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Calculation Method of Ultimate Bearing Capacity for Single
Row Pile Foundation Rock Layer of Underlying Cavity Bridge
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(Hunan Provincial Key Laboratory of Geotechnical Engineering for Stability Control and

Health Monitoring( Hunan University of Science and Technology ) , Xiangtan 411201, China)

Abstract: Aiming at the ultimate bearing capacity of pile end rock in the single row pile foundation of underly-
ing cavity bridge, based on the punching shear failure theory of pile end rock of single row pile foundation for under-
lying cavity bridge, the failure mode of pile end rock of single row pile foundation of underlying cavity bridge is as-
sumed. The calculation method of the side area of the overlap part of the punching shear under each pile is obtained
by using the spatial surface integral. Further considering the relationship between the overlap area and the reduction
of the bearing capacity of the pile end rock, a calculation method of the ultimate bearing capacity of the pile end rock
of the single row double pile and the single row three pile foundation of the underlying cavity bridge is proposed. The

rationality of the method is verified by experiments. And the influence of pile spacing L on the ultimate bearing capac-
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ity of rock strata at the pile tip of single-row double—pile and single—row three—pile foundation of the underlying cav-

ity bridge is analyzed by the theoretical method and numerical simulation. The results show that: (1) when the pile

spacing L is small, the local overlap of punching shear occurs; (2) when the pile spacing L is twice the pile diam-

eter, the total bearing capacity of single row double piles and three piles of the bridge is 75 % and 67 % of the total

bearing capacity without considering the superposition effect, respectively. With the gradual increase of pile spacing

L, the total bearing capacity of the pile end rock of double piles and three piles increases gradually. When the pile

spacing L reaches five times the pile diameter, the bearing capacity reaches more than 99 % of the total bearing ca-

pacity without considering the superposition effect.

Key words: empty foundation ; ultimate bearing capacity ; bridge pile foundation ; reduction in carrying capacity

B A ) 8 e il A TR AS T 4 3 SR Bk 22 17 DR A
M S Ak e S o X L, sl 368 30 ] BOR 2 IXC,
BV TR B3, AR $ i B WS R W, 2
25 10 T MR ELA — g JE 2 I, m] R I HE 7K e T R
FEB T A TR b, AR W] i 2 AR A sk 1) K
) B3 A MR e Mok kAR A 3 vk
AT REAR T i THERE , I8 T 35 2 UAS IR 3 % R
IRZS B RE [R) EHEAT T RFFE R

FEIR B 5T 05 I, AT S AT T I
I , TA R 5 0 52 B 5 A i 1 5 00 FRL 1N
1 25 A e 2 T L o — i B P s AR R AR R
B SRR N T A2 L HE T bk i) i B fer U, I
TAERE A SR AR AR R s TR R AR T A
T AR IRIE B BRI 25 T A 5R 10) 2 ASEAL e, B
G125 I TR J5E B R A % 52 DR 3R o) 7 23 BB ) AN R
RS20 5 7 55 A AT T A DX AR S R A i
)= B R R R RS WS T far 2 I 8 o7
B 5 2 1) TVUA B R X6 T AR 2 IR A i X 14 i PR R 28
T3 FUAH L A A (4 5210 5 Fattah 55 F & T MR =S
{17 by A PR AR R UG, BP9 1 A OO 2 I LR
o 23 3l AR ) 728 A o) AT R 17 28R R 1) S A 3
WAL IT I, RS 205 5 8 T hEm 1 A 2
Prop Ul B8y UIFNPL RLIR | BT IR RV 2
S 2 2 4 4 JEL P o 7 ¥R 2 IR AR IR TR A
PR 0BT 55 b 2 00 5 LA R S S 40 A B R
L o3BT T PS5 b A g A 2 BT DT IR Y 2 Rk
PR 00 Fraldi 250 3 T Hoek—Brown 55 J5 7 N 5%
FHRR BR 3 AP 0 Bk T 2 3 AR A il RS kAT 1 90
Bt ;s 3B e 45 2R T AR ME S8 ] M 20 BT J ok Xf A7 i
ARV I TOUMR B E M HEAT 43 AT 5 7 5 AR R
7 2 Y 223 18 TR e DA A 20 5 40 B 73 BRI AR 245
B T 2 T TOURR R 4807 33 35 AR 42 i o )

R TR 35 J2 B 45 B 3ok T T B 18
ATHCHIE | T 5B 38 5 45 L A
AR TR 2 T A5

A B R (R A 5 ) 3
1 A Xk 2 7 2 0 22 R
BOVBRIERL > 4RSS0 TR R R
TR 7 60T AR e T RO BR
RS — A 23 4R B R
I BN 5B 4 2 5 2 o R 2
) T R 1 T A I 4 R W,
SRR S 125 52 4 | WA 3 T 0 A
B

SO % P BRI T B e R T R
SRV S e e = WA S 2 2 i R, 7
BB HT 1B e 8T (R 2 S BB 22
WU T30 o 0 R L R JT 2 6 A
7 b S HEHE 45 BE T o) T 2 95 00 L
A5 1 T L5 2 R T2 1 3
7t S BB BRI 107 K 1
14 5 1 B R R 2 ST M O T R
T VA B R R ) S AT
ORI A 2 6 0 B AR 27
CESEY

1 REXEHR

DIRIRFE R 2 R AR 2 A A e = A A
B, B IR T T = E RS . B8 N
B 25 1F, R 0 R B0 A AU A R, A LA d X 30
mm , SUE S = HEAS BT AL LT HC90 mm . 2R 17K
Je B AT E FNLLRG A U S RN B R
FOTC & FE N3 1Rz, 0045 G SR Rl 470 T 5 B A v (L



150 PN QR 2]

2022 4F

A7 1.8 MPa..
®1 BEBRAL(RESH)

Tab.l Rock mixture ratio(mass fraction)
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0.10 0.15 0.69 0.03 0.03

w(ZLH 1)

SCHR [ 18 41 H DL 7 T0UA A 2R BE 77 45 i ok =
AT A il S Bl v DU FR AR MRV, T -
DX R AL TS oo R I O A — R B ) A
TiME b A TS B R BN T 354 . B e A
I, TR R 2 15 0 3 A5 HEARE 90 mm . 28 P A5E
T Sy e s [ AT 2 T00A 4 [ 52 2 A Y, P s 5 A
#2600 mm, i 5 210 mm, [FFEAMNB EAE 1 000 mm, 5
J 300 mm R T TCHESRAE Ry S Dy n k1, 1
RV AT BUm#E, )R FRRZ %5 T )T
T AL IRES DL RN SE AT, Bk — A
A R G 43 B AR R TR AR R AT B XURE DA R =
T 00 W B 7 2 07 R, a6 i 20 R G e R 5
wmE 1R .

15

W
gt || AR
HETRY

Z :
(a) B HRE (b)BEANR T
B 1 ek A RAFER R

Fig.1 The loading system and model test
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Fig.2 The Load settlement curves of different pile numbers
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Fig.6 The failure mode of punching—shear cone
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Fig.7 Schematic diagram of theoretical model

for punching shear of double piles
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Tab.5 Ultimate bearing capacity

of cavity roof under double piles

2d 11.2 10.3 8.7
3d 18.1 17.8 1.7
4d 26.4 31.9 17.2
5d 29.5 36.5 19.2
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Fig.15 The difference of punching shape function

under different cavity sizes
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