FIELD MEASUREMENTS AND HYDRAULIC COMPUTATION OF A
CULVERT

TEPEHCKA MEPEHA U XUAPAYJITUYKU NMPOPAYYH MNMPOMYCTA

Daniel Koch !
Zoltan Horvat 2

Summary: The purpose of this paper is
to present the experiences gained
during conducted field measurements
on a culvert in Hungary, as well as the
hydraulic computation of this structure.
The measurements were performed on
a culvert with a pipe arch cross-section,
which is located on a cutoff meander on
the Danube near the town of Baja.
During the field measurements velocity
distributions and  water  surface
elevations were determined, along with
other parameters necessary for
establishing a dependency between
discharge and water elevation. For the
hydraulic  computation the HY-8
software was used, which is based on
equations published by an USA agency
(Federal Highway Administration). The
analysis of measured and computed
values yielded the conclusion that the
software’s results are in good
agreement with the measured values.
Hence, the usage of this software is
recommended for hydraulic computation
of pipe culverts.
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Pe3ume: Linrs oBor paga je oa npukaxe
UCKyCTBa Mpu crnpoBohery TepeHCKMX
Mepewa Ha jegHOM  Mnpomycty y
Mahapckoj, kao n npumeHy codTBepa
3a Xvapaynuyku npopavyH MOMeHYTOor
objekTa.

Mepewa cy crnpoBefeHa Ha MponycTy
ca npecekom 3acBofeHe LEeBU Koju ce
Hanasn Ha mpTBaju [yHaBa Hepaneko
on baje v ceBogmna cy ce Ha oppe-
huBare pacnopega 6p3vHa M HMBOA
BOOHOr ornegana, Kao M KBaHTUGU-
Kauujy octanux napameTapa notpebHux
3a YCrnocTaBrbakbe 3aBUCHOCTU HMBOA U
npoTtuuaja.

3a xugpaynuuku npopadyH je npume-
HeH codpTBep HY-8, koju ce 3acHMBa Ha
obpasunma npopadvyHa nponycra usga-
TUX O CTpaHe BnaauHe areHumje CAO
(PepepanHa agMuHMUCTapumja 3a ayTo-
nytese).

YnopehunBawe MepeHnx n cpadyHaTux
BpeOHOCTU yka3syje Ha foOpo cnarawbe,
na ce npenopyyyje npuMeHa ucnu-
TMBaHor codTBepa Npu Xmuapaynuykum
npopadyHuma nponycTa.

KmbyuyHe peumn: TepeHcka wmepeksa,
nponyct, HY-8 codTBep, xuapaynuykm
npopadvyH

1 Daniel Koch, BSc, CE, University of Public Service, Faculty of Water Sciences, Bajcsy-Zsilinszky
utca 12-14, H-6500 Baja, Hungary, e — mail: koch.daniel@uni-nke.hu

2 Zoltan Horvat, PhD, CE, University of Novi Sad, Faculty of Civil Engineering Subotica, Kozaracka
2a, Subotica, Serbia, e — mail: horvatz@gf.uns.ac.rs

| 35BOPHVK PALOBA TPABEBMHCKOI ®AKYNITETA 34 (2018) |


mailto:koch.daniel@uni-nke.hu
mailto:horvatz@gf.uns.ac.rs

1. INTRADUCTION

The proper hydraulic computation of
culverts is the foremost condition for
maintaining functionality of the systems
which they are a part of, as well as
maintaining  the  functionality  of
structures that these hydraulic systems
are intercepting. The two computational
methods boil down to solving the proper
energy conservation equation [1,4,7] or
the application of semi-empirical
equations for some types of flow [6]. The
fundamental differences between these
two methods, as well as their
advantages and shortcomings were
analyzed by many authors [2,3].

This paper presents measurements
conducted on a culvert with a pipe arch
cross-section, which is located on a
cutoff meander on the Danube, not far
from the town of Baja in Hungary. For
the hydraulic computation the HY-8
software was used [5].

2. THEORETICAL BACKGROUND

According to the conventional hydraulic
practice, there can be 6 types of flow in
culverts [3]. This classification, along
with the proper equations was published
by the USGS (United States Geological
Survey) [1] and their overview is given in
Table 1. It should be noted that these
equations were derived from the energy
conservation equation.

