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TOM TAT

Cong tac kiém tra kich thudc, hinh dang cta van khuon thép trudc khi 6 bé
tong ¢ vai trd quan trong nham dam bao dd chinh xéc kich thudc hinh hoc, hinh
dang va chat luong két cau bé tong. Ddi v6i cac van khudn thép co bé mit cong va
c6 hinh dang phirc tap, cac phuong phap kiém tra truyén thong nhu sir dung thudc
do, may toan dac dién tir hodc cac phuong phap do thu cong thuong gap nhiéu khé
khan, do chi kiém tra dugc mot sd diém dic trung, roi rac va kho danh gia day du
hinh dang bé mit cta van khuon.

Bai bao nay trinh bay phuong phap kiém tra kich thudc hinh hoc, hinh dang
véan khuon thép bang cong nghé quét laser 3D. Dit liéu ddm may diém thu nhan tir
thiét bi quét laser 3D dugc xur 1y dé x4y dung mo hinh bé mit cua van khuon, sau dé
so sanh v&i mo hinh thiét ké nham xac dinh chénh 1&ch kich thude hinh hoc, hinh
dang cua toan bg cau kién. Két qua thyc nghiém cho théy st dung may quét laser
3D d6 chinh x4c ctia md hinh ¢ thé dat duoc 2 — 3 mm, va kiém tra duoc mo hinh
véan khuén 3D hién trang < 10 mm so v6i md hinh van khuén 3D thiét ké.

Két qua nay, cho thiy cong nghé quét laser 3D cho phep thu thép dir liéu nhanh

chong v6i mat do diém cao, tai hién chinh xac hinh dang bé mit cong va cung cap
co s trye quan dé danh gid sai 1éch hinh hoc. Ap dung phuong phap nay goép phan



nang cao hi€u qua va dg tin cdy trong cong tac kiém tra van khudn doéi voi cac cau
kién c6 hinh dang phtrc tap trong xay dung cong trinh.

T khéa: Quét laser 3D, dir li¢u ddm may diém, van khuén thép, kiém tra kich
va hinh dang van khuon.

ABSTRACT

The inspection of the dimensions and geometry of steel formwork prior to concrete
casting plays an important role in ensuring the geometric accuracy, shape conformity,
and overall quality of concrete structures. For steel formwork with curved surfaces and
complex geometries, traditional inspection methods such as measuring tapes, electronic
total stations, or manual measurement techniques often encounter significant limitations.

These methods typically allow measurements only at a limited number of discrete
characteristic points, making it difficult to comprehensively evaluate the overall surface
geometry of the formwork. This paper presents a method for inspecting the geometric
dimensions and shape of steel formwork using 3D laser scanning technology. Point cloud
data acquired from a 3D laser scanner are processed to reconstruct the surface model of
the formwork. The reconstructed model is then compared with the design model to
determine the geometric and dimensional deviations of the entire component.
Experimental results show that the accuracy of the reconstructed model obtained from
the 3D laser scanner can reach 2 — 3 mm, while the deviation between the as-built 3D
formwork model and the design 3D model is less than 10 mm.

These results demonstrate that 3D laser scanning technology enables rapid data
acquisition with high point density, accurately reproduces curved surface geometries, and
provides a clear visual basis for evaluating geometric deviations. The application of this
method contributes to improving the efficiency and reliability of formwork inspection for
construction components with complex geometries.

Keywords: 3D laser scanning; point cloud data; steel formwork; dimensional and
geometric inspection of formwork.

1. DAT VAN DE

Trong qua trinh thi cdng cac két ciu bé tdng cbt thép, van khudn la bd phan quyét
dinh truc tiép dén hinh dang va kich thwédc hinh hoc clia ciu kién. D6 chinh xac cia hé
van khuén khéng chi anh huédng dén chat lwong bé mat bé tdng ma con lién quan dén
kha ndng dam bao cac yéu cau thiét ké vé hinh hoc va kha nang lam viéc cua két cau.
Do d6, viéc kiém tra kich thuwéc va hinh dang cGa van khuén truwéc khi tién hanh dé bé
téng la mét ndi dung quan trong trong céng tac kiém soat chéat lwong thi cong.

