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Heat of hydration analy sis by construction stages

Overview

The rate and amount of heat generation are important in concrete structures having
considerable mass. A rise in temperature accompanies themal expansion, and non-
uniform cooling of mass concrete creates undesirable stresses. Themal cracking in a
concrete structure tends to be wide and propagates through the structure. This naturally
has adverse effects on strength, durability and permeability. Moreover, mass concrete
structures are cast in many stages with construction joints. Individually constructed
segments exhibit different heat source properties and time dependent properties. Therefore,
construction stages must be incorporated in a heat of hydration analysis model to truly reflect
a real construction process.

Stresses due to heat of hydration are classified as Internal Constraining Stress and
External Constraining Stress. The Internal Constraining Stress results in from the
restraining effect of volumetric changes due to different temperature distributions within the
concrete structure. For instance, at the initial state of hydration, temperature differences
between the surface and inner parts result in surface tension. Whereas at a later stage,
contracting deformations in the inner parts are greater than those at the surface, thereby
resulting in tension stresses in the inner parts. The magnitude of the Internal Constraining
Stress is proportional to the temperature difference between the surface and inner parts.
External Constraining Stress is caused by restraining the volumetric change of fresh
concrete in contact with subsoil or the substrate of previously cast concrete. The change in
concrete heat results in the change of volume, and the restraining effectis dependent on the
contact area and stiffness ofthe external constraining objects.

Heat of hydration analysis can be accomplished through Heat Transfer Analysis and
Thermal Stress Analysis. Heat Transfer Analysis entails the process of calculating the
change of nodal temperatures with time due to heat source, convection, conduction, etc.,
which take place in the process of generating heat of hydration of cement. Themal stress
analysis provides stress calculations for mass concrete at each stage based on the change
of nodal temperature distribution with time resulting from the heat transfer analysis. The
stress calculations also account for time and temperature dependent material property
changes,time dependentshrinkage, time and stress dependentcreep, etc.

This tutorial demonstrates the process of construction stage analysis and analyzes the
results for a foundation structure constructed in two stages or pours. The tutorial also
outlines the procedure of generating a construction stage model for heat of hydration
analysis and reviewing the analysis results:



ADVANCED APPLICATIONS

Enter general material properties

l

Enter time dependent material
properties

I

Create a structural model

l

Heat of Hydration Analysis
Control

!

Ambient Temperature Functions
Convection Coefficient Functions
Element Convection Boundary

|

Prescribed Temperature

I

Heat Source Functions

Assign Heat Source

|

Pipe Cooling

l

Construction Stage

]

Perform analysis

l

Check analysis results

Modulus of elasticity, Specific heat, Coefficient of
heat conductivity

Consider Creep & Shrinkage and change in modulus
of elasticity

Create elements, define boundary conditions & input
loads

Define integration factor & initial temperature.

Input whether to consider Creep & Shrinkage and the
calculation method.

Select whether to use Equivalent Age and to
consider the self w eight load.

After entering ambient temperature and convection
coefficient functions, use them to define convection
boundary conditions

Assign constant temperature conditions to the parts,
which do not undergo any temperature changes with
time

Enter heat source functions and assign them to the
corresponding elements

Enter relevantdata if pipe coolingis used.

Define elements, boundary conditions and load
conditions corresponding to each construction stage.
Set initial temperature of elements being activated.

Perform heat transfer analysis and thermal stress
analysis

Analyze temperature distribution and variation of
thermal stresseswith time

* Pipe cooling is not included in this tutorial for clarity in demonstrating the interaction of the two concrete

parts w hile analyzing the results of heat of hydration analysis.
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Structural data for analysis model

This example represents a simple foundation structure often encountered in practice. It
consists of subsoil mass and two parts of mass concrete cast in two stages as shown in
Figure 1. The 2™ pour takes place after 170 hours of casting the 1% pour. Heat of hydration
analysis is performed for the period of 930 hours after casting the 2" concrete mass.

If the subsoil mass interfaced with the concrete, is modeled as soil springs to represent the
boundary condition, the transfer of the concrete heat cannot be properly represented.
Therefore, we will create a model which includes the foundation having properties of specific
heat and thermal conductivity, to closelyrepresentthe true behavior as shown in Figure 1.

Subsoilmass :24x19.2x3m

Mat foundation (1 pour) :14.4x 9.6 x 2.4 m (170 hours)
Mat foundation (2™ pour) :14.4x 9.6 X 2.4 m (930 hours)
Cementtype : Low-heatof hydration cement

Static Loads Seismic ttlement/Etc, % (% Self weight &% Nodal Body Force | [T Blement | /3 Pressure Loads = Initial Forees ~
Temp. /Prestres: Construction Stage () Load Tables . . %5 Nodal Loads (™ Nodlal Masses M Line | Hydrostatic Pressure | [ Assign Flaor Laads ~
(O Movngload  (0) Heat of Hydration StatiLoad USOLeat | ) Specified Displ LY Loads toMasses | Bl Typicd | & Assign Plane Losds ~
Load Type Create Load Cassz | Structure Loads [ Masses | Beam Load | Pressre Load | Initl ForcesfEte. |
CEETEHE® EIRE®) -3 EEEENEEECTIEEE 0 |
Q
Growp
=R Stucture Group: 3 @
Subsail [ Node=1248 ; Element-=300 @
Mat Foundation Lower Part] [ Nade- 27 pour concrate
Mat Foundation (Uppes Part) | Node-| =
Boundary Group : 3 .
st <
£51Bounday Sutace =4
= Grop: 1 1 pour concrate *
L, SeF =
22 Tendon Group: SUsEOl mass \
&=
=]
4 5\ MOo0el View /

e project will be saved by the auto-save feature.

B

Command Message /i Analysis Message

MHone!

Lel | 2l
T 1ad % ) ) D (22

Figure 1 Heat of hydration model for construction stages
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In this tutorial, due to the symmetry of the structure, we will model and analyze only one
guarter of the entire structure as shown in Figure 2. The use of synmetry not only reduces
the analysis time, it also provides convenience in checking the internal temperature and stress
distribution.

i e il

AHI»PE08I0R €A O o0

4\ Moded View »

Figure 2 : Heat of hydration model for construction stages (1/4 symmetry model)
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Material and thermal properties

The material and thermal properties are summarized in Table 1 below.

Table 1. Material and thermal properties

Property rart Lowerfoundation | Upper Foundation Subsoil
Specific heat (kcal/kg C) 0.25 0.25 0.2
Density (kgf/m®) 2400 2400 1800
Rate of heat conduction (kcal/mhr C) 2.3 2.3 1.7
Convection Surface exposed 1 1 1
coefficient to atmosphere
(kcalim? hr'C) Steel form 12 12 -
Ambient temperature (C) 20 20 -
Casting temperature (C) 20 19 -
91-day compressive strength (kgf/cn?) 270 270 -
Compressive strength gain coefficients | a=13.9 b=0.86 a=13.9 Db=0.86 -
91-day modulus of elasticity (kgf/cn) 2.7734x10° 2. 7734x10° 1.0x10*
Thermal expansion coefficient 1.0x10°® 1.0x10% 1.0x10°
Poisson’s ratio 0.18 0.18 0.2
Unit cement content (kg/nt) 320 320 -

Heat source function coefficients

K=33.97 a=0.605

K=33.97 a=0.605

This example uses low heat of hydration cement.

The maximum adiabatic temperature rise

(K) and reactive velocity coefficient (a) are based on experimental values pertaining to the unit

cementcontent.
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Analysis modeling

Setting work environment

Open a newfile ( [ New Project) and H saveit as ‘Heat of Hydration.mcb’.

D Recent Documents
e | New Project e Polect.

Clase Project 1 4 Heat of Hydration

/ & save (Heat of Hydration) J&roe v i ey
Save

Sawe As...