1. yBOA4

WcnpaBaH  xugpaynuykun  npopayvyH
nponycta npegcrasrba NpBu Npegynos
3a 0be3beherwe HecmeTaHor YHKLM-
OHMCama Kako X1APOTEXHNYKMX objeka-
Ta YWju Cy OHWM cacTaBHW A0, Tako U
objekaTa ca KojuM ce OHu yKpLUTajy. [1Be
OCHOBHe MeToe NpopyyHa ce CBoAe Ha
UcnucrBake eHepreTcke jegHaumHe
[1,47] vnn Ha npuvMeHy nonyemnu-
pujckKx un3pasa 3a Heke cny4ajese
Tedemna [6].

OcHoBHe pasnuke u3mehly nomeHyTe
ABe MeTogoriornje, Kao 1 HWXOBe
NMPeAHOCTN OQHOCHO MaHe Cy aHamu-
3upanu mHoru aytopu [2,3].

Y oBOM pagy ce npukasyjy mepemna
cnposefeHa Ha MponycTy ca NpecekoM
3acBohjeHe LeBU, KOju ce Hanasu Ha
mpTBaju flyHaBa Hepaneko op baje y
Mahapckoj.

3a xvgpaynuuky aHanusy je kopuwheH
codpTBep HY-8 [5].

2. TEOPWUJCKE OCHOBE

Mo yobuyajeHoj XxmapoTEXHMNYKO] NPaKcu
TUMNOBW TeYeHa y NponycTuma ce mory
nogenutn Ha 6 Tmnoea [3]. Osa
knacudukaumja, kao 1 jeaHaunHe Koje y
OBMM CryvajeBMMa Baxe cy nybnuko-
BaHe of cTtpaHe USGS (United States
Geological Survey) [1] n kb1xoB nperneg
je oat y Tabenu 1. OBge ce HaBoau aa
Ccy npegmeTHe jegHavvHe pobuvjeHe u3
€eHepreTcKe jegHauvHe.

Tabena 1 — Npernen jegHaynHa no USGS
Table 1 — Overview of equations according to USGS

Type Conditions Equation
Tvn Ycnos JegHaymHa
hy —z
% < 15’ 1]2
1 h, Q=CA, |29 <h1—z+a12—1—hC—AE1_2>
7 < LS >S 9
C
hy—z v?
2 ¥< 1.5, Q=CAC\/2g <h1+a1ﬁ—hc—AEl_2—AEz_3>
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In Table 1 lower indexes 1, 2, 3 and 4
denote cross-sections. Cross-section 1
is located immediately upstream from
the culvert entrance, cross-section 2 is
at the culvert entrance, cross-section 3
is at the culvert exit, while cross-section
4 is placed immediately downstream of
the culvert exit. Lower index 0 marks
parameters for the full cross-section (i.e.
for the culvert cross-section when it is
fully submerged), while the lower index
c represents parameters when critical
depth occurs. Furthermore, h denotes
water depth, z is the bed elevation
difference between cross-sections 2 and
3,i.e. z=S, L, D is the cross-section
height, So is the bed slope of the culvert,
Q marks the discharge, C is the
discharge coefficient which relates
theoretical discharge to the real one, A
is the cross-section area, g is the
gravitational acceleration, o is the
kinetic energy coefficient, v stand for

velocity, AEi;j is the energy loss between
cross-sections i and j, n is the Manning's
friction coefficient, L is the culvert length,
while R stand for the hydraulic radius.

However, the HY-8 software used in this
paper, is based on the methodology of
the FHWA (Federal Highway
Administration).  This  methodology

