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Maksligie neironu tikli (ANN, LLIM, ML)
un buvkonstrukciju projektésana

Personiga pieredze Al riku izmantoSana
Nauris - K FORMA SIA



Sakums

Pirmais etaps: no matematiska neirona lidz pirmajam strupcelam

Hidden
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1943 — McCulloch & Pitts 1958 — Rosenblatt Perceptrons 1969 — Al ziema 1986 — Backpropagation
Pirmais matematiskais neirona Pirmais macisanas algoritms. Minsky & Papert pierada: viens Hinton pierada, ka backpropagation
modelis. Logikas varti - ideja Mark | Perceptron slanis nevar atrisinat XOR. strada caur daudziem slaniem.
vecaka neka datori. Finanseéjums apstajas. Neironu tikli atdzima.

Veésturiskie cikli - ceribas, vilsanas, klusums, tad atkal jauns vilnis. Katru reizi iemesls ir viens: idejas apsteidz sava laika tehniskas iespéjas.
Nepietiekams neironu skaits, nepietiekams slanu skaits, utt.



Otrais vilnis

No backpropagation lidz Transformer arhitektirai

1986 Hinton & Rumelhart - Backpropagation strada
KlGdas signals izplatas atpakal cauri slaniem - tikli sak mactties.

1997 Hochreiter & Schmidhuber - LSTM

Long Short-Term Memory - tikli pirmo reizi ieglst kaut ko lidzigu atminai.

2012 AlexNet - Deep learning uzvar ImageNet konkursa ML
KlGdu limenis: 26% - 16%. GPU pierada: dzilie tikli parspéj visu iepriekséjo.

2014 Goodfellow — GAN (generative adversarial network)
Divi tikli sacensas - viens iemacas radit jaunus datus.

2017 'Attention Is All You Need' - Transformer
Pamats modernam Al. Modelis «skatas» uz visu vienlaikus.

No viena perceptrona lidz dzilajiem tikliem

No 1986. lidz 2017.: trisdesmit viens gads



Tehnologiskais léciens

No GPT-3 lidz sodienai

Telefons: 75 gadi Internets: 7 gadi

2020
GPT-3

175 miljardi parametru.
Pirmais universalais valodas modelis.

2023

GPT-4, Claude, open-source

Saprot kodu, matematiku.
Llama, Mistral demokratizé pieeju.

LAIKS LIDZ 100 MILJONIEM LIETOTAJU

Instagram: 2.5 gadi

TikTok: 9 menesi

2022
ChatGPT

100M lietotaju 2 ménesos.
Al k|Gst par ikdienas riku.

2024-26
Koda generesana & agenti

Multimodalie model]i.
No sarunu rika — uz darba instrumentu.

ChatGPT: 2 ménesi

No pirma neirona modela lidz plasi pieejamiem valodu modeliem - ap 80 gadiem.
Idejas principiali nav jaunas, paiet milzigs laiks, kameér tas nonak ka pielietojams rezultats.




Kapéec Al ir aktuals projektétajiem

Paredzu, ka lielai dalai no praktizéjosiem inZenieriem, mainoties atseviskam komponentém, darba riku klasts ir lidzigs

Parasti ir kads GEM / FEM riks globaliem aprékiniem (AxisVM, RFEM, Robot utt.)
Excel darba lapu kolekcija

Mazakas programmas specifiskam parbaudém (PRE-Stress, GEOS, FIN EC)
Sarezgitakam parbaudém papildus var bt arf IDEA Statica

Raiotéju aplikécijas savu produktu aprékiniem (Peikko, Anstar, Ruukki, Halfen)

Modelésanas riki (Revit, Autocad, Tekla vai citas mazak izplatitas alternativas)

BIM apstrades un riki un platformas (Solibri, Trimble, Dalux, Navisworks utt.)

Kopuma Sads varétu but zolids inZzeniera komplekts, bet nereti licences tiek dalitas starp kolégiem, jo dala no visa uzskaitita klasta prasa lielus
finansu ieguldijumus. Tapat atziméjams, ka aizvien vairak programmas tiek piedavatas tikai caur abonésanu un tadejadi izdevumi Saja pozicija
principa notiek nepartraukti un neatkarigi no ienakumu puses. Tapat ar Sadu komplektu biezi darbibu apjoms, lai iegltu sakarotu atskaiti ir visai
garS un mazaku korekciju gadijuma nereti ari neadekvati gars, neérts un tatad neefektivs.

lespéjams So, bet varbit art kadu citu neapzinatu iemeslu dé| es iespéju robezas sekoju tehnologiskam aktualitatém un Al ienaksana ikdiena tiesi
vai pastarpinati protams ir viena no tadam.



Vai masina saprot / apzinas? Kiniesu istabas eksperiments

John Searle (1980) domu eksperiments

1 levade 2  Noteikumi 3 lzvade Out g

: N pYN

T o e . o b 153

ilveks sez istaba un Cilveks bez kinieSu Atpakal tiek sniegtas [ {REF | &
tam tiek padotas valodas zinaganam, atbildes un no malas tas =

Zimites kiniesu valoda manipulé simbolus péc izskatas t3, it ka tas
ar jautajumiem. instrukciju gramatas. sniegtu cilvéks, kas saprot | = —
kinieSu valodu. %

John Searle secinajums: Maksligajam intelektam nav InZeniera secinajums
izpratnes un apzinasanas cilvéciska izpratne

Programma var izskatities péc saprasanas, bet patiesiba ta tikai Mumes ir janem veéra ieprieks konstatétais un més nevaram delegét
manipulé simbolus bez nozimes jeb semantikas. izpratni un atbildibu, bet mums sava zina tas ari ir vienalga, ja
nemam véra tehnologiskas 1patnibas.



Prognozes un determinisms

LLM, ka pasreizéja maksligo neironu tiklu izpausme ir prognoZu masinas

Valodu moduli veic atbilzu generésanu balstoties uz
varbutibam, pieméram, ja kadai atbildei ir vislielaka
iespéjamiba, tad tik un ta var tikt izdota kada no
nakamajam versijam.

Vienai ievadei wvar but dazadi rezultati, kas
inZenieraprekinos nav pielaujams, jo ir nepiecieSama
atkartojamiba, kas ir klasiskas zinatnes pamata
(eksperiments un atkatojams rezultats).

Ir raksturigas halucinacijas - izdomati fakti un
neesosas informacijas atsauces (izoléjot modelus daléji
So risku var mazinat).

Ir spéja lasit lielus datu apjomus un
manipulet ar tiem.



Paradigmas maina

Jauna tehnologiska revolicija

Construction 2.0

Shift from analogue to digital
and assembly lines
alongside with the rising of
CAD solutions, to support
mass production and
prefabrication technologies

Prior to
Industrialization

The use of mechanical  :
i equipmentto manufacture :
i new construction materials :
i with the emergence of mass :
H production systems :

: Construction was a
i craftsmanship. Innovations in
materials from the stone age,
: to the copper, bronze and iron
i age, enabled the creation of
basic tools to shape
materials

prior to the17th Century

19-20th Century

17/18-19" Century

Emergence of integrated
; information systems such as :
| BIM, CAM and CNC methods ; !

{ to adapt to a mass
i customization production
H system

| The development of BIM, loT,

Big Data, Al and lean

: i management systems, drove :

i the opportunity for digital  :
i twins, and interconnected :
i supply chains and production ;
i process in the construction :

industry

20-21% Century

Lidz Sim, lai izveidotu specializétu aprékinu riku, bija nepiecieSama visai liela
programmeétaju komanda, atbilstoSi art budzets un laiks. Nelielu kompaniju,
individualu entuziastu.iespéjas bija ierobezotas.

Sobrid tehnologiska ainava ir mainijusies - jauni riki, vairak bezmaksas
bibliotékas un Al asistenti Jauj vienam nespecialistam paveikt to, kas agrak
nebija iespéjams.

Tas nenozimé, ka rezultats automatiski klis labaks, bet tikai to, ka ir
paradijusas iespéjas kadas senak nebija pieejamas. Gratakais biezi paliek
domasanas ierobezojumi par to kas ir vai nav iespéjams.

Sakotnéja versija péc eksperimentésanas ar lokalam aplikacijam es izveidoju aprékinu riku kopu uznémuma lietoSanai ar aptuveni 30 moduliem , kas
sastav no ~148,000 koda rindam. 1 cilvéka komanda un sakotnéji 20 eiro budZets ménesi. Janem véra, ka es esmu projektétajs, ne programmeétajs un tiesi
tapéc tas jo vairak ilustré situacijas mainu. Al revollcija nak komplekta art ar plasu saistito servisu attistibu, tadél sakuma ir vérts pievérsties jaunas

paaudzes rikiem kas ir bazéti uz Sis tehnologijas.




