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Abstract
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ture is proposed, which is composed of GFRP plate with steel fiber reinforced concrete, the volume
content of steel fiber is about 3%. In order to master the anti-explosive performance of the new
lining structure under explosion, the dynamic response results of the new GFRP steel fiber rein-
forced concrete composite lining structure and the ordinary concrete lining structure under ex-
plosion are analyzed and compared by using ANSYS/LS DYNA and fluid structure coupling algo-
rithm. The results show that through the sand bonding treatment on the GFRP rib plate and the in-
ner surface, the GFRP plate is closely combined with concrete, so the new GFRP steel fiber rein-
forced concrete composite lining structure can give full play to the superposition effect of GFRP
and steel fiber reinforced concrete on explosion impact resistance, which has better explosion im-
pact resistance than ordinary reinforced concrete lining structure. In addition, the top part and
shoulder of the new lining structure are subjected to stronger impact, so these areas are most vul-
nerable to be damaged or destroyed, therefore the structural design needs to be strengthened.
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1. 5|8

R34 4 (GFRP, Glass Fiber Reinforced Polymer) & —F EF M E & . WAL . EERNE SR,
5% FRP M RME LR TR N BN T — S8 # S . GFRP M RHEM KL EA B RALH, A
FEEMN S = DUBTRE TS89 NIFEMR. WEPEmA GG A, TRE LA R BB Re /T g T Hihiae /1, 154
HAN, EMIREATA S, TR T IRORH SR AL TR REEPI RO B L H . Hillman 555 B2 H
GFRP — iRt 205454, GFRP AU ET LI Al /R AT A, [F) I AQ R 40 A AR FE 3 3 S i E [ 1] 2%
2238 72 FIRB Fe Al B TV 2 ANE GFRP-IREE L H G RIREH A G, # CAESLbr TR
iR, FEAEPEM A M (2] [3] [4].

WA YETREE AR VR S SN AR ) — P RS RE, TN AR 4R S R L 3L R AR T
FLFEVERH, RORHbIRAS TIREE L e TR BRI, o8 TIRBE LB ) 2 Re, TSR 4T 4E(GFRP) A
FEER, WMAE. MRS S . AW T H AT ALY GFRP-MLF4EiR Bt 20 ST 4ite,
HWE MR GFRP B HR, i iR S0 4F 4R & e B a5 B T IR AL A et W4, 7850 R IE GFRP Al
AN A VR B L P R A AR A

PRIEAE N RS589 30 e LB F 2 B RIS BB /- i A v, BRERIEu et Bai
G BT 1K) 5 6 R VA AR 8 10 1 3 T B . Daniel J. L. (1997) % A BRICFER Ls-dyna X B R A& VE R
dER T B S AR L - SR BT 1B A AR 28T [5]; Syrunin M. AL (1997)F H1%L
BT FB I TIRIEVE R T & MIRAR SRR R 1) 2% PR A5/ B 3 g 2, 5% SEER T EE[6];
JE 55(2004)ia H 4k B XA R Z 2 F2)F FLAC, KA N 180 7153 W 5%, X 7K1 FI1RE B 1) A e Hb 2 3
YER NI R 25830 Sy BT TREAE[ 7] ARAE71(2006) 7 A R ICTH LT Ls-dyna3D J:fili Bk
FER IMANKESPE N T S50, AL 1 M S S50 1) = 4R S 9B P 2 e S A A AL, R 404 17 HE 2
JRIEVER 1R 85449 (19 3h 7m0 B2 AT (8] X% B (2008)°K:F Ansys/Ls-dyna X 4EVE A L 18 1130 71
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M 87 /) RAE T = 4EBUE BT, R T VR B IR IS JEAHE. B R T E IR 52 m K 5[9];
FEIEA (201 1) 25K F . 2030 114 IR JCFEF Ansys/Ls-dyna #)% HARRRIE S 1 o0 A B8 0 A Be s, wiF 5820 by
TBENEAE R ARBEE A IS5 h S B I s sl i AR i 2, BIE AT 4 R NEAE FH R e AKRR I8 o ) 45 K4 (1 5
730 RLFE HE 2 AKYE[10]. W AR (2018)5 R H W8 /1A IR ITHE T Ansys/Ls-dyna, F|F i [E#E & 5%, #F
FURNEAE TR BEE AT W S5 R 0 Bh T B, Dyt Rl s TAR ) 2B ot iR S % 111,

ASCKH BN J1H R GRS T Ansys/Ls-dyna, 183 ## 57 GFRP-R Z1- 4 YRk 1= 2H A A W1 465 16 A S VR
LAWY A B T 53 A AR, Sa ek BB o0 Bt PR b AS T3] FR) At ) 45 R ZE AR XA FH TR SRR B DN R Y A7
fik%. HEERFEINZE, W90 GFRP-ANLF 4R g 240 & 4 W45 /4 WIS/ U e R, O GFRP-ANEF4EIR
R AR S 7 LY ARG TR TR e e

