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Abstract 
Building of the sewerage system for City of Zagreb begun in 1892 and it run parallel with 

city development, but after WW II it stagnated and rapidly retarded compared to the city rapid 
development Nowadays the sewerage system is consisted of two separated subsystems, both 
connected to the Central water treatment plant for the City of Zagreb (CUPOVZ), which are 
city areas on the left bank of river Sava with north Zagreb and west Sesvete as one part and 
city areas on the right bank of river Sava with New Zagreb as the other part. In the 
documentation design process for reconstruction and development of the sewerage system 
investigation works and valuation of the existing structure for the sewerage pipe under the 
Heinzelova Street was carried out. The City of Zagreb plans to extend the tramway network 
through Heinzelova Street over the sewerage pipe and it is necessary to determine the 
conditions of the sewerage pipe and its resistant for additional load. Also, as the basic demand 
is continuity of operation for the pipe all works were carried out in extremely hard 
environment conditions, as to be shown. The results of both non-destructive and destructive 
“in situ” and laboratory testing will be presented as they represent good groundwork for the 
evaluation and selection of the proper retrofitting technology due to the importance and 
uniqueness of the existing structure. 
 

Keywords: sewerage pipe, “in situ” testing, NDT, deterioration process 

 

1. INTRODUCTION 

Existing sewerage under Heinzelova street is placed from the Kvaternik square at north 
side to the Slavonska avenue at south side. It is consisted of two separate concrete pipes with 
varying cross section. West pipe is mainly placed bellow the green belt with cross section 
profile 260/220 cm, and 300/230 cm. Period of construction is placed round year 1920. East 
pipe is positioned under the nowadays traffic lines of Heinzelova street with cross sections 
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204/170 cm and 264/250 cm. Period of construction was from 1920 to 1949. Total length of 
both pipes that were examined is 2.536 + 2.371 = 4.907 m. Cross section of the east pipe is 
shown in Figure 1. On the one part of the west pipe, which is placed bellow railroad tracks 
cross section is rectangular shaped, and the rest of the pipes cross sections are standard shaped 
as shown in project documentation. 

Beside already small clear height, extra difficulties for work execution were due to sludge 
layer settled at the bottom of the pipe, causing additional clear height shrinkage. 

1.1 Cross sections 
Both pipes were build without any reinforcement based on the principles of the pressure 

ring cros section design. 
One part of the western pipe that goes under the railroad tracks has different cross section, 

which is altered from circular to rectangular cross section. All other cross sections are 
consisted to cross sections presented in technical documentation. 

 

Figure 1: Cross section of the east pipe (264/250 cm), as shown in original drawings (SCAN). 

2. INVESTIGATION WORK 

All investigation works and visual inspection were executed during night time period 
because it was not possible to close road tracks and open the access shafts placed on them 
during the daytime and “rush our” because it is one of the major traffic routes in City of 
Zagreb. Because of this reasons ventilation of was not possible so the total working time in 
one shift was significantly reduced. 
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Figure 2: Preparation for work 

Personnel members during the work execution were continuously exposed to the harmful 
effects of biological agents, unfavourable microclimate conditions and possible gas 
concentration of H2S (hydrogen sulphide), CH4 (methane), CO (carbon monoxide) and CO2 
(carbon dioxide). 

Protection equipment used was consisted of rubber overall suits (first layer protection) and 
cotton one-time overall suits (second layer protection). Disinfection equipment was placed 
nearby exit shafts. For respiratory protection respirator masks and gas detectors (for H2S, 
CH4, CO and CO2) were used. 

 

Figure 3: Work conditions inside the sewerage pipe 

Fully viewed results of investigation works together with conclusions based on the visual 
inspection enable understanding of the deterioration process in these specific conditions and 
production of rational and successful repair design. 
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2.1 Visual inspection 
Defects like cracks in the vault crown (longitudinal), local concrete spalling as a result of 

the abrasive action of water and solid particles, and visible aggregate grains due to washing 
out of the bonding material (cement stone). Because of the aggressive environment spalling is 
noticed through all length of both pipes. Cracks are mostly placed at the vault crown and at 
the connection of the arch and the bottom of the pipe due to the execution process. 

 

Figure 4: Deterioration of the concrete cladding 

Geometry imperfections were noticed throughout cladding for both pipes. Bigger holes in 
the concrete body are result of the washing out of the cement stone speeded up with abrasive 
influence of waste water and hard particles in it. On the entire length signs of water leakage 
and leaching are visible all over the cross section on the both pipes. 

Sludge depth was continuously around 30 cm, and hazardous gas concentration was 
developed or increased because sludge agitation while walking. Especially hazardous was 
increase of CO and CO2 concentration because gas-masks do not provide adequate protection 
against it so airing out through access shafts was the only solution. 

 

Figure 5: Sludge depth measurement 
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It is interesting to point out that on the north part of the pipe with smaller cross section 
(204/170 cm) bigger sludge depth was noticed together with higher gas concentration (CO 
and flammable gasses). It is not a common fact because smaller profile results with bigger 
flow speed and consequently smaller sludge depth.It is probably correlated with execution 
imperfections and obstacles in the cladding base that were covered with sludge and not 
visible. 

