midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

HA-1. Hydration - Pipe Cooling Overview
=  3-D Heat of Hydration Analysis

Model

- Y4 Symmetric Model

- Unit : kgf, m

- Isotropic Elastic Material
- Time Dependent Material
- High-order Solid Element

Load & Boundary Conditions
- Constraint

- Heat of Hydration Analysis

- Heat of Hydration Stage

Result Evaluation

- Temperature

- Principal Stress (P1)

- Heat of Hydration Result Graphs
- Animation Recording
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

1. Analysis > Analysis Control — “Control” tab ¢
2. Analysis Type : 3D

"‘”YF'E 3. Click [&| Button
~ .
zn ~ 4.Unit : kgf ,m,J
(™ Axisymmetry ~ .
C cPD D 5. Click [OK] Button
[v Convert Model Weight to Masses
{* Lumped Mass (" Consistent Mass
Auto-Constraint

[v Rotational DOFs for Truss / Plane [/ Solid Elements

i ,
Force kaf Length m  Energy 3\ > Unit System E'

\J Forca{lass) Length Erergy

Gravity Acceleration 9.80665 mfsec? @0 " mm ™ cal
Initial Temperature o [T n o) R !

M (ka)

Cancel " ki (ton)
U " |bf (Ib)
5

" kips (kips/g)

[ SetfiChange Defaulk Unik Syskem

( oK Cancel ‘

@ Analysis Control Dialog is automatically activated at startup.

MIDAS Information Technology Co., Ltd.



midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Step 2. 1. Toggle off “Toggle Grid”
2. Click “Normal View”

Rectangle X P 3. Geometry > Curve > Create on WP > Rectangle (Wire)...
Input One Corner w 4. Location : (0), <-8.8, 6.4> @

Methed g 5. Location : (0), <-5.6, 4>

‘ ‘ ‘ﬁ‘ (= 6. Click [Cancel] Button ¢
Location | 4,5 g .
Method |ABS x, v | 2 i
[ Make Face @ |
(@) apply (| cancel | a
6

© (:“ABS x,y”,<>: “REL dx, dy” X
(0)sameas(0,00 || v )

& [Esc] as shortcut for [Cancel] i
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

1. Geometry > Curve > Create on WP > Line...
Step 3. ,
2. Toggle on “Vertex Snap” & “Perpendicular Snap”
3. Select P1 & L1 (See Figure)
20 Lins X] 4. Select P1 & L2 (See Figure)
Input Start Location 5. Click [Cancel] Button
Locaten | 6. Geometry > Curve > Intersect...
Method  Jags v =~ 7. Click ® “Displayed”
) ' 8. Click [Apply] Button ¢
@ 9. Click [Cancel] Button
L1 3
= |
%Y
Select Entities o Intersect
8 =)o
L2 6,
O D
([P O X #
© Y
& “Ctrl+A” as shortcut for “Select Displayed” | | <
@ [Enter] as shortcut for [Apply] |
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

1. Mesh > Size Control > Along Edge...
2. Select 3 Edges marked by “O” (See Figure)
\ 3. Seeding Method : Number of Divisions (10)
|

o~ — 4. Click [Apply] Button
Qa\lfdﬂgis/) ] 5. Select 3 Edges marked by “(_1” (See Figure)
6. Seeding Method : Number of Divisions (3)
7. Click [Apply] Button

Step 4.

Seeding-Mathod

‘ Mumber of Divisions @

Murnber of Divisions
N

| 1|:|>

[ adaptive Seeding

-
| i |
= | Edge_Sesd
-
@ M Canc
4,7
® ©) ®
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Steg 5. 1. Select 3 Edges marked by “O” (See Figure)
2. Seeding Method : Number of Divisions (14)
Edge Mesh Size [g| 3. Click [Apply] Button
Coeae@q 1,4) ] 4. Select 3 Edges marked by “I_1” (See Figure)
= e 5. Seeding Method : Number of Divisions (4)
6. Click [OK] Button
Mumber of Divisions ]
| ké*g
| o
e A
[ adaptive Seeding
-
= | Edge_Sesd
_ = ©
&) Y
| o
el A
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

1. Mesh > Map Mesh > k-Edge Area...
M 2. Select 4 Edges of Zone A
3. Use Default Mesh Size
Map-Mesh k-Edge Area X 4. Property : 1
& Auto-Map 5. Click [Apply] Button

A
4 Edge|s] Selectad 2
M 6. Repeat step 2~5 for Zone B, C, D

" Manual-Ma
Menuartiee 7. Click [OK] Button

Mesh Size Z A <Z/— _\B>
* Element Size " Division oliz \On_e,

| 1

Property

Mesh Set
¥ | Map-Mesh{zD)
Addto  |Mesh Set i S
_ | _ - @b ¢ Zone D\
[ Reqister Mesh Function &_/ \\_//

[v Merge Modes

Tolerance | 1e-005

[ Generate Mid-Side Modes
E] @Cancel( Apply )
N\ )
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midas FEA Training Series

Step 7.

Pre-Works
fis Wiew Point

+- B Work

i
g Surfs -7
&3 Solid [
&¢ Compound [0]
[ Geometry Set
- Mesh
+-f8 Size Control [12]
B§ Mesh Control [0
f Mesh Object [0]
+-[ ] Mesh Set [B]
#H Feinforcement [0]
+-+4 Coordinate System
2 Function
[X] Material
+-[Z] Time Dependent Material

+-HEl Property
4

Flane

I +

-

[

Extrude Mesh

10-32D | Edge-:az] EFace-; 4 | ¥

v 234 Element(s] Selected ]

Exkrusion Direction

|Selecti0n j

[\/ Extruzion Dir. Selected ]

" Mon-Unifarm

Offset

Mumber of Times

[ Two Way Extrusion

(10)

Pre-works | Post-Works | Report wWorks

HuEGaEE&

Source Mesh
" Mone { Delete @ " Copy

T {+

Property
© O

Mesh Set

Add to |Mesh Sel j

[ User Defined Mesh Set

v Merge Nodes

Tolerance | 1e-005

@ (0] 4 Cancel 1" 13

HA-1. Heat of Hydration — Cooling Pipe

1. Pre-Works Tree : Geometry...

2. Click Right Mouse Button and Select “Hide All”
3. Click “Isometric 1 View”

4. Mesh > Protrude Mesh > Extrude...
5. Select “2D->3D” tab

6. Click “Displayed”

7. Select “Z-Axis” for Extrusion Dir.
8. Select “Uniform”

9. Offset : 0.6, Number of Times : 4
10. Source Mesh : Move

11. Property : 2

12. Mesh Set : Base

13. Click [Apply] Button
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)
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

1. Select “2D ->3D” tab
2. Click “Top View”
3. Change Selection Filter to

m
i N “2D Element (D)”
140 Element(s) Selected ] (P \4) 4. Select 140 Elements (See Figure)
|ZxTru:.iDn = | 3. Select “Z-Axis” for Extrusion Dir.
v Estrusion Dir. Selected ] 6. Select “Unl:fOl"m ?

