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TOM TAT

May quét lazer mat dat (Terrestrial Laser Scanner - TLS) véi nhiéu wu diém vuot troi nhu kha ning tu
dong hoa cao, do chinh xac, mat do diém do 16n cing véi tée do thu cao trong thu thap dir liéu da nhanh
chong trg thanh cong cu day hua hen cho céc cong tac kiém tra chat luong cong trinh. Tuy nhién & nudc
ta hién nay van con thiéu quy dinh quy pham cho TLS trong kiém tra d6 phing bé mit cong trinh. Bai béo
nay dua ra cac bude de kiém tra do phiang bé mit cong trinh s dung TLS duya theo tiéu chuian ASTM
E1155. Thuc nghiém tién hanh kiém tra ¢ phang bé mat san caa mot nha méay ¢ Viét Nam bang thiét bi
TLS GLS 2200. Tir qué trinh do dac thuc dia, 1dy mau, tinh toan va phan tich cac tham sb d6 phing cho
thdy cac budc duoc dua ra hoan toan ¢ thé dp dung cho cong tac tric dia trong kiém tra d6 phang bé mat
cong trinh. Ngoai ra, ddy ciing 13 nghién ctru bude ddu mot cach c6 hé thdng tir phén tich ly thuyét, thanh
lap quy trinh va thyc nghiém véi cong trinh thyc té & nudc ta. Do do, ¢6 thé sir dung bai bao nhu mét chi
dan k¥ thuat va tai liéu tham khao cho k§ su trac dia ciing nhu cac co quan quan 1y nha nuéc trong viéc
xay quy trinh quy pham sir dung TLS cho danh gia d6 phing bé mat cong trinh.

Tur khoa: Do phang bé mat, may quét lazer mat dat (TLS), phuong phép s6 F, tiéu chuan ASTM E1155.
1. Pit véan dé

Trong klem tra do phang bé mit cong trinh bang phwong phap truyén théng can phai tiép can tryuc tiép
dbi tuong, s6 lwong diém do it va chi kiém tra khi bé mat (bé tong) da dong cung (Bosché and Guenet,
2014) dan t6i viéc khic phuc sai s6t trong qué trinh thi cong gap nhleu khé khan. May quét lazer mat dét
str dung tia lazer theo nguyén Iy do khong guong cho phép do gian tiép, toe d6 thu dit liéu nhanh va chinh
xéc, dac biét cho phép kiém tra bé mat bé tong khi con chwa dong cing. Vi vy, TLS 1a mét giai phap
thay thé phu hop cho cong tac kiém tra chat luong bé mat cong trinh. Lién quan dén sir dung TLS cho
kiém tra chat luong cong trinh, Talebi va Koskela et al. (2018) da sir dung thiét bi nay dé thu thap dix liéu
va phan tich do léch dé phat trién mot phuwong phéap tong thé c6 tén 1a phép do tuan thu dung sai
(Tolerance Compliance Measurement). Dé danh gia do phang trong qua trinh xay dung, Valero and
Bosché (2016) wng dung TLS vi n6 cho phép tdc do thu thap dir liéu nhanh chéng, do d6 bao dam cho
cong tac kiém tra cong trinh trong qua trinh thi cong. Thém vao d6, Zaczek-Peplinska, Kowalska et al.
(2023) ciing sir dung thiét bi nay dé trich xuat cac tham s6 ciia mét phang. Puri va Valero et al. (2018)
danh gia do phang theo phuong phap song bién dbi lién tuc (continuous wavelet transform) tur dit ligu
TLS. C6 thé thay rang wu diém I6n nhat cia TLS trong dénh gia do phang cua mat san bé téng la cho
phép kiém tra nhanh chong (bao céo két qua chi sau vai gio ddng hd) khi bé mat bé tong chwa dong két
(Bosché and Guenet, 2014). Do d6 phuong phép ndy cho phép phat hién sém dé khic phuc kip thoi ma
cac phuong phép truyén thong khong thé thuc hién duoc. Tuy nhién, ¢ Viét Nam hién nay, kiém tra do
phang bé mat cong trinh bang TLS theo tiéu chuan quy pham nao van chua duoc dé cap toi. Ngoai ra, con
thiéu cac nghién ciru mot céch co hé thong vé ing dung TLS trong kiém soét chat lugng bé mit cong
trinh. Mot cau hoi dit ra 13 tiéu chuan nao phu hop dé ap dung TLS kiém tra d6 phing bé mat cong trinh.
Dé tra loi cho cau hoi nay, bai béo gidi thisu mot sé phuong phap phd bién hién nay trong cong tac kiém
tra d6 phang bé mit cong trinh va budc dau dé xuét cac budc cho phép ap dung TLS dé kiém tra do phang
bé mat cong trinh.

2. Co 56 ly thuyét va phwong phap nghién ciu
D¢ phang cia bé mit cong trinh la mot yéu t6 rat can thiét dé bao dam mét san dap (ing céc yéu cau six
dung cua né nhu thiét ké.

