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Safety Evaluation of Horizontal and Vertical Bolted
Connection between PHC Piles Using Finite Element Analysis
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Abstract - The safety evaluation of horizontal and vertical bolted connection between PHC piles is presented. The numerical
analysis model is constructed using the commercial finite element program, ABAQUS, in which 3D solid element is used to
model all the connection devices. The actual bolted connection is idealized by the contact and tie condition given in ABAQUS.
Through the finite element analysis, the compression, tensile, bending and shear behaviors of PHC pile connection were ana-
lyzed. The safety factor based on Von-Mises and yield stress was calculated for the safety evaluation of each connection devices.
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Fig. 1. Analysis models of PHC pile connection
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Table 1. Size of PHC pile connection devices

(a) L-section plate and circular plate

. .. |Outer diameter|Inner diameter| Thickness |Height
Division
(mm) (mm) (mm) (mm)
L-section| =59 310 12 49
plate
Circular 450 310 12 i
plate

(b) Square nut

Width Depth Height |Hole diameter
(mm) (mm) (mm) (mm)
Square nut 25 55 25 16
(c) Bolt
Division Diameter (mm)
Horizontal bolt 16
Vertical bolt 20

ped 9380

(a) L-section plate (b) Circular plate
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Fig. 2. PHC pile connection
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Table 2. Material properties

(a) PHC pile
Compressive Modulus of
strength (MPa) elasticity (MPa)
PHC Pile 80 36,600
(b) Steel plate and bolts
Division Yield strength Modulus of
(MPa) elasticity (MPa)
Steel plate 240 205,000
Bolt 900 205,000

(a) Coarse mesh

(b) Fine mesh

Fig. 3. Division of mesh

Tie 27 ALg-3191t. o

4
9p7] 9fs) PHC w43} L

LAY Febele, PHC 923}
B2, LRI A E, 5 e B e

=
Master/Slave SurfaceE Z-&3F Contact +E£Z AL Ho
39t} Contact ZAOA] Steel?] npEASE 0,52 AA
sto] mhak AsS HERsir), 3k PHC Y3 AEE
(IS YRS B AR A=) 2
BE SIS RoE Tie 2743 AT

70PE«1 1/9~1/18°lt}. %PZOH**OM Aslet 518 =3k Ui
1,370kN2] 1/991 152, 22kNS- PHC 3} A 84, 053mm
02 o] grgo g A 1 81MPaS T HE A-8thof
Fig, 59} 7ro] A&513ir}, PHC T2 8 Ze|AEH A7}
o] ARt s At Al Qlsto] AA|HTt bS] it

o

Bhe o1 FAS 2sEtT)
E3 AR} s PHC 5h219] FAIIT o) me
4 g RUES Tefstol B 4L STt PHO 3

Al

At4
ATt 217 450mmQl -9

o M P e AW L HewE w
o)A 7 Puule

1 uo
ol ok
[
iy
2

PHC pile connection

//
/ -
im T 1m

Fig. 4. Compressive analysis model
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Table 3. Max. Von-Mises stresses under compressive load

Division Von-Mises | Yield stress Safety factor
stress (MPa) (MPa)
L-section plate 65.70 240 3.65
Circular plate 57.99 240 4.14
Square nut 198.6 240 1.21
Horizontal bolt 69.33 900 12.98
Vertical bolt 61.66 900 14.60

S, Mises
(Avg: 75%)

:

S, Mises

+1.696e+01

(c) Square nut

S, Mises

(Avg: 75%)
+6.933e+01
+6.391e+01
+5.8490+01

+4.303e+00

(d) Horizontal bolt

S, Mises
(Avg: 75%)
+6.166e+01
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(e) Vertical bolt

Fig. 8. Stress distribution of PHC pile connection under compres-
sive load
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Fig. 9. Maximum stress distribution

S, Mises

(Avg: 75%)
+2.024e+02
+1.8590+02
+1.6942+02
+1.529e+02
+1.36324+02
+1.198e 402
+1.033e+02
+8.676e+01
+7.0230401
+5.371e+01
+3.719e+01
+2.067e+01
+4.142e 400

