Crack Analysis

SectionPro Tutorial — Crack width w;, and maximum crack spacing s

T, max

at the serviceability limit state per Eurocode 2

BridgeKernel - 2026

| Introduction

Reinforced concrete cracks under service loads. Cracks do not compromise structural safety, but
excessive openings allow water, chlorides and CO; to reach the reinforcement, causing corrosion.
Design codes therefore limit the crack width w, at the serviceability limit state.

SectionPro implements the Eurocode 2 direct calculation approach. The crack width is the product
of the maximum crack spacing and the mean differential strain between steel and concrete:

Wy = Sp max * (8sm - 8cm)

The crack spacing depends on cover ¢, bar diameter ¢, bond factor k; and effective reinforcement
ratio p,, o
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The mean differential strain accounts for tension stiffening (concrete between cracks carries part of
the tension):
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The effective tension area depth h, . is a key intermediate result computed automatically from the
section geometry: h, . = min(2.5(h —d), (h —x)/3,h/2).

Computed results

SectionPro provides for each crack width analysis:

Results per load case Intermediate quantities Exports
wy,: crack width g ety Acetts As efts Pp eft PDF, Excel (.xlsx), Text
Sy max: Maximum crack spacing ko, g, Ae Critical combinations, intermedi-

o, steel stress d, xz, c ate values




| Rectangular slab

Input data = Data

Concrete
Concrete wath ) p——
e Rectangular cross-section L /A = J

o Width b =1.00 m Reinforcement @
o Depth h = 0.30 m Mode: countoneachside ~

Define one or multiple layers of reinforcement

Reinforcement e positon: Top .

° 14 bars @ 14 ((ps — 14 mm) [\h;mharufrghars J lﬁj;.d;ameter(mm) J [n}no(:!ecmver(mm)J [a;;ers(lurz) J
e 7 bottom + 7 top, spacing 157 mm
e Cover 30 mm, 1 layer per face

o A, =14 x 1539 = 21.55 cm?

Material laws (EC2)
o Concrete C30/37: f,,. = 30 MPa
o Steel B500B: f,, = 500 MPa . . . . . 5 .

Figure 1: Rectangular slab.

Results

The crack width is evaluated for two loading states: pure bending and tension-dominated. Cracking
parameters are kept at their recommended values: k, = 0.6 (long-term), k; = 0.8 (high-bond bars),
k3 - 34, k4 — 0425, fct,eff - 32 MPa

B Analysis Analysis
The maximum crack opening for each limit state is given below, along with the corresponding maximum spacing
srmax:
Results: o-¢ - @
Param Units sLs-C
Param Units, #1 #2
wh mm 0.315
ac MPa -0.07 0.00
smax  mm 279.4
as,min MPa -78.80 4253
Load - #1
as,max MPa 378.89 235.87
< %% -0.680 0000
Detailed Results @
£s,min %60 -0.394 0.213
The intermediate parameters involved in the crack width calculation are given below.
smax % 1.894 1179
SF - 0.947 0.590 Param Units #1 #2
Check - (] (] h m 0.300 0.300
d m 0270 0270
Load case #11s the most unfavorable
X m 0.07 0.000
Visualization of stresses and strains . o so30 0030
Load1 - ®@:0:0n Q @ @ @ Details he.eff m 0.075 0.075
Aceff m? 00750  0.0750
oc =-9.07
As eff m? 0.0011 0.0011
olteff - 00144 0.0144
k2 - 0.500 0.535
s mm 1400 14,00
srmax mm 2677 279.4
os MPa 3789 2350

Figure 2: Slab: stress—strain state (left) and crack width results table (right).

Under pure bending (M, = 100 kN - m), the neutral axis lies at z = 71 mm, leaving h — z = 229 mm
of the section in tension. With k, = 0.5, the spacing formula gives s = 267.7 mm. The crack
width w;,, = 0.315 mm exceeds the usual 0.3 mm limit: a thicker slab or closer bar spacing would be
needed in practice.

T, max



Under tension (N = —300 kN, M, =25 kN - m), the entire section is cracked (z = 0). Despite full
cracking, w;, = 0.198 mm is smaller than in bending because all 14 bars share the load, reducing
o, from 379 to 236 MPa. The factor ky = 0.535 reflects the slightly non-uniform strain distribution
caused by the residual bending moment.

| I-beam: pure bending

Input data = Data

Concrete

Reinforcement @

e I-shaped cross-section with haunches

Generate steel rebars using primitives or import directly the zy coordinates and the diameters @s

o Bottom flange: b = 0.75 m ® senn O e O euoe ()
Is a primitive was chosen, input the following data
° Web: b'u) — 025 m 21(m) 22 (m) y1(m) y2 (m)
\I ) | ) | ) |
 Top flange: by = 1.60 m - -

e Total depth h = 1.80 m ‘\ J ‘\/ ‘:‘
Reinforcement (passive steel only) -
o 70 bars total (HA16 + HA20)

o 6 HA20 as bottom reinforcement

e 64 HA16 distributed along the section contour

Material laws (EC2)
o Concrete C30/37: f,,. = 30 MPa
e Steel B500B: fyk = 500 MPa Figure 3: I-beam.

