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ZE ME AZ| EQH(DHSHE) A 4| (Marston's Formula for Loads on Underground Conduits)
M W, =y.H (H < 2.0m)

W, = Cyy,B (H > 2.0m)

1= e—Zku’(H/B)

C, =
a 2ky’

Wi
_1-sing
" 1+sing

u' =tan¢’
B =2D+100

X| Bk (Wf)

I O T T

W, HREEY

= kgf/cm?

Cq Marston E 2 A= H>20m% M ML
i ol =20l Ol £hol 2ol R

k QA4 Rankine A %=

7 OpEHA|I 2 tan ¢’

¢ FOo| Lis o0&zt K|HIA[S = X|HERARZE
¢’ UMESt =AM Op& 2} OlAl: ¢ = ¢ = 30°

Yt S R OlAl: 1.8 x 10~3kgf/cm3
B YR AR B =2D +100
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H =2.070m = 207cm
D =710mm = 71cm
B = 2D +100 = 2(71) + 100 = 242cm
¢ =30°¢" =30°
ye = 1.8 x 107 3kgf/cm3
AHlbt

_1—sin30°_1—0.5_0333
T 14sin30° 1+05

u' =tan30° = 0.577

H 207

B—m=0.855

1 — ¢—2(0.333)(0.577)(0.855)
Ce="30333)(0577)
Cq4~0.73
W, = Cay,B = 0.73(1.8 x 10-3)(242)
W, ~ 0.318kgf/cm?>
Cte| Hsk

W, ~ 0.318kgf/cm? X 98.0665 ~ 31.2kN/m?
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XlzFstE oAl Z=2: 500

Ol Al gt
H =207cm
P =9,600kgf
n=1,
L =175cm,C = 100cm,b = 50cm,a = 20cm
0 =45°i=0.443

®n 2ot KR HiE =242 2t 7| %ol met gaty

2H tan @ = 2(207)(1) = 414cm
nL+Mm—1)C+b+2Htan6 = 1(175) + 0 + 50 + 414 = 639cm
a+2Htan 6 = 20 + 414 = 434cm
~2(1)(9600)(1 + 0.443)
£ 639 x 434
W, ~ 0.100kgf /cm?

W, ~ 0.100kgf/cm? x 98.0665 ~ 9.8kN /m?
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44| (Spangler's Bending Stress Formula)

2
Op =E(Wv+Wt)

Ky,R?EI + (0.061K,, — 0.083K,)E'R®

EI+ 0.061E'R3

—_

kgf/cm? = MPa #Hgt

Op

OllAl: 1.5

g
KO
=<d

NS
KO
]

Wy

H

T

X|x|2t
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H

gl
N

I3

PPN

OflAl: 2.1 X 10%kgf /cm?
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1 K=
Qe sl

XIXIZHE A=

90°
120°
150°

0.189
0.157
0.138
0.128

0.103
0.096
0.089
0.085

0.00307
0.00171
0.00107
0.00082
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2 2
z= % z= % = 0.0683cm?

1

3 3
=5 1=2 = 0.02185cm3
12 12

W, = 0.318kgf/cm? , W, = 0.100kgf /cm? , W, + W, = 0.418kgf /cm?
X|X|Z} 90°¢ mj:
K, = 0.157, K, = 0.096, 0.061K, — 0.083K, = 0.00171
R = 25.08cm, z = 0.0683cm? , I = 0.02185cm?®
W, + W, = 0.418kgf/cm?
E =21x10%gf/cm?, E' = 28kgf/cm?

K,R?EI + (0.061K,, — 0.083K,)E'R®

~ 68.35¢m?
El + 0.061E'R? cm

THEtA,

o (0.418)(68.35)

T 1.5x0.0683
o, ~ 558kgf/cm?

0, ~ 558kgf/cm? x 0.0980665 ~ 54.7MPa
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| 518 ZI= &= 34 (Allowable Buckling Pressure Formula for Buried Flexible Pipes)
W =W, +W,

1 . EI
B’ =0.15+ 0.041 (B)

(25, H/D>20
Fs= {3.0, H/D < 2.0

1/2

G | &z

I8 AzjsiE Wy + W
1852515 %2 9letat Hlm
A A H/Doll k2t 2
LEv e OflAl: 1.0
VIEZES 0.15 + 0.041(H/D)
Fo| graiz4 GllAl: 28 MPa
2 e ME2k
EHRIZ e EteioktERE t/12
2=z
oij442l0| BHATHES B SY J|E

W < qa > 220HH

=MIDASIT Co,. Ltd
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oIt Zf=5t= Of|A| A4t 500, E'=28 MPa

GilAl Bt:
H_2070 o
D 4952
H/D = 2.0
mhkM,
FS =25
B’ = 0.15 + 0.041(H/D)
B’ =0.15 + 0.041(4.18)
B' =0.321
I=C (R91=Y B TRi2K R HE)
3
I=——=12184 3
1 845mm? /mm
D =4952mm,B' =0321,R, =10,FS=25
Al
= 1 (32x 1.0 x 0321 x 28 x 210000 X 21845 ”
9 =75 R 495.23
qq = 1.32MPa
EZ [t H|w
2+ 500 Oi =] of| A[of| A,
W, = 0.318kgf/cm? , W, = 0.100kgf /cm? , W, + W, = W = 0.418kgf /cm?
Tl gk
W = 0.418 x 0.0980665 = 0.0410MPa

o2k

W = 0.0410MPa < q, = 1.32MPa
> HFoKY
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H|oh £ 23 (Longitudinal Stress in Thin-Walled Pressure Vessels)

PD
g, = 4_t
H|cHR %3 (Total Hydrostatic Force)
F =PA
Ao nD?
4

=B =8 (Resultant Force on a Pipe Bend by Momentum Equation)

0
F, = 2PAsin—
2
500 If| T+ 323 Of[A|
D; = 0.4952m

7(0.4952)2

A=——p—
P = 1,600kN /m?

