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in an early strengthening effect, good concrete density, resistance to - 
I

infiltration of up to 28—30 kg/cm2, strength in the later stages 5 to 10%
greater than that of ordinary concrete and physical properties superior to2those of ordinary concrete. Because of the rust—preventing action of NaNO , I
the cold concrete additives do not have any rusting or corroding effects on
the steel bars. The facts that cold concrete is convenient to work with,
that the additives can be obtained easily and that the costs are comparatively I
low make this a method that is well worth adopting and using widely in carrying
out construction during winter.
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1. Xntroductian

Zn the northern regions of our nation, there are from several to over
6 months each year during which cold t.~~erature conditions prevail and
di~~Lng which tins progress on basic construction work and the scat. of
operations are greatly limited. Since the establiahasot of th. nation ,
~m4sr the guidance of Chairmen Mao’ s re’votutianary tine , vs have adopted
various methods for winter construction on the battl.front of basic
construction and have am~sued definite practical .xperiencs concerning it.
~f these, cold concrete mixed with chlorate. has been widely used in
industrial , civil construction , hazbor, railroad and bridge construction
projects and in mine construction. However, because of interference and
sabotage attributable to the co~z~t.rrevolutianary revisionist Line of
Ltu Shaøqi and of the influence of the doctrin , of slavish imitation of
the West , the problem of rusting and corrosion of steel bars in cold
concrete containing chlorat.s was not solved and the method ceased to be
used.

~~dsr the ixpetu. of the Great Proletarian Cultural Revolution, the
yorkers, cadres and scientific research personnel of our institute, with
class struggle as our quid. • resolutely supported the Party Line, carried
out open-door management of scientific research , and , “breaking away from
foreign models • took our ~m independent course of industrial d.isl ~çsant .
Zn order to develop a cold concrete hardening additive suited to oondi~ioni
in our nation , we engaged in experimental research work and proposed using

as an antifreeze agent in an NaNO2-Na2 $04 combined additive for
cold concrete • Good results were obtained when this was put into use.

Thu paper represents a s’~~~~ry of the result. of several years of
experimental work. Because of our low level of ideological awareness end
technical skill , we would welcome the criticises and corrections of our
comrades in respect to points of inad.quacy in our work.

2. Basic Theory of Hardening of Cold Concrete

The major factor affecting construction with concrete during wint r
is te~~erature . we have no contro l over natural changes in atmospheric
taxperaturs. The best that vs can do is to pre~~~t or ~4~ 4niah the

• freezing of the water in the concrete by scientific means on the basis
• of changes in a~~~spheric t~~ srature in order to maintain a liquid phase

and thus facilitate continuou, hardening of the concret e .

• Water freezes at 0 C. However, when any so].uble substance i. added
tó’~ eter , the vapor pressure of the solution i. decreased , with th. result
that the freezing point of the solution is lowered. According to
Lacoisier s Law, the temperature at which ice begins t~ separate out(freezing point) in an aqueous solution of electrolyt es ii directly
proportional to concentration and inversely proportional to the molecular

-~~ - -  •--~~~ _— - —  ~~— - ~~~~~~~~~~~ ••- _—



weight of the solute . It is al so relate d to the number of ions and the
degree of dissociation.

This bec~~~s even more evident when a graph of the t mperaturs

components of a simple binary (water - Na~I02 ) system is used to study the
proces s of the freezing of water in an aqueous solution of NaNO2 on the
basis of physicochenical theory. If we ass’~~~ that the original concentration
of the solution is lower than the concentration of the eutectic temperature
correspondence (i.e. • the antifreeze agent is dissolved in the water with
a Large amoia%t of water and a small amouot of solvent) ,and if we do not
consider eupercooling of the solution , then the relationship between
freezing t~~~eraturs end weight concentration is as indicated in Figure 1.

C c.
(P.3~) (M.3t.~

Figure 1. Graph of Temperature C~~~onents of Water—HaN02 System

a) vreezing point
b) Component
c) Wate r

For example , the original conoentration of the NaNO2 solution is C
and the temperature is T. The coordinates of the graph meet at point P
(T ,C) . Because the heat of the solution La dissipated , the temperature
decreases . When the temperature decre ases to the freezing point dT
(coordinates at M) of the solution , ice begins to separate out from the
solution . If the temperature continues to fall • the quantity of ice
separating out increases the quantity of water decreases, th. concentration
of the solution increases and the freezing point of the solution decreases
further. The coordin ate. of the solut ion in the temperature ~ mp~~ent
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graph move along the curve AZ. At this time , 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
te~~~ratur e T, and the corresponding equilibrium concentration C1), the
solvent (wat.r ) and the solute together form a solid solution which
separates out . Point! is th . minimum eutectic point of this system and
T, is the minimum eutectic temperature of the solution . The resu l ts of
measurements and the da ta both confirm that the minimum .utsatic temperature
of NaNO 2 is -19.S C. C• is the minimum eutactic cpncsntration of the
solution. When the temperature of the solution is higher than the freezing
point A? of the solution, ice does not separ at . out (the coordin ates being
in region I of th. graph) . When the temperature is lower than the ini~~~
eutectic temperature E , all of the water in the solution goes into solid
phase and separates out (region IV) . When the temperature fails between
the freezing point AT and the minimum eutectic temperature E , the water
in the center of the solution forme into ice and separates out , while the
remain der of the water stays in the Liquid phase (region XI and region III ) .

On the basis of the preceding analysis, the physicochemicai. charac-
ter istics of freezing of the water in cold concrete and of the water in
ordinary concrets are obviously different, the fr eezing temperature of
the water in cold concrete having to be far lover than that at which pure
water freezes . In addition , the concentration of the solution in the cold
concrete is not a constant. As the a~~~spheric temperature decreases ,
th. concentration of the solution undergoes corresponding changes and the
freezing point also gradually decreases. On the basis of the minimum
eutectic temperature of NaNO2 -19 .6 C, the cold concrete can harden
within a range within -19.6’ C. However, when the quantity of NaNO, aimed
in exceeds the amount of water used in the concrete by 13. 3% , the d~velopasnt
of strength is greatly retarded, and , when it exceeds the amoun t 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 the 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 pbtse and allowing a small amount of it to freeze • is the
basis for the capacity of cold concrete containing NaNO,-Wa2304 combinedadditive to promote continucus hardening without fr.eziAg damage at
conditions under -10’ C.

3 Research on ‘IaN02 —~a2S04 Combined Additive

(2. ) Material s used in the ex~ariments

1. Cement: Mo. 500 ord inary silicate cement produced In Rarbin .

3
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2. Sand: Medium river sand.
3. ~~ck: 1-3 cm river current rock.
4 . 1!SNO~~ HG-526-67 second grade . Sae Table 1 ‘or Indices.

External appearance, Light yellow white crystals .
5. Na2504 : IIG—520-67 2nd or 3rd grades for use in ordinary

cement. let grade for prest ressed concrete. Sa•
Table 2 for indi ces . External appe arance White ,
homogeneous fins grains. Na2 SO4 containing waterof crystallization should be converted to anhydrous
!1a2S04.

~~ -f-:: b)~~ 4~
N aN OT~~f”c i-i-) ~~~~~~ 98
NaNO~~~~~~~~f5~~~~~~I 1.9
1~~~~i~~~~ d~ — le) F~~~

Table 1

a) Index designation
b) Index
a) (calculated on dry base)
d) Matter not soluble in water
e) Not specified

a) *~. ~ ~ I c) d) e)— Na~~~~4% ~ ~~~~~~~~~~~~~~~~~

Table 2

a) Index designation
b) Index
c) let grade
d) 2nd grade
a) 3rd grads

—
~~~~~~ ~~~ 
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6 . Tri.thanolaaine , N (C 2~ 011)3 : Colorl ess or light yellow oil y
substan c. exhibiting high alakinity and readily soluble in
water.

(2) The action of ~1aUO2 in cement and concrete

I.. Effectiveness of ~a1T03 in lowering the freezing pc1nt

In order to ascertain its effectiveness in lowering the freezing point ,
we used the thermal analysis method to determine the freezing points of
aqueous solutions and concrete containing differing amounts of NaNO2. The
results of the determ inations are shown in Table 3 and ~able 4.

As can be seen f rom a comparison of Table 3 and Table 4 , NaN02 is more
effecti’ s in lowering the freezing point of concret. than it is in lowering
the freezing point in aqueous solutions. This is because 11*110 , Na2S04 and
such hydroxide, as Ca (OR)2 have a synergic effect in the Liq~Jd phase of -
concrete.

Thus , under conditions of -10’ C. when fixed amounts of NaNO, are
added during the mixing of concrete , it is possible to assure thaE the
concrete will not undergo freezing. When the liquid phase in the
concrete reaches the freezing ppint at this time , a small amount of water
is allowed to freeze . However, this does not damag. the structure of the
concrete and it continues to increase in strength. The quantity of ‘1a1102to be used , , i.e., the optimum amounts to be mixed in under fixed col d
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 temperatu re.

2 • The plasticizing action of NaNO2 on cement and concrete

The plasticizing acti on of 1151102 cen be discussed from the following
four standpoints. The .~~eriaents were conducted at +15 • C.

C l) Cf feats of NNO2 on cement condensation time

M can be seen from Table 5, NaNO, had very great effects on cement
condensation time, with condensation time constantly growing longer as the
quantity added was increased. When it was combined with Na2504,
condensation time was also very long .

S 
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a) b) ~~~~~~~~~~~~~~~~~~~~

c) *~~~~~500’*% . 

.

400’ 11.1 13.3 15.5 17.7 20 0
0.4 5:1:1.295 :3-18 5 6 7 8 9 0

d) 
~~~ (‘C) —6 .29 —6 .6 —7 :83 —7 .65  —7 .65 —0-377