* Tac gia lién h¢
Email: phamtrungdung@humg.edu.vn
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Do phiang bé mit anh huong téi do an toan, ning suat va chi phi bao tri va né dugc dinh nghia boi hai
chi s6 1a do phang F (flatness) va do phang bé mat F. (levelness). Chi sé do phang Fe 1a dé thé hién tinh
chat phang trong pham vi hep (0,6 m) con d phang bé mat Fi 1a thé hién tinh chat phang trong pham vi
rong (3 m) (TR34 2003).

Thong sb ky thuat cing véi tiéu chuan vé do phang duoc xay dung va phap trién cing véi sy ra doi
cua céc thiét bi cdng ngh¢ mai theo thoi gian. Nhiéu phuong phap da ton tai cho phép kiém tra do phang
bé& mit nhu phwong phap ‘dung thudc thing (straightedge), phuong phap sO F, phuong phap TR34, (TR34
2003), phuong phap hé s6 Waviness. Tuy nhién hai phuong phap phd bién nhét dé tng dung trong thuc té
hién nay la phuong phap st dung thudc thing va phuong phap sé F, ndi dung cia hai phuong phép nay sé
dugc trinh bay trong c4c phan tiép theo cua bai bao nay.

2.1. Phwong phdp thuwéc thiang

Thuéc thang (straightedge) la phuong phap don gian s dung mot thudc thép co chiéu dai 3 m hoic 2
m theo tiéu chuan cua Hoa Ky hoic Tay Au, tuong tmg. Do g6 ghé cua bé mat 1a sy chénh léch giita mat
nén va bé mat thude thép duge do tai mot sé vi tri khac nhau doc theo thude thép dugc miéu ta trong
Hinh 1. Tir gia tri chénh léch do duoc s& so sanh véi dung sai theo tiéu chuan hién hanh dé danh gia vé
tham sb do phang. Tham sé do phang tong thé va cuc bo duoc do boi thudc thang dai 3 m va 0,3 m (theo
tiéu chuan cia Hoa Ky) hogc 2 m va 0,2 m (theo tiéu chuan caa Tay Au). D phang tong the phan anh
bién dang & pham vi 16n gidng nhu vin xoén trong khi do phang cuc bo chi xac dinh mue do go ghé trong
pham vi hep cua san. Nhiing gié tri do phang nay duoc biét dén 1a tham sé do phing va do phing bé mat
va duoc ky hiéu 1a F_ va Fe, trong tng theo tiéu chuan cua Hoa Ky (ACI-117-06 2006). Phan tiép theo s&
gidi thiéu mot vai nét tiéu biéu cua mot sb tiéu chuan qudc té va Viét Nam duoc xay dung dua theo
nguyén ly cua thudc thang.

O Hoa Ky, ACI 117 kién ngh1 rang phuong phap thuéc thang nén dugce do mot cach ngau nhién trén
bé mat va it nhat 100 ft* (10 m?) c6 mét tri do va cac diém ldy mau can phai ldy song song hoic vuéng
géc hoic tao ra goc 45° so véi truc dai cua coéng trinh (American Concrete Institute (ACI) 2006).

Tai Phép, theo tiéu chuan NF P11-213 (tiéu chuan cho thiét ké va xay dung nén bé tong) yéu cau it
nhét 10 tri do can phai dugc thyuc hién tai mdi mot san nén nhung khong cung cap thém bt ky thong tin
nao vé vi tri cia phép do (Afnor, 2007). Ngoai ra, c4c tri do can thyuc hién theo dang ludi 6 vudng véi mat
lu6i 1a 1 m (CSTB 2011).

Tai Anh, theo tiéu chuan ((BSI) 2009) s6 luong tri do dé kiém tra mirc do phang cua bé mt can thoa
thuan gitra cac bén dua theg tiéu chugm hién co trén hai tiéu chi vé thoi gian va kinh phi, trong d6 bé mat
do can phai dua theo mét bé mat chuan.

Tiéu chuin New Zealand NZS 3114: 1987 “Thong sb ky thuat cho bé mat bé téng hoan thién” (NZS-
3114 1987) and NZS 3109:1997 “Céng trinh bé téng” (NZS-3101 1997), dung sai cho 11 loai bé mat
hoan thién dugc dat tén U1-U11 duoc gigi thiéu. Trong nhitng tiéu chuan nay, hai loai dung sai la sy thay
d6i dan dan va thay ddi dot xuit duoc do bang thudc thang 3 m va thudc 0,2 m twong (ng gid tri cho cac
d6 lech nay la 5 va 3 mm.

Tiéu chuan Viét Nam (TCVN-8864 2011) dua trén phuong phap thuéc thang dé kiém tra bé mét phang
cua duong. Theo tiéu chuan nay, chi co d6 phang tong the dugce do béi thuse thang 3 m. Nguyén Iy cua
phuong phap nay 1a d6 léch gitra thudc va bé mat san dugc do ngau nhién boi con ném nhu

Hinh 1. Gié tri d6 léch duoc so sénh vai cac gia tri dung sai ghi trong tiéu chuan TCVN 8864: 2011.

