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AGENDA

Design of concrete structures
Transportation structures with IDEA StatiCa
Overview of Version 26

Q&A session

//#/={=] StatiCa*



STRUCTURAL DESIGN OF CONCRETE STRUCTURES

B-Regions: sections of the structure
that can be designed with beam
theory

Discontinuity regions
where stress flow is unknown. Where
traditional beam theory becomes
unreliable.

StatiCa®



DISCONTINUITY REGIONS= STRUT&TIE METHOD

Note: Hanger reinforcement
is hooked around top bars of
member

Boundary

Design codes (ACI, AASHTO) provide e Rl
guidelines to use strut and tie method
for the design of D-Regions

t Tie Nodal zone T

Fig. R23.2.]1—Descrniption of strut-and-tie model. Invalid angle < 25 degrees Angle > 25 degrees

(a) Invalid strut-and-tie model (b) Adjusted strut-and-tie model
. to satisfy 23.2.7
Girder Loads 4
Fig. R23.2.7—Strur and-tie model of dapped connection illustrating adjustment to comply
with 23.2.7.
COMMENTARY

VAVALN

—Distributed
reinforcement

- g—C

T
Struts = Compression
For Rebar & Stirrup For Concrete

Distributed reinforcement crossing interior struts.
Note that ay is different for the two struts above; the
minimum distributed reinforcement ratio is controlled
by the smaller angle a,.

T c
. - . - Fig. R23.5.1—Distributed reinforcement crossing interior
Fig. R23.10.4—Curved-bar node with two layers of rein- m‘im_ 1 €

| forcement (nodal zone is shaded).
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STRUT&TIE

Boundary

Interior strut
strut —\ l 7

Ay
t \Tie Nodal zone t

Fig. R23.2.]—Description of strut-and-tie model.

Note: Hanger reinforcement
is hooked around top bars of

member
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Invalid angle < 25 degrees Angle > 25 degrees
(a) Invalid strut-and-tie model (b) Adjusted strut-and-tie model
to satisfy 23.2.7
Fig. R23.2.7—Strut and-tie model of dapped connection illustrating adjustment to comply
with 23.2.7.
—Distributed
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IMEG — WALKING COLUMNS

IMEG used Detail 2D to model as-built
walking columns

Model was used to:

v Compare results with ACI 318-14 strut and tie
hand calculations

v" Verify load transmission/bearing through floor

v" Verify kick forces applied to floors from column
walks

v Determine tension splitting zones from bottle
struts in column walks to verify extents of carbon
fiber reinforcement

Case study
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https://www.ideastatica.com/case-studies/walking-columns-on-the-laurel-rittenhouse-square-project
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WHAT CAN BE DESIGNED WITH IDEA STATICA DETAIL?
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UNIVERSITY VERIFICATION STUDIES

IDEA StatiCa
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https://www.ideastatica.com/reinforced-concrete-members-with-discontinuities

D-REGIONS — AASHTO LRFD BRIDGE DESIGN SPECIFICATION

5-28 AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS, TENTH EDITION, 2024

distance between the extreme compression fiber and the
centroid of the primary longitudinal reinforcement.

Pl -
i il
'rd~dld-IRz

D-Région

RtI'd'j'

D-Région

B-Region

Figure 5.5.1.2.1-1— Stress Trajectories within B- and
D-Regions of a Flexural Member (adapted from Birrcher
et al., 2009)

D-Regions shall be taken to encompass locations
with abrupt changes in geometry or concentrated forces.
Based upon St. Venant's principle, D-Regions may be
assumed to span one member depth on either side of the
discontinuity in geometry or force.

Where the effective depth changes along the
component the length of the D-Regions should be varied
accordingly.

stress can be assumed at approximately one member
depth from a load or geometric discontinuity. In other
words, a nonlinear stress distribution exists within one
member depth from the location where the discontinuity
is introduced (Schlaich et al., 1987). D-Regions are
therefore assumed to extend approximately a distance d
from the applied load and support reactions in
Figure 5.5.1.2.1-1. In the case of the reaction at an
interior support, the disturbed region extends a distance
d on each side of the reaction.

