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Joint Element Structure Method
on the Subway Box Structure unere Railroad
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This document presents the JES(Joint Element Structure) method that has been adopted for the firs time in our
country for the construction of the structure crossing under the railroad without open excavation. Front Jacking
Method, Tubular Roof Construction Method, New Tubular Roof Method and Joint Element Structure Method are
commonly used for the construction of structures crossing under the railroad. JES Method, frequently used in Japan
recently, is a new method to construct the structures crossing under the railroad in a safe manner and in a relatively
short period of time by utilizing the steel elements with the joints through which the load in the vertical angle to the
axial direction is transferred to the next element. The elements are tied to each other through the joints to form the
permanent walls of a Rahmen structure under the road without open excavation and without limitation to the length in a
convenient way.

Through the case study in the project of a Subway Box Culvert Improvement for the Gyeonguiseon Railroad in front
of Yonsei University using the JES Method, the cost and period of construction in various types of soil is investigated
compared to the Front Jacking Method. Furthermore, by analyzing the results of instrumentation measurements carried
out throughout the construction, comparison between the actual displacement in the ground and the predicted
displacement in the design is made to provide the considerations to be counted for the design. In conclusion,
comparison in the field of economic feasibility, constructability and safety between the JES Method and Front Jacking
Method, which is most frequently adopted in our country at present, is made to present the JES Method as a new
alternative for the non-open excavation construction method for the structures crossing under the railway.

Keywords: Joint Element Structure Method, Front Jacking Method

1. NE

Mol 7P I8, 554 FAFH So] dor, vizgyHozs ZEEANY)(Front Jacking
Method), Yo ZFZX ¥ AL =R TRM 3%, URT 3%, JESTH,PCR ¥HE°] th 3HA| 7 URT
3%, PCR ¥HLE ofA Fdle] Aldd b7t glow, 2 AoA tE JESTHS AAdsw
- mUlel A god o] % AA7HA

ol AlgE e, oF

m}&
k1
L
ki
El
E
of
>,
-3
Al
=
=2
B
BN
fu
2
Oko
OH
g
o
i)
e
&
30,
£

Aed AEAsEEEAE BAEEE 8oddl TRWMA= FE= NF

ol

439, Aeagidstn EATNGY A4 Aaaky, 4846 A (E-mail: thpi2000@ssyenc.com) Tel.02-3433-7040
e A3 Y LA AE AT {:jE @—E— Bt Z 1l 47(E-mail: khcho@snut.ac kr) Tel. 02- 970-6584
wox A3 Y, FRHAE7|EdTE A9ATY (E-mail: rockcore@krri.re.kr) Tel. 031-460-5363

