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Design and Buckling Analysis of Earth Retaining Struts Supported by High
Strength Steel Pipe and PHC Pile
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Abstract - The design and buckling behavior of earth retaining system supported by high strength steel pipe and PHC pile under
compression is presented in this study. Buckling analysis of various strut system was investigated according to the strut total
length(30m, 60m, 90m), three types of built-up columns and connection condition. Buckling loads calculated by F.E analysis
was compared with the theoretical solution corresponding to diagonal buckling mode, local and global buckling mode of main
strut. The design of the built-up column struts are performed based on design guide for high strength steel pipes and P-M diagram
for built-up column with two PHC pile section.
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Fig. 5. FEM model

Table 1. Element properties of beam model

Name Material property Section (mm)
STKT590 D406x12
MS
PHC D400x65
DM SM490 H-125%125%6.5%9
CB SS400 C-125x65%6x8
SB SS400 H-400x400x13x%21
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Fig. 6. Connection condition

A o] AAHAL Rigid AT Hinged 2 F 712 AZH4]
of wh& FH=AF9| HLE I3l

3.2 =Y 24

Fig. 29] A 7}x] HE X 3 Al(Casel, Case2, CaseS)
Fig. 69] & 714 dZ23Al(Rigid, Hinge), FEA|2
(74, PHC pile), HE X 2] Z0](30m, 60m, 90m)oj| U}E}
Foko] HEAAE AL, Fig, T3} o] 2t2te) 2
=R et YK o HZslsa =&l

HE RO % Rt HAA4o]7F 30me} 60mY
caseld} case3@A|oIAl Fig. T(a)9t 22 ARER=ol,
case2@ Ao Al= Fig. 7(b)&} =& A =7 &=o] T
SFAT} 015 A O] EA ol ol wel A7} Fdshe
ZHo| fasly] gEoR wotdEt W] HA|do)7t
9I0m=Z Z715IF-ST &= casel, case2, cas3 BT Fig, 7(c)
oF 22 AA gtzo] Hx WA

Fig. 804 ARt #2127} Hinge® AZE HEHO|
FH=2S P& F=ZAA S vkl Fig. 8(a)
< ARl #F2E SN 2H7EY AAISEo
Hinge A4l 73} PHC pile®| = A5k 2ko]=
caselol| A= oF 10%4 = Zko] A YeFRAINE case2,

AP MA
N iy 200,
X 7~
r N A
(a) Buckling of diagonal member (case 1)
><., - g '\_J
(b) Local buckhng of main strut (case 2)

= e s
™~ ’ - p— v

—

= NP

= > >
—— L

(c) Global buckling of main strut (case 3)

Fig. 7. Buckling mode of built-up columns

U5d - YAF - AN

case3ol| A= 1% 2 AL 5
= A7 = B=dAsE
<= HEEO 2P EollA] Zko] PHC pile: t} °F 35% =L
A Vefsie, ol 78ke] 740l PHC piles] W74}
oF 35% 17| wjzolt}, FRAol HA A Ql H=2 WAL
7] 915 =9 4ol7t 30m Y= Z+ke] PHC pile=th
OF 8% A1, 60mOf| A= 9F 12% A1, 90moA= 2F 16%
=LA AkE it
Fig, 904 Mg E o] AAF 2o R
Hol =& WA= 5‘%%?:] o5 57
PHC pile 4 & H|uataict,

Hajo] wRAQ) 2

casel, case2, case39] L

--Casel-Steel
- Casel-PHC
80,000 -+Case2-Steel
70,000 -+ Case2-PHC
=Case3-Steel
| Case3-PHC

Length of built-up column (m)
(a) Buckling of DM

60,000

»-Casel-Steel

©-Casel-PHC
50,000 +Case2-Steel
A & a4aCase2-PHC
40,000 * =Case3-Steel
~
= ErCaseS-PHC
¢ 30,000 &IZIIZoI-C SooooooTIoo
X <__=:::::g:::::==:::§
1
o
Q. 20,000

10,000

[ 30 60 90
Length of built-up column (m)
(b) Local buckling of MS

180,000

-oCasel-Steel
--Casel-PHC
+Case2-Steel
-4-Case2-PHC
=Case3-Steel
#-Case3-PHC

160,000
140,000
120,000
=
2 100,000
=

~ 80,000
e

O

Q. 60,000

40,000

20,000

0

0 30 60 90

Length of built-up column (m)
(c) Global buckling of MS

Fig. 8. Buckling load curve of hinge model

R TR =B A27W A4E(ED A1375) 20159 89 415



A

a7

100,000
90,000
80,000
70,000
60,000

50,000

Pcr (kN)

40,000
30,000
20,000
10,000

0

60,000

50,000

40,000

30,000

Pcr (kN)

20,000

10,000

180,000
160,000
140,000
120,000

~

= 100,000

=

~~ 80,000

S
o 60,000
40,000

20,000

0

7k PHCTHolo] 28]

-+Casel-Steel
--Casel-PHC
# xCase2-Steel
#-Case2-PHC
=Case3-Steel
bz a-Case3-PHC

30 90

Length of built-up column (m)
(a) Buckling of DM

+Casel-Steel
©-Casel-PHC
+Case2-Steel
— 4-Case2-PHC
#(Case3-Steel
o BCase3-PHC

30 60 90

Length of built-up column (m)
(b) Local buckling of MS

--Casel-Steel
-©-Casel-PHC
+Case2-Steel
-Case2-PHC
=Case3-Steel
&-Case3-PHC

0

30 60 90

Length of built-up column (m)
(c) Global buckling of MS

Fig. 9. Buckling load curve of rigid model

Fofo] wigne] Ak 2 A7)

