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STM Studio Worked Example

Educational Example Only – Refer to current Australian Standards and project-specific requirements before design.

Sample RKALC Structure

Structure in question is slender tall building with the following

characteristics:

1­Office building of 27x27m²  floor plate, central core of 9x9m² footprint 

2­46 storeys, with total height of 150m from footings to roof. 

3­Aspect ratio of the building = 5.55 (slender)

4­Wind loads onto the building estimated at average of 2.75 KPa for

conceptual purposes. It is expected to have high cross wind loads

This example will discuss the overall structural building behaviour,

including:

­Total overturning moments and shears

­Deformation of the building with and without outrigger, and justification

for the necessity of outrigger supported lateral system

­Finding the load path within the core and outrigger

­Designing the outrigger wall using RKALC STM Studio

Outrigger Wall Design

STM Studio Worked Example
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Description of Building

A­ Gravity System and loads

This is an office building with typical loads as follows

1­ Loads : SDL = 2 KPa and 

LL = 3 KPa

2­ Slab system is PT with thickness = 240 mm (6KPa)

Therefore 

ULS = (2+6) * 1.2 + 3 * 1.5 = 14.1 KPa 

SLS = 2 + 6 + 3 = 11 KPa

average storey mass = 27x27x11 * 1.25 = 1000,000 kg

9x9 core
Typical Column Size

Typical column loads are at 9x4.5 x 14.1 x 46 = 26,300 KN

and this means typical column size is 

Width = SQRT (26300 * 1000 / 65MPa / 0.40) =  1006x1006

Adopted column size = 1200 x 1200 mm² 

(Note size is derived by loading columns to say 0.75 of squash load)
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B ­ Lateral System
Building is very slender and will ultimately require wind tunnel testing, in this example we are

either peer reviewing the building or putting an initial scheme of things. therefore will estimate

the lateral loads. 

The building is fundamentally having bendy behaviour, slender with such aspect ratio (5.55),

and therefore the most likely governing lateral load will be wind (building of high period or

roughly 6 to 7 seconds (approx period = number of storeys / 10 or height / 44 and a bit more)

For benchmarking wind loads: 

2.75KPa average wind pressure gives

the following base reactions

Pressure = 2.75 KPa

Equivalent Line load = 2.75 * 27 = 75

KN/m

Base moment = 75 * 150² / 2 = 

say 0.900 GN.m

However, we can use RKALC's WindKALC to estimate wind loads more accurately, by

inserting geometry (dimensions and storey mass, see below), this gives a cross wind 

overturning moment of 1.06 GN.m (close enough) at 1000 return period for ULS purpose

our project
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Core size:

Good rules of thumb:

1­ For building like this one, footprint of the core should be more than 15% of floor plate, here

the core is at circa 10%, so clearly needs big thickness.

2­ thickness of walls is roughly = number of levels * 10 = 500 ­ 600 mm.

so if the core is 9 x 9 and thickness = 600mm,  inertia of core  = 

(9^ 4 ­ 7.8^4) / 12 = 238 m ^4

­Deflection at top = W * H^ 4 / (8EI) = 75 * 150^4 / ( 8 * 32.8E6 * 238)  = 608 mm 

­Assume Cracked section  = 0.6 * full section, effective interia becomes = 0.6 *  I ­ deflection

becomes 608 / 0.6 = 1013

­Deflection ratio = 150 000 / 1013 = H/150 at ULS state

­for Service, deflection roughly becomes 0.65 of ULS, and also effective section is say 0.8

therefore deformation at tip = (608mm * 0.65) / 0.8 = 494 ~ H/300

Both are not acceptable metrics, would always target H/ 400 as total SLS building drift.

deflection therefore should be 150 000 / 400 = ~ 375 mm in ULS

                                       THEREFORE MUST HAVE OUTRIGGER!

will locate the outrigger at 60 meters from
top and nominate height of 6.6 meters
(roughly 2 levels) and thickness = 600, (
this reduces the deflection to almost 50% of
original.

Good rules of thumb:
1­outrigger is ideally located at 55% of
height for maximum efficiency 
2­ effectiveness of outrigger is dependent on
2 factors, axial area of columns connecting
to it and inertia of outrigger, the more these
2 the more moment can be transmitted
outside of the core.
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30% reduction in
moment to core

Shear to outrigger is circa
2.37 MPa which is not too
high, about right

half of load applied
to represent load
goes to ONE
outrigger
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Topology checks for load
path within the structure, 
test top loaded, bottom
loaded, and half top/ half
bottom loaded,

Designer may choose the
load path, 
here will nominate the first
case to show STMStudio
capabilities

Note here the loaded is
upped to 3600x2 for
simplicity

Half top 
and half
bottom 
loaded

bottom 
loaded

Top 
loaded

Step 1 - Load Path Finding using Topology Optimisation
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Start with initial truss

Software will construct
nodal and strut zones
attempting to achieve
hydrostatic nodes ,
regardless of the domain.
so some nodes may fall
outside, for user to make
the call.