973



o 9 BB H H T T R o W T o B o T T W T T W
OE oW W X W T T O X mow o ow 4w TR T S By
M Mo Mo & N N~ B = L ® o w -+ S S~ I BT W
oW wa L G G © o P o= T WP Fo
= = = oy o N o Mo =0 20 Tl T =z o —
NN T o o® = o oW — R o I %
ﬂmmbsmum_mﬁw%wm o om T oG Lo BT R
Ne) X i o —~ —_— o ~a — f &) —_
Fooo® 2 B Hog B 5 OW Peowm3 oy Xy ow & ]
N = X T g 3 B M Lo Lo = _~ T oo o) B
o G T moE 5T 2o W g N B w4 o
ORI s ww I LI T <R R oy % % . N
- e o N o X ) G , " 2
= Eﬂ ro A 1% ERE = B = Mr ECIK %_ < R UT. < &u
S % T E = = T N LT = fal
= T R wE N T o 7 % Ty W oER oo - 5 TE oy
) o = -~ o _ _ — ? w Mg b o~ Ho 4o
o am = — < = ) o pl T Ho ~ op = ok
S ) o X 0 Mo =y 5] Lt — 9 & N —_ ~X i ;
m = o B B 0 T 0 LN
Ao s BT R e om B R T A N Moy
o2 ¥ or T op Ao Now g T ) NE o=
N S o o N ) R G
o 3 W 2 " B oy B N =N R T ™o Mo
o ,A..* 2 ..: ] 9 o] = o \Dﬂ_ N J )M 0 ~ & oﬁe = o —
L ﬁtﬁ < oA = o B ok B B 0B
d ~ = v [ =, =
- BN VR S Bop T g L <% . oH
[ o ! : o) X ~ [ 0
oy H xR R Yoo, SRR 7 I
S ] T e < M oF bl
" X ML om L R o B B - X w Ho °
~ o A T G do T i T o B oAb
- - N o T T~ = = py g —_ - K ~ W <
U = wmu = mﬂo C I oo o R gy ‘;,m Mm =) g
= ) Mo dH = = o W i
M2 dmes w TR s 2T FE Wz w T S
o ﬂ L} o BN X 5w o 5 E W T W ~ % om
= ! "o M oy ®ROR o X i w o = o oo Gy . ol Mpu
L X0t lo or ol o 3 S # o 1k S
of T oL~ @ X R = o - ~ ol 101 W ™ o Nlo -
PoE e N Ty Sl ) M~ 1 X H Mg o 5 ol
— = 9 — oW X = O R S Ciu )
T F 2 RGO R R o 4o Toa KX oo o %
- T oW, = x M ,mc o i ok = = ¥ - - o °
B nMo o M = X ,wa mm = N %l o - M m-.l o Z o o
_ o g T S B 3
I e & s w T or o E P p Bk
~ U X T W Ho Mo K9 ot & of B W F X R
~ X ) N o B ® e No XT o myla o . Mo _ £ l]o
oo = = T T o~ o ° oo T o om %
~ I IS o ol - 4 ™ = B el o
T F L ® Do LG Y m AR s ow Hooob E M
Fo o W f Ho I e W PN R W og oy T < N
of o . Mo Foon - R = o)) o] eyl mhy of N Nd <1 o ey No &
o R N < et o2 R A Mo T - M o o oy
F R s N S A D A I P R R S I L I
Mo ~ ™ B W . B om o B W U @m _ wn W I o " o W 7 o~ @ T T T
KoOox HooN oW w9 i m do o = & H W oo T owm oo M OB B AN
TS | -2 G- S T S~ SO oo e BT TE AR T Mool o

974



.
N Y
NI o
T o [Re
w5l = =y
! © K o =)
o X | oy = ‘m_x
bl O T S -
or i
% [ [l ww.m T
= HT
™ TK
I il B =
| e [E |2
e Ml [°
o
o1 X oa
.MH W bt 4:_ _.LO
= 1= 13 |=x| [o
T mO m -~ u,_ -
< o 11 Ik !
~ 1= = |5 [* [
_ =K ol = o
E;A = T m E# ﬂL
10 mo =K X & K|
] =Y O O = I
CINSEOEE o
g2 N I
H | S

NE=F¥

3.1 FAMN L

BT A

H P =7}

Az A

HAdA By

)
=0
oo

E

fi%e)
blo

P

)
1o

olo

)

ofp

Ry

I

fol mazel

S

A

S|
=

HUES) L=46m = o] Fo1# 3t}

2

39.8m, H] 7l

L=

zk

Box3 A= 1# Box 6.2x4.2(2714), 7l

M
e

raxe]

Nd

Gl

32 A

975



E [c3ce[cA[BI[B2[ D
E [ca[c2ci[AlB1[B2 D % %
1] Gt |F3] G3
IF2| G2 |F4] 1G4
IF3] G3) H K1 L [u4[uau2]ut] |
F4 G4
H [KI[L [J4]J3]u2]J1] |

0~20% 20~40% 40~60% 60~80% 80~100%

kel 97lel AFAsA FolM ALKHom FHol ThsAd 3/MBS-456)00 s EAssith
AFEHASA 4568 dYAME FN FPYPYFor FIR F, DAFY =ET FYEATEEEH
1L5m)dll AR AT (27 312 AR SAAEE Foo] 23 AHE o) we} =G
Zolth [1d 3JolM HAdo® FAE a FE2 Fool FFel o AxHsHE HEkd Aol
HAFTEE olv AHEFH o 12melw AxHsHAVE widd A FHEWEORRH o
11.5mA el 918k 9o D = 1 HE2A F#Fo2 Qg AxHse] JFe A4 42 oz duwr
defHlES] g Zo] Ak AF0ed 1198 1Y, Fool FAMACRNH 1534 AFihE
ZEoR EXYA H AR, #5508 FEste] AR wes BAsgt. dedE
Q] BlmB2mClmC2(Y) #3X1 Al 429 S BS-4°] A 30mmo] AZASHF BRSO
HoEEE  WEREE 07Imm/day  Uth BS-4°] A% AW 11.0mmel WHAKEE

