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Heat of hydration analysis by construction stages

Overview

The rate and amount of heat generation are important in concrete structures having
considerable mass. A rise in temperature accompanies thermal expansion, and non-
uniform cooling of mass concrete creates undesirable stresses. Thermal 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 latter 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 effect is dependent on the
contact area and stiffness of the 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. Thermal 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 dependent shrinkage, time and stress dependent creep, 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:
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Enter general material properties

!

Enter time dependent material
properties

Create a structural model

‘

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

Construction Stage

!

Perform analysis

!

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 weight 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 relevant data if pipe cooling is 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 stresses with time

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

parts while 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, that is 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 closely represent the true behavior as
shown in Figure 1.

Subsoil mass :24x19.2x3m

Mat foundation (1% pour)  : 14.4 x 9.6 x 2.4 m (170 hours)
Mat foundation (2" pour) : 14.4 x 9.6 x 2.4 m (930 hours)
Cement type : Low-heat of hydration cement
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Figure 1 Heat of hydration model for construction stages
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In this tutorial, due to symmetry of the structure, we will model and analyze only one quarter of
the entire structure as shown in Figure 2. The use of symmetry not only reduces the analysis
time, it also provides convenience in checking the internal temperature and stress distribution.

&
m
T
T
=
E3
E g
i [
8
= E
@
7
g
&
=
g
=
=
\El i
£
g
3
5
o
I
3
Ix

Modsl View |

4@0.6=2.4

4@0.6=2.4

5@0.6=3

u\_.mv\mmmm\\mm\\mm‘m

bR VAT AT

12@0.8=9.

[£+5]® #45 = OAODIA 3] +>8 t Qoo 50

For Help, press Fi Hode-2811 [ 6.4, 45 7.8 G:iB.4 45 18 [w = lm =1 Ellon =1 [T M=/ =

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 Zn Lower foundation | 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/m hr °C) 23 23 1.7
Convection Surface exposed
coefficient to atmosphere 12 12 12
(kcal/m? hr°C) Steel form 12 12 -
Ambient temperature (°C) 20 20 -
Casting temperature (°C) 20 19 -
91-day compressive strength (kgf/cm?) 270 270 -
Compressive strength gain coefficients a=13.9 b=0.86 a=13.9 b=0.86 -
91-day modulus of elasticity (kgf/cm?) 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/m®) 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

cement content.
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Analysis modeling

Setting work environment

Open a new file (D New Project) and E saveit as ‘Heat of Hydration.mcb’.

File / [ New Project
File/ & save (Heat of Hydration)

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

Tools / Unit System
Length>m ; Force>kgf o

X]

Unit System

Length Farce (Mass) Heat

* m M (ka) " cal

" cm €7 kN (kon) ® kcal
% kagf

" mm ot ha) 2
" tonf (ton)

C ft CbE (b LA

" in " kips (kipsig) " Bty

Temperature

+ Celsius (™ Fahrenheit

Moke : Selected units are displayed in relevant
dialog boxes, Walues are MOT changed with
1niks.

[ SetpChange Defaulk Unit System

0Ok | Apply Cancel

Figure 3 Assigning a unit system
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Defining material properties

Define the properties of mat foundation and subsail.

Model / Properties / Material
General>Material Number > 1; Name>(Mat Foundation); Type>Concrete
Concrete>Standard> ASTM(RC) ; DB>C4000
Thermal Coefficient>Celsius (on)
Thermal Transfer>Specific Heat>(0.25) ; Heat Conduction>(2.3)

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

Thermal Coefficient>(1.0e-5) ; Weight Density>(1800)

Thermal Transfer>Specific Heat>(0.2) ; Heat Conduction>(1.7) d

Properties

Meteil | Secion| Trickness |

Material Data 0] Name [ Standard 1 C_ s, D
; T Mat Faundation  KS-CHITCH e ~—
2 Sub Soil e

| Material ID I Name  [Sub Sofl

Delete
~Elasticity Dat By
. - - User Defi (RS- 5
Type of Desian [User Defined = R ] Import
Standard i -
= Renumber
e DB Material ID [ Name  [Mat Foundation
S Uer _ i 1
Defined Concrete - Elasticity D

toel

Standard | Type of Design [Concrste k3| ——
andar -

Type of Material
( & lsoopic  Onhotopic 08 ? o I |

~User Defined

Modulus of Elasticity : | 1,0000e+008 kaf/mz
Paisson's Ratio 02 Type of Materlal Standard [ASTM(RC) =l —
Thermal Coefficient : [ 1.0000s-005 1/[T] ( & BotEpiE ¢ Orhotopic DB [Grade CAOD  &] | 4

Weight Density (T katyme -

[~ Use Mass Density: U kaffme/g Modulus of Elasticity : [ D000 000 kgt/m2

~Concrete

T Poisson's Ratis ¢ [
Modulus of Elasticity : [ 00000000 kgf/ms Thermal Coefficient : [ 00000000 14071
Poisson's Ratio i [} ‘Weight Density 8 0 kaf/me

Thermal Cosfiicient : [TO000=+000 17T] I Use base Densliy: [ 1 kat/mera
Wieight Density. H U kaffms i) i
I Use Wags Density: T kaffmefa Madulus of Elasticity : [ 2562127009 gt/ma
—— Poisson’s Fiaio 02

asticity Data

+ [T0000-006 5 Clsi
[Plas\ic Material Name [NONE Tl Thermal Cosficient EUE /T @ Celslus € Falr,
Weight Density 8 2403 kaf/me

- Mo Ve I~ Use Mass Density: 2 gfims/g
Specific Heat : [0z kealg/kgt-[

Heat Canduction 17 keal/mehr-[* (Plﬁsti:ny Dt

Plastic Material Name [NONE -

OK | Themal Transter
Specific Heat i 0.2 keal-g/kgt [T]
Heat Conduction @ |23 keal/mehr[T1

[ oK ]| Cancel Aply.

