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The Effect on Coefficient of Subgrade Reaction for

Section Forces of Underground Structure

Byun Hyung Suk

Department of Civil-Engineering, Graduate School of Industry,

Pukyong National University

Abstract

The coefficient of subgrade reaction in designing underground
structures may be used as a boundary condition in structural analysis
and may serve as an important factor in estimating the internal

section forces on the static and dynamic loads by the response



displacement method.

The purpose of this study is to investigate the effects of changes
in the magnitude of coefficient of subgrade reaction on designing
the underground structures. We have considered the factors that are
expected to influence the calculation of coefficient of subgrade
reaction of semi-infinite underground structure., such as (1) the
selected longitudinal lengths(LL) of the semi-infinte structure in
calculating the basic conversion cross sectional area(A), (2) the
reduction effects on the coefficient of subgrade reaction by
underground water.-levels. We have then checked out the internal
section forces -of the structure consequent to the wvariation of the
coefficient of subgrade reaetions to linvestigate how much they effect
on designing the structure.

The coefficient of subgrade reaction was calculated by changing
the base |length (L) of the structure. When the base length(L) is
considered ‘as 3 or 4 times of the width(B) of the structure, the value
of the coefficient was calculated to be about one half of the
coefficient for which the .- was considered equal to the B (L=B). It
was even reduced to be around a fifth ‘of the coefficient when the L
was considered equal to 100B, close to the semi-infinite
structure(L=100B).

We examined the effect of underground water level on the
coefficient of subgrade reaction in sandy soil by using the
numerical analysis. There were around 2% differences between on
saturated and on dried dense sand condition, and 4% at loose sand,
indicating that the effect was negligibly slight.

The results of the structure for the static and dynamic loading

showed that the difference in internal force at a given section was



sufficiently small in the static analysis irrespective of all the base

lengths. However, the results for the dynamic loading showed that

the internal force at a given section was reduced as the coefficient

of subgrade reaction was decreased, and in particular, the reduction

rate of moment at the center wall was most remarkable to the order

of 20 to 30%.
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The Effect on Coefficient of Subgrade Reaction for

Section Forces of Underground Structure

Byun Hyung Suk

Department of Civil Engineering, Graduate School of Industry,

Pukyong National University

Abstract

The coefficient of subgrade reaction in designing underground
structures may be used as a boundary condition in structural analysis
and may | serve as an important factor in estimating the internal
section foreces on the static and dynamic loads by the response
displacement method.

The purpose of-this study is. to. investigate the effects of changes
in the magnitude of coefficient of subgrade reaction on designing
the underground structures. We have considered the factors that are
expected to influence the -calculation of coefficient of subgrade
reaction of semi-infinite underground structure., such as (1) the
selected longitudinal lengths(LL) of the semi-infinte structure in
calculating the basic conversion cross sectional area(A), (2) the
reduction effects on the coefficient of subgrade reaction by
underground water levels. We have then checked out the internal
section forces of the structure consequent to the variation of the

coefficient of subgrade reactions to investigate how much they effect
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on designing the structure.

The coefficient of subgrade reaction was calculated by changing
the base length (L) of the structure. When the base length(L) is
considered as 3 or 4 times of the width(B) of the structure, the value
of the coefficient was calculated to be about one half of the
coefficient for which the L. was considered equal to the B (L=B). It
was even reduced to be around a fifth of the coefficient when the L
was considered equal to 100B, close to the semi-infinite
structure(L=100B).

We examined the effect of wunderground “water level on the
coefficient of subgrade reaction in sandy soilw by using the
numerical analysis. There..were around 2% differences. between on
saturated and on dried dense sand condition, and 4% at'loose sand,
indicating ' that the effect was negligibly slight.

