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Research on the Preparation Technology of Early High Strength Shotcrete
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Abstract: Starting from multiple factors such as the type of quick setting agent, water cement ratio, ambient temperature, and
n—-C—S-H dosage, the influence of different factors on the early age (8, 24 h) strength of shotcrete was systematically studied.
Through microscopic analysis, a set of preparation techniques for nano hydrated calcium silicate early high strength shotcrete was
proposed. Research has shown that the addition of n—C—S—-H significantly improves the early strength of shotcrete, with a rapid
increase in 8—hour compressive strength at a dosage of 2% ~5% , while the increase in 24 h compressive strength shows a slower
trend with the increase of n—C—~S—H dosage; When the temperature is above 10 °C, the use of nano hydrated calcium silicate
early high—strength shotcrete technology can significantly improve the early hydration rate of cement. The compressive strength of
shotcrete can reach over 10 MPa after 8 h and over 24 MPa after 24 h, slightly improving the 28 d compressive strength,

electrical flux and resistance to sulfate erosion durability performance indicators. Through engineering examples, it has been
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proven that the proposed nano C - S —H early high — strength shotcrete preparation technology can meet the construction

requirements of tunnel early high —strength shotcrete, significantly shorten the construction period, and improve construction

efficiency. The study can offer valuable references for relevant engineering applications.
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Table 1 Chemical composition of cement / % Table 2 Property index of cement
Si0, AlLLO, Ca0 MgO S0, Na, 0 RN /min - HUESREE/MPa ARiERE R o HAR AR
g AN 3d 28 d /% / (m*/kg)
23.6 7.5 64.6 2.5 1.8 0.1
170 259 26. 1 46. 8 26.9 exics 320
#= 3 BKFIEEE ISR
Table 3 Property index of water reducing agen
BURR B L/ % YHEE 1 /by EE T &= PR RN
WK%/ % W Ei/ % m’ H ” =
K/ % &R/ % BE/ (g/em’) p s d A/ mm o o
32% 19.6 1. 063 6.20 145 25 0.02 0.77
Fx4 BEFIEREISIR
Table 4 Property index of early strength agent
[& &2/ % R/ (g/cm’) pH 1H AET &/ % Na, S0, &/ %
21.57 1.152 11.54 0.015 2.8
=5 ARBEFIEREIER
Table 5 Property index of concrete accelerator
BELERT ]/ 1 d JBHbos BoE  EHETFEE O SR
2K E o/ % R 3 B/ % -

- ot/ % L/ (g/em’) BhL/% W%k Y /MPa /% /% /%
HEEA 1 49.6 1.485 7 80 285 7.1 4.75 0.017 0.47
TEER 2 50. 4 1. 491 7 65 210 8.9 6.52 0.012 2.26
B 3 58.4 1. 498 8 205 260 13.2 0. 00 0.008 0.08
HEER 4 48.9 1. 456 7 55 160 5.5 5.72 0.018 0.34
HEET 5 51.4 1.492 7 160 200 10. 8 0. 00 0.011 0.16
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Fig. 1 Compressive strength of nano C—S—H sprayed concrete
with different types of accelerators
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Table 7 Mix proportions of nano C—S—H sprayed concrete
with different water cement ratios and dosages

