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APPLICATION OF VIBRATING WIRE INSTRUMENTATION TO ANALYSES
OF STATIC LOADING TEST FOR BORED PILE
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Tém tat: Trong nhivng nam gén day, viéc (rng dung nhirng thiét
bi day rung dé xac dinh stic khang cét cla dét va dd nén dan hoi
than coc da duoc sl dung rng réai trong cong tac thi nghiém nén
tinh coc khoan nhdi & Viét Nam. Uu diém ndi bat clia nhirng thiét
bi nay 1a dwérng truyén tin hidu &n dinh, db tin cay, d6 bén cao va
hoat déng én dinh trong méi trwdng nwéc. Do vay, phwong phéap
nay dwoc xem nhu 1a mét trong cac giai phap ky thuat tot nhat Gé
danh gia strc chju tai coc, phan tich sirc khang ma sét gilra coc
va nén dét trong qua trinh thi nghiém nén tinh. Bai bao nay trinh
bay céng tac lap dat, phan tich két qua do dac cla thiét bj day
rung do bién dang trong thi nghiém nén tinh coc tai Khach san
Royal Tower Tp. H8 Chi Minh.

Tir khéa: Thiét bj day rung; strc khang cét clia dat; do nén dan
hdi; thi nghi&m nén tinh; strc chiu tai clia coc.

1. Gi6i thigu

Thiét bi day rung da phat trién tai My tir nhimg nam
1980 va da dugc sir dung tai cac noi trén thé gidi trong do
¢6 Viét Nam [4]. Dy 4n ciu My Thudn la mét trong
nhing dy 4n dau tién ¢ Viét Nam (ng dung thiét bi day
rung trong thi nghiém nén tinh coc khoan nhdi bing
phuong phap Osterberg Cell naim 1998. Ung dung cic
thiét bi day rung trong thi nghiém coc khoan nhdi hién
nay chua dugc dua vao tiéu chuin xdy dung. Cac quy
trinh tinh toan, cac bang tinh thiét ké déu theo cac tiéu
chuin nudc ngoai. Két qua nghién ciru nhim cung cap
cho cdc don vi tu van thiét ké, thi cong mot cach nhin
tong quét vé kha nang lam viéc cia coc khoan nhéi. Panh
gi4 dugce stre chiu tai coc, sirc khang ma sat giira dét nén
va coc. Tir d6 dua ra giai phap tdi wu cho cong tac thiét
ké. Viée nghién clru thiét bi day rung, lam chu duogc cong
nghé nay s€ khong phu thude vao nhitng chuyén gia nude
ngoai la diéu hét sirc cap thiét.

Céu tao cua thiét b day rung do bién dang than coc
model 4200, 4911 (Hinh 1, 2).
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Hinh 1. Céu tao thiét bi day rung do bién dang model 4200

Abstract: In recent years, the application of vibrating wire
instrumentation to determine shear strength of soil and elastic
deformation of pile shaft has been widely used in static loading
test for bored piles. The advances of vibrating wire
instrumentation are stable signal transmission, high reliability and
duration, and survival stability in water. Therefore, this method is
considered to be one of the best technical solutions to evaluating
the pile load capacity and analyzing friction between and ground
during static loading test. This paper presents the installation and
analyses of measured results of the strain gages used in the
static loading tests of the Hotel Royal Tower project in Ho Chi
Minh City.
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Hinh 2. Céu tao thiét bi day rung do bién dang model 4911
2. Céc phuwong phap dinh gid kha niing chiu tai cua
cgc khoan nhoi
2.1. Xdec dinh strc chiu tdi coc theo vit li¢u coc

Viéc xac dinh st chiu tai coc khoan nhdi theo vat ligu
coc dugce tinh theo TCXD 195:1997 [5]
Pv| = R.“. Fb i Ran- Fa-
‘Tuy nhién dé xac dinh kha nang chiu tai coc khoan
nhoi phu thude rat nhiéu vao chat lugng vat ligu.
2.2. Xdc dinh sivc chiu tai coc theo dit nén

Viéce xac dinh stre chiu tai coc theo dat nén tinh theo
cong thire, theo TCXD 195:1997 muc 3.4.2 [1] [2] [5] [7]:

Qa = Qp & Qs -Wp

Trong d6: Q,, Qs: Lan luot la sirc khéng cuc han ¢ mili
coc va ¢ thanh bén coc. Q, = 1.5 Ny Ay, Q= (0.15. Ne. L
+0.43 Ns. Ly). A

Wy Hiéu sb trong lwong coc va trong lugng try dét
nén do coc thay the.