TieSsaistes platformas / riki

Jaunas paaudzes ekosistéema

Paradas arvien vairak platformu un riku, kas domati ari konstrukciju inZzenieriem un tas tiesa veida ir saistits ar Al ienaksanu.
Dazas hibridkompanijas, kuras bija uz robezas starp projektéSanu un programmaturas izstradi ir loti progreséjusas, jo tam ir gatavas specifikacijas.

GPAI

Al risinatajs STEM uzdevumiem. Nofotografé
uzdevumu, sanem soli-pa-solim risinajumu. Lieliski
noder konceptuala stadija un lai macitos.

gpai.app .

Calcpad
Bezmaksas open-source kalkulators ar 100+
Eirokodeksu Sabloniem. Generé HTML atskaites.

Y

calcpad.eu

CalcTree
Makona aprékinu platforma ar Python un MathlS
dzinéju. Integréjas ar Excel un Grasshopper.

Lietotaji: Arup, Jacobs, WSP.

calctree.com

\_

Viktor.Al
Platforma, kura inZenieri veido web aplikacijas ar
Python. Integréjas ar SAP2000, ETABS. Nesen
pievienoti Al agenti.

viktor.ai

\_

Jupyter notebooks
Bezmaksas, atvérta pirmkoda interaktiva timek|a
lietotne koda rakstianai un darbinaganai. Stinu
struktdras uzbive, kur katru var palaist atseviski.

calctree.com ol
Jupyter
.\—/

Marimo notebooks
Atvérta pirmkoda reaktiva programmeésanas vide
(notebook) Python un SQL valodam.

Saglabasana tira .py faila, kods ka timek]a lietotne

marimo.io




gpai.app g(m) —

Al Solver for‘,

Engineering

Personalize your responses
Just enter your occupation and brief instructions once — we'll personalize the responses for you.

Get a detailed solution

@ Cross-check with °+ 3 GPAI Pro ~

Upload up to & files (JPG, PNG, PDF, DOCX, PPTX)
Max limit per file: 30MB

We're going all-in on STEM



gpai.app g(m)

Izskaidro ka noteikt pamatnes stingumu zem gridas platnes uz kuras balstities punktveida slodze.

Pamatnes stinguma noteikSana gridas platnem (t.s. “Slab-on-grade") ir kritisks solis, jo atskiriba no parseguma platnem,

gridas platnes darba reZimu nosaka mijiedarbiba starp betona lieces stingumu un pamatnes pretestibu.

Saskana ar Eirokodiem un visparpienemto praksi (piem., TR34 vai DIN 1045), pamatni parasti modele ka Vinklera pamatni

(Winkler foundation), kur reakcija ir proporcionala iesedumam.

1. Pamatnes reakcijas modulis (&)

Pamatnes stingumu raksturo reakcijas modulis k, (kN;’In:;), ko define ka:
k=2

kur:

« p-kontaktspiediens (kN;’mg);

* 5-—pamatnes iesédums (m).
Tomér inZenierim ir jasaprot, ka k., nav konstants grunts parametrs. Tas ir atkarigs no:

1. Grunts veida (elastibas modulis E).
2. Slogotas laukuma formas un izmera.

3. Platnes stinguma.

2. Slogotas platibas ietekme

Sis ir biezakais klup$anas akmens. Ja més nosakam k, ar standarta platnes slogo$anas testu (VSS tests ar 300 mm ripu,
apziméts ka k; 3), 81 vértiba nav tiedi parnesama uz lielu gridas laukumu.

Kapéc?

Jo lielaka ir slogota platiba, jo dzilakos grunts slanos rodas spriegumi. Ja dziluma atrodas mikstaka grunts, realais iesedums

bus lielaks un attiecigi efektivais k. bus mazaks.

VienkarSota sakariba taisnstara laukumam uz pusbezgaligas elastigas telpas:
o p-B-(l—u'))
eI

5

kur B ir slogota laukuma platums un I ir formas koeficients. Redzams, ka pie vienada spiediena p, palielinoties izméram B,

iesedums s pieaug, tatad &k, samazinas.

3. Aprekina piemérs: Punktveida slodze uz gridas
Pienemsim, ka mums ir plaukta balsta slodze P = 100 kN uz pédas 150 » 150 mm.
A solis: Raksturiga garuma (L.) noteikSana

Punktveida slodze neizplatas tikai zem pédas, bet pateicoties platnes stingumam, tiek sadalita pa lielaku laukumu. To
raksturo elastiga liekuma radiuss (raksturigais garums):

L 1] E.-h?
e = TaaDE
kur:

« FE.-betona elastibas modulis;
* [ - platnes biezums;

« 1. —betona Puasona koeficients (= 0.2).

B solis: Iterativais process

Ta ka k, ir atkarigs no ietekmes laukuma, bet ietekmes laukums ir atkarigs no L. (kas satur k), aprékins ir iterativs.
Praktiskaja inZenierija punktveida slodzei par efektivo laukumu pienem aplveida zonu ar radiusu aptuveni 1.5 - L, Iidz 2.0 -
L.

j-

Concrete Slab I h

IIFTILLL

Subgrade
(Soil)

Stress Bulb



Calcpad

Bending Capacity of RC Tee Section

Online Library

According to Eurocode: EN 1992-1-1

[~ bf - "E“ Epud f‘ﬂ 1 n-{;t! )
! : : “5“-1_ i Vo= Ol Search... ﬂ
Ao B < in
1 "
| -
»K:g . W M@
— M Home / Structural Design / Reinforced Concrete
A Net=fradsy
! — LI
: & Rei (1o)
. # Reinforced Concrete
5 ® @
Design bending moment - Mgy = 800 kN-m

Cross section dimensions Interaction Diagram of RC section

Web- b, = 300 mm h,= 630 mm Column Design for Bending and Axial Force

Flange - b= 1200 mm, h;= 120 mm . ] .
Bending Design of Rectangular Section
Concrete cover to the center of reinforcement

Bottom-d;= 50 mm, Top-d;= 50 mm Shear Design of Rectangular Section

Reinforcement

SLS Design of Beam with Rectangular Section
Bottom - A, = 3700 mm® Top-Ag,= 0 mm 9 9

Material properties Shear Punching of Internal Column

Concrete [EN 1992-1-1, Table 3.1
Characteristic compressive cylinder strength - £, = 20 MPa

Areas of Reinforcement Bars

ED E0 E0 E] E1 ED ED

Partial safety factor for concrete - y =15, a,.= 0.85

Steel B scismic detailing

Characteristic yield strength - £, = 500 MPa



CalcTree

Product v Solutions v Templates Pricing Resources v About v

Structural Section Analysis

Define section dimensions and type, then compute geometric properties using analytical formulas. Edit
inputs to update results instantly.

width = 300 mm 300 mm

height = 500 mm 500 mm
(:8:) WED thiskness = 10 mm 10 mm

flange ictuess = 15 mm 15 mm

Build Python powered
calculations on the cloud [Beisiiien

s Cross-sectional area; section gpeq = 150000 mm”

section . :rectangular

imi - = Second moment of area loc Tzz = 3.13 x 10" 4
Eliminate the hassle of development and deployment by leveraging CalcTree’s fully T mm

hosted Python service + Second moment of area lyy: Tyy = 1.125 x 107" mm*

« Section modulus Zxx Zzz = 1.250 x 10*7 mm*
» Section modulus Zyy: Zyy = 7.50 »x 107% mm®

« Radius of gyration rc radius ; = 144.337567 mm

+ Radius of avration rv: radins .. = 86.6025404 mm



Viktor. Al

All Templates

Recommended for you
All Templates
BY INDUSTRY
Cities & Buildings

Energy & Resources

Environment

o structural-analysis-opensees grasshopper-analysis
Infrastructure by VIKTOR team by VIKTOR team
( structural ) ( buildings ) ( architecture ) ( buildings ) ( grasshopper

Manufacturing

Real Estate = Hi iﬂOVSle

Transport & Logistics

- \UJ What do you want to build today?

