steel bars

Severe and deep rusting and corrosion
of the steel hars

Severe rust spots on ends
Slight rust spots o ends
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X

——— NaCl T+ NaNO; L%

o
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— Blank sample

Corrosion rate [illegible]
- e

1__

Number of alternating cycles

Tiqure 7. Relationship Retween Corrosion Rate and lumber of
Alternating Cycles (Ylote: Text of figure is poorly
legible. ]

The following points can be ascertained from Table 24 and Fiqure 7.

(1) The steel bars in blank test samples not containiny additive had
. “m¢gone slight rusting and corrosion by the 10th drting and wetting cvcle.
* ine number of cyvcles increased, rusting and corrssion became more severe,
vitl distinct rust spots annearing on the ends after the 30th cycle.

(2) Distinct rusting and coorosion were found in test samples %n hich
2% YaCl had been added after the 10th cycle. Morenver, as the number of

cvcles increased, the area and quantity of rusting and corrasion was
markedly increasad.

(3) Sodium nitrite had a distinct rust-nreventing effect. The
addition of 2.2% of ‘laN0, to test samples containing 2% of NaCl had an
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intense inhibiting effect on the occurrence and expansion of rusting and
corrosion of steel bars, with only very slight rust spots being found

on the ends after the 10th cycle. Moreover, the increase in the corrosion
rate was slowed as the number of cycles increased. As the amount of NaNO,
added was increased, the corrosion rate gradually decreased. When the
NaNO, content was 1.4% by weight of the cement, no rusting or corrosion
appeared by the 20th cycle and only very slight rusting and corrsion
appeared by the 30th cycle, findings distinctly better than those for the
blank test samples. when the NaNO; content was 5.5% and 7.2%, the results
at the 30th cycle were essentially similar to those when content was 4.4%.

From the preceding, the following points can readily be seen. The
fact that similar results were obtained by the electrochemical method and
the alternate drying and wetting method gives us a much clearer under-
standing of NaNO, as a rust preventing agent. While severe rusting and
corrosion of steel bars in concrete mixtures or concrete containing 2% of
MaCl, cccurrence and expansion of rusting and corrosion of steel bars can
basically be preventad merely by adding 2.2% of NaNn, by weight of the
cement. '“hen the NaNO, content reaches 4.4%, there was essentially no
occurrence of rusting and coerosion of the steel bars, with the condition
of the steel bars being supperior to that of the blank test samples.
curther increase of content did not have evident effects.

(2) The affects of 3% as30, on rusting and corrosion of steel bars

Although Na,s0, is used as an additive to accelerate hydration reactions
in cemant, it may have deleterious effects on the steel bars. For this
reason, we conducted tests of sodium sulfate by the electrochemical quick
gethod. The matarials and processas used in the tests were the same as
indicated nreviously. The results of the tests are shown in Table 23 and
Tiqure 2. From Table 23 and from the anodic and cathodic polarization
curves it can be seen that the addition of 3% of Ma,S0, to the cement did
not have any deleterious affects on the steel bars, with the steel bars
remaining in an inactive state. However, anodic processes were somewhat
acceleratad as compared to the blank test samples.
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Figure 8. Steel 3ar Pnlarization Curves with 3% Sodium 3ulfate

(3) Cffacts of Nalln,-MNa,S04 combined additive on rusting and corrosion
of steel bars in concrcte

The electrochemical quick method and the quick alternate drying and
vatting method were usad in *he tests. Two types of steel bhars were used in
the tests, one of which was ordinary A3 low carbon steel and the other was
prestressed low carbon cold drawn steel wire.

