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RELATIONS BETWEEN STRENGTH OF FAILURE, STRAIN ABILITY, ELASTIC
MODULUS AND FAILURE TIME OF CONCRETE

By Dr. Eng., Tadashi Hatano, C.E. Member

Synopsis : The writer made atterapts to make unified expressions of strength of failure, strain
ability and elastic modulus for the case of the dynamical and statical compression test of concrete
with respect to the identical kinds of specimens, enlarging the failure time range to 10° against 1.
As a result, it was found that (1) so far as the strength of failure is concerned, a better accuracy
can be given by expressing the existence of linear relation between the reciprocal of the strength
of failure and the logarithmic value of the failure time, (2) the compressibility, i.e. the compressive
strain under the strength of failure is permitted to be constant within the aforementioned time
range, (3) consequently the treatment becomes convenient by admitting the existence of linear
relation between the reciprocal of the elastic modulus and the logarithmic value of the failure time.

Also the writer added the explanation that the expression admitting the linear relation existing
between the reciprocal of the strength of failure and the logarithmic value of the failure time was
found interesting to be consistent with the theoretical formula derived from the ‘“Theory of molecular

reaction rate’”’ as to the subject of fracture of glass by N.W. Taylor.
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#F—1 Properties of the Cement

n

Ig. Loss ' Ins. R. Si0, AlLO;
0.74 | 0.50 23.22 4.14
Fe, 0, \ Ca0 MgO SO,
3.86 ‘ 64.36 0.0 1.70
;S CS CA C,AF
47.1 31.1 4.5 1.7
2) ] N
sp. gr. | Finess. (Blaine)
3.20 3160 cm?/gr
3)
Strength of Standard Mortar
flow 3 day 7 day 28 day
236 mm 94 kgfem? 147 kg/em? 323 kg/cm?
F—2 Properties of Aggregates
max. Gradation
sp. gr- | o
ize Gravel l Sand
mm
. mm 5~2.5 —15%
Sagami 25~20 —25% 2.5~1.2 —15%
River mm, 20~15 —25% 1.2~0.6 —25%
2.75 25 0.6~0.3 —25%
natural 15~10 —25% ! ' :
0.3~0.15—15%
Aggregate 10~5 -—25% 0.15 —59%
#x—3 Tested Concrete
Agein ’7 Mix Proportion Stump Ex;)t;gp.
Weeks Cement| Water | Sand |Gravel| W(C cm air %
 kg/m® | kg/m? | kg/m® | kg/m® % i
4 300 ! 150 1 710 1264 50 6.8 1.5
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E—3 Secant Modulus-Failure Time
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-5 (a) Comparison of two expressions

