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Experimental research and application of mechanized sand marine
concrete with low hydration heat and high crack resistance
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Abstract: In order to solve the problems of long and narrow box structure, large volume, thin thickness of bottom side wall and
top plate, difficulty in arrange cooling water pipe for cooling in the buried tunnel in coastal mudflat reclamation area, which lead
to large temperature stress and easy cracking of the structure and shortage of natural sand and stone resources, a key technology
for the formulation and application of low hydration and high crack resistance mechanism sand marine concrete has been
proposed through the analysis of raw material characteristics, ratio design and optimization, durability research, risk assessment
of concrete structure cracking, and evaluation of engineering application effects. The results show that the formulated concrete
meets the construction and design requirements in terms of workability, mechanical properties, volumetric stability and
resistance to chloride ion penetration. After checking calculation and evaluation, the minimum safety factor of the structure at
the age of 3 d, 7 d and 28 d is greater than 1.4 when the tunnel box is constructed in 20 m sections, with a high guarantee rate
of crack control; the peak values of the internal temperature, internal surface temperature difference, and cooling rate of the five
section side walls basically meet the requirements of temperature control standards, and the distribution density of cracks is as
low as 0.32 per meter. The average crack width is also lower than the design specification requirements, and the crack
resistance effect is good.
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Table 1 Main performance of cement
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Rl ERES 340 149 201 8.7 57.0 2.79 0.034 2.64 0.54
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Table 2 Main performance of coarse and fine aggregates

R | B/ (kg m™) | ZHERRI% |5 RRERI% | TERME/% | A8 &% | MB{E/ (g kg™) | FIRE/% | R E /% | BB TE5-/%
FHAEL 2 660 43.4 42 14.3 — — 0.4 — 0.000 1
gkt 2610 42.0 — 18.0 5.3 1.0 — 0.2 0.000 1
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Fig.1 Cross—sectional view of tunnel box
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temperature rise of different gelling systems
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Table 6 Different water—cement ratio test mix ratio
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Table 9 Properties of concrete with different sand rates

7 d¥bt |28 ddiL
FERJE/| SR/
MPa MPa

G | TAEME || DR | MR | R

5 ik mm mm | (kg'm™) |&/%

e R
D1 %, A3 | 200 490 2390 | 23| 523 | 699
PR AE

2 | =N l( .m_:q
Gy KBS AR (kg )

| oK KU R BOR | B KR B (R | 2R 4E SN

et R
D3 |4, 2| 200 530 2370 | 3.0| 504 | 683
PR AP

DO [0.34]167 270 | 74.0 | 98 | 49.0 |784]958 | 0.9 | 4.90
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Table 7 Properties of concrete with different
water—cement ratios
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Table 8 Different sand rate test mix ratio

e ) A/ (kg m™)
MER A e I e

D1 | 45 |162|278 | 75.5 |101| 50.5 |784|958| 0.9 | 5.05

D3 | 48 [162]278 | 75.5 | 101 | 50.5 |836|906| 0.9 | 5.05
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Table 10 Different slurry ratio test mix ratio
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D5 | 34.0 {159]274| 75.2 | 100 | 49.8 |843|913| 0.9 | 4.98
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Table 11 Properties of concrete with different slurry ratios
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Fig.2 Concrete early shrinkage deformation curve
with age
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Table 12 Calculation results of box temperature stress

field
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C | MPa | MPa | MpPa | 3¢ | 7d | 28d ) =y
JEHR | 724 | 1.85 | 229 | 352 | 1.48 | 1.83 | 1.41 | 141
;ﬁ fs% | 67.7 | 1.75 | 243 | 3.19 | 1.57 | 1.72 | 1.55 | 1.55
Ttk | 723 | 1.89 | 234 | 342 | 145 | 1.78 | 1.45 | 1.45
JEM | 722 | 1.84 | 258 | 3.54 | 1.50 | 1.62 | 1.40 | 1.40
2&; k% | 66.1 | 173 | 224 | 325 | 1.60 | 1.87 | 1.52 | 1.52
Toitk | 73.3 | 1.86 | 2.54 | 3.57 | 1.47 | 1.65 | 1.39 | 1.39
JEMR | 722 | 1.87 | 244 | 371 | 147 | 1.72 | 1.33 | 1.33
gj}“ fjs% | 66.1 | 1.74 | 2.34 | 3.39 | 1.58 | 1.78 | 1.46 | 1.46
TiikR | 73.3 | 1.91 | 224 | 3.66 | 1.44 | 1.87 | 1.35 | 1.35
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Table 13 5 section sidewall temperature monitoring results

TEbR | PIBIR IR SC | WRIRZEC | FRIRIESE/(C-d )
FrifE <65.0 <250 |RMi<3.0, F#i<20
145 Bl (E 65.8 19.0 2.8
2 W BIEMA 65.7 242 33
3 5 BridAE 66.4 222 3.1
47 BRI 65.5 19.4 2.6
5 Y BIgME 64.8 23.0 2.3
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Table 14 Distribution of temperature cracks in sidewalls
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