Results

The I-beam is loaded in pure bending at three increasing moment levels (M, = 1000, 2000 and 2500
kN - m). Cracking parameters: k, = 0.6, k; = 0.8, k3 = 3.4, k;, = 0.425, f., . = 2.9 MPa.

Analysis Analysis
osmax  MPa 138.60 27720 34650 bawEm Wi sllesc
« %o -0189  -0378  -0.473 wk mm 0.267
esmin %n 0174 0348 0435 e max om 186.8
smax % 0603 1386 1733 Lond ~ 3
sF - 0347 0693 0.866
Check - (] ] ] Detailed Results ®

The intermediate parameters involved in the crack width calculation are given below.
Load case #3 is the most unfavorable

Param Units # #2 #3
Visualization of stresses and strains
h m 1.800 1.800 1.800
Load3 - @c0:0n @ @ & (@) vewis d m 1768 1768 1768
x m 0379 0379 0379
os.min = -87.0 c m 0.030 0.030 0030
oc=
he.eff m 0.079 0.079 0.079
Aceff m? 00595  0.0595  0.0595
As eff m? 00023 00023  0.0023
olteff - 00384 0.0384 00384
k2 - 0500 0500 0500
o5 mm 19.16 19.16 19.16
srmax mm 186.8 186.8 186.8
os MPa 138.4 2767 3459
os,max = 346.5 ae %o 0.415 1.086 1432
wk mm 0078 0203 0267

Figure 4: I-beam: stress—strain state (left) and crack width results table (right).



The crack width increases with the applied moment: w;, = 0.078 mm at M, = 1000 kN - m, 0.203 mm
at 2000 kN - m and 0.267 mm at 2500 kN - m, all below the 0.3 mm limit. The crack spacing s, ;. =
186.8 mm remains constant across all load levels since it depends only on geometry and reinforcement
layout.

| Benchmark

The crack width calculation is instantaneous: less than 10 ms for typical projects (up to 1 000 SLS
load cases) and under half a second even for 100 000 cases.

| Export

SectionPro exports the crack width analysis in three formats: PDF, text (fixed-width columns) and

Excel (.xlsx). Exported data includes all results per load case (wy, s O Ne etts Ppetts €1C.) sorted

7, max’
by decreasing wy,.

Crack width and spacing

GENERATED BY THE SECTIONPRO SOFTWARE ON : 2026-05-21 17:33

Main results

Param Units SLs-C

wk mm 0.267

sr,max mm 186.8
Load - #3

Below are the crack openings wk and their maximum spacing sr,max for the most unfavorable loads of each limit
state. The obtained values can then be compared with the limits prescribed by the normative context.

Detailed Results

Below are the intermediate parameters involved in the EN-1992 calculation methodology:

Param | Units = ““

h m 1.800 1.800 1.800

d m 1.768 1.768 1.768

X m 0.379 0.379 0.379

C m 0.030 0.030 0.030
hceff m 0.079 0.079 0.079
Aceff —m? 0.0595 0.0595 0.0595
Aseff m? 0.0023 0.0023 0.0023
pt,eff - 0.0384 0.0384 0.0384
k2 - 0.500 0.500 0.500
ds mm 19.16 19.16 19.16
sr,max mm 186.8 186.8 186.8
os MPa 345.9 276.7 138.4
Ae Yoo 1.432 1.086 0.415
wk mm 0.267 0.203 0.078

GENERATED BY THE SECTIONPRO SOFTWARE

Figure 5: PDF export: crack width results.

| Conclusion

The direct crack width calculation per EC2 §7.3.4 provides a rigorous assessment of the cracking
state at the serviceability limit state. SectionPro automates the entire procedure: from the stress—



strain analysis to the determination of the effective tension area h, ., the crack spacing s, ,,, and
the final crack width w;,.

The two examples illustrate contrasting scenarios: a rectangular slab under bending and tension, and
an I-beam under increasing bending moments.

The calculation applies to cross-sections of arbitrary shape: the effective tension area and reinforce-
ment detection are computed from the general section geometry, without being limited to rectangular
assumptions. The method is also applicable to other normative contexts by adapting the cracking
parameters (k;, ky, k3, kg, for or) to the values prescribed by the relevant design code.
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