1. Table 25 and Fiqures 9 and 10 show the results of tests usinqg the
elactrochenical quick method.

As can be seen from Table 25 and Piqure 9, the sodium nitrite - sodium
sul“ate combined additive 4id not have any deleterious effects on the steel
hzrs in the concrete when ordinary A3 low carbon steel was used. The results
o< the electrochemical tests indicated a state of inactivation. When the
current density was greater than 10 uA/cm?, this tyne of combined additive
caused the nolarization potential of the steel bars on the anodic polarization
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Polarization
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: ffga- b)

tential (mV)
Additive ' a) tions c) —;LPTIQ - —(""“" e
= ¥e L 3 L8
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+N(C:H,OH),0+03% | 3| L=120 ) |—320 |—620 |—717

l
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Table 25. Yano, - Nazso4 Combined Additive Polarization Potentials
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§

a) "yme of steel bar e) Anode

b) Surface state £) Cathode

c) Electrode g) Cold drawn steel wire
d) Machined

curve to he somewhat higher than the polarization potentials of the blank
tast samples. This indicates that the extent to which iron atoms on the
surface of the steel bar enter the electrolytic solution in the form of
iron ions is relatively somewhat less. That is to day, steel bars in
concrete containing the combined additive develop rusting and corrosion

less readily and are more stable than eteel bars in concrete not containing
combined additive.

Trom Tahle 25 and Tiqure 19, it can he seen that the sodium nitrite -
soiium sulfate combined additive had even better inactivating effects on
lov carbon cold drawn steel wire, ,with the deqree of anodic polarization
of the steel bars exceeding that of the hlank test samples. Therefore,
tha sodium nitrite - sndium sulfate combined additive not only does not
“ave any harmful effects on cold drawn steel wire Hut it also has a
protective effect on it.

2. The results of the tests using the quick alternate drying and
wetting method are shown in Table 24. The test methods and procedures were
the same as described previously, As can he seen from Table 24, the NanNOy -
12804 combined additive also €unctioned as an inactivating agent on the
steel bars. after 30 dArying-wetting cycles, no rusting or corrosion of the
steel bars had occurred, whereas rusting and corrosion had cccurred after 30
cycles in steel bars when the chemical additive was not used. Severe and
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deep rusting and corrsion occurred after 30 cycles in test samples containing
2% CaCl,; and 2% NaCl.

3. Long-term observation method

ordinary A, low carbon $ 8 steel of 6 cm in length was used in the
tasts. The steel was machined and degreased. Two stecl bars were embedded
in concrete parallel to and at a distance of 3 cm from each other and with a
nrotective layer of 3 to 4 cm. The dimensions of the test samples were
1) % 10 x 10 cm. The concrete was No. 400 with a compounding ratio of
6.45 + 1 : 1,205 : 3.10. The additive content was §% NaNQ, + 3% 'a,S04 +
1.33% W(Ch44NH) 3. After the test samples were formed and rolded, they were
susjected to standard maintenance for 28 days and then transferred to
maintenance under natural conditions. The test samples were hroken open
an observed at various times and comparisons were made with blank test
samples.

T™e results of the tests are shown in Table 26.
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S by weight of additive in cement Maintenance under natural

conditions
6 months 1 year and
6 months
Blank test samples Mo rusting | Yo rusting

MaNO, 6% + MasS04 3% + triethanolamine No rusting o rusting
0 03% g

Table 26. Te<ts by the Long-Term Observation Method

In summary, similar results were obtained »y means of the three test
mekhods. The YMaNO, - Na3504 combined additive did not have any
cdeleterious effects on the steel bars and also had a definite nrotective
action on steel bars in concrete.

3. Conclusions

1. uaMNo, is an antifreeze agent for cold concrete. At -10° C, it
can prevent freazing of concrete when it is added in amount of 13.3% of
the water content. At the same time, NaNO, has qood plasticizing effects
and good effects in slowing condensation of cement. Addition of NaNO5 in
an amount of 13.3% of the water contant can allow a decrease of about 10%
in the water content and results in the fluidity of the concrete remaining
unchanqged for up to 4 hours.

2. Wa S04 is a very good positive temperature early strengthening
agent. When it is combined with NaNO, at -10° C in an amount of 3% by
weight of the cement, it still exhibits a distinct action.in stimulating
hardening. *“hen the concrete is transferred from -10° C to positive

a2rmarature, the strenqgth of the concrete continues £o increase.

3. When 'M(CyH40M) 4 is used in an amount of 0.03% by weight of the
cement and combined with taNO, and 'a3S04, it can increase the early-phase
strength of the concrete by about 5%. tthen the samples are transferred to
positive temperature, the affects are similar as with Ma3304.