The results of the structure for the static and dynamic loading
showed that the difference in internal force at a given 'section was
sufficiently small in-the static analysis irrespective of all the base
lengths. However, the results for the dynamie’ loading showed that
the internal force at a-given section was reduced as the coefficient
of subgrade reaction was decreased, and in particular, the reduction
rate of moment at the center wall was most remarkable to the order

of 20 to 30%.
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CA(;F;; ! 0 30 035 20 18
Ci\;fzo_) 2 0 3 0.3 4 18
Cﬁiio_) : 0 3 0.30 80 18
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3.23 A Az

<E 36> mewh medd Al wist Akt ks dxdd
1

o 4 19.92mm, Z 3P Eol A 20.83mm= &1 St}

<3t 36> CASE-1 Z3}

0.000 z527 DISPLACEMENT

UNIT(m)
+0.00000e+000

16.9%
-1 245246003
233%
-2.43048e-003
127%
-373573e-003
96%

LUNTT R, M |
~E DATA T ESNL - 98D

5 = 0.01992m

0,000 2.527 DISPLACEMENT
DY

UNITGm)
+0.00000e+000
181%
-1 30183e-003
-2 60327e-003
137%
.3 904908003
%

206538003

4%

508162003
52%

7 60880003

NEE3

%
-1 B2229e-002
21%
-1.952458-002
-208261e-002

[UNIT] kN, m
[DATAT CSNL 90D

6 = 0.02083m
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<GE 37> AR B Agol tiE Adadvte HahE2 A=

Gl A 10.24mm, EsHdefol A 10.56mm=E 2HQ1 = AT,

<3t 3.7> CASE-2 Z3}

Y
M
(4
2

0.000 2,527 DISPLACEMENT

— : UNITGm)
Y +0.000002+000

[UNIT] kN . m
[DATAT-CSME-90- D

0,000 2527 DISPLACEMENT

DY
— H UNIT(m)
+0.000008+000
118%
-6.601232-004
5%
-1.320250-003
-1.38037e-003
%
£40498-003
F0051e-003
96074e-003
a1%
452086003
25%
-5.280952-003
26%
-5.941102-003
-6.601252-003
7 261352003
-7.92147e-003
[ -5.5515%-00

83%

-

-1.05620e-002

[UNITT kN , m
[DATAT-CSML-sat——D»

& = 0.01056m
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<HE 33> g Bygd A9l gk AnbdaE sk A4 H
o 4] 532mm, >3 Ejol A 542mm= &% T

<3t 38> CASE-3 Z3}

0,000 2,527 DISPLACEMENT

UnITGn)

-3.98988e-003
-4:32235e-003
-4 E54852-003
-4.98734e-003
-5.31963e-003

Lo

[UNITI kN . m
[DATAT-CENL-rdry—

0.000 2,527 DISPLACEMENT
— UNITGm)
+0.00000e+000
-3.38561£-004
577121004
~1.015886-003

[UNIT] kN .
[ DATAT-CSML-sat— D

6 = 0.00642m
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il

AHEE Adko] o

39>+

<3

E

Hl

100%
%%
100%
97%
100%
B%

Ky (RN/m)

4518
4,320
8,789
8922
16917
16,606

AH (m)

0.01992

0.02083
0.01024

0.01056

0.00632
0.00642

q (kN/m:)

Feol

°

-
it

Fo 90kN/m*2]
<

°

i

CASE 1
)

(

i+

3.9>c A e} ol s}

<3

oM 4%= yeht 1 G FAYL = A YEstth o

W
e

K

p—

0
otz

el
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He EEGxEA 2 MIDAS CIVILS AF&ske] AA 2 g zlA]
HoH Aol diste] HAE 353
At Al AA Y A4S oA §REAAA P F8Ee B2

AAZIEANA AAE BEE, A = E=AE = WA ]E A AA -

ol
)
o
2
ofo
ol
;'.J?u
aw
o,
Tl
M
b=l
rlr
VaN
=5
S8
—
V
&
1N
|o
A
X
ofs
T
2
Ao,
ro
B

Jas)
T,
r]I.
R

<E 41> YRS P57 At A ST D S5, 24 Y
242 dE Aol
<E 41> A=9 A
557 | @9 2 3 | unaag AuHEE

E‘ o T =

T @ | N (| NF | (m/seo)
ufj = 2 18.0 30 10 172
CASE -1 30 7 153

w3

7} CASE - 2 10 18.0 30 20 217
CASE - 3 30 40 274
T3 E 5 20.0 32 40 274
Z 3 5 21.0 33 50 295
A o} 5 24.0 35 - 560
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<Y 41> dHAEA HE3 sHdHez By