Other

Ask VIKTOR to post proces

warehouse-configurator pywake-wind-farm-
by VIKTOR team optimization
by VIKTOR team

(structural ( buildings ) ( real-estate )

( sofistik ) ( tekia )

( electrical ) ( energy ) @J

Try one of these examples to spark your creativity!
B Perform a simple calculation 1y Visualize my uploaded spreadshest £ Model a high rise building in 3D

E Generate a PDF report [J Create an interactive map



Viktor. Al

Izrékini 6 m dzelzsbetona siju. Slodze 20kN/m. Augstums 600mm,

platums 400 mm.

o VIKTOR

Q" Thoughts -

Great idea! This app will calculate a reinforced concrete beam following Eurocode 2 principles. Let me write
up the spec before we start building.

RC Beam Calculator (Eurocode 2)

Purpose

Calculate internal forces and verify the bending/shear capacity of a simply supported reinforced concrete
beam under uniform distributed load.

Key Inputs

« Geometry: Span (default: 6 m), beam width b (default: 400 mm), beam height h (default: 600 mm),
concrete cover (default: 35 mm)

« Load: Uniform distributed load (default: 20 kN/m), self-weight toggle (auto-calculated from geometry)

« Materials: Concrete class (C20/25 — C40/50), steel grade (B500)

« Reinforcement: Bottom bar diameter & count (bending), stirrup diameter & spacing (shear)

Expected Outputs

1. Bending Moment & Shear Force Diagrams (Plotly line chart) — M and V envelopes along the beam span
2. Capacity Check Summary (DataView table) — Design moment M_Ed vs. M_Rd, design shear V_Ed vs.
V_Rd, and utilization ratios (%) with pass/fail status



Viktor. Al

RC Beam Calculator — Summary
The app has 2 tabs for input and 2 views for output:
& Inputs

| Tab | Section | Fields | |—|—|—| | Geometry & Load |
Beam Geometry | Span, Width b, Height h, Coverc |||
Loading | Imposed UDL, Self-weight toggle | | Materials
& Reinforcement | Materials | Concrete class (C20/25-
C40/50) | | | Bending Reinf. | Bar diameter @, Number of
bars | | | Shear Reinf. | Stirrup @, Stirrup spacing |

4l Outputs

1. M & V Diagrams — Plotly chart with moment and
shear envelopes, annotated with M_Ed and V_Ed
peak values

2. Capacity Check — DataView with EC2 §6.1
bending check and EC2 §6.2 shear check,
utilization ratios, and [/ X pass/fail status

Default case (your beam)

With L=6m, q=20 kN/m, b=400mm, h=600mm, C25/30,
4020, ©10@150:

« M_Ed = 97 kNm (includes ~6 kN/m self-weight)
= V_Ed=78kN

Would you like to add a cross-section sketch
(GeometryView), minimum reinforcement checks, or a
PDF report export?

Ask VIKTOR.AL..

U

Editor (D

Geometry & Load

Beam Geometry

SpanL (m) &
6

Materials & Reinforcement

Width b (mm) &
400

Height h (mm) &
600

Preview Code

(e

o M & V Diagrams Capacity Check

—M(x) @ M_Ed =117.0 kNm = V(x)
Bending Moment Diagram [kNm]

120 = 117.0 kNm

Concrete cover ¢ (mm) &
35

Loading

100

B8O

60

40

20

Shear Force Diagram [kN]

0 1 2 3 4

Position along beam [m]

+/ All changes saved

) Finished

& V_Ed=78.0kN

ra
La



Viktor. Al

i

rt logging

ort numpy as np
rt plotly.graph_objects as go
plotly.subplots import make subplots

ort viktor as vkt

logger = logging.getlogger("viktor™)

FYK = 500.0
GAMMA S = 1.15
GAMMA C = 1.5
DENSITY CONCRETE = 25.8

def effective_depth(h_mm: float, cover_mm: float, stirrup_dia mm: float, bar_dia_mm: float) -> float:




Marimo notebooks

Q /ﬁurimo Your notebooks [ Taisnstura dzelzsbetona Skérsgriezuma aprékins ...

ts
]

& You are cumently connected as a reader.

[ Take over

LI - I I L I

T T L S L R = = i R
N LT R o T I =« R I = RN B S S R < I - TS I T L B R RV (E R =]

w

w

import marimo as mo
import pandas as pd
import numpy as np
import math

import altair as alt

# Helper functions (pyodide-friendly, pure Python}
# Material partial factors per EC2 default (can be changed via UI)

def fcd(fck, gamma_c, alpha_cc):
# EC2: fcd = alpha_cc # fck / gamma_c (MPa)
return alpha_cc = fck / gamma_c

steel_classes = {
"B508": {“Fyk": 580.0, "Es": 2860860.0%},
"B420°7: {“Fyk": 428.8, "Es": 200000.6},
}
concrete_classes = {
# fck in MPa
"C28/25"7: 20.0,
"C25/307: 25.0,
"C36/377: 30.0,
"C35/45": 35.0,
"CLB/S507: 4B.0,
"C45/597: 45.0,
"C56/607: 50.0,

}

# Rectangular singly-reinforced section ultimate capacity (bending about strong axis)
# Inputs: b,h (mm), cover c_nom (mm), stirrup dia phi_links (mm), bar dia phi (mm),

# n_bars tension, material strengths, gammas. Ultimate design: M_Ed, N_Ed (N, Nmm)

# Outputs: required As (mm"2), utilisation, neutral axis depth, etc.

def effective_depth(h, cover, phi_links, phi_bar):
return h - cover - phi_links - 8.5 = phi_bar

# EC2 stress block: 8.85 fcd and lambda=8.8 for fck<=58 MPa
# Recnyltant comnres<sion € = B 25«Ffrd=h+*]ambdasx- counle arm 7 = d - @ &L=]1ambdasx

{0} 4CPU-32GIB ~ 'y Share D Duplicate

& Copy Notebook URL

O Copy Badge

(] Copy App URL



Marimo notebooks

Taisnstdra dzelzsbetona 3kErsgriezuma aprékins (EC2) - vienkarsi stiegrots

Platums b

Momin&lais aizsargslanis c_nom

[300 ;) fuosumER 56 ) 38 2)
[mm] [mm] [mim]
Aptveru diametrs [mm] | 8 | Stiegru diametrs (stiepe) [mm] | 16 +| Stiepes stiegru skaits [gab] | 3 <]
Betons | (3037 w| Terauds | BS00 w |
"u"f-ll'S :| m-_r_|El-.85 :| -,|,|5|1.15 $|
Projekt&tais moments M_Ed [kNm] | 258 8
Nestspjas moments M_Rd atkariba no As Piezimes:
150
= Aprékins attiecas uz vienkarsi stiegrotu taisnstlra Skérsgriezumu Tkuma bez ass speka.
am * Tiek izmantots EC2 vienkariotais taisnstdra sprieguma bloks (N=0.85, A=0.8) fck<50 MPa.
- * As min p&c ECE: max(D.26-form/fyk-b-d; 0.0013-b-d). fctm aptuvenas vErtibas pec klases.
* la x> 0.45d vai ja nepiecieSama lieldka nestsp&ja, jEapsver dubultd stiegrosana.
00 *  Vienibas: bh,cd,® [mm], M [kNm], spriegumi [MPa].
= Rezultdti reagé uz ievades izmaindm automatiski.
150
100
. Visiem gataviem rikiem, tu sanem to, ko tu sanem (dizainiski,
! tehniski), kas nav butisks attistibas leciens un nav datu kontrole
o 400 a00 1200 1,800 2.000



Python

Izmantojot valodu modelu stipras puses

Python nav vieniga iespéja. Bet ta ir valoda, kura

inZenieru fgrmqus 1zskatas ka formu!as_ un k.a Ias-.ams 4 EC2 §6.2.2 - bides stipriba E
teksts - nevis ka binars kods. Python vide viss ir objekts
- skaitlis, saraksts, funkcija - un katrs ir nolasams, LMpOrt: marth
parskatams un parbaudams. Nav sléptu slanu, jebkura k = min(1 + math.sqrt(200 / d), 2.0)
redaktora ar meklétaju var atrast nepiecieSamas lietas. rho_l = min(As / (b * d), 0.02)

v Rd ¢ = (0.18 / gamma_c) \

o o _ o S * k * (100* rho_1 * fck) **(1/3) \

Biblioteku ekosistéma ir attistita un attistas, tadél ir * b * d

daudz funkciju, kuras nevajag rakstit no nulles un dalégji
sada lieta nav raksturiga Excelim). Nav licences maksas.

