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Abstract: In order to further study the interaction relationship between the concrete filled steel tube scaffold and the
surrounding rock, this paper records the changes of the stress, deformation and failure of the roadway with the change of the
external load by the means of similar physical model, and studies the law of the process. The experiment was first used to
simulate the concrete filled steel tube scaffold filled with cement mortar slurry in the aluminum tube, which greatly reduced the
relationship between the steel tube and the core concrete. The test shows that, first of all, the support of the concrete filled
steel tube support is a passive closed type support form, and the displacement is produced at the first place, and the ratio of
the vector span ratio of the 1/4 arc arch decreases and the load and deformation ability of the surrounding rock is reduced.
When the displacement occurs after the displacement, the ratio of the 1/4 arc arch is increased. The load and deformability of
the surrounding rock increase. The displacement of the first place usually occurs in the direction of the pressure of the weak
rock and the surrounding rock, or the construction problem, and does not guarantee the complete fitting of the concrete filled
steel tube support and the surrounding rock. Furthermore, the radial stress of the concrete filled steel tube is passively
provided by the concrete filled steel tube, which greatly improves the ability of the surrounding rock to bear the load. It
provides a theoretical basis for further study of the combined support and reasonable support section of concrete filled steel tube.

Keywords: concrete—filled steel tube support; interaction relationship; similarity model test; passive closed support

68

s EHEE: 2018-07-16
BEEWHE: EZEHARREIES (51474218) ; PEBADBH U & TR ¥ B (CSCEC-2016-Z-23) ; b 5T K24 A= BRI 253

H % B (C201706366)

TEBE AN B E(1990—), B, ZHMA, HELF5RAE, NS T 25 E & E TRFTFR TAE, E-mail: 89014309
@ qq. com,

WREE. HEM(1990—), B, T8, MEoad, NFlNRERE LR T/E, E-mail; 18811145668@
163. com,

IR, #EE, MEE, HEN, 5 NERET CESEAMTAER X RERRGHIT [T]. Hx TR, 2019, 51
(4): 68-73.



2019 4% 4 WX

T

Wi 2 AT R e T U P PR A 0, R AR TR AR T R
B Ak H a5 E R i BRI BRI R AT
|2 TEZN 7 STERTR ER I o N =001 SN T TR 791
TS e VARt iP e s 0% R i 45 42 L AR 2 [ B
R, B KIFAZ 98 BE . i BE 43 52 20.008m
13.561m, HllHTHEE R G0 B KA B it Tl s

o S 3 AT B R BT R U T U A TR B
T PR EE SRR B 4 AU sy 2 — A
TR+ Bl NHEE o S PR ML, WA TR
S, PR T 2R E PR AN IR
I T T A R, [R]EnTAE
ENIRETBIRRGY S, TEMRINHNESRT,
B TR B+ BRI BE v ik U B SR 2 ~
3f5.

PSR BB S A0, KRS AL oY T A RE R
X AR TR 1 SR Y Ty 2R R AT, IR ST
TR EE T 005 2 — R LR S 2 i A E 2R T
BESRALEES) | 3 B AR DU 5 L e 25 [l X TR 5
PrREgsgm

WR I FH AT BE - SR i g s R PR T 1 - 1
JERF P AB A B AP T B 1 1 RN
TR IR i 2 5 XA SO SN #, AN B R
U S5 TREE SRR R, ASCH K
3 AR ALA 12 5 AF 5 4 A5 TR B - S B2 5 L e Y A
HAEHRR, W REE 1 S 42 09 A A LR A 2
I FERRAE T TR K AP SRR S B X AR BLRE
I R RR R M A TR S5 A% O TR BE A A AR
PLBE, 7 PR Lad e

1 iK%t

1.1 BEEBECSRNE T
AAR IR 15 2 LAY PR 55 Jm B G40 3206 1]

KARTE A 5, HYE 530 ~ 650m, #HIETE 4m, &
2.8m, MWEEIER 2. 45m, HHEFEAHRILE 1,
*1 BERSBERE

) HREE bUERE W/
i FEPEE<Pi
/m /MPa (kg 'rn_3)
TiiAR e 5 16.6 2450
T2 s 2.45 11 1400
HER WA 2.2 14.5 2450
ZIK oA =y 5 22 2650