B-Regions occur between D-Regions, as shown in
Figure 5.5.1.2.1-1. Plane sections are assumed to remain
plane within B-Regions according to the primary tenets
of beam theory, implying that a linear distribution of
strains occurs through the member depth. The beam is
therefore dominated by sectional behavior, and design
can proceed on a section-by-section basis (i.e., sectional
design). For the flexural design of a B-Region, the
compressive stresses (represented by solid lines in
Figure 5.5.1.2.1-1) are conventionally assumed to act
over a rectangular stress block, while the tensile stresses
(represented by dashed lines) are assumed to be carried
by the longitudinal steel reinforcement.

. teinforcemept ps spegified n Atigles, 5943 and

SECTION 5: CONCRETE STRUCTURES

5.8.2.3—Factored Resistance

The factored resi
shall be taken as that

ce, Py, of a node face and ties
axially loaded components

P=¢P, (5823-1)
where
I resistance factor for tension or compression

specified in Article 5.5.4.2, as appropriate

P, = nominal resistance of a node face or tie (kip)
5.8.2.4—Proportioning of Ties
5.8.2.4.1—Strength of Tie

The nominal resistance of a tie in kips shall be
taken as:

C5.8.24.1

The second term of the equation for P, is intended
1o ensure that the prestressing steel does not reach its
yield point, thus a measure of control over unlimited
cracking is maintained. It does. however, acknowledge
that the stress i the prestressing clements will be
increased due to the strain that will cause the concrete to
erack. The increase in stress corresponding to this action
is arbitranily limited to the same increase in stress that

P=fA,+A[f.+1] (5824.1-1)

where:

£ = yield strength of nonp d 1 dines
reinforcement (ksi) Y.

Aq = total area of longitudinal nonprestressed
reinforcement (1n.%)

i = area of prestressing steel (in.")

fre = effective stress i prestressing steel (ksi)

The sum of feand f; in Eq. 5.8.2.4.1-1 shall not be taken
greater than the yield strength of the prestressing steel

5.8.2.4.2—dAnchorage of Tie
The tie remforcement shall be anchored to transfer

the tension force therein to the node regions of the truss
mn dance with the for development of

the i d will undergo. If there
is no nonprestressed remforcenment. f; may
60.0 ksi in the second term of Eq. 5.8.2.4.1-1

C5.8.24.2

The ties must be properly anchored to ensure that
the tie force can be fully developed and that the structure
can achieve the resistance assumed by the STM. For a
lic 1p be properly guehored at a noda] region, the yield

SECTION 5: CONCRETE STRUCTURES
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IDEA STATICA NOW SUPPORTS AASHTO

Sample projects
AASHTO Material models

Stress-strain diagrams for serviceability

. = -‘-‘."-_t . ~
B =
o

Resistance load factors (general approach Retaining walls Box girder Diaphragms

to the D-regions)

Strength limit state checks (material
utilization ratio, bond stress)

Service limit state checks (short and long
term)

Deflection, Crack Width

Bridge sub-structure details
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SUPERSTRUCTURE DETAILS

==/ StatiCa" petalL

1. Model type 2. Class 3. Topology 4. Parameters

Name

Initial Settir

Description
" ‘ 2D] == | == = = ArSHTO

P — Concrete 6000
Bridge frame joint Eat?ped end Dappedend = . Reinforcement Grade 75
ottom
About wp change Prestressing 270K-S7-0.6"
i Bolt Grade F1554 Gr. 55
Preferences
Concrete cover [in] 1"15/16
Licences Blister Rounding Imperial v

T
|

1]

!!"M"h




DIAPHRAGMS

1. Model type

2D

3D

2. Class

&5 ==

Diaphragms

N[ &=

nu

3. Topology

‘\(x_@?:/‘

Box girder
Diaphragms

Ty

Multi-cell box
girder

T

Double tee
bridge
(indirectly
supported)