F = 1,600(0.1926) = 308.2kN

= 0.1926m?

F, = 2(308.2) sin45° = 435.8kN
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€ 28(Thermal Stress) 24! (Hooke's Law for Uniaxial Thermal Stress)

o, = EaAT
o, 20| ofsh waise gt
E L et 4 HE T, 54
A SYEA I Mz =4E
AT 2Rk BX2E, HERE, 2H2E

1

G| Al

E = 210,000MPa
a=12x1075/°C
AT = 55°C
or = 210,000(12 X 106)(55) = 138.6MPa

, L=0|Z, EAIDHE, lEx=20f 2t 2= S2{0] Zat

>N
=
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Civil NX Modeling Process in Civil NX
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MibAS

CIVIL NX
720 A

. Temperature 22zt p- Celsius

[OK] Click

a o~ w N 2
I
®
o
—
i)
i)
S

LA 4
o
o

IV ERSES

1. Properties(Material) CHSHAHOH| A [Add] 22

2. Elasticity Data: Type of Design P> Steel AEH
3. Steel NI &=: * Standard P KS10-Civil(S)

- DB P S5400
4. [OK] 22!

2 = 2

Temperature

O Celsius

units,

Force (Mass)

N (kg)
QKN (ton)
kat (kg)
tont (ton}

bt (b}

kips (kips/g)

Fahrenheit

Note : Selected units are displayed in relevant
dialog boxes, Valuss sre NOT changed with

Set/Change Default Unit System

| OK

” Cancel

_

[Properties] - [Section Properties] 21& - [Thickness]

Properties(Thickness) 0ilA [Add] 22!

. =M 2 : In-plane & Out-of-plane » 6.4 mm =

1.
2
3. AMCtOl [Value] B MEH
4
5

. [oK] 22

Value _ Stiffened

Thicknesz 1D |1
©in-plane & Outot-plane
In-plane
Gut-ot-plane.

Plate Offeet

Thickness Ratio

General
Material ID 1 Name $S400

Elasticity Dats.

Steel
Type ot Desian  Steel

Standard | KS10-Civil(S) v

oB S5400 v
Conersts
Standard v
Code v
Type of Material
o6 v
Qlsotiopic Orthotrapic
Steel

Modulus of Elasticity 2.0500e+02 *Nmme

Poisson's Ratio 03

Themmal Goetticient 1.2000e-05 Vi€l

Welaht Density 7.608c.08 Mmne
Use Mass Denslly 7.85e12 Mymna
= Concrete

Modulus of Elasticity 0.0000e400 KWmm®

Poisson's Ratio

]
Themal Goetficient 0.00002400! V€1
Weiaht Density 0 Kimne
Use Wsss Density 0 Kmmes

Plasticity Data

Plastic Materisl Name  NONE =
Thermal Transfer
Specific Heat (] keal/kN(C]
Heat Conduction 0 keal/mm:hr-[C]

Damping Ratio 0.02

BN

=MIDAS IT Co,. Ltd



MibAS

CIVIL NX

SETE

2IE Shell A

[Structure] & > [Base Model] & - [Base Structures] - [Shell]

. Shell Wizard &3 (Input/Edit &)

+ Type: ¥ Shell (Cylindrical Shell 00| 2) e

« Geometry (X|4= =): R1 = 250.8 mm, R2 = 250.8 mm, H = 1000 mm

+ Number of Divisions (24 2& £):m =16,1=10
3. Material (XH&): 1: SS400
4. Thickness (5Ml): 1: 6.4000

5. HHX| & 3™ HH (Insert &)

* Insert Point (&&#&): 0,0, 0
l 2

« Rotations (2|7 Z{&): Alpha = 90, Beta = 0, Gamma = 0
6. Origin Point (7|1Z EH): Show Node &4 X3, 3(0, 0,0)

7. A[OK] 28

Input/Edit Insert

Tyee 81 0 mm B2 [0

F-Hl o 830 mm B4 0

== A1 250.8 mm A2 250.8
H 1000
Number of Divisions
mi1e O n 1 3 I 10
Material 1 ' 1: 85400 v
Thickness 1 ]@

Radraw 8 Update Dats

InpufEdit Insert

Gamma

e Insert Point
0,0,0

mm

mm Rotations

mm Alpha. Beta

Al A
.Ql] 4| 0 v
v @ Merge Duplicate Nodes
u @ Intersect Frame Elements
n Origin Point

@ Show Node | 3(0.0.0)




MibAS

CIVIL NX

SETE

4 FHEA| etk

1. E=7I: [Ctrl] + [E] (Display)
X

=
=.

