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Rib Shape of Steel Pipe with Inner Ribs for Concrete-filled
Structural Section and Its Rolling Method

Hiromichi MATSUMURA, Hitoshi SAKUMA, Sadakazu MASUDA and Isao TANIGUCHI

Synopsis :

This report represents the study on the optimum rib shape for the concrete-filled structural steel pipe,
and also the study on the rolling method of the hot-rolled strip. The pipe with inner ribs is developed for
the composite foundation pipes consisted of steel pipe and filled-concrete in order to get sure bond stress
capacity between pipe and filled-concrete. The bond stress capacity tests indicate that the value of rib
height divided by rib space is the most essential parameter and the value of 0.1 gives the optimum
rib shape. Next, the characteristics of rolling of the rib-strip are studied by experiments with many
longitudinal ribs distributed throughout the strip width. The experimental results show that the rib

height depends on not only reduction but also the caliber profiles and entry thickness.

Based on the

experiments, the hot rolling method of the strip with 3.0 mm height ribs on the average is established.

Key words :

1. # -

BEWONLHZ OB EMITE ST 5EMxy 2~
) — MEEME (UT CFTHEELSS) & ¥ 55%E
BEFIIERLELIELTWAS, CFTHSE, o>y
V- P OREER LHE-HMEORTER L VW) BOBO
DEFGHE BEVIZHVAY, BERD-BELmEse
- SHREETHS. T2, BEYORERII) ICHER
ThHGEE, 22— MIRAORENAREE 2D
TEOREZRFE 55, PUERTAEEX, S
YV —=bPOMOX ST, FFIC, MBI TORBH RN
Tar 7 )= FOFEIEGTLIRENSHL DD LE,
a7 ) - rOFEEEFRL, 7, WEMEEEDL Z 0%
FEALSEL I ERSNETHECELLVWIERES
boTnad, TOLIE, NFEFERZTTEL, BL
DENPEEEOMESI NS E VI EFHEET S
CFT Hiidit, 6% I TETERL T HDLERZDS
ns.

CFTHEN L) -2 > 2 ) — Ve E &R
FHE, ML BRIBREHERYD ICFOBRBREBVTVES

longitudinal rib ; composite structure ; bond stress capacity ; hot-strip ; spiral pipe ; concrete.

—RRAIC R ISREE AR, MUR N EHRE L2 T,
(o FOBREED SR AWM OWIR 7712, K
TOFHRFORKENH L T hIE, L OBEREZDOW
HRHEBEMLTESNSE) T ERLTWA., 22T
FPHRFORESHILT A E VS T &3, REZEoHT
HOMBI—BLTWAEIETHA. CFTHENES
i, @EELI 7 - POBMBECEADOTANEL &
W EARLET, ERHICHLCOThORETKE 2
NEFELDLZ LAHRINTWVSY,

—f&iz, CFTHEDEAR, HERNICKES K-
Y7 )= b ONKESENFED H 0 EME COMNE Ik
Bilhswnwz e, FENOREFZFEORLHDH D,
T EMEOBHE I, LR—RALBRMRE L DML
W7z ENBVIBEPEVWELEZIOND,

DEoRRED»SEE S IRMEONEIZY 7 (#8) *
B, avrsy—reo—FEELHERL, —MIERME
BERIEOFMEFMESEII) LTH5HAEIT- TV 5,

RPFHETIE, MPRRWICHVS Z L 2B L2
WEY) 7 & 251 7 VERE D) TORKE®Y 744 &
BILSIROFEEIZ DWW CHET 5.

HAFN 63 F4 ARSHERSICTHEE TR 24 2 A5 BEf (Received Feb. 5, 1990)
*  NKK #k#8#f2c81 (Steel Research Center, NKK Corporation, 1-1 Minamiwatarida-cho Kawasaki-ku Kawasaki 210)

*2 NKK #knfse
*3 NKK fB11#8%F1 (Fukuyama Works, NKK Corporation)

AT Li{# (Steel Research Center, NKK Corporation)



1278 B & @ %76 4 (19%0) £ 8 F

FENED ) 73 ERELZ M ESEH720 2T
ETHETE, T dEEELS 2 TDI LTS
BEFANEHEEO LD L, T, ar s Y=L
D ENEZHERTAL-DICRTERLLET I TE
EOBVLONRLVEBDbLIhA, T2 TRIHIVHIEN
HRE) TR ERE T 5.

BLHEMEDBPE T, [ERER NI ERE L 72 Y 7 2 AU
TS HA T M) 7 & IERMR O Big L
7o, KEHE ) T X EBLE, u— VIREFTNCSBO P
UNEETHU—NET Ty PE—VEHAWT, 152
JEHEWZTY 7%4HF 50T, @FEIISABEUS T R it
TNOERERBALAERGANRO LY. LarL, B
—hoBnY TEBAZ LA DEEETHY, 7,
FHEROER R OB MG a’Rons
V. Ko, SREFNMTICEY, UTESICRIZTS
INERPE RS OPES L CEEBTHEEORST %
Totz. ZTOFKER, U T7TESIL, B U ERS ARE
EARNMIEET LI EEHOMITREEDIL, VT
& ORUET DA — % BEERERR L /-

IROSOHRE L EICHETH TORERAFORE
b, XU, RESFMCH Y NEEEfLsgin—L %
s HIEHM Y 78 S 0¥—bxfiv, H—»»oFY
) 7R E 3.0mm Pl Lo Y TF & BIEHIR O RE AT
ﬁfﬁ%éﬁ&ot.

