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The Journey

A decade of innovation:2012-2026
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Paradigm: Thickness as a fundamental value

Port Design:

35cm 10 cm



A Decade of Innovation: 20122026

-

PISOS

CONSULTORIA Y DISENO

2012-15 - Analytical Foundation

~OptiFloor, first iteration , very simplified models of stress calculation

2017-19 - OptiW heels

Forklifts, point loads, distributed loads

2021-24 -Eng. + Economics

Cost optimisation as core design objective

2015-17 - OptiLoad
Completed NN

2021 - OptiSlab Born

Molina + Melon: unified platform, economic eval

2025, OptiSlab 4.13 -

600+ projects, 7 countries, SM+ m?



Collaboration: Birth of
OptiSlab

Partnership with Rodrigo Molina and Melon (Chile's largest construction materials

supplier) transformed OptilLoad into a comprehensive design platform.

Key additions:

 Integrated load scenarios (racks, forklifts, distributed loads)
 Expanded case library covering diverse project types

e Economic evaluation of alternative solutions

The name 'OptiSlab' was formalised.

This partnership brought together academic research rigor with industrial -scale
deployment capability, creating the foundation for a fool that could serve the
global market.




OptiS

ab Interface: The Design Spreadsheet

K value (Static or Dynamic)

Intermidiate calculations

OptiSlab 4.13 Thickness 16 cm " PISOS
Slabsize 50 m . :
Load Input
Rack Analysis Results [
Pallet Weight Kg | Min-Max Full Rack one Leg | Two Legs
Number of Pallets Top-Down BO;?T;JP Bo‘;‘;g:w Bo;:‘:::"p Bo‘é:g’:w
Seismic Factor of Safe 11 Center | Edge | Center Edge
shelf Utilization 08 Maximum Principal stress| 35,5 44,0 50,8 552 | 68,1
Rack Welgth (Per Level, leg) | 50| kg | | |
Calculated Leg Load -| xg [ 1.000-30.000 Equivalent Slab Strength (Capacity) 54,2 68,1 68,1 68,1 68,1
Estimated Leg Load 8200 kg | 1.000-30.000 Allowable Safety Factor| 0,80 0,80 0,80 0,80 0,80
Leg Size (Square) 200] em | As-Designed Safety Factor| 0,82 0,81 112 | 120 | 1,5
Leg Load Used 8.200  Kg | 1.000-30.000 Puncture Capacity [ kg/cm2) 25.252 24.621 30.776 28.323
As Designed SF Puncture Test] - 0,32 0,33 0,27 0,29
Forklift 1 Analysis Results
:‘:::e‘ M mx.soo = Meiex Top stress (kg/cm2) | Bottom Stress (kg/cm2)
Front Wheel Pressure Kg/em2 Maximum Principal Stress = | -
Front Wheel width cm Max Equivalent Slab Strength (Capacity) 54,2 | 68,1
Front Wheel Lenght cm Forklift Safety Factor 05 0,5
Front Axle Load g | As-Designed Safety Factor| = g
Rear Axle Load Kg
Total Weight Kg_|
Forkiiit2 ‘Analysis Results )
Model EMPTY Min-Max
Load g | Top Stress (kg/em2) Bottom Stress (kg/cm2)
Front Wheel Pressure | kg/em2| Maximum Principal Stress = | -
Front Wheel width em Max Equivalent Slab Strength (Capacity) 54,2 68,1
Front Wheel Lenght cm Forklift Safety Factor. 0,5 0,5
Front Axle Load Kg As-Designed Safety Factor = [ =
Rear Axle Load Kg
Total weight Kg |
Especial Load [ Min-Max ‘Analysis Results
ood KE 1A Bottom Stress (kg/cm2)
Length 20 E m 2116
Width 20 & on [ 560 Maximum Principal Stress z
Pressure 00 |Kg/m2| 1100 Equivalent Slab Strength i 68,1
Type of load static Allowable Safety Factor r 0,80
ificati = As-Designed Safety Factor ( =
Puncture Capacity ( kg/cm2) r #DIV/0!
As Designed SF Puncture Test I #DIV/0!
Bins. | Min-Max Analysis Results
::::nl;::;u 5 T":"z ‘ [;!:3: Top Stress (kg/cm2) Bottom Stress (kg/cm2)
Slab Size 60 cm Central Aisle Central Aisle
i Load 0 Maximum Principal Stress 03 12 0,33 0,45
Equivalent Slab Strength I 54,2 54,2] 63,1 68,1
Allowable Safety Factor r 0,30 0,33 0,80 0,99
As-Designed Safety Factor I 0,01 0,02] 001" 0,01