Save Current Stage Ac... | 4 13 Eurocode Moving Load - complete

3 Cilsarst, \Untitled

Impart 4
Export 4
Merge Data File...
@ Print...
[ print Preview
Print Setup...
Graphic Files
Print Meta Files. ..
Exit

Select a unit system, which is often used for thermal property data, namely m and kgf, as
shownin Figure 3.

Tools / Unit System

2 sy [g] B S
- - {- Seismic Data Generatar & Dynamic Report Imz

Unit  Breferences | MCT gﬁ;n"mand Sectional Property  Tendon Profile  General Section Canwart Mata Fllas to DXF Fles | B9 Dynamic Repart Aut

\S\tstem Calculator Generator Desigrer
N Aatting | Command Shell | Generator | Crynarmic Re|
Length>m ; Force> kgf
Pl
Length Farce (Mass) Heat
@ m Mo (kg cal
cm k- (ton) @ fcal
@ kgf (ka)
mnrm ]
tonf (ton)
= IbF (b} 4
in kips (kips/a) Btu
Temperature
@ Celsius Fahrenheit
Maoke ¢ Selected units are displaved in relevant
dialog boxes. Yalues are MOT changed with
1niks.
SekjChange Defaulk Unit Syskem
oK apply Cancel

Figure 3 : Assigning a unit system
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Defining material properties

Define the properties of matfoundation and subsoil.

Model / Properties / Material Properties

f——
QA" Properties Load

[ User Define Change Property D . . o
reep/Shrinkage T2 Material Link Iﬁ . E!ﬂ Ij T

#H nelastic Hings ~
o)
Group Damping ™

Proper

eropertes |l Comp. srencth it | Prories N~ G| Qe [ kst aterd - PR
W| Time Dependent Material | Plastic | Section | Inelastic Properties | Tabk
Clickon s inthe Properties Window
General>Material ID >1; Name>(Mat Foundation) ; Type>Concrete

Concrete>Standard> ASTM(RC) ; DB>Grade C4000
Thermal Coefficient>Celsius (on)
Thermal Transfer>Specific Heat>(0.25) ;

General>Material Number>2 ; Name>(Subsoil)
Modulus of Elasticity>(1.0e+8) ; Poisson’s Ratio>(0.2)

Thermal Coefficient>(1.0e-5)
Thermal Transfer>Specific Heat>(0.2)

;  Weight Density>(1800)

Heat Conduction>(2.3)

; Type>User Defined

; Heat Conduction>(1.7) d

Figure 4 : Defining material properties

General
Material ID 2 Name Subsoil
Elasticity Data
User Defined
Type of Design Lser Defined v
Standard | None General
= o8 WMaterial D 1 Name Mat Foundation
“usér Concrete
Defined Standard Elasticity Data
Sheel
Type of Material Code Type of Design | Concrate | T
® Isotropic Orthatropic DB - Standard )
v
User Defined E3 4
Modulus of Elasticity : | kaffm? Concrete
Poisson’s Ratio 0.2 Standard | ASTMRC) x|
Thermal Cosfficient : 1.0000-005 | 4[] Type of Material Code X
weicht Densty ¢ 1500 | kafim® © Isatropic 0B Grade C4000 v
Use Mass Density: 0 | kafim?/g Steel
Concrete Modulus of Elasticity : 0.0000e-+000 | kgffm?
Modul f Elasticit: 0,0000e+000 2
ot e Elestieky fim Foisson's Ratio [}
Paisson’s Ratio 0
Thermal Coefficient 0.0000e-+000 | 14[C]
Thermal Cosfficient ¢ 0,00002+000 | 1/7c]
0 -
— Tz ‘Weight Density kaffm
0| kgffm?
0| kafimjg kgffmzig
Concrete
Plasticity Data
Podulus of Elasticity : 2/ 5621e+009 | gffm2
Plastic Material Name NONE v
Poisson's Ratio 0.2
Thermal Transfer
Thermal Coefficient 5.0000e-006 | 147¢]
Specific Heat 0z kealfkaf [C]
2403
Heat Conduction 17 kealfmhr[C] VEEEEDE kgffm?
Use Mass Density: 245 | kgffmafg
Damping Ratio 0
ax ] Flasticity Data
Plastic Materisl Name | NOKE v
Thermal Transfer
Specific Heat 0.25 kealfkgf-[C]
Heat Conduction 23 kecalfm-he[C]
Damping Ratia 0.05
oK Cancel Apply

Delete

Copy
Import

Rerumber

Close
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Defining time dependent material properties

Define time dependent material properties to account for creep, shrinkage and change of
modulus of elasticity.

Properties Tab/Time Dependent Material (Creep/Shrinkage)

= m +

rodesElement (Bl Soundary  Load  Analysis  Results  PSC Pushover

User Define T Chanae property | [ 2 iy | ) I h fo Inelastic Hinge = E
et (3 Creap/Shinkage e Material Link L o . t . o k' " o B Group Damping < b’

ateria - lastic | Saction ection  Tapered Thickness | Momen! .| Prope
properties | [El comp. Strength Material | Propertiss  Manager - Group Curvatirs 122] inelastic Material Tabl

Material | Time Dependent Material || Plastic | Section | Inelastic Properties | Tab

Clickon Add...
Name>(Creep/shrinkage) ; Code>ACI
Compressive strength of concrete at the age of 28 days>(2700000)
Relative Humidityof ambientenvironment(40~99)>(70)
Volume-surface ratio>(0.12)
Age of concrete at the beginning of shrinkage>(3)
Init Curing Method>moist cure

@ Refer to “Using Material factored ultimate value

MIDAS/Civil > Model Type>ACl Code ; Slump>(0.12) ; Fine aggregate percentage>(40)

> Properties > Time )
Dependent Material Air content>(4) ; Cementcontent>(320)d

(Elasticity)” in the
On-line Manual.

Model / Properties / Time Dependent Material (Comp. Strength)

ol Froperties JEST

B 7 User Define ' Change Property B Elﬁ ﬁj@ v @ 1 Inelastic Hinge ~
[ Creep/shrinkage T Material Link = T e ke
Materid | gy Plstic | Section  Sectin Tepered Thickness | Moment ot o Propel
Praperies | TELComp. Strengii> Material | Properties  Manager *  Group Curvature [ Inekastic Material = T
Material Time Dependent Materisl Flastic | Sertion | Inelastic Properties | Table

Name>(Elasticity) ; Type>Code® ; Code>ACl
Concrete Compressive Strength at 28 Days (f28)>(2700000)
Concrete Compressive Strength Factor (a, b)>(13.9, 0.86) | ecieny S

ACT
(Compressive strength of concrete at the age of 28 days : 2700000 kaffm?
Relative Humidity of ambient emvironment (40 - 99) : m @
Volume-surfacs ratio : 0.1z m
Age of concrete at the beginning of shrinkage : 3 B
Init Curing Method : © moist cure steam cure Scale Factor Graph Options
1.0 #-ais Iog scale WV-axis log scale
Concrete Compressive Strength Factor (a, by
Tupe
a4 (0.05~9.25) b: 085 (0.67~0.98) ~am Lser 2206 -
2e6 |
Material fackored ultimate value Development of Strength .
Tepe Code: [4CT v 1606 1
© ACI Code User
1(1)=teq fos ] (BHhxteq) By
1206
Shump : 0.12 m Concrete Compressive Strength a 28 Days(F28) 1 s |
Fine aggregate percentage : 40 % 2700000 kafime son000 |
Air conkent : 4 % so00n |
Cement content : 320 kgffms| | Concrets Compressive Strength Factor(a, b) 00000
a: 139 b 0.86 00000 1
ooz 4 5 3 2o oz0 o2 oz
Show Result. oK Cancel Tine (day)
Redraw Graph la] oK Cancel

Figure 5 : Defining time dependent material properties
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Linking general and time dependent material properties

It is now necessary to link the previously defined general and time dependent material

properties as per Figure 6.

