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Evaluation of Ultimate Bending Strength and Deformation Capacity

at Concrete Filled Steel Pipe Pile with slip prevention stoppers
ABSTRACT : In general, bearing pile foundations are often used for foundation of large-scale
buildings. With developing and popularizing steel pipe piles that are buried in the ground by the
bored pile construction method and have high vertical bearing capacity, which started around 2020,
steel pipe pile foundations are now widely used in the building construction market as well. The
dramatic improvement in vertical bearing capacity of piles makes it possible to arrange one pile per
column even for a relatively large column load (axial load), but it also increases the axial and lateral
loads borne by each piles. Coupled with the manufacturing limit of steel pipe piles, we are facing
the reality that lateral resistance will be insufficient in the event of an earthquake if the piles are
arranged as they are. This manufacturing limit of steel pipe piles causes an unintended cost
increase by the designer and is one of the factors that reduce the cost competitiveness of the steel
pipe pile foundation. In addition, this means that the vertical bearing capacity of the pile
foundation cannot be effectively utilized, and the actual situation is that it cannot be said to be
rational from the viewpoint of design.

In the 1970s, when steel pipe piles began to be used as pile foundation in the building construction
market, it was common to attach hardware that combines a round lid steel plate at the top of the
steel pipe and a reinforcing cross plate inside the steel pipe to the pile head of the steel pipe pile
(Fig.1). After that, with the increase in the diameter of steel pipe piles due to the improvement of
the performance of construction equipment and the progress of construction technology, some
technical problems such as the increase in the weight of the round lid steel plate and the reinforcing
cross plate and the decrease in the efficiency of the installation occurred. Therefore, Japanese
Association for Steel Pipe Piles (currently Japanese Technical Association for Steel Pipe Piles and
Sheet Piles) reviewed the structural form and examined the design method for the joint with the
pile cap. As a result, in consideration of the cost and availability of materials used, the efficiency
and workability of on-site installation work, the integration of steel pipe piles and foundation
frames, etc., a structure has been adopted in which a plate called “slip prevention stoppers” are
attached to the inner surface of a steel pipe, which has become common nowadays, and the pipe is
filled with concrete corresponding to the diameter of the steel pipe (hereafter referred to as a
concrete-filled steel pipe member with “slip prevention stoppers”).

However, the effect of “slip prevention stoppers” has not been examined in detail by structural
experiments, etc., and although the design formula based on the allowable stress (damage limit
state) was shown, the ultimate strength was not mentioned. In addition, even at present, there is no
research report that verifies the ultimate strength and plastic deformation performance of
concrete-filled steel pipe members with “slip prevention stoppers”. And the reality is that there are

no experimental examples under high axial load that would be expected during a large earthquake.
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(a) Traditiohally Method (b) Current Method (Example)
Fig.1 Pile Head and Pile Head Joint of Steel Pipe Pile

In this paper, regarding the concrete-filled steel pipe member with “slip prevention stoppers”,
which is a composite structure of steel and concrete, which has become a general structural form as
a pile head of a steel pipe pile, in the department of the steel pipe pile head (Area of Pile Top) shown
by the red dashed line in Fig.1 (b)

(DConfirmation of ultimate strength and plastic deformation performance

@Confirmation of behavior and stress transfer mechanism up to the ultimate limit state

(@Proposal of evaluation method for ultimate strength and plastic deformation per-formance and

verification of validity

@Verification of cost reduction effect of concrete-filled steel pipe member with “slip prevention

stoppers”
was the main purpose. Each item was confirmed and verified by several types of experiments using
concrete-filled steel pipes with “slip prevention stoppers” (1/2 reduction model, etc.) and numerical
analysis using analysis models based on the experimental results. The conclusions are given below.
At the “concrete-filled steel pipe member with slip prevention stoppers “, under conditions where
local buckling occurs in the steel pipe,

(DThe bearing strength of the concrete filled in the pipe at the slip prevention stoppers can be



roughly calculated by Eq. (3.14).

@The compressive stress of the steel pipe is generally transmitted to the filled concrete in the
pipe by the bearing pressure of the slip prevention stoppers attached to the inner surface of the
steel pipe.

