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Quality acceptance (QA) of soil compaction

7.2.3  Krav pa bérighet
Barlager ska for nybyggnad utforas sa att krav pa barighet uppfylls enligt avsnitt
7.2.3.1 ”Krav vid nybyggnad” om ADTtot &r > 1 000 och om objektet dr > 5 000
m’.

7.2.3.1  Krav vid nybyggnad
For flexibel konstruktion giller krav enligt avsnitt 7.2.3.1.1 och for styv
konstruktion giéller krav enligt avsnitt 7.2.3.1.2.

Kravet kan uppfyllas antingen med statistisk acceptanskontroll eller yttickande
packningskontroll (YPK).
7.2.3.1.2 Krav pa styv konstruktion

Vid nybyggnad av styv konstruktion ska krav for birighet pa barlager uppfyllas
enligt tabell 7.2.3.2.1-1 eller tabell 7.2.3.1.2-2.

Tabell 7.2.3.1.2-1 Krav pa biirighet, styv konstruktion vid nybyggnad med
statistisk acceptanskontroll

Acceptansintervall for styv konstruktion

n=28 iEvg > 120+ 0,96'5

n=>5 Xpyo = 120+ 0,835

[ varje enskild kontrollpunkt:

Om E,, < 120: E»/E\1 £2.8

Om E,, > 120: EwEy £1+0,015E,,
Antal godkinda kontrollpunkter ska vara minst 7
av 8, respektive minst 4 av 5.

Grom x;< 105 MPa
(Gustafsson et al., Grundldggningsdagen 2026) (TDOK2013:0530)

Oversta obundna lagret
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Repetitive static
plate load test (PLT)

001 008

OoiMN/mZ s

o 0,116 0,]24 0,'32 0,40 0,145 0,50 E;;?:, e ;\m.flb&
\ 1 max MN/m 0.5gO 38"(‘)“;%
E 05 \\ al mm/(MN/m2) ~0268 | +0,610
@ \ 5 ey X 5,195 0.951

1 10 .\i':'\‘v\ \‘ 1,50 - r 96,6 207,3

[ — B +a2 - 01 max
"
1,5 Ev/Evi 2,15
Figur 4. Trycksittningslinje vid packningskontroll Tabell 4. Sammanstillning av resultat (TDOC 2014:0141)
Table A.1 — Loading stages as a function of the loading plate diameter
Diameters of loading plates
300 mm 600 mm 762 mm
Loading
stage no. Load Normal stress Load Normal stress Load Normal stress
F oy F ) F e

kN MN/m? kN MN/m? kN MN/m?

1 0,71 0,010 0,28 0,001 0,46 0,001

2 5,65 0,080 5,65 0,020 4,56 0,010

3 11,31 0,160 11,31 0,040 9,12 0,020

4 16,96 0,240 22,62 0,080 18,24 0,040

5 22,62 0,320 33,93 0,120 36,48 0,080

6 28,27 0,400 4524 0,160 54,72 0,120

7 31,81 0,450 56,55 0,200 72,96 0,160

8 35,34 0,500 70,69 0,250 91,21 0,200

(DIN18134-2012)
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Continuous compaction control (CCC)
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Challenges & Objectives

Challenges
* Current QA practice relies heavily on ineffective and uncertain spot tests.
« CCC is still not universally accepted as a standalone QA method.

Objectives

* The objective is to evaluate the influence of plate size and roller type on the correlation
between compaction measurement and PLT results.

* The goal is to advance CCC technology to a level of reliability that eliminates reliance on PLT.
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Measurement, modeling & machine learning

Measurement
Low High Low frequency
amlude EWE j j : C j
m /’ High frequency
) Amplitude
M ine load Frequency

Widtu

Static linear Ioad\

g

Soil type,
gradation and
moisture content

Underlying
~<+—support condition

Control system

u Accelerometer

!
PLT ‘ro
I nteraction force
o . eractont 4

Correlate with
modulus or density

Infinite element

Compacted
materials
properties

Sensor data

from multiple
sources

Roller
parameters

Modeling

ICMV values

Dynamic Computation
model

T Modify the initial modulus or void ratio

Machine learning

—»
—» Predicttgd Field
: : compaction measurements
M quality
3

Optimize the network parameters
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Full-scale compaction tests
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Compacted materials

[

90 4 =—-=— Specification limits (TDOK 2013:0530)
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Compaction & measurement equipment

Property CA3500D CA6500D
.. Drum mass (kg) 4040 5300
§= Frame mass (kg) 3565 8470
EE §= EE Operating mass (kg) 13800 21000
Drum width (m) 213 2.13
9 @ @ Drum diameter (m) 1.518 1.546
Static linear load (kg/cm) 35 65
Max. nominal amplitude (mm) 1.9 2.1
(Source: bynapse Wordwde -revTeb® - Max. vibration frequency (Hz) 31 29
" Vibration frequency 7=24 Hz Max. centrifugal force (kN) 280 360

= Travel speed v=1m/s
= High amplitude setting Max. eccentric moment (kg-m) 7.31 10.31
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Compaction & measurement equipment
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Intelligent compaction measurement value (ICMV)