"OptiSlab 4.13
Slab-on-Ground Structure Min-Max
Design Type | Strategically Reinforced
Joint Spacing 60 m 1,4-50
Slab Thickness 16 cm 7-35
Effective Built-in Temperature Diff. | 0 °C -30-0
Dowels Used? [ Yes -
Effective Prestress Pressure | 0 Kg/cm2 -
Load Design Safety Factor 0,80 0,51
Dynamic Safety Factor (Fatigue) 0,45 0,45-1
Support System
N° of Layers| 2
Resilient Mod. Poisson's Thickness
Layer N® (kg/em~2) Ratio {cm)
1 2.500 0,35 20

Subgrade 365 0,40

Subgrade

Subgrade

Subgrade

Last Layer is Subgrade
Concrete Properties
Concrete test Cilinder
10 350|  Kgfcm2
90/28 Day Strength Ratio 1,10
o Thesand Explansion 8] 1E-06/C
Shrinkage at 90 Days 650| Micro strain
r

Fibers Used? No
Re3 from ASTM 1609 12 Kgfem2

K value (Static or Dynamic) fi 4,0_kg/cm"3
Final Load Transfer r 90/%
Top Concrete Equivalent Strength r 54 kg/cm2
Bott. Concrete Equivalent Strength & 68 kg/cm2
Preliminar Results Top Bottom
4

Rack ( kg) = 0,82 1,25
Forklift 1 - = =
- T 4 i 4
Forklift 2 - - _

i r
Especial Load (kg) - % =
Dist. Load ( tn/m2) 0 - -
Curling { Unloaded, Center-Corner) (| 0,01

Left: Load input sheet (Module 1) | Right: Design sheet (Module 2 + results)

7 A complete multi -load design check in seconds — replacing weeks of manual FEM work.




. P LIPISOS
Slab Design Spreadsheet

Inputs considered:
* Concrete strength, MOR ranging from 2 to 7 MPa
* k-value, ranging from 2 to 20 kg/cm3
* Joint spacing, ranging from 1.5to 10 m

* Load transfer efficiency (LTE) as an average across the joint, ranging from 0 to 95%
* Dowels

e Equivalent linear temperature difference, ranging from 0 to -30 C

* Load magnitude, ranging from 1 to 30 tons (metric) per point

* Applied area of load (assumed square), ranging from 100 to 1,000 cm?2
e Existing Slab-to-beam capacity ratio incorporated

Responses predicted:
* Maximum stress (top-down and bottom-up)
*  Maximum deflection (load- or curl-related)
Design criteria:

* Maximum allowable stress (top and bottom) considering concrete flexural strength, slab-to-beam ratio, fibers, and factor of safety
* Maximum allowable curling



The Problem

Industrial floors designed with 1920s analytical models



Traditional Design Methods: The Gap

Gap ACI 360 (Westergaard) TR34 (Meyerhof) OptiSlab

Slab Curl Ignored Ignored Modelled

Stress capacity MOR (lab beam) Plastic collapse Slab Capacity

Stress locations Bottom-up and Corner Post-crack only Max principle stress: Top +
Bottom

Panel size effect No No Yes (1.4-10 m)

ACI 360 itself warns: its methods give erroneous results when the slab is not in contact with the subgrade.
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Built in Curl : The Invisible Risk

During concrete placement, the top surface dries and loses heat faster
than the bottom. This differential is locked in permanently as the slab

hardens, causing edges and corners to curl upward.

