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Failure of various components in internal drinking-water systems leads to water leakage and high costs. Brass is an appropriate
material for machining such components; however, it is sensitive to special forms of corrosion. Dezincification of duplex (� +
�') brass can cause dealloying and cracking of components, leading to a release of lead into drinking water, which is one of the
greatest health concerns for these systems. In the present study, the microstructure and fractures of three brass components that
cracked after a short to moderate period of operation were investigated. The investigation showed their sensitivity to cracking re-
gardless of the presence of a corrosive environment.
Keywords: brass, drinking water, stress corrosion cracking, dezincification, hardness

Odpoved razli~nih komponent v internih sistemih za oskrbo s pitno vodo povzro~a iztekanje vode in visoke ekonomske stro{ke.
Medenina je obetaven material za izdelavo tak{nih komponent z mehansko obdelavo, vendar je ob~utljiva na posebne oblike
korozije. Razcinkanje dvofazne (�+�') medenine lahko povzro~i selektivno raztapljanje ene faze in pokanje komponent ter vodi
tudi do spro{~anja svinca v pitno vodo, kar predstavlja eno najve~jih zdravstvenih tveganj v teh sistemih. V tej {tudiji sta bila
raziskana mikrostruktura in lom treh medeninastih komponent, na katerih so razpoke nastale kmalu ~as po za~etku obratovanja.
Preiskava je pokazala njihovo ob~utljivost na razli~ne oblike pokanja ne glede na prisotnost korozivnega okolja.
Klju~ne besede medenina, pitna voda, napetostno korozijsko pokanje, razcinkanje, trdota

1 INTRODUCTION

Brass alloys are widely used in drinking water distri-
bution systems due to their mechanical strength, corro-
sion resistance, and ease of manufacture.1 Fittings,
valves and connectors made from brass ensure safe and
reliable water transport in residential, commercial and
industrial applications. However, the long-term perfor-
mance of these components is challenged by specific
corrosion mechanisms that can lead to premature failure.

Stress corrosion cracking (SCC) is a critical failure
mode in brass, occurring under the combined influence
of tensile stresses and a corrosive environment.2–5 In po-
table water systems, SCC can initiate from the external
surface, due to atmospheric exposure and residual
stresses, or from the internal surface, in contact with wa-
ter whose chemistry may promote cracking. Failures
caused by SCC often result in leakage within building in-
teriors, leading to extensive water damage and signifi-
cant financial losses.6

SCC susceptibility in brass can be further increased
by dezincification,7–10 a selective leaching process in
which zinc is removed from the alloy, leaving a weak-
ened, porous, and copper-rich structure.11 Dezincification
not only accelerates mechanical degradation, but can
also enhance SCC initiation. Additionally, the leaching
of lead,12–15 which is added to brass to improve machin-
ability,16,17 rises health concerns,18,19 prompting regula-
tory changes and the development of lead-free brass al-
loys.16,20,21 While these new alloys offer promising
solutions to lead release, their long-term SCC resistance,
particularly in potable water environments, remains in-
sufficiently understood.2,22

In this study, a comparative investigation of three dif-
ferent cases of failure in brass components is presented.
The aim is to compare the initiation and propagation of
stress-corrosion cracking (SCC) from internal and exter-
nal surfaces of brass components used in drinking water
systems. Visual inspection, microstructural examination
and hardness measurements were conducted in order to
determine the modes of cracking. Special attention is
given to the influence of dezincification and alloy com-
position.
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2 EXPERIMENTAL PART

To investigate the failure of brass components from
three different buildings, designated A, B, and C, several
examinations were conducted. The chemical composi-
tions of the brass elements were analysed using optical
emission spectroscopy (Spectro MAXx) and are pre-
sented in Table 1. Visual inspection of corroded and frac-
tured surfaces was performed with a Tagarno optical mi-
croscope and a JEOL 5500 LV scanning electron
microscope (SEM), equipped with Aztec Live Advanced
ULTIM 65 energy-dispersive spectroscopy (EDS).
Metallographic samples were prepared to examine the
cross-sectional microstructures of the failed components.
Microstructural observation was carried out using a Carl
Zeiss Axio Imager M2m and Axio Vision software.
Brinell hardness measurements of brass components that
failed by SCC were performed on metallographically
prepared cross-sections according to ISO 6506-1 (Metal-
lic materials – Brinell hardness test), using a 612.9 N
load and a 2.5 mm ball diameter. The hardness of indi-
vidual � and �’ grains was measured using the Vickers
method (HV 0.005) according to ISO 6507-1 (Metallic
materials – Vickers hardness test).

