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Testing of mechanical parameters
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Attention

Next laboratory will be held in building 10-29, room 18, ground level.

Please come in groups of
not more than 12 people.
It is best to follow the
division into dean groups.

Cloathroom is obligatory.
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LABORATORY OBJECTIVE’S
Importance of mechanical tests (Universal Testing Machine, Brinell hardness,

Cauchy hammer);
Statistical analysis of UTS results;
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1. Elaborate a protocol of static tensile steel test. Analyze mechanical properties.
2. Elaborate a protocol of static tensile aluminum test.

3. Elaborate a protocol of Brinell hardness test. Based on the result, identify the
grade of steel.

4 Elaborate a protocol of Charpy impact test hammer Based on the result, identify
the subgrade of steel.

9. Basing on values of strength steel specimens, obtained at universal testing
machine, calculate design value of yield strength.

Two separated grades:
* For points 1+2+3+4 — L, ,

* Forpoint 5 — L, 4

y Cracow University [ x| Faculty of Civil Chair of Bridge, Metal and Timber Structures
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Task 5: Statistic of results

Number of results from UTM will be too small to make full statistic. You will make
statistical analysis, based on data attachet to presentation (files 01.txt - 48.txt)

lab3-4.zip file:

Dokument tekstowy

Dokument tekstowy

Data for task 5

Dokument tekstowy
Dokument tekstowy
Dokument tekstowy
Dokument tekstowy
Dokument tekstowy
Presentation

: lab103-4 Microsoft Edge PDF Docu...

lab103-4t Miicrosoft Edge PDF Docu... Title page

Photo: Author
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Yoy
PK

294.,8
288,6
280,0
294,3
277,71
252,6

Cracow University
of Technology
80th Anniversary

268,9 255,6
265,3 276,6
302,0 258,2
262,5 229,2
310,5 282,0
288,0 326,3

Faculty of Civil
Engineering
80th Anniversary

Example of data [MPa]:

255,9
278,1
289,8
262,1
277,3
276,5

279,2 298,8 2539 284,5 2710
312,0 301,5 245,1 318,9 288,0
249,3 280,5 249,4 305,5 259,0
231,2 264,1 256,7 271,8 27/4,1
247,2 307,8 268,2 275,5 286,6
247,5 310,9 275,6 300,4 282,0

n = 60 results

284,3
237,71
283,1
265,3
311,5
274,8

Chair of Bridge, Metal and Timber Structures

Cracow University of Technology




Yoy
PK

229,2
255,6
268,2
277,3
284.,5
301,5

Cracow University
of Technology
80th Anniversary

According to information from Lecture #2.

(R,,R,, Ry ... Ry) = (264,3 ; 3204 ; 241,4 ... 318,8)

Change the order of the results:

231,2
255,9
268,9
271,71
286,6
302,0

R . <

min —

R,<R,<R,<..<R, .

237,71 2451 2472 2475 249,3 249,4 252,6
256,7 258,2 259,0 262,1 262,5 264,1 265,3
2710 271,8 274,1 2748 2755 2756 276,5
278,1 279,2 280,0 280,5 282,0 282,0 283,1
288,0 288,0 288,6 289,8 294,3 294,8 298,8
305,5 307,8 310,5 310,9 311,5 312,0 3189

Faculty of Civil
Engineering
80th Anniversary

R =2292 MPa
R, . =326,3 MPa

253,9
265,3
276,6
284,3
300,4
326,3

Chair of Bridge, Metal and Timber Structures
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Limits [MPa] | 220-240 | 240-260 | 260-280 | 280-300 | 300-320 | 320-340
(Ag = 20 MPa)

Number of 3 12 20 14 10 1
results

0,33

0.3

025

02

0.13

0.1

0,05

220-240 240-260 260-280 280-300 300-320 320-340

Photo: Author
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This type of results we can described by a normal distribution ¢(x) :

1 PRY:
W= ar P (‘%)

— #2 /36 -

hee = (ER,) /0 (average)

ore = V{[Z (Re; - lre)?l/ N} (standard deviation)

The same way of recalculations for R,

Faculty of Civil Chair of Bridge, Metal and Timber Structures
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0,03

lee = 276,8 MPa
Gre = 21,9 MPa

0,025

0,02

/\

0,015

[\

0,01

0,005

250

255 260 265 270 275 280 285 290 295 300

Photo: Author
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According to information from Lecture #2:

f, « = lower quantile 5% of R,

1:y,d: y,k/yM

Value of quantiles can be calculated in dependence to iz, and og,.