Y Tabenn 1 powM uMHOEKeUM ca
6pojeuma 1, 2, 3 u 4 o3HavaBajy
nonpeyHe npeceke. [lpecek 1 je
HermocpegHo Yy3BOAHO Of ynasa y
nponycT, Nnpecek 2 je Ha caMoM ynasy y
nponycT, npecek 3 je Ha camoM usnasy
13 nponycra, a npecek 4 je HenocpegHo
HM3BOOHO Of M3Mnas3a u3 nponycra.
Hown nHaekc 0 o3HavaBa BenuyvHe 3a
nyH npecek nponycta (NyH npodwun),
[OOK JOHM MHAEKC C 03HaYaBa BenuuuHe
npu KputudHoj oyouHun. Mopep osora h
o3HayaBa OybuHy Boge, z je pasnuka
kKote gHa y 2 n 3, Tj. z=S,-L, D je
BMCMHA OTBOpa nponycTa, So je Harnb
OHa nponycta, Q je npotuuaj, C je
koeduumjeHT npoTuuaja Koju kopuryje
Teopujckn npoTuuaj y cteapHu, A je
MOBPLUMHA MOMPEeYHOr npeceka, g je
rpaBuMTaUMoOHO Yyb6p3are, o je koedu-
LUMjeHT HepaBHOMepHOCTM 6p3uHe, Vv
o3Ha4yaBa Op3vHy, AEij je rybutak
eHepruje of npeceka i 4o npeceka j, n je
MaHuHroB KoeduumjeHT Tpewa, L je
AyXUHa nponycTta, Aok R npeacraersa
XVApaynuykn pagujyc.

Mehytum, codptBep HY-8, koju ce
KOPUCTW y OBOM papy, je 3acHOBaH Ha
meTogonoruju FHWA (Federal Highway
Administration). OBa meTogornorvja ce
3aCHMBA Ha WOEHTUYHUM jegHavMHama
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employs the same equation as in Table
1, except for the 1 and 5 flow types. For
these cases semi-empirical equations
are used (Table 2), which are based on
laboratory experiments conducted in the
U.S. National Bureau of Standards
(NIST).

kao y Tabenu 1, ocum 3a cnydajeBe
Tedyewa 1 n 5. 3a oBe cutyaumje ce
KopucTte  nmonyemnupujckn  obpasum
npukasaHn y Tabenm 2, koju ce
ocnawajy Ha nabopartopujcke ekcne-
pumeHTe crpoBedeHe Y HaumoHanHom
6upoy 3a crangapge (NIST) Cjeou-
HeHnx Amepundknx Jpxasa.

Tabena 2 — MNpernea jeaHaynHa no FHWA
Table 2 — Overview of equations according to FHWA

Type Equation
Twn JegHaymHa
L 5_{%+1(-32.2M/2-FM—0.5-5F_ 0
° K'-322M/2 pwr T AVoP
H_ o2 —_0c. —_29
5 D—32.2cF+Y 0.5 S,F—AO\/g_D

In Table 2 H denotes the upstream
specific energy measured relative to the
bed elevation of the cross-section at the
culvert entrance, F is the Froude number
computed according to the given
equation. Ec is the specific energy at the
culvert entrance when critical depth
occurs, S marks the slope between bed
elevations of the culvert entrance and
the cross-section where critical depth
appears, Q is the discharge, Ao
represents the area of the full culvert
cross-section, g is the gravitational
acceleration, while D denotes the culvert
cross-section height. K, K, M and M’ are
empirical coefficients that can be found
in the proper literature [6]. The equations
for type 1 flow in Table 2 can be used for
F < 0.6, while the first form of the
equation is recommended. In case of the
type 5 flow equation, ¢ and Y are
empirical coefficients which can also be
found in literature [6]. The type 5 flow
equation can be used for F > 0.7.

3. FIELD MEASUREMENTS

Field measurements were conducted on
a culvert located in a cutoff meander
called Cserta-Duna. This meander
separated from the Danube around
1830 without any human intervention.

Y T1aberm 2 H o3HayaBa Yy3BOAOHY
cneunduyHy eHeprmjy MepeHy y 0gHoCy
Ha KoTy AHa ynasa y nponycT, F je
®pynoB 6poj Koju ce padvyHa Mo rope
HaBegeHoM obpasuy. Ec je cneunduuna
eHeprvja Ha ynasy y nponycT koja ce
jaBrba npu KpuTMYHO] AyouHM, S je
Harnb m3mehy KoTe gHa ynasa u KoTe
[OHa rae ce jaBrba KputuyHa aybuHa, Q
je npotuuaj, Ao O3HayaBa MOBPLUNHY
MyHOr NOMpeYHor npeceka npomnycTa, g
je rpaeuTaumoHo yb6psawe, Aok D
npeacTaBiba BUCHHY OTBOpa mponycra.
K, K, M nu M ¢y emnupujcku
koeduUMjeHTn Koju ce Mmory Hahu y
oparosapajyhoj nuTepaTypu [6].
JegHaunHe 3a Tun Tevewa 1, garte y
Tabenu 2, cy npumewmee 3a F < 0.6,
npu 4Yemy ce npenopy4yje npsu Tun
jeaHayuHe. WWTo ce Tuye jegHayunHe y
Tabenu 2 3a TMn Teyewa 5, y wojcn 'Y
npeacrtasrbajy emnupujcke koeduumje-
HTe uuje BpegHocTM nocToje Yy
nutepatypu [6]. JegHauvMHa 3a Tun
Tedyena 5 je npumeHsrouea 3a F = 0.7.