Figure 4 Defining material properties
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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.

Model / Properties / i} Time Dependent Material (Creep/Shrinkage)
Name>(Creep/shrinkage) ; Code> ACI
Compressive strength of concrete at the age of 28 days>(2700000)
Relative Humidity of ambient environment (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 . -
> Properties > Time Type>ACI Code ; Slump>(0.12) ; Fine aggregate percentage>(40)
Dependent Material Air content>(4) ; Cement content>(320) J
(Elasticity)” in the Model / Properties / Time Dependent Material (Comp. Strength)

On-line Manual.

Name>(Elasticity) ; Type>Code9 ; Code>ACI
Concrete Compressive Strength at 28 Days (f28)>(2700000)
Concrete Compressive Strength Factor (a, b)>(13.9, 0.86) __fedraw Graph

Add/Modify Time Dependent Material (Creep / Shrinkage)
Name : [Cresep/Shiinkage Code ¢ [&CI |
_aCl

Compressive strength of concrete at the age of 28 days ¢ [2700000  kgf/me
Relative Humidity of ambient environment (40 - 93) 70 = %
Valume-surface ratia ¢ e m
Age of concrete at the beginning of shrinkage : [ = day
Init Curing Method : & moist curt

|Add/Modify Time Dependent Material (Comp. Strength)
Material factored ultimate value

" Scale Factor Graph Options
Type ‘ [Erasticity ‘ ’VI_I] ’V [~ Y-axis logscale [ Y-axis log scale
( & Bl Cote

Typ!
Slump ¢ ( & e C User ‘ e.zes 1
Fine aggregate percentage e
D of Strength
Air content : EELT
Cement content : Cade : |ACI - p
1{t)=teq * fo8 / (Br+hxteq) e
Less o
Show | Concrete Compressive Strength at 28 Days(12e) ¢
S el
2700000 kgf/me so0005 |
so0000
Concrete Compressive Strength Factor(a. b 00000 -
a![139 b [TE 200000 1
o
Tine (day)
Fiedraw Graph | Cancel

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

It is now
properties

necessary to link the previously defined general and time dependent material

as per Figure 6.

Model / Properties / @ Time Dependent Material Link

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

Operation> | &dd / Modify

¢ Even if Effective Modulus
is used to consider Creep,
select the Creep / Shrinkage
functions and link them to
general materials to assign
elements for which the
creep is to be calculated.

Titne Dependert Material Link... I

— Time Dependent Material Type —

Creep/ShrinkagemJ
Comp, Strength IEIasticit 'IJ

—Select Material to Assign

Selected
Materials

I:Mat Founda > [1:Mat Founda
2rimub Sl
)
[
— Operation

Add /S Modify |) Delate |
Nc|| Mat | Creep... | Comp... [

1 viat,, Lreee,,, asil,,,

Materials

/\

Close |

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 corner nodes. This plate element is then
extruded into a solid using Extrude Elements.

J Point Grid (off) ; (¥ Point Grid Snap (off) ; E Line Grid Snap (off)
." Node Number (Toggle on)
E Top View
Auto Fitting
Model>Nodes>.#| Create Nodes
Coordinates (0,0,0) ; (12,0,0) ; (12,9.6,0) ; (0,9.6,0)
ModeI>EIements>m Create Elements
Elements Type>Plate
Type>Thick (on)
Material>1 : Mat Foundation
Nodal Connectivity>(1, 2, 3, 4) %

& Civil 2006-LAN - [C:\Civil 700 Tutorials\Heat of. Hydration\Heat of Hydration] - [Model View]

i{fi Hle Edt Vew Model load Anclyss Resuts Desgn Mode Query Took Window Help 5

q vid{Snap UCSIGCS | iew Co... Ad n |} dgard | Node Element ‘Pmperty BC/Mass | Stage Load | Moving | Settlement Result | Influence Lines/Surfaces | Query
: z::»zwmﬁ 1P 1 do e G A T B R e \
DEW 2 | SREE%E SHE s@D0 6 BT 55 36 ¢ - % - Ela)

Tres Menu BX 48 Model iew | )
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e
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t
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vz = |
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Apply Close.
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TA[AIP TP\ Commandvessage ) Analysis Message Le I
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Figure 7 Creating a plate element representing the base of subsoil mass
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Using Extrude Elements, create a solid element.