_

Double tee
bridge
(directly
supported)

4. Parameters

Name

Descriptior

Design cog E AASHTO

Initial S

Concrete 6000
Reinforcement Grade 75
Prestressing 270K-57-0.6"
Bolt Grade F1554 Gr, 55
Concrete cover [in] 1"15/16

Rounding Imperial v




ABUTMENT IN BRIDGES

1. Model type 2. Class 3. Topology 4. Parameters
Name
Description E ‘
—— AASHTO
.t 5 j [ ] Design code == |
2 D -
Initial Settings
Concrete 6000
Spread footing A.bUtment on  Corbel Retaining wall Reinforcement Grade 75
abutment ples abutment / Prestressing 270K-57-06"
3 D Bolt Grade F1554 Gr. 55
il Concrete cover [in] 1°15/16
Rounding Imperial ™
Bridge
abutments

oy

LTI
o,

A




PIER CAPS

1. Model type 2. Class 3. Topology 4. Parameters
Name
Description
2D = == = oef B mastio
Initial Sej
Concrete
Pier cap - Pier cap - Reinforcement Grade 75
]I single pile multiple Prestressing 270K-57-0.6"
3 D pos Bolt Grade F1554 Gr. 55
Concrete cover [in] 1"15/16
Rounding Imperial

e

Pier caps

nu

=




INVERTED-TEE MOMENT FRAME STRADDLE BENT CAP
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INVERTED-TEE MOMENT FRAME STRADDLE BENT CAP

» This design example requires the use of global :
and local strut-and-tie models to fully model { T — == 1 |5
the flow of forces within the cap beam. [ A : S\ :

e fc =6.0 ksi
* fy=60.0 ksi
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LOAD ANALYSIS

Uniform Dead Load
of Beam Ledge

Detail App load comb setup: %vvv MMMMMMMVMVM v

Strength combination= L pe
1.25xSelf weight

+ | |
Factored beam |Oads Beam Line ,_ BeamlLine . Beam Line
R 1 K 2 e 3

| ¢ Column A ! ! ! | € Column B

i‘ 248.5 kips —) : 209.0 kipS/Q216.4 kips —* i‘ -

| e ey e el

L _J_.4i._._@BentCapBeam ._ . _._ _._. . _._._._.;_.d_.L._§
L ; s ' [
- -‘_\_.? ............ e — |

* |
209.0 kips \3 216.4 Kips \3

Total Factored Loads Per Beam Line = 497.0 kips 418.1 Kips 432 .8 kips

248.5 Kips

Figure 3-4: Factored Beam Loads per Beam Line
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STEP-BY-STEP PROCESS v-

Model

Type of load impulse

= FE e o o S

Wall Beam Knee joint Cross joint - prismatic beam Cross joint - prismatic column  Diaphragm

=N Surface loads Point loads Group of forces Self weight

T

Linear analysis v NON-Linear analysis

Set up the
geometry
(select general

Set up the load

cases and load Pre-design Reinforcement

steel design
reinforcement iterations

Set up the Run topology

combinations
(strength and
serviceability)

. supports
wall section or
beam element)

optimization

Point distributed -

]
Point bearing plate 2
—— dz  ~ A
Line support I_

Hanging support
Patch support

StatiCa®



https://www.ideastatica.com/support-center/types-of-supports-in-idea-statica-detail
https://www.ideastatica.com/support-center-knowledge-base?article=general-description-of-load-impulses-in-detail-application&type=support_center_article
https://www.ideastatica.com/support-center-knowledge-base?article=general-description-of-load-impulses-in-detail-application&type=support_center_article
https://www.ideastatica.com/support-center-knowledge-base?article=general-description-of-load-impulses-in-detail-application&type=support_center_article
https://www.ideastatica.com/support-center-knowledge-base?article=what-is-the-topology-optimization-for&type=support_center_article
https://www.ideastatica.com/support-center-knowledge-base?article=what-is-the-topology-optimization-for&type=support_center_article
https://www.ideastatica.com/support-center-knowledge-base?article=reinforcement-definition-in-the-detail-application&type=support_center_article
https://www.ideastatica.com/support-center/report-in-detail-application