Faculty of Civil Chair of Bridge, Metal and Timber Structures
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33%

0,35
Photo: Author
] 03
Quantile: such
strength value, that s
smaller valueg occur 20%
only for certain % of o
samples
0,15
0,1
—#2 /41 5%
0,05 +
0 - . . : —
220-2 240-260 260-280 280-300 300-320 320-340
Below 240 MPa: 5% results
240 MPa — 5% quantile
Below 260 MPa: 25% results 260 MPa — 25% quantile
Average (276,8 MPa) — 50% quantile
. 0
Below 280 MPa: 58% results 280 MPa — 58% quantile

lv‘“v Cracow University [ "] Faculty of Civil Chair of Bridge, Metal and Timber Structures
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— #2 /42

Calculation of quantile is much more accurate, when
we base on normal distribution, not bar diagram:

O
N% i
Value x is N% quantile, when:
X

X N% of total area = OO_[ d(&) d&

OS>

N% 1/

Area under curve on left side of x.

(There is d§ no dx to avoit of symbols conflict)
Photo: Author
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We analysed this problem as function for curve and area under curve.

But, generally, there are special definitions in maths for this problem:

d(x) - distribution (here: normal distribution)

— #2 /43

X
D(x)= _OJ ®(§) d§ - cumulative distribution
d/dx [®(x)] = ®(x)" = §(x)

We can draw curve for ¢(x), and, of course, we can draw curve for @(x).

m 80th Anniversary
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In analysed case, area under line and cumulative distribution is the same object:

N%=A = | o) dg = 00

0,0<dx)<1,0
— #2 /45
Relation dD(x) = _OOJ. ’ ®(§) d€ can be analised:

* from x to @(x) (calculation of function);

e from F(x) to x (calculation of inverse of function [F(x)]!);

For example:
DO(x)=x> ; x=5->0(x)=5>=25
X =[O =V[Dx)] ; OX)=49 > x=V49=7

N4 Cracow University  [* "] Faculty of Civil Chair of Bridge, Metal and Timber Structures

7\ . -
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e data: x : finding value: ® = N%
#2146 ’ J ’

« data: ®=N% ; finding value: x

1.0

08

| end

Photo: Author

First case is calculation of cumulative distribution.

Second case is finding value of quantile.
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Algorithm: Normal Distribution (ug. , Ore)

Test in Universal Testing Machine B

] $ Eo- ;‘-:4

: H MRe > ORe 02 s
— #2 /50 Cumulative Distribution (g, , Og.)

Photo: Author

Cumulative Distribution (pg. , Ogr.) Normal Distribution (pig. , Oge)
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Name Formulas
Distribution Cumulative distribution
2
1 P _
Normal (Gauss) — exp fﬂ z (1 - erf = ”)
oy 2w 2o 2 a2
: 1 1 In(x]
Log-normal - exp nz — p) * L) — 4 —orf [#]
\ 2mor 2a7 o 2 2 a2
Weibull (e / X} (] A1) gt/ A" 1 — e lant
, z exp(—z) - z— A
Fréchet 3 == exp 3 exp(— exp|—(z — A)/B])
(AL=00 ; B=10)
1 . T — | _
Gumbel —e 50 z= —e (=l
8 8 e
Chair of Bridge, Metal and Timber Structures
Cracow University of Technology
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Two symbols are used in table on previous page: exp for distribution and erf for cumulative

distribution. The meaning of these symbols is as follow:
exp (§) =e5 ; for normal distribution: & = (X — n)?/ (2 ¢?)

erf (t) = _OoIt [exp (€2 d&] ; for cumulative distribution of normal distribution:

E=(x-p)/(20c%

& is normalized variable, this means &, qr,qe = 0

erf(t) is a non-elementary function. It can be solved numerically only. The same applies
to the inverse of this function.

The results are often presented in special tables.

Faculty of Civil Chair of Bridge, Metal and Timber Structures
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Example of table for normal
Funkcje odwrotne Laplace’a @~' 1 Millsa ¢! distribution and C_UIT]_U'&'[_IVG
, ‘ normal distribution