E Iso View

Model>EIements>@ Extrude Elements
B serect Al
Extrude Type>Planar Elem. = Solid Elem.
Source>Remove (on)
Element Type>Solid ; Material>1: Mat Foundation
General Type>Translate ; Number of Times =1
Translation>Equal Distance (on) ; dx,dy,dz>(0,0,7.8)

ivil 2006-LAN - [C:\Civil 700 Tutorials\Heat of Hydration\Heat of Hydration *] - [Model View]

03 Fle Edt Yew Model Load Analysis Results Design Mode Ouery Tools Window Heb

| Freque... [ GridfSnap | UCSIGES | View Co...| Ag ard | Node  Element: erty | BCMass | Stage | Load | Moving | Settlement | Resuk | Influence LinesfSurfaces | Query

(EFES e P OB P A ER TR G S J
iDSE 2 - |BRIE%E LEREAAGEE BY BE A6 ] - & - [i=[8a)

Tres Menu 2% 4 G Modelview |

Hode | Element | Boundary | Mass | Load

~
Extrude Elements o] | 7

Elstart urnber
Niode Humber Bl ad]
ER|

Element Number ;

3

Btruce Type
Plenor Elem. > Soid Elem. B

ource W Remove [ Move

Element Attribute
Element Type: |Soid -
Material

= .|

Generation Type
5 Trandate (" Rotate  Project

Translation 3

(+ Equal Distance
(" Unequal Distance.
 Thickness

dxdy,dzi [0,0,78 m 3
Humber of Times 1 = 2

Merging Tolerance
app Close
N | remm—

-

BB ks> w @D

==t |0

YK

)| [N[AT PP, CommenaWesssge ), Analysls Message Le
For Help, press F1 Wone! Ui 1.83,-1.22,0 G L83, 122, 0 kat ~|lm =] 2 4] pfrenc=] (2]

Figure 8 Creating a solid element

12

=

ik

2 =




Heat of hydration analysis by construction stages

Division of element

Next we divide the element using Divide Elements. The size of mesh depends on the total
configuration. We should also pay attention to the parts, where we anticipate significant
changes in stresses, for fine meshing. The subsoil part does not need fine meshing, and
yet it needs to be meshed such a way that no significant change in stresses takes place
within an element. For the sake of simplicity, we will divide the element uniformly as shown
in Figure 9.

Model / Elements / ﬂ Divide Elements
® select All
Divide Elements>Element Type>Solid ; Equal Distance
Number of Divisions x: (15) ; vy:(12) ; z:(13) d
ﬂ Hidden (Toggle on)
." Node Number (Toggle off)

E Display>Node tab>Node (off)

€1 Civil 2006-LAN - [C:\Givil 700 Tuterials\Heat of Hydration\Heat of Hydration] - [Model View]

0 Ble Edt Vew Model Lood Anysis Results Desion Mode Ouery Tools indow Hel _ 8
| Freque... [ Gridizsmaa UCSIGES | View Co. . Acuaign| |i " Wizard | Nod= | Element | ProperjymegC/Mass | Stage | Load | Moving | Settlement | Result | Influence LinesfSurFaces | Query

Tl ) IREEY ) METVEST:) ) ST e \

DEHE T2 ERIEELER AdeBEY 25 ael g © & SR

Tree Menu x4 G Model View ‘ - b x|
Hode | Element | Boundary | Mass | Load

Elstart urnber
Niode Humber | EETE|
Element bumber : 2392 .

Divide

E\emer\tWDe-
Rty cpmy
 Planar

& Equal Distance

7 Ungqual Distance

" Parametric Unequal Distance
-

-

-

BEf kérs 2AdIIIIE A

Kumber of Divisions x:

Number of Divisions y:

Number of Divisions z

[V Metge Duplicate Nodes

.
:
t
+

YK

Message Window ax

[\ Command Message ), Analysis Message I«
Far Help, press F1 Mome!  Ui2.#4, -3.66, 0 G 2,49, -BE6, 0 kaf -llm -

v

[ »llren=] 21T =/T2 A

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 unnecessary elements from the overall model.

@ Front View

B Shrink

Model>EIements>@ Delete Elements
Select Window (® in Figure 10)
Type>Selection ; with Free Nodes (on) d

€5 Civil 2006-LAN - [C:\Civil 700 Tutorfals\Heat of Hydration\Heat of Hydration] - [Model View]
1554 Fle Edt Vew Vodel Load pnabsic Resus Design Mode Query Took Window el -8

i wizard | g lement ‘Pmperty BC/Mass | Stage | Load | Moving | Settlement | Result | Influence LinesjSurfaces | Query
i 0 RSN WP M G Nl J
A KR @ Bl OB 2 @) § sowwsszostn « @ sozorszmbysse » | 25 G] 4|

e, \ UCSJGCS | Wiew Co... Activation
e =
éDD‘E\?\Q-Q%é@\?"&

Tree Menu nx q (= 5 x|

Mode | Element | Boundary | Mass | Load / Q) f

=T P | o o =

Bt b oooooo -

NodeHumber :  [2313 .| o o o |
et tunter s[5 ] ocoooo Q)
800000

oooooo 2

- P S00000 [

— ooooo 4

&+ Selection i‘

IV with Free Nodes E

Lo ] o | Front View

-

-

t

¥

+

&

®
&
Message Window ax
AP Conmandvisssage A Anaiysis Message el | »l
For Help, press F1 Mone! | L;0,0,0 00,0 kat ~llm =l <0 42] »llfon=] I =i 2 &

Figure 10 Deleting elements
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Now change the view point to |@I Left View, and delete the elements which do not belong
to the model.