(a) L-section plate

S, Mises
(Avg: 75%)
+1. 47ZE+02

+3.551e+00

(c) Square nut

S, Mises
(Avg: 75%)

+3.224e+02
+2.95%9e+02
+2.694e+02
+2.430e+02
+2.165e+02
+1.901e+02
+1.636e+02
+1.371e+02
+1.107e+02

+4.851e+00

(d) Horizontal bolt

S, Mises
(Avg: 75%)

+1.6052+02
+1.476e+02
+1.347e+02
+1.218e+02
+1.08%+02
+9.597e+01
+8.306e+01
+7.015e+01

+5.588e+00

(e) Vertical bolt

Fig. 10. Stress distribution of PHC pile connection under tensile
load
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Table 4. Max. Von-Mises stresses under tensile load

Table 5. Max. Von-Mises stresses under bending load

Division Von-Mises | Yield stress Safety Division Von-Mises | Yield stress Safetv factor
stress (MPa) (MPa) factor stress (MPa) (MPa) vy
L-section plate 202.4 240 1.19 L-section plate 175.4 240 1.37
Circular plate 147.2 240 1.63 Circular plate 166.2 240 1.44
Square nut 102.3 240 2.35 Square nut 149.0 240 1.61
Horizontal bolt 3224 900 2.79 Horizontal bolt 283.8 900 3.17
Vertical bolt 160.5 900 5.61 Vertical bolt 157.4 900 5.72
S, Mises
(Avg: 75%)
+1.754e+02
+1.610e+02
% +1.465e+02
+1.321e+02
+1.176e+02
+1.032e+02
+8.876e+01
+7.431e+01
+5.987e+01
+4.542e+01
+3.098e+01
+1.653e+01
+2.087e+00 . . . .
) Fig. 12. Maximum stress distribution
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+5.603e+01
+4.226e+01
+2.850e+01
+1.473e+01

+1.662e+02
+1.524e+4+02

+1.386e+02
+1.249e+02
+1.111e+402
+9.733e+01
+8.356e+01
+6.980e+01
+9.670e-01

(b) Circular plate

S, Mises
(Avg: 75%)
+1.490=+02

+1.366a402
+1.242e+402
+1.118e+02
+9.946e+01
+8.707e+01
+7.4682+401
+6.229e+401

+4.990e+01
+3.751e+01
+2.512e+01
+1.273e+01
+3.354e-01

(c) Square nut

5, Mises
{Avg: 75%)

+2.838e+02
+2.602e+02
+2.367e+02
+2.131e+02
+1.896e+02
+1.661e+02
+1.425e+402
+1.190e+02

+1.309e+00

(d) Horizontal bolt

S, Mises
(Avg: 75%)

+1.574e+02
+1.443a+02
+1.313e+02
+1.182e+02
+1.052e+02
+92.213e+01
+7.907e+01

+7.625e-01

(e) Vertical bolt

Fig. 11. Stress distribution of PHC pile connection under flexural
load
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5, Mises
(Avg: 75%)

T

+2.895e+00

(a) L-section plate

5, Mises
{Avg: 75%)

% +1.125e+4+02

(b) Circular plate

+2.772e+400

S, Mises
{Avg: 75%)

%

(c) Square nut

+3 490e+00

S, Mises
(Avg: 75%)

+1.537e+02
% +4.0472+00

(d) Horizontal bolt

S, Mises
{Avg: 75%)

% +1.507e+02

Fig. 13. Stress distribution of PHC pile connection under shear
load
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Table 6. Max. Von-Mises stresses under shear load

Division Von-Mises Yield stress Safety
stress (MPa) (MPa) factor

L-section plate 119.1 240 2.02
Circular plate 112.5 240 2.13
Square nut 193.7 240 1.24
Horizontal bolt 153.7 900 5.86
Vertical bolt 150.7 900 5.97
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