WIEAML =8, #haE TILMHRIE S ¢, =
25, ARRIFE B 24 R SF 2R 1400mm x 1400mm, % T i

RIRSE, BERERE K 2.45m, HIEKER N 2.2m,
e Hiff o A T R 2 R O 98mm,  EL IR R N
88mm, ZJEJEREH 512mm, ELHETHE K 702mm,
FERIARTE B A% A 200mm , A A7 TR IE d el 43
ZIEOANE 1 TR,

LT

702

pz W i
2

b
1400

HHEIE

512

1400

1 AR S R ERE(mm)

WRYEARL = B2 T AT, SR K0 T A
R, P AR RIBLRURT R B9 A B 19kN/m? ;LA
BB RSB 2,

*2 EBEAEEMUMRSHE
i . . BPE PR
s Az i B SREE/MPa 38 J¥/MPa
TR WEles 8:5:5 0.1 0.50 0.513
)2 I 9:5:5 0.1 0.35 0.372
HEBE  WREE 9:6:4 0.1 0.43 0.413
PA WA 6:5:5 0.1 0. 66 0.672

1.2 SNERE T EET

BRI 1 UCR SR8 5K e D JE BN 48
TREE LS8 WAL =, X TP a N
K, VATTIAIRUR B 32, A ISR 1 7 18 A AL
HEL C,=20937. 5, FEALLAY N TREE + S 48 I A AR
N ®194mmx8mm, F LB E K 1800kN' " FH A
FIK PF 7 458 B 35 2] 86. ON, 1k JH R ~F AL A% Ky
®4mmx0. Smm; ®P5Smmx0. Smm 55857 FIVE 4 |
EERII R, KR PO42.5 S48 GH 1 :
LIRA A N TR BE B RE, AR 52 2058 T 4
By Z — AR A A PR, WKl 2(a)
B, DRKAY P ) 81. 5N, i 2(b) A,
1.3 XFEbikedi%it

SAETXS LA BT, A AT T JC S A R AR AR
AR AN S BRI A 40mm (RSB N Ek s, Wik 3
Jiim, MR K=1, AP S B R Rl
ZR[EIEE 1000mm A 324458, Hrb ooy — iV TR E
+ SRR fE — AR B AR % 20mm
1.4 RGN R SNt

AR 11 B 5 R I B B 20 o, THLER Al

69



T ## 2019 5% 4 #

20 505

o}
\45°

LSBT R

(5
0.
&
R BRI RS /mm

A IREE + 2R /mm
()EEPHE
B2 #EEZZGITE

[

(b)BL 3K

HITE R
i N

(bYW R R 1 S i B 1A

B3 xfteiseigitE (mm)

MTE R AR A FS L, AABL g0 TS ) T n 2%
T LLAI R 10 10 X TS I AR X T Jir 0 R i 5
1000m, 4+ 20 2% hn#%, & 2= 9k m i FON S
0.75MPa, BE[HI AN F7 0. 77 3MPa; T 4
FE N H A 1400m, 43 28 FnEk, MR m
N J7 1. 085MPa, 18 [a] i1 #) J7 1. 054MPa.,

N WD R T = e 8 1 D A R P
TR AR, AR 4 s, HbaE R &
W RAKSER T, AR B W B3k T B T

EA R I . SR 8 R MERL,
SR 2 7 A M s, e 3 — A ) A5
- 2%
-l
-0
50403 3040 50
6 5% 4% 7% Q# g §
= |7 -
- )
m 37
1400
B4 A% TE(mm)

70

AIE 10mm, FEE I AT R A T — A R
20mm 38 i A AL IC S I R B A2 AL, P
CAD FRIE 977 12 340 J5L 45 s 0 o 1 4 T (5] 52 P
B, AR 5 B, b e R — R
£ M 00 0 e P T R R IO R, O L
FlE ARG L

67
57

B 5 friiailizitE

2 ZWERKSH

2.1 BEAMBITLES

Wi CAD AR A9 7 i s UL A5 B4 17 B2 AR Ak
Tos . RSP N BUA A R - I dar Bt & an il 6
FR

IR A B, SCHE SRR B TS RS A A A
AN, AEREINIAE N2 T 2 0. 25MPa Z R, A [RITREE
FElE RS f B R B, UERA N4 f7 2 7E 0 ~ 0. 25MPa,
B A8 5 [FA IR A 58 A 4k fil, 2k i 8 (a 78
0.25~0. 8MPa I, 1A 7E SR 230N TiA [l A A A8
R T AR, WK 6(a) Fis,

