
 
 
 
1.0. 
 
In engin
girder 
based o
commit
consum
The pa
device D
 
 
2.0 A G
 
Describ
for me
The pro
rangefi
The us
measur
case of
compar
were m
 

Fig. 

 

USE 

INTROD

neering pr
or plate de

on the mea
tment of t

ming [2]. 
per presen
DKKZ-201

GENERAL 

bed in this a
asuring th
ototype is 
nder (Fig. 

sefulness o
rement of th
f model te
red with th

made on the 

1. General 

LASER T

K
Faculty 

G

UCTION 

actice, ther
eflection in

asurement b
the team, n

nts a new, s
10, which u

DESCRIP

article DKK
he deflectio
based on t
1). 

of the inst
he foot-bri
ests results

he results of
measuring

view of con
DK

TO MEA

Karol Daliga
of Civil an

Gdańsk Un

re are often
n a short ti
by dial gau
need expen

simple way
uses a laser

PTION OF 

KZ-2010 d
on of struc
the use of 

trument D
dge - pedes
s of the m
f measurem
g staff abou

nstruction 
KKZ-2010 t

 
 

ASURE GI
 

a, Zygmunt
 

d Environm
niversity of 

n required 
ime in a fe
uges, induc
nsive and 

y to measur
light sourc

THE PRO

evice is a p
ctural elem
directing a

DKKZ-2010
strian conn
measureme
ments made
ut a millime

 

and the co
to measure 

IRDER D

t Kurałowi
mental Eng
Technolog

to carry ou
ew chosen 
ctive or sur
complicate

re deflectio
ce. 

TOTYPE I

prototype o
ments in m
a laser bea

0 was exam
nector betw
ents of de
e by TOPC
etre scale.

ntrol system
the deflect

DEFLECT

icz 
gineering 
gy 

ut the meas
points. Tra
rveying me
ed equipm

on of select

INSTRUM

f automate
many points
am in conju

mined in 
ween the tw
eflection de
CON's N22 

m of protot
tion. 

TION 

surement o
aditional m
ethods, req

ment and a

ted items u

MENT DKK

ed instrume
s in a sho
unction wi

a model a
wo buildings

evice DKK
leveller. R

 
type instru

of beam, 
methods, 
uire the 

are time 

sing the 

KZ-2010 

ent used 
rt time. 
ith laser 

and the 
s. In the 

KZ-2010 
Readings 

ument 



The pro
- 0,1 
- (0,1
- (0,1
To obta
maximu
In ord
measur
the acc
drawn 
 

 

Fig. 

 
 
3.0 . MO
 
3.1. Dif
 
In mod
5 x 45 x
measur
of the in
 

ototype use
mm for m

1 + 0,025·10
1 + 0,1·10-6D
ain the high
um range o

der to det
rements, th
curacy dep
(Fig. 2) [1]

 2. Accura
o

ODEL TES

ffraction stu

del measure
x 1130 mm
re points. M
nstrument:

es laser ran
easure dist
0-6D) mm f
D) mm for 
h accuracy
of the instru
termine th

heoretical a
pending on
. 

acy nomogr
of the meas

STS OF FL

udy of stee

ements was
m. Supporti
Measureme
: 84 cm, 11

ngefinder L
tance to 10 
for distance

measure d
y distance m
ument is m
he effect 
nalysis cou

n the locati

raph of defl
uring point

LAT BAR D

l flat bar 

s used a fla
ng points a
nts were co
6 cm i 147 

– 102 – 

Leica DISTO
m, 

e 10 – 30 m
distance abo
measuring 

measuring u
of changin

urse of the l
ion of the 

lection mea
t over the d

DEFLECT

at steel (the
are spaced
onducted a
cm (Fig. 3)

O D3, whic

m, 
ove 30 m. 
by rangefi

up to 30 m.
ng directi
light rays w
measuring

asurement 
device DKK

TION 

 black - br
d about 110
at three diff
). 

ch accuracy

inder, it wa

ion of the
was perform
g point ov

as function
KZ-2010 [1

own colour
0 cm. On f
ferent heig

y is [3]: 

as decided 

e laser be
med. The g
er the dev

 
n of the pos
1]. 

r) with dim
flat bar m

ghts above t

that the 

eam on 
graph of 
vice was 

sition 

mensions 
arked 5 
the base 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Fig. 3. 

