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Strength of Composite Pipe with Spiral Rib
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Synopsis :

This study deals with the applicability of a newly developed pipe, which has spiral ribs
on its inner surface, thereby making it a composite structure. Mechanical properties of
the composite pipe were investigated through push-out, compression and bending tests.
Main conclusions obtained are as follows; (1) Bond stress can satisfy the ordinarily
required value for the composite pipe having ribs more than 8 mm high. (2) Nominal
bond stress increases steadily with increasing the number of ribs. (3) Structural member
made of spiral ribbed pipes and concrete can be designed and used as a fully integrated

body

(c)JFE Steel Corporation, 2003

ANIRON—V N bEETEET,




28 SN U TRERMEDMHR T

N LR
18 (1986) 4, 341-346

Strength of Composite Pipe with Spiral Rib
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Synopsis:

This study deals with the applicability of a newly developed pipe,
which has spiral ribs on its inner surface, thereby making it a com-
posite structure. Mechanical properties of the composite pipe were
investigated through push-out, compression and bending tests. Main
conclusions obtained are as follows:

(1) Bond stress can satisfy the ordinarily required value for the
composite pipe having ribs more than 8 mm high.

{2) Nominal bond stress increases steadily with increasing the num-
ber of ribs.

(3} Structural member made of spiral ribbed pipes and concrete can

be designed and used as a fully integrated body.
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Table 1 Mechanical properties and chemical composition of
pipe

Mechanical properties

Chemical composition (wt %)
YP | TTS TET B
(MPa) {(MPa) | (%) o
215 | 461 | AL | 0.16]0.18 | 0.57 | 0.014] 0.016

c | S ‘Mn

P\s

Table 2 Specimens used

' Rib

Concrete
Test| Specimen Strength‘;YOEH%,S Lining . ' Dilr'nen- Pitch
(IVIPL[) moauius (CITI) 1gure 8100 (mm)
- (GPaj i _ {mm)
S300FN | 20.1 | 19.2 liitedin
(S300ES-1 |- 29.1 | 19.2 | 9 |Square| 9x9 | 812
Sg00FR-2| 291 | 192 | & |Round| @4 | 406
L [s8oLN | 70.3 | 375 | 9
= -
Q
= |S500LS-1| 43.3 | 27.9 | 9 |Square| 9x9 | 812
o | S500LS-2 | 43.3 27.9 9 | Square| 9x9 | 406
SH00LR-1| 43.3 | 27.9 | 9 |Round| 9¢ | 812
S300LR-2 43,3 | 27.9 Round| O¢ | 406
1
S500L]-1 | 43.3 | 27.9 | O |Stud |134x60} 270
S300LJ-2 | 43.3 , 27.9 | 9 |[Swd [134x60| 170
CPR-2# Round 9¢ 406
CP3.2* Square| %4x9 406
= — - [ S N S,
2 | csooLsz| 43.3 | 27,9 | 9 |Square| 9x9 | 406
L Cs00LR-2| 43.3 | 27.9 | 9 |Round| 94 | 406
§ CS00LI-2| 43.3 | 27,9 | 9 [Stud | 134x60| 170
. - i
Ca00FN | 29.9 | 19.7 ‘ﬁlled in
CBOOFIN 81.3 38.1 |filledin
BPR-2% Round X | 406
, _ T | .
BPS.2* ‘ Square| 9x9 406
] B500LS-2 | 43.3 27.9 9 Square| 9x9 406
S | B5COLR-2! 43.3 | 27.9 | 9 |Round| 9¢ | 406
2 | psoornI-2 | 43.3 | 27,6 | 9 (Stud |134x60| 170
BOFN | 209 | 19.7 |fledin
—_— - I -
] BROOLN 81.3 38.1 |alledin

* Without concrete
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{a) Pipe with spral il
(b) Pipe with stud bolts

Photo 1 Schematic view of pipes with spiral rib and stud belts
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Fig. 1 Push-out testing apparatus
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Table 3 Bond stresses obtained from the push-out tests

Collapse load (kN)