3. TESTING RESULTS AND ANALISYS 

Allthough results of detailed visual inspection show that recognised damages and 
deteriorations are of such level that could potentially reduce structural safety and predicted 
remaining life period of the structue it is of most importance to carry out in-situ and 
laboratory testings of structure material due to propper repair tehcnique selection. Testing 
results and evaluation are shown bellow. 

3.1 Compressive strength 
Concrete compressive strength was determined od drilled cores (Φ 100 mm) according to 

HRN EN 13791 and sampling and samples preparation according to HRN EN 12504-1:2009. 
Concrete density is uniform and characteristic for concretes that are made and casted “in situ”. 
Results for concrete density are 2.250 kg/m3 in average. Cores drilled were divided into 
groups according to geometry type and year of execution of the structure and then analisys 
was conducted according to the approach A or B of the cited standard for assessment of in-
situ compressive strength. Our assumption was that concrete strength is falling down with 
longer exposure to sulphate agression, due to cement stone melting and larger pores and holes 
amount respectively. Testing results and calculation results are shown in the table bellow.  
 
Table 1: Concrete strength of west pipe (Section 300/230 cm) – built 1920. 

Sample 
Concrete 
Strength (MPa) 

Sample 
Concrete 
Strength (MPa) 

Sample 
Concrete 
Strength (MPa) 

V1 8,7 1 23,2 V6/D 21,1 
V2 25,4 2 15,4 V6/D 4,5 
V2 20,9 3 40,1 V1/1 13,6 
V3 18,0 3 27,2 V1/3 16,6 
V1/2 12,8 4 11,0 V2/3 6,9 
V1/2 21,9 4 6,9 V3/3 12,0 
V2/2 19,3 5 12,7 V4/3 5,6 
V2/2 22,0 5 8,7 V5/3 6,3 
V3/2 18,1 6 26,9 V3/4 15,5 
V3/2 24,4 V1/4 21,3 V4/4 12,1 
V4/D 18,2 V1/4 15,1 V4/V 12,1 
V4/D 16,9 V2/4 13,2 V5/4 10,3 
V5/D 15,7 V2/4 15,1 V5/4 8,4 
V5/D 12,8 V3/4 20,0 V6/4 28,2 
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Mean in situ strength of n samples fm(n),is:  16,82 MPa 
The estimated in-situ characteristic strength of the test region is the lower value of (approach 
A): 
fck,is = fm(n),is –ks × s  = 16,82 – 1,48 × 7,95 = 5,05 MPa (1) 

or 

fck,is = fis, lowest +4     = 4,5 + 4 = 9,5 MPa 

 

(k2 = 1,48;  s = standard deviation of test results or 2,0 N/mm2 – whichever is higher value) 

Calculated compressive strength is lower than demanded for class C8/10 which is the 
lowest concrete strength class according to EN 206-1. Concrete strength corresponds to 
MB100, according to old standards (ex JUS). 

 
Table 2: Concrete strength of east pipe (Section 264/250 cm) – built 1940. 

Sample 
Concrete 
Strength (MPa) 

Sample 
Concrete 
Strength (MPa) 

Sample 
Concrete 
Strength (MPa) 

V1/5 16,0 V7/4 14,0 V4/8 22,3 
V1/5 20,7 V7/5 18,3 V5/8 14,9 
V2/5 25,8 V7/5 20,4 V5/8 10,6 
V2/5 28,2 V7/6 42,2 V6/8 17,5 
V3/5 22,5 V1/8 25,5 V6/8 12,6 
V3/5 31,0 V1/8 34,4 V7/1 21,3 
V4/5 24,3 V2/8 14,4 V7/1 19,8 
V5/5 21,9 V2/8 21,8 V7/2 14,2 
V5/5 23,3 V3/8 26,3 V7/3 11,6 
V6/5 20,8 V3/8 28,8 V7/3 23,6 
V6/5 30,9 V4/8 27,5 V7/4 15,8 

Mean in situ strength of n samples fm(n),is:  21,90 MPa 
The estimated in-situ characteristic strength of the test region is the lower value of (approach 
A): 
fck,is = fm(n),is –ks × s  = 21,90 – 1,48 × 7,00 = 11,54  MPa (1) 

or 

fck,is = fis, lowest +4     = 10,6 + 4 = 14,6 MPa 

 

(k2 = 1,48;  s = standard deviation of test results or 2,0 N/mm2 – whichever is higher value) 

Calculated compressive strength confirms class C8/10 which is the lowest concrete 
strength class according to EN 206-1. Concrete strength corresponds to MB100, according to 
old standards (ex JUS). 
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Table 3: Concrete strength of east pipe (Section 204/170 cm) – built 19490. 

Sample V1/9 V2/9 V3/9 V4/9 V5/9 V6/9 
Concrete Strength (MPa) 15,0 18,3 20,9 9,3 15,2 21,2 

Mean in situ strength of n samples fm(n),is:  16,7 MPa 
The estimated in-situ characteristic strength of the test region is the lower value of (approach 
B): 
fck,is = fm(n),is –k  (k=7 for number of samples from 3 to 6)  = 16,7 – 7 = 
9,9 MPa 

(2) 

or 

fck,is = fis, lowest +4     = 9,3 + 4 = 13,3 MPa 

 

 
Calculated compressive strength confirms class C12/15 which is the lowest concrete 

strength class according to EN 206-1. Concrete strength corresponds to MB150, according to 
old standards (ex JUS). 