4. With an additive composed o# 'laNO, in an amount of 13.3% the
witer content of the concrete, NazSO4 in an amount of 3% the cement content
and N(C3A40M) 3 in an amount of 0.03% of the cement content, the concrete
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does not uncderqo damage from freezing at -10° C and its strength increases,
nore slowly in the early stages and rore rapidly in the later stages.. 'then
it is kept for long periods at negative temperatures, its strength still
increases. At 2R Adays, over &0% of the design strength can be attained.

“hen it is kept at -10° C for 3 months, 80 to over 90% of the desiyn strength
can be attained, with loss of strength in the later stages not exceeding 19%,

If this type of additive is used under positive temperzture conditions
(+10 to +15° C), it results in an early strengthening effect, good concrete
" density, resistance to infiltration of up to 23-30 kq/cm?, strength in the
later stages 5 to )0% greater than that of ordinary concrete and phvsical
rroperties superior to those of ordinary concrete.

S. The mter-ssh ratio has extremely great effects on cold concrete,
with an increase or decrease in the water-ash ratio of 0.05 resulting in
an increase or decrease in strength of 30 to 40%. Therefore, when cold
concrete is beinqg used, the water-ash ratio must berigidly controlled, with
as low as possible a water-ash ratio being used to allow fluidity for
construction.

6. %When this type of concrete is maintained at -10° C for 7 to 9 days,
it is nossible for it to atquire strength in resisting freezing at even
lower temperatures. The critical strength value at this time is 35 kg/cm?.
The strength in resisting 2amage by freezing that is acquired at -10° C
is related to the premaintenance period, the water-ash ratio and the cement
content but is not related to freezing time.

7. Because of the rust-preventing action of MaMO,. the cold concrete
additives do not have any rusting or corroding effects on the steel bars.

8. Except for decreases in the modulus of elasticity and in resistance
to infiltration, the physical and mechanical properties of cold concrete do
not differ from those of ordinary concrete.

9. The early-phase strength of cold concrete increases slowly. However,
cotipreshensive measures such as hot mixing, regenerative heat maintenance or
Pa;sing through of small amounts of steam can be taken to raise early
strength and enlarge the ranges of its use.

17. The facts that cold concrete is convenien*t +o work with, that the
1llitives can be obtained easily and that the costs are comparatively low
malia this a method that is well WOrth adopting and using widely in carrying

out construction during winter.

11. There is a problem in respect to the construction specifications for
tre additive 'a,30, (GBJ1O-65) in which it is spacified that the sulfate
content of the mixinq water should not exceced 1% as calculated on the basis
of the SO4. 1In our long-term observations of test samples with a high content
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; of 3%, we did not find any damage to concrete except in cases in which the
skeletal material exhibits alkaline activity. Many units have conducted
research on this topic. The Nanjing Chemical Engineering College has found
that the addition of Wa5S04 to water increases its alkalinity. For this
reason, the use of alkaline skeletal materials of mineral skeletal materials
with similar activity can certainly increase the severity of damage involving
swelling of the skeletal materials. e must await much further testing and
research in order to achieve a fuller understanding of this problem.

There are a number of other problems associated with cold concrete
that must he solved by further research and practice in the future. These
rroblems include the range of its uses, the senarating out of salts, the
technical parameters in smooth mold construction, the adaptability of
combined additives to various types of cement, the electric conductivity of
cold concrete, resistance to corrosion and the mechanism of hardening.

°. Addendum: Egsential Points Concerning Cold Comcrete Construction

(Discussion Draft)

(1) General principles

1. Definitions and explanations

Cold concrete is prepared using a 13.3% NaNO, solution in respect to
the water content of the concrete and has a specific qravity of 1.08., A
concrete additive consisting of 3% Na,SO; and 0.03% “(C>H40H)3 in respect
to “he water content 2f the cement can be used in concrete for winter
construction and in reinforced concrete construction. At =10° C, 28-day
strength reaches about 50% of design strength. 'hen it is transferred to
positive temperatures (+10 to +15° C) after 3 months and maintained at such
temperatures for 1 month, it reaches over 90% of the design strength. In
conitruction under conditions of severe cold (-20 to -30° ), comprehensive
reasures must be taken to maintain warmth to assure that the temperature of
the concrete itself does not fall below -19° ©. Premaintenance for 7 o 9
lav's can prevent damage by freezing,

2. Materials
(1) Cement: Ordinary silicate cement with a cement marker number
not lower than Mo. 400 should he used.

(?) Course skeletal material: Should satisfy the requirements of
GBJ10-65 (revised version) and should not contain frozen matter
or ice needles.