(& 30m, =°] 3.0m, 77 350mm)e]aL, ujzl3]

AEZFE 27m Sl Y AOR Hghark

S
S GL.—1.0m
@) T ———— HW HW HW HW
O
@] (@]
> (@]
M) Oﬁ
N
Q
]
re———
150x150
O O
(@] (@
Oﬁ P’)_
M) (Q\}
Oe—
L0
FJ

NI

V5£ 2,300 Jm

35,000

)

2,000

CH

10,060

5,000 | 5,000 ‘ 5,000

o
o

<Y 41> HAEWH

-21 -



4.2 A

AN

<Y 42>% A 2 WRA ] BE s Eel )

SIS A ALE
CHEOHY, MESY FHe
[
v

Rlgher= s A

|
: l

( C J [ LR Al A

siMcly Rlgtel g5

@otE, YoIE, 2o I

[ Unyssz g
RS LE PN

(REAL, 2g=AL)

}

MAR|Ete s
(@eFIEEMARE
Stam=g)

|

5t 5 = A
(RIgteiQlof ogt =of,
QUHBUTEY | JHANH)
J/

5t

Qs
ry

a

| 348 W Az
=gy wy

[ ciotslN B2 ]

< 42> AATAE
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4.3 A
431 BAFxE ALY
<9 43> FAE HEA FE8% 2dy dHola FaAd o
ALe <F 4.2>9F 2t}
OO0 0 Q8o
19 20 21 22 23 24
17 18
| o )
© 15 16
) (9o (9
13 14
E 2 e 1®)
o 11 12
P 10 e YD),
© 9 10
9 (®)e Q)
7 8
W W O JONOLEEY
6 O 0-4436Tr= 265
<z18) 4.3>3| A g
<E 42> @dHAYd
ELEMENT Z= =9 o3 F SHEWE W 1
w5 (m) (m) (m) (m*) -
19 ~ 24 1.0 0.35 0.350 0.003573 FREEHE
7 ~ 18 1.0 0.35 0.350 0.003573 S A
1 ~6 1.0 0.35 0.350 0.003573 StE-&EkH
* 1 ~ 24 : BEAM ELEMENT NUMBER

« (1) ~ €9 : NODE NUMBER

_23_



UERE <29 44> 72t}

%0

il

i

4.3> A

<3t

=4

A= 9

: Ec - 87500 \ f{:’u (fc'u - f{:k: +4)

s A

8500% v/31 = 26,702 MPa

Es =.200,000 MPa

f, = 400 MPa

25-KN/m'’

P ¥e T

¥

EO
Ko
‘mﬂ
)

2

3

— MW M= g M~ g M= gM\= gl — g W~

=

: F PN

(L&A

(A7)

<28 44> A

4.3.3 A

i+
W

=)
=)

1) A9 A

b AWHCASE-1), 38 % AWHCASE-2),

SRR

el

T A A

ki3

gk A|WHCASE-3)ell A o] ZFAlol]

=i}
=

=

o
B
=
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HA4, k, (kN/m’)

F% | L(m | CASE-l | CASE2 | CASE-3 i
® 1 17540 50,120 100,200
3 11,620 33190 66,390
© 8 8043 22,980 s | CHEM
D 30 459 14000 28000
® 300 2066 5903 11810

AgG3S Fdskdl JdoASteTEed e B AEEA S Aslr] $13
Z|Qke] AGE A5 HAste] 4853tk
B _@
Ky = KX (55) ¥ (4.1)
B -3
Ky Khox(?)—g) ! (4.2)
Kop = AX Ky (4.3)
Kgs = AX Ky (4.4)
A7, Ky o FAA T A ARk Al S (KN/m')
Ky @ TASH ] 24 AnkdrE Al (kKN/m')
Kgp @ TAAT] At Aakgke A5 (kKN/m')
Kpp @ 7ASH Y At A ekabe A4 (KN/m')
K, @ 7AS9Ee Ad AHkdk=E A4 (kKN/m')
Ky @ TASHEY A A ekakE A4 (KN/m')
B, 1 92 gikA)sHE
B, @ T3 ZAAsH %
A 1/3

- 25



(4.5)

(4.6)

(4.7)

(4.8)

Gp =

A ure] BARAAS (N/m)

1714, Ep

T
o
—L
o}
£H
NG

[Ho

Vp -

AAF (kN/m)

o A== (KN/m')
7V (m/sec?)