3. TEPEHCKA MEPEHA

[MponycT Ha KOoMe cy BpLueHa Mepera
ce Hanasu Ha wmpTBaju [yHaBa nof
HasuBomM Cserta-Duna koja ce npupoa-
HAM MyTeM OABOjuna oA rnaBHOr TOKa
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The importance of this water body can
be traced back to the fact that it is
positioned in the Danube-Drava
National Park in Hungary, which
encompasses one of the largest flood
areas in Europe (approximate length
33km, area 180km?). The mentioned
cutoff meander has the length of 5.7km,
it's average width is 80m, it has the area
of 45ha, while the average water depth
is 0.8m. The estimated water volume in
the meander is 360000m3. In 2010, a
revitalization was carried out, and a
TUBOSIDER T150 TR/2 type culvert
with a pipe arch cross-section was
installed. The culvert is positioned
horizontally, with a bed elevation of
84.5moBs (meters over Baltic sea), it's
length is 21.3m, while the cross-section
height and width are respectively 2.85m
and 3.35m.

OyHaBa 1830-mx roanHa. BaxHocT oBor
BOAHOr Tena ce orrnegay Tome a je oHo
Aeo HauuwownanHor napka fAyHas-[paBsa
y Mahapckoj, koju obyxBata jegHo of
Hajsehunx noBe3aHuX NnaBHUX Noapyyja
y EBponn (ayxumHa og oko 33km,
noepwuHa oko 180km?). MpeameTHa
MpTBaja je Ayrayka 5.7kMm, npocevHa
lwmnpurHa joj nsHocu 80m, nospLUMHE je
45xa, a npoceyHa oybuHa Boae Yy H0j je
0.8m. 3anpemnHa Boge y O] ce
npouetbyje Ha 360000m3.

Y okBupy peBuTanusauuje MmpTBaje
2010. roguHe je nocTaBrbeH MpoOMycT
Tvna TUBOSIDER T150 TR/2, koju uma
nonpeYHn npecek Tuna 3acsoheHa LeB.
MponycT je nocTtaBrbEH XOPU3OHTANHO
Ha Koty 84.5MHBM (mMeTapa Hag
Bantuukum mopem), gyxnmHa My U3HOCK
21.3M, BMCMHA M LUMPUHA Mnpeceka cy
penom 2.85m n 3.35m.

Cnvka 1 — AHanuaupaHu nponyct
Figure 1 — The analyzed culvert

Field measurements on the analyzed
culvert were conducted between the 18
and the 20™ of july 2016. In this time
period a moderate flood wave was
passing down the Danube, which filled
up the cutoff meander. This ensured
measurable velocities at the culvert.
The proper instruments were used for
determining  the  upstream  and
downstream water levels (Figure 2). As
a result, the upstream and downstream
water levels were obtained, as well as
the denivelation (Table 3).

TepeHcka Mepewa Ha MOMEHYTOM
objekTy cy cnpoBegeHa o 18. oo 20
jyna 2016. roguHe. Y oBO BpeMe je Ha
[yHaBy nponasuo nomnnaBHM Tanac
cpearer MHTEH3UTETa KOoju je HamyHuo
MpTBajy, Na ce Ha nNpomycTy MOrno
0onasuTu MeprbLMBO CTpyjare BoAe.
OppehuBare y3BOOAHOT M HW3BOAHON
HUBOA BOAE je BpLeHOo ogrosapajyhum
reoAeTCKUM MHCTpyMeHTMMa (Cnuka 2).
Kao pesynrtat cy nobujeHu y3BogHu K
HW3BOAHW HMBOM BOAE Kao W HMXOBA
AeHuBenauuja (Tabena 3).
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Cnuka 2 — Mepere H/BOa Boae
Figure 2 — Water level measurement

Tabena 3 — MepeHn HMBOM Boae
Table 3 — Measured water elevations

Date Upstream elevation Downstream elevation
[atym (moBs) (moBs) [h(m)
Y3BogHW HM1BO (MHBM) Hun3sogHW HKMBO (MHBM)
18.07.2016. 87.683 87.595 0.088
19.07.2016. 87.719 87.696 0.023
19.07.2016. 87.709 87.691 0.018
20.07.2016. 87.454 87.456 0.002

Velocity measurements were carried out
with a OTT ADC - digital acoustic
velocity meter. The measurements were
performed on a vertical axes on every
20cm (Figure3). Each measurement
lasted 40 seconds.