MODELS PREPARED

Frame as beam Frame as wall element Section of the inverted
element tee (ledge beam)
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Beam with stirrups Wall with perfectly bonded bars
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https://www.ideastatica.com/support-center/reinforcement-definition-in-the-detail-application

SUMMARY

Verify and prove your strut and tie
model's w/topology optimization

Comply with AASHTO Specs for
bridge concrete details

Design for strength and service
combinations:

v Concrete compressive strength
v' Steel reinforcement strength and development length

v" Deflection and crack width

Deliver complete calculation packages:
bill of material and CAD details
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DOWNLOAD VERSION NOW!

« AASHTO ready tutorials

Cantilever bent cap
Inverted-tee moment frame straddle bent cap T

T
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VERSION 26

26.0
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VERSION 26

‘Generic Buiding Model 3.3126:5TD - STAAD Pro 2025

Specification  Loeding  Anslysis and Design  Utiities

e [F)Generic Building Model 3.31.265TD - Whole Structure =

- ¥ i Boam| NodoA | Node® Proper
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1FEEIFIF F B E AW Gy se fglfg @ W & T &
tes LCS New Gallery | Propose Publish |v‘ar|ag? Calculate Weld Loads in Loads XS Connection XLS IFC  Member Load Operation GC
sizing equilibrium percentage Import  Import  Export Collect d
Is Pictures Connection L\bla')‘ CBFEM Loads Export New E-arbaqe collector Prediction

moe b3 6 =

Paramaters

-91% Plate thickness (i 1”2

Beam offset fir

Membaers Bolt edge distance [in
[ Bolt end distance [in 1°1/4
B Bolt spacing [in ER
Load effacts Bolt row .
Operations [P] Welds

Template 1 [P] zing method  Full strength ~

E7Oxx v +
Balts
3/4 4325 v +
r plane in thread
Shear force transfer  Bearing - tension/shear interaction ~

-20.00
Plates of manufacturing operations

Material A572 Gr.50 v T

91%

-

Utilization considers s
steel components, '
forces, welds, bolts v
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VERSION 26

Nonconformities:
AN3
Concrete crushing at the anchor-concrete.

g C]
Fa'llng The calculation stopped becaus “ONCrete crushing
elements

untitied

REPORT I TERIALS

G J

Summary Strength Anc

cee A

ge Awxliary | Stress Reactions Failing
flow and loads elements

-check results Results

pvyRv-@denil

Maximurr kN
Set Minimurr kN
limits
Palette

Extreme ULS: C1 (G14.3%)

Check item Y ltem T Utilization v

> |Failing anchors AN F bear / F bear,lim: 1
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VERSION 26
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VERSION 26
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N |
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NEXT STEPS: BRIDGE ENGINEER TOOLKIT

'l"echnology Toolkit '
for Bridge Engin]effrs T

New e-shop now live — faster,
easier licensing

Technology Toolkit for Bridge Engineers Subscribe to COI‘II‘IECtiOI‘IS on
Linkedin

Get case studies, webinars, and
tutorials

va ()2

To help accelerate your onboarding into bridge design workflows, we've compiled some of the most
valuable resources for bridge engineers using advanced analysis methods in IDEA StatiCa.

Quick Links

Watch the Bridge & Infrastructure Design with AASHTO webinar

n use IDEA StatiCa Detail to design, verify, and optimize

Bookmark it now!
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https://eshop.ideastatica.com/purchase?billingPeriod=annually&seats=1&licence=complete
https://eshop.ideastatica.com/purchase?billingPeriod=annually&seats=1&licence=complete
https://eshop.ideastatica.com/purchase?billingPeriod=annually&seats=1&licence=complete
https://www.linkedin.com/newsletters/7415415500891119616/
https://www.ideastatica.com/blog/technology-toolkit-for-bridge-engineers
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