t = P-? (’ll_) jesli @(¢) = 'l: ! = ¢“( L-) jesh ¢(1) = 7‘(
C1/n ' ’ , 1/n , 1 : _ iy
1 ljk | (D—l(i) ¢l*ll<) | 1k d)l(n) ¢l(—i‘)
: 1012 -7,0340 7,3092 001 —2,3269 2,7164
| 10-M -6,7056 6,9871 0,02 —2,0542 2,4496
| 10~° —6,3609 6,6493 0,03 —1,8812 2,2799
| j0-° —5,9974 6,29353 0,04 1,753 2,1521
. 10~°® =S 611T | 5,9164 0,05 —1,6452 2,0481
| 1077 —5,1991 5,5135 0,06 —1,5551 1,9596
| 10-° —4,7533 5,0787 0,07 | —1,4761 1,8819
| 5+10-¢ —4,4171 4,7512 008 | —1,4053 1,8124
| 10~* —4,2648 4,6030 0,09 —1,3410 1,7493
| 5-10~4 —3,8906 4,2390 i 0,10 —1,2817 1,6912
i {5 —3,7191 4,0722 | 020 ~0,8415 | 1,2743
5-10"4 —3,2900 3,6557 0,30 —0,5240 0,9670
|  10-% | —3,0905 3,4609 0,40 —0,2529 0,7262
' 5-107? ~2,5762 29600 | 0,50 0,0000 0,5179

J. Murzewski, ,,Niezawodno$¢ konstrukcji inzynierskich”, Arkady Warszawa 1989

Engineering

[T of Technology . .
80th Anniversary Cracow University of Technology
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Calculation of quantile

Tables are dedicated for normalised variables:
&2 = (x—w?/ (o2

normalised o, = (Ono - 1) / ©
® (normalised gyq,) = N% =N /100
@ [(Clysy- 1) / 6] = N /100
(Qnos - 1) / o =[@ (N /100)]ED <= inversion of both sides of equation
O~ 1 = & [@ (N / 100)]D)

Onoe = 1+ o [@ (N /100)]ED

.nh of Technology

m 80th Anniversary
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N = 5% = 0,05 — table #t / 20 — [® (0,05)] V= -1,645
. U596, norm = 1 + 0 [@(0,05)]"V=p -1,645 ¢

nel) e

001 | —2,3269 ;m@ For our example:

00 et 213799 1 W= 276,8 MPa

005 L eiso 3 0481 o =21,9 MPa

000 | Iy e sy norm = 276,8 - 1,645 - 21,9 = 240,8 MPa

Probably steel S235

J. Murzewski, ,,Niezawodnos$¢ konstrukcji
inzynierskich”, Arkady Warszawa 1989

Characteristic and designing values:

1:y, k= q5%, norm

f,q=1 /v
Most calculations in point 5 (without ¢ _y’ <M
introductory explanations) fit into a vm =10
few lines f, 4 = 240,8 MPa

.v‘"v 7 Cracow University [ "] Faculty of Civil Chair of Bridge, Metal and Timber Structures
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— #2 /8

Universal testing machine

EN 10 002-1

{ v Wl

Photo: feiplar.com.br

Photo: Author
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The results for structural steel, alumnium and special steel (non-structural steel):

Wyniki badama

+-
SR IR OTE
Legenda N_r7~ u mm*2  MPa MPa 20 %
BN 6 10040 7854 - | 44 | 161 1914 868 - — #2 /12
BEEMN 7 12028 11310 - | 354 | 342 | 4 459 | 287 [5195[2661] - v
BN 3 120,19 113,10 - - | 702 | 415 | 7943 | 6,15

Wykres serii: :
high strength steel

stress

600 -

1 structural steel

Naprezenie w MPa
t

aluminum

0 ) ES—] S ST — - 4 4 — + <+ —
0 10 20 30

- Wydluzeni % .
e elongation

Photo: Author
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— #2/19
Speciment after testing - tension

Photo: Author

(informal speciment, A = const)
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Summation:

— #2 /53
Statistical analysis:
‘ Test:
(¢}
R, < R -aver
fuc
Re— aver :
Re - /\‘--..__.___._---—— - 5%
—
f 1:u = fuk / Tm
yk T
5%
fy = fyk Iym
tga=E
(0
—

Photo: Author
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Task 1a: structural steel:

Complete the table;
Based on the information in the table, determine the grade of steel (EN 1993-1-1);

Compare elongation with acceptable by the minima (EN 10025-2 ; comments);

# | hdfaterial dcen M Le As Ag Es B Comments
St/AL [mm] [kg/m] [mm] ) [e] [MPa] [MPa]
X X X X X X X X

L B B e L I e |

Faculty of Civil Chair of Bridge, Metal and Timber Structures

Cracow University
lﬂk ‘ of Technology I‘%}I Engineering

80th Anniversary Cracow University of Technology

m 80th Anniversary



Task 1b: high strength steel (if will be):

Complete the table;

£ | MhMaterial [ — M As An E- Fo Comments
St/ Al [mm] [kz/m] [mm] [%4] [%] | [MPa]| [MPa]

1 X X X X X X X X

2 X X X X X X

4

3

]

No calculations, entering information only;

