Release Note

Release Date : June. 2014 G I S I\‘)\
Product Ver. : GTSNX 2014 (v2.1)

Geo-Technical analysis System New eXperience

!'““

¢ Integrated Solver Optimized for the next generation 64-bit platform
A Finite Element Solutions for Geotechnical Engineering MibAs

1. Pre Processing 3. Post Processing

1.1 Embedded Beam Element 3.1 3D - 2D Section (Save & Export to SoilWorks)

1.2 Geological Parameters DB 3.2 3D PDF Report

1.3 Repair Shape (Topology Optimize) (Improvement in data summary)

1.4 Model Simplification (Remove small entity) 3.3 Relative deformed shape for Dynamic analysis results
3.4 Improvement in Probe result

2. Analysis
2.1 Hardening Soil (MMC Hardening) * Appendix
2.2 Soft Soil Creep (Secondary Consolidation) Creep / Shrinkage Function Group

2.3 Geometric Nonlinear Effects
(Estimate Initial configuration)
2.4 Concrete Creep & Shrinkage

(Time-dependent behavior)

2.5 General Contact Element (Contact Analysis)

¢ Integrated Solver Optimized for the next generation 64-bit platform
A\ Finite Element Solutions for Geotechnical Engineering MibAs




GTSNX 2014 Enhancement

GTSNX 2014 V2.1 Release Note

1. Pre Processing
1.1 Embedded Beam Element

= Beam element must have a node connection with the surrounded element, otherwise embedded beam element can make a node connection with Mother element automatically.

= Beam and Embedded beam element have the same DOF(degree of freedom), so can be used for the same purpose, but even a node of Embedded element cannot protrude from
Mother element.

* Embedded Beam Element are available in both 2D and 3D.

= In case of embedded structures like pile foundation or pipeline umbrella for tunnel, embedded beam element can be used to model those conveniently.

Stress recovery point ECS—z
(I-section) —>
E D
[Element Csys, DOF, and Output for Beam Element] : s TTTTT ’
Mother
element 2

Mother
element 1

[Schematic view of Embedded Element] [Embedded Beam Element without Nodal connectivity]
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1. Pre Processing
1.2 Geological Parameters DB (Database)

= Provide database for general parameters of soil (Mesh > Prop./Csys./Func. > Material > Database )
= The user can customize database (C:\Program Files\MIDAS\GTS NX\Dbase)
(Users can add or change *.gdb files. Notepad (text editor) can be used to open this kind of file)

= The user can set default material for frequently used parameters. (Tools > Options > General > Material)
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GTSNX 2014 Enhancement

1. Pre Processing

1.3 Repair Shape (Automatic)
= Geometry > Tools > Check Shape > Repair Shape
Simpli

= Recommend to perform “Geometry Clean - Geomet

= Find and modify geometric errors automatically for atypical and inaccurate shape
- Topolo:
= The user can perform this function when have failed to create mesh for selected geometry

Optimize” continuously

GTSNX 2014 V2.1 Release Note

Check Shape (=)
[ €heck shape | Repair Shape | check Duplicates [ [+ ]
Find
(=1 Select Target Object(s) ]
Normal-dir
Results

D Part Name Emor

=Geometry Clean : modify invalid shape

[Abnormal topology] [Tangled shape]

Select Al Unselect All

Repair Shape

[ Geometry Clean ]

[ Geometry Simplify ]

[ Topaology Optimize ]

[Omission of Edge or vertex]

=Geometry Simplify : modify irregular shape

v B-Spline surface = plane, cylinder, sphere, cone and torus
v'B-Spline curve > line, circle and ellipse

v Irregular shape = normalized and primitive shape

=Topology Optimize : performance improvement in creating mesh

v Simplify geometry and delete duplicated edge/surface automatically

v Delete unnecessary edge or vertex automatically

MiDAS
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1. Pre Processing
1.4 Model Simplification (Auto)

= Geometry > Remove > Face / Edge

= Find entities within the range of defined criteria and remove to simply geometry
= Recommend to remove small edge and face to create better quality of mesh
= The user can perform this function when have failed to create mesh with inputted size for selected geometry

GTSNX 2014 V2.1 Release Note

Model Simplification [
Auto | Manual
1= Selected 5 Target Object(s) ]
Condition
@) Hole (Redius) < 33.3471094 | m
) Fillet (Radius) < 33.34710%4 | m
) smal Edge < 1.61062547 | m
©) Small Face < 161062547 m
() sliver Face < 161062547 | m
@ spike < 161062547 m
Results
-2.1404e-001
Color Part Name Type Value *
+2.5758=-001
(7] Extrude(1)  Spike 0.214035 I
+3.
I Extrude(t)  Spike 0.214035
Spike 1.049451 454562001
Spike 1.049451 +5.4820=-001
1l Extrude(n)  spike 1.043451 +6.31742-001
+7.1528e-001
+7.5683e-001
+8.8237e-001
+9.6591e-001
+1.0495e+000
[ Select Al ][ Unselect All ] [ Remove ]

=Auto : find and remove selected entities automatically
v"Hole (Radius) : Input radius of hole
v Fillet (Radius) : Input radius of fillet
v"Small Edge : Input the length of edge
v"Small face : Input the length for the longest edge of face
v Silver Face : Input the width of strip
v Spike : Input the width of spike

=Results: All entities which meet criteria are listed in the dialog.

v Selected entities will be highlighted in the model view
v"Double click on the selected entity to fit zoom to window

Spike Width

[Spike width]

Ej
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GTSNX 2014 V2.1 Release Note

1. Pre Processing
1.4 Model Simplification (Manual)

= Geometry > Remove > Remove Manual

= Find and remove entities to simplify geometry

= Recommend to remove small edge and face to create better quality of mesh

= The user can perform this function when have failed to create mesh with inputted size for selected geometry

Model Simplification (=l *Remove Vertex : remove the shortest edge of ones which are connected to the selected
vertex
CleanUp
= Select Target Object(s) J
@ Remove Vertex — -
@) Remove Edge Select connected faces
(©) Remove Face [F] remove immediately
) eroe Facs =Remove Edge : remove selected edge and corresponding vertex at the same time
Small Entity
[ Select Target Object(s) ] @

2 —

Snlee ] < iewezsw

P

=Merge Faces : merge faces with removing selected edge =Remove Face : remove selected face and merge
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2. Analysis
2.1 Hardening Soil (MMC Hardening)

= Improvement in additional parameters to simulate Shear and Compression hardening simultaneously

= Three types of Elastic modulus can be defined

= Shear hardening parameter can be calculated automatically and Preconsolidation is used for compression hardening behavior
= Reasonable and applicable model especially for soils such as sand, silt and OC Clay.