Mepene 6p3nHe Boge je BpweHo OTT
AL - akyCTuyHMM  gurMTanHum
MepadveM 6p3viHe OyX BepTMKarHe oce
nponycta Ha csakux 20um (Cnuka 3).
Bpeme Tpajaka y3opkoBawa je
nsHocuno 40 cekyHAM 3a CBaKy Tauky.

Cnuka 3 — Mepere 6p3nHe Boge
Figure 3 — Velocity measurement
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The measured velocity distributions on Y HacTaBKy Cy AaTu npukasu pacnopea
the culvert's cross-section vertical axes Op3vHa No ocu NpeaMeTHOr nponycra
are presented on Figures 4, 5 and 6. (Cnuka 4, 5 n 6).
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Measurements on 18.07.2016.
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Cnvka 4 — MepeHe 6p3nHe 18.07.2016.
Figure 4 — Measured velocities 18.07.2016.

Measurements on 19.07.2016.
0 0,2 0,4 0,6 0,8 1 1,2

—e—\/elocity

Cnuka 5 — MepeHe 6p3nHe 19.07.2016.
Figure 5 — Measured velocities 19.07.2016.

| 3BOPHNK PAJOBA TPABEBVHCKOI ®AKYNTETA 34 (2018) |



Measurements on 20.07.2016.
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Cnuka 6 — MepeHe 6p3nHe 20.07.2016.
Figure 6 — Measured velocities 20.07.2016.

4. HYDRAULIC COMPUTATION

The hydraulic computation was carried
out using the HY-8 software. The input
data was the culvert's geometric
parameters, and the computed
discharge using measured velocities.
The software, as a result, gave the
denivelation between the upstream and
downstream water levels. The numerical
values have been summarized in Table
4,

4. XUWOPAYJIUYKMN NPOPAYYH

Xvpgpaynuyku  npopadvyj je  BpLUeH
npumeHom codreepa HY-8. Kao ynasHu
nogauu Ccy ChAyXwnu  reo-metpuja
npeceka W npoTuuaj BoAe, Koju je
cpadyHaT kopuctehn mepeHe Op3uHe.
Mporpam je «kao pesyntaT Adao
JeHuBenauujy wusmehy ysBogHor u
HM3BOoOHOr HuBOa Boge. bpojuyaHe
BPEAHOCTN npopayvyHa Cy CyMupaHu y
Tabenu 4.

Tabena 4 — PauyHaTe 1 MepeHe BpeaHOCTH
Table 4 — Computed and measured values

Computed Measured
PauyHaTo MepeHo
Zy (M) Q (m3/s) Zq (M) v (m/s) [h (cm) v (m/s) [h(cm)
2.96 1.6 2.95 0.208 1 0.208 0.2
3.2 27 3.19 0.35 1 0.350 1.8
3.21 2.9 3.2 0.377 1 0.371 2.3
3.17 6.4 3.1 0.83 7 0.818 8.8

On Figure 6 the dependency between
discharge and the upstream depth is
presented using computed and
measured values. The dependency
between discharge and water velocity is
depicted on Figure 7.

Ha cnvum 6 je npukasaHa 3aBWCHOCT
npoTtvuaja u ysBogHe AybuHe Kopwc-
Tehu cpavyHaTe U MepeHe BpPeaHOCTW.
3aBucHocT n3melhy npoTuuaja u 6p3uHe
BOJe y NponycTy je AaTta Ha crnvum 7.
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Cnuka 7 — 3aBUCHOCT npoTuuaja 1 y3BoaHe aybvHe
Figure 7 — Dependency between discharge and upstream water level
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Cnuka 8 — 3aBucHOCT npoTuuaja u 6p3uHe
Figure 8 — Dependency between discharge and velocity

It can be observed that the difference
amid computed and measured values
increases as for higher discharges. This
consideration is true for both the
upstream water level (Figure 7) and the
water velocity (Figure 8). However, the

Mpumehyje ce pa cy oacTynawa
cpayyHaTMX BpegHOCTM Yy OAHOCY Ha
mMepewa Beha ca nosehawem npoTu-
uaja. OBa KOHCTaTauuvja je TayHa u 3a
y3BOOHW HMBO Boge (cnuka 7) m 3a
6p3vHy Boge (cnuka 8). MehyTtnm, Mmoxe
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noted discrepancy can be neglected
when preforming practical hydraulic
computations of culverts.