Trong cac cbng trinh xay dwng hién nay, dac biét la cac céng trinh xay dwng dan
dung, céng trinh kién tric van héa hodc cac cau kién kién tric d&c biét, nhiéu ciu kién
bé tdng duwoc thiét ké véi hinh dang cong hoac hinh hoc khéng gian phtrc tap. Tuy nhién,
trong thwc té cong trwong, viéc kiém tra hinh hoc van khuén chd yéu van dwoc thue hién
bang cac phwong phap do dac truyén théng nhuv st dung thwéc do, may toan dac dién
tlr. Cac phwong phap nay thwdng chi cung cap théng tin tai mét sé diém kiém tra riéng
|& va gap nhiéu han ché khi danh gia hinh dang cliia cac bé mat cong hoac bé mat co
hinh hoc phirc tap.

Cung v&i s phat trién ctia cac cong nghé do dac hién dai, cong nghé quét laser 3D
da tré thanh mét cong cu hiéu qua trong viéc thu thap di¥ liéu hinh hoc clia dbi twong voi
mat dd diém I&n va dé chinh xac cao. D liéu thu nhan dwdi dang dam may diém cho
phép tai hién hinh hoc khéng gian ctia dbi twong va tao co sé& cho viéc phan tich, danh



gia sai léch so v&i mé hinh thiét ké. Trén thé gioi va tai Viet Nam da coé cac nghién clru,
(rng dung may quét laser 3D dé thu thap dir liéu 3D phuc vu xay dwng cac mé hinh 3D,
BIM céng trinh. Tuy nhién, dbi v&i cong tac kiém tra van khudn cé dang phtrc tap thi chua
c6 nhiéu nghién ctru chi tiét va danh gia do chinh xac. Xuét phat tlr nhirng yéu cau thuc
tién néu trén, bai bao tap trung nghién clru kha nang rng dung cong nghé quét laser 3D
trong cong tac kiém tra kich thwéc va hinh dang van khudn déi véi cac cau kién cé hinh
dang cong. N6i dung nghién ctru nham khao sat danh gia dé chinh xac ctia phwong phap,
thiét bi dé kiém tra kich thuwéc hinh dang van khuén, gép phan nang cao hiéu qua kiém
tra va kiém soat chat lwong cong trinh.

2. NOI DUNG
2.1 Giéi thiéu cong nghé quét 3D laser scanning

Céng nghé quét laser 3D (3D Laser Scanning) la mét phwcyng phap do dac hién dai
cho phép thu nhan nhanh chéng thdng tin hinh hoc ba chiéu clia dbi twong trong khéng
gian. Thiét bi quét laser phat ra céac tia laser t&i bé mat dbdi twong va ghi nhan tin hiéu
phan xa tré lai dé xac dinh khodng cach tir may quét dén diém do. Két hop véi cac thong
tin v& géc quét theo phwong ngang va phuong ding, toa do khéng gian cla cac diém
trén bé mat déi twong dwoc xac dinh trong hé toa d clia may quét. Qua trinh nay duoc
thwe hién rat nhanh, cho phép thu nhan hang tram nghin dén hang triéu diém do trong
mot giay.

Két qua cla qua trinh quét dwoc biéu dién dwdi dang dam may diém (point cloud),
trong d& méi diém chira théng tin toa dd khéng gian (X, Y, Z) va co thé kém theo cac
thudc tinh khac nhw cuo’ng d6 phan xa hodc mau sac. Tap hop cac diém nay mo ta chi
tiét hinh dang bé mét cta dbi twong dwoc quét. T div liéu dam may diém, coé thé tién
hanh cac budc xi ly nhw loc nhiéu, ghép ndi cac tram quét, xay dwng mo hinh bé mat
ba chiéu hodc trich xuat cac yéu té6 hinh hoc phuc vu cho cac muc dich phan tich va danh
gia.