Viée xac dinh sire chju tai coc hién nay thong dung
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nhit la thi nghiém nén finh, thi nghiém PDA (Pile
Dynamic Analysis), Osterberg Cell. Tuy cac phuong phap
xac dinh sirc chiu tai trén chi chu yéu xéc dinh ste chiu
tai tai dau coc. Phuong phap thi nghiém dong PDA xac
dinh strc khang bén cua coc va strc khang miii cta coc tuy
nhién két qua phuong phap PDA nay ¢6 d§ chinh xac thip
thi nghiém nén tinh. Phuong phap Osterberg cell do chinh
xéc cao nhung chi phi thi nghiém phuong phap nay rat
cao.

Trong cac phuong phap thi nghiém xac dinh stre chiu
tai coc thi phuong phép thi nghi¢ém nén tinh dau coc cho
d¢ chinh xdc cao nhit nhung lai khong xac dinh dugc sirc
khang bén va kha nang lam viéc cua coc.

2.3. Co so ly thuyét xdc dinh sirc khdng ma sdt don vi
btmg thiét bi day rung [3] [4]

Tir cac gia tri thu duoc cia thiét bi day rung img véi
tirng cAp tai trong trong qua trinh thi nghiém c6 thé tinh
todn dugc sirc khang ma sat doc than coc giira cac dau do
thi nghiém khac nhau xac dinh qua cong thirc sau (theo
cong thace thue nghiém cua hing Geokon My) [3], [6]:
2.3.1. Tinh gia tri trung binh ddu do bién dang

(£60 —pa )+ a5 — 1165, + gy — a5 )+ gy — 153,

HEy =GB, p

Trong do:

HeAVG: Hé s6 strain gages trung binh;

G : Hé s6 higu chinh;

B : Hé sb xuit xuong thiét bi:

HEx0; MEso; MEco 3 Mepo: SO doc cap 0%;

HEA MER: & HEC ; Meni: SO doc & cac cép tai trong.
2.3.2. Tai trong doc truc dwgc tinh theo cong thire:

P=g e 107 { Ag B+ AgiBs)

P: Tai trong doc truc ( tin);
€avg: Micro strain trung binh;

Ac, Ec,Ag,Eg: Dién tich mat cit ngang, Modul dan héi
bé tong, Dién tich mit cit ngang cua thép, Modul dan hoi
cua thép.

2.3.3. Tinh toan ma sat thanh don vi

Gia tri ma sat thanh don vi gitta 2 cao trinh Strain
gages lién ké dugc tinh nhu sau:

_h-Fh
ClL, .,
Trong do:
F: Ma sat thanh don vi (Tan/m?);
P,: Tai trong tinh toan tai cao trinh 1 (tin);
P,: Tai trong tinh toan tai cao trinh 2 (tén);
C: Chu vi coc tai cao trinh tinh toan (m);
L;.: Khoang cach gitra hai cao trinh tinh toan (m).
Trong khuén khé bai bao, tic gia tién hanh phan tich
bang thuc nghiém phuong phap thi nghi¢ém nén tinh dau

coc nhung két hop kém theo cac thiét bi day rung ( strain
gages) gin vao than coc. Khi tién hanh gia tai thi nghiém

coc thi ching ta xac dinh tai trong ddu coc. Cac thiét bi
diy rung dudi tic dung tai trong dau coc s& do duoc tai
nhig vi tri dé danh gia sitc khang bén va danh gia mirc
do lam viéc cua coc.
3. Dy 4n Royal Tower |2]
3.1. Gioi thi¢u