5. CONCLUSION

The basic theoretical background for
hydraulic computation of culverts was
presented in this paper. Furthermore,
the measurements of water levels and
velocities on a culvert in Hungary were
also conferred. The field measurements
enabled the usage of the HY-8 software
for hydraulic computation of the ana-
lyzed culvert, as well as the comparison
of measured and computer values. The
inquiry was focused on the dependency
between discharge and the upstream
water depth as well as the dependency
between discharge and water velocity in
the culvert. Although a discrepancy
among measured and computed values
grew with larger discharges, the
applicability of the HY-8 software is
highly recommended when preforming
practical hydraulic computations of
culverts.

ACKNOWLEDGEMENTS
This work was funded by the Ministry of

Education and Science of the Republic
of Serbia, project number TR 37009.

REFERENCES

ce TBpAUTU Aa cy npumeheHa ofcTy-
narwa NpUXBaTIbMBA 3@ MHXEHepcke
npopadyHe nponycTa.

5. 3AKIbYYAK

Y papy cy npencTaBib€HW OCHOBHMU
TEOPUJCKM MPUMHLUUMKU KOjU Ce Kopucte
npu xvapayrnuykom npopadyHy npomny-
cra. Takohe cy npukasaHa mepena Hu-
BOa BoAe 1 6p3vHa Ha jegHOM NponycTy
Ha mpTBaju [lyHaBa y Mahapcko;.
TepeHcka Mepewa cy omoryhuna
Kopuwherwe nporpama HY-8 paaun
crnpoBofewa Xxvapaynuykux npopadyHa
n3yyaBaHOr nponycra u ynopefuare
OBUX pesyntaTa ca MepeHUM BpeaHo-
cTuma. AHanu3a ce cBoaurna Ha 3aBuc-
HOCTW npoTuuaja M y3BogHe AybuHe
BOAe, OOHOCHO npoTuuaja u O6p3vHe
Bofe Yy nponycty. Mako je npumeheHo
Aa OACTynawa MEepEeHuX U cpadyHaTux
BpegHocTu pacTty npu Behum npoTo-
uMMa, KOHcTaTyje ce da je npvmMmeHa
coptBepa HY-8 npu xuapaynumykum
npopayyHMMa npornycTta onpasjaHa.

3AXBAINMHULA

OBaj pap je dwuHaHcupaH oA cTpaHe
MuHucTapcTBa 3a 06pasoBare U Hayky
Penybnuke Cpbuje, 6poj npojekta TP
37009.

[1] Bodhaine, G.: Measurement of peak discharge at culverts by indirect methods — Chapter A3,

USGS, Washington DC, 1968.

[2] Charbeneau, R., Henderson, A., Sherman, L.: Hydraulic performance curves for highway
culverts, Journal of Hydraulic Engineering, 2006, vol. 132, Ne 5, p.p. 474-481.

[3] Chin, D.A.: Hydraulic Analysis and Design of Pipe Culverts: USGS versus FHWA, Journal of
Hydraulic Engineering, 2013, vol. 139, Ne 8, p.p. 886-893.

[4] Chow, V.: Open-channel hydraulics, McGraw-Hill, New York, 1959.

[5] Federal Highway Administration (FHWA): Culvert hydraulics software, HY-8, version 7.3,
Federal Highway Administration, Washington DC, 2012.

[6] Federal Highway Administration (FHWA): Hydraulic design of highway culverts, 3rd Ed.,
Federal Highway Administration, Washington DC, 2012.

[7]1 Starosolszky O.: Vizépitési hidraulika, Miiszaki kdnyvkiadé, Budapest, 1970.

m | JOURNAL OF FACULTY OF CIVIL ENGINEERING 34 (2018) |