Theo tiéu chuan TCVN 8864: 2011, d6i voi san bé tong néu 70 % gia trj do léch trong pham vi 3 mm
va 30 % gia tri do léch trong pham vi £ 5 mm thi mat san dat chat lwong rat cao hoac rat phang. Néu 50 %
giéa tri do léch trong pham vi £ 3 mm va 50 % gia tri do léch trong pham vi‘i 5 mm thj mat san dat chat
lugng cao hoac nén phang. 100 % gié tri ¢ 1éch trong pham vi £ 5 mm thi nén twong doi phang.

Uu diém cua phuong phap thudc thing trong kiém tra d6 phang don gian va khong yéu Cau cac cong
cu dit tién. Tuy nhién, ap dung phuong phap nay mat thoi gian, tiém an sai s6 do va gidi han vé pham vi
do (trong chidu dai 3 m cua thudc). Ngoai ra, né con khd dé kiém tra do phang ddi véi khu vuc I6n,
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khong thé tai thiét lap két qua va thudc khong dugc can bang khi do. Trong tiéu chuan nay khong yéu cau
thudc do phai can bang do do két qua do do phang khong phan anh do phang bé mat F, cua mat san. Thoi
gian va vi tri do trén mat san cung nhu sé lugng diém do khong duoc dé cap trong cac tiéu chuan trén
(ACI-117-06 2006). Do dé, can c6 cac tiéu chuan, quy pham thay thé cac tiéu chuan hién co duogc thong
qua dé phu hop véi cong nghé méi nhu may quét lazer.

om 05m 1.0m 1.5m 20m 2.5m 3.0m
| | 1 | |

Thude3 m

100 mm 120mm /
/ /- / //

Con ném
Hinh 1. Thuréc thang dai 3 m va con ném sir dung do dé phang bé mat cong trinh
2.2. Phwong phdp so F

Hé théng do sé F 1a mot trong nhitng thang do phd bién cho do dé phiang duoc phat trién bai Vién
Nghién ciru bé tong cua Hoa Ky (ACI) va str dung trong tiéu chuian ASTM E1155. S6 F 1a phuong phap
thong ké dé danh gia do phang thdng qua hai chi s6 1a do phang (F¢) va d6 phang bé mat (FL). S6 F la gia
tri 46 phéng duoc tinh tir cac mau do roi rac trén mot mat phang trong pham vi 12 inch (hogc 0,3 m) theo
bé mat cong. Trong kién tric va cong trinh, s6 F thuong dugc sir dung dé dénh gia theo cac chi s6 do
phang (Fp), d6 phang bé mat (F.) (Henry and Ingham, 2010). Ca Fr va F déu thé hién chat lugng mat
phang va khong c6 don vi. Gid tri cua Fr va Fy cang lon thé hién chat lugng bé mat cang phang. F anh
huéng qué trinh hoan thién mat san trong khi F_ anh huong chinh bai qua trinh thi cbng. Fr duoc xac dinh
bai toe do thay dbi do cao cua mat san bé tong trong khoang 0,3 m trong do toc do thay ddi do cao la q.
Gia tri cua g am néu mat san 15i 1én va gié tri cua no la duong néu mit san bi 16m xudng. Gia tri Fe trong
tiéu chuian ASTM E1155 dugc tinh theo cong thirc (ASTM 2001):

0,1161 (1)

" (8S,+1al)
trong do: Sq 1 gia tri d6 léch chuan cua q va |q| 1a gia tri tuyét déi cua tri trung binh caa g. Cha y rang
trong cong thuc (1) Sq va q duoc tinh bang m.

Fu la gia tri do do phing bq mit dé thé hién do déc ciia mat san trong pham vi 10 ft hodc 3 m. Sy khéc
biét vé mat do cao giira hai diém & khoang cach 3 m va dugc tinh theo cdng thac (ASTM 2001):

p - 03175 (2)
L= @3S, +1zD

trong d6: S, 1a do léch chuan cua z va |z] 1a tri tuyét ddi cua gia tri trung binh cua z.

