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Cracking Resistance of Lightweight Aggregate Expansive Concrete
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1. Introduction

Cracking is still a familiar phenomenon in concrete engineering, Specimen

and affects the durability and aesthetic of the concrete construction.
For decades expansive concrete has been developed to overcome this
problem. However, it is not always effective, the cracks still occur
sometimes, especially in mass concrete structures. This research was
to investigate the causation of failing the expansive concrete to avoid
cracking. Based on the understanding of normal aggregate is too hard
to exert the ability of expansive agent, lightweight aggregate was
thought to be helpful to the performance of expansive agent. It was
found that both low stiffness and internal curing of lightweight
aggregate can improve the cracking resistance in a large degree.
2. Experiment detail

Mix proportion is shown in Table 1.
2.1 Experiment device
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Machine (TSTM) was constructed according to the original design of
Prof. Springeschmid®, and is shown in Figure 1. Load cell is used to

measure axial force. Two displacement transducers are used to +0.5um |'—'|
measure the length of the specimen between the cross-heads. The 4 —
measurement accuracy of stress, deformation and temperature are 2 EE E

respectively 0.001MPa, 0.1um and 0.1°C. Restraint condition is ] ] ] .
. ) ) Fig. 2 Simulation of full restraint degree
simulated by controlling the moveable cross-head along axial

direction with the step motor, and temperature condition is set by a Table 1 Mix proportion

chamber equipped with heater and refrigerator. The control accuracy Type C EAW G LA S &P
of displacement and temperature are respectively 0.5um and 0.1°C. Kg/m? %
2.2 Experimental condition C45 400 O 180 950 O 855 3.2

Full restraint degree was achieved by limiting the deformation C45L 400 O 180 O 570 855 2

of the specimen within £0.5um. Both expansion and shrinkage were
. . L . . E40C45 360 40 180 950 0O 855 3.2
restrained. The illustration is shown in Figure 2. Low temperature rise

was simulated by opening the temperature chamber to release the heat E40CA5L 360 40 180 0 570 855 2

naturally. Semi-adiabatic temperature condition was simulated by keeping the temperature difference between specimen
and surrounding air as constant of 0.1°C. Drying shrinkage was excluded by covering wet cloth on the specimen and
sealing with plastic sheet. The fresh concrete was cast into the mold of the machine in few minutes after mixing. Lateral
and bottom mold boards were separated from the specimen to reduce friction after one day.
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3. Experimental result o 60r —=—C45
. < _t C45L
3.1 Low temperature rise g 50 i — a— E40C45
Results are shown in Figure 3. For normal concrete, only a small g —v— E40C45L
compressive stress was generated, and tensile stress evolved fast, %
(5]
micro-cracking occurred on the third day when the stress suddenly
shrank. The counteracting effect on autogenous shrinkage of lightweight
aggregate was confirmed, and the tensile stress was small. 40kg of & 3 - Compression —o—C45
S I
expansive agent could induce a large compressive stress in both cases. % i I (E:jg(L:45
In the case of lightweight aggregate was used, it was observed that % — v — E40C45L
compressive stress could increase continually and gradually. § I
3.2 High temperature rise 5 5| Tension Micro-cracking
Results are shown in Figure 4. Both tensile stresses of C45 and & — 1
0 50 100 150 200
E40C45 evolved fast and were close to -3MPa after the temperature . _Age (hour)
returned to 20°C, even if a large compressive stress was reached in the Fig.3 Restrained stress under low
L . temperature rise condition
beginning. C45 cracked before the temperature returned to 20°C. The
. . L —ec—C45
stress of C45L was close to -2MPa at 20°C, while that of E40C45L o 60 CasL
reached -0.2MPa despite suffering from a high temperature rise. Its o@’ SO —2~—E40C45
. . . . =) T, — v — E40C45L
tensile stress reached -2.1MPa at -5°C after being frozen, and survived & 40 %ﬂ
[}
from cracking. The combination of expansive agent and lightweight g— 30
aggregate showed a good performance on resisting cracking. 2 20 §

3.3 Effects of low stiffness and internal curing

Results of expansive concretes respectively mixed with sealed, 3 rCompression —o—C45
. . P— . C45L
wet lightweight aggregate and normal aggregate are shown in Figure 5, 2 e E40C45
. 1F
the expansive agent amounts were same. In the case of normal aggregate, 7 E40C45L
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higher compressive stress could be generated, but tensile stress evolved

Restrained Stress(MPa)
o

1k
fast and was close to -3MPa in the end. In the case of sealed lightweight 2+
aggregate, even though compressive stress was smaller, the tensile stress -3 [Tension . .
just developed to -1MPa. This is because the stiffness of lightweight 0 50 100150 200

tes is much lower than that of normal te. In th f Age (nou)

aggregates is much lower than that of normal aggregate. In the case o Fig.4 Restrained stress under high
wet lightweight aggregate, tensile stress is smallest and is thought to temperature rise condition

3

attribute to the additional internal curing effect? which can continually —»— Normal aggregate
24 £ —o— Wet LA

—o— Sealed LA

supply water while temperature is decreasing, and expansive agent can
expand more efficiently, thermal and autogenous shrinkage can be
counteracted well.

Restrained Stress (MPa)
2
@

4, Conclusion -1

Expansive concrete mixed with normal aggregate can not -2
counteract thermal stress well while temperature rise is high. -3 . . . .
Lightweight aggregate can improve the cracking resistance in a large 0 o0 100 150 200
degree by the effects of low stiffness and internal curing. Fig.5 Effe (I:Lt\%i Ig:;/)l;tri)ffness
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