Du an ROYAL TOWER nim tai vi tri 16 17 P.Tén
Phii, Quan 7, Tp H6 Chi Minh. Céng trinh chiéu cao xay
dung 60m. Toan bd tda nha dugc d& bing hé méng coc
khoan nhéi gom 32 coc khoan nhéi D1000mm, chiéu sau
-70m. Cao d¢ cat dau coc la -10m. Coc thi nghiém la coc
khoan nhéi dwong kinh D1000, chiéu dai coc 70 mét, tai
trong thiét ké 1020 tin, tai trong thi nghiém 3060 tan.
Thiét bj Strain gages 4911 dugc ldp dit tai 12 cao trinh:
-10, -15; -20; -25; -30; -30.0, -35; -40, -45, -50, -55, -60,
-85, -69.5 m so voi mit dat.

Hinh 3. Vi tri di dn Rovar Tower qua anh vé tinh
. Pia chat !(hu vue coc thi nghiém 0 dén -1.4m la dat

dap, -1,4m dén -14,7 m bun sét hiru co xam xanh, -14,7m
dén -20,7m sét déo mau xam xanh, -20,7m den -30m cat
hat min, -30m dén -70m cat hat min dén hat trung thé to.
3.2. Thi cong va thi nghié¢m coc

2 coc khoan nhdi D1000mm, siu -69,5m dugc thi
cong vao ngay 1 thing 2 nam 2010. Ngay thi nghi¢m
TPO1, TPO2 17/03/2010 va 26/03/2010. Tai trong thiét ké
1020 tan, tai trong thi nghiém 300% 3060 tan. Chia lam 3
chu ky gia tai. Bé tong cuong do 40Mpa.

Toan b hé dan chét tai dugc hd trg béi 12 coc bé tong
khong cot thép dd sdu -40m.

Doc than coc gin thiét bj strain gages dé quan tric kha
nang lam viéc cua coc (Hinh 4).

Hinh 4. Lép ddt thiét bi déy rung model 4911 vao léng thép.

Trudc khi tién hanh ha 16ng thép va do bé tong, 2 Coc
TPOl, TP02 dugc tién hanh siéu 4m hé khoan
(Kodentest) kiém tra do thiang dimg coc, kiém tra vach hé
khoan (Hinh 5).
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Hinh 6. Qud trinh chat tdi va thi nghiém coc
3.3. Sike chiu tii coc khoan nhéi phén tich theo Iy thuyét
1j 51

Dua vao théng s6 dia ‘chﬁt tac gia da phan tich kha
ning chiu tai coc khoan nhoi nhu sau:

Theo phy luc C.2.3 cong thirc ciia Nhat Ban TCXD
205:1998 Sic chiu tai coc 2 coc TPOI, TP 02 la 864,7
Tan, Theo cong thirc 3.4.2 TCXD_ 195:1997 1a 1090,4 tan
(Hinh 7). Theo Meyerhofla 705 tan.

Biéu @6 tink todin sire chiu tdl coc quy Aok dau coe thiét ké
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Hinh 7. Biéu do tinh toan sirc c"h,iu tai coc dau coc
theo Iy thuyét

4. Phan tich két qua thi nghi¢m
4.1. Dwong cong tdi trong — D§ lun

28 ngé){ sau khi dcfi bé tong, 2 coc khoan phéi TPO1,
TP02 da tién hanh chat tai thi nghi¢ém. Khi tién hanh gia
tai dén tai trong _3060 tan thi chuyén vi cac dau coc — mili
coc trong tng lan luot 1a TP 01 13 44,72mm va TPO2 la
58.26mm (Hinh 8).
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Hinh 8. D6 thi quan hé giita tai trong- do hin mili coc
va dau coc TP01,02

Chuyén vi 2 coc c6 sy chénh 1éch khi tién hanh gia tai
toi da c6 thé hiéu dugc rang theo Hinh 5 thi kich thuge
clia coc TPO2 c6 sy mo réng dién tich tiép xiic giira coc
va dat nén.
4.2. Két qud phin bé tai trong doc thin coc

Hinh 9, 10 két qua do dugc ciia cc dau do SG tai cac
cao trinh thé hién sy phan bo tai trong doc truc trong suot
thoi gian thi nghiém.