VY Cracow University Faculty of Civil Chair of Bridge, Metal and Timber Structures

of Technology I‘@I Engineering
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Task 2: aluminum (if will be):

Complete the table;

Based on the information in the table, determine the grade of aluminum (EN 1999-1-1);

£ | Dhdaterial [ — M As A E. B Comments
St/ Al [mm] [kz/m] [mm] [“a] [%e] [MPa] | [AMPa]
X X X X X X X X
X X X X X X
X X X X X X

[ ) I T R o L I | e

No calculations, entering information only;

Aluminum: other symbols

Ry, — T,
R,—f,

VY Cracow University Faculty of Civil Chair of Bridge, Metal and Timber Structures
[

of Technology I‘@I Engineering
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Information in table consists on three various group of data

Comments

Initial information about material, its density, dimension of samples;

Data from tests;

Data from calculation — #t / 31;

m:{] 80th Anniversary
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Data on #t / 24
R.=(Ry+ Ry ) /2=(354+342) /2 = 348 MPa
Agt = 26,61 %

f, aver = Re /1,1 (assumption, because only one speciment) = 316,364 MPa
o, = 0,07 R, (assumption, because only one speciment) = 22,145 MPa
f, ¢ =1, aver - 1,645 0, = 279,934 MPa — probably steel S275 (the same type of
analysis as on #t / 22)
f,a=1,/1,0=279,934 MPa

Comments for result: is elongation within range predicted by standards?
Minimum elongation for S275 (#t / 35, max for all S275): 23 %
26,61 % > 22 % OK

of Technology

m 80th Anniversary
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EN 1993-1-1 tab 3.1: relation strength — name of steel

_ Nominal thickness of the element t [mm]
Standard
and t <40 mm 40 mm <t = 80 mm
steel grade - i . .
f, [N/mm] f, [N/mm] f, [N/mm’] f, [N/mm~]

EN 10025-2

S 235 235 360 215 360
5275 275 430 255 410
S 355 355 490 335 470
S 450 440 550 410 550
EN 10025-3

$ 275 N/NL 275 390 255 37
5 355 N/NL 355 490 335 470
S 420 N/NL 420 520 390 520
S 460 N/NL _ 460 540 | 430 540
EN 100254

5275 M/IML 275 370 255 360
S 355 M/ML 355 470 335 450
S 420 M/ML 420 520 390 500
(S 460 MML 460 540 430 530
EN 100258-5

5235 W 235 360 215 340
S355W - 355 490 335 490
EN 10025-6

S 460 Q/QL/QLI 460 570 440 550

Cracow University [ x| Faculty of Civil Chair of Bridge, Metal and Timber Structures

of Technology Engineering . 5
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EN 1993-1-11 tab 1, tab. 2: relation strength — name of steel

EN10025-6 Nominal thickness of the element 7 mm
Steel grade and <50 mm 50 mm</<100 mm 100 mm</<150 mm
qualities S [Nmm] | £ [Nmm7] [ A [N/mm7] |4 [Nmm] | A [N/mmT] [, [N/mm]
S 500Q/QL/QL1 500 590 480 590 440 540
S 5500Q/QL/QLI 550 640 53 640 490 590
S 620Q/QL/QLI1 620 700 580 700 560 650
S 690Q/QL/QLI 690 770 650 , 760 630 710
EN 10149-22) 1.5mm <7< 8 mm Smm<r< 16 mm
Al A | K| A
[IN'mm~] | [N/mm~] | [N/mm| | [N/mm7]
S S500MC 500 550 500 550
S S5S0MC 550 600 550 600
S 600MC 600 650 600 650
S 650MC 650 700 630 700
S 700MC | 700 750 680 | 750
a)  Verification of the impact energy in accordance with EN
10149-1 Clause 11, Option 5 should be specified.

of Technology
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EN 10025-2 Hot rolled products for structural steel; technical delivery conditions for non-
alloy structural steel: relation strength — name of steel (more accurate)

Table 7 - Mechanical properties at ambient temperature for flat and long products of steel grades and qualities with values for the impact strength

