TAP CHil GG THUONG

BAN VE QUAN TRAC LUN
CHO NHA CAO TANG VA
THIET BI PO NGHIENG

® NGUYEN pUC HIEU

TOM TAT:

Dé niing cao hiéu qud cla cdng tac quan trdc lin, bai vigt dé cip dén nhidu vin dé vé gidm
sdt1Gn; trong 86 c6 phén tich vé phép do 19a dd cyc ctia mdt diém, bao gdm: goc, khodng cich
va diém chuin. Cudi ciing, bai bdo trinh by § wdng vé thiét bi do nghiéng trong quan tric

Idn cho nha cao ting.

Tu khéa: Thi€t bi, do nghiéng. quan tric, }in, nh cao ting.

1. Dt van dé

Trong cong 1éc quan tric dia k¥ thugt cé nhiéu
dang quan trfc nhim thda mdn cic muc dich khic
nhau, theo d6 cé cdc ndi dung, phudng phip khic
nhau phu hgp véi d8i tugng quan tric. Trong dia
ky thuat ¢é nhiéu cich phin loai vé cong tic
quan tric theo nhifng nguyén tic khdc nhau,
nhung lién quan dé€n vdn dé méc quan tric thi
cong tdc quan tric dia ky thudt ¢6 phan biét gida
quan tric bi€n dang v6i quan trdc chuy€n vi. mic
di vé phép do la nhut nhau, nhung khic nhau §
méc quan tric. Trong d6. méc cho quan tric bién
dang c6 thé thay ddi gia cdc 1dn do. mdc cho
quan triic chuyén vi 12 khéng d8i cho 181 cd cic
1an do. Quan tric 1Gn cho nha cao ting [3) 1a quan
trdc chuyén vi. cao d6 mdc phdi 6n dinh trong
sudt qua trinh quan irc. Do dé. ngoai vin dé thdi
gian do. dé chinh xdc cia thi€t bi vd mang Iudi
cdc di€m do. thi mdc quan trifc ¢6 va1 trd quyét
dinh d&n moi y&u t& cia ket qui quan trdc lin
ing. Song trong thuc (€. sy &n dinh vé
cao 6 via mac vin chd quan mie dinh § didu
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kién moc dudc chén siu vi dude bdo vé trube cdc
tac dong bén ngoii.

Vdi muc dich 1i€n hanh quan irdc hin nha cao
1dng 14 xdc dinh gi i lin thic 1€ cing v6i k&1 qud
tinh 10dn a& khing dinh cdc van dé lin, bao gbm
16n tuyét d8i anh huding dén cong ning v lin l€ch
dnh hudng dén 48 bén lau dai cta nha. Digu d6,
do1 héi ket qua cic phép do phai c6 dd chinh xde
cao trong sudt mét thisi gian dai. theo d6 ddi chi
p}u 16n, trong khi ¥ nghia si dung két qud quan ric
vin con nhing han ché&. Do d6. cin cé gidi phip
gquan tric ma khéng stt dung mée va do lién lue dé
gidm chi phi. ddng thii m3 réng khi ning sit dung
k&t qui do trong phan tich dia k¥ thuat

2. Bi€n dang lin cGa cdng trinh nha cao ting
va quy luit bi€n dang ldn theo thigi gian

2.1. Bién dang hin va tinh todn bién dang lin
cho céng trinh

Mot Lhﬂl diémco rong ludng xdc dinh datwén
nén. thi nén & bien dang va vat thé sé tir ar dich
chuvén theo chida frong Jyc. dich chuyén v 4 Iyn
cta vatthé. Khi mot vit thé clng uyétddic  nh
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dang kich thuGc khdng d8i va trong lugng x4c dinh
dugc xem 1a mét vét thé dat trén nén, khi d6 gia i
bién dang ciia nén theo phudng théng ditng 12 gis
tri Jin cia vt thé. N&u céng trinh 12 vat thé ciing
tuyét d3i c6 thé x4c dinh gid tri lin ctia cdng trinh
qua tinh toén bi€n dang cba nén. Nha cao ting sit
dung gidi phdp méng sdu, nén bi€n dang lin cda
cong trinh nha cao ting, bao gdm: bién dang cia
coc, bi€n dang cha nén dudi mili coc va bién dang
kh&i ¢t xung quanh mii coc.