N
x
02
00t

+ [Element] & AEH

+ Local Axis H|3 (24 22 = HA|)
+ Local Axis Label H|3 (24 2 = 21 HEA|)

£HEF|: [Ctrl] + [Shift] + [A]

[Node/Element] & - [Element Detail] & - [Change Element Parameters]
Change Element Parameters &%:

» Parameter Type: (@) Reverse Element Local

* Mode - Element Type: (@) Planar

6. Ad:[Apply] 2

1. mm-m

mm
m
m
in

| ft

" y
@ ictiverix kN v m Al

Misc Load View
Node Element Property Boundary

[CJElement Number

[CJElement Number with Border
[_JElement Type Number
(_JElement Type Name

(Gap

[_JHook

()Cable

B Local Axis

B Local Axis Label

(_)Local Direction
()Sub-Domain Rebar Direction

[DTEpIEY By Group]

Display by Selection Display by Membar

Hidden Labels
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T
MiDAS

Tree Menu  Task Pane imlin]

Node Element Boundary Mass Lc

BAZ=Z 2% (Surface Spring) T

Boundary Group Name
Default M - |
CIVIL NX | ass

A E_||'| Surface Spring
© Convert to Nodal Sprin
jc_._I_l M « [Ctrl] + [Shift] + [A]: B2 Hoio] BE QA M| Med e
Elastic Link
i —I—o | 2. [Boundary] ® - [Springs] & - [Surface Spring] 22

Distributed Spring

3. Surface Spring Supports AH

 Boundary Group Name: Default (7|22} ‘ l

+ Spring & 24l pittvepirvdada
+ (@) Convert to Nodal Spring A& (H AZ2IS MY ATZIO=Z tHat) —
+ (@) Point Spring &4 :";T; "
+ Element Type (22 EfR!): Planar / Face #1 &4 Type | Compression-only v
+ Spring Type (AZZ EA): Zc:llil:ub::e)macﬁo:
» Type: Compression-only (&% M8 AIZ) YT ) CE
+ Direction: Normal(+) (H2| #H4 Bef)

x| 2] A4 2y;

» Modulus of Subgrade Reaction: 93333 kN/m3




MibAS

M= st= 7|0|A(Static Load Cases) &9

C IVI L NX 1. [Load] B - [Create Load Cases] & - [Static Load Cases]
S

N

5t% 70| A = (Static Load Cases CHSHA)
«  Name &zt p X+E | Type MEHZH P Dead Load (D) - [Add] Click
+  Name &zt p IIHESHS | Type MEHZE P Dead Load (D) - [Add] Click
+  Name 22t p I|MESIESIDE | Type AEHZt p Dead Load (D) - [Add] Click
+  Name 2t p KI12FSIE | Type MEHEE P Live Load (L) > [Add] Click
+  Name Yzt p X}2FS5HESSIDE | Type MEHZH P Live Load (L) - [Add] Click
+  Name &zt p LR | Type MEHZt P Fluid Pressure (FP) - [Add] Click

2 P 2% | Type MEHZI p Temperature (T) - [Add] Click

« Name &2t

Name ‘EE )
3. [Close:l Click Case All Load Case v
Type Temperature ,m v
Description
No Name Type Description
AE Dead Load (D)

HEESHE  |Dead Load (D)

0§ 2 £251ESID|Dead Load (D)
AT Live Load (L)

5 | FBESIDE |Live Load (L)

[ Fluid Pressure (FP)

4 == Temp
*

]




Tree Menu Task Pane impini

MibAS

le Element Boundary Mass Load =

- . Self Weight v .
CIVIL NX II‘E(SeIf Welght) Load Case Name

?_5-6" £I| 1. [Load] & - [Static Loads] 12 -> [Self Weight] AHE v

2. NE M Load Group Name

+ Load Case Name: A= Default v ’

+ Load Group Name: Default Self Weight Factor
+ Self Weight Factor (XI& #|%): wat.z
* X:0
*Y:0

- [Add] 22

X 0
Y 0
Z 0
Load Case X Y Z Group
ANE 0 0 -1 Default
Operation




Tree Menu Task Pane
MipAS

Node Element Boundary Mass Load

DH*E-IE '6'.% (#Z! EO" al HI-E:')_ |-E_|. Pressure Loads v ’

H X -~ o L Type
© Load Case Load Type
C IVI L NX 1. [Load] & - [Static Loads] 3& - [Pressure Loads] - [Assign Pressure Loads] e
I"‘ *'I 2. STEP1: 4Tt OHHEE SHE (2 ES) RSt 14 E518 Nl - |
?-_I_OH | QA MEH: QIEO| AbCE K} o QA AE p——— Load Type Name
° el 2SS =l ol E._(TOp Half)'_l"'—| A = S .
« N& MH (Pressure Loads &): ot e e
+ Load Case Name: 12 E5tE \ Default -8
+ Load Group Name: Default / \ |
. \ I“J © Add Replace Delete
. OpthﬂSI (.) Add “.‘ ‘j‘ Element Types
» Element Types: Plate/Plane Stress(Face) PlateiPlane Stress(Face]
+ Selection: (@) Element L Pressure on Plate

» Pressure Face: Face #1 T———
 Direction: Global Z (HAX| ZtEA| 725 4k
+ Projection: (@) Yes (2% HEo|| +X 02 EHsI0] otF HE)

.
- BB

Selection Node  © Element
* Loads: (.) Uniform Pressure Face :  Face #1 ~
* P1:-31.2 kN/m? (Of2HE &Fot2 2 Ofo|Li~ 2t @i3) i T
Vector 0,0.0
o AlsH. [App|y] Eelél Projection O Yes No
Loads
© Uniform Linear
Pl 312 | Kiv/me
P2 0 kN/m?
P3 |0 kiN/m2