200’ 5 10 11-6 13 .3 15 16-6
0.6 :1:2 .2:4 .12 3 6 7 8 9 10

d) *.~ . (‘C) —3 .79 —8 •57 —7-16 I —7-51 I —3 .38 —9-16

e)~~~~~j~j50O’*~~ 

8.85 13.3 1 0
O .4 5 :i :i .295 :3 .lS t 4~~~~ 6 0

d) *.~i. ( C ~ ~
_3.12 I _3 .63

~ _~ —

~
______  

—
~~~‘~~~~~

200’ 
—~~~~~ —— — 

i

— 
0 . 6 : 1 : 2 . 2 : 4 - 7 2  ~ 6~~~~~~~3 : .  0 

—

d) *.~i. (‘C ) — 3 - 7 9  —G •59 —8• .i5 ’ ~~~~~~~~~~~~~~~~~~~~~~~~~~

Table 4. Effects of NeRO2 on Freezing Point of Concrete

a) Marker number/compounding ratio
b) Rslat ive concentration of aqueous solution (%) /cement weight (%)
ci Slag 500* cement produced in Harbin
di Freezing point ( ‘C)
5) Ordinary 5O0~ cement produced in Earbin
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a) ~ ) iU ;~i ~~ 
:j~- .-:~ -~~ 

~~~ .:. 
- ;:.~c) i d) a)

NaN O1 r Na 2SO 4 N(c 1H .0H) ~t 
a f :~~~ 1 U ~~: u ~f :~~

0 0 0 0.26~~~4:27 7:53~~ 3:28

o 0 0 0.26 7 :00 9 :2 2 2:22

8 O ’ O  
-
~ 4:~3

3 O O ~~C

6 3 0 0 .26 Ij : 2~ ~~~
6 3 0-03 0.26 6~~C ~~~~~~~~~~~~ 

3 :10

3 
~~~~~~~~~~~~~~~~~~ 

j O.26~~~~~~~ i 11 : 15 , 5:22

8 3 0-03 0-2 I 10 :2 5  — I —

Table 5. Effects of NaNO, on Cement Cowtan.atton Time

a) % by weight of additive in cement
b) Water-ash ratio
a) Initial condensation

hours , minutes
d) !‘inat condensation

hours minutes
a) Initial — final

hours i minutes

I
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(2) Effects of on standard consistency of ceae*t

Cement mortar containing 6 to 8% of NeRO has very high flui dity at
standard consistency. The experiments shown ~n Table 6 indicate that
NeRO not only prolongs condensation time but that it also has a goodwet.I..dscr.asing effect. At standard consistency, water is decreased by
10 to 15% as compared to blank cement mortar . This serves to decrease
the amount of wate r used in cold concrete and provide. condit ions for
increasing strength.

NsNO ,~~ g~ ~~ *ca ~~~~~~a) 
~~~~~~~~~~~~~ ~~7J(Iii (%) ~~~t)  - -

0 - 0~245 0 10
- 6 0•2 16 11.8 10

- 8 0•208 15•1 10

Table 6. effects of NeRO2 on Standard Consi stency of Cement

a) Weight ( % ) of Na02 in cement
b) Quan tity of water used for standard consistency
a) Amount of decreas e in water (%)
di Determinatior~ temperature (‘C)

(3) Effects of NeRO2 on plastic stren gth of cement

In order further to clarify the effects of NeRO2 on the proc ess of
hardenin g of cement , we used the needle penetration method to determine
the plastic strength of the Na1102 . The magnitude of th. value for
plastic strength , i.e • ,  initial condensation strength • indicates the
cha racter istics of hardening of the water - cement — NaNO2 system from the
time mixing is begun up to before final condensation. Fro m the relationshipbetween strength and condensation time it is possible to obtain numericalreference t-lata for selecting the quantity of NaNO2 to be mixed in and forassur ing pour ing time .

As can be seen from Figure 2 , an NaNO, content of less than 2% doe.
not have any effect on plastic strength. Rovever, when the amount added
is increa sed , plastic strength gradually decreases and condensation timeis constantly prolonged. The pastic strength equilibrium stages in the

9
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Figure 2 • Effects of NeRO2 on Plastic Strength of Concrete

a) Plastic strength , kg/cm2
b) Explanation
c) 500* cement produced at (2 characters illegible) j ianq.
d) Wat er—a sh ratio , 0.25
e) N0 (poorl y legible]
f) (poorly legible) 10’ C
g) Time (hours)

figure indicate that th. cement particles undergo comparatively rapid physical
and’ chemical disoersing effects, during which time th. rate of hydration of
the el.uminates in th. minerals of the cement is retarded. In addition , the
liqusfyinq action of C3A hydrates on NeRO2 increa ses the active sur fac. of
the cement particles and at the same time decrease. th. quantity of ~~‘~~~ela
that have not reacted with the water. This is extremely beneficial to the
formation of cement rock. As th . result , the c~~~acthese of the concr~ts isgreatly increas ed. This is confirmed by the marked increas, in the wk.r
number for resistance to infiltration. Consequently, it does not have an
un favorable effect on the properties of cold concrete.

(4) Effects of NeRO2 on the degree of collapse of the concre te

The tests shown in Table 7 indicate that NeRO has marked eff.c’~~ on
both the wat er-ash ratio and degree of collapse of2aoncrste. Under ondittons
of similar compounding ratio s, RaND2 with a water content of 13.3 % aimed into

10



a) b) NaNO :~t±~~~ * c)
*~~~~% 

1) (cm ) •) (fj ~) ~( e )
g) 400q 0 . 4 : 1 : 1 . 2 9 5 : 3 . 1 8  0 0 

s

0 . 4 : 1 : 1 .29 5 :3 . 18  5.34 2 10’ I )
• 0 . 5 : 1 : 1 . 2 9 5 : 3 . 1 8  0 2 — 1’)

0 .5:1 :1.295 :3 .18 6~ 66 • 5 4’
• 0 . 55 : 1 : 1 .295 :3 . 18  0 4. 3 —
• 0 .55 :1 : 1.295 :3 . 18 7.3 — it)

h) 200~~ 0 .5 5 : 1:2 .2 f4 .72  0 0 22 I )

0 .53 : 1:2 .2 :4 .72 7.33 0.5 19 1 )
• 0 . 6 3 : 1 : 2 . 2 : 4 . 7 2  0 0 10 L’)

0 . 6 5 : 1 :2 .2 : 4 . 7 2  8•66 3 4 ’
• 0 . 7 : 1 : 2 . 2 : 4 . 7 2  0 3 3 I~

)

• 0 . 7 : 1 : 2 . 2 : 4 . 7 9  9.33 3 1 •3 .  1) —

Tmble 7. Effects of NaNO
2 on the Degree of Collapse of Concrete

a) Concrete number
b) Compounding ratio
c) % by weight of NaNO~ in cement
di Degree of collapse (om)
ci Degree of work (seconds)
f)  Temperature (‘C)
g) No . 400
It ) No. 200

the concrete can decreas. the water—ash ratio to 0.03 , i.e., a decrease in
the amount of wate r 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 incre ase
to over 10 cm. This serves to decrease the amount of water used in carrying
out winter construc t ion with cold concrete and also provides the conditions
for sufficient mixing and pounding time .

By means of the foregoing tests , it was possible to ascertain on a
preliminary basis that NeRO2 is a comparatively good antifreeze agent and
that it is also an agent for reduc ing water content and retarding

• conde nsation , thus having a definit, plasticizing action on concrete .

11
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(3) ose selection of ~aNO,-t~a,So& combin.d additive

1. Dose selection of ~aNO,

The proner amount of ~aUO 2 to he mixed in to concrete is determined by
testing both at positive and negative temperatures. tn the tests ,
the NeRO is first dissolved in water, and, according to different dose
concentAtjons . concrete with water—ash ratios of 0.45 and 0.6 are
compounded. After it has undergone artificial mixinq, shaking and formation ,
seoarate samoles are maintained under standard conditions at norma l
tenoerature and in a freezing room at -l0• C. Compression strength was
determined for different periods of cooling and was compared with that of
ordinary concrete. Table 8 shows the test msulta. Th. following points
can be ascertained from the teet results.

C].) ~1nder conditions of +10 to 415• C , an NaNO content of tees than
5% by weight of the cement has a definite early str.~gthening if fact. When
the water—ash ratio is 0.45 and when the NaNO2 content is 5% by weight o’
the cement , strength 110.8% that in the blank samples can be achieved in 3
days . ifowever, afte r 14 days , the development of strength slows and an
early-strengthening effect i. not evident as the quantity of NeRO2 mixed in
is increased. By the 28th day, there is a comparatively great loss of
strength .

(2) Unler conditions of —10 • C , an NaNO2 content of 6% by weight of
the cement when the water—ash ratio ii 0.45 results in some slowing of
strength in 3 days , with fairly rapid development of strength after 7
days. By the 28th day , strength reaches nore than 60% of that in the
blank tests . An NeRO, con tent of 8% by weight of th. cement when the
water—ash ratio is (I~~ is comparatively effective, with strength reaching
50 to 60% of that in blank samples by 28 days. This indicates that it is
suitable to use N&~O2 as an antifreeze agent with water in the amount of
13. 3% concrete compoun led of ordinary silicate cement under oneditiona of
-10 C, that thin combination can prevent early freezing of the concrete
and at the seine time can contribute to continuous increase in its
strength. If the amoun t of NaNO2 mixed in is not sufficient , the freezing
‘point does not decrease sufficiently and damaae due to freezing can then be
sustained. Addition of e ccesa amounts of NaNO2 is not beneficial to
strength in later stages.
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~~~~~~~~ -~~~~~~~~~~ --~~~~~~

% by Compressi on strength (kg/cm2 )
weight

• at positive I Maintenance at -10 ° ~~ .

3 7 14 28 1 7  14 2 8 1 3

~~~~~~ 
days days days days days days days (months

• 400* concrete , compounding ratio 0.45 : 1 : 1.295 : 3.18

o - 31.2 130•2 295 282.7 215’3 271 308.7 321
100 1O ( 

— 
100 100 100 100 100 100

90 184•3 263’S 227~3 45 97 173 231.1
110.8 102•3 89.3 80.4 20•9 35.8 56 71.9

75.7 152•5 247•3 236.6 38~7 108.7 198 252•5
93.2 84•6 83.8 83•7 17 • 9 40.1 I 64.1 78•6

75.7 132•2 253•7 173•3 39 103~7 179 240.3
93•2 84 •6 

, 
86 57.4 18.1 38.3 57.9 74~8

8 ~~~~~~ 170•2 239’3 
~~~~~~~~ 

30.3 82.7 ! 171 233~2
92.7 94•5 81•1 73.3 14•1 30.5 55.4 72~6

64~5 150•4 220•7 208•7 13.6 63~3 142 189.3
79 .4 83~5 74~8 73•8 6.3 23 •4 4 5 9 ~~~~5 8 9

200* concrete , compounding ratio 0.6 : 1 : 2.2 : 4.72

43•8 144.3~~~l77~~~ 131 , 164 94.3~~~~8.7
100 100 100 10) 100 ioo

4 7 8  
____ 

i47 187 11.3 33.3 ! ~~ ____

109.1 101.8 10~ .6 9~ 1 21 •3 43 .4 5,4 .7

i~a.y , 1?L_ 16.7 60 _ 1 12_
8 94.7 92 .7 97 •2 12•7 36•5~~~~56.6 57.7

44 .7 139.3 171 7 .4 II 95 136’6
10 2 •l  96~5 96’6 5~ G 25 __ ~ L....— 

o ’ ~~~~~~ —
. 

