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Safety Evaluation of Horizontal and Vertical Bolted
Connection between PHC Piles Using Finite Element Analysis

Kim, Su Eun', Kim, Sung Bo?*
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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)
Lesection] 54 310 12 | 49
plate
Circular 450 310 12 -
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

m

(a) L-section plate (b) Circular plate
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(c) Square nut
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H/T M1B * 30L » 2.0P H/T M20 * 250 * 2.5P
(d) Horizontal bolt (e) Vertical bolt

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

(b) Fine mesh

(a) Coarse mesh

Fig. 3. Division of mesh
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Fig. 4. Compressive analysis model

PHC pile connection
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Fig. 5. Tensile analysis model
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Fig. 7. Shear 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 Fig. 9, Maximum stress distribution
Vertical bolt 61.66 900 14.60

S, Mises

(Avg: 75%)
+2.0242+02
Sy Mises e +1.859¢+02
(Avg: 75%) 4 +1.694e+02
+6.570e+01 i +1.529e+02
+6.039e +01 / +1.363+02
+5.507e+01 e +1.198e+02
+4,975e+01 : +1.033e+02
+4.4432+01 S +8.6762+401
+3.912e+01 § +7.023e+01
+3.380e +01 2 +5.371e+01
+2.8480 401 +3.719e+01
+2.316e+01 . R +2.067e+4+01
+1.785e+01 S & +4.142e+00

(a) L-section plate

(a) L-section plate s, Mises
- _ (Avg: 75%)
) +1.472e 402
S, Mises +1.354e402
(Avg: 75%) ) +1:2350+02
+5.799e+01 +1.117e+02
+5.370e+01 4919542101
¥4.941e+01 | M +8.814e+01
+4.512e+01 \ 47.6330401
+4.083e+01 +6.453e+01
+3.654e+01 ol +5.2720401
+3.225e+01 +4.092e+01
+2.796e+01 +2.912e401
] HER
+1.509e+01 i Z y HESibesll

+1.080e+01 (b) Circular plate

+6.5062+00

(b) Circular plate

S, Mises
(Avg: 75%)

S, Mises +1.0232+02
(Avg: 75%) +9.407e+01

+1.986e+02 +8.584e+01

+1.8340+02 +7.761e+01

+1.683e+02 +6.9382+01

+1.532e+02 = +6.115e+01

+1.380e+02 _ = +5.292e+01

Iha7eatos J +4.4702401

Tire X 13,6470 401

+7.750e+01 :

1e:232e 18T +2.001e+01

= +1.178e+01 -
+4.7232+401 1 +3.5512+00

+1.696e+01

(¢) Square nut (c) Square nut

S, Mises

S, Mises (Avg: 75%)

(Avg: 75%) +3.224e+02
+6.933e+01 +2.959e+02
+6.391e+01 +2.694e+02
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+§ gig:Jrgi +5.777e+01
+ +
1317220400 138318165
+4.303e+00

(d) Horizontal bolt (d) Horizontal bolt

S, Mises S, Mises

(Avg: 75%) (Avg: 75%)
+1.605e+02

1S8sserol +1.476e+02
+5.1750401 +1.3470402
+4.680e+01 +1.218=2+02
+4.184e+01 +1.08%e+02
+3.688e+01 +9.597e+01
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+2.697e401 +7.015e 401
+2.201e401 HLTE +5.723e4+01

+5.588e+00
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(e) Vertical bolt (e) Vertical bolt

Fig. 8. Stress distribution of PHC pile connection under compres- Fig. 10. Stress distribution of PHC pile connection under tensile
sive load load
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Table 4. Max. Von-Mises stresses under tensile load

AZA" PHC T} ARl oA H7}

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

Division Von-Mises | Yield stress Safety Division Von-Mises | Yield stress Safety factor
stress (MPa) (MPa) factor stress (MPa) (MPa)
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+402
+1.465e+02
+1.321e402
+1.176e+02
+1.032e402
+8.876e+01
+7.431e+01

+5.987e+01
+4.542e+01
+3.098e+01
+1.653e+01
+2.087e+00

(a) L-section plate

S, Mises
(Avg: 75%)
+1.662e+02
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(b) Circular plate

S, Mises
(Avg: 75%)

+1.490e+02
+1.366e+02
+1.242e+02
+1.118e+402
+9.946e+01
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+3.354e-01

(c) Square nut

S, Mises
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+2.838e+402
+2.602e+402
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+1.309e+00

(d) Horizontal bolt

S, Mises
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+1.574=+02
+1.443e+02
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+1.052e+02
+9.213e+01
+7.9207e+01
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+5.297e+01

+7.6258-01

(e) Vertical bolt

Fig. 11. Stress distribution of PHC pile connection under flexural
load

Fig. 12. Maximum stress distribution
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S, Mises
{Avg: 75%)

+1.191e+02
+1.094e+02
+9.972e+01
+9.004e+01
+8.036e+01
+7.067e+01
+6.099e+01
+5.131e+01
+4.163e+01

+2.8952+00

(a) L-section plate

5, Mises
{Avg: 75%)

+1.125e402
+1.033e+02
+9.419e+01
+8.505e+01
+7.590e+401
+6.676e+01
+5.762e+01
+4.848e+01
+3.934e+01

+2.772e+00 L.

(b) Circular plate

S, Mises
(Avg: 75%)

+1.937e+02
+1.778e+02
+1.620e+02
+1.461e+02
+1.303e+02
+1.144e+402
+9.857e+01
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(c) Square nut

S, Mises
(Avg: 75%)

+1.537e+02
+1.413e+02
+1.288e+402
+1.163e+02
+1.038e+02
+9.136e+01
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+6.642e+01
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(d) Horizontal bolt

S, Mises
(Avg: 75%)

+1.507e+02
+1.383e+02
+1.260e+02
+1.136e+02
+1.012e+02
+8.881e+01
+7.643e+01
+6.405e+01
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(e) Vertical bolt

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

S 7HE o A2 59| Von-Mises -3 L THH 7oA
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