Bl eft View
Model>EIements>@ Delete Elements
Select Window (® in Figure 11)

Type>Selection ; with Free Nodes (on) o
ﬂ Iso View

351 Civil 2006-LAN - [C:\Civil 700 Tutorials\Heat of Hydration\Heat of Hydration] - [Model View]
ﬁ Eie Edit Yiew Model Load Analysis Resuts Design Mods Query Tools ‘Window Help

' Freque... | Grid/Snap | UCS/GES | View Co. .| Activation | |i " Wizard | N fement | Property | BC/Mass | Stags | Load | Moving | Settlment | Resuk | Influsnce Lines/Surfaces | Query |
R R ) = G)EEARIXEHOGTP \
ED@H‘X‘quvlé@JE&'&El L@ e By BE G T 71355t513641371v£aQVEtnmﬂsmlatnleiﬁfﬂ

Tres Menu 2 x[q o) 5 x|

A

Node | Element | Boundary | Mass | Load |

Delete Elements B |

Bstart humber .
Node Number EZE| R
Eloment Number ; [2342 |

p

0

000ooooog

00000000

OCoooooog

doooog

 picking

Element Murber ;

£ Selection

W with Free Modes

Apply Close

Z, Left View
Ye

fpLiert t Dp2i0 @B RérebdaoNlg]

%

Message windaw 2 x

AT\ command Message _j Analysis Message |4 0|
For Help, press F1 Nome! | U:0,0,0 60,00 kaf ~lm ~] il 4] pllrone] EIWM =0Tz

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

When we created the 3-D solid element using Extrude Elements, we assigned it as a

concrete material. We will now revise the material to that corresponding to the soil material.

Tree Menu>Works tab
@ Front View
Select Window (® in Figure 12)
Properties>Material>2: Subsoil (Drag & Drop)9

5% Civil 2006 LAN - [C:\Civil 700 Tutorials\Heat of Hydration\Heat of Hydration] - [Mode! View]

%3 Bl Edt Yiew Model load Andlyss Resubs Desion Mode Quary Tools Window Help

i Freque... | GridiSnap | UCS{GCS | View o | Activetion| |: Wizard | Node  Element | Property | BCMass | Stage | Load | Moving | Settlement | Result | Influence Lines/Surfaces | Query

e ER R =P B4 GHAYIXE KPP J
nEa x| ekie% {HY A8 6 BY DR AG|§ i - F wm SR

Tree Menu axlq

Wenu | Tables | Group | Wrls |
R works
= B Analysis Control Data
[Ef Hydration Heat Analysis [ Stage=Last
- B8 Stuctues
o® Modes: 2288
=1 %9 Elements : 1764
%@ Sold: 1764
- HE Propetties

Drag & Drop

- Time Diependent Material|Comp. Stien
Elasticity [ Code=AC1 ]

=1 & Time Dependent Material Link
[E3) 1 [ Mat=Mat Foundation : C5=Cr

-l AR AR i N A

Ve

Message Window

‘ » [\ Command Wessage ), Analysis Message Kl |
Far Help, press F1 Nemel | U: 00,0 60,0,0 kot ~llm = ] plren=] 2l [z =

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 used to define the construction stages. First, we create Structure Groups.

@ Group>Structure Group >New... (by right-click on Structure Group)
Define Structure Group>Name>Subsoil A
Define Structure Group>Name>Mat Foundation (Lower part)
Define Structure Group>Name>Mat Foundation (Upper part) .

&1 Civil 2006-LAN - [C:\Civil 700 Tutorials\Heat of Hydration\Heat of Hydration *] - [Model View]

{5y Fle Edt Ven Model Load Anaysic Resubs Design Mode OQuery Took Windaw Help &
i Freque. Snap | UCS{GCS | View Co.... Activation| |} Wizard | Node  Element ‘Pmperty BC/Mass | Stage | Load  Moving | Settlement  Resul | Influence Lines/Surfaces  Query
] v gD o) PGS GEHAT T XA RO TS J
DS 2 1SRiZE CEEEIE EY 5 86 - BT
LY X 478 Model View | b x|
Merw | Tables | Group | Warks b
125 Group ‘ £
- BE e Structure Group
B Subsol [ Node ] E @
{58 Mat Foundaiic B H Mode=0 : Elemeni _ el
{8 Mal Foundation (Upper Partl [ Node=0  Elemen Mame : Izt Foundation (Upper part} ®
+ Load Group: 0 o ()
S=# Tendon Group: 0 Suffix &
A Bounda Giroup 0 E
{ Example 1 356 7to 20 by 2) B
ubsoil f ;,f\
Ilat Foundation {Lower part) = =
tMat Foundation {Upper part} Modify &4
Delete &
Deleta Inv E
=
Close
-
-
t
¥
Q&
+
&
©
Message Window ax
o | | [T Commanawessage A Anatysis Message Le 0|
For Help, pressF1 More! | Ui0,0,0 60,0,0 kaf ~I[m =] 4] 2 llrone=] I =2 o

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 (® in Figure 14)
Structure Group>Subsoil (Drag & Drop)

E%1 Civil 2006-LAN - [C:\Civil 700 Tutorials\Heat of Hydration\Heat of Hydration] - [Model View]

{8 Fle Edt Wen Model Load Anaysis Resubs Design Mode Query Tooks Window Help _ s
' Freque... | Grid/Snap | UCS/GCS | Wiew Co. .| Activation

g[S 1 g

i Wizard | Node | Element [ Property | BC/Mass | Stage | Load | Moving | Settlement | Result | Influence Lines/SurFaces | Query
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Tree Menu 2% 475y Model view | i
Meny | Tables | Group | Works
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e T A Fwo Tt =TTm =T 4l s loms] =i Tz 3

Figure 14 Defining the Structure Group “Subsoil”
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Heat of hydration analysis by construction stages

Assign Structure Groups for the Mat Foundation, 1 poured lower part and the 2 poured
upper part.