123 152 18.3 36 ’3 • 9~~_ 143 •4
87.4 86.3 ~5•9 14•3 34.3 49 .4 •~~~~.7

Note: In the maintenance at 100 C columes, the blank test
values are standard maintenance strength s.

Table 8. MaRO 2 Dose Selecti on Tests

13

—- ~~~~~~~~~~

‘. -.- - - 

~

‘ ‘

~~~~~~~~~~~~~~~~

- 

~
• - - ~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~ J. 

-



~ --‘
~~~~~~~~~~~~~~~~

- --- • - - -
~~
—--- .

~~
- - • -

~~~~
- - - -•

2. Tests combining 1Tafl0,~ with Na2,~~~~ NaCI, Cad ., and Na?

As can be ascertained from th. preceding discussion , NaNO2 has the
defects of delaying cement condensation time and towering strength at 28
days. For these reasons , w had to search for an early-strengthening agent ,
which when combin ed with WiNO2, would achieve the following results: Be
*ble to provide a good early-strengthening effect in the early stagss~ promote
rapid growth of strength at negative temperatures ; contribute to rapid
growth in strength after change to positive temperatures ; giv, a loss
of strength in the later stages not exceeding 10%. We selected the
following substances for these tests

Na~SO4 (optimwa mixture quantity is 3% )

~aCl, Sad 2 (amounts to be added limited to an ai.]owab].e rang.
of 1 — 2% )

Na? (optia~me mixture quantity, 1.7%)
,7(C2~I4O1O3 (optim~xa mixture quan tity, 0 .55% )

Each of these substances was combined with 6% of NaflO2 and compariso.s
were made of their conditions at -l0 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 1~aN3, with .Ta2SO4 produced the best results. Strength
was comparatively high a?t.r 28 days at -10’ C and loss of strength after
1 year and 6 months did not exceed 10%.

(2) Single combinations of MaCi , Cad2 and Na? with NeRO, produced
— poor results in all, cases . However , comparatively good r.sulti were

obta ined wh en they were combined vith Na2904 at the same time. Th. best
results were obtained with Na?, with strength after 28 days at -10’ C
reaching 47% of blank strength and with aliaost 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 cosçlicatsd. Therefore ,
we did not use combination s cons isting of more than three types of add itives
with ~‘1aNO2. Although NaCl and Cad 2 were of definite effectiveness , their
effects vera not particularly evident when they were combined singly with
NaNO . ~1oreover , it is not advantageous to use thei~ since they further ~~~danq~r of corrosion and rusting of steel bars. Comb inatio n of Na? alone with
flaNO2 i’ not of very good effectiveness , while good effects ar e achisv d when
it. is combined with tZaNO, and Na2804. !?owever, NeZ’ is hi#ly toxic and costly -

a.’51 is not generally usea. tf definite protective measures are taken during
operations and if the raw material s can be readily obtained, its use cam of
cour se be considered.

On the basis of the foregoing results , vs decided to use NeRO2 with
Na2SO4 to compound the combined additive for cold concr ets.

14
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% by weight 2
of additive Compression strength (kg/cm ) 

____ -in cement 3 
- 

7 14 28 2 3 5 1 year
days days days day! mos moe mo~ ~

o • 
59 126 120 217 262.2

27.1 58 82.8 100 120.8

NaNO~ 6 L!~
9 

~.L3 
9~Q~4 1 1

5.5 16•1 41•7 57.6

NaNO1 6 8.4 34.2  92 100.9 I 135 .14!
— 

Na1 SO 4 3 3.9 i~ ë 42.4 
~~~~~ 

62.2 114.7

NaNO , 6 4•6 14•9 74 65.4 83•5 85.8 1 3  215
NaCI i 2.1 6•9 34•1 30.1 38.5 39.5 47.6 99

NaNO 1 6 
~~~~~ 24’3 96 83•3 103 109 109 3 222•1

Na~SO 4 
3.4 l1•2 44 •2 38.3 47.4 50~2 50.2 102•3

NaNO~ 6 1.95 ‘17 41 66.1 86.5 155
- 

CaCI 2 i’s 0 9  7~8 18.8 30.4 39.8 71.4

NaNO , 6 4.05 20 ’Z 48 .8 86 110•6 154 245
CaCI 1 1’5 1.86 9•3 22 .4 39.6 ~~~ _ _ _  

70.9 T1~
NaNO , 6 

~~~~~ 
9.4 16.5 65 101 111

NaF 1.7 3•7 4.3 7.6 46.5 1 51 57 95
_—

NaNO1 6 5.8 11.5 102 136 I 139 2611•7 
~i ~i’i I 1~~!

Notes: 1. In the blank tests , standard maintenance was
applied , in all other cases , maintenance was
at -10° C and the cement contained 0.03% by
weight of N(C2H4OH)3.

2. in the 1 year 6 month teats , 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 ~a2SO4, had , Cad 2 and Ma? With
Nal102

15

a—



3. tests of NahP )~ - Na,$~~ combined additive

In order to determine a scheme for combining N~NO2 and Na2SO4, further
studies were conducted of the effects of Na2504 and trietha nolamine in
sompoundings and of the amounts to be added.

(1) ~ffects and quantities added of ~~~~~~

Th. effects and amounts to be added of t~a2 SO4 were determined by two
experiments. First, teats of strength-increasing effects were carried out
at positive temperatures with a 1 : 3 cement-concrete mixture having
a ‘ister-ash ratio of 0.55. after that , it was combined with 6% ‘W’T02. Then,
the strengths of concretes with water-ash ratios of 0.45 were determined for
different periods of cold, being maintained at +15’ C and at -10’ C, in
order to facilitate determination of the suitable aro~mte to be added in.

Table 10 indicates that, at positive temperatures, the
addition of Na2504 alone has evident early—strengthening effects. ‘Then
the % by weight added was 3% , strength 270% of that under blank conditions
was obta ined in 3 days , with somewhat greater strength being achieved af ter
23 days.

% by weight I Wate r Compressi9n strength
of Na2SO4 ash — : .1kg/cm
in cement I ratio 3 7 28

_____ ______ 

days I days days

0 0.55 37 123 220

i I 0.55 65 143 242

2 0.55 76 196 I 232
3 0.53 99 167~~~~~225

Table 10. Early-strengthening Effects of Na2804 at 415’ C

Table 11 and Table 1.2 indicate the following points. When 1152304 is
combined with I1aI~02, a quantity of 3% is satisfactory in terms of the strength -

of the concr ete. In 3 days , it is possible to achieve a stren gth 47% of tha t
at 28 days under blank conditions , an increase of atout double • As contraste d
with the results of tests of NaN02 alone at positive temperature s shown in Table
8, losses in stre ngth after 28 days were decreased from 43 - 17% to 11 - 6% .
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Marker % by weight of addi- Maint. 
— 

Coaq~ easion strengthn~mber tivt 1i cement ______ 
ikg/ca2) 

______ ______

Compounding Na NO 1 Na 1 SO4_~Trieth (‘C) g days days days
“ I Stand. I’ 6! I 132 223 2720 0 0 maint. 22.8 4 8 6  82 100

6 1 0.03 —10 
l •_s.~~! ~~~~~~~~ 110 1

0 3.03 15.6 
I 

40’4 6~ .3

• ° ~~~~~~~~~~~~~~~~~~~~~~
I 3.6 15.8 44~9 65

6 H--
~~~~~~~~ .

C ~ ° 636 
___ ____

3 0.03 

- 

.~ 2.... ~~~~ .~L3_ .
— 1 47.8 61•6 ~2 93~ 1

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~ -—

6 C •03 1~~~.7 
~‘~2 2 I ~J

- ‘~ j y 7~ (j9.$ ~7.5

I -
~~ !.16 ‘ 0.03 ‘ “‘- - — - —  - -46 .3 t ;:; .~ ~~.5 90.~

Table 11. ~o.e Selection of Sodiun Sulfate When Value of NaNO, was
Meld Constant

Maint. temp. — Maintenance temperature
Stand. Maint. - Standard maintenance
Trieth Trietha nolamj ne
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Marker % by weight of addi- Maint .  Compression strength
number t4ve in cement temp .

Compounding NaNO 2 I Na 1 SO 4 1 Trieth (‘C) 
- ~J d~~~

• 0 0 
Stand. 252.5 337 387.7

- maint. 65.2 87 100

6 3 0.03 —10 !~f ?* H
I- . — _ _ _ _  _ _ _ _  _ _ _ _

5~ •7 112 6 185 7 239 2
7 3 0.0 -j

~
—
~
- -

~~~
—

~
- —4-~

,-j - -
~ i

— .