. i ; [ . . Qimanri Coeff.
R mix | Relation between {Standard ‘ Relation bhetween Standard
Th‘,is’t é\V%ikls? Propor-| ué/’oc gy & lnt,, jdeviation \Cz:z(\)fif'f'.tigfx‘ 1oy, & Inty, deviation vaega—
tion kgiem? sec | kglem® © ‘ cm?kg, sec emilkg |00 %
o ggq i 4 1i:2:4| 37 |oy=—22.111n¢,+707.8 | 22.7 3.1 [ 1oy = (14.24+0.459 In £,) X 1074 0,308 X 1074 | 2.8
ELYE s 4 [ 1:3:5] 30 jo,=—20.751n7,+539.6 | 21.3 3.9 | 1fog=(18.82--0.7921n £,) X 1075 0,695 1074 | 3.8
§§§2 5 4 | 1:d:7! 65 |o0,=—13.881Int,+339.5 | 11.2 3.2 | 1o,=(29.9441.280 In£,) X 1074 0.832x 1074 | 2.9
A S Vi 4 [ 1:3 | 50 |ou=—22.07ln#,+559.1 | 10.7 1.9 | o= (18.11+0.775 1n #,) X 1074 0,321 x 107+ | 1
P L , . L B L e . L e
N 250 1 4 1:2:4 | 37 Oy=—15.41n ¢, +576 23.5 4.9 1jog=(16.40+0.711 In £,)) x 1074 1.02X107¢ 4.8
KAvE: % % u.
o va o2 4 | 1:3:5| 50 |og,=—14.51n2,+430 15.8 4.7 | 1oy=(21.49--1.3221n2,) X107 1.35%107% | 4.6
*§§§ 3 4 | 1:4:7| 65 |0y=—8.01n7,+237 6.75 3.5 | 1/oy=(89.79+2.243 In 2,) X104 1.85x107 | 3.5
hNV 4 4 1:3 50 | oy,=—13.41n 17,446 6.63 1.8 1oy, =(21.51+1.0121In#,) X 1074 0.52x107¢ 1.9
1 % 2%
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Coeff. | Coeff
mix Relation between Stand. of | Relation between . of
’Il\}is't %ﬁiﬁ: Propor- V‘é/ic Eg & eclnty devi. [|varia- YE; & Int, %t:vnid' varia
tion kglem?, sec kglcm? | tion cm?/kg, sec . tion
S . % . e SR B
: Eg,0.255,=28.9 700210205104 | 1.25x104| 4.2 | 1/Eg,0.25¢,,= (3.50--0. 114lntu)><10 60.143 X107 | 4.2
i 1 ’ 1:2:41 37 | Esoss,=28.4e7001In0 » 10.85 » 2.0 I, 3.544-0.1311n¢7,) » |0.111 » 3.2
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g 1 2 R S § o
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Tl oal s (.3:5 Jeoozdnty 10,82 » 3.1 1/Egose,=(3.82+0.0911n¢y) » [0.119 » 3.6
@ i e oowinty 1077 » 3.0 | 1/Eggmse,= (4.04+0.1171n2,) » [0.164 » 4.1
2 j Aegmveninty 4 1067 ~ 3.0 1/1;5,50—(4 0710 1481ntu) » 10,136 » 3.0
o. I T T T T h T Ty o T o N y
- =261 evaslntus 10t |1.34x100] 5.0 1/Eg,0.25¢,= (3 85+ 0 072in t“)><10“5 0.190% 1076} 5.0
7 5 4 1:4:7 =23.3 700318, 1,08 » 4.5 | 1/Egq5e,=(4.831-+0.134In2,) » [0.180 » 4.3
o Gemvowinty 10,88 » 4.0 | 1/Eg g, (4.7840.1651In¢,) » 10.174 » 3.8
Q
2 ! Sevomlnte » lo99 » | 5.4 =(578+0.2241n4,) » |0.264 4.5
I — e B A A S R - I
g ; Ejg,0.5:,=25.3 ¢70-02810%u 5 10¢ 10,95 104 | 3.7 =(3. 98 ~0.0981ln tn) %1076 0,150 X 1076
A i l1:3 50 | Boose,=21.9e008nta 5 1067 » | 3.0 —(4.58+0.161ln2,) » [0.120 »
: Ego15:,=19. 170036102 » 1055 » 2.8 =75.2610.1981In¢,) » |0.137 »
! ‘ R |0.46 » | 2.8 1/}3\,5;:‘6 270.2451n fu) » ‘04907 ”
! Eg,o. ZEEC»_zo 7 eIt 104 | 0,66 %10 2.7 | 1 1/1:g,“.ﬂ;,<3 280.1251n tu) %104 0.108 % 10
; 1 4 1:2:4] 37 | Esowe =20 4e00BMu » 10,60 » 2.5 1Eg05:,=(3.58+0.126n#,) » 10.100 ~
! Eg,q.15¢,=26.6 00810 » 10,72 » 3.3 1/Eg o5, = 3.714+0.1481n¢,) » |0.148 »
§ i Eg,. =23 87008100 » 1 0.88 » 4.7 1/‘4,%—(3.97 0.247Int,) » |0.281 »
= ———] — - e ————— —_ SR — — ! — — S — .
§ Es,02550~30 59‘0-045‘n‘u><104 1.14x104| 5.0 l 1/Eg,0.5¢,= (3.06+0.227In £,)) ><10-u‘y 0.278 % 1075
v, 2 ‘ 1:3:51 50 | Bswse,=27.0e70%e » 1089 ~ 4.8 Egos5,=3.47+0.270In4,) 10.269 »
1‘} Egp.755,—24.5¢7 00810 » 10,89 » 5.1 ’ UEg0.m5:,=13.74+0.327 Int,) » 10.343 »
B Ege,=21.2¢70061100 5 10.88 » 6.1 ‘ 1/E, (4.37--0.4121n2,) » 40.489 »
FJE T S S SR R
] Eg,0.256,=24,9 70010 5 104 | 0,83% 104 | 4.6 1/Eé,nmf(3 83--0.2761n ¢ W X10780.222x 1078 | 4.1
2 3 4 1:4:7| 65 | Eswope,=21.8e7000i2¢tu 5 10,82 » 5.2 | 1/Eqase,=(4.27--0.3951n¢,) » [0.330 5.2
4 : t4:
g Egqrse,=18.2¢70067100 5 10,69 » 5.5 | 1E .55, =¢5.03+0.5351n#,) » |0.433 » 5.4
o i Bevoslnty 062 4 | 6.2 (6. 1G~,~o 6991ntu) s 10.613 # 6.1
o ! - — S S I - J— : E [
(g .8 e 009t 104 | 0,48 % 104 | 2.8 0+-0.217In tu)xl()‘e 0.165x1076| 2.8
4 B 1:3 50 Ldemoomlniy L, 4D 41 » 2.8 27+0.2481n#,) » |0.183 2.7
| Lteoossinty 1043 4 3.4, 1,'E.\,,g,~,;,ﬁcz<6Aoo+o 316In¢,) » |0.278 » | 3.5
| ! Es,e,=13.3¢ 00010t » 10,40 » 4‘01 1/Ege,=(7.20-+0. 3991nt,u) ” 0“380 ” i 3.9
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