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Abstract: In order to explore the influence of rise-span ratio on the mechanical properties of Pipe-Roof
Pre-construction (PRP) structures in underground engineering, mechanical tests on two PRP structure
members were designed and completed with rise-span ratio as a parameter. Through the comparative
analysis of load-deflection curves and strains of steel pipe curtain and concrete section, the failure
process and failure mode of different rise-span ratio specimens were explored, and the influence of rise-
span ratio on the mechanical properties of members was analyzed. A numerical calculation model was
established to further explore the influence of rise-span ratio, concrete strength and reinforcement ratio
on the bearing capacity of the PRP structure arch members. The results show that with fixed end
constraints, the bending failure mode of the PRP structure arch members is presented under symmetrical
concentrated load. The change of rise-span ratio has a great influence on the bearing capacity of the
PRP structure arch members. When the rise-span ratio increases from 0. 048 to 0. 102, the ultimate
bearing capacity and stiffness of the members become larger. The concrete strength and reinforcement
ratio have little effect on the ultimate bearing capacity of the members.
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Fig. 3 Test loading and acquisition device

-

Tt 5 S — -—%

IR A B R AR KR
IH4-1. H4-2. H4-3. H4-4. H4-5

—

(a) PRPESHRAFALRS T K IR+ AR by A B

A A2 BiE3 w4

i s

~ B3

(c) SLAE. XTRIANIT K5 A A B
el 4 ) A

Fig. 4 Measuring point arrangement



4 oL TR R o il (AR D

2026 4F

2 RIEMKEREIAES
2.1 iR XG-1 EIHFWMEKR

TR XG-1 A e i 8 AT T i R I 4
INELE 70 kN B U R AR T Ak Bk S
7 A A WK 5 (a) o BEAE fTEIG N, 1
4 v B R R 2 A 3/4 Ab, dRE R =
244 kN B 3R BRI 75 3 25 v o A0 4 e
A AL N AR TR BE o B R R R 1 B i &
314 kN B, iR v Az 1R X TR e 1 B A, L]
P AL AL HH BKSF-245% UL S(b) o ks n &2
397 kN B IR & BRI AkEingk 2
411 kN B} TR e 7% e g o, i
MRS 5(c) o

2.2 iR XG-2 HIRIK

27 Ak F) 76 kN B i XG-2 Bh R
WHI PSS WK 6(a), INZLZE 198 kN A, Z44%
FRekm bR R | S48 B FE R W kg hn iR A A2 1k
Ab IR SR BE R R B A Y i AR
JnZE 269 kN I 1 A e A | B A S O R T S
A ALY 7 5 555 9 o T, L o7 A A TR - o8 4
SE W 6(b) , dkEihnzk 2 353 kN B F A7
JE DX oA 3 L PN o A ) 2 5% TR BE A D i
9. MaikF] 463 kN B GRS o ST A BRI,
PR FIREE 1 58 4o B i 52 R ONTE B 4 R
PRI EE R, A BIRE S ILE 6(c) .

() YIHGRENS

(b) REERRR

2.3 WK HH

KA XG-1 5k XG-2 il ¥R 3 F A A1 B
Wb 44 259 AR IR 22 H RS, FLR R B
AR AR AL ZI4E TR A S I S 22 R AR L
MBug K e 1) 37 X B S I 4k 2k 3k 1k 7 R
DX 2 PRRE i) S 4% | e B IR S 38 S B R R
{378

3 RBEERKSH
3.1 IXHEH-RE &

PR B fof 2B B i e n &1 7 s, AE S
B T AR ef A {2 3k 82 A T 4 7™ B 5% ) JHG I
PERE , e SO 1 7 AT 7 W7 B A% o7 281 A A R
S AR AT B A ANk 2 iR, H
TR 45 AT PR 0 o7 2 - B il 2 AE s b By
BEAHZE A K, A7E 7 25 5 80 kN Ji A H Bl
AN, IR TR R BT T 2 g
B FARAE . FPR R S8 M, R
[0 bR S il N S w5 2 R
ELHE R R A B AR R RE T, SO B B AR AR T
A,

N5 LR PRP 254 {4 22 ] i ) 25 21
M3 3 prn, EHFEISET b5 KB 0.048
HETNZE 0. 066 , IR AF A B AR 2k 1 BRI BEAE A, ik
1 XG-2 #E T XG-1 W BRA&RZ ST+ T 12. 1%,
SR B NI ST T 26. 7%,

-

ML

(o) BREE JEHED

Bl 5 A XG-1 SR
Fig. 5 Failure of specimen XG-1

(a) YIUEREEIS

(b) HHERRE

w$%&
WS UEED

€))

6 X1 XG-2 Bidh
Fig. 6 Failure of specimen XG-2



RO A AR PR AEBOE M52 1 PEREDTSE 5

553 30
500
P=429 kN
400}
Z 300 p
% 300¢ P=371 kN
@ = P=241kN
E200F S
=~ P=235kN
100 - — XG-1
— XG-2
O L L 1 1 L L 1 1 1
0 2 4 6 8 10 12 14 16 18

2B /mm
TE: & P, S RAT 485 P, S AR IR A 2
B 7 - R i 2

Fig. 7 Load-deflection curves of specimens
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Tab. 2 Main test results
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Tab. 3 Parameter influence analysis
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Fig. 8 Load-strain curves of steel plate, vertical column, transverse bar and longitudinal bar
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Fig. 15 Comparison of experimental results and numerical simulation results
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Tab. 6 Specimen design parameters

XG-1-6 0.20 20.1 0. 048 4 6
XG-1-8 0.34 20.1 0. 048 4 6
XG-1-10  0.55 20. 1 0.048 4 6
XG-1-12  0.79 20.1 0. 048 4 6
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