‘I ______ ______ —.--•—-----•— — ______ ____—- ______

— — —
~~~~ 

~~~~~~~ ~~~~~~~~8 0 0~ 1 6 7  5

0 0 0 Stand. 105 .1 ljS_ • 2~6
maint. 4 1~5 57•6 100

? Z 3 0.03  — 10 19.8 66.7 107
9 8.4 28 .2 4~ •4

8 3 0.03 — 10 
~~~ 

- 

4’) .2 66•5 1

9 ’ 3 0.03 _ _ _  
8

1 i 7  ~i•3 ~~

Table 12. Dose Selection of Sodium Nitrite When Value of Na2 $04 was
Meld Constant

~iaint. temp. — Maintenance temperature
tand. maint. — Standard maintenance

Tr ieth . — Triethanolamin e

18
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\s c~n be seen by contrast with Table 8 , which shows fin dings at negative
temperatures , combining Na2504 with NaNO2 resulted in earl ier strengthen ing than
when NallO, alone is used , with a comparative increase in strength at 7 day
from 17% ~o 32.5%. At the same time , at 28 days strength reaches over 6d)%
of that in the blank samples .

From a oomprehen~ive review of Tables 8, 9, 10, 11 and 12 , it can be
ascertained that the optimum NaMO2 content for cold concrete with a water-
ash ratio of 0 .45 is 6% and that the optim um flaNO2 content for cold concrete
with a water-ash ratio of 0.6 is 8% . The aqueous solution concentrations
at these times were about 1.3. 3 % and the f reezing point value, were about
-8.5 C. Ma2304 was of very Utt le effectiveness in decreas ing the freezing
point. When the solution concentration was 2% , the freezing point was
-O . 6 C, and when the solution concentration was 4%, the freezing point was
-1. 2 C. From this it ~~~ be seen that the MaN02 is the principal antifr eeze
agent in cold concrete and that the Na2 SO4 has a definite early —strengthenin g
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 .

(2) Effects cf 4(~~H.jQ~~3

We made a comparative study of the affects of triethanolamine at nega-
tive te~~~ratures (-lC C) .  The resul ts , which are shown in Table 13,
indicate the following points. Combining triethanolamine with NaNO2 -
11a2304 at negative temperatures resulted in a definite catalytic
effect. At 7 days, strength of concrete with a water—ash ratio of 0.48
could be increased 6% and strength of concrete with a water—ash ratio of
0.6 could be increa sed about 12% . At 28 days , strength was increased
about 5% in both cases. Consequently, it is beneficial to add an amount
of triethaxtolamine ~f 0 03% by weight of cement to cold concrete. However,
if suitable conditions are not present , it need not be added.
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% b y  weight of Maint. Compression strength (kg/cm2 )
additive in a.
cement 3 14 I 28 •1 3 1 3 month.

(°C) days days ( d~y. tmonthe 1+ 1 mOnth

400* concrete , compounding ratio 0.45 : 1 a 1.295 a 3.18

Stand. 252.5 337 387.8
Blank sample inain’. 1sT Tr 100

NaNO~ 6 — 10 65 1~5•6 210 239 _ 380
Naa SO 4 3 16.9 39.7 54•4
NaNO2 6 86.2 135•6 232Ns1SO~ 3 —10 22.3 39.7 60N(C2H 4 OH ), 0.03 

_______ _______ _______ _______ ___________________

200* concrete, c~ompoun din g ratio 0 .6  a 1 : 2 .2 $ 4 .2

~105 136 200
50.3 67 100

NaNO ~ 8 — 10 27.5 95 157 226 314
Na: SO a 3 137 47.5 73•5

N aNO~ 8 
—

~~ 55- 3 122.7 ~68 226 I 
- 

314
Na~ SO 4 3 — 0  ira— ir~ —ai~NCC~H4 OH)3 0 .03 -.

Table 13. Combination Tests With N (C2M40H) 
~

Maint. temo. - Maintenance temperature
Stand. maint. - Stan dard maintenance

4. characteristics of Strength Development of Cold Concrete

U) Increase in stre ngt h when maintained at -10 ç

1. Mai nta ined at -10’ C for fixed period. . and then mainta ined at
positive temperatures (+10 to +15° C). Item 2 ira Table 14 shows the states
of increase in streng th of cold concrete with a water-ash ratio of 0.43 .
On the 7th day, stren gth was 31.9% of that of the blank test sample subjected
to standard maintenance and on the 28th day , streng th was 66.5% of that of
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the blank test sample . When a transition was made to a positive temp.rature
after 3 months, in one month it was possible to attain a strength 74% that
of the blank test s~mp1 ea given stan d~rd maintenance . Eight months ajter
transition to positive temperatur e (1-year stren gth ) strength was 9 3 . 3 %
that of the blank teat samples given standard maintenance , with loss of
strength in the tatter 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. Strength at 3 days was 17.9% that of the bl~~ik test samples
given 5tartdard maintenance , strength at 28 days was 81.5% that of the blank
test samoles given standard maintenance and strength at 9 months after
transition t, posita.ve temperature following the 3rd month (1-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. In long-term studies at -10’ C. strength at 6 months was found to
he more than 70% that of the blank test aama,lea given standard maintenance.
‘is can be seen from Item 3 in Table 14, although the strength of cold
concrete kept at -3.0’ 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 ~~~~. As can be seen , strength at
1 month was 73.5% that of blank test specimens 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 in the cold concrete. Por these reasons, strength was 10 to 20%
greater than when the samples were introduced dir ectly into conditions of
-10 C.

4. Item 5 in Table 14 shows the state of increase in strength found
when the test samples were kept for lona periods at -3.0’ 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 Jim Industrial Chemical.
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
when this was done, strength at 1 month reached more than 70% that of the
‘,tank test samples given normal maintenance and at 6 months reached 75% that
of blank test samples given normal maintenance, the increase in strength thus
being almost the same as that obtained for test samoles buried in the earth.
Sodium methyl silicate is capable of reacting with the Ca COfl) 2 that separates
~ut when hydration of th. cement occurs , producing intense adsorption and
crystallization. The reaction products adhere well to the surfac. of the
concrete and do not dissr,lve in wr.ter and inorganic salts. As the result,
imbed ded hydrophobic films are forme d on the walls of the pores and on the
walls ~f the capilla ry tubes of the concrete , thus ~revsnting dehydration of
the concrete and sublimatio n of the ice crystals in it and ensuring that the
moisture in the concrete will brin g about satisfactory hydration of the ceasnt.
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~~) Increase in stz’enqth under maintenance at positive temperature

The test resul ts are ahown in Items 6 and 9 in ~ab1e 14. Three—day
strength of cold concrete with a water—ash ratio of i) .45 was 103. 13% that
of the blank test samples and at 2~ days strength was 91.4% that of the
blank test samples . At one year , it was 103 .5% that of the blank teat
samples . Three—lay strength of cold concrete with a water-ash ratio of
0.6 was 167 .5% that of the blank test samples. At 29 days . it was 105 .3%
and at 1. year it was 101.6%.

When cold concrete is maintained at positive temperatures
the nlasticizing action of the ~‘?aN02 causes increase in the denseness of the
concrete and the strengthening action of the 

~ta:S04 and T (C2}LiO~I) ~ 
not only

gives a very high compression strength but also results in physical and
mechanical prope rties far superior to those of the blank test samples.
P.esistance to infiltration in particular was better than that in concrete
containing Fed 

~~
. At a water pressure of 30, this tyme of concrete did

not have any rusting or corroding effects on steel bars .

(3) 1~ffeeta of maintenance temp~rature and time on growth of strength

1. ‘t’able 15 shows the effects of different maintenance temeeraturee an
the growth of strength of cold concrete. As can be seen , at 3 days there is
an essentially linear relationship between strength and temperature, with
strength increasing rapidly as temperature rises and increas ing more
el~wly 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 . !laintena nce of normal temperature for a fixed period in the
early stages is o f extremely great significance for the strength of concrete.
In actual operations, this can be achieved by rais ing the temneratur. of the
mixture or by adding a covering after pouring. “able 16 shows the effects
of early-stage maintenance temperature and time on the strength of cold
concrete .
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% by weight of 
— 

Maint~ Compression strength (kg/an2a&i.ttive in cement te~~ 3 t’ 7 14 28 — 2 months
— 

C C) days days days days ~~+ ~. month
Blank sample + 14 56 ’3 

I 
219 243

25’.6 51’S 73•8 100 ILl

NaNO : 8 69.7 
- 

1-13 141•5 ~71 239Na :~ 3 +14
N(C~H 4 OH) 3 0.03 3 1•7 50.3 64.o 78 i09

+8 62 l ] 4  
~~~~~~~~~ 

171 ‘ 2~6
28~ 3 50~4 64.3 78 ]07 •5

_________________— 

+~~— +~~ 
_4.L 112 ~~~ 147 189.F, t 

._ ?~~~~~~~ .

28.8 50~ 2 47 88.L~

- 0 — + J  ~~~ ~~~~ ~~~~~~~~~~~~~~
36•4 63 I 7~~9

—6 66 44• S 11? 1.19
_______________i— r 

~~~~~~~~~~~~~~~~~~ it - i

• —io ~~~~~ 
‘I 23 

~~~ • ._~2...
_ _ _ _  - ~~_Ljp~~ : 2 1 L ~~~~ _ _ _ _

— —13—- ~~9__ ...ii._ I St _9I:6
—1 0 5 23 ’2 11.6 62

Note : 200* concrete , compounding ratio , 0.6 : 1 : 2 .2 : 4.72
Maint temp — Main t’.nancè temperaturt~

Table 15. Effects of Different Maintenance Temperature s on Growth of
Strength
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% by weight f e 
- 

Compression_strength (kg/cm
2)

of a ye tempera—- 1 3 5 7 14 t 28 !- 3 — 3 moecemen ture (°C) day days days~days days days jmos 
~+ 2 moe

Blank +14 43.8 I ’44’3 j 177
sample 24 .7 . 0•5 100

• ~~ faN O 2 3 ~~ - 

-

~

Na~SO 4 3 ‘109.1 I ~117’6 
I

N(C :H 4 OH),  : I 61’6 97

I 1.25~ I 6~~•~ 100 ~ !51A 
~ O•7 1 

____ ____ 

38.5 T~~I 85•1

14.8 1 
• 90 l~ 2 

!
224

_
B 3 • 4 • 

53 80.5 1~~’3

30 
•

~ 

• 

97 143 2 18 .5
C 1 . 9  55 33 .7 124.5

- : I ,~06 !  ~~~~
1. 