(3) The WaN0,, Ma;SO4 and N(C3H,0H) 3 should meet standard
spaecifications.
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(2) Design of concrete compounding ratios ancd preparation of solutions

(1) The concrete marker number should not be lower than No. 200, the
cement content of each cubic meter of concrete should not be lower than
257 kg, the water-asj eatio should be controlled to within 0.6 and the
‘egree of collapse should he less than 3 cn.

(2) Table 27 shows the NaNO; content appropriate for verious differing
air temperatures.

Minimum air temperature -3 CcC | -5°C | -8°C}] -l0°C
when concrete is poured

Per water content (%) 3.3 5.6 10 13

Per cement content (%) 2 4 6 8

Table 27. Referenca Table for la!0, Content

(3) The NaW0, and the triethanolamine should be prepared in advance as
solutions for use. Anvdrous sodium sulfate with the anvearance of nowdery
crystals should be used. It can be passed through a sieve to remove larqge
marticles and then it can be introduced in the specified quantity directly
into the mixer and be mixed with the sand and cement. ™hen crystalline
sodium sulfate is use2, it should be reduced £o anhydirous sodium sulfate.
It should €first be prenared as an aqueous solution on the basis of the
reqiired concentration. After the crystalline sodium sulfate has dissolved,
the MaNO, and triethannlamine can then be added. »After they have been
cozplately dissolved by stirring, they can be used in mixing the concrete.
™ solution should be prenared %Bv a specially assiqned nerson and the
ac:urzcy of the concentration should ba confirmed.

(1) T™e temperature nf the solution of additives should not be lower
than 40 to S0° C.

(3) uixing of the concrete

(1) The quantity of solution introduced when the cement ig being mixed
should be rigorously controlled.to assure that the degree of collapse of the
mixture will be 2 to 3 cm. '

(2) The temperature of the mixture when it comes out of the tank should
rot be lower than +10° C. Otherwise, the temperature of the solution can be
caised to 70 to 90° C or the sandstone can be heated.




(1) Pouring an< maintenance of the toncrete

(1) Refore pouring, the ice and snow should first »e removed from
the molds and the steel kars.

(2) The temverature of the concrete should not fall below -10° =
within the 7 to 3 day oeriod following pouring.

(3) 'hen concrete is noured in air temperatures kelow -19° 2,
compreshensive measures for maintaining warmth such a3 hot mixing, regenera-
tive heat maintenance or passage of small amounts of steam in order %o
assure that the temperature ¢ the concrete will bYe in the vicinitw of
Chis Lo

(4) In the case of structures requiring resistance to infiltration,
the temperatur: within the two circumferences after “he oouring of the
conerete should not hbe less than =-2° C,

(S) Testing of the quality of cold concrete

(1) Determine the concentration and temperature of the additive solution.

(2) Determine the temperature of the mixture when i comes out of the
“ank and its degree o€ collapse.

(3) After the concrete is poured, its temperature should be determined
once everv two hours during the first three days and once every four nours
after the first three days. The temperature should “e determined at an
unfavorable roint and the thermometer should be left in the Aetermination
hole for 3 to 4 ninutes.

(4) At the same, determinations should be made of the temparat'res of

the air in the surroundings of the construction and of the temperature of
the nedium,

’3) At the same time that the concrete {5 beint rouraed, formation tests
shoild - 'so be conducted in 4 qroups. In one nf thase qroups, early stage
stranyth should be derermined. 1In the second croun, 23-dav strencath at
necative temperature should be cdetermined. 1In the third group, determination
should be made of 28-4ay strength at nositive temperature after 28 davs at
negative temperature. In the fourth group, the samnles should be subjected
tr. standard maintenance Sor the purpose of comnarative tests.
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