7. Offset : 0.3, Number of Times : 12
8. Source Mesh : Delete

9. Property : 3

10. Mesh Set : Mat

11. Click [OK] Button

* Unifarm
Offset |

Murmber of Times

[ Twa way Extrusion

(8)

Source Mes|
" Mone( ™ Delete Move © Copy

l"‘ (+

Gom=T
lﬂesh Set | @@

Addto  [Mesh set ! [k Rt

[ User Defined Mesh Set

[+ Merge Modes

Talerance | 1e-005
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Step 9.

1. Pre-Works Tree : Mesh > Mesh Set > Copied-Mesh(2D)...
fos Wiew Point -] +- g Geametry -]
+- [ Work Plane - Mesh
+-J Datumn +-f Size Control [12] 2. Press [Delete] Key
+ G 1] Mesh Control [0]
' g Mosn % Mot Object (0] 3. Pre-Works Tree : Mesh > Mesh Set...
+-f8 Size Control [12] -] Mesh Set [4] . .
@) Mesh Contral [0] (3 Default Mesh Set [M:1] 4. Click Right Mouse Button and Select “New Mesh Set”
[ Mesh Object [0] [ Base [p= —
=) Mesh Set [4] At ° 5. Enter the name “Mat2” for New Mesh Set
[ Default Mesh Set [M:1] .m; >
C A Br=E [ RetfereEmment [0]
(@] Copied-tesh(ZD) +-+¢ Coordinate Systemn
) Trhetfhd 24 B2 Function
B Feinforcement [0] o, 1 Matarial ~
+-+4 Coordinate Systemn |1 | | v[ |
B8 Function Pre-Wworks | Post-Works | Report Works
[T] Material
+-[Z] Time Dependent Material
+-HE Property =
+ BC Show Al
+ Load Hide Al
|k Congtruction Stage hd Show<=>Hide
Pre-works | Post-Works | Report Works

Delete &l Empty Sets
Reset Work Mesh Set

Sort »
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Step 10.

1. Click “Front View”

Include/Exclude Mesh Set... [X]

— 2. Pre-Works Tree : Mesh > Mesh Set > Mat2...
7 e - © Eemenh  C hode o
Bl Mes 3. Click Right Mouse Button and

+-f Size Control [12]
@] Mesh Control [0] * Include  Exclude Select “Mesh Set > Incl./Excl. Items”

Bl Mesh Object [0] i
4. Select 840 Elements (See Figure)

A /N
-3 Mesh Set [4] Ei S 240 Elerment(s) Selected 3 4
£ Default Mesh Set [M:1]

0 ase ,- _ [v Exclude from Cther Sets 5. Click [OK] Button

N—

[ Delete Empky Sets after Operation

o et[[l] @ < o] ancel | Apply

+-+¢ Coordinate Systemn
8 Function
o, 1 hAstarial

-
« | o[

-Pre—WDrks Post-wiorks | Report Woaorks

Show Only
Hide

Display Mode r
Display
Shrink
Transparency, .,
Caolor,,,

-

Delete
Copy

Mesh Set Incl. /E=cl, terns
~—}
Work Mesh Set » Empty

&dd Sub-Set
Delete &ll Sub-Setg
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Step 11.

Time-Dependent Material {Creep/Shrinkage) edl | 1. Analysis > Time-Dependent Material > Creep/Shrinkage...
ame m c.jde<|CEB_FIP \i <] | | 2- Name : Creep/Shrinkage
CEB k—@ 3. Code : CEB-FIP
Compressive Strength of Concrete at Age of 28 Days 2700000 kgffma 4. Compressive Strength of Concrete at Age of 28 Days
Relative Humidity of Ambient Environment (40~ 59} | [ 702 =% 1 2700000 kgf/m?
Motational Size of Member [ 288 m 5, Rela.ti\7/(e) I0—|Aumidity of Ambient Environment (40~99)

h=2*ac [ u (Ac Seckion Area, u: Perimeter in Contack with Atmaosphere)

Type of Cement 6. Notational Size of Member : 2.88 m

i id Hardeni igh h i 1
M 7. Type of Cement : Normal or Rapid Hardening Cement (N, R)
* Mormal or Rapid Hardening Cement (M, R

" Slowly Hardering Cement (5L) 8. Age of Concrete at Beginning of Shrinkage : 3 Day
N
&ge of Concrete at Beginning of Shrinkage ‘é’ day 9. Click [O K] Button

Shiaw Result...m Cancel | Apply |
~

\&J
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Step 12.

Time-Dependent Material (Compressive Strength) _ 1. Anajysis > Time_Dependent Material
Name Scale Factor Graph Cptions = Compress:ve Strength. o
| Camp. Strength [ %-axis Log Scale [ *-axis Log Scale 2. Name : Comp Strength
= —y 3. Type : Code
o > 4. Code : ACI
Development of Strength 1.6eh - .
- P 5. Concrete Compressive Strength
Codz @ ° P at 28 Days (f28) : 2700000 kgf/m?
1.4:6
teqx f +bxte o o
b oy (Bt Lee 6. Concrete Compressive Strength Factor
Concrete Compressive Strength at 28 Days (F28) 1eE /, (a, b) . a(139) y b(086)
‘e 00000 / 7. Click [Redraw Graph] Button
E00000 .
/ 8. Click [OK] Button
Concrete Compressive Strengkh Factor (a, b) 400000 o
() °
o 4 & 1z 16 20 za 28
Time [day)
| \  Fedraw Graph ( 7 ) oK Cancel Apply
\_/\/

\&J
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midas FEA Training Series

rﬂ'loh'opic ] Interface ]

D e |
Structural 4

T —
Conc_C270

Color [/~

TimetDependent Behavior
! Creep/Shrinkage

| Creep/Shrinkage @ -
1 Compressive Strengt\_ |Comp. Strength -

Specific Heat

Heat Generation Factor

Conductivity

Specific Heat
(mass-spedfic heat capacity)

(mass-spedific heat capaci

FlasticModulus | 2.4474e9 kgfjim? % WeightDensity | 2500.344 kgfjm?