S6 lugng, do dai va vi tri cia tuyén do kiém tra do phang cta bé mat trong tiéu chuan ACI (ASTM 2001)
duoc miéu ta trong Hinh . Nhitng duong thang nay can song song va vudng géc véi nhau theo chiéu dai cua
gi6i han mat san. Kich thudc mit luéi duoc quy dinh khong vuot qué 1,2 m va khoang cach ldy mau trén
mdi tuyén do 1a 0,3 m. Hau hét cac loai thiét bi nhu may thiy chuan, toan dac dién tir déu thoa man dé &p
dung cho quy trinh trén, tuy nhién may quét lazer mat dat 1a thiét bi wu viét hon ca khi 4p dung cho tiéu
chuan nay (Bosché and Guenet, 2014). Bé danh gia chat lugng cia bé mat dia trén phuong phap sb F, cac
dung sai cua chi s6 Fe va F_ duoc quy dinh theo tiéu chuan ACI-302.1 and ACI 117 va duoc liét ké
trongBang va Bang , twong ng. Chl y rang F,_ chi 4p dung dé tinh cho do phéang trén I6p mat.
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Pung Pung Sai Sai Sai Sai
T6ng s6 tuyén T4t ca cac tuyén Tuyén do theo hai  Téng s6 tuyén hai Tuyén thiét k& Tuyén thiét ké
theo hai huéng tao thanh géc 45° huéng khong huéng khong khong phai 45° ngau nhién khéng
vuong goc tuong so v&i chiéu dai bang nhau bing nhau duwoc chdp nhan
duwong nhau mat san

Hinh 2. S6 lwong va chiéu dai tuyén kiém tra
Bang 1. Dung sai cua Fr va F_ quy dinh cho 5 logi mgt san khac nhau (ACI-302.1R-96 1997)

Muc dich st dung mat san Do phang FF Do phang bé mat FL
Khéng gian khong qlﬂan 'grong, phong co khi, bai dau FE 20 FL 15
xe, khu vuc co gach op lat
Vin phong, khu cong nghiép nhe, nén trai tham FF 25 FL 20
San kho, kho tiép nhan hang, phong thi nghiém FF 30-35 FL 20-25
Kho hang khong, san trugt bang FF 45 FL 35
San phim truyén hinh FF > 50 FL > 50
Bang 2. Mdi quan hé giira dung sai Ciia phwong phép s6 F va phwong phdp thieéc thang
Loai mit san Phuong phép s6 F (FF) Phuong phép thudc thang (mm)

Truyén théng 20 13

Twong ddi phiang 25 10

Phing 35 6

Rat phang 45 5

Siéu phing 60 3

2.3. Pdnh gid @ phang bé mgt bang TLS

Méy quét lazer mat dat cho kiém soat chat luong mat phiang di dugc khao sat qua nhiéu nghién ctu.
Cac nghién ctu vé Tinh vuc ndy c6 thé duoc chia thanh hai nhom: (1) Nhém sir dung s6 F va (2) Nhom truc
quan héa qua sé liéu va hinh anh ma khéng theo quy pham. Talebi, Koskela et al. (2018) dya theo phuong
phép truc quan hoa da phat trién quy trinh bén budce cho TLS trong danh gia d¢ phang bé mit, cac budc
chinh bao gom (i) thu thap di liéu 3D, (ii) dinh hudng dir liéu dam may diém; (iii) phan tich do léch; (iv) thé
thién gia tri do léch. Ngoai ra, quy trinh danh gia d phing bé mit theo phuong phap Continuous Wavelet
Transform dwoc dé xuit boi Valero and Bosché (2016) ciing gdm 4 bude. Quy trinh danh gia do phing bé
mit bang phuong phép F dugc phat trién tryc tiép tir phuong phap do bang thudc (straightedge) vén da quen
thudc nén né cé thé dé dang ap dung trong thuc té. Tir quy trinh ba budc trong nghién ctru cua Bosché and
Guenet (2014) tic gia da phat trién thém mot bude va duoc miéu ta chi tiét nhu sau:

Budc 1: Thu thap dit liéu mat san bang TLS

Dé thu thap dir liéu dam may diém cua mat san can danh gia d6 phang can thanh lap cac diém khéng
ché mit dat (GCP). Cac diém khdng ché mat dat nén dwoc thanh lap trong hé toa do cong trinh hoic hé
toa do qudc gia. Viéc thanh 1ap khdng ché mat dat co thé duoc thyuc hién boi céac thiét bi khao st truyén
thong nhu may toan dac dién tir. Can tdi thiéu 3 dén 4 diém khdng ché cho toan bo khu vuc khao sat dé
lam co s& tinh chuyén toa do. Tiép theo, cac tham sé cua TLS can dugc cai dat phi hgp cho dbi twgng
trude khi quét. Trong d6 c6 hai tham s6 quan trong nhat 1a d6 phan giai (resolution) thé hién sb lugng
diém do trén mot dién tich va chat luong quét (quality) thé hién do chinh xac cua tri do. Theo Talebi,
Koskela et al. (2018), do phan giai dugc cai dat I6n (1/4) va trung binh (1/8) khi quét cho khu vuc I6n véi
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dbi twong 1a noi that hodc khong phai noi thit, twong tmg. Do phan giai thap (1/10) duoc d& xuat cho khu
vuc hep. Chit luong quét tdy thude vao chat liéu mat san, d6i voi vat lieu khdng phan xa (bé tong) nén
dat murc 2X con bé mat c6 tinh phan xa cao thi nén dat muc 3X hoic 4X.