3k

et

]

R

Mt

T

g

(4.9)

cX Vo

Vy=

0
i+

o

i+

4

c =05 (5IAF

c =08 (7ls

R

I X WHCASE-1)ell A ]

F X9 (CASE-3)

-
it
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<3t 45> WAl CASE-1 A ¥k Al (kKN/m')

. L | AEEaE R T

= A9 | 54 [ de | 94| 4w

@ 1 9130 | 63960 | 2130 | 63960 | 21320

Ny | ® 3 14120 | 4230 | 14120 | 4230 | 14120
=2 © 8 9776 2930 | 97%6 | 29330 | 9776
® 30 595 1780 | 596 17810 | 596

® 300 2511 7534 9511 7534 9511

® 1 8329 2400 | 8329 | 2490 | 839

oy @ 5516 16550 | 5516 1650 | 5516
e | © 8 3819 11460 | 3819 11460 | 3819
T o 30 23% 6979 23%6 6979 23%
® 300 91 2043 91 2943 91

<3 46> WZIAl CASE-2 A9kt Al (kN/m')

% o | FreaE 5 A ST

& A 2 rd[da  a4] 3w

@ 1 42,890 128,700 42,890 128700 42,890

S|tz 3 28410 85,220 28410 85,220 28410
=] = © 3 19,670 59,000 19,670 59,000 19,670
) 30 11,980 35,940 11,990 35,940 11,980

® 300 5,052 15,150 5,052 15,150 5052

® 1 16,730 50,260 16,730 50,260 16,750

23k 3 11,100 33,290 11,100 33,290 11,100
% O_i_ © 8 7682 23,030 7,682 23,050 7,682
) 30 4679 14,040 4679 14,040 4679

® 300 1,973 5920 1,973 5920 1973

<3 47> WAl CASE-3 A9k Al (kKN/m')

- L | 5 A FEEeE

T A% >4 [ da | 444w

® 1 63,330 205,100 63,330 205,100 63,330

S)szea) ® 3 45,290 135,900 45,290 135900 45,290
= =z © 8 31,350 94,060 31,350 94,060 31,350
- D) 30 19,100 57,300 19,100 57,300 19,100

® 300 8,04 24,160 8,004 24,160 8,004

® 1 26,710 80,130 26,710 80,130 26,710

251 ® 17690 53,030 17690 53,080 17690
% 03_ © 8 12,250 36,740 12,250 36,740 12,250
- © 30 7461 22,330 7461 22,380 7461

® 300 3,146 9,433 3,146 9438 3,146
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<GE 48> Al AR sk
= I
TE T = (KN/ 1)
T2E AT L2 gy 2% 9y
2] 5122
. ];EIT Wwa=3.0x18.0=54.0 Wa = 54.000
Eo]— z) 52>
& = ]%H Wa=1.0x18.042.0x9.0=36.0 wa = 36.000
sk | qui=05x(3.0+0.35/2)x18.0=28.575 an = 28575
B | qup=28575+0.5%2.65x18.0=52.425 e = 52425
TEEN _ A =05%{ 110%18.0+(2.0+0.35/2)x9.0) |, a1 = 18.788
54
ﬁ =18.783
axz=18.788+0.5%2.65x9.0=30.713 Qe = 30.713
@ 2Agsts 3 L. = 15000
© &stzol
- L»=0.5x15.000=7.500 L, = 7500
Tt H
o ot W1=10.0%2.000=20.000 W, = 20.000
W-=10.0:5.000=50.000 W = 50.000
o 451=10.0%(2.000+0.35/2)=211750 Qi = 21.750
Lo Guo-2175010.0%2.650-48.250 Qoo = 48.250
wa @ AstF7E fle B AEEdEed A&ste EY
wa @ A7 e AS RSB FEehes B9
ani - AT Sl A9 9A i) Z8ste EY
ane - AsE7E Sl A9 9A st Z8ste EY
ante - ABEE7E e AS BA daiol &t EY
any - ASHF7E e AS WA el AEshe EY
L, : DB-240° w&} A& rof 285t &%
Ly @ Lol o3 #HAl 2&3st= dalso st ¢
W, A&kl 93] AF-EetEed A&t ¢
Wy @ A seell el shigetro] A&ats ¢4
Qw1 A8l o3 WA e #EsteE 9t
Qwz = A8l o3 HA shekio] #EskE 9
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s

