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Experimental Research and Application of C30 Early and High-Strength
Shotcrete in Railway Tunnel

GAO Yujun"**", DENG Chong"**, QIN Mingqiang"*’, LIU Kuangyi"**, TANG Kai"*’

(1. CCCC Wuhan Harbor Engineering Design and Research Co., Ltd., Wuhan 430040, China; 2. Hubei Key
Laboratory of Advanced Materials and Reinforcement Technology Research for Marine Environment Structures,
Wuhan 430040, China; 3. CCCC SHEC Wuhan Harbour New Materials Co., Ltd., Macheng 438300, China)

Abstract: To solve the problem that the early strength of traditional C30 shotcrete is low, and difficult to meet the
design requirements that 8 h compressive strength is not lower than 10 MPa and 24 h compressive strength is not
lower than 15 MPa for railway tunnels high performance support system, the C30 high early-strength shotcrete with
good workability, high early strength and no lowering of late strength was prepared and verified in on-site tests by
the analysis of raw material characteristics, ratio design, the use of nano early-strength agent and alkali-free
quick-setting agent, and the synergistic influence of concrete mix temperature and curing temperature. The results
show that the prepared C30 high early-strength shotcrete has good fluidity, small loss of slump over time and low
rebound rate. All performance indicators can meet the design and construction requirements.

Key words : railway tunnel; high performance support system; shotcrete; early strength; nano early-strength

agent; alkali-free quick-setting accelerator; concrete temperature; curing temperature
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Table 1 Main characteristics of cement

Setting time/min Compressive strength/MPa Bending strength/MPa

Specific surface Density/ Standard consistency water
2, —1 e S o H )/ 0
area/(m°-kg ') (kg-m %) consumption(by mass)/ % Initial Final 3d 234 34 284
326 3060 26.8 164 202 27.5 47.6 4.5 7.8
1.2 £# 10 mm 4 £ 9% B 088 47 5 40 AR 1 D s 1 7 B A A

RGO} D 11 2K s 5 s BE I A I 11 97 19 5~

w2609 11 Kb A2 by T 28R Bl LK 2.3,

x2 MHEMHEEHE

Table 2 Main characteristics of coarse aggregate

Apparent density/ Compact void ratio Total content of needl

e flake Crush value(by

(geem ?) (by volume)/ % particles(by mass)/ % mass)/ % wlmud)/ % w(mud lump)/ %
2.740 40.0 1.0 12.0 0.6 0.1
xR3I AERNEERHHE
Table 3 Main characteristics of fine aggregate
App?:'::,es;ity/ Cmr;::;l/u;(by Merhyl(e;.ekk;]llle)value/ p:\;j;t;r;;% w(mud lump)/ % w(mica)/ % w(light substance)/ %
2.720 17.0 0.6 6.2 1.0 0.4 0.3
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Fig.1 Relationship between nano early-strength
agent amount and cement paste fluidity
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Table 4 Mix proportions of experiments

Mix proportion/(kg-m ™ *)

Specimen No.

w(nano early-strength agent)/ % w(water reducing agent)/ %

Cement Gravel Sand Water
P1-0 460 845 879 166 0 1. 20
P1-5 460 845 879 166 5 0.93
P1-8 460 845 879 166 8 0.74
P1-10 460 845 879 166 10 0.68
P1-12 460 845 879 166 12 0.61
P1-15 460 845 879 166 15 0.40
P2-0 470 838 872 170 0 1. 20
P2-5 470 838 872 170 5 0.93
P2-8 470 838 872 170 8 0.74
P2-10 470 838 872 170 10 0.68
P2-12 470 838 872 170 12 0.61
P2-15 470 838 872 170 15 0.40
P3-0 480 846 846 178 0 1.20
P3-5 480 846 846 178 5 0.93
P3-8 480 846 846 178 8 0.74
P3-10 480 846 846 178 10 0.68
P3-12 480 846 846 178 12 0.61
P3-15 480 846 846 178 15 0.40
P4-0 490 839 839 181 0 1. 20
P4-5 490 839 839 181 5 0.93
P4-8 490 839 839 181 8 0.74
P4-10 490 839 839 181 10 0.68
P4-12 490 839 839 181 12 0.61
P4-15 490 839 839 181 15 0.40
P5-0 500 832 832 185 0 1. 20
P5-5 500 832 832 185 5 0.93
P5-8 500 832 832 185 8 0.74
P5-10 500 832 832 185 10 0.68
P5-12 500 832 832 185 12 0.61
P5-15 500 832 832 185 15 0.40
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Fig. 3 Relationship between nano early-strength agent amount and concrete slump expansion
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Fig.4 Effects of nano early-strength agent amounts on compressive strength of concretes
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