Material == =Shear Hardening : can be defined by Equivalent plastic strain related to the mobilized
o 1 Name | Tsotropic e [ shear resistance. When the soil is subject to shear hardening, solver recalculates
dilatancy angle. Shear yield surface can expand up to the Mohr-Coulomb failure surface.
Model Type  [Modified Mohr-Coulomb v [Clstuctre
mm Nen-Linear sin ¢ =sm ¢ ( K) . . . . .
K :Equivalent deviatoric plastic strain
Secant Stiffness in Tri-axial 50000  kijm? 2
Test{ESDref) K==y y" Yp :Deviatoric plastic strain
Tangential Stiffness Primary 3
Oedometer Test Loding 50000 kN/m? . . -
(Eoedref) sing—sing sin ¢cv : Critical state friction angle
Elastic Modulus at Unloading 100000 | kNjm? sin y= _—
(Eurref) 1-singsing,,
Failure Ratio 0.9
Reference Pressure 100 kay/mz =Compression Hardening : can be defined by pre-consolidation stress. Cap yield surface
g;g;;afnsc';ﬁss Level 0.5 expands as a function of the pre-consolidation stress
Porasity 06 1 P :Pre-consolidation stress
m
KNC (>0 0.9
_______ p= Py 4 ﬂAgp P, : Pre-overburden pressure (or OCR)
Friction Angle at shear 38 [deg] & [ N — . c pref v
E Yanans - - .
Ultimate Dilatancy Angle 36 | [deg) ‘l’ pm/ I :Cap hardening parameter
Cohesion (C) 30 kpujn] Shear Hardening Parameter (=23l
Cap [] Shear Hardening
Preconsolidation 0.03 ki @ Auto Caleulated q
[l cap shape Factor 30 (7 Hardening Function
Dcap Hardening Parameter 0.5 [ pilatancy cut-off
0.5
P
[Yield surface expansion, Hardening behavior]

Ej
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GTSNX 2014 V2.1 Release Note

2. Analysis
2.1 Hardening Soil (Review of model parameters)
Material Parameter | Description Reference value (kN, m)
[t ] Neme [Imowopc coer [ Soil stiffness and failure
Model Type [ Modified Mohr-Coulomb v Fstuctre
ESOref Secant stiffness in standard drained triaxial test Ei x (2 — Rf) /2 (Ei = Initial stiffness)
General | Porous | Non-Linear
sEa;(nEtsuFrgess in Tri-axial 50000 iyjme Eoedref Tangent stiffness for primary oedometer loading ESOref
Test(E50re
e s prmary 50000 | Kiu/m? Eurref Unload / reloading stiffness 3 x ESOref
(Ecedref)
Elastic Modulus at Unoad T 100000 | Myjme ) 0.5 <m <1 (0.5 for hard soil,
Eoren 100000 | lafn m Power for stress-level dependency of stiffness ( ;
e oire At s 1 for soft soil)
Reference Pressure 00 iayjm2 c Effective cohesion Failure parameter as in MC model
Power of Stress Level 0.5
Dependency o) Effective friction angle Failure parameter as in MC model
Parosity 0.6
i (0) 09 1) Ultimate dilatancy angle o<syp<op
Friction Angle at shear 36 [deg] . ______ = Advanced parameters (Recommend to use Reference value)
Ultimate Dilatancy Angle 36 [deq] | .
s © =] ot Rf Failure Ratio (qf / qa) 0.9 (<1)
[Vlcap
Preconsaldation 005 aym Pref Reference pressure 100
[T Cap Shape Factor 30 KNC Ko for normal consolidation 1-sind (< 1)
[] Cap Hardening Parameter 0.5 DiIatancy I
Apply Porosity Initial void ratio -
Shear Hardening Parameter ! Porosity(Max) Maximum void ratio Porosity < Porosity(Max)
[¥]shear Hardering 1 X
o Cooted ! Cap yield surface
lardening Function 1
° -d Pc Pre-overburden pressure (or from OCR) -
Dilatancy cut-off
Porasity(Max) 0.7 a Cap Shape Factor (scale factor of preconsolidation stress) from KNC (Auto)
B Cap Hardening Parameter from Eoedref (Auto)
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2. Analysis
2.1 Hardening Soil (Example : Validation of Hardening behavior)
Parameter Input value (kN, m)
E 50,000
c 30
36
5
[MC model] y [MC model] [MMC model] [MMC with Hardening]
Parameter Input value (kN, m) [Vertical Displacement]
ESOref 25,000 o
H|= =
Eoedref 25,000 . 79k
Eurref 75,000 . ST oI =
c 30 \l/ R
=
36
5 [MC model] [MMC model] [MMC with Hardening]
Rf .
09 [Horizontal Displacement
Pref 100
KNC 0.5
[MMC model] .
[15t Excavation] F E | = f ‘
paraetey DpUBE (b)) - '--L 0,00 650,482, 1.0L: 523,607 ég o.o0 ﬂBﬁ.ﬁL: R
Auto (Shear Hardening) F J = T
Pc 600 (OCR = 1)
a Auto (uncheck) [MC model] [MMC model] [MMC with Hardening]
B Auto (uncheck)
- - Bending Moment of wall
[MMC with Hardening]
IMiDAS 10731




2. Analysis

GTSNX 2014 Enhancement

2.2 Soft Soil Creep (Secondary Consolidation)

= Based on the 1D — creep theory, an extension was made to a 3D- model.