4344 94 2 39

%

Do,
o At
i

and lm

LU

Aot

Alate B

£ 54,000 kN/m?
:136.000 kN/m’

o,
o2

4

Zlstadms 28.575 kN/m?
é xlela% - 18.788 kN/m?
R|BI44E : 52.425 kN/m”
Alst4H 30713 kN/m”

e
»
i)
oly

ANRRARRAARRARR)

15.000 kN/m?
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<E 49> ASE (EAeE AstEe)

$34¢ 97 2 4

M

?-

® gsl= 7.500 kN/m? 7.500 kN/m?

TTITTITTTTIT

NAARAARARRARAAS

TR V011 ]| 20900 Jym

»

50:000 kN/m?

5 é 21.750 kN/m?

Q
N
=
>
s

48.250 kN/m’
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VAN
=]
>~
—_
o
\V4
rlo
N
T
lo,
ofN
Ju
Ll
o
= O
N
=]
Sl
>,
b
T
)
o
X
r]I.
lo,
o,
4

8% 30.0me] g HE AN 54
Qj;l 2] 5kA ) AFAGREE, YFEFAYAY, BT FAURE,
v, (m/s) N-E&3%) s, (N/m2)
Sa 73 A 1500 Z 3
Sp | BEYE AL 76023 150005}
vl g Z=E s
Sc | EAAE == | 36023 760°] 8 50 3} 100% 3}
A =] uk
Sp | gapxu | 18001 360018k | 15e17d S0°13t | 50014 100013
Sk | A EALA] L 180] 7t 157 ¢+ 50m] 7+
Sr ol o] SR UL7E o 7= A
7 CASE-1 CASE-2 CASE-3
A & (I:)] AVFE T | BFAGS | duusE | AZASS CA9SSE | gEdus
(m/sec)-| &E(m/sec) | - (m/see) | E(m/sec) | (m/sec) | EE(m/sec)
lH S 2 172 13 172 13 172 13
il 10 153 57 217 80 274 101
TIE 5 274 51 274 51 274 51
3ot 5 295 55 295 55 295 55
ag 5 560 104 560 104 560 104
A 27 280 303 324

2) AXASF A
<E 411>2 AJAFE vl £24 AER Spo Wl Isws

A &gk A A= Ca=0.16, Cv=0.23°]t}.
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<E 411> ARIA 9] A

AR A, Ca AR A, Cv
A EF A AT Y A AT Y L] -
I i I i
Sa(Ah 0.09 0.05 0.09 0.05
Sp(BE3H 0.11 0.07 0.11 0.07
Sc(&1gh) 0.13 0.08 0.18 0.11
Sp(ZLEA 0.16 011 0.23 0.16 .
Se(AFEAD 022 0.17 0.37 023

3) AAE A
<# 412>= AE A=A S UEHE 22N Jlsrdasd

TG A gl diske] 24 1009, 100049 AAF7E A8

Nl

<FE 412> s BT A

AAF7](d) 50 100 200 500 1000 | 2400 ¥ 1

AP=ASF, 1 0.04 0.57 0.73 1.00 1.40 2.00

Te ' (m/sec) Te

WBF 4870 FHE | FARE a9z | A | (m/sed)

CASE - 1| 0047 | 0261 | 0073 | 0068 | 0036 | 048 0.534

A}
=

= CASE - 2| 0047 0.184 0.073 0.068 0.036 0.408 0.449
(m/sec)

CASE - 3| 0047 | 0146 | 0073 | 0068 | 0036 | 0370 0.407
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TG = 1.1><TG/ (4.10)

= 2(4Hi / Vsi) (4.11)

Astramel WAL 4 SHueE 4] slstel 7oAl
AAGHAAERS ol S <17 A5>E SRR DA AT A
(@HAGFA, 009904 AT ALS AW AHF/ g =