ASV lielajas kompanijas ap 40% inzenieru
lieto Al rikus Python, Rhino, Grasshopper
(datu atkariba no konkréta piegadataja un ta formata). vidés un to ir mulkigi ignorét.

Nav vendor lock-in



Bibliotekas

Parbauditas metodes un plasas tehniskas iespéjas

Bibliotekas ir ka darba riki. Bez tam ir ka ar plikam rokam rakt gravi.

structuralcodes — Eirokodeksu formulas, validétas un testétas concreteproperties — Dzelzsbetona skérsgriezumu analize

sectionproperties — Geometriskas 1pasibas jebkuram skérsgriezumam scikit-fem + gmsh — FEM reZgu generésana un risinatajs

PyNite — 3D ramju un caulu analize

OpenSeesPy — FEM rezgu generésana un risinatajs

# scikit-fem — FEM risinatajs

# structuralcodes — EC2 caurspieSana # concreteproperties — Skersgriezums . \ ‘
. . mesh = MeshTri.load( 'model.msh")

from structuralcodes.codes.ec2_2004 \ from concreteproperties.material \ . .

. . . K = stiffness.assemble(basis)

import v_rdc_punching import Concrete, SteelBar

. . . u = solve(k, f)

result = v_rdc_punching \ diagram = analysis \

(d_eff=200, f _ck=30, \ .moment_interaction_diagram()

rho 1=0.015, gamma_c=1.5)

Biblioteéku izstradi veic gan individuali entuziasti, gan universitates un organizacijas, pieméram, ka FIB (fédération internationale du béton).
Tapat daudzi komercialo programmu izstradataji piedava savus APl automatizacijai, datu parsttisanai (RFEM, ETABS, ANSYS)

Visas ir bezmaksas. Visas ir atvérta pirmkoda. Formulas var parbaudtt.
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https://github.com/joreilly86/Python-Libraries-for-Engineers

geolysis
geotech-pandas

Groundhog

LiquPy

FoundationDesign

Geotecha

ObsPy

OpenPile
pySlope

PyAnchor
DeepFEM

GEOPY

fluids

ChannelFlowlib
Hydroengine

Hydrostats

Soil classification and bearing capacity
Pandas extension for geotechnical use
Geotechnical calculation library
Liquefaction analysis

Foundation design calculations
Geotechnical engineering tools
Seismological data analysis

Pile design using FEM/Winkler models
Slope stability analysis

Soil anchor design

Advanced finite element analysis in geomechanics
General geotechnical calculations

Fluid dynamics utilities

Open channel flow solver
Environmental/hydrological analysis tools

Hydrological statistics and analysis

Geotechnical
Geotechnical
Geotechnical
Geotechnical
Geotechnical
Geotechnical
Geotechnical
Geotechnical
Geotechnical
Geotechnical
Geotechnical
Geotechnical
Hydrotechnical
Hydrotechnical
Hydrotechnical

Hydrotechnical
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o CPT classifieation o CPT Interpretation ® Aa

ra

Input oa . < CPT interpretation Map

Use the table below to change the interpreted soil layout by changing the positions of the layers, adding rows
or changing the material type.
Cone Resistance Friction ratio Sail Layout

Minimum Layer Thickness (mm)
300

Filter Layer Thickness @ Reset to original Soil Layout ®

Phreatic level (m NAP)
-1.23

!
w

Soil layout
Material Top (m NAP)
Sand, gravelly -0.8
Sand, slightly silty to silty 2.1

Sand, silty to loamy -2.9

Depth [m] w.r.t. NAP

Peat, organic material -3.3
Clay, slightly silty to silty 4.1

Clay, silty to loamy -4.6

Clay, slightly silty to silty -5.3
Sand, silty to loamy -5.9
Clay, silty to loamy -7.0
Clay, slightly silty to silty -8.6

Clay, silty to loamy -9.0

Clay, slightly silty to silty 9.4 0 5 10 15 20 25 30 5 a Original Interpreted
Peat, organic material -11.0 ge [MPa] Rf [%]

Sand, slightly silty to silty -11.4 -

@ Finished

La

—— Cone Resistance

— Friction ratio

Clay, silty to loamy

B Peat, organic material
Sand, silty to loamy
Sand, gravelly
Sand, slightly silty to silty

B Clay, slightly silty to silty

CPT interpretation Next ste

Viktor cpt-interpreter

<
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Search docs

Getting started with groundhog
General and utility functions
Site investigation
Pile calculations

Unit skin friction

Unit end bearing

Axial capacity calculations

De Beer and Eurocode 7
calculations

Koppejan pile resistance
calculations

LCPC pile resistance calculations
Pile settlement
Pile lateral behaviour

Cavity expansion methods for cast
in-situ piles

Negative skin friction
negativeskinfriction_pilegroup_zeevasrtdebeer(

Pile testing functionality

Shallow foundations

Consolidation functions

Excavations

Soil dynamics

Standards

Constitutive models

Pipelines and cables

Groundhog

« diameter - Pile diameter [Dp) [m] - Suggested range: 0.01 <= diameter <=
10.0

« diameter_influence - Diameter of the zone of influence for negative skin
friction (D,) [m] - Suggested range: diameter_influence >= 0.0

do!

v

dz
m= Ky -tand'-

:T'—T.

FSESISS

Aa

r
v,i+l r r
——— =7 t+tm-0,; =0

Az :
P
Ty0 = Po
O;=u-D,

m
A= (D, -Dy)

Dictionary with the following keys:

« 'virgin_effective_stress [kPa]": Effective stress profile in the absence of

surcharge (07,,) [kPa]

‘group_effective_stress [kPa]': Effective stress accounting for the effect of soil
hanging on the pile (o)) [kPal

‘'negative_skin_friction_profile_single [kN]': Cumulative negative skin friction
for a single pile (Fy) [kN]

‘'negative_skin_friction_profile_group [kN]: Cumulative negative skin friction
for pile in the group (Fi group) [EN]

‘negative_skin_friction [kN]'’: Total value of negative skin friction for a single
pile (Fn tot) [EN]

‘negative_skin_friction_group [kN]': Total value of negative skin friction for a
pile in a group (Fu it group) [kN]

Figare 9-1. Tap view, sail around piles
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Reinforced Concrete Section

500 1

400 1

300 1

200 4

100 4

< < < <

< < < <

0 100 200 300 400 500

Reinforced Concrete Section

150 4

100 4

50 1

=50 -

—100 ~

—150 -

~100 0 100

50 MPa Concrete
300 MPa Structural Steel
N 500 MPa Steel Bar

350 MPa Structural Steel
50 MPa Concrete
B 500 MPa Steel Bar

Concreteproperties

Stress

Stress

-100 0 100

3.70e+00
3.17e400
2.64e400
2.11e+00
1.59e+00
1.06e+00
5.29e-01
1.33e-15
-5.29e-01
-1.06e+00
-1.59e+00
-2.11e400
-2.64e+00
-3.17e+00
-3.70e+00

1.14e+00
9.79e-01
B.16e-01
6.53e-01
4.89e-01
3.26e-01
1.63e-01
0.00e+00
-1.63e-01
-3.26e-01
-4.89e-01
-6.53e-01
-8.16e-01
-9,.79e-01
-1.14e+00

Concrete Stress

Concrete Stress

1.68e+01
1.44e401
1.20e+01
9.63e+00
7.22e+00
4.8le+00
2.41e+00
7.11e-15
-2.41e+00
-4.81e+00
-1.22e+00
-9.63e400
-1.20e+01
-1.44e+01
-1.6Be+01

7.12e+00
6.10e+00
5.09e+00
4.07e+00
3.05e+00
2.03e+00
1.02e+00
0.00e-+00
-1.02e+00

r
b=
w
]
+
(=]
(=]

-3.05e+00
-4.07e+00
-5.09e+00
-6.10e+00
-7.12e+00

Reinforcement Stress

Reinforcement Stress

3.81le+00
3.27e+00
2.73e+00
2.18e+00
1.64e4+00

Moment = B6 kN.m

200+ 1.09e+00
5.50e-01

6.31e-03

-3.37e-01
—200 - -1.08e-+00
-1.62e+00
-2.17e+00
-2.71e+00
-3.26e+00
-3.80e+00

—200 0 200

2.56e+00
2.29e+00
2.02e+00
1.75e+00

Stress

1.48e+00

1.21e+00
F9.40e-01
I 6.70e-01
F4.00e-01
F1.28e-01
F-1.41e-01

200 4

=200 1

r-4.12e-01
r-6.82e-01
F-9.52e-01

=-1.22e+00

Concrete Stress

Concrete Stress

1.80e+01
1.54e+01
1.29e+01
1.03e+01
7.72e+00
5.15e+00
2.58e+00
4.85e-03
-2.57e+00
-5.14e+00
-7.72e+00
-1.03e+01
-1.29e+01
-1.54e+01
-1.80e+01