Properties Tab/Material Link

Properties

(7 User Define Change Property B

Creep/Shrirkage GG

@  Inelastic Hings ~
Group Damping ~

@ o

EZ)

Material Plastic | Section  Section  Tapered Thickness  Moment - | Proper
Propertes | (2 Comp. Strength Material | Properties  Manager © Group Curvaire (] Inelstic matenid ~| “r
Material | Time Dependent Material | Plstic | Section | Tnelastic Properties | Tabke

Time Dependent Material Type>Creep/Shrinkage>Creep/Shrinkage
Time Dependent Material Type>Comp. Strength>Elasticity
Select Material for Assign>Materials>1: Mat Foundation ﬂ

Operation> = &dd / Modify

Tree Menu
Tirne Dependent: Material Link

$®  Even if Effective Modulus
is used to consider Creep, Time Dependent Material Type
select the Creep / Shrinkage Creep/Shrinkage | Cresp/Sh| ¥
functions and link them to Comp. Strength Elasticity | *
general materials to assign
elements for which the
creep isto be calculated. Materials

Select Material bo Assign

Selected
Materials

1:Mat Foundatio 1:Mat Foundatio

©

<

Operation

Add | Modify Delete

Mo  Mat Creepfshr  Comp. Str
1 Mat F... Creepf... Elasticity

Task Pane

Figure 6 : Linking general and time dependent material properties
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Structural modeling

First, generate a plate element representing the base of the subsoil mass by creating a node
at a lower corner and extending it to the remaining comer nodes. This plate elementis then
extruded into a solid using Extrude Elements.

Grids/Snap:
Point Grid (off) ; Point Grid Snap (off) ; Line Grid Snap (off)

C%’ Dynamic @ “Wiew Point

= = == :Q‘ Zoom T Mamed Yiew
Redraw Initial Previous & pan -

B3P a

By .‘ . ALt Inact] sl
& - . | Active Inactive L nverse

Display New

Miew  Wigw Active = wincov
Diynamic View | Render View | Selert | Arthvities Diisplay

|| Node Number (Toggle on)
|| Top View
[ Auto Fitting

Node/ElementTab> ra Create Nodes
Coordinates (0,0,0) ; (12,0,0) ; (12,9.6,0) ; (0,9.6,0)

|2

Node/ElementTab> | «== | Create Elements

Elerments

Elements Type>Plate
Type>Thick (on)

Material>1 : Mat Foundation
Nodal Connectivity>(1, 2, 3, 4) B

O] g\e Ng¥ X Dste s mcr P A Ty gl A0 S W Xowew v asemeh gy aF
§ 09 AR o Mok ¥ W — 1= ab SN Saoe (¥ HMwmen SH @
OEte Trndate Dwide Merge o g o geme | ) Tiree Boude Dwide Mergs terset ||\ p Change  Eements
Hodes Seflhaisas ? Tls | Gemerts | i Paameters  Table

Hanents |

\ /
—- B | %l QU P O By B w -5 i EES S A DO EE N ER

Gemer [EER Loud i M i 3

 3nodes & 4Nodes
Twe: 6 Thek O Tha
[~ Wi xfing D=

e lrecEe 0 €52 000 N

Hodal Connectivity =——————=
1,234 [ orthe
e o

vhornd: 7 bt 7 e ]
I Greta et s

)~

rava 4

oggly | goss

Tres ey [RERCRE
For ek, press F1

el | i
[CR] e = B I (e B = M e

Figure 7 : Creating a plate element representing the base of subsoil mass
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Using Extrude Elements, create a solid element.

@ Iso View N

Node/ElementTab > e Extrude
® selectAll
Extrude Type>Planar Elem. = Solid Elem.
Source>Remove (on)
ElementType>Solid ; Material>1: Mat Foundation
General Type>Translate ; NumberofTimes=1
Translation>Equal Distance (on) ; dx,dy,dz>(0, 0, 7.8)

ructure [(NERSHECNEE Properties  Boundary  Load Resu U Q $ Hep

Generation Type

& Translate (" Rotate  Project
Translation
& Equal Distance

€ Unequal Distance
£ Thickness

ddy,der [0,0,7.8 I
Number of Trnes: [T =]

> ® lo Yo¥ XDekte elemmor 7o @ @ y @ = X Delete 5% Auto-mesh “
R R IR O SR S
@ e 7N “Spotate M scae |3 @ 15 Grotate % F Mapmesh
Create  Translate Divide Merge ,§§P % F Nodes. Create |\ Translate! Divide Merge Intersect /I\M 7 Change Elements
Hoces B ¢ Table | Elements ey Parameters  Table
Hodes | Elements |
o EEITVRHE® B S® % <% PSS IDAGEEN N B
i ]
i Base - I hi )
Extrude Elements 2
Blstart number
Hodke Nurber ] [l oY
Element funber : |3 =l K
s Q
e TyER
Planar Elem, - Sciid Elem, ~
ayree [ Remove [ Maove Q
= &
Element Attribute G
Element Type: [sglig = *
Makerial: o
1 [1: et Fourdation+] ...
Y — @
=
[E]

M Tolk
_ vewwoene | W vew 5
Apply. Cose

« 0 b

el | 2|
i =l =] 2 L] plfrence] TS 2 =

Figure 8 : Creating a solid element
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Division of element

Next we divide the elementusing Divide Elements.

The size of mesh depends on the total

configuration. We should also payattention to the parts, where we anticipate significant

changes in stresses, forfine meshing. The subsoil partdoes notneed fine meshing, and

withinan element.
in Figure 9.

yet it needs to be meshed such awaythat no significantchange in stresses takes place

For the sake of simplicity, we will divide the elementuniformlyas shown

Node/ElementTab> »% Divide Elements
® select Al
Divide Elements>Element Type>Solid ;
NumberofDivisions x: (15) ; vy (12) ;
View Tab > Hidden (Toggle on)
" Node Number (Toggle off)

View Tab > Display >Node tab>Node (off)

Equal Distance
z (13) 4

—o X

B = LR B Hep - - F X
» | Ty N KoDekte 2 BaAvomesh oW .
i 2 1 M ;T N x Grotate [ F Map-mesh ZH :}F
i\ Mor

7 *1 g\f, Mo¥ X opeete °|*miror S |
@ © 00 AR Ypgtate Blocde [ ® L
Create  Translate Divide Merge §§D + Py Modes: Create ‘\ Change Elements
Nodes R Table | Elements Parameters  Table

Nedes | Elerments |
== R INREE®IFEIHSS D] CEES DN A DAOEE NN EE
Hi pase - ki

Trandate Extrudg Divide hlerge Intersect

-

0l ad
o] -

EEl|
ezl

Divide Elements
Elstart Number
Node Number ¢

Element Nurber

Oees0

Divide.

Element Type

© Frame @ sold
 Planar

|G 4

& Equal Distance

€ Unequal Distance
 parametric Unequal Distance
s

p

o

Mumber of Divisions x: 15 =
Humber of Divisions y: 1z o
Humber of Divisions z: 13 =]

[ Subdivide Frame Elements
[ Merge Dupiicate odes

B8 >00008 03

Figure 9 : Division of solid element
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Now that we created a mesh consisting of brick elements using Extrude Elements and
Divide Elements, we will now delete unnecessaryelements from the overall model.

@ Front View

I shrink

Node/ElementTab > % Delete Elements
4 select Window (® inFigure 10)
Type>Selection ; with Free Nodes (on) J

| ® lo Mg KDekte eloMimar % 7] »> @ N @ g Automesh n o
c“-: b _\I‘t ?\f M’.R Do Mo [ N da cl /t 3 b _\‘t ETt-:.d:- D”? MN I tx j D Hmomen chEH E ?Ft
Clodts Trarite Diice MeIOe 2 ge Mfoks | Ceae | Tanshte Extuds v Mes Ttesect e 2| pJarge | Eerents
Hackes | Elements |
o—v—o-m@jm@@\\ 56 0asto1TE - K aneroeaEToyisc - C[E 1E = D ag | A (@ EE | NN BE
= 7 Base I
1 1 . A o
s E (55 0 o 5
Nuj?r:u’lvnub"::e' e ] W Q
ElementNumber s [2342 % % % % %% % ﬁ:
o o o g
o :
®hilt I | <
!7 I O I o o | o
. " o #
e [ I I
7 Wk Fres odes I n
| =
aooy | gese s
5]
5]
A
=
re]
Y
4 Model View 3
Tree Meru

Figure 10 : Deleting elements
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Now change the view point to @ Left View ( View Tab > View point ), and delete the
elements which do notbelong to the model.