D 
__ __ 

35.~ ~~ 60 58 1151.5

87 ‘ !!_7_~~A56~~ 255
B • J _____ 

49.1 66 83

‘ 66 ~ 1 O 8 I i 7~ ~11~i.;-
F 

• ~~~~~~~~~~~~~
Note : 200* concrete , compounding ratio , 0 .6  : 1 : 2 . 2  : 4.72

uios = months

Table 16. Effects of Ear ly-Stage Maintenance Temperature on Growth
of Strength

A. -3 , one day D: -3 , 7 days
-10 , 3 months -10 , 3 months
transfer to transfer to
positive temperature positive temperature

3~ -3 , 3 days B: —3 , 14 days
—10, 3 months —10, 3 months
transfer to transfer to
positive tempera ture positive temperature

C~ —3 , 5 days F: — 3, 2B days
-10, 3 months —2.0 , 3 months
transfer to tran sfer to
positive temperature positive temperature

L

L 
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(4 ) ~ffects of differing wate r-a sh ratios on strengt h

The water-ash ratio had extreme ly great effects on the strength of
cold concrete . ~ach increase in the water-ash ratio of fl.05 resulted in
a decreas e in strength of 30 to 40% . The 28—day streng th of concrete
with a wate r—ash rat io of 0-4 was over 60% that of th . blank t•st samples ,
the 2~—day strength of concrete with a water —ash rat io of 0.S was about SO%
that of the blank test sample. an~ the 28-day strength of concrete with a
wate r-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 ‘TaNO2 is added ,
then freezing damage will occur at — 1 0 C. If the quantity of antifreeze
agent added is incre ased , thi s not only adds to the expense but also nay
have deleterious effects on the physica l and mechanical properties of the
concrete .

~or this reason , when cold concrete is being mixed , the water—ash
ratio shouli be rigorously controlled and the plasticizing action of the
~TaNO, must be taken into full consideration . As low a water-ash ratio
should he used consistent with assuring easy workability. Table 17 shows
the effecta of differing water—ash ratios on the strength of cold concrete.

(5) ?rozen strength of cold concrete

rrom our study of the development of strength of cold concrete , we
discovered that although its early strength was comparatively 2.ow its
rozen strength was comparatively high . The reason •or this was that ,

when ~aNO2 with a water content of 13. ~% was used , the freezing point fell
to -8 to -R .5~ C, the difference between this temperature and the maintenance
tennerature of —10 C (—2 to —2. . 5  C) resulting in a small amount of
freezing. In order to asce rt ain whether frozen strength of cold concrete
could be utilized in construction under fixed conditions, we conducted
tes s in regard to the characteristics of the frozen strength and the
structural strength of cold concrete. ~o. 200 cold concrete containingdif’ering amounts of Na!~02 was used in the tests.

10 ~c 10 x 10 test samnie. were formed at positive temperatures
imoediately after which they were niaced in a freezing compartment at
_ ‘~~~~‘ C. They were maintained in a cold state for considerable periods, after
which they were removel and determinations were made of their fror.en stren th
an’l of their structural strength after thorough melting. Observations were
ma.~e of the relationships between these strengths and the quantities of
Ma.?02 used for differing periods of cold treatment. In addition, determinations
we re made of the conditions of early stage frozen strength on the hasis of the
comparative velues •or frozen strength and structural strength. Table 2M
shows the results of the tests of froten strength and structural strength.
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I Maint. ‘ I Compressio9 strength 
—

~~~

Additi ve Cha;. I (kg/cm ) 
28~~ - 2 ~~~~

______—— - ______ 
daysl days days days I moe moe

- 

NaNO : 3 0/~ +. str 4 ? 5  80.5 90 98.7 94
Na : SO 4 3 % +! —10 

- 

St str 5.3 19 30 42 56 1 62
N(C0H 4 OH)3 0.0~ ~omp vl~~~9 4.3 3 

- 

2.4 2 .3 1.5

N aNO 2 ~ r str 36•3 63.1 8~ .5 122 I12 1
Na2 SO 4 3 % +  —10 St str ~~ 

I 
~~~~~~~ 

I 41.1 67 .3 I 81.3 82
N(C~H4OH) o.o~! ~oap vi . 7 2•7 2 •1 1.8 1•- 4 1.5

NaNO0 6 %+~ !r str .~~~~~~ 7 74 1 114 129 !UT !14~
Na : S04 ~~~~~ —~~ ;t str 8•4 34 .2 83 1 -67 • 76 93
N (C 2 H 4O H )~ 0.05 ! ~omp vi 4.6 I 2 .2 1.3 ~~~~~ 2.3 1•6

NaN O2 !r str 23 3? 8~ ~1O7 113 113
Na 2 SO4 3 % —10 1St str 4.2 24 49 80 93 1107 

-

N(C2H4OH)3 0.05 ~cmp vi 6.7 2.2 1 l~ 7 i •3  1.2 1
-I- - - -

, 
--- -

NaNO2 8 %‘ + I 
~r str 29 ‘5 73 9~ 

I ;n7 
~~~~

Na :S0 4 
~~~~ 

—10 ~t str 
- 

2 .9 ~o 76 ~ o1 i~~
N(C21-1 0H)3 0 .l~5 

— 
~OmP V1! 9.3 i 1.9 ~.3 1•3

Maint. temp. — Maintenance temp eratur e moe — months
Str. char . — Strength chara cteri stics
Fr str Frozen strength
St str — Structural strength
Comp vi- - Comparative valus

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

1. The earl y—pha se froze n strength of the cold concrete was greater
than its structural, strength . As maintenance time was ‘rolonged, structu r-~1
strength gradually approached zero and the coew~arative value for frozen
strength and structural strength gradua lly aporo ached 1. -

2. When the naintenance temperature was lower than the originally
designed freezing point during the process of the hardenin g of the coil
concr ete , ice formed within the in terior of the concrete and the ice conten t
at that time was closely related to the ~1aKO2 content and the frozen Stren ’Tth .
When the ~I&1O, content was low and the ice content wag high , frozen strength
was high. Wh~n the Na~C, content was high and the ice content was low ,
fro zen stren gth was low. When the amounts of ‘~aNO 2 added were 6% or less ,
there were comparativ ely high comparative lv high frozen strengths ~.io to the
7th day , whereas frozen strength s we re gre ater than structural stren gth s
thr oughout the entire period after  the 14th day . The fact tha t the
cosiparative value s for cold periods of 3 months were over 1.5 indicate s
that the differ ence between the designed freezin g point aild the maintenance
temperature was comparative ly great , that the concrete was subjected to
freezing to differing degrees and that the structu ral strengths at these
times cannot be utilized. Wh en the amounts of ~aNO 2 added were 7 to R% ,
there were , similarly , comparatively high frozen strengths up to the 7th
day. Rowever, afte r the 14th day , the comparative values decreased to a
comoarativ’ely great extent , while stru ctural strengths increased
comparative ly rapidii, After cold periods of 2 n~ nths, the comparative
values were basically similar , indicating that the designed freezing points
and the main tenance temoerat ur es were in basic conformance with each other.
Although small amounts of ice were present within the concrete , the concrete
did not sur fer any danage f rom freezing. There fore , there was a contin i.~ us
growth in structural strength and ear ly-pha se strength coul d be utilized.

3. When the freezing point and the maintenance temperature were in
conformance with each other under maintenan ce conditions of -10’ C and ~rhen
loss of strength in the late phase is guaranteed to ~e less tha n 10% (see
numerical data of Items 2 and 8 in Table 14) , early pha se frosen strength
can be utilized.

5. Strength ot Cold Concrete in Resistin g Dama ge by Fre ezin g

During winter when construction is being carried out under extreme
coil, natural air temoerature is usually between -20 and -30’ C. At -tO’ C ,
ouxed cold concret e is not subj ect to damage by freezing wh•n a long time

is required for pretnaintenance. This is a major parameter in cold concrete
construction technology . ?or this reason , we conducted tests on strength
in resisting damage by freezing. In the test s , we used !~o. 200 cold concrete
samples with water-as h ratios of 0 - 55  and 0-65. After artificial mixing and
shake formation were carried out under normal temoerature conditions , the
samples were ot~~~diat ely placed in a fr eezing compartment where they were

29 
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k*pt for periods of 3 , 5 , 7 and 9 days at _100 C. Determinations were made
of compression stren gth in each case , after which the test samples that had
been subj ected to th. aforemen tione d cold periods were placed ss~~~~ tely in 
f sTez~.nq com art~~nts at -~Ô’ C and kept at that temperature for 2 dave .
Determinations were made of their compression strengths , after which they
were once again in a free2ing compartment at -l0~ ‘ and kept at that
temperature for periods of 25 , 23, 21. and 19 lays. Determinations were made
of cold 28—day strength . The rema ining test samples were transferre d t i

positive temperatures and subj ected to stan dard maintenance for 28 days .
ceterminations were made of normal 28-day strength . i.e., 2-’e,nth strength ,

• and their strength was compare d with that of the 7°-day strength , i . e .,
2-tn ,nth strength, of samples kept at —10’ C. Table 14 and ‘igure 3 show
the test results.
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The tests indicate the following ooints. Loss of str ength decreased
as the perio d of early-phas e maintenance was prolong ed. There was alnost n,
toss in the strength of cold concrete with a water- ash ratio of 0.55 when it
was ‘tept at -10’ C for 7 4ays , frozen for 2 day, at -20’ C and then
mai~tta th ed at -10’ C ‘or 21 dave or in the strength o’ concr ete transf erre d
to positive tenoeratu re condition s for 28 dave . These ‘indin ’s were
basicaliy similar to those for the strength of concr ete mainta ined at -10 C.
This indicates that cold concrete maintained at -10’ C ‘or 7 day, acquui res
a strength of 35 kg/en2) i.e., that it can withstand a low tenperature of
-20’ C. Cold concrete with a water-ash content of 0-~~ that was maintained
at -10° ~ for 14 •iay~ could withstand a low temp~rat’ire of -20’ C without
mdergoinc~ dar~age . ‘roe the curve in ‘igure 3 , it can be seen that the
critical strength at this time was 35 !~g/cnt2 .

°igure 4 and ?i~ure S show the test curves for the strengths of ~?o. 200and No. 400 cold concrete in resistin g dama g. by freezing. The abscissa in
the figures indicates the time when the cold concrete was tran sferred fr ’m~negative temperatures (aging period of 3 mon ths) to positive temperature .
From the curve s , it can be seen that strength continue d to incr ease when the
cold concrete was transferred from —20 ’ C to -10’ C and that strength incre ased
rapidl y to design stren gth when it was then transferr ed to and maintained at
positive temperature . From a comparison of both curves , it can be seen th et
the pr emath t.nan ce time for high marker number concrete was shorter. I f a
strength of 35 kq/cm2 i~ used as an index of j udgment , damage by feering to
‘To. 400 concrete can be prevented by maintaining it -1.3’ C for 3 4ays ,

• whereas a period of 5 days is required for ‘To. 200 concrete .