[+ Poisson's Ratio 0.167 " Mass Density kgffm3jg

[~ Shear Modulus kafjm?2

Fxpansion Coeff, le-5

p———— 7~ S
Model TypeC |Elastic ), ﬂ 5~8 )
Temperature Dependent Properties
Elastic Modulus |None ﬂ
Poisson's Ratio |None - LI :
Thermal [‘5_<|
Expansion Coeff, |None 7 —
Conductivity

3627.8 |3fm-hr-[T] =
) N10%.5 JgkafT]
1

[ Temperature Dependent

[]
I [-]

Cancel |

HA-1. Heat of Hydration — Cooling Pipe

ok |

e |(Coomn Y16

1. Analysis > Material ...

2. Click [Create] Button

3. Select “Isotropic” tab

4.1D : 1, Name : Conc_C270

5. Elastic Modulus : 2.4474e9 kgf/m?

6. Poisson’s Ratio : 0.167

7. Expansion Coeff. : 1e-5

8. Weight Density : 2500.344 kgf/m?3

9. Model Type : Elastic

10. Creep/Shrinkage : Creep/Shrinkage
11. Compressive Strength : Comp. Strength
12. Click [Thermal...] Button

13. Conductivity : 9627.8 J/m-hr-[T]
14. Specific Heat : 1046.5 J-g/kgf - [T]
15. Click [OK] Button

16. Click [Apply] Button
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midas FEA Training Series

Structural <

Elastic Modulus Iiles kgfim2
{+ Poisson's Ratio liuz
(" Shear Modulus li kafjm?2
Expansion Coeff, Iiﬂ

Color [/~
NS

{* \Weight Density 1800  kgffm?
™ Mass Density kgffm3fg

Constitutive Model

Model Type (_|Elastic j
Temperature Dependent Properties

Elastic Modulus |Nc-ne

Poisson's Ratio |Nc:ne

Expansion Coeff. |Nc:ne

Time-Dependent Behavior

HA-1. Heat of Hydration — Cooling Pipe

Conductivity

Specific Heat
(mass-specific heat capacity

Heat Generation Factor

[ Temperature Dependent

Conductivity |

Specific Heat |
(mass-spedfic heat capadity)

Led Led

1. Select “Isotropic” tab
2. 1D : 2, Name : Soil
3. Elastic Modulus : 1e8 kgf/m?

4. Poisson’s Ratio : 0.2

5. Expansion Coeff. : 0

6. Weight Density : 1800 kgf/m?3

7. Model Type : Elastic

8. Creep/Shrinkage : None

9. Compressive Strength : None

10. Click [Thermal...] Button

11. Conductivity : 7116.2 J/m-hr-[T]
12. Specific Heat : 837.2 J-g/kgf - [T]
13. Click [OK] Button

14. Click [Close] Button

Creep/Shrinkage

‘ : K QK > Cancel | Apply |

oK | Cancel |
13)
|N0ne 8 9 j
Compressive Strength W ! -
OB >
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HA-1. Heat of Hydration — Cooling Pipe

Step 15.

Create/Modify 3D Property

Salid ]

Material @0

Material CSys  |Element Coyvs -

Create v|

X
iD..

_____

Reinforcement, ..
Others. ..

1. Analysis > Property...

2. Create 3D...

3.1D : 2, Name : Base

4. Material : ( 2: Soil )

5. Click [Apply] Button

6. ID : 3, Name : Mat

7. Material : (1: Conc_C270)
8. Click [OK] Button

9. Click [Close] Button

QK Cancel |i Apply i\f:)
~—

Create/Modify 3D Property rg|
Salid ]
- D=
Material @G
Material CSvs  |Element CSvs -
o] 4 Cancel | Apphy |
8
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HA-1. Heat of Hydration — Cooling Pipe

Step 16.

%]

Change Element Parameters

261 Element/s] Selected |

= Property
D &z C a0 O Other

[ o] ] Ty

" Reverse Mormal
— align Local CSys
% Base Element (z, x-fuxis)

ﬂ Select Baze Element

" Core Coordinate (z-fxis)

o, 0, 0

[ Mid-Node to

—{" Orientation

¥ Ecta Angle I ] vl [Dea]
" Ref, Mode I Q

" Ref. Yeckor

| Iy

1. Mesh > Element > Change Parameter...
2. Select “Change Order”

3. Click B “Displayed”

4. Select “Quadratic”

5. Click [OK] Button

I(2)
(F Change Ord?/ N
Lineat 4
Geomekry d

@ (a4 |Cancel| Apply h:2

00

%
4
e
&
&

%
0
X,

G

)
)
o

40
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Step 17.

BC Set< |Sup|:u:urt§ 3) j
COhiject

1. Click “Front View”

2. Analysis > BC > Constraint ...
3. BC Set : Support

4. Select 929 Nodes (See Figure)
5. Click “Pinned”

Type  |Node |
P — .
929 Nodefs) Selected D 4 6. Click [Apply] Button

Fres Face Modes

Seed Node |

Feature Angle [Cen]

Mode
o+ add (™ Replace  © Delete
[ Apply to Unassigned Sbjects Only

DOF
W T1 v T2 v T3
[ Ri [ R2Z [~ R3
Fixed Free | —
@ 5 Mo Rokation L
Swrnmetry Anki-Symmekry
Plane 12 | Plane 12 | I
Plane 23 | Plane 23 | L
Plane 31 | Plane 31 |
.

------------------l
B o] cren G )0
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Step 18. m
v
& L. Click “Left View”
Constraint le L 2. BC Set : Support
6c set ([ Support (2 | & 3. Select 261 Nodes (See Figure)
Object

4. Click “Pinned”
5. Click [Apply] Button

Tvpe |Nu:ude

]  C 261 Nodefs) Selected )

on

Free Face Nodes

Seed MNode |

Feature Angle [Dea]

Mode
' add (" Replace 1 Deleke
[ apply to Unassigned Cbjects Only

DoF
v T1 v T2 v T3
[ R1 [ Rz [~ PR3
Fixed Free
4 | I ? 1 Pl e T 9 r 3 b 1.8 1. 0 1T 0% [ % B j.F
Pinned Mo Rotation
-J - ] Ty — —I —I — - - ] ot Ty —
Symmekry Anti-Symmetry [ f 1 L L O O O O O O O O Y O,
Plange 12 | Plane 12 | y o o N RS DD D I . . e e e
Plane 23 | Plane 23 | ! : - S (B
- ! - e e e L . ™ s B
Plane 31 | Plane 31 | I [} 7 [} [} ) 7 1 1 I I [ [}
-J - ] Ty — —I —I — - - ] ot Ty —
@ (ol4 ‘ Cancel( Apply | [ 1 1 L U O O, O O O O O O O O, IO
—
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Step 19.

BC SEt@ ~|
Object

Type  |Nods

=]
—  ——
e < Q

1. Click “Front View”

2.BC Set : Sym.1

3. Select 383 Nodes (See Figure)
4. Check on “T1”

5. Click [Apply] Button

Free Face Nodes

Seed Mode |

Feature Angle [Den]

Mode
* add (" Replace 7 Delete

[ &pply ko Unassigned Objecks Cnly —
-
B8]
-
@ [ 12 [~ T3 "
R1 Rz T R3 "
—
Fixed | Free |
=
Finned | Mo Rokation |
-
Svmnmektry Anki-Syrnrmetry
Plane 12 | Plane 12 | 1
Flane 23 | Flane 23 |
—=
Plane 31 | Plane 31 |
-
@) (o] e (G )(5)
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Step 20. =
5 1. Click “Left View”
Constraint X (5 2.BC Set : Sym.1
BC SEI:@) -l & 3. Select 525 Nodes (See Figure)
A B 4. Check on “T2”

5. Click [Apply] Button

/-\
C 55 Node[s]selected)(@
] RS SEREE

Free Face Modes

Seed Mode |

Feature Angle [Deq]

Mode
v add (" Replace 7 Delete

[ apply to Unassigned Objects Cnly —
o
DioF
]
[ T1 @0 I )
—1
[~ R1 Rz [~ R3 »
Fixed | Free | T
—
Finned | Mo Rotation |
-]
Syrnmekry Anki-Syrnmekry
Plane 12 | Plane 12 |
B
Plane 23 | Plane 23 |
o=
Flane 31 | Flane 31 |
-]
E] QK | Cancel ( Apply
SN— sl
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Step 21.

