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Experimental study on radial expansion compressive stress of steel
tube with static crushing agent
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Abstract; To investigate the distribution of radial expansion compressive stress along the direction of hole depth in
static crushing process and explore the influences of hole diameter, hole depth, and constraint degree on radial
expansion compressive stress, the radial expansion compressive stress of 21 specimens during static crushing process
was measured by means of resistance strain gauge method by using seamless steel pipe to simulate drilling.
According to the theory of hoop of concrete filled steel tubular, the ratio of sectional area of steel tube to sectional
area of static crushing agent was defined as constraint degree. Experimental results show that the radial expansion
compressive stress produced by static crushing agent was not uniformly distributed along the direction of the hole
depth, and the expansion compressive stress in the middle and bottom of the hole was generally greater than that in
the top. With the increase of the hole size, the difference between the radial expansion compressive stress at the
bottom of the hole and the upper part was more significant, the expansion compressive stress at the middle and
bottom of the hole in the same time became larger, and more crushing agent overflowed the orifice. Hole depth and
constraint degree had little influence on the expansion compressive stress, and the expansion compressive stress
generated by static crushing agent in the middle and bottom of the hole increased with the increase of hole depth or
constraint degree. The selection of suitable hole depth and larger hole size is more conducive to static crushing
agents for developing their expansion potential.
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Fig. 1  Arrangement of test equipment and measuring points (mm)
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Tab.1 Parameters of steel pipes

G5 NE/mm AME/mm FE/mm A4 K WAy
G-1 30 38.0 500 0.60 1.27 3
G-2 40 50.7 500 0.60 1.27 3
G-3 50 63.3 500 0.60 1.27 3
G-4 30 46.0 500 1.35 1.53 3
G-5 30 42.0 500 0.96 1.40 3
G-6 30 38.0 400 0.60 1.27 3
G-7 30 38.0 300 0.60 1.27 3
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Fig.2 Time-history curves of expansion compressive stress of static crushing agent

A3 A R 21 HRANAE B R Ak s I g B A il 2 mT
B AN PR A B A R T IR R AN 1
(KR 1515 G =6 — C Ab, 8945 T 3 I ik R 7
TR T v B B K R H1. e Ah, B G -4 - B,
G-2-AG-4-AG-4-C.G-5-CHREZ
PO ke ek 9 QR I B Rl Y QN VAR <Kz 3
UL RPN < 1) BE A A R 5 K R R A A
SR RK: , A TG % 0 45 X e A ) A A 2 7= AR BB BEL g, 7K
EPEY) o i S B RE 45 00 5 Je A N P S ki P R
JIVIE A T WA B AR 0/ N T AN W sl /)N, 24
BB /T ER A 00 A e 5] ) B ik )
JHC R N7 g ) e A A AR AR 2 A 1) L IR, Bt A
[ 2 B R 7 S R 5 2 ) i I A e e S I R R 3
UL A R A WK IR G, (A IR R 24 A A b
T, KB FEIRIN 7= A 0 48 1 B B F 0L 78 K5 3) 4R
It 2 A D P S i i B P RS Y L, A2

S A 24 R W)

SR B =R RSB SR 20 40,60 h YA I
NG R N R e V= SO TR ) A QA A B
TRV S A LA o B A6 K s
122 (E. MK B R S B 45 R L3R 2 ~ 4.

WLEANAE T R LR | A AR 1 8 K e 1V g Y
ZEAEL AT LA B - A B A A 1) K T B
FEQEL BT AN P IS 14 22 L B 2 N 18] 384 1 i 4
HAURBR, BT A8 A 3 A2 1) B ke s 1 ) 2%
(B, B R RT3k 39. 84 MPa. X J2: [N Bl FL A% 1Y
R, A T AR R 7 2 0 el 1 IR K T IO g 5% i
R AR ST 7 A 0 R 4 R AR AU
RS A [o] LRI R 4, R A4 10 B i
FLARBER, Vi H AR 0 A 2, AR 7R Vi ) B3Cfol 0
R I A2 JEE BE sl b B2 B2 3 v el i R DAL
ARAT AR AL 1] 2 K e IO 3 326 /0 7 T 8 A2 1) g2 ik s 1



- 22 T R N A N 52 %

7. 8 CURE R DA O UL 3. £4 SFHERSEERER 60 h 12 EBYRKER 5

K2 SFhERAEEEF 20 h REEHKEK A Tab.4 Radial expansion compressive stress of three static

Tab.2 Radial expansion compressive stress of three static crushing agents at 60 h MPa
crushing agents at 20 h MPa A + i T (F-1F) (F-#)