 
It was m
flat bar
6.63 kg
(Fig. 4)
and con
 

 
 

 

View positi
term

made full c
r weighing 
g and remo
. Examples

ntrol measu

Fig

Fig

 

on for meas
s of model. 

cycle of loa
6.63 kg an
oving the 
s of results
urements b

g. 5. Flat ste

g. 6. Flat ste

 
surements in

ading and u
d subseque
load. The 
 of flat stee

by leveller a

eel deflectio

eel deflectio

– 103 – 

n 
Fig. 4

sta

unloading i
ently weigh
mass was 

el deflectio
are shown i

 

on for H = 

on for H = 

4. View of lo
ff for defle

nvolving a
hing 9.34 kg

applied in
n measure
in Fig. 5 an

147 cm and

147 cm and

 
 

 
oad flat bar 
ction contr

dditional w
g, then the 
n the midd
ments usin

nd 6. 

 
d load 6,63

 
d load 9,34

with measu
rol by levell

weight load
mass redu

dle of the 
ng the DKK

3 kg. 

4 kg. 

 

uring 
ler. 

d of steel 
uction of 
flat bar 

KZ-2010 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


During
results 
With th
decreas
Specifie
to the s
 
 
3.2. Dif
 
In the 
surface
about 1
measur
the cas
measur
Fig. 7 a
 

 

 
 

 

 
Compa
using th
from a 

 the bend
caused by
he increas
sed from 2-
ed angle of
urface of th

ffraction stu

measurem
e) with dim
150 cm. O
red at three
se of steel 
rements usi
and 8. 

Fig. 7. 

Fig. 8. 

aring the f
he apparat
theoretical

ing test w
y incident a
se of the a
-3 measure
f incidence 
he measure

udy of alum

ment model
mensions 10
On flat bar
e heights fr
flat bar (p
ing the DK

Flat alumi

Flat alumi

flat deflecti
tus and the
l analysis o

was observe
angle of th
angle of la
ements per

angle is lo
ed steel flat

minium flat

l also used
0x40x1526 
r marked 5
rom the bas
point 3.1). E

KKZ-2010 a

inium defle

inium defle

ion was fo
e leveller o

of the accur

– 104 – 

ed some r
he laser bea
aser beam 
r second to 
ocated betw
t. 

t bar 

d a flat ba
mm. Supp

5 measure
se of the in
Examples o

and control

ection for H

ection for H

ound that 
overlapped
racy (Fig. 2

random "d
am on the 
on the ele
about 1 m

ween the in

ar of alum
porting poi
e points. T
strument in
of results 
l measurem

H = 147 cm 

H = 147 cm 

the results
d to a great
2). 

distortions"
oxidized s

ement, spe
measuremen
ncident bea

inium allo
ints of flat
he measur
n a series l
of flat alum

ments by lev

 
and load 6

 
and load 9

s of measu
ter extent 

" of measu
surface of t
eed measur
nt per 1-2 s
am and the 

oy (with th
t bar were
rements we
oad - unloa
minium de
veller are sh

6,63 kg. 

9,34 kg. 

urements o
than woul

urement 
the flat. 
rements 
seconds. 
normal 

he silver 
e spaced 
ere also 
ad, as in 
eflection 
hown in 

obtained 
d result 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


During
"rando
the "sil
with an
 
 
3.3. Dif
 
The stu
light so
surface
As a re
partly b
Device 
made tw
by utili
bottom
angles, 
of the 
a horizo
 
As in 
increas
drops. I
30°, me
measur
 

 

 
 

 the meas
om glitches
lver" flat s

n increase in

ffraction stu

udy of foot
ource (rang
e of the foo
esult of the
bridge defl
DKKZ-20
wo series o
itarian loa
 surface of 
where the 
bottom su

ontal line. T

the case o
ing the an
In the case
easurement
rement time

surements 
" of measu
surface. As
n the angle

udy - the sh

t-bridge wa
gefinder) a

ot-bridge w
e measurem
ection. 
10 was pla

of measure
d (no pede

f the foot-br
accuracy i
urface of 
The results

of measuri
ngle of inci
e of angles 
t time for a
e increased

Fig

it was ob
urement re
s in the ca
e of the lase

hape of the

as based on
and a lowe

was made o
ment was o

aced under
ments at a
estrians). T
ridge was s
is in the ran

the foot-b
s shows the

ing the de
idence of t
of inciden

a single poi
d to 2 - 3 se

g. 9. View o

– 105 – 

bserved tha
esults cause
se of flat s
er beam on

e bottom su

n the meas
er surface 
f a slightly

obtained th

r construct
an interval 
The results
shown in F
nge from 1
bridge, me
e presence o

eflection of
the laser b
ce of the la
int increase
conds. 