EUP/S R AR gk kbR
S5 KK C-S-H EERE |45 KB C-S-H FlBhE

B/ % /% BR/% /%
Al 0.34 8 A28 0.40 8
A2 0.34 1 8 A29  0.40 1 8
A3 0.34 2 8 A30  0.40 2 8
A4 0.34 3 8 A31  0.40 3 8
A5 0.34 4 8 A32  0.40 4 8
A6 0.34 5 8 A33 0.40 5 8
AT 0.34 6 8 A34  0.40 6 8
A8 0.34 7 8 A35  0.40 7 8
A9 0.34 8 8 A36  0.40 8 8
A10  0.36 8 A37T  0.42 8
A1l 0.36 1 8 A38  0.42 1 8
Al2  0.36 2 8 A39  0.42 2 8
A3 0.36 3 8 A40  0.42 3 8
Al4 0.36 4 8 A4l 0.42 4 8
Al5  0.36 5 8 A42 0.42 5 8
Al6  0.36 6 8 A43 0.42 6 8
Al7  0.36 7 8 Ad4 0.42 7 8
A18  0.36 8 8 A45  0.42 8 8
A19  0.38 8 Ad6 0.44 8
A20  0.38 1 8 A4T 0.44 1 8
A21  0.38 2 8 A48 0.44 2 8
A22  0.38 3 8 A49  0.44 3 8
A23  0.38 4 8 AS0  0.44 4 8
A24  0.38 5 8 A51 0.44 5 8
A25  0.38 6 8 A52  0.44 6 8
A26  0.38 7 8 A53 0.44 7 8
A27  0.38 8 8 A54  0.44 8 8
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Fig.2 8 h compressive strength of nano—C—-S—H shotcrete
with different water—glue ratios and dosages
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Fig.3 24 h compressive strength of nano C—S—H shotcrete
with different wate—glue ratios and dosage
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Fig. 4 Ratio of compressive strength of nano C—S—H accelerator
sand with different dosages at 8 h and 24 h
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Table 8 Mix proportions of nano C—S—H sprayed concrete
at different temperatures

R WRBE KR RIokBEE KGR R

WM 0 (kg BB BR% R
™03 2 100 500 5 0.8 8
036 2 150 500 5 0.8 8
036 2 200 500 5 08 8
4036 2 250 500 5 08 8
5038 2 100 474 5 0.6 8
% 038 52 150 474 5 0.6 8
7038 2 200 474 5 06 8
® 038 2 250 474 5 0.6 8
9 040 52 10.0 474 5 04 8
M0 040 2 150 474 5 04 8
T 040 52 20,0 474 5 04 8
T 040 2 250 474 5 04 8

HE S hrl A, 7E 5% 4B, 0.36, 0.38, 0.4
SROKE AT, 10 CHE, BiSHEEE T 8 h Hi)E
FREEHIAARE] 10 MPa, 24 h i 30 B Fe i K e e
J20.36 B9 19. 8 MPa, BEIXF 20 MPa, £ 15 CHY,
TSR EE 1 8 h BT wR B HA 7E K I LE 2 0. 36 B ik
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FE 20 CH125 CH, =Rk EERBIETRE L+ 8 h it
JESR IR F] 10 MPa LA F, 24 h % 55 5 257 2
20 MPa DA b HIICAT AT, oS SRETR 5 - Ay 0% ) i 3
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Te KA R AR = I8 B B EZAE A, IR
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—=—8h (0.36)
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25 ——8h (0.38)
- L —+24h (0.38)
E 15 ——8h (0.40)
5 | 24h (0.40)
a5
w10
:‘E
5L
0 | .
1 1 Il 1 1 1 ]
10 15 20 25
i/ C

B 5 FREREMSK C-S-HBHHERTHERE
Fig.5 Compressive strength of nano C—-S—H sprayed
concrete at different temperatures
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Fig. 6 SEM microstructure of nano hydrated calcium
silicate sprayed concrete at 8—hour age
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Table 9 Technical scheme for preparation of early high
strength shocked concrete

TRE RS/ C K 4k C-S-H B8/%
10-15 <0.36 5~8
15-20 <0. 38 4~6
>20 <0. 40 2~4
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Table 10 Experimental mix proportion

o . JBHE A 444 C-S-H
G IR LE / (kg/m?) BE/%
PO 0.35 528
P1 0.35 528
P2 0.38 487
P3 0.41 452
3.2 BiEidAe
BN 11 WA HBOKTE, B 4, AR

WK, K, —WRAEE AR PP B, W R B
-3 9% B ] 180 ~ 220 mm ., K TR EE 4 I I BT
SF, PEATWES R AR EORE, A R AR ENR AR, A
MESHREE - PR B R E M. Bl R PUAR
b2 imae ), IR R 28 <C
3.3 R R 54547