Fig. 9(a)ollAl Aol #=2& W7 = HE R 22
UABFES] Aol 7He] PHC pileRt} caseloflA&= oF
14% =7, case2, case3of A+ &F 5% A YEMGTE F5
Aol AAA Q] FmZ WA 7= F2 U A2 Fig. 9(c)
of Zro] sA e let, HE R O] A Zo]7} 30m, 60mY
= Z4o] 9k 10% Za1, 90mYu= oF 15% 7+3o] A7 3
HEjo] AAHEHE A2 HingeW 3} Rigidw@lo] 2

=2AFE FARNS Eelskeitt, A Fig, 8(c)9} Fig. 9(c)

oA HE RS A= Lo tiet 5o 27]= HE
we] o] Z7ie} Wl B4 wagit

12 Fig, 8(a)¢} Fig, 9(a)ol A ARtz Eof tigh
HEH O] AA|2=32 caseld} case22] HEE FAoA+=
UGB cased HEHE FAlo| A= HE RO Zo] F7ke}
T 7k QlEk. caseld} case2 FAlo) AL} o] A
7FA 2 siEEH 5oz Qlsf BT Hof fo] WY
SFA| QEAIRE, case3ol A A Y TUARYZL v X Hu BEHE
of Y=ol AsteH 2775 dolUFoz o|5HEY
HHF o] WAYSte] 4] ()04 Aol WAy sk= 'i“j%ﬂ(p)o]
Hastng ApEE S Fdshs WEE #J28s £, & 5
7RI, o]t AF-E ME R Lo} F7Hdp5 o5
EFH S FHA AAA Q] HHPFo] STt B £
SHA Uehd ), R3S St FFeA Al ol 2
3] B|aLsto] Table 23 3of| LER Tk, 54171 412
2 Fzo] WA S = 30mo) A= o] E8fiet 73
axei7F 2t 16%71A] 227t WAYSEA|RE 90m= Zol7t 5
7Fetollute} o] 2o} ke sl o] Aol oF 3% o= 3
25F3i

01

Table 2. Buckling loads of built-up column used STKT590 steel pipe [kN]

Length of| Type of Buckling of DM Local buckling of MS Global buckling of MS
main built-up Hinge Rigid Hinge Rigid Hinge Rigid
Theory Theory
strut | column | FEM | Theory | FEM | Theory | FEM FEM FEM FEM
casel 13,538 | 13,440 | 27,390 | 27,419 | 47,520 | 46,647 | 46,735 |137,497 |137,703 | 115,650
30m case2 44,243 | 44,439 | 87,005 | 90,703 | 41,771 | 42,791 | 46,735 |161,904 |162,100 | 157,097
case3 4,522 4,562 | 17,874 | 18,060 | 44,910 | 45,960 | 46,735 | 92,312 | 92,469 88,594
casel 13,538 | 13,440 | 27,390 | 27,419 | 47,392 | 46,990 | 46,735 | 56,937 | 56,927 50,453
60m case2 43,753 | 44,439 | 86,161 | 90,703 | 40,653 | 41,742 | 46,735 | 57,114 | 57,114 57,006
case3 8,456 8,682 | 33,177 | 33,982 | 43,301 | 44,067 | 46,735 | 44,979 | 45,038 43,674
casel 13,538 | 13,440 | 27,390 | 27,419 | 47,353 | 47,098 | 46,735 | 29,067 | 27,684 26,006
90m case2 43,753 | 44,439 | 87,407 | 90,703 | 40,319 | 41,437 | 46,735 | 29,155 | 27,684 27,654
case3 15,206 | 15,431 | 58,007 | 64,197 | 42,987 | 43,439 | 46,735 | 24,417 | 25,447 24,339
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Table 3. Buckling loads of built-up column used PHC pile [kN]

ke
of»
.
o
o
=
oy
oX
f

Length of| Type of Buckling of DM Local buckling of MS Global buckling of MS
main built-up Hinge Rigid Hinge Rigid Hinge Rigid
Theory Theory
strut | column | pEM | Theory | FEM | Theory | FEM FEM FEM FEM
casel 11,654 | 11,792 | 23,485 | 23,132 | 30,872 | 31,382 | 29,705 |127,599 |126,598 | 107,331
30m case2 45,734 | 44,439 | 85916 | 88,977 | 28,557 | 29,626 | 29,705 |150,701 |150,799 | 142,117
case3 4,061 4,130 15,931 16,510 | 28,910 | 28,292 | 29,705 82,924 83,012 83,630
casel 11,654 | 11,792 | 23,485 | 23,132 | 30,774 | 31,480 | 29,705 | 49,128 | 49,295 44,439
60m case2 43,144 | 44,439 | 83,846 | 82,620 | 26,771 | 27,890 | 29,705 | 49,501 | 49,501 49,452
case3 8,044 8,025 | 30,617 | 33,982 | 27,841 | 27,831 | 29,705 | 40,044 | 40,123 39,770
casel 11,654 | 11,792 | 23,485 | 23,603 | 30,745 | 31,961 | 29,705 | 23,652 | 27,772 22,485
90m case2 43,144 | 43,596 | 82,512 | 82,620 | 26,909 | 28,037 | 29,705 | 23,740 | 23,740 23,691
case3 14,470 16,049 56,064 | 64,197 7,664 | 28,321 29,705 21,268 | 21,288 21,219
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