1.35e+01
1.21e+01
1.08e+01
9.46e+00
B.11e+00
6.77e+00
5.43e+00
4,08e+00
2,74e+00
1.40e+00
5.69e-02
-1.29e+00
-2.63e+00
-3.97e+00
-5.31e+00

Reinforcement Stress

Reinforcement Stress
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(O Elastic centroid
<+ Shear centre

X Global plastic centroid
[7] Principal plastic centroid

=== 1l-axis
—-= 22-axis
Centroids
]
200 A i
I
+ 3
!
_,_G §§§§§§§
!
!
100 i
!
/
!
50‘ !
!
/
I
0 -
0 50

Centroids
400 - }
300 A
2004 YT T
100 A
0_
-200 -100 O 100 200 300 400
Torsion Stress
52.370
48.629
175 44.889
41.148
150
37.407
125 33.667
(O Elastic centroid 29.926
-+ Shear centre ]
¢ 100 26.185 ¢
=== 11-axis &
—= 22-axis 22.445
s 18.704
14.963
50
11.223
25 7.482
3.741
0 0.001

Sectionproperties

Stress Contour Plot - 0, sm

400 1.6641e+02
1.4966e+02
3501 1.3291e+02
U 1.1616e+02
3001 9.9402e+01
250 8.2649e+01
F 6.5897e+01
200 - 4.9144e+01
L 3.2391e+01
1501 F 1.5638e+01
 —1.1149e+00
1001 L _1.7868e+01
50 - F —3.4621e+01
t —5.1373e+01
0L . : b, - L _6.8126e+01
-200  -100 0 100 200
Finite Element Mesh
250 A
200 Il Material_2
Material_1
150 4
100 4
50
O -

100

150

200

Stress
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Mode 3 ort openseespy.opensees as
T3: 0.487seg opsvis as opsv

t+ matplotlib.pyplot as
numpy as np

ops.wipe()

o TS PR .

Z ops.node(s,
ops.node(s,

ops.element ("

ops.element('e

ops.element
ops.element('e

eigen = np.array(ops.eigen{NumMode:
W = eigen®
T = 2*np.

ge(NumModes ) :
opsv.plot_mode_shape(i+l, endDispFlag=e
"% (i1, T[LI))

plt.show{) ~~~
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fib-international/
structuralcodes

A Python library for structural engineering
calculations

A 18 ) 64 w 260 % 55

Contributors Issues Stars Forks

J-("EB-FIP



Infrastruktura

No koda lidz pieejamibai

Jebkuru sevis veidoto PY failu ir iespéjams transformét par lokalu aplikaciju to uzbuvéjot, pieméram, ar PyCharm, bet pie katra
labojuma ir javeic jauna parbuve un ir grati dalities ar kolégiem.

Vel viens aspekts, kas mainijies — publicét aplikaciju Sodien ir daudz vienkarsak. Nav nepiecieSams savs serveris.
Daudz servisi ir bez maksas, seviski kad noslodze un apjoms ir neliels.

Railway / Render GitHub / Gitlab Streamlit Docker / Podman
Cloud hosting. Auto-deploy no Versiju kontrole. Kods ir Python kods k]ust par web app. Reproducéjama vide.
GitHub. DaZi eiro ménesr ar pieejams, izsekojams, Bezmaksas hosting prototipiem. Strada visur vienadi.
pilnigi pilnigi pietiekosu atjaunojams.
veiktspéju.

Linux is free Docker is free Kubernetes is free Git is free GitHub is free GitHub Actions is free GitLab is free Python is free Node.js
is free Go is free PostgreSQL is free MySQL is free MongoDB is free Redis is free Terraform is free Ansible is free Jenkins is free

Aizgrad (push) kodu - Railway uzbiveé - Cloudflare nodroSina SSL - Divas minatés ir pieejama jauna versija



Al izstrade

Ko un ka es izmantoju ikdiena

Paslaik es lietoju Claude Code terminali uz atseviSka veca datora, lai tas visu laiku ir pieejams un darbojoss
Paraléli varu risinat vairakas darbibas, katru sava ciln€, katram sava lokala direktorija, katram savas instrukcijas.

Katru kodu atseviski sttu (push) uz Github no kura to talak izmanto, pieméram, Railway

# Claude Code X # Claude Code X #* Claude Code

@ Risinajums: pievienot 1 en atslégu katrai korekcijai Python pusé, un 15 izmantot to kad valoda ir EN.

stribution possible)'})



Dazi piemeri

741 ]
A ' BUVKONSTRUKCIJU APREKINU PLATFORMA v = EN @ Piemeéri Registréeties ‘ Pieteikties

MODULARA TIESSAISTES SISTEMA

APRAKSTS

MUSDIENAS, KAD IR PIEEJAMS PLASS AUGSTA LIMENA APREKINU PROGRAMMU KLASTS, JOPROJAM ATSEVISKAS SITUACIJAS SAGLABAJAS PRAKTISKA NEPIECIESAMIBA PEC ATRIEM,
VIENKARSIEM UN IESPEJAMI SAPROTAMIEM ATSEVISKU KONSTRUKCIJAS ELEMENTU APREKINIEM, DETALIZACIJIAS NOSACIUMU VAI SLODZU NOTEIKSANAS. SADI APREKINI VAR BUT
ARI NODERIGI KA NEATKARIGS KONTROLES MEHANISMS, LAI SALIDZINATU UN VERIFICETU REZULTATUS, KAS IEGUTI AR CITAM METODEM.

PLATFORMA SAKOTNEJI IR IZVEIDOTA IEKSEJAI LIETOSANAI UN DALEJI BALSTOTIES UZ AGRAK IZMANTOTAM EXCEL APREKINU DARBA LAPAM. TO PARNESE UZ PROGRAMMEJAMU VIDI
KLUVA IESPEJAMA, PATEICOTIES MAKSLIGA INTELEKTA ATTISTIBAI UN PLASAJAM BRINISKIGU ATVERTA KODA PROGRAMMATURAS BIBLIOTEKU KLASTAM, KAS RADITS DAUDZU
IZSTRADATAJU ILGSTOSA UN NESAVTIGA DARBA REZULTATA.

DAZADU MODULU 1ZSTRADE, CIK IESPEJAMS, IEVEROTS CAURSPIDIGAS APREKINU LOGIKAS PRINCIPS — VISAS IZMANTOTAS FORMULAS IR ATKLATAS UN IZSEKQJAMAS, BEZ SLEPTIEM
PIENEMUMIEM VAI NETIESIEM RISINAJUMIEM. APREKINI GALVENOKART BALSTAS UZ FIROKODEKSU SISTEMU.

SVARIGI UZSVERT, KA IEGUTIE REZULTATI VAR BUT KLUDAINI. APREKINU VEICEJA PIENAKUMS IR PARLIECINATIES PAR TQ PAREIZIBU UN ATBILSTIBU KONKRETAJAM PIELIETOJUMAM. SI
PLATFORMA IR PAREDZETA KA DARBA PALIGLIDZEKLIS — NE IDEALS UN NE PILNIGS — UN TA PATI PAR SEVI NEVAR UZNEMTIES ATBILDIBU PAR LEMUMIEM, KAS PIENEMTI,
IZMANTOJOT TAS REZULTATUS. TIPISKIEM GADIJUMIEM IETEICAMS VEIKT REZULTATU VERIFIKACUU, IZMANTOJOT ALTERNATIVAS APREKINU METODES VAI CITUS RIKUS.
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Da
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LIEKTU SKERSGRIEZUMU
APREKINS

Taisnstara Skérsgriezuma

dimensicnéiana

(=

KONSOLES APREKINS

Iso kensolu aprékini

S

SALIKTAIS BETONA
SKERSGRIEZUMS

Divos posmos betonétu skérsgriezumu
liece un virsmas bide (EC2 6.2.5)

e
2.
3

(D1

!