= Stress-dependent stiffness ( Parameters can be estimated from Compression and Recompression index (Cc,Cs))
= Consider Secondary (time-dependent) consolidation and pre-consolidation stress

= Failure parameters as in Mohr-Coulomb model
= In case that time-dependent behavior is critical, this model is applicable to estimate the creep from FE analysis.

strain

GTSNX 2014 V2.1 Release Note

log(time)

»

Primary ‘ Secondary

>

Material (5
jul 1 Name  Isotropic Calor . .
o Parameter Description Reference value (kN, m)
Model Type [Su& Soil Creep '] Structure
General | Porous | Non-inear | Tme Dependent | Soil stiffness and failure
Gver Considation Ratio (0CR) 1 A Swelling index Cc/2303/(1+e)
Slope of Consol Line (Lamda) 0.3 Cs/2.303/ (1+e)
K Compression index . .
Slope of Over Consol Line () 0.05 (Cc/ 5 for a rough estimation)
1 . . .
e u Creep index Cc / 20 for a rough estimation
pc  [C]User Defined [
[E] Cap Shape Factor (Aipha) 02 c Cohesion Failure parameter as in MC model
Cohesion (C) 30 kyjm2 ) Friction angle Failure parameter as in MC model
Fricton Angle (Phi) % [deg) " Dilatancy angle 0
[¥] Dilatancy Angle 0 [deg]
Advanced parameters (Recommend to use Reference value)
KNC Ko for normal consolidation 1-sind (< 1)
General | Porous | Non-inear | Time Dependent Cap yield surface
o 0.01 - . When entering both parameters
Cresp Index (=) OCR/ Pc Over Consolidation Ratio / Pre-overburden pressure 8 both p ’
Pc has the priority of usage
| a Cap Shape Factor (scale factor of preconsolidation stress) from KNC (Auto)
[ ok ][ canced |[ apply |

MiDAS
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2.2 Soft Soil Creep (Example : Validation of Creep behavior)

GTSNX 2014 V2.1 Release Note

Parameter Reference value (kN, m)
A 0.313
K 0.063
M 1.113
OCR 2.05
a Auto
[MCC model]
Parameter Reference value (kN, m)
A 0.313
K 0.063
K 0.01
© 10
) 28
U] 0
KNC 0.5
OCR 2.05
a Auto (uncheck)

[Soft Soil Creep model]

0.00 T T T T T 1
-0.05 200 400 600 00 1000 1200
-0.10

—-0.15
£
T -0.20
g -025 -
L)
£ -030 -
@
¥ .035 -
o E—a—a—s
-0.45 —
-0.50
Time (day)
== WModified Cam Clay ~ =#=Soft Soil Creep

[Result comparison : Secondary consolidation]
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2. Analysis

= Analysis > Analysis Case > General > Analysis Control

2.3 Geometric Nonlinear Effects (Estimate Initial configuration)

= Consider geometric nonlinear effects in stress, fully coupled and slope stability analysis.
= Analysis can take into account load nonlinearity. Reflecting the effects of follower loads, where the load direction changes with the deformation.
= In case of large deformation analysis, the user can check more reasonable behavior.
= In case of embankment, “Initial Configuration” option in General tab is applicable to check more realistic behavior.

GTSNX 2014 V2.1 Release Note

Analysis Control

Tonlinear

Geometry Monlinearlity
Consider Geometric Monlinear Effects
[T]Update Pore Pressure with Deformation

Initial Configuration

—

[Staged Consolidation analysis for embankment]

-——=> Estimate initial configuration of Activated nodes

Normal pressure

Pressure in specified direction

[Directional change of pressure load due to the large deformation]

Settlement(m)

0.00 T T T 1
50 100 150 200 250
-0.10
0.20
0.30
0.40
-0.50 \
-0.60
Time (day)
—B—Geometry Nonlinearity ~ —#—Linear Geometry

[Result comparison]

[Linear geometry without option]

MiDAS
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2. Analysis

(Available in Nonlinear and Construction stage (Stress) analysis)

2.4 Concrete Creep & Shrinkage (Time-dependent behavior) = Refer to Appendix in detail...

= Analysis > Analysis Case > General > Analysis Control = The user can define Time Steps to check the results with time elapse

Mesh > Prop./ Csys./ Func. > Material > Isotropic - The user can define Creep Formulation to simulate time-dependent behavior of concrete structures
(Following constitutive models are available for concrete structures, Elastic, Tresca, von Mises, MC, Drucker Prager, and Hoek brown)
= Mesh >Prop./ Csys./ Func. > Function > Creep / Shrinkage Function - The user can define Creep/Shrinkage Function based on the embedded design codes(17ea)

Mesh>Prop./ Csys./ Func. >Function > Elastic Modulus Function > The user can define time dependent Elastic Modulus Function based on embedded design codes(12ea)

GTSNX 2014 V2.1 Release Note

©) Time Steps

eneral | Perous] Te Dependers

Time(Duration) 000 day [ Genera [ Poraus | Tme Dependent |

Number of Increments 0 Greep Formuiation [ ge Dependent -
Intermediote OutputRequest [Every Increment  ~ S i

Retardation Tmes(dy)

©) Manual with User-defined Steps Time Step.

T 0

J—
: : R G
[Analysis Control / Time step] fremeon

S o Furcson

Analysis Control

General | Nonlinear | Age

era | Porous| T Dependent
- ==F pendet |

Default Mesh Set

. (/35;53 | = eeoFomiatin [Age ndependent B
g Creep Formulation
B Concrete 28.00 Input Data Form [Empirial Law (Cass1) ~.
= H
= Reference Tenpersee o m
4 L] rerperonre sependentrae 1008
Treshdsiess 001 ki

Coeffigent of Enpiial Model

£(0,0) = A1 = e ]+ K(a)t

A -

- - e .
[ .
@ clsinh(o)] ofc
. O 0
[Analysis Control / Age concrete] ola Z

s o

<

Creep/Shrinkage by Design Code

Neme

Loading Age:
Start Loading

End Loading

==
gEEmEEEw
Creep Shikage Functon coff (cenririsno -e)
e o019
B Cesep(iom)
Act
day TigeA
3y T Combined (ac1 apca)
15000 doy [ — ARSHTO
European

[
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]
"
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S100.5:2011 it
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Elastic Modulus Function

Name  Elastic Moduus Function

[Creep Formulation / Material]

»
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User Defined
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2. Analysis

2.5 General Contact Element (Contact Analysis)

= Analysis Methods > Contact > Define Contact (Contact Type > General) = Only available in 3D model
= General contact considers the impact and impact friction between two objects in analysis, otherwise two objects are bonded (like rigid link) each other by Welded contact
= General contact can be used in nonlinear (static, dynamic) and fully coupled analysis. With Geometric Nonlinearity option, solver will take into account all possible contact area

automatically regardless of the distance (defined Contact tolerance) between two objects

= The user can consider Frictional behavior by Friction coefficient between two objects

= The penetration at initial stage can be ignored automatically

GTSNX 2014 V2.1 Release Note

Contact Pair

Auto Cont. | Manual Contact Pair

Name Manual-2

Contact Type

=]