L . ) s ] ]
Designation Minimum yield strength Rex | Tensile strength Ry,
MPa® MPa"®
Nominal thickness Nominal thickness
mm mm
According According =16 > 16 > 40 > 63 *> 80 =100 | =150 | =200 | > 250 <3 > 3 =100 > 150 > 250
E:d 10027-1 | EN 10027-2 <40 < 63 <80 | <100 | =150 | =200 | =250 | <d400° < 100 < 150 <250 < 400°
a
CR 10260
S235JR 1.0038 235 225 215 215 215 195 185 175 36010510 | 360to 510 350 to 500 340 to 490
$23500 10114 235 225 215 215 215 195 185 175 - 36010510 | 360to 510 350 to 500 340 to 490 .
823542 10117 235 225 215 215 215 195 185 175 165 360 10 510 380 to 510 350 to 500 340 to 490 330 to 480
§275JR 1.0044 275 265 255 245 235 225 215 205 430 to 580 410 to 560 400 to 540 380 to 540
S275J0 1.0143 275 265 255 245 235 225 215 205 - 430t0 580 | 410 to 560 400 to 540 380 to 540 -
527542 1.0145 275 265 255 | 245 235 225 215 205 195 43010 580 | 410 to 560 400 to 540 38010 540 | 38010 540
S355JR 1.0045 355 345 33s 325 315 295 285 275 - 51010680 | 470to630 | 45010600 | 450to 600
S35500 1.0563 355 35 335 325 315 205 285 275 - 51010680 | 470t0 630 | 45010600 | 450 to 600 -
S385.2 1.0577 355 345 335 325 315 295 285 275 265 51010680 | 470to630 | 45010600 45010 600 | 450 to 80O
S355K2 1.0608 355 345 335 325 315 295 285 275 265 51010680 | 47010630 | 45010 600 45010600 | 450 lo 600
S45000" 1.0590 450 430 410 380 380 380 550 to 720 530 to 700

parallel (I} to the rolling direction.

1 MPa = 1 Nimm’°.
The values apply to flat products.
Applicable for long products only.

For plate, strip and wide flats with widths > 600 mm the direction transverse (t) to the rolling direction applies. For all other products the values apply for the direction

{To be continued)
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EN 10025-2 Accepted elongation for various grades of steel

Table 7 - Mechanical properties at ambient temperature for flat and long products of steel grades and qualities with values for the impact strength

(concluded)
Designation Position Minimum percentage elongation after fracture *
of test
pieces %
" Ly = 80 mm Lo =565+S,
Nominal thickness Nominal thickness
mm mm
According According <1 | >1 >15 | >2 >25 23 > 40 > 63 > 100 > 150 > 250
EN 10027-1 | EN 10027-2 <15 | <2 <25 | <3 < 40 <63 | <100 | <150 |<250 | <400
and only for J2
CR 10260 and K2
| S2350R 1.0038 | 17 |18 |19 |20 |21 26 |25 |24 | 22 L 21
$235J0 1.0114 | ‘ ' | 1 | l | :
| ! |
| 823502 1.0117 t 15 16 17 18 19 24 23 22 22 21 21 (land t)
S275JR | 1.0044 ! 15 |16 [17 [18 [19 23 |2 |21 19 |18 |-
$275J0 1.0143 ; ba
S275J2 1.0145 t 13 14 15 16 17 21 20 19 12 18 18 (land t)
S355JR 1.0045 | 14 15 16 17 18 22 21 20 l 18 17 -
$355J0 1.0553 | ; . |
$355J2 1.0577 17 (land t) |
S355K2 1.0596 t 12 13 14 15 16 20 19 | 18 18 17 17 (land t)
$45040° 1.0590 ' - - |- - |- 17 17 |17 17
*  For plate, strip and wide flats with widths 2 600 mm the direction transverse (t) to the rolling direction applies. For ali other products the values
apply for the direction parallel (1) to the rolling direction.
The values apply to flat products.
°  Applicable for long products only

of Technology
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EN 10025-2 Accepted elongation for various grades of steel

Table 8 - Mechanical properties at ambient temperature for flat and long products of steel grades with no values for the impact strength

Designation Minimum yield strength Ras * Tensile strength R, *
MPa” MPa®
Nominal thickness Mominal thickness

mm mm
According According <16 | =16 | >40 | >63 | >80 | >100 | >150 | > 200 <3 = 3 > 100 > 150
EN 10027-1 EN 10027-2 =40 =63 <80 | <100 =150 =200 | <250 <100 <150 < 250
and CR 10260 |
5185 1.0035 185 175 175 175 175 165 155 145 310to 540 | 260to 510 | 28010 500 | 270 to 490
E295° 1.0050° 295 285 275 265 255 245 235 225 490 to 660 | 470t0 610 | 45010 610 | 44010610
E335° 1.0060° 335 325 315 305 295 275 265 255 980to 770 | 570ta 710 | 550to 710 | 540to0 710
E360° 1.0070° 360 355 345 335 325 305 295 285 690 10 900 | 670to 830 | 650to 830 | 6401to 830
*  For plate, strip and wide flats with widths > 600 mm the direction transverse (t) to the rolling clirection applies. For all other products the values apply for the

direction parallel (I} to the rolling direction.