KOLONNU APREKINS

Biaksidla liece ar aksidlo sledzi

(Mominal Curvature)

7
L=

VERPES PARBAUDE

Torsijas parbaude un V+T interakeija
(EC2 §6.3)

DOBUMOTO PLATNU APREKINS

Spriegota dzelzsbetona platnes péc EN
1168

SIENU APREKINS

Uniaksidla liece + aksidla slodze + bide

+ noturiba (uz metru)

REZGOGU APREKINI STANDARTA
PALU IZKARTOJUMIEM

Spiesti-Stieptu stienu metode (EC2 6.5)
— 2, 3,4 6pali

%

SAITEJUMA APREKINS

Saitéjums salickama DZB bavém (EN
1991-1-7)

CAURSPIESANAS APREKINS

Platnu caurdurianas aprékins

—
‘—

VIRSMAS BIDES APREKINS

Saskares bide starp betona slaniem

Eu

KONSTRUKTIVO PRASIBU
NOTEIKSANA

Nosacijumi detalizacijai



Dazi piemeéri (sakotnéji dala adaptéta no Excel izklajlapam)

DZELZSBETONA SKERSGRIEZUMA PROJEKTESANA

Objekta info atskaitei

Aprekina Metode

EC2 - Taisnsturveida spriegumu sadalijums
Vienkarsota analitiska metode péc EN 1992-1-1

O Parabolisks - Taisnstara spriegumu sadalijums
Aprékins lietojot concreteproperties (GEM)

lerobezots betons (Confined Concrete)

Mander modelis ar kérsstiegrojuma iercbeZojumu
Stiegrojums
@ Piezime: Bitisks nestsp&jas pieaugums ir paredzams tikai stipri armétiem skérsgriezumiem (p > 2%) vai

kolonnam. Tipiskam sijam ar mérenu armé&jumu starpiba ir minimala (<1%). jo nestspé&ju kontrolé térauds,

R Apakséjas stiegras - 1. rinda (skaits) Diametrs @ (mm)
4 @20 v
Geometrija
Apakséjas stiegras - 2. rinda (skaits) Diametrs @ (mm)
Platums b (mm) Augstums h (mm)
0 @16 v
300 500
Laidums L (mm) Aizsargslanis c_nom (mm) Atstarpe starp rindam (mm)
6000 25 70
Augiéjas stiegras (skaits) Diametrs @ (mm)
Materiali
2 @12 ~
Betona klase Térauda klase Vides klase
Aptveres diametrs @ (mm) Kaju skaits Solis s (mm)
C30/37 v B500B v XC1 v
juls] v 2 kajas v 200
Slodzes

Moments Mgq yis (kNm) Moments Mggsis (kNm) Bides speks Vg (kN) E Aprel,unat

200 100 50 [BSagIabét ‘ v][ & leladét ]
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DZELZSBETONA SKERSGRIEZUMA PROJEKTESANA

APREKINU ATSKAITE
EN 1992-1-1 (Eurocode 2) - Liektu Skérsgriezumu aprékins

Lieces nestspéja: Analllisks aprekins ar taisnsidra betona spriegumu bioku

1. 1IZEJAS INFORMACIJA
Geometrija: b = 300 mm, h = 500 mm, L = 6000 mm, Cnom = 25 mm

Materiali: Betons T, = 30.0 MPa (7., = 20.00 MPa), Térauds T, = 500 MPa (T, = 435 MPa)
stiegrojums: Apaksa 4@16.0 (A; = 804 mm?2), Augsa 2@12.0 (As wp = 226 M)

Slodzes: M, (ULS) = 100 00 kNm, Mg, (SLS) = 100.00 kKNm, Vg = 50 00 kN

2. LIETDERIGAIS AUGSTUMS
4=~ Coom - G - Pood2 = 500 - 25 - 8 - 16/2 = 459.0 mm

3. LIECES NESTSPEJA
Neitrald ass: x = (A % T,4) / (0.8 x b x T,0) = (804 x 435)/ (0.8 x 300 x 20.00) = 72.8 mm

Relafivais dzilums: £ = x/ d=T72.8 /459.0 = 0.159 (£, = 0.45) v OK
Darba plecs: z=d - 0.4xx = 459.0 - 0.4x72.8 = 429.9 mm
Nestsp&ja: Mpy = A, X 1,4 X 7= 804 x 435 x 429.9/ 10° = 150.31 KNm

Parbaude: Mg, / Mg, = 100.00 / 150.31 = 66.5% + OK

4. BIDES NESTSPEJA
Betona nestspéja bez Skérsstiegrojuma (EN 1982-1-1, 6.2.2):

k= min(1 + v{200/d), 2.0) = 1.660

P = Ad(bxd) = 0.00584

Vage = [0.18/y, x k x (100xpxfy)"¥] x b x d = 71.25 kN

Aptvere: 208 0 / 200 mm (A, = 101 mm?)

Optimalais lenkis: cot 6 =2.00 (6 =266") | LVNA' 10=cot8 <20
Slgérsstiegrojuma nestspéja: Vg, . = 187.89 kN

Betona diagonale: Vrg max = 544.72 KN

Konstruktivas prasibas: A, ., = 53 Mm? v, 5., = 300 mm

5. PLAISU PLATUMS (SLS)
Aprékins péc EN 1992-1-1, 7.3.4 (izmantojot Mg, 5, s = 100.00 kNm):

Efektiva stiegrojuma attieciba: pp o« = As / Az o5 = 0.000804 / 0.030750 = 0.0262
Modularais koeficients: o, = E; / E.,, = 200000 / 32837 = 6.091
Spriegums stiegrojuma: o, = Mg, 5, 5/(A.xZ) = 301.0 MPa
Vidéja deformaciju starpiba (EN 1992-1-1, 7.9):
Eo-Eom = Max(0.6x0/ES; [0, - KexToprn/Pp a®(140:%P; 5)l/ES)
= max(0.6x301.0/200000; [301.0 - 0.4x2.90/0.0262x(1+6.091x0.0262)}/200000)
= max(0.000903; 0.001248) = 0.001248
Maksimalais plaisu attalums (EN 1992-1-1, 7.11):
Srmax = KaXC + Ky XKaXKgXQIp, o5
=3.4x33 + 0.6x0.5x0.425x16/0.0262 = 216.2 mm
Plaisu platums (EN 1992-1-1, 7.8):
Wy, = (E=€em) X Srmax = 0.001248 x 216.2 = 0.270 mm

Parbaude péc EN 1992-1-1, Table 7.1N (vides klase XC1): W, < W,z = 0.40 mm v OK

6. DEFORMACIJAS (SLS)
VienkarSots aprékins (elastiga metode, izmantojot Mgy s, s = 100.00 kNm):

Eom = 22%(f1/10)%2 (EN 1992-1-1, Table 3.1)
log = (Ier + lgroe)/2 (vienkarsots starp saplaisajusu un nesaplaisajusu)
0=k x Mzgs.s * LY(ExI) ~6.89 mm | Lid = 13.1

Parbaude: § = L/250 = 24.0 mm v OK

7. KOPSAVILKUMS
v NESTSPEJA PIETIEKOSA

Maksimala noslodze: 66.5%

8. SKERSGRIEZUMS

Spriegums oc [MPa)

4nn

o
=

Augstims (mm)
-1
=

104

o

Spriegumu-Relativo deformaciju Profils

Skérsgriezums
300x500 mm Deformaciju sadalijums (ULS)
+ L B = 350% o
o
i
¥
(="
- 5500
- E500_top
2. = 25.00%,
* o+ o+ o s
¢ 50 100 150 200 250 30

Praturms {mm)

(EC2 parabola-taisnstira)

o

[
n

= 2.