I

1

1

i

A= Select Gbect(s) 1
=

R
: @ Select Object(s) ]
1

: Contact Parameters

! | Defavit Contact Parameter -]
1

i

: [k [ cancel | [ apoly |
1

1

1

1

1

1

1

1

=) =

Welded contact

T i | |-
HGeneral (AE ]
'EibjectType 3D Element Face -

Contact Parameters
D 3 MName Contact analysis
Structural
Rough contact

General contact .
> \) MNormal Stiffness Scaling Factor 1
,,,,,,,,,,,,,,,,,, (/ ~ f Tangential Stiffness Scaling 0.1

[C] contact Tolerance 16005 [ m

[ conduction for Seepage Flow 0 | mfsec/m

oK cancel | [ Apply

Parameter

Reference value (kN, m)

Contact stiffness (Recommend to use default setting)

Normal stiffness scaling

1 (The smaller value, the larger penetration)

Tangential stiffness scaling

0.1 ( Normal stiffness / 10)

Advanced options (parameters)

Contact Tolerance

Auto (Uncheck)

Friction Coefficient (Optional)

0.3 ~ 0.6 (Depending on material types)

Conduction for Seepage Flow

Impermeable (Uncheck)
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3. Post Processing

3.1 3D - 2D Section (Save & Export to SoilWorks)

= File > Export > SoilWorks Neutral Format File (.FPN)
= The user can export any cross section of 3D model to Soil\Works
= The user can save more than two section profiles and check the shape in Model tree

= The user can use the exported shape as a geometry to generate 2D mesh in SoilWorks, in case of cross checking the results from 3D and 2D model

GTSNX 2014 V2.1 Release Note

[3D model]

1
«=> [Preview]

Export Shape

[2 =
=21 Selecled 11 Target Soid(s)

Dividing Tools
H Select Tool Surface
(@ Three Points

0,0,3
0,0,0

119.97, 120, 0

Interval Length (B-Spline)

Name Export Shape-1

[Save / Export cross section]

Model

Ttem

g

[T Structure surface
& Pile

-6 Excavation area
([ Dividing line
[T Ground surface
Export Shape

&5 Export Shape-1

&
]
5
a
o
a
]
T
t

@S Mesh Control
- @ Mesh
-3 Contact
B4 Element P. -
‘

[V BtrudelE) 32
M@ Btrude) 33
- [ Btrude2) 34
&P Loft(l) 35
M@ Extrude(l) 36
[ Bxtrudel) 37

Rename

Model

[Check cross section (Edit > Preview)]

: 1

1

Delete 1
1

1

1

1

1

Analysis Results :
1

]

1
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3. Post Processing

3.2 Improvement in 3D PDF Report (Material / Property table & Animation Option)

= Tools > Export 3D PDF > Export 3D PDF
= The user can generate 3D PDF report automatically

The report includes model information (material, geometry and mesh) and all types of results with animation like simulation of construction sequence
= Adobe reader is required to check the report

Export to 3D PDF (=]
Component Qutput Orientation
—
EEN 1 o o @) Landscape @) Portrait R RE S PE W D
ED% 1 m
2] 3 Foundation OQutput Optian

INCR=1(LOAD=1.0 Consolidation_SSC
¥ Displacements D:\Temp @ — N GTS NX
[ Grid Forces Fe s — o -8 v @0 A
[T Reactions File Name  report y
L] Solid Stresses |
T} solid Strains Tempiate Style
Excavation Style [Stvie 0 -
; INCR=1(TIME=1.0(
[ 1ii# pisplacements — 3
% Grid Forces [#] Animation Option
]+ Nodal Seepage ¢ = I Resut -~
[ Reactions i

=01 1 3
- Foundation

=[] INCR=1 (LOAD=1.000)
[|&F bisplacements

[ i Solid Stresses
[ i} solid Strains

-[]..+# 3D Elem Seepag

Install StructureFile(Ba i@} Solid Stresses

£ INCR=1 (TIME=3.0( [l Sold strains
[ 1555 Displacements =l D@ Excavation
[J#%» Grid Forces IR INCR=1 (TIME=1.000e-
-[]..+# Nodal Seepage ¢ [|& oisplacements
[ J##> Reactions [ Nodal Seepage Res.
-[J# Beam Element F: [l Solid Stresses =
s} Pile Force | F
[ lgz? Pile tip Force
[ Jiss Beam Element 5
i@ solid Stresses
[} Pile Relative Disy +
] i1} >

GTsINX

o [ el ]

Mo
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3. Post Processing
3.3 Relative deformed shape for Dynamic analysis results

= Result > General > Deformed shape (Direction)

= |n case of seismic analysis, the bottom of ground can be fixed by ground acceleration. The user could check only total(absolute) deformed shape in the previous version.
= The user can check the deformed shape based on the relative displacement

@) zBdde -0 - GTSNX - [3D Damm_seismic_interface] s x
%

Geometry  Mesh  Static/Shope Analyss  Seepage/Consolidation Analyss  Dynamic Analyss  Anayss | Resukt | Took Style ~ Background ~ Language ~ @ - = x

T @comm @ smooth - i dae Type - || B, Probe @ LoF sum Seepage ~ Legend Nodal Average o =
ombination image Fie
Bl [A Vector B Deform - Bri- I Muti Step Iso. £ Cutting Diag. || o SAM in/Max Elem. Cent. Result & il oo
lcuation . nitalze
(= Dagram] Restive xvZ Dire (x| @ No Resutts - || @ Extract L5 Others ~ History ~ Cont. Line [ Actual Deformation Zins
Result e - Advanced Special Post. Show/Hide Etc. Tools
(& B[B[5: o oy m | zoiec e ML (T 7 RBEIJCQEIRAC O+ BEL GFFFPHE - S-9SHL
Results 3 Reiative 10z Direction = S
ftem % Relstve X Direction L o
[ Displacementg| Relatve Y Direction 5L PISPLACEENT 2
& TOTALTRA Retative 2 Direction g
B TXTRANSI d
& TV TRANSL...
B TZTRANSL..
2 TOTAL ROT.
& RXROTATL
2 RYROTATL
B RZROTATL
cative Displac.
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B TZRELATI.
B TOTAL REL
B RXRELATV..
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Properties o x
[contour )
CEELTETTS S
: H moot ontinuous
t H H Smooth Conti
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Show False
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[Total displacement in Dynamic analysis] TR 7
‘ > B[ | Level 3 Norma) > ")
<2 consonaation_ssc | (£ somsoilareep | ) MMCHardening)_inertace | (5] MMCHardening), (5 30 Dam seismic interface x 5
Output 2 x
> GTS NX 2014 (v.2.1) (64bit)
> Copyright (C) SINCE 1989 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED.
> License has been certified.
> Your maintenance period expires in 207 day(s).
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GTSNX 2014 Enhancement