Khi coc b8 tri thanh nhém theo céc dai thi coc
v8i dit hap thanh mét hé goi la méng khé: quy
udc, khi d6, bi€n dang da1 nén dudi mii coc duge
xem la bi€n dang ciia méng khéi quy udc va duge
tinh todn theo bi€u thite: .

s=3%s,

D% lin S cda nén dudi dién chiu tai 1 1ng bi€n
dang lin §, cda cdc 16p dit phan 8 chiu nén nim
dudi dién chiu (3i dudc xdc dinh:

S; =% m,o;

trong d6, S, - gid tri hin cda mét [6p phan 1§
trong ving chiu nén

m; - chiéu ddy phan & thif i

E, - modun t&ng bi€n dang cia phan (5 the i
nhin dugc ¥ tinh 0dn k&t qud thi nghiém trong
phong

B - hé s8 nd hong clia phin 8 the i nhin duge
(X bang tra hoic tinh theo cong thic vai pu 1a hé 58
bién dang ngang (poisson), 4€ ddn gidn thudng 13y
p=08

n- sﬁphén lé’lrong viung chiu nén z

Z - chiu sau tinh r ddy dién chiu 1di dén 6
sdu 6 (ng suit gdy in 6, nhd hon 5 1dn (fng suat
ban than oy,

Céc cdc k€1 qui tinh todn theo bi€u thic cho
thy coc cang siu, d€ clia méng khdi quy udc cAng
rdng cing vdi ing sudt giy 1in cang nho, dic biét
chidu day 18p chiu nén cang nhd, nén bi€n dang
lin céa nén dudi mii coc cing nhd va cho dén
khdng lin, khi mii coc sdu hon viing chiu nén.

Khi miii coc tya vao 18p nhu dd hodc cufi c6
modun bién dang rit 16n so v4i cdc 16p nim trén
mii, tinh todn sifc chiu tdi coc cia coc thudng theo
$0 46 coc chdng v bi€n dang xem nhu khéng ddng
ké, néu bi€n dang clia coc 1a khong xdy ra.

Tém lai, gid tri bi€n dang 16n cia méng siu phu

thudc vio nhiéu y&u 18, rong d6 c6 yéu 18 khong
phai 1a &n dinh tuyét d6i theo (hasi gian, d6 12 ta
trong cdng tinh. Vi the so vai gi4 tri thuc, khodng
sai s§ cia k&t qua tinh ludn dugc 1y it ién trong
viéc dénh gid 3n dinh cho cong (nh, nhung didu
a6 khdng ddm bdo do Iin léch nim trong gidi han
cho phép. mic du gia tri lin dudgc tinh todn khéng
16n. Do 46, khi ¢6 yéu an toan tuyét d8i vé lin léch
phai thdng qua k&t qua quan tric lan.

2.2. Quy lugt liin theo th¥i gian va cdc vin dé
frong guan fric hin

Dudi tdc dung cia 1di rong c6ng trinh mi x3y
ra bi€n dang thing ding cia nén s& di€n ra nhidu
qu trinh khdc nhau & rong nén vi trong céng
trinh. D8} vdi nén, dién ra quj trinh bién dang
theo thdi gian [4]. Theo quy ludt nén lin: bién
dang cla d4' theo thdi gian du6i (3i trong khéng
dai |3 quy ludt bién ddi theo ham ma (Hinh 1), &
d9 tac dd bi€n dang V gidm din vd  thdi gian
vé cling V=0, gid trj bign dang & thdi diém cudi
cung 1a dé lin cudi cing. K€t qui thi nghiém nén
tinh ddu coc thudng cho thdy d mot cp i trong
khdng d3i chuy€n vi iri ddu coc v6i thdi gian cé
quan hé wong quan 1 him s& mi wong ty nhy
quy ludt nén lin,