Sau khi thu di liéu, dam may diém can duoc ghép ndi (hoac dinh hudng twong doi registration) tir céc
tram may riéng lé. Qua trinh ghep tram c6 thé duoc thuc hién boi mot trong cac phuong phap gom
phuong phép ghép noi dua theo diém, phuong phap ghép ndi theo duong thing va phuong phap ghép ndi
theo mat phang. Pam may diém sau khi duoc ghép tir nhidu tram may s& duoc dinh vi trong hé toa do
cong trinh hogc h¢ toa do nha nuéc bang viéc dinh huéng tuyét dbi (geo-referencing) dua trén cac diém
GCP. Chl y rang, trudng hop toa do cia dam may diém da duoc xac dinh trong h¢ toa d6 cong trinh
(hogc h¢ toa do nha nudc) khi s dung cac loai may quét co bo dinh tam va ong ngédm dinh huéng thi thu
tuc dinh huéng tuong d6i va dinh huong tuyét dbi c6 thé dwoc bo qua. Cubi cung, dam may diém can
dugc loc bo nhidu va lya chon phan can danh gia do phang dé thuc hién & cac budc tiép theo.

Buéc 2: Thiét ké tuyén lay mau kiém tra
Thiét ké tuyén 14y mau can tuan tha cac quy dinh trong tiéu chuan ASTM (ASTM 2001):

- Tuyén lay mau kiém tra dugc thiét ké theo hai huéng vudng géc nhau. Néu chiéu rong ciia mat san
16n hon 7,5 m, tuyeén lay mau duoC thiét’ké gloc theo chiéu dai cia mat san. Nguoc lai, néu chiéu rong mat
san nho hon 7,5 m thi tuyén lay mau thiét ke léch mat goc 45°.

- Tuyén lay mau song song cach nhau mot khoang khong quéa 1,2 m va cac diém lay mau trén tuyén
cach nhau mot khoang 0,3 m; Céc diém do ¢ ngoai pham vi cua mt san hodc bén trong mét san nhung
khong nhé hon 0,6 m tinh tir ranh gidi caa mat san can duoc loai bo.

- Puong do lay miu can tranh di qua mdi ndi thi cong hoic sy gian doan twong tw cua mat san.
Buéc 3: Tinh hé s6 F

Tinh ton céc h¢ s6 Fr va Fi dugc thuc hién theo cong thirc (1) va (2) trong truong hop théa méan s6
luong diém lay mau (d6 cao z) trén mot mat cat khéng nhé hon hodc bang gia tri Ny, (ASTM 2001):

6.561/A4 (30 < A < 150)

Nyin = A (3)
Hin 25 (4> 150)

trong d6: A la di¢n tich ciia mat kiém tra dugc tinh bang m” Chi y néu dién tich mét san nho hon 30 m’
thi khong thuc hién danh gid d6 phang theo phuong phap nay.

Budc 4: Panh gia mirc d6 phang cua miat san

Tién hanh so sanh gié tri Fr va Fy vai cAc tiéu chuan trong Bang 1 va Bang 2 dé danh gia chét lugng
ctia mat san. Panh gia do phang cua bé mat san theo phuong phap sd F ¢6 thé dya vao vat ligu mat san
dbi véi 5 loai bé mat khac nhu nhu Bang 1. Trong d6 ca hé sb do phang Fe va do phang bé mat Fi dugc
so sénh véi c4c gid tri dung sai theo tiéu chuan ASTM. Ngoai ra, mirc do phing cua bé mat san c6 thé
phén loai theo 5 mirc d6 phang nhu quy dinh trong Bang 2. Chi y ring dbi véi mac do phing cua bé mat
chi c6 thé danh gia theo hé sé Fr trong quy dinh nay.

3. Két qua va thao luan

Thyc nghiém duoc thuc hién tai hién truong mot nha may ¢ Viét Nam (xem Hinh (a)) bing may quét
lazer mat dat GLS 2200. Mang ludi khbng ché mat dit dwoc xay dung gom 4 dlem trén mat san cua nha
maéy. Céc thong s chinh duoc thiét 1ap cho cong tac quét cuaa may GLS 2200 gdm d6 phan giai & muic 9
mm tai khoang cach 10 m, chét luong quét & mirc 2X do bé mat san c6 mirc do phan xa thap, truong nhin
cho géc ngang la 360° va goc duang la 270°. Khoang cach giira hai tram may khdng cach xa qua 15 m va
toa d6 tram may dugc xac dinh theo phuong phap giao hoi nghich. D6 chinh xac giao hoi nghich RMS
theo ca ba thanh phan toa d6 X, Y, H déu trong pham vi 3 mm.
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After registration

(a) ) (b) )
Hinh 3. Mdy quét va guong phdn xa thuc hién giao hgi nghich (a) ghép noi cdac dam mdy diém (b)

Bang 3 thé hién sai s6 ciia phuong phap giao hoi nghich duogc vi du tai mot tram may Y va dinh hudng
vé diém Y,. Céc tram quét duoc thiét ké tao thanh mot dwong chuyén khép kin dé giam sai s tich liy.
Céac dam may diém tir cac tram quét dwoc ghép ndi tw dong (xem Hinh (b)) vi toa d6 tram may dwoc Xac
dinh trong cuing hé toa do théng nhit theo phwong phap giao hoi nghich théng qua cac diém khéng ché
mit dat. PO chinh xac x4c dinh vi tri tram may phu thudc vao cac yéu té nhu dd hinh va dé chinh xac vi
tri diém khdng ché (Breach, 1994).