From this it can be ascerta ined that the ~remaintenana. period at -10° C
for cold concr ete should be controlled on the basis of the critical strength
and that it is directly relat.d to the marker number of the concrete , the
wate r-ash ratio and the neaativ. temperature of earl y—phase maintenance .

The representative characteristic, of concrete after early-phase
freezing are as follows. The strength of the concrete is very low and its
strength when it is once again subjected to maintenance at normal temperature
cannot reach the design marker rume~er. i!hen the degree of freezing differs,
loss of strength also differs . If the concrete is frozen i~~~diat.ly after
pouring, loss of strength is about 50%. If it is maintained at normal
teu~ erature for less than 12 hours before freezing, then loss of strength is
about 16% . If it is mainta ined at normal temperature for i~~re than 24 houts
before fr eezing, then there is basica lly no toes of strength. The stren gth
of the bond betw en the concrete and th e steel bars is weakened . The
canac ity of the concr ete for resisting infiltration may be deficient. The
capacity of the concrete to resist fre ezing is decreased. For these reason s,
concrete poured during winter should w~d*r no circumstance, be subjected to
freezing.

• 
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tive tempera ture posit ive temperature period

“iqure T. Strength of 200* Cold Concrete in Resisting Damage by Freezino

a) :iaintained at — 10° C for 3 day. and at -20’ C for 3 days ;
maintained at -10 ° C for 23 day., then maintained at positive
temperature for 3 months

b) Mainta i~iad at —10’ C for 7 days and at —2 0° C for 3 days ;
mainta ined at -10° C for 21 days , then maintained at positive
temperatur e for 3 months

c) 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
temoerature for 3 months
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Figure 5.  Strength of 400* Cold Concrete in Rssisting Damage by Freezin g

a) Maintained at -10’ C for 3 days and at -20’ C for 3 days;
maintained at —l0 C for 23 days , then maintained at positive
temperature for 3 months

b) ?!aintaine d 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

c) Maintained at -10’ C for 14 days and at -20’ C for 3 days;
maintained at —10’ C for 14 4ays, then maintained at positive
temperature for 3 months
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• The following methois were used for the puruo.e of discriminating
early—stags freezing of concrete:

1. An iron ha~ s.r is used to strik, the structure . If the ow~d is
i~a~teti and if an empty sound occurs , this indicates that the structure is
britt i. and loose. If concrete that is not frozen is struck with a stone,
the sound i. clear and crisp , indicating that the structure is dense.

2. M iron ha~~~~r is used to strik , the anqtes of th, structure.
If large pieces fall of f , the concrete mixture is brittle and loose and
the skeletal material is of poor adhe siveness . t# larg. portions of the
skeletal material and the concrete mixture become seoarated from each other,
the - vertical matter can be pulve rized with the hands . Concrete that has
not frozen is hard and the concrete mixture and the skeletal material are
closely bo~z~d to each other. Ihen it is struck , the skeletal material can
~~ pulverized.

3. When pieces of concrete that have been knocked off are ex~~ine~,water-tine tr aces can be foun d at the point s where the concrete mixture and
the skeletal material were joined. This is becaus. a type of ice film is
forme d on the surfac e of the skeletal material when concrete is poured
during winter , the traces being left after the ice has melted. This
pheno menon does not occur in concrete that has not been frozen . This is

• a major indicator of whethe r or not freezing has occurred.

4 . When the stren gth of the structure is measured with a
resiolometer , a very tow resilience value indicate s 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. ~roperttee of Cold Concrete

In orde r to facilitate the applic ation and wider use of cold concrete ,
we made initial determination, of iti mechanical properties and its
durability . The concrete was subjected to artificial mixing and shake
formation under positive temperature conditions , after which same of it was
place d in a freez ing chanber at — 10° C and maintained there for 3 months.
Following that , it was tran sferred to positive temperature and sub4ected
to standard main’enance 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 to7ether with ordinary
concrete test samples.

• 35
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Among the ~echan~ cal tests , ~e used cubic test rtn].es o~ 10 x 10 x
1,0 cm for determining compre ssion strength, with compression strsncrth of the
10 x 10 x 10 test sample. being determined by the siz3e splitting method.
‘i’he modulus of compression elasticity was foun d for 10 x 10 x 30 cm test
. .ar~tples using a :4artens mirror type expansion meter to determine de formation
values of 0.4 grade axial compression strength. T)~e bond strength of the
steel hats was determir.ed by extraction of ~ 16 circular steel embed~ed in
10 x 10 ,~ 20 cm cuboid samples. Tests of resistance to inffl tration were
conducted with • 15 x 15 cm cylinders using an osmor~eter.

~imonq the durability tests , the resistance to f reezing tests we re
conducted by the slow alternation test method in which 11) :c 1(~ x 10 cn

• test samples were air—frozen in a freezing chamber at _200 C for 4 hours
and than melted for 4 hours in water at +1, 50  C , with determinations being
made of loss of strength and change in external appearance for differing
numbers of freezing ~nd melting cycles. Carbonization and alternating
dry-wet tests were conducted using 4 x 4 x lG test samples made of a
cement—concrete mixture . After artificial mixing art # shake formation ,
some of the test samp le 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 condition s of standard maintenance for 6 months ,
after which compa risons were made . The carbonization tests were carried
out in sealed condainers having a CO2 concentration of about 70% , with
carbonization strengths and carbonization coefficients being 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 immersed in water and saturated

• for 4 hours , a procedure that was repeated 30 times. fletermin ations were
macic of strength and softening coefficients. The results of the tests are
shown in Table 20 , 21 and 22.

The following points coul d be ascerta ined from the tests.

1. Except for the ~act that findings for the modulus of elasticityand resistance to infiltration tended to be low , the indices for the
r~chan ical pro~erties of cold concrete were close to those for ordinary
concrete.

2. CoLd concrete that was maintained in a positive temperature
environ’nen t had comparatively good mechanical properties. This was because
cf great increases in structural density , bond strength o~ the 3teel bars
an-! resistance to infiltration. Its superior resistance to infiltration
has opened up new possibilities for breakwater concrete.

3. Cold concrete exhibited good resistance to freezing and good
durability .

4. The carbonization tests indicated that the carbonization coefficient
of cold concrete tends to increase gradually as the carbonization cold period
is ,rolonqed.

5. Altern at ing dryness and dampness did not have deleterio us effects on
cold concrete.
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• Water—ash ratio 0’S 0’6 0.6 0.45 0 4 5  0 4 5

% b y  NaNO 2 0 8 8 ’  • 0 6 6
weight of
additive Na2 SO4 0 3 3- 0’ 3 3
in cement _~~~~~~~~~~~~~~~~

N(C2 H4OH). 0 003 0.03 0 003 003

+15°C +15°C j~~lO0c 3 +15°c 1+].5°C —10 °C 3
Hardening condition s st ant at nint laos , st St ini~it Ist ant mos , st

— ____________ 

4 mos 
~n t 1 mo_•j~~~ 4 nios -- ~mnt 1 mo

strength 197 265 223 j 236 346 279

~ ~reeze—mei~~~i 1~~. 258 
— 

194 ! 313 221
~ strengt1~ ‘ _____ • _ •  ______

~~~~~

I - —• —~~~~
~~ 

_ _ _ _  

0 —3% 
j

_-13%__ +9 — O % -- 0%

IA xternal no no 
• sm strip nO m o  no

~oPearance~~~~ cbang~ change n side ~~~~~ JChange j,,chanqe
~ eSt 2 14 253 

•~_ 

235 ~~~ 3Si 362 ! 296

~ =;;~~1t 205 240 ~~‘ 234 Q~ 7 f 3 ~~~~: 248

~~ _ _ _  ~~~ L J ~~~~±L2.!L~~~t
,~~ ~ ~ External ~flo no ‘Str sa plI no no no

~~: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

change ch~nqe Oi~ surf change ~~ng chan e

~strength 197 253 133 283 253 237

~ ~~~~~~~ elt~~ 185 232 181 * 253 ’ 326~~ 273

~~ 

_______ 

— 7% —8% —4% — 10% +2 9% +7 %
‘

~~ 
‘~~! ~ !i~~ernai strip vy élt vy sit ! k
14 ‘-4 appearance at top cracks cracks ~~~~~~~~~~~~~~~~ goo good

~ 
strength 197 253 188 28~ 2~ 7

~ j FreeZe~~elt~~ 162 25 1 191 ~~~2?6 342 281

—13 % 0 
I 

~~~~~~~~ ~~~~~~~~~

External I I

appeara nce 
_______

Table 21. Preezing 1~esistance Properties of Cold Concrete
• (Key on following page)
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Xey to ?able 21:

at i~~t — standard maintenance
• month

~os — months
sm strip — some stripping
str am p1 on surf stripp ing at some places on surface
vy sit — very alight
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7. The Problen of ~ustin~ and Corrosi on of Steel ears in (‘.old Concrete

(1) The rust-preventing action of NaNO,~

tiaNO2 in the concrete medium (pH — 10—13) serves as an anodic rust-
~revent inci agent. It prevents ruatinq by reducing the anod. area that is
readily subject to rusting and corrosion . ~4hen an insutfici.nt quantity is
add -id or when the pH of the medium is changed, anodic processe s will still
be inhibited, but , at the san~ 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 Na1102 is used as a
rust-preventing agent , the cr itical concentrations in differen t media must

• be carefully determined in order to avoid induc ing cathodic activation and
the consequent local rusting and corrosion due to addition of insufficient
quantities or ~~r&ecessary waste due to addition of excess a~~wt ta .

The eiect7ochemical quick method and the quick alternat, drying and
wetting method were used in the testa and the teat specimen. were coi~’sx’ed.

1. •Electrochemjca]. quick method

In these tests we used a I. : 3 cement—concrete mixture and a water—
ash ratio of 0.35. The cement used was 40. 500 silicate oem~~t oroduc.d
in Harbin . For the steel bar ., we used No. 3 machining steel of specification
~ 6 and of a length of 120 r~~. The dimensions o~ the test .u~ l.s were
4 x 8 x 16 cr~. After the test samples were foz~~ d and molded, they were
kept in steam for 14 hours, after which they were kept indoor, and

• maintained under natural conditions for 40 days . Pt the time of determination ,
the steel bars were subjected to polarization at di’fering current density
levels. After a stabl e state had been maintained for 10 minutes, the
polarization ~otentia1~ 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 vigure 6.