Specimen T_T'S'Ea'n dard™ bﬁ?d":fr;géfv };S(‘;lili? nIl{liz)tvlv?ﬂ;?e
£ ve1agc| deviation {MPa) stress®
S300FN 1689 263.7 | 1.03 (.62 4.67
S300FS-1 4200 20.4 2.95 1.53 1.5
S300FR-2 5132 83.0 3.12 1.87 14.1
S800LN 2788 274.3 1.67 1.00 7.56
S5500L5-1 5401 128.0 3.29 1.97 14.9
S500L5-2 6407 233.0 3.89 2.34 17.6
S300LR-1 5374 G8.6 3.27 1.96 14.8
S50CLR-2 6051 648.1 3.68 2.21 16.7
S300LT-1 3586 109.3 2.18 1.31 9.87
S500L]-2 5 407 304.0 3.89 2.34 17.6

* Specified in ““Specification for caleulation of composite tube
structures”'®
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Photo 2 Crushed concrete at the rib after push-out test {S 300
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Phote 3 Slippage of concrete after push-out for ordinarily used
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Photo 4 Local buckling of steel at the rib
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Table 4  Strength of composite column

Collapse load ‘ Stiffness

| |

. S - | DY DR

Specimen exp | cal ¥ | exp./ e(?\rf\];‘ (Eilll\;:,i exp./ (];N) f)y**f
(kNY | (kN) ‘ cal. mm) | mm) cal. | ‘

CPR-2 5413, 4962 1.09 981 1 147‘ 0,85 4305 7.0
CPs-2 5472 4963 1.10 | 1010| 1147 .88 | 4344 7.2
CHOOR-2 ;14 220{11 219 1.27 : 2501 248” 1.00 |11 378 1.7
C5008-2 1520011 219; 1.35 | 2667, 2481 1.08 |11 8951 1.7
C5001-2 | 12621 1121‘?} 1.13 1 2177 2481 0.89 | 9 '-llfﬂ 2.4
C300FN [16279/13435: 1.21 | 2003 3011 0.96 | 12866, 4.2
CB00LN 18142016 Ggii 1.09 | 2618 2981 0.88 15591} 1.2

#1 Test results

*¥2 Caleulated values
# P Yield load obtained by general yield method
# D Displacement ¢biained at £

*5 Taet Displacement obtuined at collapse load
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Fig. 3 Bending test results
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Table 5 Properties of coil used for manufacturing test of
““spiral ribbed pipe”’

cat | S || sty | Cheeslsampoion (1 3%)
[{mm)| YP ; TS | El ! ‘
b leaypa|(egy) © | B [Me ] P ]S
Gt H
KPH 42| 1305 294 | 481 l 37 |0.16]0.20|0.61(0.025|0.014
| W o | A R S
Table 6 Conditiens of rib welding
Tl "'"":;! T - T DT "7”'
Welding Consumahles r CI(IK§'M Vz:-\l;'}lge (\:;l;;;lltnyi
S N DA
|
KC-50, 1.2 mmg, CO; gas I . {
GMAW | hielded (20 ¢/min) 220 ‘ o 120

Table 7 Bond stresses obtained for manufacturing test speci-

mens

| Strength
f of

Bearing

No. o area of Col(l)lipse o, ¥ g k2 Rib
specimen mnc_rf:te rib (l«i\l) (MPa) | (MPa) | welding
(MPa) (em?)
800 S-1 85.1 104 .4 3697 | 186.9 | 2.25 | One side
800 5-2 85.1 104.4 3707 | 187.9 | 2.26 | One side
800 8-3 85.1 104.4 3746 | 191.6 | 2.28 | One side
800 W-1| 85.1 104.4 3677 | 185.1 | 2.24 | Both sides
800 W.2 85.1 104 .4 3717 | 188.8 | 2.26 | Both sides
800 W-3| 85.1 104. 4 3815 | 198.2 ] 2.31 | Both sides
Average | 3727 | 189.8 | 2.27

Standard

deviati 44.1 4.27 | 0.025
eviation

#1 Bearing stress
#2 Nominal bond stress
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Fig. 5 Nominal bond stress vs. bearing area
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