Note that the software will
establish 1 face per one
force, so if you have 4
elements, then the node is
set at 4 segment polygon.

User can merge faces
see next pages

Step 2 - Constructing the Initial Strut and Tie Model

Step 3 - Reviewing Provisional Nodal Zones - Auto Node by STM Studio

if Hydrostatic node is
outside domain,
connecting struts and ties
will not be generated
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Double click on node
to edit

STRUT (external load)

Internal strut

tie faces will be
always
BEHIND node

user can merge 2 
adjacent faces

insert
dimensions
or set face
angle with
struts and
ties

stress 
colors represent stresses
inside node

if node is not 3
segmented, user to insert
stress limit, otherwise
AS3600 limits will be set
by software
would put ~ 0.5*0.9*65 =
30 MPa for now

Step 4 - Review Each node and Stress Check
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surface after merging

stress at each face

stress inside node (plane
stress / Mohr circle)
Read Literature by RKALC

review shear, and other
stress heat maps

Step 4 - Continued ..
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Double click on node
to edit

Stretch node down so
the connecting tie S17
width is fully within the
domain

set stress limit

Until stress
check passes

Step 4 - Continued ..
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Step 4 - Continued ..

switch between stress
types
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Step 4 - Continued ..

Repeat, until all nodes are fully within the domain and all stress checks pass

Refer to RKALC Technical Note on N­Face node stress calculations
at Learning Centre (scan code below)

Nodes · AS 3600 Cl. 7.4.2

Node Geometry Type Governing face σc,p Allowable Utilisation Status

N5 Frozen CCT S1 9.49 MPa 30.42 MPa 31.2% PASS

N7 Frozen COMPLEX S17 14.28 MPa 30.00 MPa 47.6% PASS

N8 Frozen COMPLEX S17 16.15 MPa 30.00 MPa 53.8% PASS

N9 Frozen COMPLEX R1 16.41 MPa 30.00 MPa 54.7% PASS

N10 Frozen COMPLEX R2 8.41 MPa 30.00 MPa 28.0% PASS

N11 Frozen CTT S9 9.80 MPa 22.82 MPa 43.0% PASS
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Step 5 - Offset Truss Review

The offset truss is a downstream physical interpretation of the analytical STM. 

Once the finite nodal zones have been constructed, each analytical strut or tie is connected
between its actual nodal­face application points rather than between idealised node points.
The resulting offset axis represents the physical force­transfer path between nodal zones,
while the original analytical truss remains the governing equilibrium model.

Analytical Truss

Offset Truss

differences between
forces in offset truss and
analytical one

ties connected at the back
of nodes

Struts are pressing against
the nodes

Analytical truss between
the dot nodes
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Step 6 - Strut Checks

double click or using
properties menu, review
strut

This strut is bursting
outside the domain,
therefore will design as
prismatic strut
User may also provide
confining ties around it

SLS = ~ ULS/1.3
or insert number
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Step 6 - Strut Checks

click on button to find reo
required, 
in this strut no bursting is
required, however for strut
S6, it is required
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N5 → N9
Frozen nodal face centres

PASS

SLS divergence tan α = 1/2
ULS divergence tan α = 1/5

σ*strut = N* × 1000 / Ac = 6518.21 × 1000 / 555453 = 11.73 MPa

fstrut,d = φst βs 0.9f′c = 0.65 × 0.380 × 0.9 × 65.0 = 14.46 MPa

Calculation item Result

Compression field Bottle-shaped

Adopted force, N* 6518.21 kN

Force basis Offset physical strut force

Physical length, L 9488.6 mm

End width w1 1513.3 mm

End width w2 925.8 mm

Smallest width 925.8 mm

Effective area Ac · smallest section 555453 mm²

Governing θ for βs 32.48°

βs · Cl. 7.2.2 0.380

βs basis governing θ = 32.48°

Governing strut/tie pair N5 / S1

Strut/tie angle · Cl. 7.1(g) 32.48° · PASS (≥ 30°)