Trude khi tao tuyén lay mau va tinh cac tham sé do phang, bé mat déi twong quét can duoc kiém tra
trudc trén ban d6 nhiét (heat-map) nhu trong Hinh 4. Ban d6 nay thé hién do cao mat san tir 1483 mm dén
1498 mm Vi gié tri trung binh 12 1490 mm. Nhin trén ban d6 nhiét c6 thé nim dwoc mot s6 thong tin so
b vé khu vuc bi 18m xudng (mau do) hozc 16i 1én (mau xanh da troi). Bén canh d6, mau xanh lam biéu
thi do cao trung binh cuia mat san va day ciing 1a mau sic chii dao ciia mat san, diéu nay thé hién mot cach
tryc quan rang mat san trong ddi phiang. Tuy nhién can phai danh gia do phang théng qua cac tham sé
dinh luong theo phuong phap sb F s& dwoc trinh by ¢ phan sau.

Bang 3. Sai s¢ giao hgi nghich tai tram may Y, va dinh huéng Y,

Tén diém | Do léch X(m) | g léch Y(m) | D6 léch Z(m)
Y2 0,000 0,000 -0,002
Théng ké | X (m) Y (m) Z (m)
RMS 0,000 0,000 0,002
MAX 0,000 -0,002

Hinh 4. Ban do nhiét (heat-map) thé hién su khdc nhau dé cao béi mau sdc fwong ¥mg

0,000
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Qua trinh danh gia do phang cua bé mat theo tiéu chudn ASTM E1155 dugc thuc hién thdng qua phan
mém RITHM. Vi dién tich caa mat san du I6n 30 m? nén céc tuyén dugc thiét ké theo hai huéng vudng
gdc nhau va huéng theo truc chinh cua cdng trinh; cac tuyén dwoc thiét ké cach nhau Ién hon 1,2 m;
khong c6 tuyén nao dugc di qua mdi ndi thi cong; va cac tuyén déu céch ranh gisi san 16n hon 0,6 m.
Trong thuc nghiém nay, 10 tuyén do duoc thiét ké theo hai huéng vudng goc véi nhau nhu Hinh 5. Céc
tuyén 1, 2, 3, 4, 5, va 6 1a cac tuyén vudng goc véi truc chinh duoc dénh sé tir trén xudng dudi. Céc tuyén
7,8, 9 va 10 la cac tuyén song song Véi truc chinh cong trinh va dugc danh sé tir trai qua phai.

Bang 4 thong ké cac gia tri tinh toan cac tham sé tong thé d6 phang Fr va do phang bé mat Fi. Tu két
qua tinh toan cho thay ca gid tri tong thé va gid tri nho nhat cuc bo cua do phang va 6 phang bé mat téng
thé déu dat yéu cau (Pass) khi so véi dung sai (SOFg = 25 va SOF, = 20) va (MLFg = 15 va MLF_ = 12),
tuong ung trong Bang 2. Chu y gia tri dung sai nho nhét cuc bo duoc lay bang 60% gi4 tri dung sai tong
thé twong tng (Mark 2011). B& mat cua san kiém tra c6 thé dat tiéu chuan cia “vin phong, khu cong
nghiép nhe, nén trai tham” dwoc quy dinh trong Bang 1.

Bang 5 thé hién gia tri do phang Fe va do phang bé mat Fy_ cuia 10 tuyén kiém tra. Két qua cho thay gia
tri 6 phang cua cac tuyén 1, 2, 3, 7, 9, 10 twong dbi dong déu (Fr > 33 tuong dwong véi mirc do “rat
phéng ’), riéng tuyén 8 c6 do phang t6t nhat Fe= 62. Gia tri o phang bé mat F, cling tuong d6i dong déu
(FL >21) twong duong véi mire “rat phang”), riéng chi c6 tuyen 7 va 9 1a c6 d6 phang tuong d6i nho tuy
nhién van dat mac F> 12 twong duong véi mirc d6 “twong aoi phang” nhu quy dinh trong Bang 2. Két
qua nay la phu hop véi ban d6 nhiét & Hinh 4 trong do tuyen kiém tra 7 va 9 1a c6 sy thay doi vé do cao
dang ké. Két qua nay ctng duoc thé hién chi tiét theo mat cat ciia cAc tuyén nhu ¢ Hinh 6, trong d6 tuyén
7 va 9 c6 bién do bién dbi I6n nhét vé thanh phan do cao (theo tryc tung).