Tree Menu>Group tab
Select Window (® in Figure 15)
Structure Group>Mat Foundation (Lower Part) (Drag & Drop)
Select Window (® in Figure 15)
Structure Group>Mat Foundation (Upper Part) (Drag & Drop)

€51 Civil 2006-LAN - [C:\Civil 700 Tutorials\Heat of Hydration\Heat of Hydration *]

i Fle Edt View Model Load fnalyss Resuks Design Mods Query Tooks Window Help
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Figure 15 Defining Structure Groups for Mat Foundation (Lower & Upper Parts)
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Heat of hydration analysis by construction stages

¢ Boundary 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>Boundary Group >New...
Define Boundary Group>Name>CS1
Define Boundary Group>Name> CS1-Boundary Surfaceg J
Define Boundary Group>Name> CS2 .

&1 Civil 2006-LAN - [C:\Civil 700 Tutorials\Heat of Hydration\Heat of Hydration *] - [Model View]

103 He Edt Yew Model load fnalysis Results Design Mode OQuery Took Window el -5
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csz Modiy

Delete

Delete Inw

Close
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For Help, press F1

Figure 16 Creating Boundary Groups

20



Heat of hydration analysis by construction stages

¢ Solid elements do not
retain rotational degrees
of freedom. Therefore, we
need to restrain only
translational DOFs.

Next, we enter the Subsoil boundary conditions for each group.

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

Window / New Window
® Leftview ; B Hidden ;
J Point Grid (off) ; i
Model View
Window / Tile Horizontally
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
Support Type>D-All (on)9 ol

Shrink
Point Grid Snap (off) ; ﬂ Line Grid Snap (off)
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Figure 17 Defining Subsoil boundaries
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Heat of hydration analysis by construction stages

Since it is a 1/4 symmetrical model, we need to specify the symmetric boundary condition.
First, we will enter the symmetry condition pertaining to the 1st pour.

Model / Boundary / Supports
Select Window (® in Figure 18)
Boundary Group Name>CS1 ; Options>Add
Support Type>Dx (on)
Select Window (® in Figure 18)
Boundary Group Name> CS1 ; Options>Add
Support Type>Dy (on) d

:\Civil 700 Tutorials\Heat of Hydration\Heat of Hydration *]
i Ele Edt View Model Load Analyss Resuls

Design Mode Query Tooks Window Help
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[ - e g o
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Figure 18 Entering symmetric boundary conditions
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Heat of hydration analysis by construction stages

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

Model / Boundary / Supports
Select Window (® in Figure 19)
Boundary Group Name>CS2 ; Options>Add
Support Type>Dx (on)
Select Window (® in Figure 19)
Boundary Group Name> CS2 ; Options>Add
Support Type>Dy (on) d

&1 Civil 2006-LAN - ivil 700 Tutorials\Heat of Hydration\Heat of Hydration *]

: Hle Edi Vew Model Load nalysis Resubs Design Mode Query Tods Window el

i Freque. |end/snap UCS/GCS | Wiew Co...| Activation

AR R e =

wizard | Node | Element | Property BE/MESS‘SL&QE Load  Moving | Settlement | Result | Influence Lines/Surfaces | Query

£ o £ e i bl TR B W @ LT J

D@ E 7 o I@@\i"ﬁilﬁﬁéh@@@\?]\%%ﬁ@\? 0 '\&L@ J
Tres Menu X 47 Hode View ) B Model view: 1 | s
Mode | Element | Boundary [ Mass | Lead S AR ;
I
T a— =
S —— cocee ®
O || i LI Ei
= Front View sese @ ®
Gaed sa X axis — ®
@ Add C Repace " Dekto P a4 ) |
Support Typs (Local Direction) LI symmetric condition E
- L &
Tnyb/y‘f LI g 4
PR eR o
B gL =
i fesenesesede &
gL E
y B PSR
o 1 - & geseesOeeed
r—— &0 Model View : 1
RO Ry TR o g g P
B g a
e | ; Bl g dp 0 8 ® 9
Left View -
Lo ] A/ i +
LR % axis - b
DR symmetric condition =
B o jes
LR 4
P R e G &
U e e e e e G D e G
Lo -8 R R TR T T
DR eaee
B Ui h BB
N e
Message Window ax
5
TA[ATB]\ Commana Message A Anaysis essage \u_[ sl
For Help, press F1L Solid-15 | Us 0, 0, 0 60,0,0 kaf - R sial =

Figure 19 Entering symmetric boundary conditions
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Heat of hydration analysis by construction stages

Defining Load Group

Define Load Groups and Load Cases to include static load in the construction stages of heat
of hydration analysis. Static load cases entered in heat of hydration analysis must be input
as Construction Stage Load Type.

Model View>0| Maximize
8| Group>Boundary Group >New...

Define Boundary Group>Name>Self .1
Load>Static Load Cases

Name>Self .

Type>Construction Stage Load (CS) .