3 RESULTS

3. 1 Description of fracture

All three failed brass components were installed in
internal drinking water systems in either private or public

buildings in Slovenia, known for having drinking water
that does not require additional treatment, except for oc-
casional disinfection, for example, after emergencies
such as floods or repairs of the water infrastructure. Pho-
tographs of the components in their as-received condi-
tion are presented in Figure 1.

Building A: Several connection components of
hot-water system valves in an internal water supply in-
stallation failed a few months after being installed in a
new building, causing a leakage.

Building B: In a public building, several brass press
T-fittings, connecting composite pipes for cold drinking
water, began to leak due to fractures after 18 years of op-
eration. The T-fittings were installed in the cement
screed on the building floor.

Building C: Only a few days after installation and the
start of operation, an angle valve plug collapsed.

3.2 Fracture examination

Brass component A: Examination of the fractured
surface of this component (Figure 2a) showed that the
main crack originated from the pipe interior. On some of
the failed elements, stepwise crack propagation is pres-
ent (Figure 2b). The main crack surface is, based on ad-
ditional EDS mapping analysis, enriched with Zn and
oxygen, indicating the presence of dezincification prod-
ucts (Figure 3).

Brass component B: Failure of several press fittings
occurred beneath the pressed section, at the transition
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Figure 1: Failed brass components from building A (a), B (b), and C (c). The white arrow in (a) indicates the fracture of the outside thread; red
arrows in (b) show the position of T-fittings inserted in the cement screed on the floor; and the yellow arrow in (c) indicates the position of the
fracture at the outer thread of the plug.

Table 1: Chemical compositions of the investigated failed brass components given in w/%

Cu Zn Pb Sn Ni Al Fe
Brass A 57.2 40.15 1.94 0.21 0.08 0.01 0.33
Brass B 55.5 39.52 2.69 1.04 0.31 0.16 0.58
Brass C 57.2 40.10 1.90 0.20 0.09 0.01 0.30

standard* 57–59 balance 1.6–2.5 0.2–0.5 < 0.3 < 0.1 < 0.4
standard** 57–59 balance 2.5–3.5 < 0.3 < 0.3 < 0.05 < 0.3

* CW619N, SIST EN 12420
** CW614N, SIST EN 12420



from the thinnest to the thickest part (Figure 4). A small
hole is visible in this part through which water was leak-
ing (marked with a red arrow in Figure 4). After removal
from the water supply system, one of the fittings was de-
liberately broken in the laboratory along the crack to ex-
amine the old section of the crack, which can be clearly
distinguished from the fresh overload fracture. The old

fracture (Figure 5) consists of Cu-rich grains (identified
by EDS and marked with a black arrow in Figure 5b)
and Sn-rich cubic crystals, marked with a white arrow in
Figure 5b. The Zn-rich phase is absent, indicating a de-
zincification process in which its products, unlike those
in building A, were not hydrolysed, but dissolved.
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Figure 3: SEM-BSE (top left) and EDS mapping analysis for Cu, Zn and O of the cracked surface of specimen A

Figure 2: Photographs of the fractured surface of failed component A. The red line indicates the transition between SCC and ductile final frac-
ture. The red arrows indicate the SCC mode of fracture.



Brass component C: Numerous steps are visible on
the fractured surface of this element (Figure 6a). SEM
analysis of the fracture revealed flat facets (Figure 6c,
black arrow), probably caused by the friction between
the fracture surface and the opposite side after the break,
as well as intergranular corrosion between the grains
present at the fracture surface, indicating the presence of
intergranular corrosion (Figure 6c, white arrow).

3.3 Microstructural examination

Brass component A: As shown by metallographic
analysis (Figure 7), the microstructure (Figure 7b) ex-
hibits distinctly elongated � grains aligned with the de-
formation direction, while the �' phase is distributed in
narrow, banded regions, characteristic of cold-deformed,
non-recrystallised � + �' brass. Several cracks propa-
gated across the cross-section of the wall of the compo-
nent (Figure 7a). Stress-corrosion cracks propagated
from the internal wall of the joining component towards
the externally threaded brass component. The primary
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Figure 4: Press fitting (B) failure – outer surface (a) and inner surface (b). The red arrow indicates the initiation site of SCC.

Figure 6: Fractured surface of angle valve plug with visible corrosion damage of nickel (Ni) coating at the bottom (a), and SEM images with de-
tails of the fractured surface (b and c)

Figure 5: SEM photo of the fracture surface of press fitting B



crack propagation direction is in the �-phase, which is
richer in zinc. Near the initiation site (Figure 7c), cracks
are more open and the crack walls consist of a Zn-rich
product; areas of dezincification are grey, similar to
those described by Zhang et al.23 This particular type of

corrosion was also indicated by the EDS analysis pre-
sented in Figure 3. Cracks propagate either
transgranularly through �'-grains or intergranularly be-
tween � and �' grains (Figure 7d).
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Figure 8: Metallographic cross-section of the cracked site, showing a visible crack initiated at the geometric transition of brass component B (a);
initiation site of the crack (b); the end of the crack, which propagated mainly between the � and �' phases or through the �' phase, with light grey
Pb particles marked by black arrows (c); the inner side of the fitting with dezincification, marked by a white arrow (d); secondary cracks near the
main fracture with a visible initiation site on Zn corrosion products (white arrow) (e).

