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Relationship between Static Mechanical Properties and Composition of Cement and
Emulsified Asphalt Mortar
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Abstract: A mechanical model of cement and emulsified asphalt mortar (CA) from four different levels (i.e., cement hydration
products, cement gel skeleton, cement asphalt composite system and CA mortar) was proposed based on the microscopic experimental
results by backscatter electron imaging and X-ray diffraction and the Hashin composite ball model. The relationships among the
elastic modulus of CA mortar, compressive strength f'and composition parameters were investigated. The results show that the volume
fraction of cement hydrate phase is an important parameter affecting the CA mortar elastic modulus and the compressive strength f.
When asphalt is regarded as a pore or a low modulus component, the static elastic modulus of the CA mortar and the volume fraction
of cement hydrate, compressive strength fand gel-space ratio all have a power function relationship > 0.8. The cement hydrate in the
CA mortar is still a continuous phase and constitutes the composite gel skeleton, asphalt interspersing among them, and the
contribution of asphalt to the CA mortar strength and elastic modulus is relatively low.
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Table 1 Chemical composition (mass fraction w) of cement w/%
Si0, CaO AlLO3 Fe 03 MgO SO; Na,Oeq f-CaO CsS C,S C3A C4AF
21.88 65.89 4.61 2.65 1.76 1.77 0.59 0.98 60.22 17.33 7.63 8.52

®2 U BBEAKTIR L FE R

Table 2  Chemical composition of U-type expansion
agent(E) w/%
SiO, Fe O3 TiO, ALO; CaO MgO SO; Loss of ignition

16.10 0.98 0.89
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Table 3 Test mix ratio

Sample Super Aluminum
Cement E Sand Asphalt Water o

No. plasticizer ~ powder
1 85 15 200 95 80 0.00 0.014
2 85 15 200 88 70 0.55 0.014
3 85 15 150 82 70 0.00 0.014
4 85 15 150 88 70 0.23 0.014
5 85 15 150 95 70 0.48 0.014
6 85 15 150 68 60 0.00 0.013
7 85 15 150 75 60 0.11 0.013
8 85 15 150 82 60 0.24 0.013
9 85 15 150 88 60 0.36 0.013
10 85 15 150 95 60 0.44 0.013
11 85 15 100 68 60 0.50 0.014
12 85 15 100 75 60 0.60 0.014
13 85 15 100 82 60 0.80 0.014
14 85 15 100 88 60 0.50 0.013
15 85 15 100 95 60 0.40 0.013
16 85 15 100 102 60 0.50 0.013
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Table 4 Composition and mechanical properties of CA
mortar hardened slurry calculated based on the
literature data

w/C  A/C

ratio ratio a Ve Vew Vap X o/MPa References
0.67 1.00 097 0.334 0.132 0.497 0347 1.75 [14]
0.67 090 0.97 0.352 0.139 0471 0366 2.53 [14]
0.67 0.70 097 0.393 0.155 0.409 041 4.26 [14]
0.60 090 0.97 0.366 0.105 0.489 0.381 2.55 [14]
0.55 0.70  0.97 0.423 0.090 0.441 0.444 435 [14]
0.71 0.77 0.80 0.305 0.208 0.423 0.325 1.98 [17]
0.74 0.80 0.80 0.295 0.218 0.425 0.314 1.87 [17]
0.76 0.83 0.80 0.287 0.223 0.430 0.306 1.83 [17]

0.55 030 097 0.566 0.120 0.253 0.603 19.26 [18]
0.45 030 097 0.619 0.037 0.276 0.664 24.90 [18]
0.65 030 097 0.521 0.189 0.233 0.553 21.90 [18]

0.70 0.86 097 0.354 0.155 0.452 0.368 3.61 [18]
0.61 0.86 097 0372 0.113 0.475 0.387 4.69 [18]
0.80 0.86 097 0.336 0.198 0.429 0.348 4.56 [18]

0.50 035 1.00 0.584 0.066 0.295 0.618 21.00 [19]
0.60 035 1.00 0.538 0.140 0.272 0.566 19.40 [19]
0.60 020 1.00 0.609 0.158 0.176 0.646 29.60 [19]
0.50 030 0.80 0.488 0.145 0.264 0.544 16.70 [20]
0.52 040 0.80 0.441 0.147 0.318 0.487 12.85 [21]
0.56 0.70  0.80 0.347 0.141 0.438 0375 6.64 [21]
0.60 090 0.80 0.302 0.145 0.489 0.322 3.21 [21]
0.40 030 0.80 0.536 0.061 0.290 0.604 15.90 [22]
0.50 030 0.80 0.488 0.145 0.264 0.544 15.80 [22]
0.60 030 0.80 0.448 0.215 0.242 0.495 13.80 [22]
0.70 030 0.80 0.414 0.275 0.224 0.453 13.40 [22]
0.60 0.00 0.80 0.591 0.284 0.000 0.675 37.20 [22]
0.60 0.10  0.80 0.534 0.257 0.096 0.602 26.60 [22]
0.60 0.50 0.80 0.385 0.185 0.347 0.420 8.40 [22]
0.60 0.70  0.80 0.338 0.163 0.427 0.364 2.60 [22]

Notes: W/C is water to cement; A/C is asphalt to cement. a is degree of
cement hydration; Vey is volume fraction of cement hydrate
(including gel pores) in hardened cement asphalt mortar; V., is
volume fraction of capillary water (capillary pore); V3, is volume
fraction of asphalt in hardened cement asphalt mortar; x is gel-space

ratio; o'is compressive strength of mortar.
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Table 5 Composition and mechanical properties of CA
hadened mortar calculated based on test resilts

Sample No. a Ven Vew Vap x o/MPa E/MPa
1 097 0343 0.277 0.343 0.357 1.75 391
2 097 0376 0.236 0347  0.392 3.53 525
3 097 0385 0.241 0332 0402 2.67 450
4 097 0376 0.236 0347  0.392 2.59 419
5 097 0366 0.229 0365  0.381 2.30 364
6 097 0.440 0.197 0314 0462 4.48 788
7 097 0427 0.191 0336  0.447 4.29 717
8 097 0414 0.185 0356  0.433 3.50 621
9 097 0403 0.181 0372 0422 3.05 466
10 097 0391 0.175 0390  0.409 2.53 461
11 097 0440 0.197 0314 0462 4.40 767
12 097 0427 0.191 0336  0.447 3.44 624
13 097 0414 0.185 0356  0.433 3.19 586
14 097 0403 0.181 0372 0422 2.65 496
15 097 0391 0.175 0390  0.409 2.70 415
16 097 0381 0.171 0.407 0396934 2.27 393

Notes: E is tangent modulus

(a) Type I

Air pore

(b) Type 11

2 1 AI(a)F 1T #(b) CA Wi s A th AL ¥ BSE
Fig. 2 BSE of CA mortars (Type I (a) and Type II(b)) without
dissolution treatment
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Cement hydrate

(d)Type II CA mortar, BSE

3 WIEE LS CA #52%% BSE J SEM 43 #t
Fig. 3 SEM and BSE images of CA mortars after dissolution
treatment
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