WA EH A &g a =

faji)
e
=

i A'—0117 (R A9 1)
i =007 7 (X1 A749 11
@ 1.564¢
E L
WL "
4 i
Tk {04324
oot
L g
AN S
0.054' F
i 1 1 1 ! 1 1 1 i 1 1 1 1 I 1 i 1 i 1 1
0.11 0.55 )
21 (E)
<9 45> URAAAZIEH T2 AEESHAHEHGBY% 244])
SN WEAA A5 A”A (S8 EAE 2003)
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3T I~ = A= I~ 33
<GE 414> e ATAASESH AT ES
CASE - 1 (NX=7)
2= = A _
7|53+, Sy = 0.094 m/s B3z, Sy = 0.232 m/s
012 0.30
; 025 =
o1 .-------..-----7f e e Rt et nel b B
i 3 !
S 008 5020 f
: : i
§E 006 1 §; 0.15 :
iy : gg ]
% om ' y 010 8
1 [}
|
002 - : a0 T
e I l/ |
000 =1 1 o 1
00 01 02 03 04 05 06 O0F 08 08 10 00 04 2. 03 04 05 06 07 08 0§ 10
IZFI (18) TRFN (T
CASE - 2 (NX=20)
2~ =] A ]
7|5 d+=, Sy = 0.077 m/s BIHR 4%, Sy = 0.190 m/s
012 0.30
010 A 025 =
¥ 008 = 020 /3
S & [ i p——
i A " 4
006 1 i a15 .
i ] ) ]
fy 1 ;‘Q |
75.‘ 0.04 ] H 010 :
] 1
1 |
002 ./ i 0.05 ./ T
] 1
0.00 il 1 0.00 =" 1
00 01 02 03 04 85 06 Q7" 08 091710 oo e 02508 04 05 06 07 08 09 10
ZRF (6 ZRFI )
CASE - 3 (NA]=40)
2= = A _
7|53+, Sy = 0.069 m/s B $F, Sy = 0.169 m/s
0.12 0.30
0.10 025 —
s i
§ 0.08 § 020
N SO RN R i P ot e
;v 0.06 gg 015 i
i s i
?: 0.04 y 010 ;
i
0.02 0.05
,-/ |,/,-/ 1
0.00 e 0.00
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 08 10
TRE (T 2REI (1)
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<E 415> CASE® Ay efo] o3k E¢f

e s B PA G
H4 E, PV (kN/m?) = EQ PV (kN/m?)
0 10 20 30 0 10 20 30
g S -0 ——®
S — -0 =@
E | —++0 | _ ——©
‘E’ =<0 ‘E’ =<0
1 = —® —=®
ZH 9 PV (kN/m?) Z £, PV (kN/m?)
0 10 20 30 40 ] 10 20 30 40
C 3 EETNEED B =h 3 ErEEreEE -
A WES S=° 5 'f‘L Htt:*ﬁ N 3.5 EE ==F 7
S| CIRES A A=W T A -
E|_ ° fj«__/t e -0 | _ 4 f —= —+—©
_E, 45 o 5 :t‘E"__ s==== o) .E, 45 j S 5> -0
2 5 2= H‘j‘?’. _%3: —=® 5 A - —=®
5.5 =SSS.S 55 £
6 === 6
ZH EY, PV (kN/m?) E4H EY, PV (kN/m?)
0 10 20 30 40 50 0 10 20 30 40 50
C 3 ‘ ——® 3 S : ' ——®
A . BT Pt oe| s N
S EERE LIAFK
E|. ' EEAEAM X +O|_ CHESA N w0
% 4.5 ff 7 / —>=0D % 4.5 f[ gk /‘v/ 1 T T Eaml®)
3 5 L = ——® 5 Kol A ——®
6 6
Py (Z2)=K,;|UZ,)— U(Zy)] (4.12)
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A7IA, U(Z,) =5 S,,‘T(;'COS(QWHS ZU) (4.13)
Uz ):l-S-T cos| o7 (4.14)
B 71-2 v G 2Hs B .
S,  AFEZ Aute] ufF7)o dfFEHE WAHAYEA
AAEE SHAANEY 2 (m/s)
Tg @ 777

