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Study on the Direct Tensile Test for Cemented Soils Using a
Built-In Cylinder

ABSTRACT

In this study, a cylinder embedded within cemented soils was used to cause directly tensile failure of cemented soils. An existing
dumbbell type direct tensile test and a split tensile test that is most general indirect tensile test were also carried out to verify the
developed built-in cylinder tensile test. Testing specimens with two different sand/cement ratios (1:1 and 3:1) and two curing periods
(7 and 28 days) were prepared and tested. Total 10 specimens were prepared for each case and their average value was evaluated.
Unconfined compression tests were also carried out and the ratio of compressive strength and tensile strength was evaluated. The tensile
strength determined by built-in cylinder tensile test was slightly higher than that by dumbbell type direct tensile test. The dumbbell type
test has often failed in joint part of specimen and showed some difficulty to prepare a specimen. Among three tensile testing methods,
the standard deviation of tensile strength by split tensile test was highest. It was shown that the split tensile test is applicable to concrete
or rock with elastic failure but not for cemented soils having lower strength.

Key words : Tensile strength, Dumbbell type tensile test, Built-in cylinder tensile test, Split tensile test
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Table 1. Material Properties of Jumunjin Sand
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Specific Maximum unit weight |Minimum unit weight| Effective grain size, Uniformity Coefficient of USCS*
gravity, Gs (KN/m®) (KN/enr) Djo (mm) coefficient, Cu gradation, Cc
2.65 16.28 13.05 0.40 1.68 0.89 SP

* Unified Soil Classification System
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Fig. 1. Dumbbell Type Tensile Test Mold
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Fig. 2. Cylinder (left) and Setup of Cylinder within Mold (right)
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Fig. 3. Built-in Cylinder Tensile Testing Concept
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Table 2. Results of Split Tensile Test

Curing| Sand/ | Tensile |Deformation| Dry unit | Water
Test ID | period | Cement | strength | at failure | weight |conten

(days) | Ratio | (kPa) (mm) &KN/m?) | t(%)
A31-7a 301 0.97 13.83 3.1
A31-7b 546 0.61 14.22 3.5
A31-7c 113 1.08 14.22 3.6
A31-7d 735 0.92 15.60 6.5
A31-Te 249 1.41 12.65 4.7
A31-7f 7 375 1.26 14.62 3.0
A31-7¢ 538 0.87 14.81 3.0
A31-7h 232 1.15 13.64 3.5
A31-7i 210 0.51 13.15 32
A31-7j 184 1.07 13.64 34
A31-28a > 529 2.01 14.91 3.0
A31-28b 687 1.84 14.42 4.4
A31-28¢c 524 1.52 13.83 3.7
A31-28d 683 1.38 14.32 42
A31-28e 512 1.68 14.81 3.9
A31-28f 2 368 1.55 14.72 4.0
A31-28¢g 698 1.78 14.13 5.5
A31-28h 763 1.20 13.83 5.1
A31-28i 953 1.98 14.32 4.9
A31-28j 438 1.77 14.52 42
All-7a 2,168 2.33 17.56 | 104
Al1-7b 1,737 1.46 17.36 | 123
All-7c 2,721 247 17.85 | 10.1
All-7d 2,756 3.13 18.15 9.2
All-7e 2,358 2.25 17.17 | 12.0
AlL-7f 7 1,777 2.83 1697 | 13.9
All-7g 1,678 1.97 16.68 | 11.9
All-7h 2,194 2.15 1736 | 104
All-7i 2,179 1.55 16.78 | 10.1
All-7j - 1,750 1.65 16.68 | 11.2
Al1-28a 2,854 1.75 17.27 7.9
Al1-28b 3,035 1.80 17.56 7.2
Al1-28¢c 3,187 2.18 17.56 7.0
Al1-28d 2,248 3.25 17.46 7.7
All1-28e 3,568 3.02 17.07 7.6
Al11-28f 2 3,264 2.81 17.17 7.9
Al1-28¢g 3,103 1.86 16.38 6.2
Al1-28h 3,897 2.38 17.17 7.1
Al1-28i 3,568 1.85 16.68 | 10.1
Al1-28j 3,726 2.98 16.78 8.2
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Fig. 4. Results of Split Tensile Tests for 7 Days Cured Specimens
with Sand/Cement Ratio of 3:1
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Fig. 5. Results of Split Tensile Tests for 7 Days Cured Specimens with Sand/Cement Ratio of 1:1

(a) Specimen with Sand/Cement Ratio of 3:1

(b) Specimen with Sand/Cement Ratio of 1:1

Fig. 6. Specimens after Split Tensile Tests
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Table 3. Results of Dumbbell Type Tensile Test

Curing | Sand/ | Tensile De.:format Dry unit | Water
Test ID | period | Cement | strength gi?u?te weight | content