1. Click “Front View”
BC Set qwe - & 3. Select 192 Nodes (See Figure)
Object P=, o
Type  |Node -] & 4. Check on “T1
(5 5. Click [Apply] Button
|

Free Face Nodes

Seed Node | L
Feature Angle [Deq] "

L
Mode o=

s add (" Replace  © Delete
[ Apply ko Unassigned Objects Only L

D
[~ 12 [ T3

[ R1 [ Rz [ R3
Fixed | Free |
Finned | Mo Rokation |

Syrnmekry Anti-Syrmmekry

Plans 12 | Plane 12 |
Plane 23 | Plane 23 |
Plane 31 | Plane 31 |

@ QK | Cancel (| Apply
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Step 22.

BC Set @ =l
Ohject

Type  |Node |

2. BC Set : Sym.2

3. Select 264 Nodes (See Figure)
4. Check on “T2”

5. Click [OK] Button

my

= .

i 1. Click “Left View”
(=

(5

|

264 Mode(z) Selected

Free Face Nodes

Seed Mode | ]
Bt

Feature Angle [Deq]
—t
Mode T
&+ add " Replace O Delete =T
[ Apply to Unassigned Cbjects Only =4

DoF
[ T1 [ T3

[ R1 [ Rz [~ R3
Fixed | Free |
Pinned | Mo Rokation |

Symmekey Anki-Symmekry
Plane 12 | Plane 12 |
Plane 23 | Plane 23 |
Plane 31 | Plane 31 |

£l ‘D e Apply

MIDAS Information Technology Co., Ltd.



midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Step 23.
Convection Coefficient Functions ks 1. Analysis > Heat Transfer Analysis >
| . e | Convection Coefficient Functions...
Function Mame Funckiz Lrit
@ C User eber] <] 2. Function Name : Convection Coeff.
Constant Scale Factor Graph Optians 3. Function Type : Constant
i o | 10| Fzax e [ v-a | . ‘L
|C|:unvect||:|n Coefficient ¥-axis Log Scale ‘f-axis Log Scale 4 Convectlon COGﬁICIGnt : 50232 J/m2°hr°[T]
a0232
s0000 - : — - _ 5. Click [Redraw Graph] Button
55000 4t L L N S N - — .
55000 6. Click [OK] Button
45000
40000 -
35000 <
20000 -
25000 -
o000
15000 -
L0000
so00
0 —
o 4 8 1z 15 z0 z4 23
| (' Redraw Graph ‘) | n) Cancel Apply
P ——————
\&J
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Step 24.

Ambient Temperature Functions [?

1. Analysis > Heat Transfer Analysis >

. . Ambient Temperature Functions...
Functign lame Function Tvpe e
D e — = B
o arbient Temp. (" Sine Function " User 2. Function Name : Ambient Temp
Constant Seale Factor Graph Options 3. Function Type : Constant
Temperaturs @ | waxslogscale | v-axslogscale 4. Temperature : 20 [T]
° 22 5. Click [Redraw Graph] Button
; 6. Click [OK] Button
16
12
1z
10
&
&
a
z
0
a a & 1z 15 z0 ga )
Time (daw)
N
Redraw Graph | ‘) Cancel Apply
———— S~
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Step 25. 1. Click “Front View”
2. Analysis > Heat Transfer Analysis > Convection Boundary...
Element Convection Boundary E' 3. BC Set : Convection 1
BC Set ‘e - 4. Select 112 Element Faces (See Figure)
T¥pe  [Face Convecton [ 5. Convection Coefficient Function : Convection Coeff.
Cbject
Type  [3D HementFace =] 6. Ambient Temperature Function : Ambient Temp.
e — .
(112 Blemert Facels) SeledeD@ 7. Click [Apply] Button
S
Mode
o+ Add " Replace  { Delete
-

Convection Boundary

Convection Coeffident Function -
—— 3

Convection Coeff, ° -

Wr nction

Ambient Temp, 6 j

E] Ok Cancel " I = - -
U

MIDAS Information Technology Co., Ltd.
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Step 26.

Element Convection Boundary rz|

scset QEveeni{(2) =

Type |Fau:e Convection j
Cbject
Type |3D Element Face ﬂ

138 Element Face(s) Selected 3

Mode

* Add " Replace " Delete
=

Canvection Boundary

Convection Coeffident Function

. ™
(Convection Cn:neff v| |5

Ambient Temperature Eynction
e
(ambient Temp, e v| [e2
E] (5]4 Cancel 1: Apply
b/

HA-1. Heat of Hydration — Cooling Pipe

1. Click “Left View”
2. BC Set : Convection_1

3. Select 138 Element Faces (See Figure)
4. Convection Coefficient Function : Convection Coeff.
5. Ambient Temperature Function : Ambient Temp.

6. Click [Apply] Button

I W EE

MIDAS Information Technology Co., Ltd.
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Step 27.

Element Convection Boundary E|

Y e
BC Set  ((Convection_1_BS o -

Type |Fau:e Convection j
Object
Type |3D Element Face j
280 Bement Face(s) Selected 3
N1

Mode

o Add " Replace  { Delete
=

Convection Boundary

Convection Coefficen nction
e e

(Convection Coeff, ° - lﬂ
Ambient Temperature ction
e —

(ambient Temp, ° -

HA-1. Heat of Hydration — Cooling Pipe

1. Click “Front View”

2. BC Set : Convection_1 BS

3. Select 280 Element Faces (See Figure)

4. Convection Coefficient Function : Convection Coeff.
5. Ambient Temperature Function : Ambient Temp.

6. Click [Apply] Button

=@ gg
&)

MIDAS Information Technology Co., Ltd.
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Step 28.
1. BC Set : Convection_2
Element Convection Boundary ps__< | 2. Select 200 Element Faces (See Figure)
BC set ‘o 3. Convection Coefficient Function : Convection Coeff.
Tyee  [Face Convection 4. Ambient Temperature Function : Ambient Temp.
i 5. Click [Apply] Button
Type |3D Element Face J
i ( 200 Blement Face{s}SeIedecﬂ:D
Ml:ldE p e ey e e e e ey e e e B e R e I
+ Add " Replace  { Delete
=

Convection Boundary

Convection Coeffident Function

— 0

(lconvection CDEFF. -

Ambient Temperature Eynction

(ambient Temp. o ~| [

@ Ok | cancel ( apply |)
N,

I B NN

MIDAS Information Technology Co., Ltd.
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Step 29. - 1. Click “Left View”
= 2. BC Set : Convection_2
Element Convection Boundary ['5__<:| i 3. Select 84 Element Faces (See Figure)

BC Set ie - g 4. Convection Coefficient Function : Convection Coeff.
Type  |Face Convection =l 5. Ambient Temperature Function : Ambient Temp.
Object .