3. Post Processing
3.4 Improvement in Probe Result (3D PDF Report (Material / Property table & Animation Option)

= Result > Advanced > Probe (Result Tag)
= The user can check Node and Element ID in the table
= The user can check the result and its location in the model based on Node / Element ID

GTSNX 2014 V2.1 Release Note

Mode/Element Toolbar - X Earact Rt T - 1een 810305 =
R
N | efi] o) T2 P2 BA| ) — —
|fin Show/Hide Element ID | o e

IR

[9instal Stucture8Pie Gack g

19t StucturespieGack g

Vi

(7] intal Structresple(Back fllng)-INCR=5
= 0= 4001

DNR=20 5| | S
=00

* — Bement Resit Exracion
esults " © Use Defined

23534023543 23579

sot (0] (0] (2] Mlascending

Entty Type
© Node

Color
Tag Color

Tag Type

[ — |}

Tortcorr 2]

© Bement
5560045

0626231
0461255

123104003, [LNIT] I, m

CHOG F

eEAn FoRCE
EENDING MT 2, Kt

install Install Install

Yo x Y z -
(m}) (m)

5.7000012+001 2.9583146+001 8.4322242+000 17822522001 2794431

5. E3 = = 6254975

6.3000016+001 5.7000016+001 2602687e+001 -22917936+001 —2.500982¢+001 7530338

6.300001e+001 5.700001e+001 2:601338e+001 -2.285606e~001 4.808925¢+001 7542522

5.700001e+001 2.474980e+001 2651961-001 55508056001 8680182

B 2 20813642001 52466142001 9.635777

5.700001e+001 19248536001 -2633487¢-001 ~5.402609¢-001 8344714

B 1 = 5.640854

5700001c+001 13988516001 1.327988¢-001 -2672307e-001 4075055

5.700001e+001 1.298851e+001 9.453159¢-000 19015822001 2.598375

[Probe Result]

[Extract Result]

:
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Appendix

1. Time Steps / Creep Formulation

2. Creep / Shrinkage Function Group - Design code

3. Elastic Modulus Function - Design code

Integrated Solver Optimized for the next generation 64-bit platform
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1. Time Steps / Creep Formulation

GTSNX 2014 V2.1 Release Note

= The user can define Total elapsed time and the number of increments to output results for each time step. Uniform and non-uniform time steps can be defined

= In case of construction stage analysis, the user can take Age into account to consider creep/shrinkage effect generated in the previous stage. In general, the user can enter the

curing period of concrete

= Two types of creep formulation are available to define Time-dependent behavior of material (Age Dependent and Age Independent)

General | Parous] Time Dependent [Age Dependent]
@ Time Steps Crecpromdoton (AgeDependent )
(@ Time{Duration; 1000 day The stiffness of concrete changes with time, and the creep and shrinkage
- Cresptiocel
Retardaton Tmes(day) may cause unexpected deformation. And the creep strain of concrete
Number of Increments w 1 Yy y 00| [ 0000 Y P. P )
depends on the time of stress occurrence even under the same applied load.
Intermediate Output Request Creep/Shrinkage (Creep Srikage Funcion__~) )
Runcton G [ e—)
() Manual with User-defined Steps Time Step... Srcvoasatocn  [Eesesiaroder <] 6§ GTSNX supports aging-Kelvin model and aging-Viscous model excluding the
spring from Kelvin model.
K k k k, K
[Analysis Control / Time step] y
4—w— —
7
Analysis Control @ ) ) m m )
General | Nonlinear | Age [Schematic view of aging-Kelvin creep model]
Mesh set
Dot set e ‘ Genera | Porous | Nor-inear| e Deperdert [Age Independent]
Mesh set (day) eramistan (s independent )
Concrete 28.00 i GTSNX can take into account the primary and secondary creep. The user can
Reference Temperature a“;,;,“;‘() use two types of empirical law to define the creep behavior.
Tabian gt
3 Treshodsess 00t Primary Secondary
Coeficent of npica Mocel
r r
£(0,0) = A@)[1- e + k(o) : Creep K, : Creep k, I
@ ei k(o > ¢ ¢
Re e'” ®co p( ) I ez or gl'"“""’?" > el or s/n/ul
m k= [sinh(/0)] ® cel
N y ¢(0)
g =N > o(0) or A,
e g c (()-)
»
[Analysis Control / Age concrete]
[Creep Formulation / Material] [Kelvin-Maxwell creep model]
MMiDAS 21/31
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2. Creep / Shrinkage Function — Design code
Creep/Shrinkage Function Group (=3 Creep/Shrinkage Function Group (=3 Creep/Shrinkage Function Group (=)
CEB-FIP(1990) CEB-FIP(1978) ACT
Characteristic compressive strength of concrete at the 0000 K2 Characteristic compressive strength of concrete at the 30000 KNjm? Compressive strength of contrete at the age of 28 days 30000 | kiujm?
g2 of 28 days(fck) age of 28 days(fk)
Relative Humidity of ambient environment (40-99) 70 2 % Relative Humidity of ambient environment {40-100) 70 % Relative Humidity of ambient environment (40-35) 05 %
Notational size of member im Notational size of member im Volume-surface ratio 1m
h=2%Ac/u (Ac: Section Area, u : Perimeter in contact with atmosphere) h=2%Ac/u(Ac : Secton Area, U : Perimeter in contact with atmosphere) Age of concrete at the beginning of shrinkage 3= day
Type of Cement Type of Cement Irit Curing Method @ moist aure ) steam aure
(©) Rapid hardening high strength cement (RS) - Normal and slouly-hardening cements Concrete Compressive Strenath Factor (3, b)
@ Normal or rapid hardening cement (N, R) ® Rapid-hardening cements
@ Slowly hardening cement (5L) (©) Rapid-hardening high-strength cements a 4 (005525 b 0.85  (0.67~0.98)
Age of concrete at the beginning of shrinkage 312 day Age of concrete at the beginning of shrinkage. 3 [ day Material factored ultmate value
Type
@ ACI Code () User
Slump 01 m
Fine aggregate percentage s 2] %
[CEB-FIP(1990)] [CEB-FIP(1978)] i content =
Cement content. 4 kyjme
Notational size of member Notational size of member
-Conceptual (Equivalent) size of structure. Two -Conceptual (Equivalent) size of structure. Two times
. P . -DK -_Canuel
times of equivalent area divided by perimeter of of equivalent area divided by perimeter of the

the member

Age of concrete at the beginning of shrinkage
-The number of days elapsed after pouring of
concrete, when the shrinkage is assumed to start

member

Age of concrete at the beginning of shrinkage

-The number of days elapsed after pouring of concrete,
when the shrinkage is assumed to start

[ACI]

Age of concrete at the beginning of shrinkage
-The number of days elapsed after pouring of
concrete, when the shrinkage is assumed to start

Material factored ultimate value
- The user may enter the ultimate values considering
concrete properties by ACI code or User type.