(5] Left View (Hotkey : Ctrl + Shift +L )
Model>Elements> x Delete Elements
[ Select Window (@ inFgure 11)
Type>Selection ; with Free Nodes (on) J

@ Iso View

7 Gj MNe Yo¥ .}( Delete $Mlvmr ¢ F | » 14 -\ T:.: ’V; B’N x éDg\gtg = i Automesh E}. ?

i © 0% A8 Spgne Slsclk |3 e - I — = e Grotate |3 Map-mesh

Creats Trandate Dive Merge % ooy g+ MNodes | Ceats |\ Trshte Extncs Dnice Merge Intersect iy 2 Change  Elements

Nockes R ¥ Table | Eements e A Farameters  Table
Nocles | Elements |

BN EE® B ® | ' 7 13rromE 5. Y o106 10131 - 1E S k| A D @ BE| » M EBE G

e

d

a
[ooetetemerts <] .|
Blstart Humber

Node Humber ESER|
Bemertturmber:  [392 wo|

[

000000000000
NOO00000000000

Type

 Picking

@ Selection

¥ with Fres Nodes

L0000

HOAO00
000000000000
A I R

B0»80061 00 €%, 0000 ke

J

Left View

(AT T L

%

47\ Madel View,

3
x

t open the shortcut file : C:/Program Files/MIDAS/Civil 800/user/shortcutkey.cad

el | i
[ e e B D = T

Figure 11 : Deleting additional elements
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& Change Element
Parameters can be
also used to change
the properties
elements.

of

When we created the 3-D solid element using
concrete material. We willnow revise the materi

Extrude Elements, we assigned it as a
al to that corresponding to the soil material.

Tree Menu>Works tab
Front View
[ Select Window (@ inFigure 12)

Properties>Material>2: Subsoil (Drag & Drop)9

= 750 Push

B oo s

s . dcve Taxtve A Ives =

ey Toos
v ¥ tose = Tie Harizontally
= = Flnet ] Tie Vesticaly

D’i‘" Wm Grevcs B caeeade

=

= EE[TEE®IE RS E 'y wiserse - F 20

Drag & Drop

OO0
B[ I

[ Mai=Hat Foundaiion : Ch5=C)

% Hes! of Hyciation Andyss

.

O
ooo

0

L]

|
[
I
|

=i FENE e iE]

fnl G |

[H]n]
) o o )

o
u|n|

oooog,
ooooo

H[|

Doooo; ]
o

aoooo) -

Figure 12 : Assigning subsoil material properties
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Defining Structure Groups

In order to perform construction stage analysis, we need to define the element and boundary
condition groups that activated or deactivated at each construction stage. These groups

are then usedto define the construction stages. First,we create Structure Groups.

Group>Structure Group >New...
Define Structure Group>Name>Subsoil
Define Structure Group>Name>Mat Foundation (Lower part) .
Define Structure Group>Name>Mat Foundation (Upper part)

(byright-click on Structure Group)

dI - [Model View]

5] - Close ~ | = Tile Horizontaly
b - ck = [ Newd 11 Tike vertically
Hic ﬁ - e

B cascade

~ (&) view Pant -
om - Named View

| Render | Window Tie |

e EE L TR =)

jsFopcyelrel

€94

OO00O00000000
LOOOO00000000
OO00O00000000
OOOOO0000040a0
LOOOO00000000
OO0000000000
LOOOOd0d0daan]
COOO0O00000000
OOOOO000000HEE

BN
COEOC
HEREN
COEO0
OO0
COEO0

Figure 13:Creating Structure Groups
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Assigning elements to Structure Groups

We now assign relevant elements to the Structure Groups created and, thus, define the
Structure Groups. First, we group the elements pertaining to the subsoil into the Subsoil

Structure Group.

Tree Menu>Group tab
Select Window (@ inFgure 14)
Structure Group>Subsoil (Drag & Drop)

L . 'Namde F] : : D"., P B = gﬁﬂf E:ZE:::N
Fectaw Intd RS g oy, - G R i el E PR o e i PE Y VR

-~ EETEHEOIEAIRR G lm‘msg T :E)E:\"?J ELEE@M .!.‘ %Eil_
I - - 7l g
) N -
I g
N :
Drag & Drop N ;’i
I
O | o % 2
P I o o
) o ) o o o o o o o i
) ) o e e e o 5

Ooo0000000000000

5 8. . o

% ) o o e e

For Help, press FL

Figure 14 : Defining the Structure Group “Subsoil”
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ADVANCED APPLICATIONS

Assign Structure Groups for the Mat Foundation, 1* poured lower part and the 2™ poured

upper part.

Tree Menu>Group tab
Select Window (@ inFgure 15)
Structure Group>Mat Foundation (Lower Part) (Drag & Drop)
Select Window (@ inFgure 15)
Structure Group>Mat Foundation (Upper Part) (Drag & Drop)

D
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Figure 15 : Defining Structure Groups for Mat Foundation (Lower & Upper Parts)
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Heat of hydration analy sis by construction stages

¢ Bounday Surface
group represents the
construction joint
surface between the
1st and 2nd pours.

Defining Boundary Groups

We now create boundary groups as Figure 16.

Group Tab>Boundary Group >New...

Define Boundary Group>Name>CS1

Define Boundary Group>Name> CS1-Boundary Surface @
Define Boundary Group>Name>CS2

J

| 3] amic - Blviewront = | (73 |15 " - BBl 1 — m ™ Ciose - | = Tie Horontaly
@ = @ W zoom ~  #5 Named view 4 % - I;E' P\ P = ics ™ = | = Fnet | [N Tievericaly
Rodaw Initd Pravious gm0 Hdden| 2 | ] | Acthe larthe Al i . Dy | New o B Cocach
View Wew o o - Adve Snap - indow = Previous | B Cascade
Fonder View  Select | Actwites, | Gnosfsnap | Diplay | Wnoow, | window Tie |
CEREITREE® DD S® % - PSP DIEEE A RE S
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at FundatarlUpper Par] [ Nadk-24 )
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Figure 16 : Creating Boundary Groups
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ADVANCED APPLICATIONS

Next, we enter the Subsoil boundaryconditions for each group.

We will create a multi-window showing @ Front View (in Model View) and @ Left View
(in Model View : 1) for the ease of modeling.

View Tab / New Window
S Leftview ; [©, Hidden ; Shrink
B point Grid (offy ; @ Point Grid Snap (off) ; v Line Grid Snap (off)

mERE

lement  Properties

| B Tie Horizontaly
[ Tie vertically
Previous | TF Cascade

Window Tile

Q pynamic - &) view Paint ~

o zoom ~ Named View
Recray Il Prevous gn o
View  View an

Dynamic View

AN Active IE:\‘:E Z’ Inverd
@ - T - Acti

Hidclen

| Render view | select | Acthities

CEABITHE®IESZS® - %

View Tab / Tile Horizontally
[C]] Zoom Fit (Model View & Model View : 1)
Model / Boundary/ Supports
Select Window (@ in Figure 17)
Select Window (@ in Figure 17)
Boundary Group Name>CS1

Options>Add
&
€ Solid elements do not Support Type>D-All (on) =
retain rotational degrees
of freedom. Therefore, we
need to restrain only
translational DOFs.
Boundary. ik
L ] & General Spring <[] 5 Unear Constrants T Effective width
Q &7 g T Interordl Bridge UWD :Q m{l kel b- [ Panel 7one Effects @ Define Label Dir g
Defre Pont  Surface Hxic Rigd Generd BeamEnd BeamEnd PlateEnd -5 Boundary
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gt | Sprng Seperts | link Releasa{Offet I Etr. | Taes |
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T | s s “IE
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Ea— @ a
2
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o
S o
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A
— I e Ik ®
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=
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Figure 17 : Defining Subsoil boundaries
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Heat of hydration analy sis by construction stages

Sinceit is a 1/4 symmetrical model, we need to specifythe symmetric boundarycondition.