= =[]

File Edt Wiew Model Load Analysis Resuts Design Mode Query Took Window  Help =

B

Snap | UCS/GCS | View Co...| Activation| ||
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izard | Node | Element | Property | BCjMass | Stage | Load | Maving | Settlement | Result | Influence LinesfSurfaces | Query
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AL B Delet Inv - 3
[ Er
Close | — | &
| +— |&
" ===
Static Load Cases 5] | | —
|
E] add |
Hame B | 1
T 4 | Construction St: Load (CS; - Modify
ype |Construction stage Load (C5) = [ —
Description + | Cols = -
| L |
| No_|bverrre=F L — Description S 1 -
— L
% l C8) | i t
2. —
=
L
el
L] S
LA
ax
4
< J _
Close
4| | »l|[ATZTETET command Message f_Analysis Message L« |
For Help, press F1 Nonel | U: -1,22, -3.05, 0 G -1.22, 3.05,0 kat ~[lm ] 2] 4l 2 l|frone=] I i =

Figure 20 Definition of Load Group & Load Case
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Heat of hydration analysis by construction stages

Heat of hydration analysis can consider static load cases for construction stage analysis.
First, self weight is assigned.

W| Load>Self Weight
Load Case Name>Self
Load Group Name>Self .
Z:(1) 4

nsp UCS/GCS | iew Co... Activation| || Wizard Node  Element | Froperty | BCfMass | Stage Luad‘Muvlng Settlement | Result | Influence Lines/Surfaces | Query
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B ki s20dIF0 4
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P
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Figure 21 Inputting self weight
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Heat of hydration analysis by construction stages

Inputting heat of hydration analysis data

¢ For assigning the
conditions for analysis,
refer to “Heat of
Hydration Analysis” in
Analysis for Civil
Structures and the
Online manual - Using
MIDAS/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 output location) for heat transfer 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 Iterations=5 ; Tolerance=0.001
Use Equivalent Age by Time & Temperature (on)0

Heat of Hydration Analysis Control

Final Stage
(O CE RS
 Dther Stage | =]
Integration Factor : 05
Initial Temperature : Z0 [T
n

Element Stress Evaluatiol
’V(‘ Cenle Madal Point
(LCreep & Shrlnkage)

-~ Type
i~ Creep
7~ Shrinkage
+ Creep & Shrinkage

—Creep Calculation Method

@ General

" Effective Modulus
’—Cunvergence for Creep lteration

Mumber of lterations : [5 =

Tolerance ¢ [0.001

[ Use Equivalent A4ge by Time & Temperature

Include Selfweight Load
Self Weight Factor @ =
Remuove Hydration Analysis Data |

Cance|

Figure 22 Data entry for Heat of Hydration Analysis Control
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Heat of hydration analysis by construction stages

¢ Select User type and
enter the Time and
Temperature variations,
if they are not constant.

¢ If ambient temperature
varies at different
locations due to exposure
to the atmosphere, being
partly immersed in water,

etc., a number of Ambient

Temperature  Functions
can be defined and
applied.

Inputting ambient temperature

Ambient temperature is now entered as a function of time.

constant temperature of 20°C.

This example assumes a

Load / Heat of Hydration Analysis Data / Ambient Temperature Functions
Function Name>(Ambient Temperature)

Function Type>Constant
Constant>Temperature>(20)

Redraw Graph

Al

Ambient Temperature Functions

Function Mare [ Function Type |
Armbient Tern,,, Constant

Muodify |
Delete |

Cloge |

Add/Modify Ambient Ternperature Functions

Function Mame
|Ambient Temperature

’rFunctie R

= Sine Function

= User

—Scale Factor

Constant

’7 Temperature]

(

Graph Options

[~ ¥-axis log scale [~ Y-awxis log scale

Time [day)

Cancel

Figure 23 Entering ambient temperature function
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Heat of hydration analysis 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 coefficient as a function applicable at the concrete surface.

Load / Heat of Hydration Analysis Data / Convection Coefficient Functions
Function Name>(Convection Coeff)

Function Type>Constant“

Constant>Convection Coefficient>(12) R

Convection Coefficient Functions

Wame | Type 1C
Convection Coeff  Constant

Modify

Delete |

Add/Modify Convection Coefficient Functions

Funci] unction Typ
’7 onvection Coeff (o Cnnsty " User ‘

Graph Options

Constant—~=cale Factor
’7C0ﬂvectiun Coefficient 1.0 [T ®-axis log scale [T Y-axls log scale ‘

12 keal/mehr[T]

1z

10 4

0oz 2 & 3 1z 16 20 za 23
Tine (day)

C Redraw Graph > Cancel
"

Figure 24 Entering convection coefficient function
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Heat of hydration analysis by construction stages

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

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%t and 2" pours will not be exposed to the

atmosphere at the time of the 2 pour, it is defined as another group.

Window / New Window
Window / Tile Horizontally
Load / Heat of 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 .
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Figure 25 Defining convection boundary at the 1st pour stage
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Heat of hydration analysis by construction stages

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

Load / Heat of Hydration Analysis Data / Element Convection Boundary
Select Window (® 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
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Figure 26 Defining convection boundary condition at the boundary surface

30



Heat of hydration analysis by construction stages

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

Load / Heat of Hydration Analysis Data / Element Convection Boundary
Select Window (@ 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 Figure 27) I
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Figure 27 Defining the convection boundary condition at the 2nd pour stage
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Heat of hydration analysis by construction stages

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, boundary surface 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>CS$1
Option>Add
Temperature> Temperature (20)
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Figure 28 Inputting a constant temperature condition
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Heat of hydration analysis by construction stages

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, maximum adiabatic temperature rise and reactive velocity coefficient are
automatically calculated based on experimental equations and entered if the cement type,
casting temperature and unit cement content are specified.