SCERSA T R A AR ) A P AR, B
TN At 284E 0. 45MPa (1) 3247 45 38 19 v 5 Bl 5 A8 B
JREAE, HEARE A A B, R A
SRR A S 0 LA B A kL b R R
AL, JWTHREEZ, b ElEHT, B
BEBR, SEURHKRTETC A SIEH T ERZ RS &
B EIER, RSB RS AR, WE 6
(b) 7R,

TSR WA BRI, WS A
TEAENNZ T2 0~0. 45MPa i}, AS[IGE B Y 5 350 L
PRSI S A TR B SR S A A L,
ek, JoSE P A R ARSI, SR S
BERERRRRE, W 6(c) FIR,

GAKRE, KX BENRZEFERKZEF S
PR, UL A e Kk B 2 AR LR R, H
FIOUR AR AR S % 85 L A ek, SR S 4 A 3 1 T



e .—I;' VX A
2019 4% 4 9 B ok I & R
s | TEIAPTR 3.0 AT TN 350F e
25t —=LIl L *
—LI1 . 300 =5
41 —LI3 S 20l LIS £as0f 6
g - LI5 £ o7 3
E3l Iy B 5| R 200t
8, & B 150}
= 10h 2100}
1 0.5 50
0 0.0 A - or
00 02 04 06 08 0.0 02 0.4 0.6 0.8\1.01.2 : . . . . YR
s g 00 02 04 06 08 0.0 02 04 06 08
AP nuﬁcﬁﬁa/mw e e
()T R S A S A TR A B — N e 28006 H () BRGNS -z rr o 28 &l
7r 35T 500 % 4u :
[ T o[ el RGP LR 350 AL
—==L3] — 151 g 400 =3 300 =7
= 51 ——153 £ 25F o153 g ——6* £ —— 8%
£ 4| ——L55 ool =L55 = 3001 2 2501 o g
2 —~L57 27 ~—L57 N R 200}
53 H1st = 200 E'SO'
2 1.0} 2 100 2 100}
1 05} 50+
Op=r_ . . . . . . 0.0 g ! i 0 N N N N N N 0f N N N N " N
0 02 04 06 08 0.0°%02 04 06 08 00 02 04 06 08 1.0 0.0 02 04 0.6 0810
IR/ MPa AT 3/ MPa T2/ MPa I AT/ MPa

(b) FE ST B S AP A B (S8 — I A 800 Ha 41
8[ FELAHE 20[ SCACIH

[ 131 16l =131
= 6F o133 | ——L33
£ | L35 é 2l _.._]]:gg
= = ——
Sl 07 S|
= & 8t
2L Al
Oge==, ., , . . . 0 ) ! N N N N '
.0 0.2 0.4 0.6 0.8 .002 04 0.6 0.8 1.01.2
I AT #/MPa A3/ MPa

(T B SRS B A~ NI L
B 6 EXPRIEIIPBEMB-MBTHHLE

JRARAL 5y S He AR A% B RS BB/ WIS 5 A
BORINIRS, (Al TR AR, Ba
HRIRBERE R Z T 2
2.2 BEEMAXLLSH

PN T — T dter 2 p 2 i 7 s,
5.6 SNy, RIARESDIE N T, WAL 7
8. 9 FUEMAKFRL Sy, B ERAR 1] B Fy . D] S
RBLAA AR W L Ty, I B FA TR, A
IR TR T3, AR 24 T EE i 15 1) A s A 1 Ty
W2, Bla RN RIER S, BCORSPEn T
L A sl AR 1) I3 1 Ly 1o A 388 P 2 20 9

T, R BV - A it £ an P 8 s, &
8(a) 5 8 (b) X R A I s A2 Ak AT I A AN
[, SEASCIP AR T AR Bl U fi) £ 480G 3 D B
G o I P F AR L 0 B AR, A AR o 2 — (3
IRBLIC S i, IR BRI, BEZ R AR
BN, TR FEMR W R AR AL DY o 2 — [
R LU, S SO RO wA W N, B
LA TR Z AL 3, R e T BlA AR ek,
SCHPARIE AR AR, A7 — A a8t e e 15 1 A
AT 10 S IR, 30 i TR )= Fl
T L) i O b A R, EL AN A IR

(b) AP TR 3 DA 2 22 el
7 AXPRTIPEEF A N -nEkEr i & E

R s &I G R A I W €5 AP R/ ok
THFR e 7 16 T B 28 A% 3 B AR, 3 207 2 5
4y 28 5 | P9 X JE A = A 1) L ) S A 2R R
EUR AR FlA 3 BN ) BN T TR R 2 R o 3
HN ST, B B AWHRA, SRS AR E T
JrEFREE BN ) AR R R T AR R T JE S AP AR T G
T, JEHRN LB A, T LA LA R i