OptiSlab represents this effect as a Built -in Temperature Difference:

Deflection

Closest Value = -0.2851330000

Tiot =Ttg+ Tmg+ Tpi+ Tshr = Tcrp 3D deflection surface showing slab curling (ISLAB2000)



Why MOR Falls as a Design Property

MOR (Modulus of Rupture)is a 150x150x500 mm lab beam Fe
test.
It does NOT represent actual slab capacity in the field. 28 to 90 days strength

Slab capacity depends on:

Cl
« Slab thickness (not captured by MOR)

 Fiber reinforcement (post-crack toughness)

« Time 28/90 day strength

Slab to Beam Ratio (changes with Thickness)

C2

Fiber factor (ASTM C1609)
OptiSlab replaces MOR with a corrected admissible stress:

Gadmz(:Rf-*-t'S:)'Fs'Cl'CZ'E; FS

Safety Factor



Slab Capacity Paradigm, 8 cm (3,5 in) Pavement) D= LTPISOS
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B, 151262000 [Z\ISLAB2000v2.0\ Projects\ TCPEcm\ TCP2cm.mdb] - o X Hviuc;;pgj Stresses

File Modules Fun  Options  Help

Geomely Aress Layers Subgiads Joints Lemperstue Load Horontal restrains Yoids Analysis Options v S
Zoam 100 5‘ ™ Showload = Layer 1 ] MAEELGgSSSO'BEIO
Input File ID:|  TCPEem FE
Temperature analysis: | s Paraguay i
hallatxhnumber of iterations: :JEI - 28.9 Asuncion PARANA o
atch processing B
b = Huntorof bt ozes:. |7 e cAPNe
[} .
Status Review Status RIO GRANDE
B O = 7.5 BELSLE
Aieas . 0.3 oCérdoba
Layers .
= Subgrade 0O m -6.8 o Uruguay
dus g = - -14.0 % ®Buenos Aires
emperature
o ] T 0 0O m 31.1 Argentina
Load O m )
Horizontal restrains [0 W - -28.2
Yoids = _35.4 |
-42.5
-49.7
-56.8
incipa s5e8
Pri [ Stre.
Load
85.2
# Place Axles (" Place Trucks - 780
Add | Delete 70.9
Azle Number| Reference Point Azxle Name X-Location | Y-Location Load -~ 63.7
D Eottom Left 70,0 180.0 8000 96.5
2 BettomLeft  tarsero 700 500.0 18000 49.3
— 42.2
o
27.8 > .
20.6 g - : 7 @ TCPavements
6.3
-0.9
o s
v
[~ Batch Ale Design oK
-+
Layers
Mumber of layers: |1 Add Layer - 0.139
Layer 1 l —-l\'ag\ 0.115 JEEHI"I"W‘”J%’J:‘% -
: . 0.050 =
et Lo i
Marme: S g 0.066
< e 0.042
Element type: | Plate ﬂ Poiszon R atio: 015 SRR S "’"’%“%&%%;.ﬁ : 0.018
S S
Thickness: 8 Coefficient of Thermal Expansion: 1.00e-5 :fzs?;?::" e ,»;«;::?tx"’"“'f -0.007
) o i e = [ | -0.031
Elastic Modulus: 29005 Unit ‘Weight: 0.002 S0 = _0.055
T et -
a& S et ~0.079
i -| D i Al S s .
Interface with above Layer: | Dizable for first layer J o 4_4‘4‘4}2??5%&@@;&&%;%:% E::.- _0.104
e oo
Interface K-value: Friction coefficient: S -0.128
. L - e e, -0.152
Stiffness in stick: b a friction: _11_ 2t ‘&3%%%?%’:‘2:' _0.176
Description: | //&;
C’é,
(&)
+ Default " Batch " Excephions “p
o ') oK

https://www.youtube.com/watch?v=8sM9jQOus8k&list=PLVPF8GuMdWUcvalSWXvfLmxlo4u98Zbq_&index=24



