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Abstract : This study performs reliability analysis of three-dimensional temporary
shoring structures with three different models. The first model represents a field model
which does not have diagonal bracing members. The installation of bracing members is
often neglected in the field for convenience. The second model corresponds to a design

model which has the bracing members with the hinge connection of horizontal and bracing
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members at joints. The third model is similar to the second model but the hinge connection
is replaced with partial rotational stiffness. The reliability analysis results revealed that
the vertical members of the three models are safe enough in terms of axial force, but the

vertical and horizontal members exhibit a big difference among the three models in terms
of combination stress of axial force and bi-axial bending moments. The field model
showed significant increase in failure probability for the horizontal member, and thus the
results demonstrate that the bracing member should be installed necessarily for the
safety of the temporary shoring structures.
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Fig. 1. 3D models of temporary shoring structures,
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Table 1. Materials and sectional properties of members for
temporary shoring structures

Properties  Vertical Members Horizontal Members Bracing Members

E (MPa) 2.05x10° 2.05x10° 2.05x10°

A (n?) 4.73x10* 2.92x10* 2.92x10*

Z () 6.56x10° 2.80x10° 2.80x10°

I (m*) 1.99x107 5.97x10°® 5.97x10°®
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Fig. 2. Conceptual drawing of failure probability and its 1%
—order approximation to limit state function,
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Table 3. Reliability analysis results of compressive vertical members

Methods Values covp covg M, M, M;

Pr 5066x10"  5216x10""  5.184x10™
FORM

¢ o 6.465 6.461 6.462

1

Pe 5.395x10™"" 536610 5.635x10™"
MCS

B 6.456 6.456 6.449

P 5.067<10""  5217x10" 5.185x10™
FORM

B 6.465 6.461 6.462

03 02

P; 5.714x10" 5.692x10"" 5.656x10™"
MCS

B 6.447 6.447 6.448

P 5.068<10"  5219x10™"  5.187x10™
FORM

B8 03 6.465 6.461 6.461

P T 5707x10" 5.713x10™ 5.668x10™
MCS ......................

¢ 6.447 6.447 6.448

57



Fhatel] whet wujskgo] Sasgh Aoyt 715t 9]
of Ag eSS Suegel et G e
ujshcka Bebch nheo R, BdY BEEe
Mio] stlEkgo] 44 wor], Mol shuetge] Zha
S wAgska glout shekE glo] A9 0] ke
grolnz 1 xjol2 sk A juvh gicka B
Aok ANl stEe] 222 ned o), BE 7

2go] 9% waf] gsHE v ehaa zolet
¥ 5 Slek B Table 304 ABHA e S &

cove g0l 0.1} 029] 9ol = BE melojA shush
£0] 1072} 1077 Eo& FHrhwo] AAH o R goe}
o long AW WA AeFelith

SHH, Moo} Mol tiafiAl covp=0.1, cove=0.3¢1 75
MCS7} :#alA] el 2t A H4E 2Tl
TR oH, 1 9 A2 4 272 cov<0.03Z
wE gEske] A=A S Ak AP et 9
2 ok 4 USITh USR] Ea HSof wtuj2EY] 4l
2ge sz RapAn grjsge] FEe 10
10% 502 719 0o 77he- gho = H7h= k.

4.2 $Exfo| x5S Tl
T HAR A0 23l gt gES 4t
ZJsto] FORMI} MCS = wh o] w2 412/ a4 4
I+ Figs. 3~80] H]aL - AAISHATE 7|4, 235
2 =Yy 2% F HHEES Y= BAo 2Esh= &
S22 oujgith A A9 8 sUg ==
F & 2889 de Kol A 17681 FA49] 1t
stE 9 A AeE F SR BE AS {cow,
covpy el wel 4Hg3to] Figs. 3~8¢] Z=A|SHAATE
Figs. 3~89|A] &5 #2452 21 AAU=E Yepd ot
HNEEFRZA covp={0.1, 0.2, 0.3}2] 371X HLE 7}7}
‘O, L, o ubALE T A AR UER Gl o,
5 FASS AIFA AeRA 2 gz o
EfiSleh =852 cove={0.1, 0.2, 0.3} 2] ¥i3}o]| 2
gt A 5)F & o %ol ggEe] AR
what Alg)A A== Zrolx| B & Figs. 3~80]| 4] A2 At
Hhel= e ST 4= Qlrh 3, cowr7t SV
et B ehE-2 A S7FsEL 9194 cove={0.2, 03}
M= THgES He> AA o2 AyE Hrh
ok, wky]gkg o] =30] 107 o]3tE ujl$ W g9,
Z covp=0.1%1 F--ll+= 3159 ﬁ%‘é(COVP:{O-I, 0.2,
0.3})0] T7FdE gE2 F7iehe d3e 2l
o o ok