03lmm/dayitt. = dWE ZF3 A

s

0.26mm/day°]™ BS-59] A% 13.0mme] WHEHE

¢

(D=G1=G2) #2717+ 28Yol] A FEZFE 6~12mmA L WS =+ 0.22mm/day ~ 0.43mm/day S T}
9= JdvE ZFF A|(E=FI~F4)= ZFZ7)7HS 50901 BS-4oA H3H 9= 24mm, WYEEE

0.48mm/day©]™ BS-562] 4% HWHYs= 47 6,10mm, WEEE 012, 0.20mm/dayS LFERY ST

AYdE =3 "l Al HHEYIE 733mm R, FHAAM HSEEE 0.1lmm/dayd o o9}
sk A FAHEe] WML W 034mm/dayR A oF 3v] Ao wE HeEEE H o=
etk (28 415 3719 UES &7 AA =AIS Ao R U AAH BS4R AdREAl e

rlr

g oulsie, mLe #5ZAA BS49 SAAN |, RS 529 AnE dudtt |

WelSmol olg A¥E =A@ 2otk

976



0.0

600
400 —

200 —

=]
. G1
. a: Adjacent Excavation . 200 G2 E F1-F4 "
i ' 11

Settlement(mm)
(=]
(=]
|
Settlement(mm)
&
(=]
|

200 B
-60.0 /\‘-—"\/“\‘
-40.0 — O #BS-4
® $ES-S
b + #BS-6
_60-0 L} I L | 1 | 1 | 1 -80.0 T | T | T | T
a 50 100 150 200 250 200 240 280 320 360
Time (days) Time (days)
3 E = o)
a9 3. AR 54 9
20 0.8
= 0.7 -
® T o
T u £
E i
z E
c 2 04
§ :
K] E 0.3
3 10
@ = 0.2 -
g
51 D oa '
0 a -
#4U #5U #6U #4L #5L HGL #4R #SR #6R 40 #5U #6U #4L #5L #6L #4R #5R H6R
Surface Se. G. Number Surface Se. G. Number

s7HES ¢ o der dW Heke Ad g9 24% 2y WS EE 020mm/day3i o
R’=0.560] Atk wekd A FAstel did BVIE AEA Al MM AAE #e= Hd
6.832mm o1t AAl FFATAE ASHERG ARG IEE) JFoR Hop WeHLs WA

#elgto] Adsirin Bk

40.0

B1
200 — BLe2
£1.52 €3

E 0.0
£
@ -
£
ko]
Z 200
o
-40.0 —
O #BSH4
|l O #BS-5
< #BS-8
600 T T T T T
150 200 250 300 350
Time {(days)
¥l AAT Bz
a7 5. AmAS MEE TR

977



4. JESS 8 &Front JackingS &
A

4.1 A&

3ol

My b

o)
-

)A

Ho
o
o

it
Ho

—

il
|

Fholl

Ho

Bl A

Al ZEd e

=
pu—

i
24 7}

Ho
72}

3|
Al

ol &

L

o

4

Eu

]

o
RS

HT}

ofp

e

T

of

k4

k=4

B P Apol Al wE

=1
ey

£

2 3w

uhsl ol

-
R

(28 6]dlA H

ATt

o

Fof A A

©

°] 7V&

T2 pe

71

A2

AR L=

o
e M‘

nomaEey

A

Front Jacking 3"}

=

=

6mo| 2.2
3l A Front Jacking

1,234

=

=

=

2]

R
Vi

172 Aol7k L

g

I

*

i

%

42 AAA

ol

R ER

S
T

A A o

e}
=

spelom,

blg wE

)A
Ho

©] Front Jacking®dH KT} T4

=
T

A= 7]

oL

el A el 3

oL

o

“

g mpsh o] IES

A FAth felAM HE

S

e
A
R

i
=)

ol
s
Ho

Z719 4 JES

ol

S
T

b Ao Jegoy 1 o]z} )

we

AA

Oo]]

uf 320 1
IR

ied

PR BT
Zo]w

2 JESTHlAM 7 T8

©

©

=

102
ju

1

o] &7Fs
o

8

)
Fol 7}

a

=

S

=
T

Fedshe

o] <]
mEl =LA

)l
ey

o wobA /1A
R

of weh @ebd Aem H]lY
978

Ao Bt}

9] = ol A

Ak ol
ES RiAC

H] 4 A A
IRE=y

FQER9]
AYHE AHmHle] =)

A 2l

N AZFF o2 317
HHkd o2 JESH-H o]

=

=
dYHE

ol



um;"