First, we will enter the symmetry condition pertaining to the 1stpour.

Model / Boundary/ Supports
Select Window (@ inFgure 18)
Boundary Group Name>CS1 ; Options>Add
SupportType>Dx (on)
Select Window (@ inFigure 18)
Boundary Group Name>CS1 ; Options>Add

SupportType>Dy (on)

load  Analyds  Rests  PSC n

t  Properties

— . o B s i " . G - [ doss = Tie Horzontaly
B [0 [X] < omnc B view Point ¥ 5 — (L5 ucsfacs & fdoss~ = Tie Horont
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Rediaw Intd Prevous gn Wi | . Acthe Fache Al Des tiew o B cuscae
Vew Vew A - - Actve S window = PrefOLs | D) Casca
Dynarmic View | Render View | Selert | Acthities indow | WnbwTie |

©
Fi g ol 00
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51 =l - X

p Front View

@ add (" Replace [ Delete
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D

[ R&lL

Left View
e [ Ry T R [

®

Model View : 1

—— EEITHEDFHI5® - CiEE=DEIE ] :

X axis —
symmetric condition
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el J - 3
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Figure 18 : Entering symmetric boundary conditions ( Final View )
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ADVANCED APPLICATIONS

We continue on to specify the symmetric condition for the 2™ pour.

Boundary Tab/ Supports
Select Window (@D inFigure 19)
Boundary Group Name>CS2 ; Options>Add
SupportType>Dx (on)
Select Window (@ inFigure 19)

Boundary Group Name>CS2 ; Options>Add
SupportType>Dy (on)

= Tie Horizontally
T Tile Verticaly
B Cascade

window Tie |
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Zoom © £ Mamed View

o
Rodiaw I Predous o o
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Figure 19 : Entering symmetric boundary conditions ( Final View )

22



Heat of hydration analy sis by construction stages

Defining Load Group

Define Load Groups and Load Cases to include static load in the construction stages ofheat

of
as

hydration analysis. Static load cases entered in heatof hydration analysis mustbe input
Construction Stage Load Type.

Model View> Bl Maximize
Group Tab>Boundary Group >New...
Define Boundary Group>Name>Self
Load Tab>Static Loads
Name>Self d
Type>Construction Stage Load (CS)

Stuchra Graup: 3 —

Subool [ Node=1248 : Element=300 ] e e o]

Case ol Load Case - WocFy =

bet Foundation (Lowes Part] [ Node=] =

E#& BoundayGrop 4 C

4 a

= a
Ead H Description

4 ot 0 K] Consiruction Stage Load (C| Q@

1t Tenden Group: 0 * &

P

(2) Sattiement/Etc.
Construction Stage: () Loadt Tables

(¥ seffweight & Nodal Body Force | I Bement | 5} presare Loads = Tritial Forces ™

= (% Modd Loads ) Nodl Masses e . Hycrostatic Pressure | [] Assign Fioor Loads -
St load UGLodl ) spoced gl L Loads toMasses | BLTypicd | < Acign ln Loacs -

Geate Load Cases. | Structure Loads | Masses | BeamLoad | Pressure Load | it ForcesfEte. |

CEEITRHEGIEISS® - CEE=SPNI I GACEE NN RS

Static Load Cases

il b 12 @000 0

4\ Model View/

el |
EERRE)

Figure 20 : Definition of Load Group & Load Case
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ADVANCED APPLICATIONS

24

Heat of hydration analysis can consider staticload cases for construction stage analysis.
First, selfweightis assigned.

Load Tab>SelfWeight
Load Case Name>Self
Load Group Name>Self
Z:(-1) (Add)d

= P Desgn  Query  Taoks
(©) settiementfetc E % @ seffweiht) & NoddBody Force ! Blement | 3 Pressure Loads = Initial Forces
(8 Load Tates (Mo loads (Y Hodal Masses 0 Line |2 Hyorostatc Pressure (=] ssion Floor Loads ~

L +
Steicload \SP9Lo | ) et Digl. ¥ LoadstoMasses | B Typcd | & Assn Plans Loads

| GeseloadCsss | Structure Loads | Masses | Beamioad || PresareLoad i ForcesfEte. |
SEEIVEERIEADSS® T CEES %A S AEEE A BEA
Fi e gl

o

Load Case bame = Al
EI - - | &
Load Group Name a
efauk E | #i]
Self weight Factor Q
X o
Wy of

4 £

il b 1=E000 00

Cperation

add | modfy | pebe

4"\ Model View/

Command Message f_Ansfysis Messsoe |
For Help, press FL

Figure 21 : Inputting self weight



Heat of hydration analy sis by construction stages

Inputting heat of hydration analysis data

@ For assigning the
conditions for analysis,
refer to “Heat  of
Hydration Analysis” in
An alysis for Civil
Structures and the
Online manual — Using
MID AS/Civil > Analysis >
Hydration Heat Analysis
Control.

§  The Initial Temperature
can be superseded by the
values entered in the
Compose  Construction
Stage for Hydration dialog
box.

€@ If creep is to be
considered by reducing
the modulus of elasticity
without using general
creep functions, select
Effective Modulus.

€@ If a general creep
function is to be used,
define the function and
select General.

Heat of Hydration Analysis Control

Now that the analysis model is completed, we will enter the required data noted below (time
integration factor, initial temperature & stress outputlocation) for heattransfer analysis. @

Analysis / Heat of Hydration Analysis Control
Final Stage>Last Stage
Integration Factor>(0.5)
Initial Temperature>(20) @
Element Stress Evaluation>Gauss
Creep & Shrinkage (on) ; Type>Creep & Shrinkage
Creep Calculation Method>General ¢
Number of lterations=5 ; Tolerance=0.001

Use Equivalent Age by Time & Temperature (on)9

Man Correl  P-Defta Budding Egernaue
Datz

Acproumate  Perfom

Hestof | Woving Nariesr Censtruction Susperson Beundary Change .
Load Tendon Losses | Anahss = Imeort Andysis Resut

Stage Bridge Assgnment

 Lasttage
© Cther Stage -]
per v Integretion Factor = 05
Load Case Name Iritial Temperatir El G}

= 5| = Elemznt Sress Evaluation
£ Cotmr € Guss (Mot Pok
Loxd Group Heme
Defzuk = - W Creep % Sheinkage.
S WeightFactor e
e © Ceep
- € shrkage
2  Creap s Shrkage
Y S e Caclation Method
ay  General
 Efectve Modudas
i Comergence for Creep Berction
v Mamber of Beratins:  [5 =
e Toerwce oo
Lodcee % [v]7 [Gop §
3 00 1 Dk ¥ Use Ecutvalen A by Tms & Tenperaiure

I Indude Selfweight Lozd

Self Weight Factor ;

Operstion

add Modfy | Delete

o Cancel s

feature.

\ Command Message { s Hessaz | ILel | L

Figure 22 : Data entry for Heat of Hydration Analysis Control
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ADVANCED APPLICATIONS

Inputting ambient temperature

Ambienttemperature is now entered as a function of time. This example assumes a
constanttemperature of 20 C.