Trong linh vuc xay dwng va trac dia cong trinh, céng nghé quét laser 3D da dwoc
¢ng dung réng rai trong nhiéu nhiém vu nhw khao sat hién trang cong trinh, 1ap mé hinh
sb cong trinh, kiém tra kich thwéc va hinh dang cau kién, kiém soat chéat lwgng thi cong
va quan trac bién _dang. So voi cac phwong phap do dac truyén théng, céng nghé quét
laser 3D c6 wu diém néi bat 1a kha nang thu nhan di lieu véi mat dé dlem cao trén toan
bd bé mat dbi twong, giup mo ta chi tiét hinh dang hinh hoc clia cac cAu kién co hinh
dang phtre tap.

Dbi v&i cdng tac kiém tra van khuén trong thi cdng cac cau kién bé tdng cé bé mat
cong, dir liéu ddm may diém thu dwoc tlr quét laser 3D cho phép tai hién chinh xac hinh
dang khéng gian ctia van khuén. Trén co sé& do, cé thé so sanh véi mé hinh thiét ké dé
xac dinh sai l&ch hinh hoc cla toan bd bé méat cu kién, tlr d6 cung cap co sé& dang tin
cay cho viéc danh gia chat lwgng va diéu chinh trong qua trinh thi cong.




Hinh 1: May quét 3D laser scanning.
2.2. Quy trinh kiém tra van khuén bang cong nghé quét laser 3D

Quy trinh kiém tra kich thwéc, hinh dang van khuén bang céng nghé quét laser 3D
dwoc thwe hién théng qua cac buédc chinh tir thu thap dir liéu hién trwéng dén phan tich
sai l&ch hinh hoc so v&i mé hinh thiét ké. Quy trinh nay cho phép danh gia toan dién hinh
dang khéng gian ctia van khudn, ddc biét déi véi cac cau kién cé bé mat cong hodc hinh
hoc phtrc tap.

(1). Khdo sat hién
treong, chuan biva
b4 tri tram quét

|

(2). Quét laser 3D thu
thap dir liéu

|

(3). Xt Iy va ghep ndi
dam may diem clia
Cac tram quét

|

(4). Xay dung md hinh bé
mat va so sanh v6i mé
hinh thiét ké

|

(5). Banh gia sai léch
va lap bao cao

Hinh 2: So' d6 khéi qua trinh kiém tra van khuén bang céng nghé quét laser 3D.

(1) Kh&o sat hién trwerng, chuén bj va bd tri tram quét: Trwde khi tién hanh quét, can
khao sat hién trworng va xac dinh vi tri d&t may quét laser sao cho ddm bao thu nhan day
da dir liéu cha bé& mat van khudn. Trong trwdng hop van khuén cé hinh dang phurc tap
hodc bj che khuat mét phan, can bé tri nhiéu tram quét khac nhau d& dam bao toan bo
bé mé&t dbi twong dwoc ghi nhan. Ngoai ra, cac muc tiéu chuén (targets) hoac diém dac
trng cé thé dwoc bd tri trong khu vire quét nham phuc vu cho viéc lién két va ghép néi
di¥ liéu gilra cac tram quét trong qua trinh xt ly.

(2) Quét laser thu thap di¥ liéu: Tai méi vi tri d&t may, thiét bi quét laser 3D tién hanh
quét bé méat van khuén va thu nhan di liéu dwdi dang dam may diém. Tuy thudc vao loai
thiét bi va ché dd quét dwoc lra chon, mat dd diém do cé thé dat t¢i hang triéu diém, cho
phép mé ta chi tiét hinh dang bé mat cia van khuén. Qua trinh quét thuwéorng dwoc thuc
hién trong th&i gian ngan va cé thé ghi nhan div liéu trén dién réng, gitp gidm dang ké
thoi gian do dac so véi cac phwong phap kiém tra truyén thdng.