P4 0 kN/mz2




Tree Menu Task Pane
MipAS

Node Element Boundary Mass Load

HAE SFE (45 £t U uh)-sigt N —

— | . e \ Tupe
i © Load Case Load Type
C IVI L N X 3. STEP 2: ot BHEE 8t5 (X2 Hh2) THst ] |\ s
? > *'l o 24 MEf: AEO| 6IEF A (Bottom Half) 1 24 MEH t e E5tE -8
pll I o H M. \ {" Load Type Name
- o MR AH: \ / .
o LHHA] BE2 PI9F &Lt AH 2B, 7 O
° 6"% ot IO=IE—'1| N Default v n
+ P1:31.2 kN/m? (912 L0 22|= X|gt BF2{0|2 2 E2|A gt ) petens
© Add Replace Delete
o AlSH. =2
=% [Apply] Eé! Element Types
Z Plate{Plane Stress(Face] v

Pressure on Plate

Selection Node  © Element
Pressure Face : Face #1 v
Direction Global Z v
Vector 0,0.0
Projection O Yes No
Loads
© Uniform Linear
Pl 312 | Kiv/me
P2 0 ki/m?
P3 0 kN/m2
P4 0 kh/mz




MibAS

CIVIL NX

SETE

=M £ E 5= (Hydrostatic Pressure)

1. [Load] & - [Static Loads] J& - [Hydrostatic Pressure Loads]

2. 3544

Load Case Name: D& E5HESIDE
Options: (@) Add

Load Type: Linear Loads
Element Types: Plate

Selection: (@) Element
Direction: Global X

Projection: (@) Yes

Gradient Direction: Global (-Z)

3. STEP 1: 4Tt = (Top-Left) XHst

2

Bl

A MEH: IS0 FHE HTH1/4 7 M=

% Z} olz: :

+ Reference Level (H): 0.2508 m (22| X|ATH 7|F)
 Constant Intensity (P,): 0 kN /m?

+ Gradient Intensity (g): 124.40kN/m3

Alst: [Apply] 22!

Tree Menu Task Pane im]i

Node Element Boundary Mass Load

Load Group Mame

Default v ’
Options

O Add Replace Delete
Load Type

Linear Loads v

Origin Leved

Element Types

Plate v

Selection Node  ©Element
Direction : Global X v

Prajection Yes ©MNo

Loads
Gradient Direction

Global (2) v
Reference Level(H)

0.2508 'm
Constant Intensity(Po)

0 | kN/me

Gradient Intensity(g)
124.4 KN /e



MibAS

CIVIL NX
720 A

=M £ E 5= (Hydrostatic Pressure)

4. STEP 2: 8%t

|val

t= (Bottom-Left) X5t

Q4 M §EO| B4 St 1/4 7 Mt
=

—_

Reference Level (H): 0 m (22| H&Y 7|F)
Constant Intensity (P): 31.2 kN /m?
Gradient Intensity (g): —124.40 kN/m"3
Alst: [Apply] 22!

P 3: AlCH 2% (Top-Right) st
24 MEli: IE0| 2= MEH1/4 2 MEY
St= 2t ¢

+ Reference Level (H): 0.2508 m (22| X|Alct 7| %)
» Constant Intensity (P,): 0 kN /m?
« Gradient Intensity (g): —124.40 kN/m"3

« (HiH 20|22 0101 A)

Ad: [Apply] 2=

Tree Menu Task Pane im]i

Node Element Boundary Mass Load

Load Group Mame

Default v ’

Options

O Add Replace Delete
Load Type

Linear Loads v

Element Types

Plate v

Selection Node  ©Element
Direction : Global X v
Projection Yes O©NMNo

Loads

Gradient Direction

Global (2) v
Reference Level(H)

0.2508 'm
Constant Intensity(Po)

0 | ki/ma
Gradient Intensity(g)

124.4 KN /e



MibAS

CIVIL NX
720 A

=M £ E 5= (Hydrostatic Pressure)

5. STEP 4: s}t % (Bottom-Right) X5t
« R4 MEH: SO RF S 1/4 7S MEH
St
+ Reference Level (H): 0 m (22| &Y 7|ZF)
+ Constant Intensity (P,): —31.2 kN /m? (2t 2tsk0| 2 2 Oto|LA)
» Gradient Intensity (g): 124.40 kN/m"3
. A3 [OK] 22

Tree Menu Task Pane im]i
Node Element Boundary Mass Load

Load Group Mame

Default v ’

Options

O Add Replace Delete
Load Type

‘Linear Loads v

Element Types

Plate v

E3

- P
A.'f
=]
Selection Node  ©Element
Direction : Global X v
Projection Yes O©NMNo
Loads
Gradient Direction
Global (2) v
Reference Level(H)
0.2508 'm
Constant Intensity(Po)
0 | kN/me
Gradient Intensity(g)
124.4 KN /e



CIVIL NX
720 A

At obs (% S/okE)

1. [Load] & - [Static Loads] 2& - [Pressure Loads]
2. STEP 1: &Th X|2F5H= Rst
o 24 MEH: RIEO| At MUK (Top Half) 714 24 MEH
+ N2 MH (Pressure Loads &):
+ Load Case Name: X12st=
* Load Group Name: Default
» Options: (@) Add
* Element Types: Plate/Plane Stress(Face)
* Selection: (@) Element
* Pressure Face: Face #1
+ Direction: Global Z (HiM| ZtEA| 2% @E)
+ Projection: (@) Yes (2¥ Ao X0
I