Dai vdi nha cao tdng, thutng s dung méng
siu c6 thé 1a coc khoan nhdi. coc bé 1ong ép va
luén c6 nhiéu coc cho mét dai vi nhiéu dai cho
mot cdng trinh. Vi vdy, chuyén vi cla nhi phu
thuée vio chuyén vi ciia cde ddu coc. Trong khi
d4, cdc ddu coc chuyén vi khong giéng nhau. Do
d6. chuyén vj ldn clia cong trinh, khdng chi phu
thude dic diém dat nén va ciu tao coc. cdu tao
daj coc ma con 1a sy tuong tdc gilta cdc dai thong
qua két cdu thian céng trinh. Trong tudng tic d6
tuén 13 tai van dé tdi trong cdng trinh truyén cho
cde ddu coc 1a bin dSi. BEi vi. khi chuy&n vi lin
§ cdc diu coc, & céic daj khdc nhau, khi d6 c6 dai
nhan 1di trong ting 1€n, ¢ dai nhin 1di gidm di
theo @6 1a cdc uém an nguy cd lin khong déu.
bi€u hién cia lin khong déu 13 d6 nghiéng cda
céng trinh. Do vdy, v8i cong trinh st dung mdng
sdu, theo thdi gian dé lin cling nhu d6 nghiéng
bi€n ddi kh6ng phii la quy ludt ham ma nhy kél
qud nén dau coc vdi tdi trong khong ddi mi bién
¢8i titng bude. wrong ¥ng vdi mdi lin phin bd lai
(ai trong l€n cdc dai.
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Hinh1: Biéu dé biéu dién quy lugt lun theo thdi gion dudi 181 lrong khéng dSi

e e
09

0,85
08

0,75
o7 {B N\
0,65 N

Tuy nhién, d€ wdng minh lin & cic giai doan
clia cong trinh nhan thay: n€u ting ta: trong theo
tirng cAp thi d ting cdp hin s& xdy ra theo quy luat
ham 6 mi, wic 14 t3c do lin gidm dan. Do dé. véi
n lin gia 1, thi c6 n dudng cong lin theo théi gian,
trong d6 1n thdi gian & mbi cdp gia tdi 1a khic
nhau tby thudc vio thdi di€m va gid i gia 1di &
mdi cdp. Nhut vy, n€u xél tif liic bt ddu thr céng
d&n khi stt dyng c6ng trinh s& 1 n lin gia 1di nhung
6 sy khdc biét vé gia tdi gia giar doan xdy ding
v6i giai doan sif dung cong trinh

- Trong giai doan xdy dyng. lin s& bi€n ddi theo
1i&n d¢ thi céng, véi dic di€m bién dang ting theo
53 tang vd sy tham gia cia i trong 1 rong lvdng
cba céc thi€t bi thi cong.

- Trong giai dogn sif dyng cong rinh, lin phu
thude vao chuyén vi cde dai vi k&t cau cong trinh
duGi tac dung tdi trong cong trinh c6 sy tham gia
cGa hoat tdi bién déi thudng xuyén, nhung xem
nhu khdng ding k€ so vdi tdi rong cda ban thin
cong trinh. Riéng véi nha cao ting trong giai doan
nay ¢6 didu ddng chd y 1a: tic dung ngang do gié
s€ gly ra chuy&n vi ngang dudi dang dao dong.
Dao ddng ngang ~e ting khi tang d$ cao nhi. Nhu
viy. véi nhi cao ting d6 nghiéng ciia nhi @i mét
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thai diém bao gdm nghiéng 1au dai do ldn khong
déu va nghiéng tic thdsi do dao dong.

M khéc, n€u gid tri 1Gn ciia cng trinh & mt
thisi di€m L3 ket qua ciia mdt qua trinh, thi kéL qu
do lin chi c6 y nghta tyét d6i khi c6 gid i do tir
thisi di€m bi1 ddu. Do d6, néu khéng c6 cao db &
thdi diém tru6e khi chal i, ihi két qui do lin &
cdc thdi diém chi 2 cdc gid tr wdng d6i, ching
chic6 § nghia so sinh gid tri 1Gn gita céc diém do
trong ciing mot thdi diém ma khéng phdila gid iy
thuc. Nhu vay, mudn khing dinh sv sai s5 ciia k&l
qud tinh kin theo thsi gian d€ c6 k&t luan vé sy an
todn ca cong trinh chinh xdc va tin cdy nhat cn
phdi xay dyng m&c va tié€n hanh quan tric sau khi
Két thiic phan thi cong méng cong trinh. Tuy nhién,
lropg giar doan dang thi cong, viéc xdy dyng cic
mdc do lin s¢ ph.t'lc (ap han, vi sy lya chon vi iri
xdy dung mac dé e6 mang ludi quan wic hdﬁ ly
nhilt phdi thda min nhidu (éu chi han,