Fig. 32 M;9] ti$t FORM Z¥}o] ™ Fig. 4= MCS 2
B2 A A} 345-2] W5 /d(covr, covp)ol| wHE |2}

=
=
T

N

i)

58

Z1A0]
[== N
covp 0.1 mm0.2 Wmm0.3 —-0.1 -=-0.2 —-0.3
1.0E-01 20
_— 18
,///:;77’_—————— 16
1.06-07
‘/,/”,/"" 14
12
P, 10613 0B

1.0-19

1.0€-25
0.1 03

7.95

6

4

391
- “ 2
— — 0
0.2
covy

Fig. 3. FORM results of M;,

covp 0.1 mm0.2 ww(0.3 =01 -#-0.2 -+0.3

1.0E-01

1.0E-07

Py 10613

1.0E-19

3.84
o ._l 2
0

02 03
covy

1.0E-25

01

Fig. 4. MCS results of M.

E3} AEE 250 Wk A HolETh cou0.],
covp=0.2¢] % FORM2 AlF% 2|4 7.68, ot]&&
8.11x10"° 0.2 A4S} vk, MCS:= A== 24> 7.32, 1t
YE 1.24x10° 02 Aggto 2y 7P 2 2jolE B
ol glott 21 ) Z9-FolAlz Jol7} 2 gk Ho]
th o= MCS7F 9shA] ¢ighr] wjZoltt o] A%,
MCSOJlA o}|2HE2] cov7} 0.682 APFE Q0B 32
A A=T 4+ gle ddolth ghH, MCS7t
cov=003" olste] 47 £AL WA ok ArkEel
= 4] g1l azo]] AAIE AlR|E Rl M E7]5)
Atk Fig. 4914 covg=0.2, covp=0.221 -2} cove=0.3,
cov=0.2, 0391 9 MCSE glaha) 9he Aot
I8} o]E9] AHLo= cov=0.04, 0.05, 0.092 AR
AR5 RA HIES o003 ofste] 41 2AE WEe
A= 3 o} 9k Q] cove=0.1, covp=0.2¢] 7 S-HT}=
Sg4e] Eomz ulmA FORME] Aot fAHE 4
o) N Ao} TES Bk

M2} M; 2] FORMZ} MCS Z1H=2 Figs. 5~89] &=
Asisic. Ao Shgsel WEAR] et 2
F/dollAl Fig. 3~4of et fARRE A3ke Holar itk
A9} PR EA| = MCS 9| /o] ShHEA] 3t 4

J. Korean Soc. Saf., Vol. 34, No. 1, 2019



IR S A AZE =S 02 S 3R M SHIEI RS2 M= a4

=04 gEET} AR RGo|A eFrke] Zol&
KHola glovt 1 9 A¥=o)A= FORM} MCS+=
AR 2& Holal Stk ghH, Figs. 5~894]
covg=0.1, covp=0.12] HL=oj4], FORME A1F%E X]
22 8569} 8.600. & AHAS}T wy|3tEo] 007 HE
HOZH npAR FA|E AFo] 271 AAUE FHE
A FetrR ARy whH, MCS= igES
7.93x10"%, 4.94x108 02 APl AFE Z$LE o
2 FEFoEZN A v ezt yEhA] ok ab
O|F Ho|il it} o]= diE|F Y £ ZAA
Holu, & Alo]9] Zfol= A9 §lrkar & 4= itk =,
FORM-Z 4lZ|% X5 WA AgstaL o] & 4] (5)°
A Pr=o(-p)< Ao RN mtighs 002 A
shH, MCS+= &S HA AstaL o] & 4] (5)9
A B=—0"1(P) & APITOEN AFE A4 FE oo
&2 APg5t7] wjitolch whebA] Figs. 5~80|A412] Afoli=
#H9 zto]d ol F =IO o= A2
FrAFeE A7tE ®Holohal 3 4= 9ok

npx|akO & Figs. 3~80)|4 Ml A= A EH, M,
oflA] ozt & wHghE Fi= o 2 AlE|E R4 ghE
Ho|al My Ms= A9l FARE o2 H ek whebA

covp 0.1 mm0.2 W03 —-0.1 =02 03
1.0E-01 20

/" 18

// 16
1.0E-07

14

12

Py 10813

8.56 8
6
1.0E-19 +——
451 4
3.01 2
1.0E-25 0
0.1

0.3

02
covg

Fig. 5. FORM resultas of Mo,

covp 0.1 mm0.2 W03 —0.1 -#-0.2 0.3
/ {18
1.06-06
i)
/ / 11
1.0E-12 / 1
P, 1B

1.06-18 s

1.0E-24 452 + 4

- ‘ .. |

1.06-30 - ‘o
0.2 03

0.1

covg

Fig. 6. MCS results of My,

SH=eRMSIE| A, M343 A1=, 2019

covp 0.1 mm0.2 mm03 —+0.1 -#-0.2 —+-0.3
1.0E-01 20

/‘ 18

] .