Figure 7: Metallographic cross-section of a cracked site with two visible cracks in brass component A (initiation sites marked with red arrows a);
microstructure near the main crack b); initiation sites of the cracks filled with grey products c); the end of the crack which propagated mainly be-
tween � and �' phases, or through �' phase d)



Brass component B: As shown in Figure 8b, the
microstructure is recrystallized, with evenly distributed
�-phase, and rounded, polygonal � grains. The crack
propagated transgranularly across �'-grains, and also
intergranularly between � and �' grains near its end (Fig-
ure 8c), most likely due to cyclic bending (fatigue) of
the fitting. Figure 8d presents a metallographic image of
the inner side of the fitting, indicating that the
microstructure is surface-dezincified – the �' phase
(darker appearance) is absent from the surface, having
dissolved in the water during the dezincification process.
Only the � phase, which is resistant to dezincification,
remains at the edge.

Brass component C: The microstructure (Figure 9b)
consists of clearly separated � and �'-phases with rela-
tively coarse, equiaxial grains, indicating a heat-treated
(annealed) condition in the � + � range. Two types of
corrosion failures were observed: intergranular corrosion
between � and �' grains (Figure 9b), and corrosion un-
der the nickel coating (Figure 9c). In the vicinity of both
types of corrosion, Zn-rich products of grey colour are
visible (Figure 9d).

3.4 Brinell hardness measurements

Brinell and Vickers hardness measurements and stan-
dard deviations for all three failed components are pre-
sented in Table 2.

Table 2: Brinell hardness measurements on failed components of the
investigated elements and Vickers microhardness measurements on in-
dividual � and �’ grains

Brass com-
ponent HBW 2.5/62.5 � grains,

HV 0.005
�' grains,
HV 0.005

A 125.3±0.5 108.0±3.3 223.7±11.6
B 112.3±3.3 139.3±9.4 219.3±40.9
C 134.7±0.9 152.0±15.6 222.3±40.5

According to the DVGW W534 technical sheet,24

section 10.1.2.1., brass components resistant to
stress-corrosion cracking should not have a Brinell hard-
ness exceeding 110 HBW. These results show that a pos-
sible cause for crack formation on elements A and C
could be high hardness, while the hardness of failed
component B is not critically exceeded. Vickers micro-
hardness measurements performed on individual � and �'
grains clearly show that higher hardness was measured
on �' grains compared to � grains. The � grains in the
heat-treated brasses (B and C) exhibit higher microhard-
ness than in the non-heat-treated condition (A). Higher
hardness of � grains in heat-treated brasses can be attrib-
uted to Zn redistribution and solid-solution strengthening
of the � phase. In contrast, the microhardness of the �'
phase remains essentially unchanged, reflecting its in-
trinsically high hardness and limited sensitivity to the ap-
plied heat treatment.24
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Figure 9: Metallographic photos of an angle valve plug a); with a visible intergranular fracture from the fractured surface – intergranular crack
propagation marked with red arrows b); interior corrosion under coating c); dezincifizcation inside intergranular corrosion, marked with black ar-
rows d)



4 DISCUSSION

All three failed components were made from similar
leaded brass grades, commonly used in drinking water
applications. Brass components A and B failed due to the
initiation and propagation of stress corrosion cracks,
while the main cause of cracking in brass component C
was overload.

In the case of brass component A, cracks initiated on
the inner side in contact with water and propagated
through the material towards the nearest thread root. As
the crack approaches the end, its branching is visible
(Figure 7c). Similar crack propagation was observed for
the failed brass component B, with the exception that the
initiation site was at the outer surface, which was not in
contact with drinking water (Figure 8c). On the other
hand, in the case of the brass component A, the walls of
the opened part of the crack (around 200 μm) were filled
with grey Zn-containing products (Figure 3), which
were not observed within the crack walls of the brass
component B. However, some secondary cracks near the
main crack of brass component B began to propagate
from such grey products at the surface. These products
consist of porous, redeposited ZnO/Zn(OH)2, formed as
a result of dezincification25 due to the presence of water
(or high humidity) in the cementitious material, in which
this component was installed. Usually, such products dis-
solve, leaving a Cu-rich phase; however, for the elements
investigated, it is very likely that the chemical properties
of the water (pH, chlorides) did not permit this.