(days) | Ratio | (kPa) () (KN/m’) | (%)
B31-7a 278 225 16.48 5.2
B31-7b 325 26.3 15.89 6.8
B31-7¢ 360 27.1 15.40 5.8
B31-7d 250 10.8 14.91 6.2
B31-7e 369 24.6 15.50 5.6
B31-7f ’ 311 9.8 15.79 5.7
B31-7g 388 16.5 15.99 6.1
B31-7h 418 16.2 15.60 5.8
B31-7i 348 114 15.79 6.0
B31-7j 31 403 12.6 15.40 6.2
B31-28a 478 13.8 17.27 3.6
B31-28b 425 15.6 17.46 3.2
B31-28¢ 567 17.2 16.09 3.1
B31-28d 620 183 16.78 4.1
B31-28¢ 367 11.2 16.28 3.9
B31-28f 8 578 18.2 15.60 3.5
B31-28¢ 470 10.6 15.79 4.9
B31-28h 561 9.3 15.99 2.9
B31-28i 497 6.8 15.40 3.7
B31-28j 480 13.5 15.70 2.8
Bl11-7a 862 19.2 17.46 8.7
B11-7b 676 153 15.89 8.6
B11-7¢ 889 16.5 17.76 7.2
B11-7d 671 16.9 17.36 7.9
Bl11-7e 621 11.1 17.27 82
B11-7f 7 1,028 1531 16.87 7.6
B11-7g 602 21.2 16.78 7.2
B11-7h 721 74 16.87 8.1
B11-7i 924 13.1 17.36 7.9
B11-7j . 843 194 17.07 7.7
B11-28a 2,190 183 16.78 4.4
B11-28b 1,988 12.6 16.97 4.9
B11-28¢ 1,650 15.8 16.28 32
B11-28d 1,093 11.2 16.09 2.6
B11-28e 1,474 18.2 16.68 1.1
B11-28f 8 2,626 113 17.46 0.7
B11-28¢ 1,585 17.2 17.27 2.8
B11-28h 2,285 133 17.07 34
B11-28i 1,210 18.2 16.09 0.9
B11-28j 1,380 17.2 16.87 1.1

pe)
1500 T 1T | T 1T T 1T T 1T | L T T T T T 7T
- (a) -~ B31-7a
- == B31-7b
1200 = = B31-7c ]
= i - B31-7d]]
[a W) - 4
= +- B31-7e
~ 900 |-
7]
g - |
7] L |
)
—= 600 |
w2
=} - ]
)
F
300
0 <
0 5 10 15 20 25 30
Deformation (mm)
ST VLU o o e e e e
- (b) @ B31-7f ||
B - B31-7g(
1200 = 4 B31-7h|]
;c':? i - B31-7i ||
22 R + B3L.7 |
» 900 [
5 - |
=
v - -
cL)
= 0600 |
w
= - ]
o
= L _
300 —
A (1 O PR | P AN A A A !

0 5 10 15 20 25 30
Deformation (mm)

Fig. 7. Results of Dumbbell Type Tensile Tests for 7 Days Cured
Specimens with Sand/Cement Ratio of 3:1
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Fig. 9. Specimens after Dumbbell Type Tensile Tests
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Fig. 10. Specimens before and after Built-in Cylinder Tensile Test
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Table 4. Results of Built-in Cylinder Tensile Test 1500 (@) 7 days cured
Curing | Sand/ Tensile Dry unit Water 1200__ - - ~ N
TestID | Period | Cement | strength weight | content g 15\351348 ?13755]345 ‘;}’51;7159 i
(days) Ratio (kPa) (KN/m’) (%) = s
= — —
C31-7a 853 15.60 6.3 El ]
Bt 5 | _ -
C31-7b 758 15.30 6.9 Z B 1
Bt o 600~ .
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Table 5. Results of Unconfined Compressive Tests

Curing | Sand/ | Unconfined | Dryunit | Water
Test ID | Period | Cement | Compressive | weight | content

(days) | Ratio | Strength (kPa) (kN/m3) (%)
D31-7a 3,268 15.60 6.3
D31-7b 3,016 15.30 6.9
D31-7¢ 7 3:1 2,898 16.09 5.5
D31-7d 3,168 15.50 6.9
D31-7e 2,871 15.60 59
D31-28a 7,683 15.79 52
D31-28b 9,824 15.99 5.1
D31-28c 28 3:1 7,295 15.70 6.1
D31-28d 10,275 16.38 4.8
D31-28e 8,572 15.89 54
Dl11-7a 21,852 16.97 42
D11-7b 26,712 17.36 4.1
Dl11-7¢c 7 1:1 20,874 16.97 4.0
DI11-7d 22,862 16.87 3.6
Dl11-7e 18,754 16.97 3.6
D11-28a 38,945 16.97 3.6
D11-28b 32,851 17.07 3.8
D11-28c 28 1:1 36,081 16.97 4.0
D11-28d 30,944 17.07 3.9
D11-28e 31,590 16.97 3.7
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Table 6. Comparison of Ratio of Unconfined Compressive Strength
and Tensile Strength

Tensile test Sand/Cement = 3:1 Sand/Cement = 1:1
types 7 days cured |28 days cured| 7 days cured |28 days cured
Split tensile 8.7 14.2 10.4 10.5
Dumbbell 8.3 173 283 19.5
type
Cylinder 4.0 10.2 18.2 18.8
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