R 11 A, 7628 CHERIE T, BA 5%99K
C—S—H M HHEREE - F 30 H P8 5 10 F7 4 0 i 2 i K
P, 7E0.35, 0.38, 0.41 =Fhk L (W/C) &1t
T, WEHHREE T 8. 24 h BYHTE R B E IR,
oA TREX 8, 24 h WMo B (3R [WI I,
HRBYIK C-S-H 25 A4, Bhngik c-S-H
ENNE S N T T TN E RO ey LR Z SRR TN
S, AT, RGP F Bk C-S-H 1
P1 5KRMAHYK C-S-H % PO ML, P1 ZEMRFEEE
PR, B R, UG IR R A2 PhBE ) Sk A $E TE, Hop
56 d HLE /N 1500 C, 5 PO HER, FHIRT 5%,
3.4 THENA

R IRt A R R R T S TR R o A T VA A S
R TR Y R PR, 49 J31)  BBC IR B 4k % ok 3 AT
FL R oI R BE 1 B0, DU o i e I T
+ W AR K T2 R



31 RS L R R BE T i 2 BORBIESY 77
F 11 ESHAWEE
Table 11 Spray test data

RLErth TR 8 h 241;151%@%2?;5“};: 28 d 24 h ?‘jﬂqﬂtéﬁﬁﬁ 28 d 56%;.%@
PO RLaf 4.5 25.8 31.5 43.1 62.2 0.014 0.012 0.013 0.013 1555
Pl EX/d 17.5 32.5 31 42.6 62.6 0.011 0.012 0.012 0.012 142 6
P2 [ER/SS 15. 4 26.5 33.3 42 60. 1 0.012 0.011 0.012 0.012 149 8
P3 R4 11.2 20.2 24.2 38. 4 50. 8 0.010 0.011 0.012 0.013 164 1

gFR 11 BEHREHIE
Continued Table 11 Spray test data
R4 I (EqLits! o) PR B R4 (K1%) .
30 KAEHA 60 KAGFF 90 KA H 60 d 90 d 120 d 30 KOG 60 KAGFR 90 IRAEH

PO 61.8 57.9 54.2 62. 1 61.8 60.6 100% 94% 89% 55 KS90
Pl 61.5 58. 1 54.5 61.4 65. 1 61.2 100% 92% 89% X% KS90
P2 62. 4 56.9 52.5 59. 4 60.7 50. 1 105% 94% 90% K] KS90
P3 50. 8 49.8 45.5 50.7 50.7 49.9 100% 97% 91% k] KS90

3.4.1 FEp1

2023 4F 12 H, AR i DR 18 T R L R i e SR
B IS, B0 S i e ZE b DX g 5 W S VR B
+VERE, RIEHBERE N 2 C, AW BYLEE N
9 °C, REENIEE N 15~18 °C, MBI Kb, B
ER AR 2 6 h BEBCH U FDI T 100 mm x
100 mmx100 mm 75 ARG 8, 24 h J2 7, 28 d
PrESREE, R BE Wk 12,

AR RGBT, 5 o Mt IR %+ ikl
PLSE R SR EE 1 8 h HURSRIE =10 MPa, 24 h $i/E
SR =20 MPa i /2 B F S s HTRBE + TR,

X122 EEEmHRRLEELENEREHIE

Table 12 Mix proportion and compressive strength data of
early high—strength shotcrete

P =2 ZV]?K KE%%*EE?EJE/MPE
ety IR

7 (kg/m™) g, 8h 24h 7d 284
0.36 514 5 JCHEICHEFE 11.3 20.4 35.1 44.2

1 dSREE R 7 h —n Tt
3.4.2 Ef2

2023 4F 6 H, 78 DU 2k K E T R R g o
SHREE T I, TEWE Sl Tt fE b, PREEIR
132 °C, PEEWHHLIERE 30 °C, WigHREE L ALY
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Table 13 Mix proportion and compressive strength data of
early high—strength shotcrete
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