Hinh 5. Sé liwong va vi tri c&c tuyét kiém tra va két qua tinh hé so F

Bang 4. Gia tri do phang va dé phang bé mdt tong thé tinh tir két qua do

Tham s6 dé phang Gia tri Tham s6 d6 phang bé mat Gia tri
Do phang do (FF) 39.622 Do phang bé mit do (FL) 21.464
FF Xéc suat 90% 37.427- 41.816 | FL XAac suat 90 % 20.059 - 22.869
Do phang kiém tra PASS Do phang bé mat kiém tra PASS
Gia tri d6 phang nho nhat 33.018 Gia tri d6 phang bé mat nho 14.391

(FFmin)

nhat (FLmin)

Xéc suat 90 % FF_min

25.484- 40.551

Xéc suat 90 % FL_min

10.514 - 18.267

Do phang kiém tra nho nhat

PASS

Gia tri do phang be mit nho
nhat

PASS

Dién tich bé mat

1458 ft2

Tong chiéu dai tuyén do

374 ft

Chieu dai tuyen kiem tra yéu
cau

76 ft

Chiéu dai tuyén kiém tra

PASS
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Bang 5. Gia tri dg phang va dé phang bé mat cua 10 tuyén do kiém tra

Run# Do phing (FF) Xéc suat 90 % Do phing bé mit (FL) Xéc suat 90 %

[EEN

36.705 29.336 - 44.075 24.191 18.671 - 29.710

36.400 28.998 - 43.803 24.790 19.041 - 30.538

39.448 31.426 - 47.471 20.664 15.872 - 25.456

44.408 35.377 - 53.439 22.693 17.431 - 27.955

49.731 38.006 - 61.456 22.564 16.206 - 28.922

55.861 42.691 - 69.032 32.030 23.004 - 41.056

33.018 25.484 - 40.551 14.391 10.514 - 18.267

61.969 47.830 - 76.108 24.116 17.619 - 30.612

O|o(No(Og|~|jw|N

33.308 27.469 - 39.147 17.086 13.780 - 20.392

[y
o

38.903 32.014 - 45.792 29.271 23.539 - 35.003

fSTH ELISS (2014) Run 1 ASTM EL1SS (2014) Run 2

flee R Floor Flatnese 35.40 <43 60-29.00>
e -67> Floor Levslness 24.79 <30.54-19.04>
L L - - L 1 1 11 1 1 1
o
=
5
5
3
3
2
o
— - — - — — T T T T T ——
1 s g 5 17 21 2 : 3 % 4+ 7 10 13 16 19 22 25 28 31 3t 7
Meosurement Intervol (fest) Megsurement [nterval (feet)
ASTM E1155 (2014) Rum 4
Floor FLGLness 44 .41 «53.44-35.38»
ASTH E1155 12014) Run 3 Floor Leve Lress 22.69 <27.95-17.43>
Floor Flotnees 35.45 < 0400 4L U a1
o ety T s a.360
04004 0 L e e aaa aa . 0.720
0.360 § F o0.2804
0.320 1 [ 0.240
25001 % 0.160
i 2 0.1204
% D0.160 5 2]
w O- 5
5 o120 2 0.080 4
5 2 0.040]
2 D.080 < 0.0407
2 0.040 c 0.000+
¢ 0.000 5 -0.040 4
0 -p.040 F 5 -0.080 4
4 -0.080 F §-0.1204
3 -0-1204 [ o -0.160 4
@ ~0.160 7 [ -0.2004
o [ -0.240]
n-;ac 0280 7
0.320 F0.3209
-0.360 ] F o -0.3804 d
-0.400 +——1T—+T1T—+T+7T"T1— . ———t Ot T T T T T T
1 4 7 10 13 16 L— 22 2: 53 31 34 37 1 4 7 10 13 16 19 22 25 28 31 34 I7
Heasurament I[n tervol (fest) Measurensnt Imterval (fest)
ASIM E1155 (2014) Run S ASTM E11SS (2014) Rum B
Floor Flotness 49.73 <B1.45-38.01> Floor Flotness S5.86 <69.03-42.63>
Floor Levelnsss 2386 «28.92-16.21> Floor Lewslmess <41.06-25.00
0400 4t L a1 0400 4 L L i
0.360 F 0.360 L
0.320 ] F 0.320 ]
0.280 ] F 0.280 {
0.240 7 F 0.240 ]
0.200 7 E 0.200 ]
% 0.160 ] F o 0.160
2 0D.1204 r 2 o0.120
2 0.080 4 F 2 0.080
2 0.040 F = o.040
- 0.000 ¢ 0.000
£ -0.040 ] [ 5-0.040
+ -0.080 4 F “*D.DBD
7 -0.120 ] F ,J>77D.12EI7
2 -0.160 4 E g -0.180]
-0.200 4 F o -o0.z00
-0.240 ] L -0.240]
-0.280 ] E -o0.280]
-0.320 ] E -0.320]
-0.260 ] E -0.380] E
~0.400 +———T T T T T T T T T T T T T -0.400 T T T T T T T T T T T
1 3 S 7 9 11 13 15 17 19 21 23 35 2/ &3 1 3 S5 7 9 1l 13 15 17 19 21 23 25 27 29
Measurement Interval (fest) Measurement [nterval (feet)
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ASTM E1155 12014) Run 7