2. GFRP-{R4T4ERE B 4H & WS4

GFRP-TNEF YRt - A AT TIL5 R 2 — B GFRP K ARSMCRIAN 1 4k R - 4 s AL & 454, il 1
FoR, A YRR SR CF60, MEFYEARRE EL 3%, WAYERANIIIR, ARy 7 1%k, GFRP
BRI A AR, A — TS5 AN 2T R e VR e L 1 i, RIS PN SR T EAT PR SR AR B, B2k LA
RHFPRERD AL ER A GFRP AR5 TR EE T K 45, T80 K AT GFRP-ANET 4R e+ 41 G54 W5 14 ) 7 8 g
GFRP /K AMRAGTHL RS o 25K B/, HUBKErh e 98, MF K AR S 5 B3R KA 2 4R TR Bt +
—k5Z S, WA AR, JLRIRSZBIE k. GFRP-4NEF4EVREE L4 &4 mISE 4 n] 785 K ¥ GFRP (1)
SR e AN AT 24 VR e - DR UM A bl MR S, BT A A WA R T DU SR BT A E T S . A
I, (RIS AW LT LR e E AT PRI, TR, AT B TR

GFRPAVHR GFRPE 1R

GFRPEIFHR

Lo \
AU
WA SRR L P —

Figure 1. Structural diagram of GFRP-steel fiber reinforced concrete composite lining

& 1. GFRP-$RAF4EE B A & W5 iE

3. iHEER

RSO S MR S A B AR L 8 11 70 A IRJCAEFF ANSYS/DYNA, MR iy fE 2. 44k
AN IR - 2R DU R AR R 12]0 ARFEARD Wi KE s e 25 28, I U E 28 cm x 28 cm x 28
em FISZITASE LR EAT BRI IT, RN LAREREEDY 5 m. JHIEF 9 4.5 m, $5 5.5 m, #F#)EE %
90.6m, HNEEIERA 10 mo KEZ AR EFEIE 5 m, RS ORE. BEDAIKEH, DURER A
JERE 5 mo MR EE R E B R SRR I8, BALE ST YN 25.70 m,  tH T2 BISSHIIKIREM, 454
JEEH LI S RN A B N, BB AR A 26.1 mo BEARUBESTIRI U0 2 FToR, 2SR, FEZG RIS
BE & R ST E A, TURMRAA SO TR A5, Bib oA dil sy, iHE R4k GFRP
PRoCHAL L] 3 Fron. MR EH T B E B A B R E e e, B ERER,
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HE g 38 AL AR I KT B AT, A S B T BRI 131 AT ABMBOE S A4 RL 2 TR AT RIS ARG 45
ARAERGGEF IS, GFRP HI0 5 AR EE L u 3 — N ahl,  DUHSRERIEE AT 18] A2 4% B i
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Figure 2. Calculation diagram of explosion model (unit: m)

2. BIERENTE B E(BRAL: m)

(a) BEARHR (b) GFRP # %!

Figure 3. Global and GFRP finite element models
3. EE{K K GFRP BRTIEE

BRI A5 VB2, SH A ISR R ] SOLID164 =4Sk #t, 4i— KM cm-g-us FAiH]. JEZ.
AR S R IO AT RS B H BRBL(ALE) S, S5 M0 FH Rk B H vk, Lt 2SR IE 2 1A 1
FE R R AR & 5. AN FUE AR A *MAT  NULL FPRZS 7 F2*¥EOS LINEAR POLYNOMIAL
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HHATHR, MEISELE 1. JEZEH*MAT HIGH EXPLOSIVE  BURN FUIRZS 77 FE*EOS_JWL #E47H
iR, MEISENE 2. HARENFONTEN S, EH*MAT PLASTIC_KINEMATIC 3HTHiA, MRS
% 3. KSR ET TR EEE AR, B SCE ¥ *MAT BRITTLE DAMAGE KA, AWNZF 4Rkt 50
FES CF60, ANAFHEARFISE 1.5%, AR 4EmE VR g 1 (P o 5 O @ VRt L PUE SR, Brdusmss
oM E VR A LI R I R S0% F RE[14], MRS HLE 4. GFRP A kL@ it *MAT_ENHANCED _
COMPOSITE_DAMAGE #EHEA KSR, MEZE L% 4.
Table 1. Material parameters of air
= 1. EEMREH