= Tck[1-{1-£c/zcz) "] i
an

= EC? parnbola-taismtia
B el = 200%:
eeu2 = 3 50%s

i GALIGO ELEMENTU METODES REZULTATL

BIBLIOTEKA: concreteproperties
MODELIS: EC2 parabola-taisnstira

MATERIALU PARAMETRI:

= feck
Ecm
€2 2.068 b
ecu? = 3,580 &
0= 2,00

nnw
g
b
-
&

SKERSGATEZUMS:

* b h o= 368 « 568 mn
= d =45 mm

* dn = 58.8 mm

« £ = dn/d = 8.1187

NESTSPEIN:
* MAd = 175.50 kiim

PARBALDE :

0.0

03

1o

15 0 25
Relativa deformacija e ()

EXi}

15 * MEd = 186,60 kim
+ IZmantojums = 57.8% « 0K



Dazi pieméri

REZGOGU PROJEKTESANA

1. Konfiguracija
Palu izvietojums
2 pali
2. Slodzes (ULS)
Neg (kN)
1500
Megx (kNm)

0

v

Vedx (KN) Vedy (kN)
0 0

M Edy (kNm)

0

~ SLS slodzes (neobligati — nokluséti 0.7 xULS)

3. Geometrija

Pala diametrs D (mm)

600

Kolonnas izmérs ¢, (mm)

400

Xvirziens
Cnom apakia (mm)

50

4. Materiali

Betona klase
C30/37

5. Stiegrojums

Galvenais @ (mm)

@16

P3lu solis X virziena (mm)

1500

Kolonnas izmérs ¢, (mm) Rezgoga augstums h (mm)

400 800

Y virziens
Cnom aUgsa (mm) Attalums no pala centra Iidz malai (mm)

50 600

= sanu aizsargslanis MNokluséti: 600 mm (enkurojuma nodrogindsanai)

Stiegrojuma klase

v B500B

Sadalozais / aptveru @ (mm)

v @12

Parbaude

Mezgls Kolonna (augsa)
Mezgls Palis P1

Mezgls Palis P2

Stenis Strut N0—P1
Stenis Strut N0—P2
Saite Tie X (P1P2)
Caurspiesana (Kolonna)
Caurspiesana (Palis P1)
Caurspiesana (Palis P2)
Enkurojums

Pudeles kakla 5kérsst.

Rezultats Noslodze
Ogg = 9.38 MPa 62.7%
Ogg = 2.65 MPa 17.7%
Ogg = 2.65 MPa 17.7%
o =9.69 MPa 91.8%
o =9.69 MPa 91.8%
916 (1810 mm?) 98.5%
Vg = 0.193 MPa 53.4%
Veqd = 0.094 MPa 26.0%
Vgg = 0.094 MPa 26.0%
leg = 572 mm, |y = 550 mm —
p,, = 0.00283 (min 0.00088) —
%
Pl P2

X 1500

L =2700 mm

%16
(1B10 mm?)

Status
« OK
< OK
< OK
+ OK
+ OK
« OK
+ OK
+ OK
+ OK
< OK
< OK

1200 mm



Dazi pieméri

REZGOGU PROJEKTESANA

Spriegumu kartes — augséja virsma

Von Mises spriegums o,

FEM — Augseéja virsma (scikit-fem)
o_vm,max = 5.82 MPa
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Spriegumu kartes — apakséja virsma

Von Mises spriegums o,,,

Y (mm)

FEM — Apakséja virsma (scikit-fem)
o_vm,max = 5.82 MPa
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Dazi piemeri

PALU APREKINI

1. IEVADDATI 4. SANU BERZE (EN 1997-2D.7.5.4)
Pala tips: Betona vietas pali ar grunts izspiefanu (FDF, DSP) Diametrs: D =510 mm Garums: L=23.00m Formula: g; =0; % Qgj, Rsi=0six =D =k
GW limenis: 20m PuLs: 1700 kN PsLs: 1000 kN REMIIE =D S (D =17 = S I0S (DA
Pala padsvars: W=T754kN V=25 kNim?, A=0.2043 m* | A AL nosacijums: V3js slanis (q.<2MPa) pie 19.5m - slani virs izslégti.
Tiek uzradit tikai siani, kas ieverieti sanu berzes apréking.
2. CPT DATI (Robertson (1986))
Punku skaits: (278 | Dzims: 00-277m g (min/max/avg): 00/349/57 MPa | esass 010 Ais 29 0035 3 1
_ 195-19.7 0.10 Smilgains al 28 0.020 56 9
3. GALA PRETESTIBA (EN 1997-2 D.7.5.3) -
197-19.8 0.10 Aleirfts 26 0.035 92 15
Gala pretestiba tiek noteikta, izmantojot minimum path metodi tris zonas: 19.8-19.9 0.10 Smiltains al 29 0.020 58 g
19.9-20.0 0.10 Aleirfts 5.1 0.035 177 28
1 ZEM gala (0.7D-4D), minimalais vid&jais 23.00-25.04m Aritmétiskais 17.50 MPa 20.0-20.1 0.10 Smilfainas g 8.7 0.015 101 16
1 Ta pati zona, minimum path (1) 23.00-25.04m Min. path 15.00 MPa 201-20.2 0.10 Smilsains al 4.0 0.020 79 13
m 8D VIRS gala, minimum path (1) 12.02-23.00 m Min. path 5.3 MPa 202-20.3 010 Aleirlls 27 0.035 5 15
203-20.4 0.10 Smilgains al 29 0.020 58 9
Gala pretestibas formula (EN 1997-2 D.7.5.3): 504205 0.10 Alsiis 31 0035 10 18
Po= 0.5 % Gy % B % 5 = [(ey + Qa2 * Qo] 205-20.6 0.10 Smilgains al 3.1 0.020 61 10
206-20.8 0.20 Aleirfts 42 0.035 147 47
kur: .
- &, = 1.00 — pala tipa koeficients (Betona vietas pall ar grunts izspieéanu (FDF, DSF)) 208211 030 Smilsainas g 82 0015 138 57
+ B = 1.0 — formas koeficients (apa!é §|5§|'sg|'iezums} 21.1-21.2 o Smilains al 5.4 0.020 109 17
*5 = 1.0 — formas koeficients (apals Skérsgriezums) 212915 0.30 Aleirfts 36 0.035 127 51
Kombinéta q, vértiba: 215-21.6 0.10 Smilgains al 42 0.020 84 14
e.comb = Qe + Qe b2 + e 216-21.8 0.20 Aleirits 5.2 0.035 183 58
g gomb = (17.50 + 15.00)/2 + 5.83 = 22.08 MPa —

. 21.8-22.0 020 Smilfainas g 9.0 0.015 134 43
Gala pretestiba: 220223 0.30 Smilgains al 7.0 0.020 140 67
Pe=0.5%1.00 < 1.0 % 1.0x22.08 = 11.04 MPa 2232238 0.50 Smildainas g 185 0.015 277 232
Gala nestspéja: 228229 0.10 Grants 344 0.008 276 44
Apase = T = (D2 = = (0.255) = 0.2043 m* 228230 0.10 Smiliainas g 32.8 0.015 493 79
R = Db % Apase * 1000 = 11.04 x 0.2043 x 1000

EIRy= | 876 kN
Ry, = 2256.5 kN Ra

Rs,‘mm = 878.3 kN
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Dazi pieméri

TERAUDA SAVIENOJUMU PROJEKTESANA

SAVIENOJUMS AR AUSI (FIN PLATE)

Péc EM 1993-1-8 [Eurccode 3 - Savienajumi)

Savisnojums ir pietiekarms

Malksimalais izmantojums: 92.9%

1. IZEJAS DATI

Apréking bides spéks Yy
Sijas sieninas biezurms g,
Gala plakene izmér hpxhpxlp
Gala plaksne térauds

Shorives

Geometrija

Metingjuma kakla bieourms a,

200 kN

7.1 mm

180 100= 10 mm

5355 |f'|r=2'|'5 MPa, =490 MPa)
3x1 M20 BB

=40, &;=50, py =60 mm

5 mm

2. GEOMETRISKIE IEROBEZ0JUMI (Tab. 3.3)

el

pl

50 rrm

B0 rmrm

= 264 mm o 0K
= 264 mm + 0K
= 48.4 mm QK

Mezglu skaits
Elementu skaits

Skrivju caurumu skaits

TEN Sarieguma Sadalijem
YW/ @ 100.3 S4fe | amantopume: 28.9%

pr——

516

1434

Vs Mt s (MR



Dazi piemeri
TERAUDA SAVIENOJUMU PROJEKTESANA

Von Mises Spﬂewmlzois-lm. Va50kN | @ ym.max = 97.2 MPa | fy = 353 MPa | ~ OK

1775

5

g
£
i
5
1014 5
4
%1 %
&
>
0.7 E
Py

Qo

a,

=972 MPa|f, =355 MPa | v/ OK

Y, max

350 4

250

¥ {mm)
N
8

miw‘fwot'wmkijl | tpl = 0.05% | Limits = 5% | + OK

D.01118

0.00957

30 100 150
X (mm)

0.00319

0.00159

£.00000

Plastiska deformacija £y = 0.05% | Limits = 5% | v OK



Dazi pieméri

3D FEM

Bl EN 1990 Slod#u Kombinacijas

[zvélieties kombinaciju tipus, ko generét
ULS — Robe#stavoklis nestspéjai
B 610 —yo G + vy + IvgiWo