00T e 3e4p i 250 FE AR
< 400 - % :10*
% ol =2 £200r T
T3 2150}
2 5
;ﬂ 200 = 100}
©100F = 5ol
or 0
00 02 04 06 08 00 02 04 06 08
faf %/ MPa IN#Aar 8/ MPa
(@) JG AP AR AR S TR R 3 — A 2 b 2 1
600 AT 6001 34 dR
—= 10%* 500
g 500+ —~11* g I%:
£ 40l +12 = do0f -3¢
= 300} g 300
E 200} = 2001
" 100f 100}
0- 1 1 1 1 O- 1 1 1 1 1
00 02 04 06 08 00 02 04 06 08

IR B MPa IR HYMPa
(b) 3PS TR B IRARUS, 1 — A L th 221

B8 TXIPRIEIPTA, KRS - Ik far ki £

CREORA, IR AR T A ] B A U 1 A AR
N BIHISCARAE SR Al R rh, ek A I AL
BORRES BN AL, R AT A O R B
AIRLE . DUz — B SIBE Y 5% 85 LE /N5 BR300
FEAR™, FLREMEARSZ A, Hh oy, 95 13,

71



HRERTT B oR I 2 2019 4% 4
PR LS AT NG DA N E | NS 2 s R S DR VA R IRELTT

R o 2 B A 1 LR B4 A7 BB T, X ek
FEOR S LA /N AT AR R AZ A RS R L B ) 1 TR
BF, RZ THZHAR TRE MR, rils
K B sk /N 7 TR A ) R R R
2.3 BETHRBEAILL S

TGS 3 45 38 e N 7 28 = 0. 217MPa, 40 9 JiF
AN, AT AL B 6 T e B o7 A% IR 4Rt B/ VRS i
ARTEPT TR AR AS B G, 53 A0 35 350 %) P BE
PRANTAZEE, 5B 2 A AU 4003 56 mp AN it in
Fah i S AR, IE R A R S, i
i 7 A7 7= A R R 22—

9 0.217MPa TP BENEZETHE

PRSI F) 0. 293MPa, 255 H B L B i pd 24
B, S5RE I M/NT 450, HRBRIELE T
TR TE & B, i 10(a) fias, F5 58407 B W
LMD, IR AR R TR, WE 10(b) B
o VGBI ASIE Bl R A g, Hlh TR AR
REZRAZ —E MM 20, CaRiEilG Fmrdl,

(D)W EA A

(2B
E 10 0.293MPa T EBETHE

TR0 N F] 0. 370MPa I, F& 18 #5 &5 19 24 IF
R L, B RSIOE 248, JEFEREs V% B
%, WE 11 (a) i, [R5 30 A5 5N W 1) 5 38 Y
AR, AR R R B R 2P I, RS A A
I ZETF LR FE i, RSB A = HEAL B M 2k th B A
s, WA 11(b) i, SLBY Bt B FLA 3 2k A faae
71, BB ABIRG B,

N SIS 0. 523MPa i, 401 12 fras, F55B
Rt ™, IS, B, TR KRS V%
JIEHOSRE AR T fE, HARM R B % A A, i
72

(A BIRE (bW gELA LI
E 11 0.370MPa TXXiEETLE

B 12 0.523MPa T X EEHIFE

TS IE AR AT N 2L E] 0. 178MPa 1 v,
ARIE JH 0 A B BA I, 53 0. 293MPa
I, R TR —HERIES — HE LS 2k s PR MU A 3t
[i) 5 JEE PR A — HE L B Rt B ot PR AR
BN, Hoo TR AR AR B A% B 5 T8 2 3 A 38 25
W 13 FoR o X0 B R SR TR 1 B e s FR iR
ZEToikbE R, AT S 40 5 AR B R T AR IS BT A
FRE M, S7 45 TOURR 1) 5 4 5 W A T BE 4 K, it Jom
BRI, 5 S AR At 5 S L R kT R B —
EPEER, T, AR I LA A F T IR A
WL TR C AR, T, RARARIE 5 S AR E A
DNILEE

B 13 0.293MPa T &S PEETHE

M F] 0. 370MPa, HAEREE T LB 2% 4
BRSNS, WE 14 PR, BEE wkgks:
BT S SR ) B A NI, S E S AR
A, DU A I VRS, X
A IR SRR A AR ) R T, (AR LA A
TR, #7m T FEEA PR,

