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Abstract

The main purpose of this research is to cut costs and protect the environment by reducing the re-
bound rate of shotcrete. The research is based on the project of Dongshan Tunnel in DeChang-HuiLi
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Expressway. By comparing the rebound rates of concrete samples in 3 different mix ratio (Basic mix
ratio, Adding ordinary silica fume, Adding composite silica fume) under 2 construction techniques
(Dry spray method, Wet spray method) respectively, the results show that the wet spray method
reduces the rebound rate by 5.6%~22.1%; Composite silica fume can reduce the rebound rate to
3.2% by increasing the adhesion of concrete; In addition, due to the reaction between SiO, and ce-
ment hydration particles, excessive addition of ordinary silica fume may lead to an increase in re-
bound rate.
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RS R, LR R A B ER . R, AR GG, Bk ARy
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X TN B3 B A R B, T AT RERE Ik AR B XS, U LA e A DRIE, RN TR I 1 1
[, UL EARHRAE AT S AR, MMis B gt T, Za TR AR, sEA, H
WANE R LR R EELITRE | — 0T 7T BUBEHR[5]. A SR[6]5F B BlA AR I 1 Wi Vi it £ o
BRIZE SRR B R XK SC[TP0 HeAL G Bt 7572 A0 e BE K Je b 2% PR it L 18 A th 45
AN G RENS 3% PR MR 2 Hi[8]. ¥ SE MRS [9] 70l MBS TR ke - e & LAk REAb /K s
SSPTR B 55 A PERIT AT 1 Il 58 AR PRAR A U ¥k X RRE[ 1OV AC 15 BEBETE o W VR Ut - F) SR AT AR A A5 S 1R Al
TIEXHAR ] R R B L BEAT 1 2 M EERO R IT . SR SR A RE AR AR Y, s xof bE AT 36 5E 7
it L RN G S ke e - [ A AT ) RO U 4O

N Y B AR R W SR e A (R SOL R, DUSE S M) ) [ 3R AT P, IR BT AI AT S
it TAHYE AR, ASCIRITIE 2 R 2 B A L BB il B, 2039l 0] T WSORI P st o A [ e L 2 kAT 1
Z LA BT SRR TR B A 5k TG, A5 SRR T AR AR m, THEWRE . R E K RE
A R AR [ 3, BT B R P A A ek A N s i 2 3 i ml 58 R T

2. WISt

RRBARIC TR E B B ol AR IEREE B, BEIE4 K 2815 m, L& 5 m, $9% 10.25 m,
TANREE B ERANT P8, BRIERIG B A SR V K.

BRI R P Ffr s T T Z#EAT XS b, SR T2 & AR =TT R TR 1 ARK
PRI RS RN S LU T 56, T7 56 2 Rl A B AUEE 70 K VE(6.6%), 75 3 RHAIE G REAE A7 /K
J8(10.0%). I HTHHAIAEN], =77 SR KL 98 23 2 Bt Bk, BAARIRC AT AR 1. & 2.
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Table 1. Concrete mix ratio design of dry spray method

=1 FRCREARRALE AR

ELR) MKk 7K (kg) IKIKE W EEEK(kg) HAEEKK) LT
DS-1 172 400 0.43 0.50 0 0 7%
DS-2 172 374 0.46 0.50 26 0 7%
DS-3 172 360 0.48 0.50 0 40 7%
Table 2. Concrete mix ratio design of wet spray method
2. BECERERRAL AR
ELR) FKE(kg) 7K HE(kg) KK LG W FEEEkkg) HEEK(K) THEEF
WS-1 172 400 0.43 0.50 0 0 7%
WS-2 172 374 0.46 0.50 26 0 7%
WS-3 172 360 0.48 0.50 0 40 %

IR Ik X A ) S S VR - A O B RN S B P AT U ORI AN [FIBC & T 5 WA TR
L f A R ML 8 S RIS AT SEE AR A A &, s X R R A =
BTG M SE bR &, BEE R TR RS SO (A 8 & P T gt FOei e W 1. 7EmT
VRNV U L 0 [ 25 2R 100 2 Wty A s VAR S o EAT I B, W M L5 R 5 T o T ) 8 S DR B AE
0.8~1.5m [MYEFE N, W5 f FE B il 7E 75°~105° (VL 4