¥ (g/em’) JE 1k IR R A

1.25 0 0

Table 2. Material parameters of explosives

F= 2. MEAMRIEH

P (g/em’) JR % (m/s) B IR E R
1.367 4500 2.4x1010

Table 3. Material parameters of granite
F 3. kHEMRESY

2 (g/em’) ML 2 (GPa) VERA L Jit IS 77 (MPa) sRAL R AL
ik 2.5 80 0.3 50 0.5

Table 4. Material parameters of Lining structure

= 4. WHERMRISH
FF(glem’)  BAVEAE(GPa)  WAMALL FE 4 58 5 (MPa) Fr{H 55 (MPa) RN A
WA TR L 2.5 100 0.25 27.5 3.06 0.02

GFRP 2.0 45 0.3 150 20 0.1

4. FBUESHBERE IRERR
4.1. 1RIE(ER TR SFHN IR 4

BTSSR 20,000 us, 14 4~7 AR ZIVREEE AT WIS SE RN 1 = B, NEERN =
BIrpar AR Y, S BRIEVE IR E] T = 1200 us I, 7388 VR kA 05 R TOERE K T AR BRI #MES GFRP 4
LT YIRS AT IR A R AR, RN P I 18] T = 5000 s B, 87368 VR B Ak b 45 A4 T 3P4
B9, AML GFRP MEF4EiREE HAT MR R R FF 52 8, PR R AR R AT I B e AP T SRR At A
ARG ) T LAE H, AMEL GFRP BWET Yk VR Uk Ao ) 50 a0 VR ot - Ao S L AT 5 i P U e

4.2. 1RIE(ER THBIBIMER G SBR LS4

K 8 KN R TR B AT WIS M B 3 e AT 2w I, IR aT AR M, 5 J VR A w4 A TS
Y45, MM GFRP ANETEREE A IR B AR R 52 B, OB Jm) SR AEAE 4007 o AR Ao i SRS R AR A
RSNG00 A TT LA HY S A0 GFRP AN ET2E R et e FTEC I S8 R Ao A R A L TR RE
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Figure 4. Nephogram of overall equivalent stress of lining structure (T = 600 us)
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Figure 5. Nephogram of overall equivalent stress of lining structure (T = 1200 us)
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Figure 6. Nephogram of overall equivalent stress of lining structure (T = 1600 us)

& 6. T = 1600 us W EMEFFYIR = E
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Figure 7. Nephogram of overall equivalent stress of lining structure (T = 5000 us)
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Figure 8. Nephogram of plastic damage distribution of lining structure

& 8. FHLEEEEIRA T S

4.3. 1RIE(ER THBIZ B IR R L 54

Y VR e LAT RIS . A GFRP ANZF 2R LA B B T 45 W TE IR AR F R I iR, i —25
IS W5 R N0 5 AL E W B CHEAT N A FSEAR L DS SRR RE B 2R b, BARALE Wi 9 Fios .
B 10~14 1 X [FA7KFIA], Y DN E T 1A

B10 45 H TATMIAE I AL X Al R RE 2R, MBI H AT DU H 3K e VR g Aok R 225 44 T 6 ) 284,
MR, A SRR, CIRZ, A FEK X AEN 18 5.2 Mpa, #c K X A58 /17 2.8 Mpas 1
AMa, GFRP FREF 4 VR Ik - A IR [FIRE N THE A . C AR BBIRE R, (HAE C AlRE R, A &
W2, A BERK X FEMNSHN2 Mpa, K X A58 /128 1.3 Mpa, C &k X [FIEN /14 2 Mpa, #ix
K X [EH N S8 1.6 Mpao. M GFRP 40T 4R kAt IR X i) B 1880

K11 gt T AT RIZS A R Y Al S I AR R, AN T DU i VR Bk LA 45 1 5 4B GFRP
BN VR B AT RS 5 I Y A R 2R TR, B R B WA RN E AR — 3, ZERIA K.
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Figure 9. Layout of measuring points of lining
structure
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Figure 10. Time history curve of X-direction stress at measuring point of lining structure (10° MPa)
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Figure 11. Time history curve of Y-direction stress at measuring point of lining structure (10° MPa)

11. WL S Y [ HFTF2#4(10° MPa)

V12 g5 Y T AT 2 R e S5 0N A B R i 2k, NPT o T AR 2 8 A 4 A T s 7 A2 A
FERUR, A RUMEREIRK, C Rk, A micR5ERIN ) 5.2 Mpa; T4 GFRP ARET kTR Bt -4 iR 7]
FEATIR A /iy C U/ ERTR, (H2 C Rl R, A JiIRZ, C rRKEFRN /I 2.8 Mpa.
AL GFRP 4N ZF 4 1 o - o RS2 48 20082 7/
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Figure 12. Time history curve of equivalent stress at measuring points of lining structure (10> MPa)
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Figure 13. Displacement time history curve of measuring point of lining structure (cm)
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Figure 14. Velocity time history curve of measuring point of lining structure (cm/us)
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