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Comparison of Splices between Bolts and Welding Spliced PHC Piles

7 5 3 Kim, Myunghak
] & I Choi, Yongkyu

Abstract

Behaviors of splices between bolts and welding spliced PHC piles using the tensile strength test were analyzed. The
bolts spliced PHC piles, which were tightened over 200 N+m tightening torque, showed straight V shaped line at splices
at the lowest 20 N load. Both sides of PHC piles stayed straight, so the full section of bolts spliced piles did not
show the unifying behavior, which was the most important performance requirement as pile. Other bolts spliced PHC
piles, tightened with 20 N-m loosening torque, also showed the same straight V shaped line at splices for each step
of loading. The full section of bolts spliced piles did not return to the initial position after each step of unloading and
did not show the elastic material behavior. The splices quality of bolts spliced piles is much lower than that of welding
spliced piles with respect to displacement of splices during each step of loadings, residual displacements during each
step of unloadings, and failure loads. Results showed that bolts spliced PHC piles, tightened with both over 200 N-m

and as low as 20 N-m torque, fell short of performance requirements of spliced PHC pile.

e
m

S0l PHCWE 9 85108 PHCL S tdt W4EAHE AAjste] 7} o]
%Ark. 200N-molie] EAA % AAT BE S4o]
SN AR 7 WE A vE el
D BE SHolg PHOBES WEe] b 207 Abel sk AR 54 geleh et E2)
20N'me| B2 AT BE 2ol PHCRES 7} 515 wAoA of

VY o] 9] L et SIS 21 o1 ACA 315 A A olguse st Ast el el Fobs)
A GsLe s W A5 TR EA gl ASAd U ol A9 L A3 oF AV Fol 25
#9l, o1& PHCWES] w3jals 9 371 7|2 4% 58 vlwsh 43} BE 4:20]g PHCLE
& PHOLE9] o|g E4o| 27 ulgsiolch. utebs 200N-m o|4}o] EAAZ A5t BE 408 PHCHEoL}
AAEDT} Fo BE $20]8 PHOLEL o] SUES] 7|8 ko] 27 vjgels Aow vepich

o
r (
N
2ot
ol
u)
il
o
B
315

N R

¥ N 1o
lo_%

¥ Hr AL

Keywords : Bolts spliced PHC piles, welding spliced PHC piles, straight V shape line, unifying behavior, elastic

material behavior, splices quality

1 A9, QlA|etn EEEA|F8HE W4 (Member, Prof.,, Dept. of Civil & Urban Engrg., Inje Univ.)
2 R3¢, AA e Fapsr AL A EA]FSHEE W4 (Member, Prof., Dept. of Civil, Environmental and urban Engrg., Kyungsung Univ., Tel: +82-51-663-4753,
Fax: +82-51-624-0729, ykchoi@ks.ac.kr, corresponding auther)

¢ B =Ro] gt Eo)5 Ush: UL 20199 69 3007 1 8-S SR mulFAl] gtk AR AE Wt T =Exel ARstel =gy

Copyright © 2018 by the Korean Geotechnical Society

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

=E 43|

alo

PHCZ =2t E&0|

alo

PHCZ=2| 0IS% A= "l 93



.ME

Al ALBIR Sol oAl FAT EAISE At 2
A% F22, B2 WY ALE 59 A4o] ojFolx]
QT TR 4] Ao ulsh chFmsler Fush <l
3l ofm] A EAAE Holu} sel 9 Aokxyo]
AP B o o] LaBe) Aol it ol
Ao] oAzt TH A AoEA|ute] A9 FrBo
7ZE BE7|27} gol o] gH 1 ek
WHE7| 2 Sel b wol AMgSHs 71294
% shupoln 122 43S 4oz 2
AAF7A ALSAL 0 AL ol§3
22 QPHskA A4S gla ALgET AokALo]
s the] A9 AR 243 2|1 Fe] HEs) o)
S o] Wikl o2 UA sefok ek sHAYr 2
AL AT SUHS Telstel WA ke o
1

2o kool

¢

Sel Al ERolSHACR SHolE WAL 45
1L YO LKKSA, 2002; KSA, 2003; KCSC, 2016a; KCSC,
2016b) BE 20| SHAE Ho| i A e

oh. §70lSuAle Folq AR AMgTHe

-

ol 32

o] el = ek
For Adshs WAolth 7|4 EE-UE AlE 7|2
A me), F2A AS v, AlE Al A S

Table 1. Standard specifications of PHC pile splices
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National standards

Special specifications

(D KS F 7001 Standard practice for construction of spun
concrete piles (KSA, 2002)

@ KS F 4306 Pretensioned spun high strength concrete piles
(KSA, 2003)

@ KDS 24 14 50 Design standard of bridge substruction
(General design method) (KCSC, 2016a)

@ KCS 11 50 15 Precast pile (KCSC, 2016b)

(D EXCS 11 50 15 Precast pile (Korea Expressway Corporation,

2018)

LH Special specification 23021 Precast pile foundation (The

Driven Pile) (Korea Land & Housing Corp., 2017)