7)ol
<3 416>C CASEH TxEo| #83sl= oy doed S A go|rh

1% Aaded kN/m) | sadgd kN/m) | S¥Hd99 (kN/m)
S| 71sEE | BARR | %5 | 298 | 71559 | 298
CASE -1 2.836 v, 712 5585 5.359 4211 4.040
CASE - 2 3.923 3.764 7.727 7.414 5825 5.589
CASE - 3 5.047 4.843 9.942 9.538 7.495 7.191
GD . ‘r'u
7y S, Tﬂ_sm(w- oI ) (4.15)
Gp . T
™= I -S,,_T”_sm(w- 7 ) (4.16)
T, T T
T ’ (4.17)
2
oI71A, 1, ¢ AFEHE e A&stE ARAl AT KN/
m’)
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Zeju ARzkA e Zo)(m)
x, P AFWAA F-EeB st A e 2ol (m)
GD‘(%)'V‘%D Anke] 1WA 5

8 Al B

<E AIT>E WA B A B4E e JEhd 3

=5
T

<E 417> AR E

T B R B TAPAFE
4 & 0.0844 g 02072 g
E,#ZCW (4.18)

AVIA, B - A B4 E
W AT AT

C,  ARAFCIvrE AFH ] ANAFE A B

9) Wxsts Asks

<3} 418>+ CASE-1 @9l st Y dlelze] Ast=s elH Aolr),
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<3} 418> WZsts A=
T = 8 AA 2 A
Is48 : 8.678 kN/m?
SAYR  8.327 kN/m?
S>> > > > >
Jls48 : 26.034 ~ 0 kN/m-
2
@ A ar oo | 2R 24,981 ~ 0 kN/m
y
ok B¢
p
2
<3E /418> A% (W5 Aet=)
Jls48 : 2.836 kN/m’
SR 2,721 kN/m?
T
i i
\:ﬂ 4
@ <=4 J o2 4211 KN/m?
Ak - PEIAYR L 4.040 KN/m?
4
i ‘1\
e‘e‘e‘ééet
Js48 : 5585 kN/m
SaYA| : 5359 kN/m’
2 2
@ T+ A ' | Jls4d : 0.0844 g
3 *— P =2 0|gX .
e SIYX : 0.2072 g
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436 stex%
<HE 419>8F <FE 420> Z7F A EGRI|FEEEAYESHS] 2012)
Agate] Ae Al iRl M ste s UERdA 3Eolth
<3E 419> A A A sks st
AAESH FHES 233 & s
?— p=N _]"_!7§ SN =) =) =)
vl R SE RN,
Comb.l | 12 16 16 16 16
Comb.2 | 12 16 08 16 16
Comb.3 | 09 0.9 16
Comb.4 | .09 0.9 08
Comb.5./| 12 16 16 16 16 16 16
Comb6 | 12 16 08 16 16 16 08
Comb.7 | 09 09 16 09 16
Comb.8 | 09 09 08 09 08
<E 420> WAAE stsE3
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A4E} | SMER | AT | + &
T E :?;;"i A4 | A o | A 84 | A 84 ﬂhg fjf]

o e EEIES IEEIES I
Comb.1 12 12 1.0 1.0 | 10 1.0
Comb.2 12 12 05 1.0 | 10 1.0
Comb.3 09 09 1.0 1.0
Comb.4 09 09 05 1.0
Comb.5 12 304 1.0 10 | 10 | 12 | 1.0 | 10
Comb.6 2/ 1.2 05 10 | 10 =12 | 05 | 1.0
Comb.7 0.9 0.9 1.0 09 [+1.0 | 10
Comb.8 09 09 0.5 09 | 05 | 10
Comb.9 1.2 12 1.0 10 | 10 1.0
Comb.10 1% 13 05 1.0 | 10 1.0
Comb.11 09 09 1.0 1.0
Comb.12 | 09 09 05 1.0
Comb.13 12 12 1.0 10 | 10 | 12 | 1.0 1.0
Comb.14 12 12 05 10 | 10 | 1.2 | 05 1.0
Comb.15 | 09 09 1.0 09 | 1.0 1.0
Comb.16 | 09 09 0.5 09 | 05 1.0
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44 &)X

a3 A=
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