Ej
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2. Creep / Shrinkage Function — Design code

GTSNX 2014 V2.1 Release Note

Creep/Shrinkage Function Group (=3
Code  [PCA -
pcA
Compressive sirength of concrete at the age of 23 days(f) 30000 | kijim?
Ultimate shrinkage strain (500~800) 70 = |E6
Ultimate creep strain (3~5) 4 | 1feE3
Relative Humidity of ambient environment (40-99) 0%
Volume-surface Rato (v/s) 1m
Reinforcement ratio of cross section of column segment 1 %
Modulus of elasticty of steel 200000000 | kijim?

[PCA]

Creep/Shrinkage Function Group (=3

Code  |Combined (ACL&FCA) =

Combined (ACI PCA)

Compressive strength of concrete at the age of 28 days(fc) 30000 | kN

Relative humidity of ambient environment (40-100) 70 = %

Volume-surface ratio (v/5) 1m
Creep

Material factored ultimate creep strain 200 (£6) mjmiyjm?
Volume-surface Ratio (v/s-inches)
®(2/3) * (1+1.13e-0.54 v/s)) (ACI Code}
© (0,044 v/s+0.934) / (0.1 v/s+0.85) (PCA)
Loading aged factor (t: loading age)
& 1.25 * tA(-0,118) (moist cured ACI Code)
113 *t7(-0.094) (steam cured ACI Code)
) 2.3=1(-0.25) (PCA)
Progress of Creep with Time by ACI Code (£°0.6) / (10+t"(0.8))

Shrinkage
Material factored ultimate shrikage 70 (6
Velume-surface Ratio (v/s-inches)
© 1.227(-0.12 v/s} (ACI Code)
©) (0,037 v/s+0.944) [ (0.177 v/s+0.734) (PCA)
Progress of Shrinkage with Time
@ (1) /(35 +1) (moist cured ACT Code)
) (£) /(55 +1) (steam cured ACT Code)
© (1) / (26e~(0.36 vis)+1) (v/s-nches) (by PCA)

Reinforced Concrete effect by PCA
Reinforcement ratio of cross section of column segment 1] %

Modulus of elasticity of steel 200000000 kNfm?

Creep/Shrinkage Function Group ==
Code AASHTO -
AASHTO
Compressive sirength of concrete at the age of 28 days 30000 kNjm?
Relative Humidity of ambient environment (40-53) 70 = %
Volume-surface ratio 1m
Age of conarete at the beginning of shrikage 3 5| day

[] Expose to drying before 5 days of curing

[Combined (ACI & PCA)]

Material factored ultimate creep strain /

Shrinkage
- The user may enter the ultimate values considering
concrete properties by User type.

[AASHTO]

Expose to drying before 5 Days of curing
- If this option is checked on, the influence of Creep &
Shrinkage is increased by 20% (ref. AASHTO 5.4.2.3)

MiDAS
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2. Creep / Shrinkage Function — Design code

GTSNX 2014 V2.1 Release Note

Creep/Shrinkage Function Group (=3
Eurcpean
Characteristic compressive cyinder strength of conarete 350007 kijm?
at the age of 28 days (fck)
Relative Humidity of ambient environment (40-93) 5 %
Notational size of member 1m

h =2%Ac fu (Ac: Section Area, u : Perimeter in contact with atmesphere)
Type of Cement
Class s @ ClassN ClassR
Type of code
(©)EN 1992-1 (General Structure)
@ EN 1992-2 (Concrete Bridge) [ use of silica-fume:

Age of conrete at the beginning of shrinkage 3 2] day

Creep/Shrinkage Function Group (=3

Code  |AS 3600-2009 -

AS 3800-2009
Compressive strength of conrete at the age of 28 days | 30000 | kNfm?
Exposure Environment

@aid  Olnterior () TemperateInland () Tropical or Near Costral
Hypathetical Thickness 1m

h =2 Ag /u (Ag : Section Area, u : Perimeter in contact with atmosphere)
Drying Basic Shrinkage Strain (107-6)

@) 800.0 (Sydney, Brisbane) 900.0 (Melbourane) () 1000.0 (Elsewhere)

Age of concrete at the beginning of shrinkage: 35 day

Creep/Shrinkage Function Group ==

Code  |AS/RTA 5100.5-2011 -

AS[RTA 5100,5-2011

Compressive strength of concrete at the age of 28days | 30000 | kN/m?
Exposure Environment.

@aid  Olnterior  ©) TemperateInland ) Tropical or Near Costral
Hypothetical Thickness im

h =2Ag fu{Ag: Section Area, u : Perimeter in contact with atmosphere)
Drying Basic Shrinkage Strain (10-6)
1@ 800.0 (Sydney, Brisbane) () 900.0 (Melbourane) () 1000.0 (Elsewhere)

Age of concrete at the beginning of shrinkage 3 day

[European]

Notational size of member

-Conceptual (Equivalent) size of structure. Two times
of equivalent area divided by perimeter of the
member

Age of concrete at the beginning of shrinkage
-The number of days elapsed after pouring of concrete,
when the shrinkage is assumed to start

[AS 3600-2009]

Hypothetical Thickness

-Conceptual (Equivalent) size of structure. Two times
of equivalent area divided by perimeter of the
member

Age of concrete at the beginning of shrinkage
-The number of days elapsed after pouring of
concrete, when the shrinkage is assumed to start

[AS/RTA 5100.5-2011]

Hypothetical Thickness

-Conceptual (Equivalent) size of structure. Two times
of equivalent area divided by perimeter of the
member

Age of concrete at the beginning of shrinkage
-The number of days elapsed after pouring of
concrete, when the shrinkage is assumed to start

Ej
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2. Creep / Shrinkage Function — Design code