* Loads: (@) Uniform

* P1: —9.8 kN/m? (O}2HE E¥StE 2 Ot0|L{A 2k

- A¥: [Apply] 22

tu
m
02
ot
2
ot
oM

ree Menu Task Pane @ @

lode Element Boundary Mass Load

Pressure Loads v u

Type

QO Load Case Load Type

Load Case Name

B o -
Load Type Name
gl
Load Group Name
Default - |

Options

O Add Replace Delete
Element Types

Plate{Plane Stress[Face) v

Pressure on Plate

Selection Node @ Element
Pressure Face : | Face #1 v
Direction Global Z v
Vector 0,00
Projection O Yes No
Loads
© Uniform Linear
P1-9.8 kN/me
PZ 0 KN/me
P3 0 kN/m=

P4 kN/me



ree Menu Task Pane
nﬂiﬁE lode Element Boundary Mass ﬂ
Pressure Loads v ’
I A i
Kt 515 (45 Abfsle)
D QO Load Case Load Type

CIVIL NX 3. STEP 2: it A1l (Rl w2 o)
? KE=UA] « Q4 MEf: AE9| I Eih(Bottom Half) 71 Q4 M=t N [m=EE -8

—'—OH 1 . MR A | LosaTupe oo
* (Load Case & L}/ 4% 2 &2at7 2X) dl

Load Group Name

).-"“I Default v n

i \ Options

+ P1:9.8kN/m? (%12 L0f 22|= 20|22 E2{2)

" y 0 Add Replace Delete
- A [Apply] 22 >

JElement Types

Plate{Plane Stress[Face) v

7

Pressure on Plate

Selection Node @ Element
Pressure Face : | Face #1 v
Direction Global Z i
Vector 0,00
Projection O Yes No
Loads
© Uniform Linear
P1-9.8 kN/me
PZ 0 KN/me
P3 0 kN/m=
P4 kN/me=




MibAS

CIVIL NX
720 A

3. STEP1: #&
2

Of

AHE obs ()

[Load] & - [Static Loads] & - [Hydrostatic Pressure Loads]

) .
. SEHHE:

Load Case Name: X1&sHESIDE
Load Group Name: Default
Load Type: Linear Loads
Element Types: Plate
Selection: (@) Element
Direction: Global X

Projection: (@) Yes

Gradient Direction: Global (-Z)

Reference Level (H): 0.2508 m (22| | ATt Xt H 7|F)
Constant Intensity (Py): OkN /m? (ATHO| M= 81E0] 0)
™ (Left Half) XH3}

E9| ztZ Hul(Left Half) 7 HA| Q4 MEH

ra

|'>J
o 12 1

.l

[0

e
=
S

t

3
i

+ Gradient Intensity (g): 32.041kN/m3 (212 2t ZZ0|M
2 [Apply] 2

LRE(+X) L2 0l W

Tree Menu  Task Pane

Mode Element Boundary Mass Load

Load Group Name

Default v ’
Options

Q Add Replace Delete
Load Type

Linear Loads v

Element Types

Plate v
-~_E F
2z \7-\-‘
E4 1,7
.
E2
/
-~
4 \\\
[ 3] ——
Selection Node @ Element
Direction : Global X v
Projection Q Yes No

Loads
Gradient Direction
Global [-Z) v
Reference LevekH)
0.2508 m
Constant Intensity(Po)
0 KN/me

Gradient Intensity(g)
32.041 | k/me



MibAS

Tree Menu  Task Pane ﬁ@
Mode Element Boundary Massﬂ b
e b A Load Group Name
xI-Eo'I: °|-3 (T%q) Default v u
Options
CIVIL NX 4. STEP 2: 2 £ (Right Half) x5t At CRepece - Deite

e . 92 Met: 9E0| 2% HeKRight Half) 7 A 24 Ml Losdtipe
XolHAd | 2% FeRight Half) 7.2 4
==~ - BB Y

Linear Loads

=

+ Gradient Intensity (g): -32.041 kN /m?3 (O10|HA Zh: F0|A ZF(-X) 22 O]= WE)
« A [Apply] 23

\ Element Types
| \

L".‘ Plate
— X | ‘

Selection Node @ Element

Direction :

Global X v

Projection Q Yes No

Loads
Gradient Direction
Global (-Z)

Reference LevelH)
0.2508

Constant Intensity(Po)
0 kN/m*
: Gradient intensity(g)
8
-J\

32.041 | k/me



HEE——
MibAS

Tree Menu  Task Pane (im lim;

Node Element Boundary Mass Load

L2t (Internal Pressure)

Pressure Loads o n
Type
C IVI L NX 1. [Load] ® - [Static Loads] 1& - [Pressure Loads] O loedcare O LasdiTupe
?.I'al.l M 2. A7 42t P, ., = 1.6 MPa = 1600 kN/m? LLH“ e -
=== 3. Al M o S Rt

Load Type Name

« Q4 MEH: CEEF| [Ctrl] + [Shift] + [A]S 52 Y5 DH2 A QA MeY

=S =2o
« MIE &H (Pressure Loads %):

Load Group Name

Default v ’
Load Case Name: Lig}
Options

* Load Group Name: Default
* Options: (@) Add

O Add Replace Delete

Element Types

Plate/Plane Stress|Face] v
* Element Types: Plate/Plane Stress(Face)
Pressure on Plate
» Selection: (@) Element
2 !
* Pressure Face: Face #1

=~

» Direction: Local z (249| =X /&M 4tk

* Loads: (@) Uniform

Selection Node @ Element

« P1: 1600kN/m2 Pressure Face : Face #1 v

Direction v
 4%: [Apply] 2 G

Projection Yes No
Loads
© Uniform Linear
1 1600 | kime
P2 ~[| ‘kN/rn'
P3 @ KN/me

P4 |p KH/me



Tree Menu  Task Pane ﬁ ﬁ

MibAS

Node Element Boundary Mass Load

Element Ternperatures v a

2L 5lE (Element Temperatures) .