Tom lai, theo nguyén quan tric lin 13 xdc dinh
102 dd X.Y. Z clia cdic diém Mj uén thin cdng finh
g Céc‘lhi!i diem ti. sau do théng qua tinh todn binh
sai d€ xde dinh bigh dang lin v
wrinh \& gip cdc vin dé nhu sau:

- Phii xay dung mac do. h¢ luy I3 phdt sl chi

4 xodn cla cong
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phi khoan dén d sau d4 gdc, két cdu dng chong va
48 bé 18ng sudt chiéu dai 16 khoan va mat bing
xdy dyng va bdo vé méc.

- Do theo chu ky, phét sinh sai s6 khdc nhau
gilta cdc 14n do, chi phi ting thém cho cong tdc
chudn bj.

- Binh sai két qui: k&t qud khdng con la gid tri
thyc ma chi con la gid iri ky vong.

3. Giai phap khic phuc

3.1. Cosé cia gidi phdp

Muc dich co bdn cia quan trdc Itn cho nha cao
tdng 12 c6 dugc 58 liéu khing dinh (inh 8n dinh cong
tinh do lin. Trong d6, xdc dinh dd lin léch din dén
nghiéng va xoXn tién dé cho phd hoai cong trinh 1a
yéu ciu cd ban. B3i vi nha cao ting chidu cao 16n,
chi can mét gid tri chénh 16n nhd d méng sé khuéch
dai thanh chuyén vi 16n cho céc diém & dinh cda
cdng trinh, ¢6 nghia trong tim cong trinh thay d6i
ciing 16n khi chiéu cao cang 16n. Nhu vdy, thay vi
dénh gis d6 nghiéng cong urinh biing k&t qua quan
triic lin nhd phép do xdc dinh bign ddi toa a6 cac
diém von c6 nhiéu bt cap, thi e ti€p quan tric 46
nghiéng cta cong trinh s& cho k&t qua tin cdy han.
v6i nhiéu wu diém riéng

- D$ nghiéng ciia cong trinh

Céng trinh nha cao tdng, né€u khong xét dao
ddng ngang do tdc dung ngang cia gi6, chi xét lin
do tii wong céng trinh thi thin cong trinh ludn dugc
xem I cing tuyét ddi khi chua bi bién dang xodn
hoic c6 cdc khe nit. Khi cong trinh 1a tuyét déi
cing ma x3y ra lin déu, moi diém trén thin
chuyén vi tinh ti€n theo phudng thing difng. ngudc
lai ltin khéng déu cac diém rén cong trinh chuyén
vi quay mét truc, trong d6 truc quay ¢6 goc phuong
vi B; va ban kinh R ¢6 (hé bi€n d6i theo thdi gian.
Né&u xét, chuyén vi dimg hay 5 16n tai diém batky
Mj 13 ASM thi & thi diém ti dugc xdc dinh gid tri
bdr biéu thie:

ASM = R. Sma“ [€))]

chuyén vi ngang di€m M, 12 AL, M & thai diém

ti dwge xdc dinh bdi biu thc
ALM= R.Coso;  (2)

Trong d6. R- khodng cdch diém dén truc
quay 6 thdi diém i,

a- g()c quay. I géc nhi dién cia mit phing &
thdi diém tg va thasi diém t,.

Nhu vay ti (1) vd (2) ta thdy. néu xdc dinh

duge AS;™ va AL;M va g6c phuong vi 13, sé xdc
dinh t]uqc g6c nghiéng ay; tai thdi di€m t; dng
véi B,

Khi céng trinh bj bi€n dang xodn hoic bi phan
chia thanh cdc khai thi cac diém (rén cong trinh tai
mot thdi di€m sé chuyén vi quay theo cac (am va
ban kinh khdc nhau, theo d6 ¢d géc nghiéng khic
nhau va géc phuong vi B; khong giéng nhau. Do
d6. tai cing 1 thdi di€m ma cic M, c6 géc nghiéng
va géc phuang vi B; khdc nhau la sy chitng 16 cong
trinh bi bign dang xodn hoic bi phin chia thinh
cdc khéi va nguge lai khi cdc ay; va goc phudng vi
B, cda cdc di€ém M; con bing nhau 12 sy chitng 18
c6ng trinh van la le hé ciing tuyé&t do va dang b}
lin 1&ch.