Load/ Heatof Hydration Analysis Data / Ambient Temperature Functions
Function Name>(Ambient Temperature)
Function Type>Constant
Constant>Temperature>(20)

Redraw Graph N

Structure  Mode/Element  Properties  Boundary

e

(7)) Static Loads (2 Seismic (2) settlemeant/Etc, % E

| Crnal 2012 - [CA\Users\widish\Desktop'd. Heat of Hydration
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: 85 B B
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Load Type

Armnbient Temperature Functions. .. A
Convection Coeffidient Functions. .. - =

Elernent Convection Boundary ...
T

ilc=)

Tree Menu

o

Armbient Temperature Functions

Function Marme Function Type |

Ambient Temper.., Constant
B Todify

Delete

bl

Close

¢ Select User type and Add/Modify Ambient Temperature Functions @
enter the Time and Funckion Mame FungtioaTymps
Temperature variations, @ £ Sine Funchion £ User
ifthey are not constant.
e Scale Factor Graph Options
T :] 1.0 [ ¥-axis log scale [~ ¥-axis log scale
X zz
$ If ambient temperature oo
varies at different 15 4
locations due to exposure 16 4
to the atmosphere, being e
1z 4
partly immersed in water, 10 J
etc., a number of Ambient &
Temperature Functions &
can be defined and *
. 4
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L T T T T T T T T T T T T T T T
Ll 4 4 3 & 1z 16 Z0 23 28
Time [day)
Gedraw Graph D Ok Caniel

Figure 23 Entering ambient temperature function
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Heat of hydration analy sis by construction stages

& User type can be
used if the heat
exchange condition
between the concrete
surface and the
atmosphere varies
with time due to the
change in curing

conditions.

Inputting convection coefficient

Next we enter the convection coefficientas a function applicable atthe concrete surface.

Load Tab / Type >Heat of Hydration
Functions

Mode/Elerment

Structure

(") Static Loads

— e =
() Selsmic IC

Properties

() Settlement fEtc.

Boundary

S

/ Convection Boundry >Convection Coefficient

Toals

Design  Query

(7) Temp. fPrestress (:) Construction Stage () Load Tables

. = - Convection | Prescribed  Assign Heat  Pipe  Define €S for
(O Maving Load (®) Heat of Hycration Boundary 7| Temp. Sgurce i Coophng Hydration
Load Type [T Ep—— B

=

- -

= paen %

_E Convection Coefficient Functions. ..
Element Comvection Boundary..,

> -5

Function Name>(Convection Coeff)

Function Type>Constant @

= =

Constant>Convection Coefficient>(12)

Redraw Graph J

Convection Coefficient Functions

=]

Mame Tvpe |

Modify

AddiModify Convection Coefficient Functions

Function Mame

tﬂnvect\nn Coeff >

Conskant

Convection Coefficient

FupasefT Ty pe
f* Constant " User

Scale Factor

@raph Options

[7 #-axis log scale

[ ¥-axis log scale
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T
1z 15 zo

K Redraw Graph ! >

0oz a4 & 24 28
Time (day)
oK Cancel

Figure 24 : Entering convection coefficient function
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ADVANCED APPLICATIONS

€@ Boundary Surface

group represents the
construction joint
surface between the
1st and 2nd pours.

28

We now assign the previously defined ambient temperature and convection coefficient function
to the concrete surface, which is exposed to the atmosphere. Depending on the construction
stages, the surface exposed to the atmosphere changes as well. Accordingly, we assign the
corresponding ambient temperature and convection boundary conditions to the previously
defined CS1, CS1-Boundary Surface and CS2. First, we assign the ambient temperature
and convection coefficient to the concrete surface exposed to the atmosphere at the time of
1% pour. Since the concrete surface between the 1* and 2m pours will not be exposed to the
atmosphere atthe time of the 2™ pour, it is defined as another group.

Window/ New Window
Window / Tile Horizontally
Load/ Heatof Hydration Analysis Data / Element Convection Boundary
Select Window (@ in Figure 25)
Select Window (@ in Figure 25)
Boundary Group Name>CS1
Option>Add/Replace
Convection Boundary>Convection Coefficient Function>Convection Coeff
Ambient Temperature Function>Ambient Temperature
Selection>By Selected Nodes

Temp, Prestress ®

M Load Heat of Hychati Convection  @vescribed AssignHeat  Pipe  Define CS for
= T . IREETAE L Bourdsry * J Temp,  Solrce ~ Coolng Hydhation
Load Type N/ Heat of Hychation Analysis Data |
— = P Y [ IS B ®] % 1045t01052 1067+ K

CEES %A JoEE X s RE A

Tree Menu

ieat of Hydratian Analysis Dafg)

Element Convection Boundary J
Boundary Group Name

Option
& addReplocs (" Delete
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Front View

Qepsg
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Convetion Coeff |

€ 3 R
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bt Temperatwe <] |
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By Selected Hodes
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& 6| @066 0

Model View : 1,
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Figure 25:Defining convection boundary at the 1st pour stage



Heat of hydration analy sis by construction stages

We now define the convection boundary condition at the surface joining the 1% and 2m pours.

Load/ Heatof Hydration Analysis Data / Element Convection Boundary
Select Window (D in Figure 26)
Boundary Group Name>CS1-Boundary Surface
Option>Add/Replace

Convection Boundary>Convection Coefficient Function>Convection Coeff
Ambient Temperature Function>Ambient Temperature
Selection>By Selected Nodes

(2) static Loads isic (©) Settement/Etc, 'ﬁ E B ﬂ B

() Terpfrrestress (2) Corstnuction Stage (©) Load Ttes e e S 2

2 onvecton Presoibed Assgn pe  Defie S for
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Load Type | Beat of Hyckation Analysis Data
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Rl view: 1

SEESDRI I HAEEE
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“Ik

emert: Convecton Gondery v |
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7
C51-Eoundhy Surface v J Eront View :
optin ;
@ AddReglre (" Delete
g
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@
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€ Fast: [Fare st =l
& By Selscted Hodes o)
B
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4 Model View : 1, 13

The project will be saved by the sate-save feature.

>
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Figure 26 : Defining convection boundary condition at the boundary surface
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30

We now move on to define the convection boundarysurface of the 2™ pour.

Load/ Heatof Hydration Analysis Data / Element Convection Boundary
Select Window (D in Figure 27)
Boundary Group Name>CS2
Option>Add/Replace
Convection Boundary>Convection Coefficient Function>Convection Coeff
Ambient Temperature Function>Ambient Temperature
Selection>By Selected Nodes
Select Window (@ in Fgure 27)

Load i

() Static Loads (2) Seismic () settiementyEtr. lﬁ ﬁ [
(&) Termp.fPrestress (%) Canstnuction Stage (2) Load Tables ﬁ ﬂ B

= = Comvectin Prescibed Assgnbeat Ppe Defre(Sfr
O voimglos [ peat ofyeratin | Bordsy © Temp.  Source ~ (odng  Hycrabion
Load Type. | Heat of Bychation Anafysis Data. ]
= EEITHEGIEAID % ® 'y sooeeis: 'y CRES IR ISICEE N LB A
Heat af Hycration Andhysi Data
7 B Als:
[emert Comectn Bancary <] .| B I
Boundary Group Name ® g
ity sufe =] | - e
. Front View i - &
- EEE Q
@ nidReplsc: C Delete i
a
-Convechion Boundary At
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D
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Figure 27 : Defining the convection boundary condition at the 2nd pour stage
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Defining constant temperature condition

We enter a constant temperature condition for those parts where temperature remains
unchanged. Assign a constant temperature to those surfaces, which have not been
assigned the symmetric boundary condition or the convection boundary condition (for
example, boundarysurface in contact with the soil).