Pilna kembindcya ar vadodo mainige sledzi

61028 — vl + gDy

Tikai pastdvigd + reducétd mainigs

6.10b — EveG + o 10kt + Dyl vy
Reducits pastavigd [£=0.25) + pilna mainigd

§LS — Robefstavoklis lietojamibai
@ Raksturigd — G + Q¢ + Iy Qs

[slaiciga iedarbiba, neatgriezeniskas robefas

Bied — G + gy 1Chy + T2 0l
Atkirmota iedarblba, atgriezenizkas robeias

Kvazipastavigd — G + Iy, O
|iglaicigd iedarbiba, i|dde, ilglaicigas deformacijas

et | i




Dazi pieméri

3D FEM

Gala nosacijumic W& Brivz | M5 Brivs

B400x400: C30/37
b = h = 400 = 400 mm

@ Gala atbrivojumi (Lociklas)

Sakums | (N6) Beigas | (N5)
e Doy Ouz Ogre Ory O e ux Owy Owe Ope O gy O
[ Locikla | ] [ Lookla ] [ Abas ] [ Mottt ]
= Aprékina Rezultati
N& N5

N (kN) ™ wia

M (kNm) [ 1052 ] @

V (k) (1255 | =

Parvietojumi: Mé: Uz=-56652019369593328.00mm, M5: Uz=-51501835790539334.00mm — Max & = 5665201936595%3328.00 mm

TS v I = )

= -5.0 kN/m

€1 T T T T TP T I T T T I T ITre

=-18.52

=18.52 kNaLjeces moments M (kNm)

5.26 I-c'im



Papildus iespéjas, pieméram, PyRevit

Python Revit vidé — bez Visual Studio

PyRevit ir bezmaksas Revit add-in, kas lauj rakstit automatizacijas
skriptus Python valoda. Nav nepiecieSams Visual Studio, nav
nepiecieSams C#.

Piemeri, ko var automatizeét:

Elementu datu eksports uz Excel
Parametru generésana
Skérsgriezumu batch maina
Stiegrojuma markéesana

Ikdiena nenormali daudz laika aiznem BIM parametru kartosana,
paligelementu modelésana, markésana — bet maz laika paliek

batiskajam. PyRevit ir viens no vienkarsak realizeéjamiem variantiem.

# PyRevit — eksporté siju datus
from pyrevit import revit, DB

doc = revit.doc

collector = DB.FilteredElementCollector(doc)

beams = collector.OfCategory(
DB.BuiltInCategory.OST_StructuralFraming

) .WhereElementIsNotElementType()

for beam in beams:
mark = beam.get_Parameter(
DB.BuiltInParameter.ALL_MODEL_MARK
).AsString()
length = beam.get_Parameter(
DB.BuiltInParameter.INSTANCE_LENGTH
).AsDouble() * 304.8 # feet > mm

print(f"{mark}: {length:.ef} mm")



PyRevit

Architecture  Structure  5teel  Precast  Inset  Annotate  Analyze  Collaborate  View  Manage  Add-Ins  CADS Rebar Extensions  DiRootsOne  IDEAStatiCa  Mlabs  Prodlib EF_Tools | KFORMA

B Mark Elements - KFORMA

1. Selection Scope

KF Tools | Current View

Project Browser - RWC2-03_KFORMA_BK_A01_Z7_M3_00001_inovskis@gmail.c..
OEBSER @&

Q

~

2. Filter by Category / Family / Type

Categories: Families:

Assemblies

il Floor Plan: 1. STAVA PARSEGUMA APAKSEJA STIEGROJUMA PLE o Dimensions

I Floor Plan: 1. STAVA PARSEGUMA AUGSEJA STIEGROJUMA PLAI Generic Models

{8 Fioor Plan: 1. STAVA PARSEGUMA PLANS Grids

IZJ Floor Plan: 2. STAVA PARSEGURMA PLANS

{Z1 Floor Plan: 2. STAVA PARSEGUMA STIEGROJUMA PLANS

I Flaor Plan: 2. STAVA PARSEGUMA PLANS

[Z1 Floor Plan: 2. STAVA PARSEGUMA STIEGROJUMA PLANS

2] Floor Plan: 4. STAVA PARSEGUMA PLANS Primary sort: | X (Left to Right) v

{51 Floor Plan: 4. STAVA PARSEGUMA STIEGROIUMS

{8 Floor Plan: 5. STAVA PARSEGUMA PLANS

IZ] Floor Plan: 5. STAVA PARSEGUMA STIEGROIUMS

2] Floor Plan: 6. STAVA PARSEGUMA PLANS 4. Mark Format

{81 Floor Plan: 6. STAVA PARSEGUMA STIEGROIUMS

. Floor Plan: PAGRABSTAVA PARSEGUMA APAKSEIA STIEGROJUM Prefi: - Start: I:l Digits:

[0l Floor Plan: PAGRABSTAVA PARSEGUMA AUGSEIA STIEGROJUM; Preview: P-1-001, P-1-002, P-1-003...

I Floor Plan: PAGRABSTAVA PARSEGUMA PLANS
= 04 Kenstrukeiju plani

[‘] Structural Plan

Lines

3. Sorting Logic

[] Descending

Secondary sort: | None v | [ Descending

5. Status

: 1. STAVA NENESOSO PAPILDELEMENTU PLANS
[:.] Structural Plan: 1. STAVA NESOSO KONSTRUKCIU PLANS
[:.] Structural Plan: 2. STAVA NESOSO KONSTRUKCIIU PLANS
[:.] Structural Plan: 3. STAVA NESOSC KONSTRUKCIIU PLANS
4,
s 5.
: B,

Elements to mark: 1801

[—] Structural Plan: 4. STAVA NESOSC KONSTRUKCIJU PLANS

[ﬂ Structural Plan: 5. STAVA NESOSC KONSTRUKCIJU PLANS

[—] Structural Plan: 6. STAVA NESOSO KONSTRUKCIIU PLANS

[—] Structural Plan: JUMTA NESOS0 KONSTRUKCIU PLANS Select Elements ‘ ‘ Apply Marks ‘ ‘ Close

[‘] Structural Plan: PAGRABSTAVA NESOSC KONSTRUKCIIU PLANS
+ 07 Kenstrukeiju plani - Papildus

+ 99 Darba plani sotisanai

+ Darba griezumi



Nosléegums

Al paredzama nakotné neatrisinas visas problémas, un inZenieri neklls lieki. Svarigi ir izmantot esosas iespéjas efektivak, apzinoties gan to
plusus, gan minusus un koncentréjoties uz lietam ko tas dara labi. Maksligais intelekts ir darba riks.

InZenieriem vienmeér IR jabut kritiskiem. Atbildiba paliek cilvekam, nevis rikiem. Structural Integrity 20
Series Editors: José A. F. 0. Correia - Abilio M. P. De Jesus

Al haluciné un tas ir paredzami. Aptuveni 20% no ieteiktajam pakotném
neeksisté, ir daudz |Jauna koda pakotnes ar registrétiem vienadiem vai lidzigiem
nosaukumiem citos repozitorijos. Vienmeér salidzinat rezultatus pret
parbauditam esosam versijam, akli nepalauties uz atsaucém, nepalauties uz

savstarpéju sapratni.
Industry 4.0
Koncentréties uz strukturétu datu apstradi, pieméram, CPT un CPTU for the BUilt

meérijumiem, atkartotam kodu un formatu konvertéSanam, atskaiSu un .
dokumentu sagatavosanu atkartotu parbauzu automatizésanu lielu teksta EnVIronment
apjomu lasiSanu un izvilkSanu

Methodologies, Technologies and Skills

Marzia Bolpagni
Rui Gavina
Diogo Ribeiro Editors

Masinmdcisanads, datu apstrade un Python pamati ir jaieklauj bivniecibas studiju programma. Dazi
prieksmeti globali jau eksisté, pieméram Python for Structural Engineering un Architectural
Engineering Computing.

@ Springer




Noslegums

Kads no programmu izplatitajiem man jautaja kapéc vispar vajadzigs pasam kadus rikus veidot un lieki par to domat, var
panemt abonementu un darboties. Man taja bridi nebija viegli formulét tiesi kapéc, bet atjauninot prezentaciju uzgaju vietni
Arup Compute, kur izradas ir pilnigi ta pasa ideja un princips, bet cita méroga. Lidzigi ir pieeja ir no interneta parluka vai caur
spraudniem programmas un aprékini tiek veikti ar centralizétu dzinéju makonservisa.

Viegli atjaunot, viegli koplietot, kontrole par saviem datiem
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