Seoul guide spec. (Civil part), 5. Pile construction 5—2

Precast pile (Seoul Metropolitan City, 2018)

4) Korea Rail guide spec (Road bed) 5. Structure construction
5—-4 Precast pile foundation (Korea Rail Network Authority,
2013)

® Special specification 8. Foundation pile (Ministry of Oceans

and Fisheries, 2016)

KRCCS 67 56 15 Driven Pile foundation Construction (Korea

Construction Standards Center, 2017)

® ©

P
K

@

Welding (arc welding, manual or semi—automatic)

Welding (arc welding, manual or semi—automatic)
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Table 2. Comparisions of 2 kinds of pile splice method
o Methods Welding spliced PHC pile Bolts spliced PHC pile
— KS F 4306
Standards : ESSF2740(1)14 50 — None
- KCS 11 50 15
— ARC welding

Installation method

Manually or semi—automatically welding

Joint by torque wrench

) - UT, MT — Measuring torque before installing
Quality assurance method — 1 per 20 units — 1 per 20 units
— Driven piling — Driven piling

Construction method Final light—driven piling

Final light—driven piling

Quality assurance method

X None
after construction

None

Required necessarily (. bolts are come loose)

Unification behavior

Unification behavior

Quality Material

performance Elastic behavior

Elastic behavior

Bending strength Failure moment

Failure moment
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Table 3. Performance test plan for bolts spliced PHC pile
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Type No. Loading method Tightening torque — Test tem - -
(N.m) Unification Elastic material
P—BV-01 Continuous loading 2001 0

Bolts spliced P—-BV-02 Step loading & unloading 20" 0 0
piles P-BV-03 Step loading & unloading 20" 0 0
P-BV-04 Repeated loading 20" 0 0
P-W-01 Step loading & unloading - 0 0
Weldingﬁesspliced P-W-02 Step loading & unloading - 0 0
° P-W-03 Repeated loading - 0 0

R Average residual tightening torque value measured in field tests
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Table 4. Testing machine specifications

Name 5 MN large—sized material testing machine
Capacity 5 MN
Actuator stroke 500 mm
Main size 8,200 mm (H : Max)

Force range 6 steps (X 1,X2,X5,x10,X20,X50)

Bending span 23,000 mm
Frequency 3 Hz
Height 5,000 mm
Column to column 3,000 mm
rload
= ]
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M i L

(a) Side view

(b) Front view

Fig. 2. Testing pictures
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Fig. 4. Test results of P-BV-02
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(b) Loads vs. displacements of splices

Fig. 5. Test results of P-BV-03
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Table 5. Displacements of splices by step loadings
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Type Bolts spliced piles (mm)
Toktening Welding spliced piles (mm)
200N-m 1 20N-m
Toroue
Loads(kN) P—-BV-01 P-BV-02 P-BV-03 Average P-W-01 P—-W-02 Average
0 0 0 0 0 0 0 0
20 5.70 9.62 7.38 7.57 2.25 2.48 2.37
40 13.15 18.75 14.34 15.41 5.4 6.25 5.83
60 22.06 30.74 22.51 25.10 10.14 11.15 10.65
80 40.24 - 4217 41.21 21.18 22.39 21.79
100 - - - - 69.41 62.99 66.2
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Table 6. Residual displacements of splices by step unloadings
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o]

T (T?;']th nﬁﬁgcfgrqﬂleiszwr)n) Welding spliced piles (mm)
(kN) P-BV-02 P-BV-03 Average P-W-01 P—W-02 Average
0 0 0 0 0 0 0
20 3.5 2.06 2.78 0.27 0.36 0.32
40 7.86 4.49 6.18 0.79 1.11 0.95
60 15.27 7.49 11.38 1.59 1.99 1.79
80 - 15.61 15.61 3.22 4.05 3.64
100 - - - - - -
Table 7. Failure loads of spliced PHC piles
. Type Bolts spliced piles (mm) Welding spliced piles (mm)
Tightening torque 200N-m 1 20N-m
No P—-BV-01 P-BV-02 P-BV-03 Average P-W-01 P-W-02 Average
Failure load (kN) 80 75 83 79 102 97 99
Failure displacement (mm) 41.01 54.09 51.33 48.81 69.41 62.99 66.2
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Table 8. Quality performance analysis of bending strength of tested specimens

Material Bending strength (kN-m)
ltems ificati i Failure moment Final
Specimens no. Unificatin Elastic decision=
behavior behavior Test value Standard value Decision*
P-BV—1 X X 162.1 155.0 0 X
Bolts P-BV-2 X X 153.6 155.0 X X
spliced
PHC pie | P-BY-3 X X 166.9 165.0 0 X
P—-BV—4 X X 1721 155.0 0 X
Welding | P-W-1 0 0 203.3 185.0 0 0
spliced P-W-2 0 0 192.6 155.0 0 0
PHC pile P-W-3 0 0 204.8 155.0 0 0

Remark; = O : Satisfaction, X : Non—satisfaction
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