Type |3D Element Face j 6. Click [OK] Button
ﬁ E 84 Bement Face(s) Selected i 3

—~—— — N

Mode

+ Add " Replace { Delete

-

Convection Boundary

Convection Coeffide unction
> (M
Convection CDEFF. | |B5

Ambigg

i N = .E

E] Cancel |
&

MIDAS Information Technology Co., Ltd.
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M 1. Click “Front View”

2. Analysis > Heat Transfer Analysis > Prescribed Temperature...
3. BC Set : Prescribed Temp.

4. Select 929 Nodes (See Figure)

Prescribed Temperature

Bcset (| Prescribed Temp. eﬂ

E@@@@ﬁ@ Q
=)

Object

Type  |Node =l 5. Temperature : 20 [T]
BT 529 Mocki Seced_{ 4 ) 6. Click [Apply] Button
Mode

{* Add (" Replace { Delete

-

Temperature °
{* Constant w [Tl

" Time Dependent

| I (e
E] Ok Cancel "
\&J

MIDAS Information Technology Co., Ltd.
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Step 31.
: 1. Click “Left View”
Prescribed Temperature edl & 2. BC Set : Prescribed Temp.
cset ((Prescribed Temp. | e 3. Select 261 Nodes (See Figure)
o Qemeen 2 3 _
= 4. Temperature : 20 [T]
Type |Nu:u:|e j i
o 5. Click [OK] Button
251 Nodels) Selected __\ 3
Mode
+ Add (" Replace  Delete
=
Temperature /\/—\
& Constant | \U [T]
" Time Dependent
| = =
E] Cancel
>

MIDAS Information Technology Co., Ltd.



midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Step 32.
Heat Source Functions X 1. Analysis > Heat Transfer Analysis > Heat
, _ e Source Functions...
Function Marme Function Tvpe Data Type
(2@ « constani( code )" user | e 2. Function Name : Heat
Scale Fackor Graph Opkions 3 Function Type . COde
Tirne Linit l— - - ] ] ]
| FaxslogScale | V-axisLog Scale 4. Max. Adiabatic Temp. Rise (K) : 33.97 [T]
Functian : ; L.
FE) = K (1 - et 25 5. Reactive \elocity Coefficient (a) : 0.605
i **Temp- Rise (k) 20 /Jf 6. Click [Redraw Graph] Button
@ 25 7. Click [OK] Button
Reactive Yelacity Coefficient (a) ,.l
i
15
[ Use Concrete Data I
Cement Type e I
Temperature : r
Cement Cont [kafm~3] ’ 0 2 & 1z 16 20 24 25
e Time [davy)
\J

MIDAS Information Technology Co., Ltd.
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HA-1. Heat of Hydration — Cooling Pipe

Step 33.
Heat Source E|
H/S Load Set @'e -
Ohject
Type |Element j
P
Bl 1680 Elementis) Selected > ( 4 )
N

Mode
+ Add (" Replace (" Delete
v

Heat Source

@ o
E] Cancel
&)

(o)
©

HoBEH®E

1. Click “Front View”

2. Analysis > Heat Transfer Analysis > Heat Source...

3. BC Set : Heat

4. Select 1680 Solid Elements (See Figure)

5. Heat Source : Heat
6. Click [OK] Button

MIDAS Information Technology Co., Ltd.



HA-1. Heat of Hydration — Cooling Pipe

midas FEA Training Series

1. Pre-Works Tree : Mesh...
2. Click Right Mouse Button and Select Show Node

& ide m 3. Click “Show Elem/Node” in “Mesh” Tabbed Toolbar
fH SHi .
o Shawc o Hide 4. Select Nodes (See Figure)
1

Show Mode

Digplay Mode D
B Display Element ID
+-4, CoOrommate SysTeEm
-8 Function
+-[X] Material

21,1 Tirma Nanardant hdatarial x
‘| | p

-Pre—WDrks Post-Works | Report Wiorks

az@ﬂ%% @ |

MIDAS Information Technology Co., Ltd.
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Step 35-1.

Pipe Cooling

e —
Load Set Pipe Cooling_1
_—\
Mame Pipe Coaling_1
Cooling Pipe
Diamekter 0.027 m 4: 5

Convection Coeff, \] .335e6 |J||'m1'hr'[T] j

Cooling Water

Specific Heat 4136 | Jrgfkaf[T]

Density 1000 | kgffm3/g

Inlet Temperature 15 | [T]
Flowe Rate 1.2 | m#hr

Cooling Pipe Formulation

" Lingar o quadratic (10

Pipe Path

Selection Tolerance 0,001

 Pickaadd |

© ModelIDs |
" From Edge
e
Ma. Mode |~ ( add (1
1 1793 —
S 2187 Insert
3 1794 Delete
4 8183
Clear
5 1794 Q
5] a17a
7 1796
g B173
£ )| >

)

)

@ Ok Cancel " 14

HA-1. Heat of Hydration — Cooling Pipe

1. Click “Top View”

2. Analysis > Heat Transfer Analysis > Pipe Cooling...
3. Load Set & Name: Pipe Cooling_1

4. Diameter : 0.027 m

5. Convection Coeff. : 1.338e6 J/m2-hr-[T]

6. Specific Heat : 4186 J-g/kgf-[T]

7. Density : 1000 kgf/m3/g

8. Inlet Temperature : 15 [T]

9. Flow Rate : 1.2 m3/hr

10. Cooling Pipe Formulation : Quadratic

11. Pipe Path : Thru Nodes

12. Select P1 ~ P12 in sequential order (See Figure in 35-2)
13. Click [Add] Button

14. Click [Apply] Button

MIDAS Information Technology Co., Ltd.
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Step 35-2.

L] FII L] u Olﬂl n | | n | | | | n | | | | | | | | | | | | | | n | | | | n | | O P12 | | n n
ow

Direction l

[ ] [ ] [ ] [ ] n n | | J \ | | | | | | J \ | | n | | n | | n n

[ ] [ ] [ ] [ ] .\ r [ ] [ ] [ ] \ f [ ] [ ] [ ] \ f [ ] [ ] [ ] [ ]

. . . . . . P10 . |P11] . .

