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A Stress-Strain Relationship of Alkali-Activated Slag Concrete
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ABSTRACT The present study summarizes a series of compressive tests on concrete cylinder in order to examine the stress-
strain relationship of alkali-activated (AA) slag concrete. The compressive strength and unit weight of concrete tested ranged
from 8.6 MPa to 42.2 MPa and from 2,186 kg/m’ to 2,343 kg/m’, respectively. A mathematical equation representing the com-
plete stress-strain curve was developed based on test results recorded from 34 concrete specimens. The modulus of elasticity,

strain at peak stress, slopes of ascending and descending branches of stress-strain curves were generalized as a function of com-
pressive strength and unit weight of concrete. The mean and standard deviation of the coefficient of variance between measured
and predicted curves were 6.9% and 2.6%, respectively. This indicates that the stress-strain relationship of AA slag concrete
is represented properly with more accuracy in the proposed model than in some other available models for ordinary portland

cement (OPC) concrete.
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Table 1 Summary of test results and predictions
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Test results Predictions Exp./Pre.
Group [Specimen*| W /B (kgl;lr/n3) Sla W, . ok E, & E, & B X (Ec)Exp, (EO)EXP_
(kg/m”)| (MPa) | (MPa) (MPa) (Epro [ (€0)pe.
1S-25 0.25 2342 | 422 | 31465 (0.00285| 30964 [0.00278| 0.834 | 3.426 | 1.016 | 1.026
1S-30 0.3 2246 | 28.5 | 25287 (0.00240| 24181 |0.00243| 0.812 | 1.931 | 1.046 | 0.987
1S-35 0.35 2231 | 24.6 | 23515 (0.00243| 22339 [0.00229| 0.802 | 1.576 | 1.053 | 1.063
1S-40 0.4 2264 | 18.6 | 19724 (0.00200| 20024 0.00196| 0.776 | 1.111 | 0.985 1.021
1S-50 0.5 2229 | 12.5 | 16552 (0.00185| 16229 |0.00165| 0.749 | 0.644 | 1.020 | 1.120
| 1S-60 0.6 185 0.43 2227 8.9 | 12945 ]0.00143| 13816 |0.00140| 0.725 | 0.411 | 0.937 | 1.019
1C-28 0.28 2253 | 37.1 |29907 (0.00274| 27499 0.00275| 0.833 | 2.746 | 1.0838 | 0.996
1C-30 0.3 2264 | 24.2 | 21625 (0.00230| 22661 |0.00222| 0.797 | 1.572 | 0.954 | 1.034
1C-35 0.35 2259 | 22.0 | 20832 (0.00217| 21597 0.00213| 0.790 | 1.382 | 0.965 | 1.019
1C-40 0.40 2240 | 15.3 | 19453 (0.00161] 17978 |0.00181| 0.764 | 0.846 | 1.082 | 0.890
1C-50 0.5 2243 | 114 | 18765 [0.00149| 15688 |0.00157| 0.741 | 0.575 | 1.196 | 0.951
1C-60 0.6 2186 8.6 | 13005 0.00129| 13221 {0.00142| 0.726 | 0.383 | 0.984 | 0.911
28-155 155 2326 | 32.3 | 28388 (0.00247| 27028 0.00246| 0.814 | 2.385 | 1.050 | 1.003
2S-165 165 2275 | 29.9 | 25296 (0.00239| 25212 |0.00245| 0.813 | 2.092 | 1.003 | 0.977
2S8-175 175 2283 | 32.7 | 26628 (0.00259| 26435 |0.00254| 0.819 | 2.365 | 1.007 | 1.019
2S-185 185 2246 | 30.5 | 25262 (0.00245| 24964 [0.00251| 0.817 | 2.112 | 1.012 | 0.975
2S-195 195 2251 | 31.3 | 25760 (0.00263| 25354 |0.00254| 0.819 | 2.192 | 1.016 | 1.036
" 2S-205 03 205 043 2234 | 30.0 | 24996 [0.00250| 24572 (0.00251| 0.817 | 2.052 | 1.017 | 0.995
2C-155 155 2343 | 254 | 22669 (0.00234| 24407 |0.00217| 0.793 | 1.754 | 0.929 | 1.077
2C-165 165 2308 | 25.3 | 22497 (0.00234| 23817 |0.00221| 0.796 | 1.710 | 0.945 | 1.057
2C-175 175 2309 | 24.1 | 20441 (0.00220| 23295 |0.00216| 0.792 | 1.605 | 0.877 | 1.018
2C-185 175 2264 | 254 | 21603 (0.00252| 23183 |0.00228| 0.801 | 1.676 | 0.932 | 1.107
2C-195 195 2301 | 24.2 | 21965 (0.00227| 23219 |0.00218| 0.793 | 1.606 | 0.946 | 1.044
2C-205 205 2262 | 253 | 22984 |0.00240| 23109 (0.00227| 0.801 | 1.665 | 0.995 | 1.055
3S-35 0.35 | 2289 | 29.6 | 24514 ]0.00270| 25325 |0.00241| 0.810 | 2.081 | 0.968 1.118
3S-40 0.4 2287 | 29.7 | 24137 |0.00250| 25332 (0.00242| 0.811 | 2.088 | 0.953 | 1.033
3S-43 0.3 0.43 | 2246 | 285 | 25262 |0.00253| 24181 |0.00243| 0.812 | 1.931 | 1.045 | 1.040
3S-45 0.45 | 2304 | 30.5 |24077 |0.00233| 25937 |0.00243| 0.811 | 2.184 | 0.928 | 0.960
- 3S-50 185 0.5 2279 | 32.0 | 25973 |0.00265| 26098 |0.00252| 0.818 | 2.294 | 0.995 | 1.051
3C-35 0.35 | 2287 | 24.5 | 22957 |0.00214| 23141 |0.00221| 0.795 | 1.620 | 0.992 | 0.970
3C-40 0.4 2251 | 24.5 | 21925 (0.00224| 22597 [0.00225| 0.799 | 1.586 | 0.970 | 0.993
3C-43 0.33 0.43 | 2266 | 24.5 | 22516 |0.00225| 22823 |0.00223| 0.798 | 1.600 | 0.987 | 1.007
3C-45 0.45 | 2263 | 24.8 | 22660 |0.00208| 22908 |0.00225| 0.799 | 1.623 | 0.989 | 0.924
3C-50 0.5 2271 | 26.0 | 21614 (0.00249| 23547 |0.00229| 0.802 | 1.736 | 0918 | 1.086

*The first and second parts of all specimen notations indicate the group class and type of alkali activators, respectively, while the third
parts of the notations in group I, II and III give the water-to-binder (W / B) ratio, unit water content (/#), and fine aggregate-to-total

aggregate (S/ a) ratio, respectively.
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Fig. 1 Test set-up
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Fig. 2 Typical stress-strain curves of AA concrete (group I)
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