φst 0.65

f'c 65.0 MPa

Allowable design stress φst βs 0.9f′c 14.46 MPa

Applied strut stress N*/Ac 11.73 MPa

Design strut capacity φNus 8033.4 kN

Concrete strut utilisation 81.1%

Overall AS 3600 strut result PASS

Bottle-shaped bursting actions · AS 3600 Cl. 7.2.4

Bursting action Value

Average Dc 1219.5 mm

Bursting length Lb 8269.0 mm

fct 2.902 MPa

Tb,cr = 0.7 b Lb fct 10080.1 kN

ULS divergence tan α = 1/5

ULS bursting force 1303.6 kN

SLS divergence tan α = 1/2

SLS compression force 5013.0 kN

SLS bursting force 10080.1 kN

Two-direction bursting reinforcement · X / Y

Transverse bursting reinforcement not required: T*b(tan α = 1/2) = 3259.1 kN ≤ 0.5Tb,cr = 5040.0 kN.

Educational Example Only – Refer to current Australian Standards and project-specific requirements before design.
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review all values, 

Refer to Australian
Standard AS3600­2018

Summary of All Struts:

Strut N* Shape βs θmin σ* / allowable
Concrete
util.

Bursting Ax / Ay Bursting reo Overall

S3 4521.4
kN

prismatic 1.000 34.1° 15.34 / 38.03
MPa

40.3% N/A N/A PASS

S4 6518.2
kN

bottle 0.380 32.5° 11.73 / 14.46
MPa

81.1% N/A NOT
REQUIRED

PASS

S6 6340.0
kN

bottle 0.722 52.6° 15.22 / 27.44
MPa

55.5% Ax 16538 / Ay 16538
mm²

PASS PASS

S12 6277.8
kN

bottle 0.402 33.7° 11.68 / 15.30
MPa

76.3% N/A NOT
REQUIRED

PASS

S14 4781.8
kN

bottle 0.431 35.3° 15.55 / 16.40
MPa

94.8% N/A NOT
REQUIRED

PASS
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Tie T* Ast,req Adopt Utilisation Status

S1 5234.9 kN 12317 mm² 21N28 95.3% PASS

S11 5870.3 kN 13812 mm² 23N28 97.5% PASS

S17 5424.3 kN 12763 mm² 21N28 98.7% PASS

S9 3849.4 kN 9057 mm² 15N28 98.1% PASS

S13 4961.6 kN 11674 mm² 19N28 99.8% PASS

S15 268.7 kN 632 mm² 2N28 51.3% PASS

Educational Example Only – Refer to current Australian Standards and project-specific requirements before design.
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Step 7 - Ties

select rebar dia to find out
how much reo is needed

Summary of All Ties:

Note if reo is too much, use
high strength rebar such as
Macalloy or Freyssibar with
end plates
All reo must be developed
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Tie S1

N5 → N7
Frozen nodal face centres

PASS

21N28 · Ast,prov 12931 mm²

Frozen nodal face centres

Ast,req = T* × 1000 / (φ fy) = 5234.93 × 1000 / (0.85 × 500) = 12317 mm²

Calculation item Result

ULS tension T* 5234.93 kN

Force basis Offset physical tie force

Minimum tie width 755.2 mm

fy 500 MPa

φ 0.85

Required Ast 12317 mm²

Area of N28 616 mm²

Exact bars required 20.00

Adopt 21N28

Provided Ast 12931 mm²

Tie capacity 5495.6 kN

Utilisation 95.3%

AS 3600:2018: Tie reinforcement must be fully developed past the nodal zone so that the required design tie force is properly
anchored at the node.

Step 7 - Ties
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Other Options and NOTES

another load path is in the screen shot below, there you can eliminate the need for
inclined reinforcement and converting the matter to vertical tension (which is essentially
shear inspired, just like coupling beams).
note also the outrigger loads are reversal, so the same problem should be mirrored. you
will need to get equal tension reo at top and bottom to counter the lateral force in both
direction.
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Appendix - Design Report
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ANALYSIS

Solved

MAXIMUM R

0.0000 kN

THICKNESS

600.0 mm

STRUTS/TIE

5/6

ozen nodal zones, applied loa

lytical and offset centre-lines

force recovered from EA/L cc

pm

Model

RKALC STM
Strut-and-Tie Modell

$13

$12

STi

514

concrete domain, openings,

Sining the full nodal faces. Ana

Ku=F member axial

RKALC

REPORT DATE

19 Aug 2026, 02:51

METHOD

2D truss stiffness

CONCRETE F'C

65.0 MPа

NODES

6

1. Strut-and-Tie

Overview shows the

strut/tie envelopesj

2. Analysis Basi

2D pin-jointed truss




