CIVIL NX 1. [Load] & - [Temperature] 15 - [Element Temp.] Ot0|2 22! _ v/ &

Load Group Name

?.I-SHL_'I 2. Aﬂ_l?_ ’é‘%‘,‘ Default v ’

o 224 MEfCEEI| [Ctrl] + [Shift] + [A]E &2 218 222 HH g4 ME

— = Options
* Load Case Name: 2= 0 Add Replace Delete
* Load Group Name: Default flepEcta e
Initial 0 icl '

+ Options: (@) Add . = -
« 2L gi(Temperature) 2 " '

« Initial (£7] 2&): 0 [°C] z

+ Final (2|8 2k): 55 [°C] —x

« Al [Apply] 22




MibAS

6= =%t (Load Combination)

CIVI L NX 1. [Results] - [Combinations] & - [Load Combinations] - [General] &

s 2. STEP1: LCB1 (L& =71 / LOAD COMBINATION 1)
XS 52/ LOA
-1 + Load Combination List:

» Name: LCB1| Active: Active | Type: Add
» Load Cases and Factors:
« XE(ST) 1.0
« LHRHST) 1.0
3. STEP 2:LCB2 (2|2 =71/ LOAD COMBINATION 2)

+ Load Combination List:

General _ Steel Design Concrete Design SRC Design Composite Steel Girder Design  Selsmic

» Name: LCB2 | Active: Active | Type: Add Losd Combination it

No Name Active Type  RF(ST) WEE0HE(ST)| W2 E0HE SIDE(ST)| AH2e13(ST) A2 otE SIDE(ST)| W(ST) £E(ST)

. 1]LcB1 Active Add 1.0000] | | 1.0000]

L] — — — L 1 4 A Ao

Load Cases and Factors : 2)LcB2 Active Add 1.0000 1.0000] 1.0000] 10000 1.0000

3)LcB3 Active Add 1.0000 | 1.0000

= T T T

e X |1 4]LCB4 Active Add 1.0000 1.0000 1.0000]  1.0000] 1.0000] 1.0000]
|'8(S ) I 0 3 5/LcBs ~|Add 1.0000 1.0000] 1.0000)  1.0000] 1.0000| 1.0000] 1.0000

* I |

« OHMESIE(ST) 1.0

. jMESIESide(ST) | 1.0
o XSS (ST) 1.0

. XFBIESide(ST) 1.0

SteelDesign v




MibAS

6= =%t (Load Combination)

CIVIL NX 4. STEP 3:LCBS (13 + 5 5% 27)

i * Load Combination List:
REH

» Name: LCB3 | Active: Active | Type: Add
* Load Cases and Factors:
« XE(ST) 1.0
+ 2E(ST)11.0
5. STEP 4: LCB4 (TH| ot5 &8 =7 - 2x H|2)
* Load Combination List:
» Name: LCB4 | Active: Active | Type: Add

General _ Steel Design Concrete Design SRC Design Composite Steel Girder Design  Selsmic

» Load Cases and Factors: A Comioation st

No Name Active Type | RE{ST)|WEEsHE(ST) W EcHS SIDE(ST) AH3HE(ST) Aot SIDE(ST) W(ST) 2E(ST)

= 1|LcB1 Active Add 1.0000] | 1.0000]

L] — — — L —. A Ao

xl‘E(ST) | 1.0 2)LcB2 Active Add 1.0000 ] 1.0000 1.0000] 10000 1.0000

3|LCB3 Active Add 1.0000 | 1.0000

° |:| M E'é' = T ’I 4|LCB4 Active Add 1.0000 1.0000 1.0000 1.0000| 1.0000| 1.0000!
H = |-3(S ) l 0 3 5/LcBs ~|Add 1.0000 1.0000 1.0000)  1.0000] 1.0000| 1.0000] 1.0000

* [

. OMESIESide(ST) | 1.0
o XIFSHE(ST) 1.0

+ XI2FStESide(ST) [ 1.0
« LHRHST) 1.0

SteelDesign v




MibAS

6= =%t (Load Combination)

CIVIL NX 6. STEP 5:LCBS (141 1% 48 271 25 #)

i * Load Combination List:
REH

» Name: LCB5 | Active: Active | Type: Add
* Load Cases and Factors:

« XE(ST) 1.0

« OHEESIE(ST) (1.0

« OHMESHSSide(ST) [ 1.0

« KIZHE(ST) [1.0

« XH&FstESide(ST) [ 1.0

General _ Steel Design Concrete Design SRC Design Composite Steel Girder Design  Selsmic

. LH%"(ST) | 1.0 Load Combinatien List

No Name Active Type TEF(ST) ﬂlsiﬂ%{sﬂi Ci2EsHE SIDE(ST)| A F3HS(ST)| A 2HE SIDE(ST) WHA(ST)| 2=(ST),

. 2 1/LCBY Active Add 10000 i 1.0000]

