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A Study on Double — Punch Test for Tensile Strength of Concrete

% & B & T E*
Lee, Woo Jong - Koh, Chae Koon

Summary

The purpose of this study is to introduce the Double Punch test method which is an
indirect testing method of tensile strength of concrete, and to compare with the tensile
strength of concrete as determined by the split-cylinder test, a practical method for performing
the Double Punch test to obtain the tensile strength of concrete is proposed and recommended
for general use,

In this study, the dimensions of cylindrical specimens used in the Double-Punch test
were 15X30cm, 15X15cm, 10X20cm, and 5X10cm, and in the split-cylinder test were
15X30cm, 15x15¢m, and 10X20 cm, And the diameters of loading punches used in the
Double-Punch test were 1.5cm, 2.5cm, and 3.5cm.

The results obtained from tests are surnmarized as follows ;

1. In the split-cylinder test, the tensile strength of concrete by the linear elasticity theory
is similar to that of plasticity theory.

2. Both split-cylinder test and Double-Punch test, tensile strength of concrete is increased
with decreasing specimen size. This tendency is identical when the ratio of specimen
diameter to height is 1 :2, but that tendency is quite different when the ratio is 1:

L

3. In the Double-Punch test, if specimen size is constant, by increasing the punch size,
tensile strength of concrete is increased, too,

4, Using a 15X 15cm cylinder specimen and 3.5cm diameter punch in the Double Punch
test would give the most uniform and consistent result in tensile strength, and the result
showed a good correlation with splitting tensile strength from 15X 30 cm specimen.

5. In order to obtain satisfactory results and to minimize variability, it is proposed that
specimens of 15cm in diameter and 15cm in height with two 3.5 cm diameter punches
should be used.

It seems, therefore, reasonable to take f't=0.0024 P(kg/ cm®) as a working formula for

computing the tensile strength in the Double Punch test for concrete, )
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Table-1. Quality of Normal Portland Cement.

Physical Properties Chemical Properties
Property Item |Result | K. S | Compoun Item | Result| K. S
Specific gravity 3. 16 Heat of hydration 7days -~
Blarness (em®/g) 3011 | >2600 -
Fineness ::Zm:::ilus::/:) - Drying‘ shrinkage (%) -
standard sieve
. . 1, <3.0
149y residue (%) - Ignition loss (%)
Time Normal (%) consistency 25 ‘ Insoluble residue (%) .27 | <0.75]
of Initial (min) 155 >60 50: (%) .8 | <25
Setting Final (hr) 5.42 <10 MgO (%) .7 <5.0
Soundness 0.12 {<0.80 Si0: (%) .5
Compression | 3days | 121 >110 Al Oy (%)
Strength age 7days| 190 | >175 Ca0 (%) 64.3
kg/em?) Tension 3days 19 >10 S (%) -
age 7days| 28 | >20 Fe:0s (%) =
Table- 2. Physical Properties of Fime Aggregates.
Ltem Fineness | Unit weight [ Specific | Absorption Surface .Orga.r.lic Soundness
modulus (kg/m®) gravity (%) water (%) impurity
Results 2.75 1599.9 2. 68 2,94 4, 40 None Good
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Table-3. Physical Properties of Coarse Aggregates,

Fineness Unit weight Specific Absorption Organic -
Item . . . ‘Soundness
modulus (kg/m?) gravity (%) impurity
Results 7. 63 1963, 5 2,79 91.75 None Good
Table-4. Mix Design of Concrete,
Max size it weight |unit weight of
unit we unit weij
of coarse Slump b ghto w/c G/s Sand Gravel
. of water of cement
aggregates
25mm 4~8cm 159kg 325kg 49% 1,75 724kg 1267kg
*Note : gck=200kg/cm?
coeff, of strength incresement ! 1.15
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STEEL PUNCH
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Fig. 8. Apparatus for Double- Punch Tests.
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. Table-5. Tensile Strength by Splitting Test.

E By o [ 3A FEst, N4 B unit : kg/cm®
Hel gAY obel -9 FEl 9= Steel Punch ves :
- - pecimen size
T s e s 7k 3 .
2 FalA fEHSEEE el olol WSt ARELE malysts (o) | 15x30 | 15%15 | 10x20 | of
(Test arrangement) = Fig. 8 (a) &} 222+ o] Test
3t Agel st PALE Fig.8 4 (b), (o) 2k 2ot Elastic | 21.58 | 18.76 | 22.84
Double PunchiXBgoll 2|3t 5SiEME S HES S. Plastic | 18.52 | 16.10 [20.02 |28days
o BMH Y BIREN Y M T R (13 P. (“Pg‘irb;’,""d) 21.63 | 18.81 |22.89 |standard
ol &} Agte}, T |overbond] 2474 | 21.51 [25.75
Table-6. Strength Effect of Curing Days.
unit | kg/cm®
Curing days
Analysis 7 28 60 90 cf
Test
Elastic 18, 71 21, 82 21.95 22,74
S.P.T " Plastic 16. 05 18. 34 18. 83 19. 34
(“Pliflf‘b9“"d 18. 75 21. 42 22. 00 22,59
(Lower-boand) | _ 21-45 24. 50 25.17 25, 84
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Table-7. Tength by Double Punch Test.

unit : kg/em’
Specimen size (cm)
Punch size (em) 15%X30 15X15 10Xx20 5X10 cf
Test 15X30 15X15 10X20 5X10
1.5 10, 47 17.14 13, 86 16, 76 28days
D.P.T. 2.5 13. 40 19,28 16, 63 22,27 standard
curing
3.5 17.76 21,16 19, 34 23, 85
Table-8. Strength Ratio of Each Specimen Size,
Specimen size (cm)
. 15X30 15X15 10X 20 5%X10
ratio f
[
Punch size
T (cm) % % % %
ests
1.5 49(48) 79(79) 64 (64) 78(77)
D.P.T. .5 66(66) 89(89) 77(77) 103(103) () : Plastic
.5 82(82) 98 (98) 98(89) 111 (110)
S.P.T. 100
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Table-9. Coefficient of Variation as a'P_ercentage,

Specimen size (cm)
Punch size (cm) 15X 30 15X 15 10%20 5X10 cf
Test
1.5 7. 90 5.70 4,72 1 4, 56
D.P. T, 2.5 6, 29 8. 59 4, 30 2. 00
S.P. T, 7. 64 6. 86 7. 64

*coeff. of variation:V = % X100 (%)

where, X average
o . standard
deviation

— 90 —



Double-Punch Testdl] {3 E22]E 9 3|EEE R ERe

Table-10. Strength Effect of (;nring days.

Variables Averziige Aver?,ge Coeff of Average £o/80
tensile tensile o compress- {4
strength in | strength in variation (%) strength R
Curing D.P.T S.P.T D.P.T | S.P.T | strength | DP.T| S.P.T
days % kg/em® | 1% kg/em® fe, kg/em’
7 18, 08 18. 71 6. 08 6. 08 169, 52 9.38 9.07 0, 96
28 21,14 21,82 5.07 7.78 200, 67 9. 49 9. 20 0,97
60 21, 49 21,95 4,97 5. 37 206. 39 9. 60 9. 40 0. 98
90 22.03 22, 54 1.84 3. 55 212,02 9. 62 9. 41 0. 98
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