3.2. Nguyén Iy ctia h¢ thong do

- Nguyén ly do:

Xuatphat tif yéu ciu cba gidi phip la do chinh
xdc. do lién tuc vi diic biét do khdng s dung mée
46 cao xdy bling cdc coc bé tong dat trong hd
khoan sdu, trong phuong phip ndy sif dung nguyén
ly do bang tia laser t¥ mdy phit d& chi€u vé bang
nhin tia. 3 day miy vi bang déu dudc ¢ dinh trén
cong trinh [1) (Hinh 2).

Hinh 2: S0 d6 A
hé théng do
bang
tia laser nhan
— :
méy chisu laser
tia laser A
Hinh chiguA-A

Trén bang nhin tia 1 cdc vong ron déng tam
vi cac dugng thing qua tam hdp véi nhau mot géc
59, Giita may phdt va bang nhan tia laser cich nhau
W 15m dén 40m ty theo diéu kién thyc t&. V6i
nguyén ly si dung tia laser biing méy GLL 5-40 E
¢6 d chinh xac 0.006 (46) cac yéu ciu dit ra dude
théa min nhy sau:
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Lin cia cong trinh s& dudc thé hién & sy thay
d8i khodng cich di€m c8 dinh vé1 di€m chi€u cia
tia, nhu vy khéng cin xay dung méc ¢8 dinh biing
15 khoan sfu.

Vigc do lin chi cAn mdt thao tdc don gidn 13 bat
méy phat ur bd diéu khi€n 1 xa, do vay cdc chuky
do ¢ thé 1i€n hanh theo timg ngay.

L4p dat hé th6ng do & méng cong trinh ngay
sau khi k&t thiic thi cdng méng cong trinh d€ do 4§
Iin 1&ch cong trinh theo thdi gian chdl 1di va hoan
toan c6 thé I£p 4t hé thdng do & dinh cong trinh
trong lic dang thi cong phin thé d€ do chuyén vi
nghiéng ctia céng trinh.

Céc mdy phat tia laser c6 gid thanh khong cao
cho phép 14p dat nhidu mdy d€ do theo nhiéu
phucng khéc nhav va @ nhiéu di€m khdc nhau.

- Nguyén tdc xay dung mang ludi do:

Mang W6t do 12 cdc tuy€n chi€u tif mdy phit
tia laser d€n bing nhin tia, bao gém cdc tuyén
chi€u theo phugng ddng vi cdc tuyén chidu theo
phudng ngang. C4c tuyén chi€u phuong ngang,
xdy dung & giai doan k&t thdc thi cdng méng, khi
46 cdc diém mdy phdt vi bing nhin tia déu dat
¢6 dinh vdo méng. Phuong ngang cé it 2 dén 4
tuy&n chidu tiy theo yéu ciu cda muc dich nhigm
vu quan tric. Cdc yéh chi€u phudng ding. xay
dyng khi phin thé cong trinh da dat dén db cao
16n hon 10 m hodic cao hon nhim do chuyén vi
nghiéng cdng trinh, khi dé s& ¢ it nhat ba tuyén
chi€u itng v6i ba di€m d3t miy phit 8 cing mét
d§ cao tuy theo yéu cdu ciia myc dich nhiém vy
quan udc. lic nay cic di€m mdy phat dit c8 dinh
& trén va bang nhdn tin hiéu dit cd dinh & dudi.
DE€ ning cao dd chinh xdc vi dinh gid bi€n dang
thin, ¢6 thé ¢6 nhiéu tuyén chi€u difng cho nhiéu
d6 cao khdc nhau.