(@The ultimate strength can be evaluated as the sum of the strength of the steel pipe and the
bearing pressure of the filled concrete at the slip prevention stoppers.

@The plastic deformation capacity can be evaluated by Egs. (4.21) and (4.22) obtained from the
correlation with the axial force margin / standardized diameter-thickness ratio, effective area
ratio, and converted filling length ratio of concrete in the pipe, based on the effective area ratio
assumed based on the factors that reduce the ultimate strength and the converted filling length
ratio of concrete considering the effect of the slip prevention stoppers.

By appropriately evaluating the yield strength and deformation performance of concrete-filled

steel pipe members with the slip prevention stoppers, which is the pile head structure of steel pipe
piles, it is possible to design foundation piles with higher accuracy and reduce construction costs by

10% or more.
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12C-1 327.0 309.5 454.6 2.1 7 173 | 168 | 17.1 | 17.1
12C-2 3312 309.3 4554 26 14 209 | 222 | 208 | 213
12C-3 324.0 309.4 456.0 435 28 251 | 251 | 251 | 25.1
2] 3274 309.4 4553 27 34 260 | 260 | 254 | 258
MR 5 =2.085 X 10° N/mm?> 40 259 | 259 | 264 | 261

MRS =2.87 X 10* N/mm?
RT7 Y H=0.179
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2500, 03, 06 &725 X5 EMNZRE L, KFEWE HIZLLFOFIEIC LV ERE L,
OMERRBRAE R BENETE N BMER T2 & & OHE ORWNET— A 2 b M IR D KA
HH,ZRDD,
QFNEMTE N ZEH SE7RECACERE H, 28 L. £ 0 & & ORI B2 AR &
T 5,
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OEY EHFOar s U — MIEMEETH 7228, TETIED & BB IEDM (RN E)
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a

HEA410 BRI & FRBRAEE

F 47 BE OB S #48 227 U — FOMERREREE R

. FERA (Nmm?) | Sl9ERE | e Kk — il EHERE (N/mm?)

Eitn%ﬁ)fl‘ Zl 2 E]
B T Nmm? | (%) (H) 1 2 30| P
No.1 296.3 287.7 4489 410 7 178 | 172 | 17.1 | 174
No.2 291.9 283.8 4457 41.1 14 214 | 224 | 228 | 222
No.3 291.1 285.6 452.0 426 28 251 | 242 | 251 | 248
No4 299.4 294.5 4523 426 50 272 | 266 | 282 | 273
RES) 294.7 2879 449.7 418 55 290 | 287 | 279 | 285
MRS =2.093 X 10° N/mm® PR =2.75 X 10* N/mm>

A7V H=0.187

2) Hlfnrfar EE & A 7k

SRIELT N VXERE OBEREN ST N, (IR O W FE X S8 DRER ) 12k LT ik s (=N/N,)
M-013, -026 725 X 95ENZRE Uiz, AKVAE HORETER X ORI EE, EHE -
B EBR L AT D, K A9ITK T —ARITIIT DA E & FEHEENL G, 27”7,

728, W OEATE AT B OKTIFMENIERET H AT A R 2321 Ty
B, HHEENL B XH AT T OFBRIRACEZENL (D16, DI17) OSEEED B IEERO KN (DI3) &
#2507 (D14, DIS) OBEEMHIE L/fEE Uiz, HIEEMNEOREXEZ L TIORT (X4.14%
)

o

HIEZEN FE=D16+D17)/2—D13—(D14—DI15) / Lis15 X Lis17

49 VEMEnEATETS K UEHEAKTATE H, & FRHEZENL,

i YEH o)
g, | RO e e | M | B | s
(kN) (kN) (kN-m) | (kN) (mm)
Case BB1 3901 500 -0.13 582 315 7.86
Case BB2 1000 -0.26 547 295 7.92
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3) HIEEH &HIE S
OB — D OFRENENE, 4.1 HiOEHME « T EBRICHE U 7=, BN ORENE 2 X 4.14 (2R
R