MIDAS Information Technology Co., Ltd.
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1. Click “Show All”

2. Click “Front View”

3. Click “Show Elem/Node”
4. Select Nodes (See Figure)

@ |

my

Ge
Pt
5
5
55

MIDAS Information Technology Co., Ltd.
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@@ 1. Click “Top View”
Load Set N -
ve ] e p 2. Name & Load Set : Pipe Cooling_2
Cooling Pipe e 3 Diameter : 0027 m
Diameter 0.027 m @ R . 5
Convection CoeftN 135556 [Jimiie 1,/ =] 4. Convection Coeff. : 1.338e6 J/m?-hr-[T]
Cooling Water 5. Specific Heat : 4186 J-g/kgf-[T]
Specific Heat 4136 | Jafkaf[T] R . 3
Densiy T i 6. Density : 1000 kgf/m3/g
Inlet Temperature| 15 | [1] 7. Inlet Temperature : 15 [T]
Flow fate L2 fmedhr 8. Flow Rate : 1.2 m¥hr
Cooling Pipe Formulation
’ rrpLinear G 9. Cooling Pipe Formulation : Quadratic
,. o 10. Pipe Path : Thru Nodes
Selection Tolerahee 0.001 11. Select P1 & P12 in sequential order (See Figure in 37-2)
™ Pick & Add
L I 12. Click [Add] Button
& 70 Bl 13. Click [OK] Button
T e T~ (G J12) 14. Click “Show All”
1 2783 — o ic ow
2 1017 _nsert |
3 2784 Delete 15. Click “Isometric 1 View”
4 11012
5 2784 ﬁ
3] 11007
7 2786
g 11002 +
£ 3
@) (13 _cx e o

MIDAS Information Technology Co., Ltd.



midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Step 37-2.

L] FII L] u Olﬂl n | | n | | | | n | | | | | | | | | | | | | | n | | | | n | | O P12 | | n n
ow

Direction l

[ ] [ ] [ ] [ ] n n | | J \ | | | | | | J \ | | n | | n | | n n

[ ] [ ] [ ] [ ] .\ r [ ] [ ] [ ] \ f [ ] [ ] [ ] \ f [ ] [ ] [ ] [ ]

. . . . . . P10 . |P11] . .
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Step 37-3.

MIDAS Information Technology Co., Ltd.



HA-1. Heat of Hydration — Cooling Pipe

midas FEA Training Series

Step 38.

Define Heat of Hydration Stage

Insert |

Delete |

A Convection_1
A Convection_1_B5S
Az Comvection_2
#r Prescribed Temp.
& Support
o Suml
ﬁ- Spm. 2

- 4 Load
4 Pipe Cooling_1
4. Pipe Cooling_2

Sark by

[~

Mame

Stage 1D |1: Mew Stage #1 &3 j
Stage Name | 51
Duration G@D
Set Daka Activated Data
=] ” Element - ” Element
~ Baze ~ Baze
f) Default Mesh Set pd Mat
” at | o Boundary
” Mat2 A Convection_1
- Ag Boundary & Corvection_1_BS

A Prescribed Temp.
A Suppart
e Sumn 1
-l & Load
4. Pipe Coaling_1{User S

1| | B

@ad Step  |UserStepl -
N Y

Modify |

additional Step. ..

Initial Temperature 20

Deactivated Daty

7 Boundary
4. Load

Load Step |User Step 1

Modify

Show Elements
" all

(% Activated @

(™ Deactivated

=8

@

—

5,6

Additional Step

Skep Generation
'y

| 10,20,30,50,70, 100,130,170

(Example: 1, 3, 7, 14

hour
Step Murmber 4:

" Auko

Duration

e

Step

Time
{hour)

Time |

Step

P | User Step 1
User Step 2
User Step 3
User Step 4
User Step &
User Step B
User Step 7

Last Step

10,0000
20,0000
30,0000
40,0000
70,0000
100, 0000
130, 0000
170, 0000

10,0000
10,0000
10,0000
20,0000
20,0000
30,0000
30,0000
40,0000

Cancel |

1. Analysis > Heat of Hydration Stage
> Define Heat of Hydration Stage...

. Click [New] Button

3. Stage Name : CS 1

4. Duration : 170 hour(s)

5. Check on “Additional Step”

6. Click [Additional Step...] Button

7. hour : (10, 20, 30, 50, 70, 100, 130,
170)

8. Click [Add to Step] Button
9. Click [OK] Button
10. Load Step : User Step 1

11. Drag & Drop “Base” & “Mat” to
“Activated Data” Window

N

12. Drag & Drop “Convection_1”,
“Convection_1_BS”, “Prescribed
Temp.” , “Support”, “Sym. 1”
to “Activated Data” Window

13. Drag & Drop “Pipe Cooling 1” to
“Activated Data” Window

14. Check on “Activated”
15. Click [Save] Button

MIDAS Information Technology Co., Ltd.
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. Click [New] Button
. Stage Name : CS 2

Step 39.

Define Heat of Hydration Stage

1
_ 2
— 3. Duration : 1000 hour(s)
Stage ID |2: Mew Stage #1 2 j
stage Name | = 4 5> 4. Check on “Additional Step”
Duration e Initial Temperature 20 5 CI'Ck [Additional Step] Button
6. hour : (10, 20, 30, 50, 70, 100, 130,
Set Data Activated Data Deactivated Data 170’ 250, 350, 500’ 700’ 1000)
= Element =-fg Elemert = ]
pJ Base P Mat2 7. Click [Add to Step] Button
) Default Mesh Set | gy Boundan i
~ I at Ay Convertion_2 Additional Step -
) Matz Ay Sym.2 Step Generation 8. Click [OK] Button
| 3 Boundary -1 4 Load
i EE:::E::EE_BS He Pl Cosl. 2lser® hour |0,170,250,350,500, 700, 1000 9. Load Step : User Step 1
i Frasid o 5 v b 10. Drag & Drop “Mat2” to
A Support Duration ‘%Ctivated Data” Window
L Sym1 by
L Sipliey = 11. Drag & Drop “Convection_2” &
L. Fipe Cooling_1 N R “Sym. 2” to “Activated Data”
4. Pipe Coolmg_h Add to Step 7 WlndOW
_ ad Step  |UserStepl v Load Step |User Step 1 - : 5 P .
&13/ _ _ Step fime | Time 12. Drag & Drop “Convection_1_BS”
Modify | TModify | thaur) step . - -
» | UserStep 1 10,0000 10,0000 to “Deactivated Data’ Window
Show Elements User Step & 20,0000 10,0000
- e 20 000 || 13, Drag & Drop “Pipe Cooling 2"
sqictvae User Step 5 70,0000 20,0000 to “Activated Data’ Window
Narne =l || ¢ Deactivated @14 ugg: StEE E 100,0000 50,0000
User Step 7 1300000 30,0000 i
@ 15 User Step 8 1700000 40,0000 14. Click [Save] Button
User Step 9 250,0000 60,0000 .
User Step 10 350,0000 100,000 15. Click [Close] Button

User Step 11 500.0000 150,0000
User Step 12 700,0000 200,0000
Last Step 1000.0000 3000000

8 K | Cancel
—

MIDAS Information Technology Co., Ltd.
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Analysis Case

Mo, MNarme Type Description -
Step 40. : [oee | |

Add/Modify Analysis Case Copy
Marme | ( Hydration E 3 ) m
Description | N—

7\
Analysis Type CHeat of Hydration ] 4 ’ j
v 15
| 5 Ce= T
| ) = . .
1. Analysis > Analysis Case ...
Analysis Control E| 2 CI'Ck [Add] Button
e of Hyaratn | 3. Name : Hydration

Final Calculation Stage R .