T T T T
4 7 10 13 16 19 28 31

Measurement Interval (fest])

ASTH EL155 12014) Ru
ASTM E1155 (20141 Run 10

Floor Flatness 58,90 <45.78-52.01>
Floor Levelness 29,27 =35.00-33, 54>
L S T S TR S S

= 0.040 4
c 0.000 4
© ~0,040

5 ~0.080 o

—0.320
0.360
~0.400

1 [ I 16 21 26 a1 36 41 465 51
Measurement [nterval (feet)

Hinh 6. Biéu do thé hi¢n dg chénh Iéch do cao theo 10 tuyén do ciia mét san. Trong dé dirong mau xanh
la thé hi¢n gia tri dé cao cua mdt san, dwong mau do la dé cao trung binh “0” cua mat san

4. Két luan

May quét lazer mat dét 1a mot trong nhitng cong cu méi cho phép ndng cao nang suit va rat ngan thoi
gian trong danh gia do phang cua bé mat cong trinh. O nuéc ta hién nay thiéu quy dinh quy pham va cac
huéng dan cong nghé duoc coi la mot tré ngai 16n dé tng dung thiét bi ndy vao cong tac kiém tra cht
lwong cong trinh. Bai bao da dé gisi thiéu cach (ng dung TLS cho kiém tra do phang bé mit thong qua
bén bude theo quy pham ASTM E1155. Tir qué trinh thuc nghiém va phan tich két qua cho thiy, quy
trinh bdn budc 1a phi hop dé ap dung trong cong tac kiém tra chét lugng cong trinh. Bai bao budc dau
nghién ctru mot cach c6 hé thng tir Iy thuyét dén thuc nghiém viéc &p dung TLS cho cong tac danh gia
d6 phang bé mat cong trinh. Bai bao nay ciing gisi thiéu mot tiéu chuan méi pha hop dé &p dung cho TLS
do 1a tiéu chuan ASTM E1155, tiéu chuan hién dai va dang dwoc sir dung rong rai trén thé gioi. Két qua
bai bao I tai liéu tham khao phu hop cho cac don vi san xuat tric dia & nudc ta ciing nhu gitip cho cac co
quan quan Iy nha nudc co can cir dé xay dung tiéu chuan, quy pham vé phan tich d6 phiang bé mat cong
trinh tng dung may quét lazer mat dat.

Tuy nhién, trong nghién ciu van con nhitng han ché can duoc tiép tuc phat trién va hoan thién trong
thoi gian toi. Khoang cach gitra cac tram may quét c6 anh huong Ion dén chat luong dam may diém tuy
nhién hién nay chua c6 quy dinh vé khoang céch gitra cac tram may quét khi kiém tra d6 phing mat san.
Bai vi khi sir dung TLS dé thu thap dir liéu bé mat, chénh cao giira may mit san khdng Ion (khoang 1,5
m) dan téi cuong do tia lazer phan xa vé may thap (do géc téi chum tia lazer 16n). Ngoai ra, cac chat liéu
phan xa ciia bé mat san dac biét 1a khi san bé tong con w6t cd anh huong 16n dén chat luong cua dir liu
nén doi hoi phai lya chon ché do quét phu hop.
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ABSTRACT

On the Research of Terrestrial Laser Scanner for Assessment of
Flatness and Levelness of Surface Constructions

Pham Trung Dung® ", Nguyen Nhu Tuan Anh?

'Hanoi University of Mining and Geology
*Topcon Singapore Positioning Pte Ltd Company

Terrestrial laser scanner (TLS) with many outstanding advantages such as high automation ability, high
accuracy, high point density along with high data rate has quickly become a promising tool for
assessment of quality control. However, in Vietnam, there is still a lack of standards for TLS in the
assessment of flatness and levelness for surface constructions. This paper presents a four-step inspection
of the flatness and levelness of the floor using TLS based on the ASTM E1155 standard. The experiment
was carried out at a factory in Vietnam with the TLS GLS 2200. Through the field work with data
acquisition, and deviation analysis and calculation of F values, the proposed four-step are completely
applicable to geodetic work in quality control. In addition, this paper is an initially completed study from
theoretical analysis to application in actual work. Therefore, the paper can be used as a technical guide
and reference for geodetic engineers in quality control. It is also can be used for state management
agencies in the establishment of standards.

Keywords: Flatness and levelness, Terrestrial laser scanner (TLS), F-method, ASTM E1155 standard.
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