Load/ Heat of Hydration Analysis Data / Prescribed Temperature
Select Window (@ in Figure 28)
Select Window (@ in Figure 28)
Boundary Group Name>CS1
Option>Add
Temperature>Temperature (20) dJ

Load .
(@) static Loads (2 Sedamic () settement/Ete. % E § ﬁ
Temp.fPrestress () Corstruction Stage (5 Load Tables B B
=~ o @ Convection| Prescrbed fssonteat  Ppe  Define €5 for
Ubromk @ i Sy \ Terp. /| Source ~ Cooing  Hydvatin
Load Tye: | Nt ckation Anclyss Data |
-~ EEITHE®IEHIRS ® % - EESPNIAIHAREE x N BES
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Figure 28 : Inputting a constant temperature condition
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ADVANCED APPLICATIONS

Defining heat source functions

Heat source functions define the state of emitting heat in the process of hydration, which are
dependent on the type of cement and unit cement content. For commonly used concrete
mix design, maxmum adiabatic temperature rise and reactive velocity coefficient are
automatically calculated based on experimental equations and entered if the cement type,
casting temperature and unitcementcontentare specified.

Load/ Heatof Hydration Analysis Data / Heat Source Functions
Function Name>(Heat Source Function)
Function Type>Code
& This example assumes Function>Maximize adiabatictemp.rise (K)>(33.97)0

that low hydration heat . . . .
o Reactive velocity coefficient (a)>(0.605) _Redraw Graph
cement is used, and

experimental values of ‘K’

&‘a’are considered. Function>Maximize adiabatic temp.rise (K)®

Reactive velocity coefficient (a)

§ Refer to “Heat of

Hydration Analysis” in the Heat Source Functions @

& Functions @

Function Mame | Function Type | ( Add )
Function Type Daka Type

Heat Source Fun... Code 5
Modify (" Constant  ( Cods ¢ User (* 8]

Delete Seale Factor Graph Options
’1.07 [™ ¥-auis log scale [™ V-axis log scale

Analysis Manual.

. rise(k)

€ If experimental value for Close icent(a)
\

the maximum adiabatic

temperature rise for [ Use Concrete Data
concrete is available, the Cementbype:  {Mormal portland
« » ;

User” Function Type can Tt [o
be wused. The “User”

Cemert cortert |0 3
Function Type can be smerkcertent [0 lgin"2)

inputted either by Heat
1z 16 20 24 4]
Source or by Temperature Tine |day)

hod ﬁ > =
method. < Redraw Graph @ oK Cancel

Figure 29 : Defining heat source function
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Heat of hydration analy sis by construction stages

Assign the defined heat source function to the concrete.

Load Tab / Heat of Hydration option / Assign Heat Source Tab > Assign Heat Source
Select Window (D in Figure 30)
Option>Add/Replace
Heat Source>Heat Source Function

() Static Loads
(®) Temp.Prestress (5) Gonstruction Stage (5) Load Tabkes
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Figure 30 : Assigning heat source function
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ADVANCED APPLICATIONS

@ Times

inputted

in

Step are accumulative,
notincremental.

Defining construction stages

Using the previously defined Structure Groups, Boundary Groups and Load Group, we will
now specify times for heat of hydration analysis and initial temperature.
the construction stage CS1 for the stage of 1* concrete pour.

We will first define

Load Tab/ Heat of Hydration option/ Define CS for Hydration
Stage>Add> Name>(CS1)
Initial Temperature>(20)
Step>Time(hr)>(1020305080 120 170) @ pdd |
Element>Group List>Subsoil ; Mat Foundation (Lower part)

Activation> __#dd
Boundary>Group List>CS1; CS1-Boundary Surface
Activation> 99 J

Load>Group List>Self

Activation> 48|

34

* Compose Construction Stage for Hydration @
Stage
. 51 Current Stage Information.. .
e E\Em oad |
¥ Initial Temperature : 20 m e oy T Deattivation
Step =3 Group List Group List
Time{ hr ) : pr20, 30, 50, B0, 120, 170 { Example: 1,3, 7,14 ) T ——— Mame
51
Auto Generate K p
Sep Tine(hd ) C51-Boundary Surfa
Duaion [0 =i é ég Fedry
Step Mumber ¢ | L =l j gg _ belete |
M o Clear
Generate Step | b
< >
add | Delete Add Delete
Elemel ad |
Group List . | [ Activation Element | Boundaryg”Toad
i Group List
Mat, Foundation (Lipe is < aroup List o Betvation Deactivation
e N Active Time  [15 7| | TnactiveTime [1g -
fLbsoil [hr] Thr]
at: Foundation (Loweg/!.. Group List Group Lisk
Day Name Day
( self 10
Delete
Add | wodfy | pelste || add | modfy | Delete
OK ‘ Cancel Apply

Figure 31 Defining the stage for 1st concrete pour



Heat of hydration analy sis by construction stages

We then define the construction stage CS2 for the 2" concrete pour. The duration for the
heat of hydration analysis will be 930 hours after the 2 pour.

Load/ Heatof Hydration Analysis Data / Define Construction Stage for Hydration
Stage> Name>(CS2)

§ Define the inital Initial Tem perature>(19)9
‘e‘f;"rsee::‘;“fe th;‘:’ ;':z Step>Time(hr)>(10 20 30 50 80 120 170 300 400 500 600 750 930) 44 |
activated  at  the Element>Group List>Mat Foundation (Upper part)
corresponding stage. Activation> Add |
Boundary>Group List> CS2

Activation>¢|
Boundary>Group List> CS1-Boundary Surface

- Add
Deactivation>
" Compase Canstruction Stage for Hydration @]
Stage
- ‘ Coo Current Stage Information... |
¥ Initial Temperature : 19 m
Step

Time{ hr ) : { Example: 1,3, 7,14 )

Auto Generate

Durstion @ [0 =
Step Mumber @ |1 5:'

Gensrate Step

Add
Modify

Delate

Clear

Boundar ‘Load ]

Element }Boundary} Load | s Ackivation Deackivation
Group List J Activation ( 5l , Group List fGEroup Lisk

Subsol Group List Name —

Mt Foundation {Lon . L
ame] 52 ( C51-Boundary Surface
Mat Foundation {Upper

<_ Add 2 Delete

oK ‘ Cancel

Delete Delete

Figure 32 : Defining element and boundary groups for the 2nd pour stage
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ADVANCED APPLICATIONS

@ User can either
select a stage on the
Stage Toolbar or use
the keyboard arrows
to toggle between
different stages while
the Toolbar is
activated.

36

From the Model View, we can check if the Construction Stages are properly defined.

Stage>CS1 @

View Tab > Display
Misc tab
ElementConvection Boundary of Heat of Hydration (on) ;
Prescribed Temperature of Heat of Hydration (on) ;
Heat Source for Heat of Hydration (on)

E = Cose ~ | = Tike Harizontally
e = Jzoom~ {5 Named View < o = fonet (1] Tie Verticaly
o v QPn” @ -k - e D] e 3 Prevous | B Cascade
| St | Actites I
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il
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Q
i oy
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A 3 $
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unc Name of Heat of Hydration s3] |
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)
=
8
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2

el |
o e Fa ) Bl

Figure 33:Checking the defined construction stages on the Model View
(Stage for the 1st concrete pour)



Heat of hydration analy sis by construction stages

Structural analysis

We have thus far completed a construction stage model for heat of hydration analysis. We
can beginthe analysis.

Analysis / % Perform Analysis

SC D
& Dynarric ~ ) view Paint 1 — S ucsiaes - Cose - F5 Tile Hori
Q& Dynamic @ I)g} pu = [l: i P dose - | 5 Tile Horiz
T zoom - Named View - rics = et | [ Tie verti
Redraw Initial Prve‘\gsvus ™ pan - @ - . | Active Inactive AJ\ [:zaze o DwsE\ay W’l\:ﬁ;w G Frevious | B Cascads
Dynamic Yiew | Render view | Select | Activities | Gridsisnap  [Display | Wil [ Window 1
CEREITRE®ERS® 2T RN fﬂiﬂﬁ@@\.".&@

Analysisresults

In this example, the major cause for themal stresses is due to the temperature differences
within the concrete mass resulting in internal constraints. Recapping the overview, Internal
Constraints are caused by unequal volume changes. Initially, cooling surface and warm inner
parts cause tension at the surface and compression at the inner parts. At a later stage,
after the rise in temperature due to heat of hydration reaches the peak level, the cooling
(contracting) inner parts relative to the surface cause tension in the inner parts and
compression at the surface. The magnitude of the stresses is proportional to the
temperature differences between the inner parts and surface. Itis also anticipated that the
two concrete masses of two separate pours of different ages will exhibit different heat
transfer characteristics.