& o © Mddosiogo | | 4. Analysis Type : Heat of Hydration
T 5. Click i Button of Analysis Control
Inta Tempsratre 2 19 6. Time Integration Factor (0~1) : 1
[~ skip Stress Calculation (6"'10) 7. Initial Temperature 20
Heat Source Load Set Heat -
oy -k 8. Heat Source Load Set : Heat

v Creep v Shrinkage '\ 7% » ({3 o »

Creep Calculation Method 14 9' CheCk on Creep & Shrlnkag e

+ Generd g

Nur(n;her 0F|Iterati0ns 5 AZZI Tolerance 0.001 . Cancel Apply 10 Creep C&'CU'&UOH MethOd General

(" Effective Moduus < Eeff (t) = phi (81 xE (1) > 11. Check on “ Use Equivalent Age by Time &

phit | be | day(s) Temperature”

phi 2 £ dary(s)

e 12. Check on “Include Body Force”
¥ Use Equivalent Age by Time & Temperature - . .
W Include Body Force b 13. Gravitational Force Factor : -1

Gravitational Force Fackor -1 .

14. Click [OK] Button
7\ .
14 o D conce 15. Click [Close] Button

MIDAS Information Technology Co., Ltd.
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Step 41.

HA-1. Heat of Hydration — Cooling Pipe

Post-Works
+-[#p Post Style
- Hydration{Heat of Hydration}
-l-f@ STAGE 1, STEP 1010
+- & Displacement
+-4gf 30 Elermnent Straing
+-@ 30 Elernent Stresses

&l A o u

o ALt e 5=
M Crack Ratio (Mormal)
m - Crack Ratio (Inverse)

+- [ STAGE 1, 5TEP 220
+-[@ 3TAGE 1, STEP 3030
+- [ STAGE 1, 5TEP  4{50
+-[@ 3TAGE 1, STEP &7
+-[ STAGE 1, 5TEF  B(100)
+-[@ 3TAGE 1. 5TEP 7130
+-[@ STAGE 1, STEP  &(170)

-

1. Analysis > Solve...
2. Click [OK] Button

3. Post-Works Tree : Hydration (Structural Nonlinear) > Stage 1, STEP 1(10) >
Nodal Misc. ...

4. Double Click “Temperature”

5. Click “Sens.” Button

6. Select “Undeformed” for Mesh Shape (See Figure)
7. Click “Post Style” Toolbar

8. Select “Gradient” for Contour Type

Pre-wiorks | Post-Wwaorks | Report YWaorks

D@ -

Batid

(& gractent (

Curve | Surface | Solid | Geometry | Autof/Map-Mesh | Protrude-Mesh | Mesh | Analysis | Post Daka
Hydration(Heat of Hydr = | STAGE 1, STEP 1(1~- & B - Temperature -

Deformed+Undeformed

TA% +2.38960e+001
4 A% +2.33954e+001
- +2.23005e+001
75%
+2. 2403 2e+001
7 E%
2.7%

)

WS
e
W
SRS
W
X000
SR
KR

A

7

g

7 "*
el
A
B
B4
W
K5
O
XK

- +2.18036e+001
5 8%+2.1 4050e+001
+2.03104e+001

T9%
+2.04128e+001

4
39.3%

DA% +1.99132e+001
- +1.94176e+001

0.3%
+1.53199e+001

0.2%

0.2%

Z 4 B4223e+00
 +1.79247e+001
+1 74271 e+00

02%
0-2% 1 angse+00
TR

+1 5431 8e+001
0.0%

1 5034324001

4
5
5
W
%)
%
%)
2
%0
&

1
1

r

‘ '
2
e
X
e
X

3
i

4
l -
F §
4
¢ 4
T
V 4
i
)
4
T

;3
-

[UMIT] kgt |, m
[ DATA ] Hydration{Hest of Hydration) |, STAGE 1, STEP 1100 , Temperature | [ Output CSyvs ] Gl

MIDAS Information Technology Co., Ltd.
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Curve | Surface | Solid | Geometry | Auto/Map-Mesh LRssdoude-Mesh | Mesh | Analyd

Steg 42. Hydration(Heat of Hydr » = STAGE 1, STEP (a
\

| Stage 1-8 |
+2.00000e+001
40.8%
B 7%+1 A7125e+001
S 1 9425001 v Sensitive Apply Close

41 8137 4e+00
%

= | Post Data

- Temperature SO Z (W) > B~

1.556499e+001
+1 85624e+001
+1 .82749e+00
+1 79674e+001
+1 76993e+001 o
T rezen 1. Click “Post Data” Toolbar
0a +1.71248e+001

+1 6837 3e+001

sl 2. Click “Output Set Slider” Button
E Coarear 3. Click [A] or [¥] Button to Change Stage

. +1.53997+001

5.8%

40%

=[] w
N i g
I

[UNIT] kaf | m
[ DATA] Hydration{Heat of Hydration) , STAGE 1 STEF 8{170) , Temperature , [Output CBys] Global C8ys

1.7%

+2.28527e+001
26%

+2. 24757e+001
53%

+2.19747e+001
2.9%
BT%

|g—| +2.00000e+001
26 3%
+1 96935e+001
178%
+1.93976e+001
118%
+1 90965e+001

2.147072+001 4% 1 87955e+001
13.2%+2.UHEETE+UU1 j 40: +1.54941+001
301%&.04827&*‘001 Lo +1.51929e+001
i 3.8%” \99557e+001 0% +1.78917e+001
ey +1.84547e+001 e +1 75805e+001
PR +1.68507e+001 T +1.728942+001
e +1.54467e+001 e +1 B9882e+001
+1.78427e+001 P +1 66870e+001

1 74357e+001
0%

+1.69347e+001
0.2%

+1.64307e+001
02%

+1 58267e+001
0%

+1.54227e+001

1.63858e+001

36%

+1 60846e+001
1.3%

+1 57834e+001
0.0%

+1.54823e+001
0n%

+1.51811e+001

[UNIT] kgt , m [UNIT] kgf , m
[DATA] Hydration{Heat of Hydration) , STAGE 2 STEP 1(180) , Temperature , [Output CSys] Global CSys [DATA] Hydration(Heat of Hydration) | ETAGE 2 STEP 13(1170) , Temperature , [ Output CSys] Global CEys

MIDAS Information Technology Co., Ltd.
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1. Post > Heat of Hydration Result Graphs...
2. Check on “Stress Graph”
3. Click [Add] Button

Heat of Hydartion Result Graphs X 4. Select 2 Nodes (See Figure)

(¢ Single Analysis Case ¢ Mulki Analysis Case (2 NDde[s]SeIectecD (3:] 5. Click [OK] Button

Analysis Case

Step 43-1.