In brass components A and B, the cracks propagated
in mixed mode: either transgranularly, preferably
through �' grains, or intergranularly between � and �'
grains. In �+�' brasses containing approximately 40 w/%
Zn, the �' phase transforms upon cooling into an ordered
�' structure, which adopts the B2 (CuZn-type) lattice
structure.3 This results in higher hardness of �' compared
to the � phase. The ordered �' phase exhibits stronger di-
rectional Cu–Zn bonding and fewer active slip systems
than the disordered high-temperature �’ phase, leading to
limited plasticity and a tendency to cleave along specific
crystallographic planes. These characteristics cause �' to
become significantly more brittle than the � phase under
simultaneous mechanical and environmental loading.
Consequently, stress-corrosion cracks in Cu-Zn brass of

an approximate composition Cu:Zn = 60:404 preferen-
tially propagate transgranularly through �' grains.5,6 This
type of brass is known to be susceptible to dezincifica-
tion.7–9 In addition, the literature reports that brass alloys
with a zinc content exceeding 15 % by weight and not
additionally thermally treated tend to be susceptible to
stress-corrosion cracking,3 and that dezincification of
brass assists SCC by increasing the stress intensity factor
for crack initiation and propagation.10 This might be the
contributing factor accelerating SCC and explaining the
short time between the start of operation and final failure
of the brass component from building A. Brass compo-
nent B was heat treated despite the short cracking time
after the start of operation. It is therefore highly likely
that the failure of brass component B was also influenced
by fatigue, induced by the installation conditions. The
brass component was connected to a flexible alu-
minium–plastic composite pipe which was not rigidly
fixed to the supporting structure; consequently, pressure
fluctuations in the water system allowed slight move-
ments of the pipe, leading to cyclic loading and fatigue
of the brass component.

Based on the investigational evidence, the contribu-
tion of corrosion to the final failure of brass component
C is considered negligible. The failure is therefore attrib-
uted primarily to mechanical overloading during installa-
tion. Compared to brass components A and B, compo-
nent C exhibits higher hardness, which is associated with
reduced ductility and an increased susceptibility to
cracking.26 However, once the crack formed, intergranu-
lar corrosion and selective dissolution of the �' phase oc-
curred, as can be seen in Figure 9b. SEM analysis of the
cracked surfaces B and C revealed that after the forma-
tion of cracks, their surfaces began to corrode selectively
– the �' phase dissolved, while the � phase remained in-
tact (see Figure 5b of the B crack surface and Figure 6c
for the C surface). Interestingly, the B crack surface also
showed intergranular corrosion, even though the crack
had progressed from the outside area, which was not in
contact with drinking water. In this case, due to numer-
ous previously cracked identical elements in the build-
ing, the entire area, in which they were installed, was
soaked with drinking water, causing the observed corro-
sion. This was not observed for component A, whose
crack surfaces were covered by Zn-containing products.
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Figure 10: Backscattered electron images of the investigated brass components A (a), B (b), C (c). Pb particles are white in all images.



However, a detailed view of the cross-section of the
crack in this component near its initiation (Figure 7b)
reveals selective corrosion of the �' phase.

According to the literature2, coarsened lead particles
in brass can increase internal stresses and promote SCC.
The amounts, shapes, and distribution levels of Pb in the
investigated cases were similar (Figure 10). Only in the
case of brass component A, in addition to round parti-
cles, there were also coarser particles of irregular shapes.
However, no correlation between crack initiation or
propagation and such Pb particles was observed.

Chemical composition of water and its physical and
chemical properties (conductivity, pH, chloride level,
hardness, carbonates, alkalinity, etc.) strongly influence
degradation of brass.27 The water composition of none of
the investigated components in this study was known and
its effect was not studied. As reported in the literature,7 a
wide pH range and chloride content can lead to dezincifi-
cation and may also promote stress-corrosion cracking.

5 CONCLUSIONS

Based on the investigation of three different brass
components installed at different locations in contact
with drinking water, the following conclusions can be
drawn:

• The main cause of failure for all three components
was cracking: stress corrosion cracking for compo-
nents A and B, and overloading for component C.

• Stress corrosion cracks propagated in a mixed mode,
including transgranular and intergranular propaga-
tion.

• At the fractured surfaces, evidence of either preferen-
tial dissolution of the �'phase, intergranular corro-
sion, or both is present.

• Elevated hardness, as an additional factor increasing
susceptibility to stress corrosion cracking, could have
contributed to this process only in the case of compo-
nent A.

• Duplex brass is prone to delayed fracture due to over-
loads.

• No correlation between stress corrosion cracking ini-
tiation or propagation and Pb particle size, shape, and
position within � and �' grains was observed.
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