It is important to point out that the compressive strength testing was not applied on the 
surface layer which is heavily damaged, what additionally contributes to the objectivity of the 
results. Surface layer was used for chemical analysis of concrete and determination of 
capillary absorbing and gas permeability. 

3.2 Carbonization depth, chloride and sulphate ion content 
Carbonization depth was measured by spraying phenolphtalein 1% solution on cores 

drilled out of the concrete according to HRN EN 14630. Carbonisation depth varies form 0 up 
to the 50 mm. 

Maximum of chloride ions content allowed expressed as function of concrete mass is 
0,06% according to HRN EN 206-1 – Table 10. In all tested samples chloride ion content was 
smaller than critical value. Chloride ions content is under the critical value, although the roads 
above sewerage pipes are salted for the de-icing purpose. Chloride ions content has lower 
influence on structure damaging because pipe cladding is built without reinforcement. 

Maximum of sulphate ions content allowed (as SO3) is expressed as function of cement 
mass is 3,5% according to HRN EN 196-2 and TPBK, Appendix 3. Expressed as a function of 
concrete mass for assumed cement quantity of 250 kg/m3 critical value is 0,35%. Sulphate ion 
content varies from 0,1% up to 0,93% what shows that concrete is continuously exposed to 
the deterioration process and aggressive sulphur corrosion which additionally weakens 
concrete structure. 

3.3 Rebound hammer 
Rebound hammer testing of the structure and determination of concrete compressive 

strength was conducted according to HRN EN 12504-2:2012. Total number of testing places 
was 143 for both pipes (west and east). Due to limited space single results will not be 
presented but only the determination methodology. 

Mean value of estimated compressive strength for west pipe (cross section 300/230 totally 
built in 1920.) is 8,9 MPa wich is very simmilar to the results determinated with drilled cores. 
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Mean value of estimated compressive strength for east pipe (cross section 264/250 - built in 
1940.) is 21,34 MPa, but with standard deviation of 1,60 MPa. 

Mean value of estimated compressive strength for east pipe (cross section 204/170 - built 
in 1949.) is 9,8 MPa wich is very simmilar to the results determinated with drilled cores. 

In general, concrete strength is uniform in all parts of the structure and shows significant 
correlation with concrete strength determined on drilled cores. Some of the data do show 
variance from average but it is probably coused by impact on aggregate grains as cement 
mortar is dissoluted by acid environment influence. 

3.4 Water and gas permeability 
Water (after 25 hours greater than 0,6 and up to 1,2 kg/m2/h1/2) and gas (greater than >10-

14) permeability point to the damaged and weakened concrete structure. Some samples 
couldn’t be tested at all due to numerous holes and pores. All testing results refer to the very 
porous and hollowed concrete with non uniform structure. In all tested specimens gas 
permeabiliy results were greater than 10-12 what is border value for poor quality concrete. It is 
necessary to point out that some of specimens could not be tested becouse of large amount of 
holes and pores. This also correlates with compressive strength results becouse large amount 
of pores significantly reduces compressive strength. 

4. CONCLUSIONS 

It is expected further concrete structure deterioration especially due to cement stone 
melting caused by acid attack. Influence of acid actions on concrete structure is melting of 
concrete stone, weakening of physical and mechanical characteristics of the concrete 
cladding. Acid attacks which melt down calcium compounds out of the hardened cement 
matrix are mostly caused by acids, vegetable and animal fats, dissolved salts and oils which 
are all present in very high concentrations. Concrete structure deterioration is usually driven 
very slow as it can be seen on this specific structure. 

Inclusively, general condition of the sewerage pipe structure satisfies current purpose and 
has no indisposed bearing capacity or stability but it is to be expected further structure 
deterioration. For undisturbed usage in the present mode repair works are necessary to 
preserve the existing condition as well to lengthen the lifetime expectancy of the existing 
structure. 

REFERENCES 

[1] TPBK, »Tehnički propis za betonske konstrukcije, NN br. 139/09, 14/10 i 125/10«. 
[2] HRN EN 1992-1-1:2008 , Eurokod 2: Projektiranje betonskih konstrukcija – Dio 1.1: Opća 

pravila i pravila za zgrade. 
[3] HRN ISO 15686-2:2002, Zgrade i druge građevine -- Planiranje vijeka uporabe -- 2. dio: Postupci 

predviđanja vijeka uporabe. 
[4] HRN EN 1766:2001Proizvodi i sustavi za zaštitu i popravak betonskih konstrukcija - Metode 

ispitivanja - Referentni betoni za ispitivanje. 
[5] Galić, J., 2016, “Elaborat o istražnim radovima i ocjena postojećeg stanja kolektora ispod 

Heinzelove ulice”, INSTITUT IGH d.d., Zagreb, HRVATSKA. 
 
 