GTSNX 2014 V2.1 Release Note

Creep/Shrinkage Function Group (=3
Russian
Conarete Class, B 30000 | kiyjimz
Relative humidity of ambient environment 05 %
Module of an exposed surface, M 1 ym
Age of concrete at the beginning of shrinkage 32
Curing Method @ Natural cure ) Steam cure
Cement Type
® Normal (@ Fasthardened () Slag © Pozzolan
[ Fast-accumulating areep
Conarete
Type
@ Heavy concrete (N) ©) Fine-grained concrete (M)
Water content, W 180 Ljm?
Maximum aggregate size 2005 m
Air content, V 30 Ljm?
Spedfic content of the cement paste, pz 0.35

[Russia]

Fast — accumulating creep

code

Age of concrete at the beginning of shrinkage
-The number of days elapsed after pouring of
concrete, when the shrinkage is assumed to start

- If this option is checked on, the influence of Creep &
Shrinkage will be increased by % based on Russian

Creep/Shrinkage Function Group (=3 Creep/Shrinkage Function Group ==
Code Code  [2PAN -
Korean Standard JAPAN
g;:r:fzhzzr::;s(n(g)resswe strength of concrete at the P [ Compressive strength of concrete at the age of 28days | 23535.96 | kjm2
Calculation Method F or E ®) 1sCE ©an

Relative humidity of ambient environment(40 - 35) 70 2 %
Notational size of member 12 m
h =2=Ac fu (Ac : Section Area, u : Perimeter in contact with atmosphere)

Type of cement
%) Rapid hardening high strength cement (RS)
® Normal or rapid hardening cement (N, R)
7 Slowly hardening cement (SL)

Age of concrete at the beginning of shrinkage 3[4 day

[Korean Standard]

Notational size of member

-Conceptual (Equivalent) size of structure. Two times
of equivalent area divided by perimeter of the
member

Age of concrete at the beginning of shrinkage
-The number of days elapsed after pouring of
concrete, when the shrinkage is assumed to start

Relative Humidity of ambient environment
(@) curing Underwater @ Relative Humidity(40~30) 05 %
Notational size of member(h”)
h*=yeh
¥& ; Environmental Coefficient
h=Acfu 13 m
Ac: Section Area
Ut Perimeter in contact with atmosphere:
Type of cement
(@ Rapid hardening cement
® Normal cement

Age of conarete at the beginning of shrinkage 3 < day
[Japan]

Notational size of member

-Conceptual (Equivalent) size of structure.
Equivalent area divided by perimeter of the
member considering Environmental Coefficient.

Age of concrete at the beginning of shrinkage
-The number of days elapsed after pouring of
concrete, when the shrinkage is assumed to start

MiDAS

25/31

GTSNX 2014 Enhancement

2. Creep / Shrinkage Function — Design code

GTSNX 2014 V2.1 Release Note

Creep/Shrinkage Function Group

IAPAN(ISCE)
Relative Humidity of ambient envirorment (45-80)

Volume-surface ratio (100mm ~300mm)
Cement content (260 kg/m 3 ~ 500 kg/m"3)
Water content (130 kg/m*3 ~ 230 kg/m*3)

Age of conrete at the beginning of shrinkage

==

[Japan (JSCE)]

automatically

Cement content / Water content
- Required to input each content per unit
volume to generate Creep/Shrinkage Function

Age of concrete at the beginning of shrinkage

-The number of days elapsed after pouring of
concrete, when the shrinkage is assumed to start

Compressive strength of concrete at the age of 28 days 23535.96 | kNjm?

Relative Humidity of ambient environmentt

Creep/Shrinkage Function Group (=3
Code CHINA -
CHINA

(© Curing Underwater @ Relative Humicity(40~30) N %
Notational size of member(ho) 12 m
h=veho
ho = 2Acfu (Ac : Section Area, u : Perimeter in contact with atmosphere)
Age of concrete at the beginning of shrinkage 3 2] day
[CHINA]

Notational size of member

-Conceptual (Equivalent) size of structure. Two times
of equivalent area divided by perimeter of the
member considering Environmental coefficient

Age of concrete at the beginning of shrinkage
-The number of days elapsed after pouring of concrete,
when the shrinkage is assumed to start

Code | China (JTG D62-2004) -

China (ITG D62-2004)

Comp. Strength of Concrete at the Age of 28 Days(fu,k)
fom = 0.8 fou k +8MPa

Relative Humidity of ambient enviranment (40 ~ 98) 0] %

23535.96 | ki/m?

Hotational size of member 12 m

h = 2 Acfu (Ac : Section Area, u : Perimeter in contact with atmosphere)

Creep/Shrinkage Function Group ==

Cement Type Coefficent (Bsc) 5
Age of conarete at the beginning of shrinkage 32 day

[China (JTG D62-2004)]

Notational size of member

-Conceptual (Equivalent) size of structure. Two times
of equivalent area divided by perimeter of the
member.

Age of concrete at the beginning of shrinkage
-The number of days elapsed after pouring of concrete,
when the shrinkage is assumed to start

E
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2. Creep / Shrinkage Function — Design code

GTSNX 2014 V2.1 Release Note

Creep/Shrinkage Function Group (=5
Code KCIUsD12 -
KCIUsD12

Characteristic compressive strength of concrete at the

age of 28 days (fd) 2400000 | kiijm2

Relative humidity of ambient envirionment(40 - 99) 702 %
Notational size of member 12 m
h=2*Ac/u(Ac: Section Area, u : Perimeter in contact with atmosphere

Type of cement
() Rapid hardening high strength cement (RS)
® Normal or rapid hardening cement (N, R)
Slowly hardening cament (sL)

Age of conarete at the beginning of shrinkage 312 day

[KCI-USD 12]

Notational size of member

-Conceptual (Equivalent) size of structure. Two times
of equivalent area divided by perimeter of the
member

Age of concrete at the beginning of shrinkage
-The number of days elapsed after pouring of concrete,
when the shrinkage is assumed to start

Creep/Shrinkage Function Group ==
Code KSCE 2010 -
KSCE 2010

Characteristic compressive strength of concrete at the

age of 28 days () 2400000 | kjm?