(3) Xt ly va ghép ndi dam may diém clia cac tram quét: Sau khi hoan thanh céng
tac quét hién trwong, di liéu tr cac tram quét dwoc nhap vao phan mém xi ly chuyén
dung dé thuwc hién cac budc xi ly ban dau nhw loc nhiéu, loai bé cac diém khéng can
thiét va ghép ndi (registration) cac dam may diém tlr nhiéu tram quét khac nhau thanh
mot hé di liéu thdng nhéat. Két qua cta budc nay la mdt méd hinh dam may diém hoan
chinh thé hién hinh dang khéng gian cta toan bd hé van khudn.

(4) Xay dwng md hinh bé mat va so sanh voi thiét ké: Tw div liéu dam may diém da
duoc xt ly, co thé xay dwng mé hinh bé mét ba chiéu cia van khuén théng qua céac
phwong phap ndi suy hoac tao lwédi bé mat (mesh). M6 hinh nay sau dé duoc dwa vao
so sanh v&i md hinh thiét k& (CAD/BIM) clia ciu kién. Théng qua cac cdng cu phan tich
trong phan mém, sai léch hinh hoc gitra mé hinh thwc t& va mé hinh thiét ké dwoc xac



dinh va biéu dién duwoi dang ban do sai léch hodc cac mat cat kiém tra. Diéu nay cho
phép danh gia triec quan mirc d phu hop cua van khudn so v&i yéu cau thiéet ke.

(5). Panh gia sai l&ch va 1ap bao cao: Dwa trén két qua phan tich sai léch, cac théng
sd nhw d6 1éch vj tri, do léch bé mat hodc sai sé kich thwdc co thé dwoc xac dinh. Cac
két qua nay duoc tdng hop dwéi dang bang sé liéu, hinh anh trc quan hodc ban d6 mau
thé hién mrc do sai léch. Két qué danh gia la co s& dé quyét dinh viéc diéu chinh van
khudn trudc khi tién hanh d6 bé téng, déng thdi phuc vu cho céng tac kiém soat chét
lwong va nghiém thu trong qua trinh thi cdng cdng trinh.

2.3 Pbanh gia dé chinh xac

Sau khi xay dwng dwoc md hinh bé& mat cta van khuén twv div liéu quét laser 3D,
buwdc tiép theo la xac dinh sai l&ch hinh hoc gitra md hinh thuc t& va mé hinh thiét ké.
Viéc danh gia sai léch thudng dwoc thiwe hién thong qua phwong phap so sanh khoang
cach gitra cac diém trong dam may diém véi bé mat thiét ké.

Gia str mot diém trong dam may diém thu dwoc tir quét laser co toa do:

Pi(xi" Yis Zi) o (1)
Va bé mat thiét ké duoc biéu dién dwoi dang ham:
F(x,y,z) =0 (2)

Khodng cach sai l&ch hinh hoc tir diém do dén bé mat thiét ké dwoc xac dinh theo
cbng thire:
|Ax;+By;+Cz;+D|
di = = e (3)
~ Trong do: A,B,C,D la cac hé s clia phuong trinh mat phréng hodc bé mat xap xi thiét
ké; di la khoang cach sai Iéch tlr diém do dén bé mat thiét ké.

DPéi v&i cac bé mat cong phg’vc tap, §ai [éch hinh hoc thu’b:ng dg’o’c 3<éc dinh péng
cach tinh khoang cach ngan nhat tr diém trong dam may diém dén bé mat thiét ké
(nearest surface distance) théng qua cac thuat toan xt ly trong phan mém chuyén dung.

Dé danh gia tong thé mirc d6 sai léch clia van khudn, cac chi tiéu thdng ké thuong
dwoc st dung nhw sai léch trung binh, sai Iéch I&n nhat hoac sai s6 binh phwong trung
binh:

RMSE = |31, d} (4)

Trong dé: d; 14 sai léch tai diém th i; n la sb lwong diém dwoc st dung trong qua
trinh phan tich.
3. THUC NGHIEM

Pé danh gia kha nang (rng dung clia cdng nghé quét laser 3D trong kiém tra hinh
dang van khuén, moét thi nghiém thuc té da dwoc thwe hién dbi véi hé van khudn cla ciu
kién bé téng cd bé mét cong tai cong trudng. Hé van khudn dwoc Idp dwng theo thiét ké
nham tao hinh cho cAu kién bé tdng truéc khi tién hanh db bé téng.