Category Indicator Formula
CMV  CMV=Cx“2 (1)
_ ArswtAzwtArs50
AICV  AICV =C X YR (2)
_ ApgswtA1s0tAr0tA250 1430
CCV CCV=CxXx e (3)
Kinematics A3, +AG y+ o+ A2,
THD  pup=cx ¥ (4)
_ Fs CArsetArwtAzswtAzetAsswtise
Ft Ft - (md+mf)g Aoswtiw (5)
_ gy _ max{al}
cF o T T (6)
n&i=1%i
o o m (g + Tam0) )
Zq
.2
Mechanics Zg = 1E—V . % : % (1 + Zln%) (8-a)
Evio ,11}6”) R(1-v2) F,
b = —_ o= (8_b)
T Evip L
H(w,t) = Real Y-, q; () J wi®at (9-a)
CEV  h(w) = [, H(w,t)dt (9-b)
CEV = Y, h(w;) (9-¢)
2
Energy DMV DMV = mej XL, 2% (10)
OMEGA  OMEGA = §,..(mgzq + (mq + my)g—moeo0?)zg dt (1)
E E=24(w+=2. 1Y) (12)

4 LhV

—
Y
~

Acceleration (m/sz)
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o
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o
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n
o
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Vertical drum acceleration in: (a) time and (b) frequency domains
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Intelligent compaction measurement value (ICMV)

Category Indicator Formula
CMV  CMV=Cx=2 (1)
— AisetAzotdzse
AICV  AICV =C x i (2)
_ AoswtAiswtdzotAzswtAse
ccVv CCV = C X o (3)
Kinematics [Ad,+A3 - +AZ,
THD  p = ¢ x 22— (4)
_ Fs  ArsetArwtArsetAzetAzsetiaw
Ff Fe = (md+mf)g ApswtAe (5)
_ ap _ max{|a;|}
cF YT T TR o (6)
k, kg =02 (md + %j"“") 7)
Mechani =12 5L (14 2mY) (8-a)
echanics . Za =Gy n—
vib 16 R(1-v2) Fq
b= [—- -2 (8-b)
T Epip L
H(w,t) = Real Y-, a;(t)el J ei®at (9-a)
CEV  h(w) = f, H(w,t)dt (9-b)
CEV =Y", h(w;) (9-c)
2
Energy DMV DMV = mwd XL, ok (10)
OMEGA OMEGA = _cﬁZT (ded + (md + mf)g—moeoﬂz)z'd dt (11)
E E=24(w+= 1) (12)

4 LhV
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Influence of plate diameter on PLT results

E,, (MPa) E,, (MPa) E/E, ()
Metric D (mm)
CA3500D CAG500D CA3500D CA6500D CA3500D CA6500D

300 39.3 38.8 109.6 117.7 2.8 3.0
Mean

600 38.7 38.5 102.1 111.9 2.7 29

300 8% 6% 6% 6% 7% 4%
CV

600 13% 8% 5% 4% 9% 7%
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Influence of roller type & number of passeson E ,

B CA3500D B CA6500D

CA3500D (lighter) CA6500D (heavier)

2 4 6 8 2 4 6
Number of passes
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Ses®
roller type on ICMV-E ,c I
-
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R e - R Vv
120 o —
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The larger plate provides improved correlations

=

The larger plate mobilizes a deeper influence zone that
better matches the roller's effective measurement depth.
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Heavier roller

Ground confact fofcé
(Double jump)

Lighter roller ’ \/\/\/W\L

—

Ground contact force
(Partial upllft/contmuouscontact)/\ /\ /\ /\ /\ /\ /\ /\
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Implications for CCC-based QA workflows

Decision

Recommendation

Why

Plate size

Use 600 mm PLT for calibration

Better correlation with ICMVs

Primary indicator

Use E

Strongest physical and statistical link

Secondary indicator

Add one harmonic-based metric
(e.g., CMV)

Easy implementation

Roller strategy

Calibrate per roller model

Strong machine dependency observed

Pass strategy

Avoid excessive passes

Marginal stiffness gain; variability may
Increase
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Coupled mu

body and finite element simulations

4 QDE: /cfs/klemming/hom 'whua...aqus_runs/test_umayE.odb Viewport: 2 ODE: /cfs/klemming/home/w/whua...qus_runs/test_umatMC.odb
m
Step: Ceoini Frame: 0 Step: Geoini Frame: 0
3 1 u.w Total Time: 0.8500600 u.u2 Total Time: 0.000000
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£ 4.158e-03 2558502
------------------------------------------------ e 4566203 -3450£-02
Viewport: 3 ODB: fcfs/klemming/home/w/whua...us_runs/test_umat/DPC.odb Viewport: 4  ODB: /cfs/klemming/home/w/whua...qus_runstest_umatHP.odb
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¢ i ey e
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Machine-learning-based surrogate models

Dataset construction
(Operating params,
ICMVs, vibration
response)

Input:
Measurement data

Feature engineering

Data-driven
approach
Output:
Deformation moduli
(Evy, Evp)

=

Input:
Simulation data

Machine-learning
models

Physics-informed
approach

Output:

Compaction effect &

v Remaining potential
(Relative void ratios)

Model trainning
(MLR, RF, XGBoost,
TabPFN)

Y

Model evaluation &
Sensitivity analysis

TabPFN2

Random Forest

XGBoost

Linear Regression

21.55

36.55

R2 Score (%) (95% CI)

63.55
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Future work

* To develop a stiffness-based ICMV that better represents ground stiffness and is less
sensitive to compaction parameters. This ICMV is expected to be universally applicable
across diverse soil conditions and roller characteristics.

* To investigate the influence of compaction parameters (e.g., vibration amplitude,
frequency, and travel speed) on measurements through further full-scale compaction tests,
and thereby identify optimal proof-rolling settings that maximize correlation with PLT.

» To establish a synthetic dataset through high-fidelity coupled multibody-finite element
simulations of vibratory compaction, and then propose a machine-learning model based on
the generated dataset to estimate both the achieved compaction effect and the remaining
compaction potential.
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