Py i T O(F-1) (F-h) G-1-A 38.87 4215 43.37  4.50 1.22
G-1-A 13.06 13.23 13.29 0.23 0.06 G-1-B 16.09 38.81 40.87 24.78 2.06
G-1-B 12.36 25.42 26.06 13.71 0.64 G-2-A 35.52 40.41 44.86 9.33 4.44
G-1-C 2.51 7.92 15.34 12.83 7.43 G-2-B  29.47 40.22 44.86 15.38 4.63
G-2-A 12.87 13.39 15.25 2.38 1.87 G-3-A 15.19 35.72 45.16 29.98 9.45
G-2-B 16.93 21.49 26.84 9.91 5.34 G-3-B 23.68 51.10 63.52 39.84 12.42
G-2-C 6.31 9.11 11.97 5.66 2.86 G-4-A 38.16 42.03 48.01 9.86 5.98
G-3-A 12.94 22.46 27.61 14.67 5.15 G-4-B 34.07 44.91 66.46 32.38 21.54
G-3-B 19.37 33.27 35.85 16.47 2.57 G-5-A  39.23 42.27 44.20 4.97 1.93
G-3-C 4.89 12.97 12.94 8.04 -0.03 G-5-B 41.53 53.32 56.20 14.67 2.87
G-4-A 19.85 19.50 20.13 0.28 0.63 G-6-A 33.01 37.45 38.55 5.53 1.09
G-4-B 20.98 22.10 34.07 13.09 11.97 G-6-B 18.02 36.36 38.97 20.95 2.61
G-4-C 12.39 11.97 22.03 9.64 10.07 G-7-A  32.90 35.14 36.10 3.20 0.97
G-5-A 11.17 10.70 11.87 0.70 1.17
G-5-B 21.07 27.92 28.53 7.46 0.60
G-5-C 7.16 13.10 23.08 15.93 9.98
G-6-A 14.61 15.77 17.70 3.09 1.93
G-6-B 5.79 20.02 20.06 14.27 0.04
G-6-C 5.92 12.42 9.85 3.93 -2.57
G-7-A 15.91 16.02 16.19 0.28 0.16
G-7-B 7.21 12.48 15.70 8.49 3.22
G-7-C 6.52 10.42 10.30 3.78 -0.12

F3I  ZTHERSTEEN 40 h FEBKEN S

Tab.3 Radial expansion compressive stress of three static

crushing agents at 40 h MPa
WE T & ox i3 (F-EF) (F-%)
G-1-A 21.09 22.46 22.56 1.47 0.10
G-1-B 15.45 34.62 35.78 20.34 1.16
G-1-C 5.86 16.86 21.42 15.56 4.56
G-2-A 25.42 26.64 30.38 4.96 3.73
G-2-B 25.36 33.66 38.87 13.51 5.21
G-2-C 15.83 20.88 22.01 6.18 1.13
G-3-A 17.83 34.39 42.33 24.51 7.95
G-3-B 23.94 45.18 54.32 30.38 9.14
G-3-C 12.87 24.49 25.07 12.20 0.58
G-4-A 33.79 34.21 34.85 1.06 0.63
G-4-B 33.51 36.32 53.29 19.78 16.97
G-4-C 26.12 29.00 43.22 17.11 14.22
G-5-A 24.73 25.55 27.30 2.57 1.75
G-5-B 36.19 45.26 46.67 10. 48 1.41
G-5-C 10.79 22.58 37.26 26.48 14.68
G-6-A 25.74 28.38 31.21 5.47 2.83
G-6-B 14.03 31.86 32.42 18.39 0.56
G-6-C 11.33 23.90 19.91 8.58 -3.99 (c) G=3-A
G-7-A 24.44 2548 25.68  1.24 0.19 B3 SOmETSHER
G-7-C  11.91 18.66 19.43 7.52 0.76 Fig.3 Overflow of static crushing agent at nozzle
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Fig.4 Time-history curves of expansion compressive stress with different hole diameters of three types of crushing agents
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Fig.5 Relation curves between expansion compressive stress and hole diameters of three types of crushing agents
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Fig.6 Time-history curves of expansion compressive stress with different hole depths of three types of crushing agents
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Fig.7 Relation curves between expansion compressive stress and hole depths of three types of crushing agents
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Fig.8 Time-history curves of expansion compressive stress with different constraint degrees of three types of crushing agents
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Fig.9 Relation curves between expansion compressive stress, constraint degree, and time
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