2. R@AYIERK

21 AEAY T EREDFTBEIEREER

Bl TR EREST B o0 EMEERL, Fig
VISR TIIR S REBRBEIC K 0 IT 5 72, CFT M2
BUIABNENOREA S =X 4L ZOWREIREBEO LI
SWTIRBARRODDLEZATHHEDY, oy

concrete

steel pipe
with inner ribs

= or
D :250+2t
t—l P
‘ liltlllllﬂlllllllul
Y/
unit: mm

Y=+ RT YV VEOBFRI DR & FEESEREEICH
NTHEMDE2REMIFMTHEZEZONDL T &0
b, TITIRMKEERL L RBEO ST A -5 —
ELTYTOES (h), V707 b5ERYAE(6),
WE () TRbLFEEL (D/t), RO 7R (Sv) %
B0, Table 1, Photo. 1 IZ7RT 20 RO RERIKIZ D W
T EMRRERE LT - /2.

WE LT Y 7)) — b L OMRTT Y Bk, AR,

Table 1. Bond stress capacity tests specimens.

PR | o) | o) | 0| o) | D70 | Gy | B0
@ 1.5 28.5 | 0.053
0) 80 0.031
@ 50 0.05
@ 45° 6 43.7 | 44 0.057
® 38 0.066
® 33 0.066
®@ 20°
® 3 85.3
® 4.5 | 57.5
® 250 2.5 45° 28.5 | 0.088
@ 6 43.7
@

@ 9 29.8
@ 75°
® 25 0.1
® 6 43.7 | 20 0.125
@ 45° 15 0.167
® 10 0.25
® 3.5 28.5 | 0.088
@ 4.5 28.5 | 0.088
d | inner diameter

) v B 1 b rieimg angle
bl_Y__AeAN /L t . thickness

I Su i b space

Photo. 1.

Ribs of the specimens.
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Table 2. Mechanical properties of the concrete.

Compressive Young's Poisson’s Tensile
strength modulus a ti(:) strength
(kgf/cm?) (kgf/cm?) (kgf/cmz)
276 2.5%10° 0.20 21.9
125
t=9.0mm@®
100~ t=6.0mm@)\
5 s 0
E‘;n t=4.5mm(9 )
& 50 t=3.0mm@
¥V T,max
O1/8+Ko
2 ®1/6-Ko
Ko=initial stiffness
1 j ! ] 1
0 2 4 6 8 10 12
S (mm)

Fig. 2. Average bond stress(z,)-slip(S) relations
with respect to thickness of the pipe(?).
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Fig. 3. 7,- S relations with respect to space(Sv).

e L 4 HhFCERI L, ZOEHEE T EREH
Wy ~DE (S, TH®T<DE (Ss) & L. &
DBk 5 KEBEERA Y, Su & Ss THHEWLEME
DFEVIIPAE WV, EoT, TITX SL & SsDFHE
¥ AEBRCTOFEETNDE S L L7z Table 2 ([CFHE
av s ) — FOEEEEERT.

Fig. 2~Fig. 5 W ERBAEOLHHELNE (1) &
FHT <D E (S) oBFERYT. Mhov—2ridzh
Fh

Vo EWE (BRKAELTIE)

®: 1~ S HFT, BHARSNHAR K (LR
) D 1/6 & BA

O: 1,~SHRT, ERARSIMARD 1/3 %5

125
100
E 75
k)
=
¥ 50
25 ®1/6 Ko
Ko=initial stiffness
1 | | i |
0 2 4 6 8 10 12
S (mm)
Fig. 4. 2',,—§ relations with respect to rib height
(h).
125
g=4500_
T 6=450
100~ T =@
9=75®
- ~T 6=
é 751
e
¥ 50
25—
) 1 ! | - 1
0 2 [ 6 8 10 12
S (mm)
Fig. 5. 7,-S relations with respect to rib rising
angle(4).
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Table 3. Specification of inner rib shape for

spiralpipe.
Average 3.0 mm

Rib height 4

Min 2.5 mm
h/Sv 0.088~0.105
Rib rising angle 8 45°~75°
Rib width Wb 6.5~11 mm
Plate thickness & 6 mm over
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Fig. 9. Caliber roll profiles in model rolling.
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Fig. 10. Definition of caliber roll profile and
rib-strip.
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Fig. 11. Effects of caliber profile factors on

delivered rib height at center of width.
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Fig. 12. Print ratio distribution through the strip
width.
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Fig. 13. Print ratio distribution in actual rolling.
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Fig. 14. Predicted rib height distribution.
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Fig. 16. Advanced caliber roll profile in actual rolling.
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