® 1 MPa=1Nmm’.
“  These steels are normally not used for channels, angles and sections.

{To be continued)

N Faculty of Civil Chair of Bridge, Metal and Timber Structures
f\/ | of Technology Engineering . -
IO 5ot Anniversary 25| 8oth Anniversary Cracow University of Technology

l AN Cracow University




EN 10025-2 Accepted elongation for various grades of steel

Table 8 - Mechanical properties at ambient temperature for flat and long products of steel grades with no values for the impact strength (concluded)

-
Designation Position Minimum percentage elongation after fracture *
of test %
pieces
Lo =80 mm l Lo=565+S;
a Nominal thickness Nominal thickness
mm mm
According According <1 >1 >1,5 >2 >25 >3 > 40 > 63 >100 | >150
EN 10027-1 | EN 10027-2 <15 |2 <25 <3 <40 | <63 | <100 | <150 | < 250
and |
' CR 10260 T v DEmm——
I 10 1 12 13 14 18 17 | 16 15 15
S185 1.0035
t 8 9 10 1" 12 16 15 14 13 13
| 12 13 14 15 16 20 19 18 16 15 —]
E295° 1.0050°
t 10 1 12 13 14 18 17 16 15 14
1§
m— 1.0080° I 8 9 10 1 12 16 15 14 12 1"
' t 6 7 8 9 10 14 13 12 1 10
[ 4 5 6 7 8 1" 10 9 8
E360° 1.0070°
t 3 4 5 6 7 10 9 8 7 6
For plate, strip and wide flats with widths > 600 mm the direction transverse (t) to the rolling direction applies. For all other products
the values apply for the direction parallel (1) to the rolling direction.
©  These steels are normally not used for channels, angles and sections.
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EN 1999-1-1 tab 3.2: relation strength — name of aluminum

I . i I ] , _ 7) 7y . . 7
Alloy o 1y | hick- fo ] fu Az fohaz  fuhaz HAZ-factor™ BC My
EN- lemper ness, . : 3 7] 4 1 5
AW mm NAmm© %% N/mm Po haz Puhaz / )
174/H 3 <613 ] | 220 _'{ . 7 o k] K
3004 HI4.III,J,1I_4 <613 [1I801170[220 | 1 I 155 0421044 | 0 i_} B _._II'-“;
HI6 1H26/H36| <413 [2001190]240 | 113 0381039065 | B [25120
2 < 3 17 114 371043 8 3 8
1005 Hi14 | H24 <63 i::{Fn L.n 1 ﬂ 5 118 0,37 | }'4', u.r_:_ B 38118
H16 | H26 <413 1751160195 | 113 0321035 | 059 B |43124
41H24 22501251200 110 214 0.3710.40 | 0.¢ 3112
1103 Hid|H <25012,5 1 |”, 140 a4 % 4 134 B |31120
HiG | H2G <4 1451135160 | 112 0301033 056 B |48128
o OMITT | <50 35 100 15 i5 100 I | B 3
on [A12TH22/M32 | < 12,5 [ 95180 [125 [ 214 | 7 [~ T[04610.55[ 080 | B [1811]
~ HI4TH24/H34| <125 1200110145 | 213 0,371040 [ 0,69 | B [25117
5052 HI12 I H22/H32| <40 1601130210 | 415 %0 170 0,5010,62 | 0,81 B 17110
TUT HI4 TH24/H34 L <25 1801150230 | 314 ‘ 0441053 | 0,74 B |19111
5049 O/HI < 100 80 1 90 12 80 100 | | B 6
- Hid | H24/H¥M| <25 [1901160[240 | 316 | 100 190 |0,53310,63 | 0,79 B (20112
5454 /M < 80 85 215 12 85 215 I | B 3
T IHIaH2aH3 | <25 DPoor2o00l270 1 214 [ 1os | 215 [oagioszfoso | B [22115
5754 O/HI < 100 80 190 12 80 190 | I B 6
T |HI4IH24/H34 | <25 (19011601240 | 316 | 100 190 10,5310.63 | 0,79 B (20112
< 5 25 |275 M1 25 | 275
oM =20 1 135 127 - = = I 1= 6
5083 50<r=80 115 270 | 1 115 270 B
T [HI2H22/H32 | <40 PS01215[305 | 315 1 0621072090 | B [22114
-||||||-|1|||11 P Ay 1S | aans A4 | Ihﬁ :?ﬁ AEE I FA Rl M LG LR
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Hardness

measure of how resistant solid matter is to various kinds of permanent shape
change when a force is applied