(1) In blank test samples containing no additive , the anodie
• polarization potential shifted very rapidly in the positive direction,

deoxidatiart potential was rea che d ,and the steel hars were in an inactive
sta te so that rusting and cor rosion could not be induced.

(2 ) In test samples containing 2% NaC 1, anodic polarization was slow
as indicated by the smoothness of th. polarization curve , with a state of
activation being pres ented. Thus, it can be seen that MaCi is an agent that
accelerates rusting and corros ion so that the presence of MaCi can stimulat e
the occurrence of rusti ng and corrosion in concrete.
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Additi ve Pola rization potenti al Cmv) ~ tate of

• • ~,__ J__~.__j__v1,_ J_ ~ 1.__rar

• • anode —387 +624 +657 +738 NotBlank sample 
• acti—

• 
• 

• cath— —359 —702 —878 —1250 vated

• anode —657 —537 —417 —83 Acti—NRC ! 2% vatedcath— —600 —735 —928 —1238

NaCI 2% 1 anode —434 +603 +637 +716 ~ot
• acti-

+ NaNO 2 2.2% —436 —684 —823 —1170 vated

NaCI 3% anode —356 +614 +651 +721 Not
anti—

+NaNO2 44% —3~5 —656 —762. —1152 vated

Na CI2 % anode —347 +5~5 + 663 +783 Not
• aeti—

+N aNO 1 5.5% • —362 —661 —730 —1183 vated

Na CI 2% anode —353 +6.8 + 663 + 780 Not
acti-

+N aNO2 72% cath— 
~90 —613 ! —704 —964 ~vated

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

• anode —415 
• 
+580 + 620 +713 NotNa3 SO 4 3% h • 

1acti-— —4 75 —896
f_

— 1187— 1316 vated

Table 23. ~1a,3o1, NaNO, and Mad Polarization Potentials

(3 ) Then the amount of ~7aCl added was 2% by weight of the cement
ani when differing •~mounts of ~Ta ?02 we re added as a rust-prevent ing agent , -

there we re marke d decreases in the extent of rusting and corrosion of the
steel bars as the an~ unt of ‘TaNO added was increased. When the ‘TaNO
content was 4 .4% (by weight of de cement), no rustina or corrosion w~atsoever
of the steel bars occurred. When the NaNO2 content was further increased ,
the n ’fects were basically similar to those when 4 .4% was used .
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‘irnire ~~. Sodium t~itrite Rust Prevention Polarization Curves