1.0-07

P, 10613

8.60 8
6
1.0E-19 +—
452 4
b .. Z
1.0E-25 0
0.1

0.2 03
covg

Fig. 7. FORM results of Ms,

covp 0.1 mm(0.2 Wm0.3 —-0.1 =02 -+0.3

10605 8
/ .
10611 1
10817

2

1.06-23

1.06-29 |

=\

| 452
b ..

[5% 02 03
covg

1.0€-35

Fig. 8. MCS results of Ms,

M, FEREA Q] 7R A L] u] |7} a=2] Haje] xgt
SO gt ot EE UA F JFS ujH]aL glo
o, 7MY E AFEEOZH M, M3 9] 313 8HEo] Hot
TAaES 201E o= Qi) E3), M54 cov=0.32] 3¢
S04 FHTEL 4F2 7RIS AT Mpe} Ms=
AR = R4 39] 2201 Wb, 7RIS HX|5HA] e
M2 2.5-2.69] =50 HEF o2 QP tigh KB
7ol "asjirial T

4.3 +EAHo| T3S Tl

Al AR 4 SAe] 23kl tet stuetey
AEE A4E APgstel mad Aee mmsheck
2 Bajjol A z3heelo] 78 Mokl Hajel 350
WA iy A nefs)
MCS] shujetaat AlRE 2|52 AT, coved.]
Q1 A9 Mook Mol thelo] FORME 9}j8H8-8 0.
2, AEE A48 0xx Fo| A 412 ik
ShE, MCSE W2 AR A48 wow, ateEe
102-10% 59| TAA 32 Frhska gk ol A
&% o} o] AmelE Ao XA FA|Y Bolw,

£ Apol9] Aoz A9 girka & 4 glrk

S

59



=
M

fol

7 w3 ekE gholA] FORMZF MCS7} Zfo| & o]
I Lot AlEE X]4=9] Zpol= AA] Yt o= T
gt A2 A A (5)ollA] AZ = A]4=0) HtE o 9}y
=0 W3l A =Z7] "Eolth &, cov=0.3,
covg=0.3¢] <% FORMI} MCSo| 23] A= M, 2]
i ghe 9 AR E K57h 2H27F 4.631x107°=0(-2.602),
4.976x107°=d(-2.578) 24 MCS 7% AlF% z]4=9] A
tfoxk= oF 0.96%<%1 HHH, TtEgEo] Arjext=
6.93%= A1Z|%= A<of v wyekEe] Y WS
Al Watelct olHgt A3 uty|shEo] ZAopdes
o AXIth &, 5Y3e cove=0.3, covg=0.3%1 H$- M,
o] wijgE 9 4lF%E X4E A EH, FORMO| 9
A= 4.624x107°=D(-3312)2 AR E|Q o MCS
AL 7.620x10°=0(-3.787) 2 AL E| Q) o] 59
A exs AHEE, ARE e oF 1255%2 2
5| g exprt agt vhH waeE-2 oF 506.83%
2 e & ZY] A eats Hola §lrk oA i
o] @2 A ofgt Aol= V& A=A =
U&= = Zako|n], FORMZ}F MCS2] @afo] tigh
SE 7] glAINE LRkl Al sliA AxtofA
wigE $F0] Aol olF ASshs EAY T
o7l Z|gtgrdor TV AS LHT o
Table 42] FORMI} MCS &l|4 A3t 88 7153k 5=
= ojui=tar & 4= quth

Table 40]|4 =l wje-ES H|wstH, Mo] 7k
2 BSES Holil glom Myt M= AR
o] BghEE Holil itk My7F MpR k= ot
=+ 12 & ¢ 22 ySs5S HYo=H 7}
Z rdAgdel Eokal & 4 oy M FE3E
o] S 7RIt AL & 4= Slok 8y THAE
AR o2 M2 7RIS AXEE Myl Msof H]
A= Aol AASHA "olR| L 5= ERlgt 4~
ATt o= Z7HAA glo] Ao}t AR AT
S =N AL st FEehe A=rE 24 St
7] wjZolal T weba vE 7P REY &
[E7F & 29 FREHTE= Wrial shrfets,
TERE AEE 7R AA Al =3 AEE A (GnE
AASHTO LRFDYojA 3.5, =Y =2uw AA7|& 3t
ANEARIANN 372 Hgsle AL uT o,
Table 404 M,2] A&2|%= = sl5 HEA covpt}
A} HEA] covg©] 0.19]4 03202 =718 == 3.0
njgke] ghe& HomN xZ Qbx/do] mie W
Tl Ao wekHE o] Ak TH A=A
ZHA el A7 & E sk waeEe] oA &
Qlafi=ct.

b
<4
_&

o

60

.22 . 7iA0]
Mo o o

=Ry
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combination of axial force and bi—axial bending moments
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