We will analyze the characteristics of thermal stresses in concrete by reviewing the results of

heat of hydration analysis reflecting construction stages by graphics, tables, graphs,
animations, etc.
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Checking change in temperatures

We will check temperature distribution at each step of the construction stages based on the
heat of hydration analysis. Figure 34 shows the maximum temperature distribution at the
stage of the 1% concrete pour.

ﬁ Rotate Dynamic (adjust the model view point so that the boundary planes of
symmetrycan be seenas shownin Figure 34.— Ctrl+Mouse wheel can be also used)

Results /Heat of Hydration Analysis / Temperature
Stage Toolbar>CS1
Step>HY Step 6, 120 Hr
Type of Display>Contour (on) ; Legend (on) J

% Influ. Lnes © P2 THResuts ~ ¥ Catle Contral *
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Figure 34 : Temperature distribution (1% pour stage)



Heat of hydration analy sis by construction stages

Next, we will check the temperature distribution at the construction stage 2. The fact that
the analysis accounted for construction stages, we note in Figure 35 that heat source action
progresses inthe lower partof the matfoundation, which was alreadycast.

Stage Toolbar>CS2
Results /Heat of Hydration Analysis / Temperature
Step>HY Step 4, 220 Hr

Type of Display>Contour (on) ; Legend (on) o

T4 TH Results ~

i “-pesctions 9 Stressss | T Beam/Element | L Moda Shapss - 4 nfu, Lines E Cabla Contrel ~ @ @
» H Deformations ~ 4 Disgram - a Directior oG fat & Influ, Surfaces = 16 TH GraphyText = | [ Camber/Risaction ~ &
tod |y s iy ) . i e . B Text | Resits
CGombination | ¥ Forces: £ HY Resuits Morme i Moving Tracsr " Output | Tables
Combnation | Rests | Detal | Mode shape | mMoveglosd | TmeHstey | Bridge. | Text | Tabkes |
— = EEITHE® BN S® - T S EESDHIAHACEE ML IBEE
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e e e Kt 2 ol __PUST-HROCES AR
TERFERATURE
o wisetaons |3
[ramrzor =] 3.9666900001 | 4
e — = J 2.74715e+00L @
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B omor 1 I = 3. 308050500 |
= 3.08851es001 |
T e 2. 868362001 %
[~ Aninate .| [~ Undeformed o
r =l 2.64842e+00L O.
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Ciefufee sosswsesons [
sTaGE:c9z
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el
T o A
e ooz |2
i
1' &
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Figure 35 : Temperature distribution (2"d pour stage)
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Checking change in stresses

We will check the stress distribution of the 1% concrete pour. Figure 36 depicts the stress
distribution at which the maximum tension stress occurs on the surface. We will change the
unit system to kgf & cm to check stresses.

Status Bar>kgf ; cm
Stage Toolbar>CS1
Results /Heat of Hydration Analysis / Stress
Step>HY Step 6, 120 Hr
Stress Option>Global ; Avg.Nodal
Components>Sig-XX
Type of Display>Contour (on) ; Legend (on) o

“-peacvons - 94 Swessss - B BeamyEement + | L mods Shapes - # . Unes = | [ T.H Results © U Cabla Contrdl ~ "
\g L Dfomatons - B D | oca prec B3 . # il surtaces | [& TH Gaph/Text © s Cambee/eacton © -
Combrnation 8 HY Results - < ok et | L, Nordal R 2 Monng Tracer - | L 5t snd on o
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HYDRATION STRESS
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5.18065e4000 | A
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72655500000 | %
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€ Bemert @ g Nodal s szozgerons [ oo
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-2.3099364000 i
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Figure 36 : Stress distribution (1*' pour stage)
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Heat of hydration analy sis by construction stages

We will check the stress distribution at the 2™ pour stage. As shown in Figure 37, the
boundary surface of the first pour shows tension stresses at the early stage of the 2 pour.
The tension stresses at the boundary surface are caused by the increase in volume due to
increased temperature inthe 2™ pour.  This exerts tension on the previouslycastconcrete.

Stage Toolbar>CS2
Results /Heat of Hydration Analysis / Stress
Step>HY Step 4, 220 Hr
Stress Option>Global ; Avg.Nodal
Components>Sig-XX
Type of Display>Contour (on) ; Legend (on) J

4 Reactions ~ 9% Stresses ~ | @ Beam/Blement | 2 Mode Shapes ~ i nfu, Lines ~ | T TH Results ~ Y Cable Control ~
L =
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Figure 37 : Stress distribution (2nd pour stage)
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Checking time history graphs

We will check the graphical results of heat of hydration analysis at various construction
stages for specific points. Generally, a user checks the parts where maximum tension
stresses are anticipated. In this example, we will select a few points simply based on
convenience to sufficiently demonstrate the trend of the analysis results as shown in Figure
38. We willfirstassign the nodes for generating results.

1% pour concrete: Interior (1476), Surface (1988)
2m pour concrete: Interior (2308), Surface (2818)

Results /Heat of Hydration Analysis / Graph
[ #dd|>Node Define>Node (1476) ;
£|>Node Define>Node (1988) ;
iﬂNode Define>Node (2308) ;

ibNode Define>Node (2818) ;

Stress Components> Sig-XX
Stress Components> Sig-XX
Stress Components> Sig-XX

Stress Components> Sig- XX

% 4~ Reactions ~ 92 Stresses - | & Beam/Element ~ . Mode Shapes ~ A Influ, Lines | T T.H Resuits ~ s - B
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Figure 38 Defining nodes for generating graphs



Heat of hydration analy sis by construction stages

The time history graph for an interior point (node: 1476) during the 1% pouris shown below.

Results /Heat of Hydration Analysis / Graph
Defined Nodes>N1476-X(on)
Graph Type> Stress + Alw. Stress Graph (on) ; Temperature Graph (on)
Crack Ratio Graph (on) = Normal (on)
X-Axds Type>Time
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Figure 39:Time history graph of stresses at an interior point of the 1st pour

43



ADVANCED APPLICATIONS

44

Next, we will review the results of time history of a point (node: 1988) on the construction
joint surface between the 1% and 2™ pours. We will also note that the expansion of the 2™
pour due to temperature rise exerts tension on the 1> pour.

Results/Heatof Hydration Analysis / Graph
Defined Nodes>N1988-X (on)
Graph Type>Stress +Alw. Stress Graph (on)
Temperature Graph (on)
X-Axis Type>Time
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Figure 40 Time history graph of stresses at a surface point of the 1st pour



Heat of hydration analy sis by construction stages

We will finally check the temperature time historyof the interior and surface points during the
1% pour.

Results /Hear of Hydration Analysis / Graph
Defined Nodes>N1476-X(on) ; N1988-X(on)
Graph Type> Temperature Graph (on)

X-Axis Type>Time
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Figure 41: Temperature history graphs of interior and surface points of the 1st pour
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ADVANCED APPLICATIONS

Checking results in animation

Finally, we will review the change in temperature (or stress) byconstruction stages by
animation.

Results /Heat of Hydration Analysis / Temperature

Type of Display>Contour (on) ; Legend (on) ; Animate _|
Repeat Full Cycle
Construction Stage Option>Stage Animation>From>CS1 ; To>CS2 .
B Record

0 Close

Animation Details>Animate Contour (on) ;

In order to save the animation in a file, click the E save button while the animation is in
progress,uponwhichitis saved as an .avi file.
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Figure 42 : Checking change in temperature by animation