2.  r~uick alternate drying and vetting netho i

‘!“
~~~ test samples were formed in the same way as for the electrochemical

method , after which they were subj ected to standard maintenance for 7 to l~la g. They were then kent in steam at 100’ C for 4 hour, , dried at 105-
11)’ ~ for 3 hours and then set as~da in~oors for 17 hours . The foregoing
!,rocedure constituted one cycle . This procedure was repeated 3t~ times. After
each 1!)th cycle, one hatch ~f test samples was broken onen and direct
observations were made of the condition of the steel bars . The results of
the tests are shown in Table 24.
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Xsy to Table 22:

a) Slight rust and corrosion spots
in 1 to 2 places

b) Severs rust and corrosion spots
.xt.ndinq over entire strip

a) Slight rust spots in i t o  2
• place s

1) No rusting ; one—laye r of silver—white
film on surface of steel bar

• e) ‘lumber of rusted and corroded bars
f) % by weight of rust and corrosion

to total wei;ht
g) % of area of rust and corrosion

to total ar ea

h) Rust spots on surface of steel bar s

• i) Slight pwtctate rust spots of surface
of steel bars

j )  Severs and deep rusting and corrosion
of the steel bars

k) Severe rust spots on ends
1) Slight rust spots an ends
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14 24

Number of alternating cycles

Figure 7. Relationship ~etween Corrosion Rate and lumber of
Alte rnating Cycles r-lot.t Text of figure is poorly
legible.]

The following points can be ascertained fran Table 24 and “igure 7.

‘1) The steel bars in blank test samples not con tainin? additive had
gone slight rusting and corrosion by the 10th drtirtg and wetting cycle .

• • ~ n umber of cycles increased , rusting and corrosion became more severe .
-ii r -1tstinct rust snot s arn ,earing on the ends after the 30th cycle .

(2 )  t~istinct rusti ng and cocrosion were foun~ in test samples to which -

“ ‘lad had been added after the lath cycle. 9oreover , as the number of
c-~cies increased , the are a and quantity of rusting an~i corrosion was
rt~rkedly increased.

( 3 )  Sodium nitrite had a distinct rust-nrevertting effect . The
.—tdditton of 2.2% of ‘la!40, to test samples containing 2% of NaCi. 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 ascunt of NaNO2
added was increased , the corrosion rate gradually decreased. When the
NaNO2 content was 4. 4 % by weight of the cemen t , no rusting or corrosion
appeare d by the 20th cycle and only very slight rusting and corr sion
appeared by the 30th cycle , findings distinctly better than those for the
blank test samples . When the NaNO2 con tent was 5.5% and 7.2% , the results
at the 30th cycle were essentially similar to those when content was 4 .4%.

Frost the preceding, the followinq points can readily be ssen . The
fact that similar results were obtained by the electrochemical method and
th. alternate dr ying and wetting method gives us a ~tuch clearer ond.r-
standing of ?laNO, as a rust preventing agent. While severe rustin~r and
corrosion of steel bare in concrete mixtures or concrete containing 2% o~
~1aCt , occurr ence and expansion of rusting and corrosion of steel bars can
bas ically be prevented merely by adding 2 .2% of NaN’)~ by weight of the
cement. ‘~Ihen th. NaNO2 content reaches 4 .4% , there was essentially rto
occurrence of rusting and coorosion of the steel bars • with the condition
of the steel bars being supp.rior to that of the blank test samples.
!ii rther increase of content did not have evident effects.

(2) The effects of 3% ~Ta,S01 on rustinq and corrosion of stee l bars

Although Na,S04 is used as an additi ve to accelerate hydration reaction.
in cement , it ma~ ha’re deleterious effects on the steel bars . For this
reason , we conducted tests o~ sodium sulfate by the electrocheutical quick
~ethod. The materials and processe. used in the tests were the same as
indicated r rav iously. The resul ts of the tests are shown in Table 23 and
~igure ~~. From “able 23 and fr~~ the anodic and cathodic polarization
curves it can be seen that the addition of 3% of Na,SO~ to th. cement did
not have any deleterious nffects on the steel bare , wttb th. steel bars
remaining in an inacti ve state . i!owever , anodic processes were somewhat
accelerated as compared to the blank teat sa~~les.
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Figure 8. Steel 3ar m,lari~ation Curves with 3% Sodium Sulfate

(3) Cf fects of t~~ TO-~-~ a,SO,~ combined additive on rusting and corrosion
of steel bars in concrete

The electrochemical quick method and the quick alternate drying and
~‘ettiri g method were used in the tests . Two types of steel bars were used in
th’~ tests , one of which was ordinary A 3 low carbon s’.eel and the other was
,restressed low carbon cold drawn steel wire .

1. Tah le 25 and Figures 9 and 13 show the resultn of tests using the
elictrochemical quick method.

?~s can be seen fr-on Table 25 and Figure 9 • the sodium nitrite - sodium
sul’ate combined add itive did not have any deleterious effects on the steel
b~’.rs in the concrete when ordinary A3 low carbon steel was used. The resu lts

• o! the electroche mical tests indicated a state of inactivation . When the
cur rent density was greater than 10 ~~jon2 , this type of combined additive
caused the ~olarization potential of the steel baCs on the anodic polarization
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PIp- ~. —

—~~~~~ - I s ci- I 
— 

Polarization ~Condi—
Additive jca;~~~bfl

c)~~

____ _ _

N~ ,SO 4~ % + N aN O ~8~~ A3 
‘P6 !e) —423 + 590 ~+ 643 + 184 lo

+N(C~H4 OH)3o .03% L1~~12() ~e) —320 —620 —717 —1041 rated

+5 ci) e) ~—~27 +619 + 679 +855 lot
Same as above g 

L—12 o f) ~— 1 0  —717 ~
—898 ~—1292~~~~ d

Table 25. ‘;azs), Na2SO4 
Combined Additive Polarization Potentials

a) ‘yne of steel bar e) Anode
b) Surface state f) Cathode
c) !~1ect roc~e g) Cold drawn steel wire
ci) Machined

curve to be somewhat higher than the polarization potentials of the blank
tact 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 :elatively somewhat less. That is to day , steel bars in
concrete con taj nj nq the combined additive develop rusting and corrosion
less rea dily and are I~~re stabl e than !teel. bar s in concrete not conta ining
combined additive.

‘rom Table 25 anI “imare 10 , it can be seen that the sodium nitrite -
soiium sulfate combined additive had even better inactivatina effects on
low carbon cold drawn steel wire, ,with the degree o’ anodia polarization
of the steel bars exceeding that of the btan)~. test sample. . Therefore,
t~o sodium nitrite - sodium sul .~ate combin ed additi ve not only does not
‘•a-re any harmful effects on cold drawn steel wir but it also has a
pr~tective 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 ‘lescribed previously, As can be seen from Table 24 , the Na’~102 —

. t ’30 4 combined additive also etioned as an inactiv ating acvent on the
steel bars . after . 30 drying-wetting cycles , no rusting or corrosion of the
•teel bars had occurred , whereas rustin g and corrosion had cacurred after 30
cycles in steel bars when the chemical additive was not used. Severe and
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Ordin ary 

~~ 
Steel !~ars Cold !)rawn Steel 3ars

deep rusting and corrsion occurred after 30 cycLes in test samples containing
2% CaC12 and 2% NaCl.

3. Long—term observation method

Ordinary A3 low carbon * S steel of ~ cm in length was used in the
to’its. The steel was machined and degreased. Two steel bars were embedded
in concrete parallel to and at a distance of 3 cm fr-cm each other and with a
pm ,tective layer of 3 to 4 cm. The dimension s of the test samples wer e
l~ :c 10 x 10 cm. The concrete was No. 400 with a comoounding ratio 0~

I l. 05 3.l~!. The additive content was ‘Y~ ~aN02 + 3% ~ta2SO4 +

~.-) 3~ ~1(C ~q4c~H) 
~~
. After  the test samples were formol and ~~l4ed , they were

su~jected to standard maintenance for 25 days and then transferred to
maintenance ~~der natural conditions. The test eamples were broken open
end observed at various times and oom~ari sons were made with blank test
st~mp1es.

The results of the tests are shown in Table 26.
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-‘

% by weight of additive in cement Maintenance under natural -

conditions

6 months 1 year and
6 mon ths

9lank test samples ‘10 rusting No rusting

~1aNO2 6% + Na2 304 3% + trietharto1ai~tirt e No rusting ~o rusting
0.03%

Table 26. Teets by the Long—Term Observation Method

In eux~m~ary , similar results were obtained by means of the three test
mehhods. The ‘TaNO2 - !‘~a2 304 combined additive did not h ave any
deleterious effects on the steel bars and also had a definite protective
action on steel bars in concrete .

~~. Conclusions

1. NaN02 is an antifreeze agent for cold concrete . At -10 C , it
can prevent freezing of cnncre te when it is added in amoun t of 13. 3% of
the water content . At the same time , NaN0~ has good plasticizin g effects
and good effects iri slowing condensation o~ cement. Mdition of NaNO2 in
an amount of 13.3% of the water content can allow a decrea s. of about 10%
in the water content and results in the fluidity of the concrete remaining
unch anged for - up to 4 hours .

2. Na2304 is a very good positive temperature early strengthening
agnot. When it is combined with Na’102 at -10’ C in an amount of 3% by
we igh t of the cement , it still exhibits a distinct action. in stimulating
hardening. :Theri the con cret e is transferre d f rom -10° C to positive
t~r~oerature , the stren gth of the concret e continue s to increase .

3. Then ‘~(C,H4O:!)3 is used in an amount of 0.03% by weight of the
ce-nent ai~d combined with rra~TO2 and ~a2 S04, it can increase the early—p hase

• strength of the concrete by about 5%. When the samples are transferred to
positive temperature, the affects are similar as with ~Ta,304.

4. With an additive composed of ~aN02 in an amount of 13. 3% the
wa ter content of the concrete , Na2SO4 in an amount of 3% the cement content
and ~(C21140a)3 in an amount of 0.03% of the cement content , the concrete
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does not undergo damage from freezing at -10’ C and its strength increases ,
more slowly in the earl y eta ss and more rapidly in the later stages. When
it is kept for long periods at negative temperatures, its strenqth still
increases. At 25 lays , over 60% of the design strength can be attained.
When it is kept at —10° C for- 3 months, 80 to over 90% of the d.sign strength
can be attained , with loss of strength in the later stage s not exceeding 10% .

If this type of additive is used under positive temper ture conditions
(+10 to +15° C). it results in an early strengthening effect , good concrete
density, resistance to infiltration of up to 28-30 kg/cm2, strength in the
later stages S to 10% greater than that of ordinary concrete and physical
~roperties superior to those of ordinary concrete .

S. The “~ter-ash 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 icerease in strength of 30 to 10%. Therefore , when cold
concrete is being used, the water-ash ratio must be rigidly controlled, with
as low as possible a water-ash ratio being used to allow f .uidity for
construction .

6. When this type of concrete is maintained at -l0 C for 7 to 9 days,
it is v,ossible for it to abquire strength in resisting freezing at even
lower temperatures. The critical strength value at this tine is 35 kg/cm2 .
The strength in resisting damage by freezin g that is acquired at -10 C
is related to the premainten anc. period , the water-ash ratio and the cement
content but is not related to freezing time.

7. Because of the rust-preventing action of ‘1a~102 : the cold concrete
~ additives do not have any rusting or corroding effects on the steel bare .

8. ~xcept 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.

8. The early—phase strength of cold concrete incre ase, slowly. Bowever ,
co~ ~preshensive measures such as hot mixing, regenerative heat maintenance or
pa ;sing through of small amounts of steam can be taken to raise early
st:ength and enlarge the ranges of its use .

10. The facts that cold concrete is convenient to ‘fork with , that the

~
‘1itive s can be obtained easily and that the costs are ccmparatively low

ma!:e this a method that is well worth adopting and using widely in carrying
o~v construction duriney winter.

11. Ther-e is a problem in respect to the construction specifications for
t’e additive ~a,30~ (CBJl3—65) in which it is smecifie~ that the sul fate
c’ntent of the !ixing water should not exceed 1% as calculated on the basis
of th. 504. Iii our long—term observations of test samples with a high content
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of 3%, we diII 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 ~Tanjing Chemical Engineering College has found
that the addition of ~a,S04 to water increases its alkalinity . ~or 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. T!e must await much further testing and
research in order to achieve a fuller understanding of this problem.

There are a nusther of other problems associated’ with cold concrete
that must be solved by further research and practice in the future . These
problems include the range of its uses , the senazating 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 mechan ism of bard.ning.

9. .‘~ddendum~ Essential Points Concerning Cold Concrete Construction
(Discussion Draft )

(1) Ceneral urmnciples

1. !)ef initions and explanations

Cold concrete is prepared using a 13.3% TTa~T0 , solut ion in respect to
the water content of the concrete and has a specific gravity of 1.08. A
concrete additive consi sting of 3% ~Ta2S04 and 0.03% ‘

~ (C2fl40E) 3 in respect
to the water content of the cement can be used in concrete for winter
construction and in ceinforced concrete construction. At —10 ’ C , 28-day
strength reaches about 50% of design strength . ‘Then it is transferred to
positivs temperature s (+10 to +15’ C) after 3 months and maintained at such
temperatures for 1 month , it reaches over 90% of the design strength. In
con 3tructiOn under conditions of severe cold (-20 to -30’ C) ,  comprehensive
reasures must be taken to maintain warmth to assure that the temperature of
the concrete itself does not fall below ~100 C. Prema inten ance for 7 to 9
“.a’ s can prevent damage by freezing.

2. 9aterials

(1) Cement~ Or-!inary silicate cement with a cement marker ntmtber
not lower than ‘To. 400 should be used.

C’) Course skeletal material : Should satisfy the requirements of
(BJ10—65 (revised version) and should not contain frozen matter
or ice needles .

(3) The ‘TaNO 2, ~1a2S04 and N (c21!40R) 3 should meet standard
specificat ions.
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(2) Design of concrete connounding ratios and preparation of solutions

(1) The concrete marker number should not be lower than No. 200 , the
cement conten t of ee&th cubic meter of concrete should not be lower than
250 kg, the wat.r-asj eatio should be controlled to within 0.45 and the
c~egree of collapse should be less than 3 cm.

(2) Table 27 shows the NaNO2 content appropriate for v~:i ous difi’ering
air temperatures.

Minimum air temperature ~~~30 C -5° C -8’ C —1.0° C
when concrete is poured

Per water content (%) 3.3 ~o 13

Per cement content (%) 2 4 6

Table 27. Reference Table for Ua~T02 Content

(3) The NaNO, and the triethanolamine should be ~repared in advance as
solutions for use . M’~’trous sodium sulfate with the a”mearance of powdery
crystals should S. used. It can be passed through a sieve to remove large
-,art icles and then it can be introduced in the specified quantity directly
into the mixer and be mixed with the sand and cement . when crystalline
sodium sulfate is used , it should be reduced to anhy drous sodium sulfate.
It ,hould first be preparod as an aqusous solution on the basis of the
re~riired concentration. After the crystalline sodium sulfate has dissolved,
the ~?aN0., and triethanolimine can then be added . A’ter they have been
co,.pletely dissolved by stirring, they can be used in mixing the concrete.
Thi~ solution should be preoared !,v a speciall y assigned nerson and the
-ic ~ur~tcv of the concentration should be confirmed.

( 1) The t~mperature of the solution o~ additives shoul d not be lover
thin 40 to 50° C.

(3) Mixing of the concrete

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

(~ ) The temperature of th. mixture when it cones out of the tank should
rot be lower than .10° C. Otherwise , the temperature of the solution can be
:a±s.d to 70 to 90° C or the sandstone can be heat ed .

k~~



( )  Pouring arz 2 ~~~iten ar2ce of the ~oocrete

(1) 73efore pouring, the ice and snow should first be removed from
the molds and the steel bars.

(2) The tenmerature of the concrete should not fall below -10° ‘
within the 7 to ~ day ~eriod following pourmn~ .

(3) ~*tert concrete is poured in air temperaturns be’ow _110 ~~,

cora preshens ive measures ~or maintaininq warmth such as hot mixing, re genera-
tive heat main tenance or -assage of small amounts of steam in order to
assure that the temperature •o~ the concrete will he in the vicinity of
-i -D ’ C.

(4) In the case of structures reauiring resistance to infiltration,
the temperatuL within the two circumferences after the pourinq of the
co’v~rete should not be less than -2° C.

(5) Testing of the quality of cold concrete

(1) Determine the concentration and tenmerature of the additive solution .
(2) Determine the temoerature of the mixture ‘~hen it comes out of the

ta nk and its degree of collapse.
(3) After the concrete is ~,oured , its temperature should b~ determined

once ever-v two hours during the first three days and once every four hours
after the first three days . The temperature shoul d ~e ‘~etermined at an.unfavo rable roint and the thermometer should be le tt in the determination
hole for 3 to 4 ~inutes.

(4 ) ~t th e same , determinations should be made of the temperatures of
the ~ir in the surroundings of the construction and or the temperature of
the ~ae !ium .

‘5) At the sane t ime that the concrete is bein~ noured , form ation tests
sho ild ‘so be conducted in 4 groups. In one 0e these ~yrou ps, ear ly stag .
str~n’~th should be darermined. In the second “roun. 23-day strength at
ns~ative temoerature should be determined. In th’~ third group , doterminat~on
sh uld he nade of 2~3-d~y strength at oositive terr erature after 2R days at
negative tarn~erature . In the fourt h group , the ~~lee should be subjected
tr stanr’arrl maintenance ror the purpose of comnar ative tests .

~3ALU1 ~~~~~~~~~~°‘ ‘

T~1S ~-ii’&
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