Load / Heat of Hydration Analysis Data / Heat Source Functions
Function Name>(Heat Source Function)
Function Type>Code

¢ This example assumes Function>Maximize adiabatic temp. rise (K)>(33.97)
that low hydration heat Fedraw Graph
cement is used, and =

experimental values of ‘K’
& ‘a’ are considered.

Reactive velocity coefficient (a)>(0.605)

Function>Maximize adiabatic temp. rise (K)9

Reactive velocity coefficient (a)

§ Refer to “Heat of

Heat Source Functions [ x|
Hydration Analysis” in the - -
R Function Mame [ Function Type | Add
Analysis Manual. Heat Source Function Code -
Modify
Add/Madify Heat Source Functions
Function Name Function Typ: Data Type
’VHeat Source Function ’V(‘ Consta ’7(-' Heat Bource € Temperature
_FumEEm Scale Factor Graph Options
Fifh = K+ll-g™(-a+1) ’71‘0 ’7 [~ X-axis log scale [~ V-axis log scale ‘
Marimize adiabatic temp, tisek)
§¢ If experimental value for FETm
the maximum adiabatic Reactive valocity coefficient(a)
temperature rise for 0605
concrete is available, the —1 Use Concrete Data
“User” Function Type can Cement type : [Rormal portlz x
be used. The “User” Temperature ¢ [ =
Function Type can be Cement content |11 [kg/rn™3]
inputted either by Heat e e e N
12 15 20 24 28
Source or by Temperature Tine (day]
method. Fedraw Graph Cancel

Figure 29 Defining heat source function
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Heat of hydration analysis by construction stages

Assign the defined heat source function to the concrete.

Load / Heat of Hydration Analysis Data / Assign Heat Source
Select Window (@ in Figure 30)
Option>Add/Replace
Heat Source>Heat Source Function .

71 Civil 2006-LAN - [C:\Civil 700 Tutorials\Heat of Hydration\Heat of Hydration *] - [Model View]

i{fy Fe Edt Vew Model Load Arolysis Resubs Design Mode Query Took Window Help 5

eard | Mode  Element | Property | BCfMass  Stage \ Load  Moving | Settlement | Result | Influence LinesfSurfaces | Query
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Figure 30 Assigning heat source function
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Heat of hydration analysis by construction stages

¢ Times inputted in
Step are accumulative,
not incremental.

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. We will first define
the construction stage CS1 for the stage of 1% concrete pour.

Load / Heat of Hydration Analysis Data / Define Construction Stage for Hydration
Stage> Add> Name>(CS1)
Initial Temperature>(20)
Step>Time(hr)>(10 20 30 50 80 120 170)‘)&'
Element>Group List>Subsoil ; Mat Foundation (Lower part)

Activation>¢|

Boundary>Group List>CS1 ; CS1-Boundary Surface

Activation>i| |

Load>Group List>Self

Activation>i| |

[Compose Construction Stage for Hydration

Name ¢ [CST Curtent Stage Infarmation.
Initial Temperature : [20 [m

:
Time( hr 1072030 50 80 120 170 { Example: 1,3, 7. 14 )
. 3 ~

Sep ] Tmety |- D)

Duration ‘o

2 2
Step humber T : E Delete Group List .| o
£ 3 Clear prmg— | Group List Group List
Generate Step § 12 Hams
7 1

0

Cs1
CS81-Boundary Sur,

i D

Group List - | s

s | Active Time [jg o] || Inactive Time [15—— ]
thr) thrl

Group List Group List

Name _ [Day |

ndawl Load |

Group List "Atﬂvatmn

at Foundation Group
LA

Sub Soil
Mat FoundationtLo,

Add | Modify | Delete Add | Modify | Delete

oK | Cancel Apply

Figure 31 Defining the stage for 1st concrete pour
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Heat of hydration analysis by construction stages

¢ Define the initial
temperature for the
elements that are
activated at the
corresponding stage.

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 / Heat of Hydration Analysis Data / Define Construction Stage for Hydration
Stage> Name>(CS2)
Initial Temperature>(19) @
Step>Time(hr)>(10 20 30 50 80 120 170 300 400 500 600 750 930) il
Element>Group List>Mat Foundation (Upper part)
Activation>£|
Boundary>Group List> CS2

Activation>£|

Boundary>Group List > CS1-Boundary Surface

I Add
Deactivation>
Compose Construction Stage for Hydration [ <]
- Sta:
Nam Current Stage Information, .
Initial Termperature : |19 [T
- Step
Timnel ;| 120 170 300 400 500 600 750 930 (YEwample: 1. 3, 7. 14
Auto Generat
e Stey Time(h Add
Durati iJo = hi 1 1o ;
uration = T 2 2 il
Step Number ¢ |1 _‘:f g gg Delete
5 a0 Clear
Generate Step | [ 121 =
4| ? 3

Element | Boundary | Load | )
Graup List .. | [ Activaion ——————— Group LIET—a | [ Activation

ub ol (G ke Group List
Mat FoundationiL ‘

A
Mat Foundation{Upp..,

rcse

Da\ate C ca ) ovetete |[(C Add ) pelete

oK | Cancel Apply

Figure 32 Defining element and boundary groups for the 2nd pour stage
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Heat of hydration analysis by construction stages

€ 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.