Figure 1. Flow chart of shotcrete rebound rate test
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W FIRTTE, GiHS TSR AR RS T R R A SO EASEER & A LR 3. & 4.
R 48 2 2] SCRik S B3 T AR 2808, A SCORRIE S VRt 1 4 T [m] 3 56 5 1 3% [m] 3 2 f LRABL 13 2 A
2:1, HEAH TR DS-1 fHLI[E 3Ry 36.6%, LK% [E3R Ky 18.3%, “Fi[E 3R K 34.5%. J7& DS-2
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HIHETI A5 2 23.6%, 185 [FIFHAR N 11.8%, “FIRIFHER N 21.2%. 54 DS-3 LT [E 512 25.6%,

s A BN 12.8%, P E# %K 22.4%,

Table 3. Amounts of shotcrete using dry spray method
=3 FRCEE A RGSERETREST

G5 PRI ROH #(m?) LA R () SEBR A fE(m®)
DS-1 12.50 211
DS-2 11.42 3.49
DS-3 11.70 4.54

Table 4. Amounts of shotcrete using wet spray method
=4 BRCEE A RGSERBTREST

%S PRITUA ROH #(m?) LA R R () SEBR A fE(m®)
Ws-1 54.54 8.97
WS-2 51.90 9.31
WS-3 61.65 3.99

)R] THRAS 7 % WS-1 (BT EI3R 0y 13.3%, Ak #% 6.6%, FIIEHAEN 12.4%. J7
Z WS-2 (3T E| #52 16.7%, V1% EIFER A 8.4%, “FHIE#2 N 15.6%. J7F WS-3 [HETIE #13H

3.3%, HRE[EEZ K 1.6%, FHEITFE N 3.2%.
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Figure 2. Bar chart of rebound rates of shotcrete using dry spray method
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Figure 3. Bar chart of rebound rates of shotcrete using wet spray method
3. EMUEASE AL n REEMIKE

XFEGIE 2 FIEE 3 ATLURIL, AT Wik, SRAVEMHER 3 FRE: B4 Lh7 Z 0T [F R 2
BTSRRI R, HNBRIRE BN 22.1%. 5.6%LL K 19.2%. AR — 45 5 10 3 B R K A2 T AT
7K TEBE AR ISR, P A R IR M3 545, TREEL IR AR, BRI meidr= A2 1
MR, Il TR e,

43 6T EEFBHEFNEmTE 3 FCA H 7 M E s ] DUR I : A T AE AL A b, T WEER A d
TER AR 6.6%MI/KYE(DS-2), HEIHENE T 15.4%, 52 AHRREHT%E WS-2 J7 [ # % K i T+
T 3.2%. [FFE-SHEAHAL A LA LS, TR 2 S RE KB AR 10% 197K (DS-3) /5, F I3 R FRE T 12.1%,
552 M R R WS-3 J7 R [l 3 R R FE T 9.2%.

N TR A ARG 25 SR AT e, AR SRR N A AN S S T K I 2E 4 EAT ST . i GGX-900 5T
W3 e BE I, PR RIREE AR 2090 B S B A I L3 5. % 6.

Table 5. Component of ordinary silica fume
5 EBRE&RAS

I H Jii 5 4 (%)

Sio, 93.66
cr 0.10
H,0 2.98
Na,O 031
K,0 0.35
SO, 0.45

Lol 250

Table 6. Component of composite silica fume
6. BEAERKRAN

Ko B 5 H(%)
SiO, 60.40
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Ca0 17.81
TiO, 9.43
Al,O3 5.61
MgO 4.03
Na,O 0.36
K,0 0.33

MFE 5.2 6 AT LA H, Ml K i 2 B sy Si0,, 5 B 93.66%, 11 2 A ik K B Si0, (5 B 60.40%)
Z4b, A CaO (it 17.81%), TiO, (i bt 9.43%) LA & AlOs (15 bt 5.61%) 550 &4 o 7 [l AH O SCHR v] %1,
SiO, REAF/KYE AR SRR, TG IIZK Ve FFIRG B 77, AT/ B 2R . (H2 SiO, fok AT LAWK B £E 7K e 7K
A RORL R T il — JZEUE ) C-S-H L&), RXEMEY— 7 b 7KJe it — K4k, &3 74T
LREEFIMAEF, 15 CLmi g 2 BlEA PRS- AR Us & B . 5 — 5T, C-S-H AWl T IRAE, 4
HEAT W SRR B L T, AT Re S WORE R B EoRE R AR A A5 [ e 3

I FRE TR R, SR BHER, oA KO S E AR INEA S5K TR N, R
PR IR 22 B K TR R HERT, @R K SKIEREE A R, a2 &=k
C-S-H A&, MIsnt [l 32338 BOAS T ) R o
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