'—E(ST) | 1‘0 2|LCB2 Active Add 1.0000 | 1.0000 1.0000 1.0000 1.0000

3|LCB3 Active Add 1.0000 | 1.0000

7 I:|-7 . I E.E.l 4/LCB4 Active Add 1.0000 1.0000 1.0000 1.0000| 1.0000 1.0000|
- = | [C OSG] =7 > 5|LCBS ~|Add 1.0000 1.0000 1.0000 1.0000] 1.0000| 1.0000| 1.0000

* [

SteelDesign v




MibAS

C IVI L NX 1. [Load] & - [Create Load Cases] - [Using Load Combinations] 22!

e 2. NEMH
?- I OH M‘ TE=e = vat Selected Combinations

. : Zt%(Defined) 2

o [->]saEE
N

rx

Defined Combinations Selected Combinations

0 Ut

(]
il oot ox o 1B
1z
T g
Rl
<5
S
0]
=]
=
=
=2

° 40

=2 2%(Selected) S92 0|3
o

A (Y4 A NLCBT SEfZ XHEE])

Ral

HI o J% oo

0x
H

qm

w
1
oo
>
X®)

o
=

Load Case & Design Combination Name N

Design Combination Generate Position Concrete Design v

Select Loads

SfjAd 231

1To B Self Weight @ Pretension Load
B Nodal Body Force B Tendon Prestress Load
B Nodal Load
1. Perform Analysis (F5) € &l @ Specified Displacement
B Beam Load
B Floor Load
B Finishing Material Load
B Pressure Load
B Plane Load
B System Temperature
B Nodal Temperature
B Element Temperature
B Temperature Gradient
B Beam Section Temperature
B Prestress Load

Check all Check None




MiDAS

Civil NX Result Verification

LM Civil NXOlAf LARIS 21t Q[Qte g Aast Al AN AEALT}
24T H|Zsto] ZntE AEBC}
= E',Eﬁ,x =MIDAS IT Co,. Ltd



23 M2 (Components)

3| 2 E(Failure Mode)oll 23

=
[—

oA S={} o &

s
Z
=
=
O

2% 23 (Normal Stress) : 2/&(Tension) % 2= (Compression) &

1.

. Sig-yy

B4 Al Sig-xx= % W QlBl/Rl%

2t

Y F2 ME.

JOI-_T'_

(Direct Stress).

Sig-xx & Sig-yy: £x ¢t

N

{tH8 (Angular Deformation)

(Shear Stress) : 0|112{Zl(Sliding) & 2

Sig-xy (HL HTh): 2xj

(Distortion)0| &

Sig-yz & Sig-xz (He| H

o

HMX! MEHPunching Shear) X

Components

Sig-yy Sig-zz

Sig-xx

Sig-yz Sig-xz

Sig-xy

Sig-min © Sig-eff

Sig-max

MIDAS IT Co,. Ltd

Max-Shear




MibAS

23 M2 (Components)

C IVI L NX 3. 23 (Principal Stress) : Z|cH/%| A =28 MEf

Z4 J_'—I' =PS - Sig-max (2|t F83): [tz 224 AEHZ 20{9] 2(Mohr's Circle) Q2 sHA%S off wAsh= 7ha 2 1% 82 232|EL} ot
L =
= 2} 20| 4144 (Brittle) THaIE 20| MR Q1T FY Y {52 S 1) XBHFOZ AS.
- Sig-min (2|4 FSH): £X4 THE 2 84(-) #S IR 7MY 2 ¢S S, M=) IR0l 9% 0Lt 22 (Buckling) K2

SgEZ W IIE.

4, Z3t ot X|E (Failure Criteria) : 94/3| Axlo| &= gl ota| T
+ Sig-eff (RE 83, von-Mises Stress): Ct= &Ef2| =g 822 oA ot 0| 20| W2} 'S7H2 15 83 (Equivalent Stress)'
OF At AZtat 7k 2ot 22 A K Z (Ductile Material) 7t 2| Z5X 0 2 $H2F (Yield Point)ofl EE=X| THESH= 71&
CHEZXO| 1 Al oMM TIt K| H.
« Max-Shear (%|CH HTt S, Tresca Stress): 24 LA Ziiet o~ Q= Z[CH Tt 33 2L Z& 2Xe| H|ERI0|L Mt nt& S
X

E-0|F2(von-Mises) 2Lt LS 24X 2 HIKSt A} g o E7

=MIDAS IT Co,. Ltd




Tree Menu  Task Pane

Named Plane & A I-I e
Plane Type
3 Point:
C IVIL NX 1. [View] ® - [Vew] 12 - [Named] - [Named Plane] 22| o
743} = *.l 2. WH Yo © X-Z Plane
L | +  Plane Name: ‘84 MO 0|F2 = (0ll: CENTER) -2 Plane
+ Plane Type: thHo| #iakg MEHSIL|CY.
- (@) X-Z Plane: o] % HEH(YZ)0] N0l Fetag = o My e .
* Position & A-II-I Tolerance 0.001 m

« Y Position: 232+ &QI5t 10Xt St | X[ ZEE )= (0l -0.5m)
+ Tolerance: BHO|| Z&tEl .=/ 49| QX HQIE X|H (7|23} 0.001m)

3. %7} [Add] 28

Plane Name Plane Type
CENTER X-Z Plane
Operations




Civil NX0f| A &otof o= 2t

X
Z X
g
)
O R

ECEE

9

LH2t ZEBtoll A

h

r
|

r
00

£

fa

ol
wr
oo

Kr

fithe

A

M= 24

fa

fal (fi + f2)