3.1. Thiét bi str dung
Thié} bi sg’ dung la may Scan Laser SPL-500E cQa hang RooXen, tbc dd do [én t&i
2 triéu diém moi gidy va hé thong hinh anh HDR tién tién, viéc tao cac dam may diém 3D

mau cé thé dwgc hoan thanh trong vong chwa day 2 phat. Mot s6 thong s6 k¥ thuat chinh
cula thiét bi nhw sau:
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Hinh 3: Hinh va céc théng sb ky thuat chinh ctia may Scan Laser SPL-500E.
- Pham vi quét: 0.5 - 500 m.
- Goc quét: 360° (ngang) x 300° (doc).
- Téc d6 quét: Tbi da 2.000.000 diém/giay.
- 6 chinh xac twong d6i: 1.1 mm @10 m; 1.8 mm @25 m.
- B6 chinh xac géc: 0.001° (H/V).
- Téc d6 quét  tdi da: 100 Hz.
- Bwéc quét: 0.018° (20.480 diém/pixel 3D trén 360° H/V).

- Piéu khién ngoai hién trwdng: Man hinh cdm (rng hodc diéu khién may tinh bang
qua WLAN.

- Thoi gian quét nhanh nhéat ~16 giay (chi quét); 41 giay (quét + anh).
- Cam bién laser Class-1 an toan cho mét (IEC 60825-1:2014).

- Buwdrc song laser 1550 nm (khéng nhin thay).

- Camera HDR 2 camera tich hgp phia trwéc va huwdng 1€n 45°.

- D6 phan giai anh 24.6 MP (12.3 MP x2) cho méi lan chup.

3.2 Khu vwc thwec nghiém

Khu vyc thyc nghiém dwoc nh,ém nghién ctru thyc nghiém tai khu veec xay dwng
cong trinh & Ha N6i va Nha may Ché tao van khuon tai Hai Phong.

3.3. Thu thap dir liéu quét laser 3D

Thiét bj quét laser 3D dwoc bd tri tai nhiéu vi tri khac nhau xung quanh khu vwe van
khudn nham dam bao thu nhan dy da dir liéu bé mat. Cac tram quét dwoc lwa chon sao
cho han ché téi da cac vung bi che khuat va ddm bao do phu dir liéu tét. Trong qua trinh
quét, cac muc tiéu chuan dwoc b tri dé& phuc vu cho viéc ghép ndi di¥ liéu gitra cac tram
quét.



Hinh 4: Hinh &nh thuc nghiém tai cong trinh va nha may ché tao van khuén.
3.4. Xt ly div lieu dam may diém
Sau khi hoan thanh céng tac quét hién trwdng, div liéu tr cac tram quét dwoc nhap
vao phan mém AcutelLas Studio clia hdng Rooxen dé xtr ly. Cac buéc xt ly bao gém loc
nhiéu, loai bd cac diém khong can thiét va ghép ndi cac dam may diém tlr nhiéu tram
quét khac nhau thanh mét mé hinh dam may diém thdéng nhét.

Hinh S Hinh anh dam may diém sau khi xtr [y dir liéu.
Két qua x(&r ly cho ra bao cao danh gia vé dd chinh xac mé hinh sau xt ly:

Bang 1: Bao cao téng quan két qua xt ly dir liéu quét laser 3D>.

Sai s6 I&n nhat (mm) 4.75
Sai s6 trung binh (mm) 2.73
Ty 16 trung I3p i thidu (%) 76.12
S6 lwgng quét 06
S6 mat dwoc két ndi 14
Bang 2: Bao cdo chi tiét két qua xt ly div liéu quét laser 3D.