T NEE 3 0. 523MPa, 4 EM o, KE
=R, BRI ANRABIA, WE 15(a) iR,
TEFREE HE LA 2 Hh A o B B I R b, I TR



2019 4% 4 WX

I & HRERTT

E 14 0.370MPa X FPEETHLE

ARt ) AN [ 7 2 B 240 fRei i, A f&1 15 ()
B, B, SORAE RTBORBI . T 89 TR Bt
TR B A R, B RS ELA B, P LR
T ANBT G T, R ERALAS BRI, LR
orZ—HER B gl DURMRAZ I 5/, H
TURHR I o 2 — B AN HE I e HL s, B8 3 22 P
RAEMEVFEE N, PhRERZ ERA . 5B
S E AN BB B B, 1 B S ER B0 324 7 1)
HNERL IS, SR TR B R

(A EHATHE
B 15 0.523MPa X pEETHE

(D) BIEMERAASTEA

Jn#E) 0. 830MPa, Tt kAVET, WABIEER
RN, W 16 fis, BeRF, PRI K, TR
M 1 U 3 22— [ SIRHE 5% 85 EL 9 3 3 43t 7 4 ks
RAWER™S, T AR T /N, BRI
NG TESN, WX B A AR 5], 28
EENEEESTEN A 51

GAKRE, RIS T
S A TE A DR A A S
AR A IR ER . oK
P B R A 3 U R,

T SC AR S A 1A RS 7K A2 B K
ffar a8, (A YA AR S, 52

16 0.830MPa 3
REGRABV G, B

EXPBETLE
EHREE L SRR By R T A

IS

3 5% it

1) RS SIS R I, B
Bl I R, AN TR 5 b S s oA = 1] T Y

Ay 33t 1 G 98 L EL A2 0 oy 17 g S i 9 A, A
s fErf, R TREE - SO S I e A I R A A
BT AL .

2) LSBT AR EE T SO TE AR AR
R Bl 1] GRS Fil A A A | B, O
B AR U e B J= R AR R, TSRS A
TE IR AR Se B A R AR B R, ELAE
5 ST 4 o IR LA TR

3) SRR RS RS A )R . BA T
BORITI) i g A b A SRAIE I AR B L SR S
Fle g el s Ak S R iR . A IRIIE SO R B B2
B, Bt R A W R, A TR BE 1
SO S PR SR RO THEI H ZH BB R

B3k -
(1] % 38, BHRYE, . OOV AR e 5

A [J]. HER2ER, 2011, 36(4); 535-543.

(2] Wik, £ ¥, £ OE, F B BERERE L X
PR YERE SR RO T [J]. A A 25 TR, 2010,
29(S1): 2604-2609

(3] ZE5M, Wik, oA, S5 JRWITENPCHE R o B A A
TREE L RS BOR [1]. B4, 2013, 38(10):
1742-1748.

(4] XIEG. SRS+ SRk AR 5 o A AR R IR A S 2
WS [D]. dest. PEP R (s, 2013.

(5] iRk, &5 W ARG L SCRE TS R
[J]. s, 2001, 22(6): 25-28

(6]  JAERE, Z=23F. MATRASCRR TN B [1]. A+T
AR, 2001, 23(3): 342-344

(71 PP, HEM, MRAE, 5. WAATREELEAEREY
YAME Rk 3 W5 (1], b B2 3R, 2017 (6) .
519-528.

(8] s, MM, XUIIE, S5 WETREE L S MK

HEBERHLERASE ()], MEACEHR, 2018(7): 1918-1929.

SRR, PSR, Bk &, S BATIRSE R RDE SRR )

FVERE (V). B, 2018, 43(3): 684-693

XUFTHG. IR %E - I R B s s 534 [D].

et PEEE R (), 2016.

ffeTt. AR T A TR £ RTEE ) TR LI 5 R F

—
=)
[

[10]

[11]

5% [D]. dbxt. sPES R (L), 2016.

[12]  ZEfot. AR TRLIGE £ SO 200 B 5 A 3 7R A ik Ak S b B 1
3¢ [D]. dbat. sPE R (L), 2015.

[13] T 7 WERE LRI NHS 2 ae iR i s 5 TR
M [D]. dbmt. hEG R (dEE) , 2014,

[14] B H. RS XN R 3h R A ™ FRARRAE S S AP B SDUAF 5%

)

1o At PEEER2EEAER), 2016
FEHE L)

73