S.F

oltzt= HE

<0
RO
od

K4

"pIE

.Al_l
Ly
4
s

25=<SF

1.0

047|M, et g2 TTtofHXIA|Me| 7|&7|ZE H17Z, H|

20=SF<25

0.9

29Z80f| [h2f AH|AkStTt
QHHEZ(S.F) = M=o ATUE [ (f1+f2)

1.0=S.F<2.0

0.8

(f1:LASH, f2: 2|

SF<10

0.7

MIDAS IT Co,. Ltd




MibAS

CIVIL NX

=
21E4

LHE Z=ZI(NLCB1) EF ek 38 HE

[Results] B - [Result Display] - [Stresses] > [Plane-Stress/Plate Stresses]
oM Aot £ M4
Load Cases/Combinations: CBS: NLCB1 (XI=+LHE})
Stress Options (83 A& 7|F):
« 7 (@) Local (HE Q4 KA ZHEA 7|E)
+ O0|H 2[X|: (@) Avg. Nodal (BH B S3)
« Z3 QX|: (@) Top (& AEDH)

5. Components (22 M&):

BN o2

+ (@) Sig-yy (Hoop Stress)
6. Type of Display (AlZ{st SM):
. Contour: 243} (83 2I MA HA|)
. Legend: &3t (=X Hai| EA|)
. Cutting Diagram: &3}t - [...] Z4E ©HH(CENTER) X|H

_PD
T2t
LR P = 1.6MPa, L& D = 495.2mm, M t = 6.4mmE=E HESIH,

op & 61.90MPa

Op

Tree Menu  Task Pane Dm

ons  Def i Forces. 1)

Plane-Stress/Plale Stresses v B
Load Cases/Combinations
CES: NLCBI Ml - |
Step v
Stress Options.
© Local
UCS | Current UCS v

Print UCS Axis

Element © Avg. Nodal
Avg. Nodal Active Only

O Top Bottom
Both Sides Abs Max
Components

Sig-xx O Sig-yy Sig-xy

Vector

Positive Negative
Vector Scale Factor
Length 1.000000

Thickness 2

<«

Type of Display

@contour [ Civeform [l
vaves [ @legend [
Animate [l Undeformed
Mirrored a Disp. Om.-
vield Point [}

@ Cutling Diagram a



NDAD Tree Menu  Task Pane [im )]
anAS pns Di Forces
Q - O Plane-Stress/Plate Stresses v .
o|et Z=ZI(NLCB2) 2lF wiet 23 HE
Load Cases/Combinalions
CBS: NLCB2 = |
CIVI L NX 1. [Results] @ - [Result Display] - [Stresses] - [Plane-Stress/Plate Stresses] step v
472 A 2. 84 23 53 MY Svess opons
O Local
EJ"I- = 1 3. Load Cases/Combinations: CBS: NLCB2 (XHE+OiA £ + K| 2F5}5) o
4. Stress Options (83 &&= 7|&): i o
lement wvg. Nodal
* -JEI'EZ" (.) Local (7Ht§ A xl'x‘” _{I'EZ" 7|—7,|_:—) Avg. Nodal Active Only
+ O|0|E 2/X|: (@) Avg. Nodal (™ "W 23) 0Top sottom

Both Sides Abs Max

« ZE3 ?X[: (@) Top (& &FH), and (@) Bottom (& stEH)

5. Components (22 M&):

Components
Sig-xx  OSig-yy ) Sig-xy

Vector

. (@) Sig-yy (Hoop Stress) i

. N Length 1.000000
6. Type of Display (AlZ{st SM): Thickness 2 2

. Contour: 243} (S 2L M4 HA|) Type of Disiay
e @ Contour petorm [l
. Legend: 243} (=X Hai| EA) —16.54 — 14.67 vaues [ @iegens [
. O-b = = 15-607Mpa Animate Undeformed
. Cutting Diagram: 243} - [...] A& ©H(CENTER) XX 2 Mirored [ 0 bisp. opt. [l
ot = Yield Point .
& Cutting Diagram [
o BEAa

& :
Sig-yy-top(&F&¥) =-16. L Sig-yy-bottom (:F &) e | T




MibAS

CIVIL NX

=
21E4

2E(NLCB3) % 93, #F 48 82 2E

BN o2

[Results] B - [Result Display] - [Stresses] > [Plane-Stress/Plate Stresses]
oM Aot £ M4
Load Cases/Combinations: CBS: NLCB3 (XI5 +2%)
Stress Options (83 A& 7|F):

« 7 (@) Local (HE Q4 KA ZHEA 7|E)

+ H|o|E| 9/X|: (@) Avg. Nodal (X HZ 23)

« ZE (X (@) Top (¥ 42H)
Components (82 H&):

+ (@) Sig-yy (Hoop Stress), (@) Sig-xx (Axial Stress)
Type of Display (A3t M):

. Contour: 243} (83 2I MA HA|)

. Legend: E43} (£=X] &2l EA)

. Cutting Diagram: &3}t - [...] Z4E ©HH(CENTER) X|H

Sig-xx(X&+8}) = -0.00014 MPa

Tree Menu  Task Pane Do

ons D Forces 1

Plane-Stress/Plate Stresses v ’

Load Cases/Combinations
CBS: NLCB3 Ml - |
Step v
Stress Options.

Q Local

UCS | Current UCS v

Print UCS Axis

Element O Avg. Nodal
Avg. Nodal Active Only

O Top Bottom
Both Sides Abs Max

Components
Sig-xx QSig-yy  Sig-xy
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