D1, 2

]
D3,4|D16,17

1852

L14-15=800
D56
D7.8
D9.10
D14|D11] D12|D15 | py3

l a8 ||N
20 200,

=1539.5

Lis

150,150, 180

X 4.14  ZNCEHANLE

(2) FRBRIROFAIITE— A > b LEEEMIR

X 413 13 X 91T, SAEME N 2 E > OMES ¥ » TS THM LA, WES Y v 528
AT AN [EE S - BREE Tl ACEEAL OB L - THA T H3EE SFh b 2 &
Mo, AKEGTI NgINEC D & &7 D, FTo, KPR KV BT Nl XA FIe—A 2 b
HAELDZEND, WMEY Y v FOREENE & BAALEOKFEEMEE S LI1Z, KFET) Hee B
IZBIT DT E—A Y N Mp & 4.15 D & 5 ITHIE LT,

e T
28
Np=Nsin@ P
Ny=Ncos8 Al &
My=1852H—(1852+275) Ny—NyD, =L
HR=H_NH | \| r Ny
D,=Ds+(Dy—Dox(275+312.5)/312.5
Dy=(D1+D2)2
Ds=(D16+D17)12 WEVZ S\ §
H =~}
— N
. i
<_—
De

X14.15 A & R T — A > h ORIE
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FEERZ BT D RHNTE— A > MREOFHHFER & RALTEA Z R 410 12, EBIZBT HillFE
— AU b Mp EEAOBMREK 416, [X]4.1712, SENEOREOT A (BrirfEo FEHE) %X
418 \ZT, IRAEA TR KA EICE ST2HBIC 5%ICE THEK T LIZE EOEEMATH
D, 95%F THRIEK T Lo 725813, HSMEAT v 7O 1 A 7 VIR D KA
L Lz,

F 410 FEEERHT B — X 2 MEFOFHREF & RS A

HERMT | -
em | m | | @d [ GmER | ek | Nm)
916 4732 516 0.0295 0.0597

Case BBI - 887 4753 501 200352 | -0.0660 0.0628 649.5
848 4729 501 0.0403 0.0889

Case BB2 847 4740 -501 200465 | -00775 0.0792 5835
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(a) Case BB1 (b) Case BB2

X 4.18 @iES I OFRAEOT A (Wi gD L)

Case BBl Tid, 1E « AJA & BITHIEIZEN & 128 OF 1 A 7 VR IR KRR FHI S
120 % D% | JEAME O SE N SRR IE AT AWM E AT v T CORKMMENMIUET—E LR,
TR R 168 D 1 YA 7 VRHI G RO FE FER A L TRRIRIBICE o 7, Jsdhi T e
— A SO RIE (Mpmarae=902kN-m) 13, HHZN & 64, D 1 A 7 VRHCEHAI S 417223, CFT
b LARGE LT RRIITTN ) (5iMu=649.5kN-m) D) 1395 Th 5,

Case BB2 Tld, 1E - A51H & BITHIBIZEN R 128 OF 1 A 7 MRRTRRKCERF R GH S
720 = D% JERE OHE B RN BT AT v T CORKMENMIUET—E LR |
TR & -16p D 1 A 7 /VIREZ 5 RO S HSH AR L CRORIRIBICE o 7, T €
— AL ORI (Mrmaxae=84TKN-m) 1%, FIEIZERLE 68, D 1 YA 7 VEHIEHI S 77275, CFT
A EARE LT R RN /T (60, =583.5kN-m) D) 14515 Th 5,

SRR AR Z VT E | KIRTT R T3 223, RAZEAITER T 2EMICH 5, ek
T 7013 CFT 586 & AE L7 #& i 1 belge U TR < | SRR R OHE 3t (164, D
1A ) T2 F TIEEKRME (R (22 LB O ER FIXEiug g i3
VN, SRR OSSN E T E E S R ESS) o, HARE a7 U — FOBEEIT TETH
1EDE ZOFPFHIZEF LTS (FHE 413, HH4.14),

TH 413 FEBK THORN (Case BB2)
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TRITNIEDHERD FiHERM S,
T" ﬁlﬁl(»#’)hof]z? J—hEE

410 KT ORI (Case BBY)
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