- Ddnh gid mitc dg chinh xde va khd nang khar
thiic két qud do:

Theo nguyén Iy do bing tia laser dén bing
nhin tia, ¢ hai cling c§ dinh vio thin cng trinh.
khi d6 ~ar1 s8 cda k&t qud do chi con phu thuée
vao mifc ¢d chinh xdc cia thi€t bi ma khéng phu
thudc vio ky thuit thao tic. Do d6. véi viéc st
dung miy laser GLL 5-40 E ¢6 d6 chinh xdc =
0.006 (d) hay sai & cao d6 = 0.1mm @ng vdi
khodng cich Im, dic biét tia ¢6 thé chiéu xa 18i
40m. thi chi cin cong tiinh nghiéng 0.1 d6 trén
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béng nhan tia 5& cho bi€t phuong vj va Jo chuyén
ddi clia di€m chi€u sé 1a 69,8mm, n€u ching dit
cdch nhau 40m va 26.2mm néu ching cich nhau
15m. Piéu d6 cho thiy, viéc nhan biét sy dich
chuyén ciia di€m chi€u rén bang nhan tia bing
mELthudng 12 hoan toan c6 thé chinh xdc véi mét
nghiéng cda cbng trinh 14 0.1 d§.

Ngoii suf chinh xdc cia k€t qua do, véi viée cho
phép do lién tuc cdn cho bi€t chinh xac quy luit
bi€n d8i chuyén vi nghiéng theo thdi gian, hon nira
v§i chi phi thap chi khodng 100 triéu déng cho 20
twyén chi&u [3] nén cho phép thu thap sy chuyén
vi ciia cic di€ém qua A6 c6 thé khai thic sy bién
dang clia céng trinh theo thdi gian.

Thyc & biing cdc thi€t bj trén, dudi sy chi dao
ciia PGS, TS. Tran Thudng Binh, ching 16i da (i€n
hanh thi nghiém 14p d3t cho mdt viii cong trinh va
bu6c ddu nhén thiy:

- Céc thi€l bi cho bi€t tin hiéu c¢6 d6 phan gidi
rat cao, theo dé phan biét dugce cic géc nghiéng
rit nhoé.

- Viéc theo d&i don gidn chi cdn bt cong tic
dé doc 56 liéu néu nhy thyc hién quan wic theo
chu k¥,

- N&u két néi véi mdy tinh do lién tuc theo
thdi gian & nhiéu diém thi s& dyng két qua c6 thé
phén tich tinh trang chuyén vi k&1 ciu, dao dong
cla thdn va cdc chuyén vi xoin, dao déng cda
cong trinh.

- Chi phi cho quan tric bing gidi phdp nay néu
khong ké 161 thi€l bi thi thdp hon so vdi viéc do
chénh cao truyén thdng,

- Han ché thiét bi phii dugc bio vé va doi héi
kinh nghiém khi lip d3t thiét bi,

4. K&t lugn

Glﬁx/phﬁp quan rdc lin khong sir dung méc
duge ké thira 1 cong vige do e dong chuyéa vi
fuong tang ham. Trong gidi phip do nghiéng cht;
quan tric Kin. cic tidt bi dién ti¥ sin xuit b3 cic
thuang hidu ¢6 uy tin trén thé 2i6i v phan mém
chuyén dung 6 ding nhip khiu vio Vié Nam,
o % i g o i
kiél\\ tra, da cho thiy vi{,:],? l dl{ I:I-u b}« va lp da:
¢ao tang li hoan loém kha l)l\)l vd‘l C lhor!g C»h'o i

©0 fane 4 Gi chi phi thip hon
+a K€L qua quan tric ¢6 do tin cay h
théng tn hon so véi quan tric bino

dn. co nhidu
dochénh . m
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Théng tin tdc gid:
ThS. NGUYEN PUC HIEU
Trugng Pai hoc Kién tric Ha N§i

DISCUSSING THE SUBSIDENCE MONITORING
FOR HIGH-RISE BUILDINGS AND THE TILT
MEASURING DEVICE

® Master. NGUYEN DUC HIEU
Hanoi Architectural University

ABSTRACT:

In order to improve the effectiveness of subsidence monitoring, this article addresses
many issues of land subsidence monitoring including the polar coordinates of a point
measurement with angles, distances and benchmarks. This article also presents the idea of the
tilt measuring device for subsidence monitoring for high-rise buildings.

Keywords: Equipment, measurement, image, subsidence, high building.
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