Load

* Brinell l ,
- Vickers Q,D
f |d)

* Rockwell v

TestProcedure TestResult

. Poldi Brinell Testing

Photo: practicalmaintenance.net
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Brinell (EN ISO 6506)

HB = 0,204 F/ {nD [ D - V(D? - d®)]} bal indicator
d=(d, +d,) /2

impression

R~ 3,33 HB (125 < HB < 175)
R~ 3,53 HB (HB > 175)

(&) Brinell indentation
'd1

-

We can identify the grade of steel in non-destructive test

(b) measurement of impression
diametar

Photo: twi-global.com
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— #2 /63

Poldi
spherical probe, calculations the same as for Brinell

Photo: metale24.pl
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l — #2 / 64

Pattern
Probe

Main idea: test holes are formed in the pattern
and the test material under the influence of
the same force

Photo: Author
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— #2 /65

HB = HB, [ D - V(D?- d 2]/ [ D - V(D? - d?)]
HB, - HB of the pattern (known)

D - diameter of the probe (known)

d - diameter hole in the test material (measured)
d, - diameter hole in the test pattern (measured)

HB — R,, — grade of steel

We no need to know value of force

y Cracow University  [* "] Faculty of Civil Chair of Bridge, Metal and Timber Structures

l ‘H} of Technology ‘L#A Engineering ; .
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Very old steel strucures, no
documentation on steel grade:

Cutting part of structure
and testing in UTS;

very accurate results, but
destruction of part of the
structure.

Photo: oceanmachinery.com

— #2 /66

In situ testing with a
Poldi hammer;
approximate results, but
undamaged construction.

Photo: wikipedia

Photo: ndtteknik.com
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Standarized test:

D=5mm
F=29400 N (3 000 kG)
T=10-15s

Photo:Author
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Then we measure diameter of print, using scale
In microscope.

Photo:Author
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Task 3: Hardness

Complete the table;

Based on the information in the table, determine the grade of steel;

# F [kM] t[s] di [mm] | dz [mm] Qaverage HB [MPa) R Stesl
[mm)] [MPza]

1

2

3

4
F=29400 N

1 HB = 0,204 F / {nD [ D - V(D2 - d?)]} = 178,759 MPa
t=1es R, ~ 3,53 HB = 631,020 MPa — f, ~ 630 MPa —
d; =4,2mm — #t / 33 for thickness < 40 mm —
d,=4,1mm — probably S 550 Q
d = 4,05 mm

average

7~ | Faculty of Civl Chair of Bridge, Metal and Timber Structures
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Impact resistance

the ability of a material to absorb energy and plastically deform without fracturing

Shapre of specimen ~ — #2 /67 EN 10 045-1
(notch U or V) A\

4
|
7 | 10
N C 1 4
55 [ 10
* e * —— *
b) c)
»
/;
» /i
a=8 | / | | a=18
_ 10 10
s /‘Q 0
NG ‘ \ \ -5
Nt | R
-4 | 5=2 | | | /\ b=2 |
-
Photo: Konstrukcje stalowe, K. Rykaluk, [ — ¥ Photo: ccsi-inc.com

Dolnoslaskie Wydawnictwo Edukacyjne
Wroctaw 2001
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Energy of hammer at the start position: G h
Energy of hammer at the end position: G h,

Energy absorbed by a material during fracture for notch U or V:
KCU (KCV)=G (h-hy) [J]

There are two alternative measures of
Impact resistance:

* energy [J];
« energy / area of speciment [J/ cm?];

*

Photo: Konstrukcje stalowe, K. Rykaluk,
Dolnoslaskie Wydawnictwo Edukacyjne
Wroctaw 2001
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Results of tests:

1. fracture without separation (left)
2. fracture with separation (right)

KC(1) > KC(2)

Photo: Author

lm.‘ Cracow University ’&\ EC'C%'[W of Civil Chair of Bridge, Metal and Timber Structures k%%
of lechnology ngineering ) i K
PR 5 Annversey ES | soth Anniversary Cracow University of Technology “"D



Undesired situation: it is impossible to
determine fracture energy of sample and
subrgade of steel. Test must be repeated
for higher hammer energy.

Desired situation: it is possible to
determine fracture energy of sample and
subrgade of steel

Photo: Author
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Why impact resistance is important?

Photo: inspectioneering.com

Photo: rebar.ecn.purdue.edu

Result of Charpy hammer test shows susceptibility to
brittle cracking of various grades of steel.

