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A Consideration on Safety Evaluation of Pile Head Joint
— Evaluation by the yielding potential of each element —

HHEREE . DEAE
By Yasuo CHIKATA® and Tameo KOBORI®*

In this paper, a trial was made for the sefety evaluation
of pile head joint by using finite element technics. First,
finite element analyses were made under given conditions. In
the finite element analayses, a pile head joint was modeled
as an axisymmetric body under non axisymmetric loading, and
the seimi-analytical technic was adopted. Secondary, safety
check was made on element by element applying the theory of
plasticity to the results of finite element analyses. The re-
sults of safety checks suggest that the safety check on pile
is as important as that on footing concrete for the safety
evaluation of a pile head joint.
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Coyv:Vertical bearing stress

Oen:Horizontal bearing stress
Oes:Vertical bearing stress at
stopper on pile surface
Oex:Strength of Concrete
Coa:Allowable bearing stress of
concrete

Tv:Vertical punching shear stress

Tn:Horizontal punching shear stress

Ta2:Allowable punching shear stress

a:coefficient a=8

P:Vertical push-in load

Pi:Vertical pull-out load

H:Horizontal load

M:Moment load

D:Outer diameter of pile

D’:Inner diameter of pile

h:Effective thickness of footing
(tv)

h':Effective thickness of footing
(T+)

9 :Embedded length of pile head

t:Thickness of stopper

Table 1 Safety check formula at pile head joint
Steel Pile (A-type) PC or RC Pile (A-type)
4(P-§ p
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®T :—“__'gf'aS ®Tv = §Ta3
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Steel Pile {B-type) PC Pile (B-type)
A-type O@B®® A-type OO®
@ H . @
Cen= S 0ce <
'
Check on RC part <«

t’:Thickness of pile

S=n2 7 {D+t)t Gcs, ni:Number of stopper on outer pile surface, nz:Number of stopper on inner pile
surface, S'=mw (D-t')t  0sa, St:Shear force on outer pile-footing interface by pull-out load
Sta:Allowable shear load on outer pile-footing surface, St.:Ultimate shear strenth on outer pile
-footing surface, fs=3(Ordinary), 2(Barthquake attack), £=0.7(Steel pile), 0.6(PC or RC pile).
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Fig.1 Medeled stress transformation mechanism®’.
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Fig.2 Pile head joint model and FEM mesh.

BN T L. FEBDHEE Table 2 Properties for finite element analyses
. S Footing Pile* Joint
lZ B 2P ERONES SRS T (WP T oA 107 T 241 x10° —
HBIZESWELD T, Fig.2 208 ve (=) 0.17 0.20 i -
Bamy, Heo OROHmAmE e (0 - P | o
BEAFEACRINZ 0T, HER Cp (MPa) 6.07x 102 | 7.75x 100 -
BRETT—F 2 TRICEDRS g () 5.11x 10 | 5.49x10! -

N . oy (MPa) - 2.35%x 102 -
NEDSTHBEERT— A2 MOEHR ke (MPa/m) -~ _ 7.5% 108
TEDHETH B, OHELRUTE kn (MPa/m) - - 1.5x10°
BT E L ORI, WAOBE ke e i} - M
a7y — NOEINFRED 1/2/Z0 ¢, () - - 30

2 - . - + B, v.: PC pile, E., v.: Steel pile
i%<&ﬁénf"\j‘;’*tfﬁé° g + C, ¢: PC pile, o,: Steel pile
. POAT, ‘mgm%"”‘m}/fé° s Table 3 Loading condition
T—F T REICIEZ DEYEE. &

N R Loading Case | H (MN) V_(HN) M (MN-m)
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E5I2, Fig.2 Plable 2 [IRT & LC-25 2.50x10°2 0.00 4.00x10°2

Hlo. 22T MEE T —F2 D LC-1C, 2C: for PC pile, LC-1S, 2§: for Steel pile
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Fig.5 Constitutive relationship of joint element.

§=nme —8=0 b=m— —6=0 O=mre —8=0 =7 —8=]
0z (MPa) 0z (MPa) 0z (MPa) 0z {MPa)

-5 5565 -5
11 71
-5 5 5 -5
0. (MPa)
(a) LC-1C (b) LC-2C (¢) LC-18 (d) LC-28
€;=0.0(MPa), ¢ ,=50° €;=0.0(MPa), ¢ ,=30° €;=0.0(MPa), #;=30° C;=0.0(MPa), ¢ ;=30°

Fig.6 Stress distribution profiles in footing concrete.
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Fig.7 Yielding potential of each element.
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Fig.8 Deformation.
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