R . £ .4 % | S@i sO I&¥n|Sai so0 trung | Ty lé trung lap
Tén khoi Somatketnoi | < (mm) binh (mm) ? tgi thiéu (°g/o)
001 04 2.52 1.77 76.18
003 05 4.75 3.04 80.39
005 05 3.98 2.23 77.89
006 05 4.58 3.12 76.18
008 04 4.75 3.99 80.39
010 05 3.10 2.32 78.28

3.5. Ghép ndi va so sanh v&i mé hinh thiét ké

M6 hinh bé mét thwe té ciia van khudn dwoc dwa vao so sanh véi md hinh thiét ké
cla cAu kién trong méi truéng phan mém Cyclone cla hang Leica. Qua trinh so sanh
duwoc thwe hién bang cach xac dinh khoang cach gitra mé hinh 3D dwoc tao bdi cac dam
may diém va bé mat 3D thiét ké cltia van khuén.



Két qua so sanh cho phép xac dinh chénh léch khodng céach, toa do cac diém gitra
mé hinh 3D duwoc tao béi cac dam may diém va bé mat 3D thiét ké cta van khuén. Cac
khu vire c6 sai léch I&n so vai thiét ké dwoc xac dinh ré rang, gitp kj sw thi cong dé dang
nhan biét va thwc hién diéu chinh truwéc khi tién hanh db bé tong.

——-g

3D Distance:  7.300 mm #

3D Distance: 8.052 mm

Hor. Distance: 7.015 mm ’
Vert. Distance: 2.020 mm #
’ .

v

Hor. Distance: 5.408 mm
Vert. Distance: 5.965 mm S

Hinh 5: Hinh én,h ghép mé hinh tir di¥ liéu scan laser 3D v&i mé hinh thiét ké.
Bang 3: Bang tong hop do chénh léch cac mo hinh van khudn quet laser 3D hién
trang va mé hinh 3D thiét ké.

Tén vi tri van | Chénh Iléch Ié&n . ,
T khuén nhét (mm) Ghi cha
1 11.1 5.41 Van khuon co gia d&
2 3.2.1 35.99 Van khuén dé ty do
3 322 31.86 Van khuén dé ty do
4 5.1.1 7.82 Van khuén co gia d&
5 51.2 3.32 Van khuén co gia d&
6 6.1.1 3.84 Van khuon co gia d&
7 6.1.2 23.54 Van khuén dé ty do
8 6.2.1 11.25 Van khuén dé ty do
9 6.2.2 8.10 Van khubén co gia d&
10 10.1 19.10 Van khuén dé ty do
11 10.2 23.91 Van khuén dé ty do

Nhan xét danh gia: Dwa vao két qua do kiém tra van khuén tai nha may va coéng
trinh cho thay véi cac van khudn dwoc 1ap dung va gia cb leo chéng, chénh Iéch mé hinh
3D hién trang va mé hinh thiét ké cGa van khuén < 10 mm. V&i cac van khudn thép dé tw
do, chénh léch I&n hon, nguyén nhan do cac van khuén thép co trong lwgng Ion da vi
cong, van dan dén sw chénh léch |&n nay.

4. KET LUAN

Bai bao da trinh bay phwong phap kiém tra kich thwéc va hinh dang van khudn thép
bang céng nghé quét laser 3D. K&t qua nghién ctru cho thiy cong nghé quét laser 3D
cho phép thu thap di¥ liéu hinh hoc bé mé&t véi mat dd diém cao, phan anh day dd hinh
dang thyc té cGia van khudn va hé tro so sanh truc tiép véi mé hinh thiét ké. Phuwong
phap nay gilup phat hién nhanh céac sai léch vé kich thwéc va hinh dang, nang cao dd
chinh xéc, tinh khach quan va hiéu qua trong cong tac kiém tra.

Két qua thyc nghiém cho théy viéc (rng dung coéng nghé quét laser 3D trong kiém
tra van khuon thép la kha thi va co nhiéu wu diém so véi phwong phap do dac truyen
thdng, d&c biét dbi véi cac cau kién co hinh dang phurc tap. Phwong phap nay gép phan
nang cao chét lwong kiém soat hinh hoc trong qua trinh ché tao va 1ap dwng van khuén
trong xay dwng cong trinh.
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