—#2/71

Photo: civildigital.com
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Photo: wikipedia

Photo: globalnpsolutions.com

Susceptibility to brittle cracking increases when:
* | temperature;

* 1 stresses;
— #2 /72 » 1 thickness of elements;
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EN 1993-1-10 tab 2.1

lefarence lemperature Te. [°C)
Steel | Sub KV o| 0 |-10]-20 -37»'40 s0]10) o |-10]-20] 30| 40| 50] 10| 0 |-10]-2
grade | grace

11‘(,1 J 07511 ( = 050101 sze = 0
S235| JR | 20 [ 27 J60 |50 |40 [35130 |25 20|90 75 65 55 45|40 |35 ]135/115 100] 8

"~ J0 | 0 [27 | 90|75 |60 |50 |40 | 35 | 30 | 125]105] 90 | 75 | &5 | 5ﬁi§' 175]155] 135
J2 120 |27 [125/105] 90 | 75 | 60 | 50 | 40 | 170] 145,125, 105 90 | 75 | 65 1200 200] 175] 1%
S275| JR | 20 | 27 |55 45 35130 25|20 15|80 |70 [ 55|50 40 [ 35] 30125 110 95| 8
JO_ | O 27 [ 756555145 35|30 | 25 |115] 95 | 80 | 70 | 55 | 50 | 40 | 165, 14512511
J2 1-20] 27 J110/ 95| 75 [ 65 5545 | 35 |155/130]115, 95 | 80 | 70 | 55 [200 190]165] 14
MN |-201 40 ]135/110] 95| 75 65 | 55 | 45 | 180 155]130] 115] 95 | 80 | 70 ] 200] 200 | 190] 1€
MUNL]-50 1 27 |185]160(135]110] 05 | 75 | 65 | 200 200|180, 155 130] 115| 95 | 230 200200 2(
S355| JR | 20 | 27 J40[35[25 120 |15 | 15|10 |65 |S55]45]/40|30|25|25]110 95|80 | 7
" " 27 an on AN 1 AR L N LS as an AR s 5 Al an &N ™l a

Low temperature + big values of stresses — too thick elements are prohibited

— #2 /73
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Symbols of different subrages of steel — #2 /70
EN 10025-2 tab. 9

T [°C] KV [J]

27 40 60

+20 JR KR LR
0 JO KO LO
-20 12 K2 L2
-30 13 K3 L3
-40 14 K4 L4
-50 J5 K5 L5
-60 J6 K6 L6

Faculty of Civil Chair of Bridge, Metal and Timber Structures

7\ . -
of Technology () V\ Engineering : 5
PR ot Anniversary B | g0th Anniversary Cracow University of Technology

l AN ‘ Cracow University




I4ﬂ ——

|

120

\'\.

104

Kv 1]

80

SNV
)

60

ply S mp— - Impenpen Sl dnplopnp A

20

=60 —40 =20 0 20) 40 &l g0
T [ C] Photo: Konstrukcje stalowe, K. Rykaluk,

Dolnoslaskie Wydawnictwo Edukacyjne
Wroctaw 2001
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Brittle fracture - low resistance of Ductile fracture - high resistance of
steel to cracking at low temperatures steel to cracking at low temperatures

Photo: Identyfikacja kryteriow pekania plastycznego w
oparciu o wyniki badan doswiadczalnych, L. Trgbacz
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In addition to testing for crack susceptibility, Charpy test can also be used to assess degree of
steel degradation in structures damaged by fire. This involves answering the question: ,,can
the structure continue to be safely used or is it only suitable for demolition?”

Photo: easternontarionetwork.com

180 181

Photo: Po-pozarowa degradacja wybranych stali
stosowanych w budownictwie w swietle wynikow
eksperymentalnych uzyskanych w zinstrumentalizowanej
probie udarnosci Charpy ego, P. Zajdel
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Task 4: Charpy hammer:

Complete the table;

Based on the information in the table, determine
the subgrade of steel;

T[C] Motch (UA) KU /KN [J]

| G | P | = |3

6,30 kgm =61,8J

T =~ 20°C

Photo:Author

20°C and 61,8 J — according to t# / 55 subgrade LR
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Universal testing machine - maszyan wytrzymato$ciowa

Yeld strength - granica plastycznosci

Ultimate tensile strength - granica wytrzymatosci (na rozcigganie)
Hardness - twardos¢

Impact resistance — udarnos¢

Normal distribution - rozktad normalny

Cumulative distribution function - dystrybuanta (funkcja Laplace’a)
Quantile function - odwrotna dystrybuanta (odwrotna funkcja Laplace’a)
Average value - wartos¢ srednia

Standard derivation - odchylenie standardowe
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Thank you for attention

© 2025 Tomasz Michatowski, PhD
tmichal@pk.edu.pl
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