The Solution

A mechanistic approach built from first principles



The Engine: ISLAB2000 Finite Element Model

Principal Stresses

ISLAB2000 is the computational backbone of OptiSlab

Unlike Westergaard (infinite plate, no curling), ISLAB2000:

1 LEF| 2o

* Models finite slab dimensions and real panel geometry - 'ﬁ = ) ; zg

 Accounts for curling (T bi)and loss of subgrade contact J e

« Computes load transfer across joints (aggregate mterlock,
dowels)

* Predicts top-down AND bottom-up stresses

simultaneously -
0.044

0.014
-0.017
-0.047
-0.077
-0.107
-0.137
-0.168
-0.158
-0.228
-0.258
-0.288
-0.319

~1 million ISLAB2000 runs form the training dataset for OptiSlab's ANN models.

Closest Value = -0.2851930000



The Science

Neural networks trained on 2 million finite element simulations



Neural Network Surrogates: How They Work

Instead of solving PDEs each time, the ANNs learned the solution

from ~1 million pre-computed FEM results.

Inputs:

Slab geometry, material properties, load configuration,

temperature gradient

Outputs:

Principal stresses (top and bottom), max deflection for all slab

conditions

Prediction accuracy: within 5 % of full FEM. Inference time:
milliseconds vs. hours for direct FEM

Parameter

Slab thickness

Panel size (joint

spacing)

Rack leg load

Individual load

Design k-value

Curl ( EBITD)

Minimum

7 cm

140 cm

1,000 kg

1000 kg

2 kg/cm?

—30°C

Maximum

35 cm

4000 cm

30,000 kg

60,000 kg

30 kg/cm?

0°C



ISLAB2000 Stress Fields: Single Rack Analysis

Rack 2,000 kg — Single rack, centered on slab panel

Principal Stresses Principal Stresses
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Top stress (left) and Bottom stress (right) — ISLAB2000 FEM ouftput for 17 cm slab, k=8 kg/cm? AT=-15 °C

Even with multiple racks, the stress difference is only ~2.8% — validating OptiSlab's single-rack model.



ISLAB2000 Validation: Multiple Rack Configurations

Principal Stresses Principal Stresses

Stress fields from ISLAB2000: top stress distributions for multi -rack configurations validate the single -rack design model.



The 10-Meter Boundary

Systematic ISLAB2000 runs (1.5 m to 10 m)

WoouHENMNLOW
ANV Oowow

1
[ R}

() The structural model goes up to 10 m as bigger slabs dont change the answer

Principal Stresses




Decision: How to Model Rack Loads P-LTPISOS

Should the model simulate one rack Or

many? 600+ systematic ISLAB2000 runs

answered definitively

Configuration Max Stress Notes i
Single rack (centered) 40.3 kg/cm? Bottom tensile under rac
Two adjacent racks  39.2 kg/cm? Stress mmteraction
between racks my 07
Difference ~2.8% Within engineering B
uncertamty ~0.024

-0.048
-0.071
o -0.095
N -0.119
-0.142

-0.166
-0.190
-0.214
-0.237

Conclusion: A single rack is conservative, accurate, and reduces training complexity by an order of magnitude.




Punching Shear: The Local Failure Check

Rack uprights can punch through the slab — a cone-shaped

failure surface around the contact footprint.