Skress Cu:umpu:unent

|H';-'|:|rati|:|n(Heat of Hydration) j & sigi  Sig-p1 6 ChECk on a" ComponentS
Graph Type O sy o 7. X Axis Type : Time

[ Stress + Allowable Stress Graph " Sig-Z2 " Sig-P3

[~ Stress Graph ™ abs MaxiP1, PZ, P3) 8. X Axis Time Unit : Day

[ Allowable Stress Graph " Ahs Max(P1, P3)

9. Click [OK] Button

[ CrackRatio Graph 1%
[+ Temperature Graph e { oK | } Cancel | Apply
Mode & Stress Component 3 ﬁr)f
.
.N 2672 @i

Delete

= Axis Tvpe
@G " StageStep
# axis Time

e " Haur

1_' Cancel apply

)

-t ey G S i S d s

Y
T A R R AT VA T T
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Temnperature [T]

EG

ES

3

23

EE

£l

£0

139

1

17

15

15

Temperature

_.F_,._—'----_

T

oo o o o Howm
LN Y [~ T R < T

Time (day)

H:z67&

H: 1652

- Summary -
-Max: Z.43Ze+001
at  0._5322

“Min: 1l.683le+001
at 35750

MIDAS Information Technology Co., Ltd.
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Curye

# -

Step 44.

Surface | Solid Gec:utc:fMap—Mesh Protrude-Mesh | Mesh | Analysis

- P B @@; Table

Set Range

HA-1. Heat of Hydration — Cooling Pipe

Post Dat

1

WISTAGE 1(1)

+2.00000e+001
+1.96966e+001
+1.93976e+001
+1.809652+001
1.87953e+001
+1 54941 e+001
+1.51528e+001
+1.78917e+001

0%

+1.7:3905e+001
S

+1.728942+001
T

+1.69562e+001

+1 6687 0e+001
1.63858e+001
+1 60846e+001

%
+1.57834e+001

0.0%
+1.54823e+001

00%
+1.51811e+001

e S T S N Y S 0 O O

[UNIT] kaf , m
[DATA] Hydration{Heat of Hydration) , STAGE 2 STEF 13(1170) , Temperature | [Output CSys | Glohal CBys

Properties

[WISTAGE
WISTAGE
[WISTAGE
WISTAGE
WISTAGE
WISTAGE
WISTAGE 1(3)
WISTAGE 2(1)

ST AG) - .-
MirfMax Yalue Range

{+ all Gets
(% Auto Calculation
" User Defined
Conkaur Plok

1(2)
1(3)
1(4)
1(5)
16}
17

" Current Platking Set

[ o[ o
Defarmed Shape

B

| €

Min

1. Click “Post Style” Toolbar
2. Click “Animation Recording” Button

4. Click 3}

“Animation Step”

Eits per Fisel 24 bi [~ 5. Click [Select All] Button
Compress Stream True
Frames per Half Cpcle 10 6. Click [OK] Button
Frames per Second ] . . .
Incremental Band Anim.  False 7. Property Window : Animation...
Incremental Band Frame 20
Output Image Filefs] False 8. Frames per Half Cycle : 10
Image Type Png 9. Frames per Second : 5
Image File Mame Irmage r—
Image File Folder [ C:A ] 10. Click [Apply] Button

C Apply X’ﬁ) | 11. Click “Record” Button

" \_

3. Click “Multi-Step Animation Recording” Button
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Step 45.

|_=_|---|§'1 STAGE 1, 5TER 1{10)
- Dlsplacement
. &

‘-'] HIGH- SOLID WY

-0 HIGH-50LID.5Z2Z

@ HIGH-50LID.5XY

- HIGH-50LID.5YZ

@ HIGH-50LID.5Z %

- HIGH-50LID.Yan Mises
S HIGH- SOLID Mean Stress

U

E HIGH-SOLID, F‘S(W

m Ternperature

o Allowable Stress
—-m - Crack Ratio {Mormal)
-~ Crack Ratio (Inverse)
H-[@) STAGE 1. 5TEP  2(20)
=-[@ STAGE 1, 5TEP  3(30

Ko >
: | HIGH SOLID F‘I(W e oy
=

Post-Works x

=

~

HA-1. Heat of Hydration — Cooling Pipe

1. Turn off “Animation Recording”

2. Post-Works Tree : Hydration (Structural Nonlinear)
> Stage 1, STEP 1(10) > 3D Element Stresses...

3. Double Click “HIGH-SOLID, P1(V)”

Pre-wiorks | Post-Works | Report wiorks

+1.33671e+004
0.0%

+1.21794e+004
0.0%

+1.0991 Te+004
0.0%

+9.60395e+003

0.0%

.61 624e+003
+7 . 42352e+003
+5.24051 e+003
+3.0531 0e+003
+3.66535e+003
+267767e+003
+1.48996e+003

+3.02245e+002
= .4:-8.854883+DDQ
-2.07318e+003
-3.26089e+003
-4 44861e+003
-5 B3632e+003

[UNIT] kof , m
[DATA] Hydratian{Heat of Hydratian) , STAGE 1 STEP 1{10) , HIGH-SOLIDYalm-P1{v) , [Output CSys | Global CSys
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midas FEA Training Series HA-1. Heat of Hydration — Cooling Pipe

Sten 46 Curve | Surface | Solid | Geometry

|g—| +2 3627 2e+004
0.5%

+2 18738e+004
1.4%

+2.01205e+004
2.0%

+1 B3671e+004

1.56137e+004
+1 48604e+004

+1.31070e+004
1%

ELRI 1. Click “Post Data” Toolbar
TR et 2. Select “STAGE 1, STEP 8(170)” for Output Set
3. Change Stage of Output Set

157%
-2.67328e+003

-4 42666e+003

- B - Sens. Apply

[UNIT] kgt , m
[ DATA] HydrationiHeat of Hydration) | STAGE 1 STEF 8{(170) , HIGH-SOLID Yolm-P1{+) , [Output CBys ] Global CBys

|g—| +2.86214e+004 |g—| +2 46654e+004
07% 0.3%
+2 B4383e+004 +2.25405e+004
1.4% 1.5%
+2.42552e+004 +2.04176e+004
1.7% 26%
+2 207 M e+004 +1 B2947e+004
E 34%

22:2 1.98390e+004 3:9% 16171 7e+004
e 17705384004 V1 404a8E004
S o 155228004 o 11925924004
S 1333978008 o, 90030284003
o, H111557E008 g 7 £801 124003
S TBOTEETeRON G, *5 55724003
g 167904324003 10 gt 4342884003
1 g BUFABS00 e 3113804003
2 o 2/4249054003 17 ot 11832002
o 412138002 g 29344424003
T4 13, 1 9¥10954003 a5 0573584003
g 4 124gTE003 oo, 7 1802Ee003

-6.30805e+003 -9.30317e+003

[UNIT] kaf , m [UNIT] kaf , m
[DATA] HydrationiHeat of Hydration] , STAGE 2 STEP  1(180) , HIGH-S0LIDVoIm-P10y) , [Output CSys] Global CSys [ DATA] Hydration(Heat of Hydration) , STAGE 2 STEP 13(1170) , HIGH-SOLID Yolm-P104 | [Qutput CSys] Global CSys
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