Relative humidity of ambient envirionment(40 - 99) 7 2 %
Notational size of member 12 m

h=2*Ac/u(Ac: Section Area, U : Perimeter in contact with atmosphere
Type of cement

(@) Rapid hardening high strength cement (RS)

® Normal or rapid hardening cement (, R)

Slowly hardening cement (sL)

Age of concrete at the beginning of shrinkage 3 2] day
[KSCE 2010]

Notational size of member

-Conceptual (Equivalent) size of structure. Two times
of equivalent area divided by perimeter of the
member

Age of concrete at the beginning of shrinkage
-The number of days elapsed after pouring of concrete,
when the shrinkage is assumed to start

MiDAS

27/31

GTSNX 2014 Enhancement

3. Elastic Modulus Function — Design code

= The user can define Time-dependent Elastic modulus function based on selected design code]
= The user need to input End Time of function with the number of steps

GTSNX 2014 V2.1 Release Note

Design Strength @ Design Strength @ Design Strength @

Code [cEBFIp(1990) - Code |ceB-FrP(1978) - Code = -

Mean compressive strength of concrete at the age Permanent compressive strength (fci&) Concrete compressive strength at 28 days (F28)

of 28 days (fck-+delta_f) —_— PR

30000 | kivjm2 30000 | kijm?
30000 kiujm?
Concrete compressive strength factor (3, b)
Cement Type(s)
) o -

L L L
End Time 10000  day End Time 10000  day End Time 10000  day
Murm, of steps ® Murn, of steps k] Mum. of steps k]

[CEB-FIP(1990)] [CEB-FIP(1978)]

Specify the Concrete Compressive Strength at
28 Days and Cement Type

RS — Rapid hardening high strength cements
N,R — Normal or rapid hardening cements
SL — Slowly hardening cements

[ACI]

* Modulus of elasticity, which will be reflected in the
analysis, is calculated using the compressive strength

of concrete and weight density

E =w'’0.043.) 7
e =M \{_‘(inmpa}

W,

£

Density of concrete, kg/ma3

¢ . Compressive strength of concrete, MPa

Ej
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3. Elastic Modulus Function — Design code

GTSNX 2014 V2.1 Release Note

Design Strength @

Code [ohzagi -

Concrete compressive strength at 28 days (528)

30000 knjmz

Cement Type (a, b, c)

End Time 10000  day

Num. of steps 8

Design Strength @ Design Strength @
Code [European -] Code (5 36002009 -
Mean compressive strength of concrete at the age Concrete compressive strength at 28 days (f28)
of 28 days (fdc+delta_f) -
30000 | kpjmz
30000 knjm2

Cement Type(s)

Class N b

End Time 10000 day End Time 10000  day

Hum. of steps 8 Num. of steps 8

[Ohzagi]

The equation proposed by Ohzagi is used to
define the change of compressive strength of
concrete. Specify the Concrete Compressive
Strength at 28 Days and Cement Type

RS — Rapid hardening high strength cements
N,R — Normal or rapid hardening cements
SL - Slowly hardening cements

Fly ash — Fly ash cementing material

[European] [AS 3600-2009]
Specify the Concrete Compressive Strength at * Mean modulus of elasticity of concrete at the
28 Days and Cement Type appropriate age is calculated as follows.
= .= ¢piF) e
RS — Rapid hardening high strength cements f:’ﬂ’-‘i— 40 MPa, Eq,i -ﬂﬁ' Jx (0_043 ?"f;m)
N,R — Normal or rapid hardening cements fomi =40 MPa, EQ- = (") x (0024, + 0.12)

SL - Slowly hardening cements

« Since there is no equation for Compressive Strength
at the appropriate age in Australian Standard, it is
calculated based on the following equation specified
in CEB-FIP 1978.

1451849874 x " x £,
)= = 3
1) =255

MiDAS
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3. Elastic Modulus Function — Design code

GTSNX 2014 V2.1 Release Note

Design Strength @ Design Strength @ Design Strength @I
Code [as/mTa 5100.52011 - Code [Russian -] Code Korean Standard -]
Concrete compressive strength at 28 days (f28) Concrete Class, B 30000 kMjm? Concrete compressive strength at 91 days (f91)
30000 | kny/m2 Cement Type(s) Normal - 30000 | jyjm2
Curing Method Normal Concrete compressive strength factor (a, b)
Fast-hardened
Concrete Slag a: 45 b 0.95
Type Pozzolan
@) Heavy concrete(N)
() Fine-grained concretz(M)
Maximum aggregate size 0,02 m
Spedific content of the
0.25
cement paste, pz
End Time 10000  day End Time 10000  day End Time 10000  day
Num. of steps 48 Num. of steps 48 Num. of steps 48

* Mean modulus of elasticity of concrete at the
appropriate age is calculated as follows.

_ D ) .
fimiS40 MPa, E_ = (519) x (0.043 f,,,)
— e 1 .
fomi =40 MPa, E = () x (0.024f,; + 0.12)
«+Since there is no equation for Compressive Strength
at the appropriate age in Australian Standard, it is

calculated based on the following equation specified
in CEB-FIP 1978.

1.451849874 %" x £
)= = 3
1) R8s

[AS/RTA 5100.5-2011] [Russian]

[Korean Standard]

Specify the Concrete Compressive Strength at
91 Days and Strength Factor (a,b)

Cement Type a b

Rapid strength 29 0.97
Normal 4.5 0.95

Moderate heat 6.2 0.93
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3. Elastic Modulus Function — Design code

GTSNX 2014 V2.1 Release Note

Design Strength @
Code [3apan(Hydration) -
Compressive Strength
Concrete compressive strength at 28 days (fck)
30000 | kNjmz
Concrete compressive strength factor {3, b, d)
a: 45 b: 0.95 d: 111

End Time 10000  day
Mum. of steps 43

Design Strength

Code [3apan(Biastic)

Elastic modulus at 28 days (E28)

28000000 | kyjimz

@ Normal Type
() Rapid Type

End Time 100

Num. of steps

00 day

48

Design Strength @I

Code [kerusp12 -]

Concrete compressive strength at 91 days (f31)

30000 knfm2

Cement Type(s)

RS_moist cured : 0,
RS_moist cured : 0,12
5L 0.40

End Time 10000 day

Hum. of steps 8

[Japan (Hydration)]

Specify the Concrete Compressive Strength at 28
Days and Strength Factor (a,b,d)

Cement
a b d
Type
Rapid
strength 45 0.95 111
Normal 6.2 0.93 1.15
Moderate 29 0.97 1.07
heat

[Japan (Elastic)]

[KCI-USD12]

Specify the Concrete Compressive Strength at
91 Days and Strength Factor (a,b)

N,R — Normal or rapid hardening cements
RS — Rapid hardening high strength cements
SL - Slowly hardening cements

MiDAS
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