Both flexural SF and punching SF must be = 1.0

simultaneously. = O
Ve=0.22AvVf:-bo-d

Key modifiers:

e @d=0.65 (design reduction)

* Fiber contribution: V_fibers =0.4 -f res -b0 -d
« Edge factor: ¢ =0.75 + 0.25 T (load transfer)
 Support correction: Yk =1 + 0.3 log(k/0.5)
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Fatigue Safety Factor: Why 0.8 and 0.457

Static loads (racks): Safety Factor

Permanent, same spot for the entire building life. SF = 0.80 0%

Racks (static)

45%
OptiSlab does NOT perform cycle counting. Instead: a single °

empirically-validated safety factor. Forklifts (fatigue)

Ffatigue —_ 0.45 (VEhIC|€S) Fstatjc — 0-80 (raCkS)



Validation & Results

12+ years of field performance, zero structural failures



Seismic Validation of Industrial Floors (Since 2007)

OOOOOOOOOOOOOOOOOO

* Chile: one of the most seismic regions globally (Nazca—South America
subduction)

* Floors exposed to major earthquakes:

«2010 Maule (Mw 8.8) — Severe shaking (MMI VIII-IX)
«2015 lllapel (Mw 8.3) — Strong—Severe (MMI VII-VIII)
«2014 Iquique (Mw 8.2)

*2016 Chiloé (Mw 7.6)

* Observed Performance:
No structural failures in slabs
Proper joint and load transfer behavior
Damage limited to Bolts and non-structural aspects




Validation: Multiple Layers, 15 Years

FEM Benchmark Expermental

All stress models validated against ISLAB2000 Independent research by Prof. Jeffrey Roesler (U. of

[llinois) on FRC slab structural behaviour

Load Transfer Field Performance

MEPDG framework — similar to AASHTO highway Zero structural failures across 600+ projects, 7 countries,

pavement design. 15+ years.



The Future

OptiSlab evolves into the SLABS platform
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Uplift Calculation P LTPISO:

Principal Stresses

Deflection

Gy HE O W W W

0.1126
0.1042
: . i : 0.0%58
Figura 1: Modelo Computacional de Estanteria.
0.0874
0.0789
0.0
0.0 Principal Stresses
0.0
0.0
@), 15132000 [EAISLAB2000v2.0\Projects\Freezer_1_pata_RC_traccion\Freezer_1_pata_RC_traccion.mdb] = a X 0.0
Fie Modies Run Optons Help 0.0
Geomely Areas Lapers Subgrade Joints Temperatwe Load Horizontal restrains Woids  Analysis Options ‘ 0.0
Zoon[1O0 =] Showesh@  Showloadd  StowDowelsT™ | Lapert B Showloperdieasl™ | 0.0 40.1
Input File ID:| Freszer_1_pata_R 0.0 35.6
Temperature analysis; Yes 31.1
Max. number of iterations:| 10 "
Batch processing: No 26.6
Mumber of batch cases: 1 22 .1
Status Review Stalus 17.6
Geomelry O = 13.1
Areas
Layers O = 8.6
Subgrade O =
Jaints O = 4.1
Temperature: a | | -0.4
I:a'd tal estai g : 4.8
orizontal restiains
i -5.4
-13.%
-18.4

[ N 7



Insulation effect

£, 15122000 [CAISLAB2000V2.0)

\Projects\Freezer Racl Freezer Rack RC.mdb] — (] X

File Modules Fun Options Help
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Stresses in Z-direction
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The SLABS Platform — Next

Generation

Access

Web-based interface, platform-independent, real-time collaboration

Models

Continuous updates, horizontal restraints, improved soil models, dowel optimisation

Community

Shared case libraries, feedback loops, collaborative validation across firms

Visualisation

3D stress fields, interactive slab geometry, automatic reporting

N N N N N

Loads

AGV paths, multi-load combinations, dynamic loading, post-tensioned slabs

Goals:

. Establish mechanistic design as the standard of practice
. Influence ACI360 and TR34 towards mechanistic frameworks
. Expand adoption in the US and global markets
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Thank You

An Invitation to Collaborate

Juan Pablo Covarrubias V.

pablo@tcp.cl
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