of measure

at the mea
ed by the l
steel, an in

n the elemen

urface of th

surement o
of the foo

y convex, tr
he shape of

tion in the 
of 10 minu

s of measu
Fig. 10. Soli

 to 5 mm. B
easuring p
of surface i

f the flat, 
eam on ele
aser beam 
ed to 1s. Fo

d foot-brid

asurements
laser beam

ncrease in m
nt was obse

e foot-brid

of distance 
ot-bridge (F
ransversely
f the foot-b

middle of
utes. Foot-b

urements of
d lines indi
Because of 

points (Fig
irregulariti

it was ob
ement, rat
on the stru
or larger a

dge.  

s there wa
m incident a

measureme
erved. 

dge 

between th
Fig. 9). Th
y arranged
bridge surf

f its length
bridge was
f the shape
icated the r

f the "wavy
g. 10) don
ies. 

bserved th
e of measu
ucture in e

angles of in

 

as some 
angle on 
ent time 

he laser 
he lower 
d panels. 
face and 

. It was 
s unload 
e of the 
range of 
y" shape 
’t form 

hat with 
urement 
excess of 
cidence, 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


 

Fig. 10

4.0. SUM
 
On the
device D
element
bridge, 
the stat
- low co
- easy o
- straig
- can be
 
The pr
speed o
deflecti
 
 
REFER
 

Daliga 
i d
W
m
sc

 

Daliga K
ug
ge
fo

 

http://pt
 

0. The resu
foot-br

MMARY 

e basis of m
DKKZ-201
ts in term
girder of h

tic loads. T
ost, 
operation, 
htforward 
e used in a 

ototype of 
of measure
ion caused 

RENCES 
K.: „Konce

dźwigarów b
WFTiMS Po
measurement
cale). 
K., Kurałow
gięć dźwiga
eodezyjne”, 
or measuring

td.leica-geos

ults of meas
ridge (solid

made analy
10 can be u
s of mode
hall, ceiling
he prototyp

interpreta
variety of b

instrumen
ement and
by dynami

epcja i pro
budowli inż
ol. Gd., 20
t of the disp

wicz Z.: „A
arów oraz 
Pol. Gdańs

g displacem

systems.com

surements o
d lines mar

ysis and m
used for th
l and real
g beams). T
pe of instru

tion of the 
building co

nt needs fu
d its dimen
ic load and 

ototypie urz
żynierskiej w
010 (The c
placements o

naliza przy
belek”, pr
ka, Gdańsk

ment and defl

m/en/Suppor

– 106 – 

of the shap
ks an accur

 
 

measuremen
e determin

l condition
The usefuln
ument has t

results obt
onditions (i

rther impr
nsions, as 

deflection 

ządzenia do
w skali rzec
concept an
of beams an

datności ró
aca zbiorow

k 2010 (Anal
lection of be

rt-Download

e - deflectio
racy range

nt, it was 
nation of de
s (for stru
ness of the 
the followin

tained 
in open fiel

rovement t
well as ap
at various 

o ciągłego 
czywistej”, p

nd prototyp
nd girders o

żnych meto
wa “Monit
lysis of the 
eams and gir

ds_6598.htm

on the bott
e from 1 to 

found that
eflection or

uctures, suc
instrumen
ng advanta

d and in th

to improve 
pplications 

levels. 

pomiaru p
praca dyplo

pe of devic
f engineerin

od do pomia
toring i inż
suitability o
rders). 

m?cid=3965 (

 
tom surface
5 mm). 

t the proto
r shape of 
ch as span

nt has prov
ages: 

he halls) 

 the accur
for measu

przemieszcze
omowa mag
ces for co
ng structure

aru przemie
żynieryjne 
of different 

(19.07.2010 

e of the 

otype of 
selected 

n of the 
ed to be 

acy and 
urement 

eń belek 
gisterska, 
ntinuous 

es in real 

eszczeń i 
pomiary 
methods 

r.) 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