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

Stage>CS1 @

E Display
Misc tab
Element Convection Boundary of Heat of Hydration (on) ;
Prescribed Temperature of Heat of Hydration (on) ;
Heat Source for Heat of Hydration (on)

TS MEE]
10 Gl Edt Vew Model Load pnalysic Resubs Design Mgde Query Tools Wdndow Help _ax

+ Freque. ‘Gnd/ﬁnap UCS/GCS | View Co...| Activation| |} ‘Wizard Property | BCiMass Stage‘mad Moving | Settlement | Result | Influsnce LinesfSurfaces | Query
: IR A = B e D5t i e [ e |
DS 2 - 8RisE LHK tAE e By 55 A6 ¢ = & - |iealg] 2 |

Tree Menu 2X 4 /% ModelView | i

Menu‘Tab\e; Group | Works

Lead | View | Desian |
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Modal Mass

Load to Mass

Tendan Profile Hame

Tendon Profile Poirt

Initial Forces for Geometric Stifriess

FAT

Sektlement Group
Settlement Gro

[ o |

A

oI Fiydration
unc Name: of Heat:of Hydration
[WIElement: Convection Boundary of Heat of Hydration
scribed Temperature of Heat of Hydration
[¥Heat Source for Heat of Hydration

& Cooling Element for Heat of Hydration

ol R R A A N A e B

R
[CJPushover Hinge Type:
[CJPushaver Hinge Name:

[~ Display by Group
I~ Display by Selection [V Display by Member -
[~ Hidden Labels b
Display Option Reset All b
oK cancel | Apply |
X

Messags Window ax

[\ Command Message ) Analysis Message L« i
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Figure 33 Checking the defined construction stages on the Model View
(Stage for the 1st concrete pour)
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Heat of hydration analysis by construction stages

Structural analysis

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

Analysis / % Perform Analysis

Analysis results

In this example, the major cause for thermal 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. It is 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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Heat of hydration analysis by construction stages

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.

ﬂ Rotate Dynamic (adjust the model view point so that the boundary planes of
symmetry can be seen as shown in Figure 34. — Ctrl+Mouse wheel can be also used)

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

&% MIDAS,/Civil - [G:WTut WHydration] - [Model view]

@Bl Edt View Model Load Anabyss Resubs Desgn Mode Ouery Tools Window Help =l&] x|
Ded|% |2y |an||E#x Framene s s d|ue| svsss08 |2
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TEMPERATURE
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Type of Display
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I Values .| W Legend .|
I Animate .| [~ Undeformed
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[~ Cutting Plane .|
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4.01562e+001
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3. 5035ze+001
3.24808e+001
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2.73638e4001

2.48053e+001
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Figure 34 Temperature distribution (1°! pour stage)
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Heat of hydration analysis 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 in the lower part of the mat foundation, which was already cast.

Stage Toolbar>CS2

Result / Heat of Hydration Analysis / Temperature
Step>HY Step 4, 220 Hr
Type of Display>Contour (on) ; Legend (on)

& Civil 2006-LAN - [C:\Civil 700 Tutorials\Heat of Hydration\Heat of Hydration] - [Model View] FEX
(i Fie Edt Vew Model Load pnalysis Resubs Desion Mode Query Tooks Wndow Help
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[~ values .| W legend .|
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[ sosuface ..
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Apply Close
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Figure 35 Temperature distribution (2"" pour stage)
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Heat of hydration analysis by construction stages

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
Result / 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)

ivil 2006-LAN - [C:\Civil 700 Tutorials\Heat of Hydration\Heat of Hydration] - [Model View]

104 Fle Edt Vew Vodel Load pnalysic Resubs Design Mode Query Tools Udndow Help
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Figure 36 Stress distribution (1° pour stage)
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Heat of hydration analysis 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 in the 2" pour. This exerts tension on the previously cast concrete.

Stage Toolbar>CS2
Result / 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) d
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Figure 37 Stress distribution (2™ pour stage)
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Heat of hydration analysis by construction stages

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 will first assign the nodes for generating results.

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

Result / Heat of Hydration Analysis / Graph
il>Node Define>Node (1476) ; Stress Components> Sig-XX
i|>Node Define>Node (1988) ; Stress Components> Sig-XX
il>Node Define>Node (2308) ; Stress Components> Sig-XX

[ #8 |-Node Define>Node (2818) ; Stress Components> Sig- XX ..

esign Made Query T
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Figure 38 Defining nodes for generating graphs
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Heat of hydration analysis by construction stages

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

Result / 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-Axis Type>Time

€ Civil 2006-LAN - [C:\Civil 700 Tutorials\Heat of Hydration\Heat of Hydration] - [Heat of Hydration Analysis Diagrams]
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Figure 39 Time history graph of stresses at an interior point of the 1st pour
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Heat of hydration analysis by construction stages

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.

Result / Heat of Hydration Analysis / Graph
Defined Nodes>N1988-X (on)
Graph Type>Stress + Alw. Stress Graph (on)
Temperature Graph (on)
X-Axis Type>Time d
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Figure 40 Time history graph of stresses at a surface point of the 1st pour
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Heat of hydration analysis by construction stages

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

Result / Hear of Hydration Analysis / Graph
Defined Nodes>N1476-X(on) ; N1988-X(on)
Graph Type> Temperature Graph (on)
X-Axis Type>Time d
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Figure 41 Temperature history graphs of interior and surface points of the 1st pour
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Heat of hydration analysis by construction stages

Checking results in animation

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

Result / Heat of Hydration Analysis / Temperature
Type of Display>Contour (on) ; Legend (on) ; Animate _|
Animation Details>Animate Contour (on) ; Repeat Full Cycle
Construction Stage Option>Stage Animation>From>CS1; To>CS2 .
& Record .
M close

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