3.154

2,598
90

=)

2,540
70

2,957

2,932
2484
50

2,430
30

2,791

|-e-J E.S B4 —=—Front Jacking

10

3,500
3,250
2250
2,000

Ko

LS AT B = e Gl e
= ﬂ BT R OB R T
T UMY N o S
* wﬂ JJJ wl W o Wr Jn wM s
m - I = o I ! —~
I N S = 4 B3
w T o ol B "o o
Mowoc 3 m O™ oy M W
_AE 0/ UW E_.* 1_ L
¥ WA T N g BT g
he E 0 X© X0 —_
ﬂ m %0 _EO J.E ‘ﬂl TR Sy = o :.L
= T oL LR o ® T o
B oo e o o T 2o ¥R
R A £ELF
=< pid _,14 o o O g El op
)A —_ |
" W o X W by g I . E
o) I 1* =~ o T e ‘ﬂl v N N 2 g —
ut o N oo o ER N ~ f
& i_- ~ N W Eu E n 1
Ho & = = N B oo = M W N W
. LYiL.zZ E,T3% - | ¢
2 —, T w o Mo B o T ,o_ﬁ
2| 8 e A4 ®om o= B oy o W O ¢ | £
o - =~ 1H Xq als| ol | K ﬁI < OW_E B
5| § DS < X B T w M ¥ ) 3 o
Ko H J.E X T Lt % ‘m_W 5 lo A_! . 0 ~ M | bl
50 T T T2 oE » e 5 2
2T B S 2 =[N iy
m ‘.EIL wi ﬂ_l — X ﬂ ,.I@I kC HH ~H lo
" Eaop X opoP R | ”
_ = 7 = =
s = £ K o H = T Ew® ﬁﬂm 7 g s =
T e ANC A N T n o
cel I I X F T m 28283225858 o
N T T W o oy X U o Ho MY ccdd - =93 5
0 ERNGCE ol oo it oﬂﬂ. W _w\w i C e A
= X
o E ﬂl ﬁﬂﬂ %0 7o M“ ) = Mo = km
a N o = T aog oy 2
n el - = . =
TORRY oY 3, L E
e <EC) 3 = & _wE =
T ¥ E N {7 i ol 3
i X T o=
RN e © HE Yo
N B o =R ow
o) o o BRI O o
=W M T > A e U
H o F T W op
w_u 4 o S oW x| w_u W oo BB
b w @ ® o v 8 L " o m W
oM N~ ™ oMo ' RO T

979



426
357
100

295
80

331
287

60
5 HI8(%)

S

144

al

3

296
4
40

2

[=@=J.E.S 3 =e=Front Jacking 3 |

214
20

500
450
350
300
200
150

= 400
# 250

J

3
o

N

o)
El

~

JES & Front Jacking &< 3AL7]

=
.

shof

g olstzA

271+

&

100

-
R
=

=
o

j =

]
]

A

P2

A}

L

glol 3
ol A

SERE)
Front jacking

p
L

()]
A

al

Front Jacking®] 74-9- #|%=eol 7]

A

1

R

],
7

S

o &= JESHTALE

gl
k)

[e]

o]
P

1 Adds =

A

stH, AA

A =R

S

S}
=]
4

[e]

F

[e)
=]

]

o R

H] 3

Aoz zAbEgon
ERE R

p

s

A=
Aol A

601:

H

Front Jacking3 % oIl

#3353

Ho

el

el

= Rkt

A AE Ao RE

-
R

CER

EEE

o7 = JESTHY

B
TH

)

B AFel o277 3

£

A A ol A 7

VS|
=

Ho
2]

N

P o 4
980

7N &g Al

HE7teqnl



L s R I s

ek

dgalag

59

2} A

sl

o)

1
)

o8

EEREEES

CRIEE

)
Py

G

FHolH, JEST o] Hx

| ¥k 1A Study on the Selection Criteria of the Construction Method

=
T

—_—

Ho

M A ETEd T

3|
“

of Underground Railway Crossing] 1999.12

3.N.T.R Li%[New Tubular Roof & Method] &IE] o]~ o] el

‘Front-Jacking 3" % ]|

ovl 4,

B

Ho

2004

el

(2

A 1283] 2001 FAStEHE =14, 2001

s

o

et
oy

5-C3., 2001

A

A3 2007

s

NB

7, 2007

Hd 6a

gApl (A s

3|
Al

=%, ‘TRM3 %7} Underpinning3-H

981