Cach tinh toan cac gia tri nay thé hién cong thirc 2.3.2.

Do sau (m)

Hinh 9. Biéu dé phdn tich tai trong doc than coc
TPOI[3][8]
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TAI TRONG ( TAN)

Hinh 10. Biéu do phan tich tai trong doc than coc
TPO2 [3] [8]

Khi tién hanh gia tai 1én dén 300% twong img 3060
tan. Doan tir 10-15m duge hpy dong lyc ma sat toi da
nhat. Tuy nhién theo ly thuyet doan nay la 16p bun dat
SPT bang 0 thi khéng thé xuat hién ma sat hay tai trong
tai vi tri nay.

4.3. Ma sdt don vi

Biéu d6 Hinh 11, 12 trinh bay két qua phan tich sirc

khang ma sat thanh gitra 2 vi tri dau do bién dang day rung.

Biéu db % tii trong va ma sit thimh (thwar) cc TPO1
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Hinh 11. Biéu d‘o phdn tich ma sat giita 2 cao trinh
cua thiét bi day rung TP01[4][8][9]

Véi coc TPOI tai vi tri 0-10m theo thiét ké luc ma sat
tai vi tri nay hau nhu béng 0.

Vai coc TP 02 tai vi tri 20-25m ma sat tang 1én 35
tdn/m” do tai vi tri ndy duong kinh hd khoan da mé réng
lén 1400mm. Piéu nay phi hop véi két qua siéu 4m
duong kinh coc TP02.

2 coc TP 01 va TP 02 thi kha niang huy ddng sirc
khang miii d6 sdu -65m dén -69,5m rat thép & 100% thi
0,5 tan/m’. Do d6, dé tiét kiém chi phi va dam bao kha
nang chju tai coc ta c6 thé giam chiéu dai 2 coc ma vin
dam bao kha nang chju tai coc.

Biéudo % til trong vi ma sit thinh (tha/m’) coc TPO?
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Hinh 12. Biéu dé phén tich ma sdt giita 2 cao trink ciia thiét bi
day rung TP02 [4] [8] [9]

4.4. Ddnh gid két qua thuc nghi¢m

Qua phan tich két qua thyc nghiém va phuong phap
tinh sirc chiju tai coc ta nhan thiy ring 2 coc TPO1, TP02
khi thiét ké tai trong 1a 1020 tin. Thi nghiém tai trong pha
hoai 300% 1a 3060 thi coc chi lan 1an lwot 1 58,26mm va
44,72 mm va van chua bj pha hoai.

Dua vao cic két qua phan tich siéu am hd khoan (Hinh
5). Thyc té trong qua trinh thiét ké coc thi coc khoan nhdi
thi ngudi ta vin mic dinh coc khoan nhdi déu c6 duong
kinh 1000mm tir vi tri d4u coc dén chan coc. Nhung trong
qué trinh thi céng thi khong phai nhu vay. Déi vdi coc
TPO1 thi dudmg kinh coc 16n hon 1000mm, va dbi véi coc
TPO02 thi duong kinh coc d6 sau 25-30m lén dén 1400mm
va mili coc duge maé rong 1én 1400mm.

5. Két ludn

Két qua irg dung thiét bj do bién dang bing day trong
qua trinh thi nghiém nén tinh tai dy 4n khéach san Royal
Tower dua dén nhirng két luén sau day:

Khi tién hanh thiét ké coc khoan nhdi va thyc nghiém
thi nghiém coc khoan nhdi cé sy chénh léch nhau rat 16m.
Tai trong theo thiét ké dén 300% coc s& bi pha hoai.
Nhung thuc té khi gia tai dén 300% coc vin gitt dugce
chura phd hoai. Sirc chiu tai coc theo cac phwong phép tinh
toan thuéng nho hon 2-3 14n theo két qua thi nghiém.

Lép dat bun sét ngay vi tri ddu coc (0-15m) theo 1y
thuyét 16p nay SPT bang 0 thi s& khong c6 phat sinh ma
sét gifta coc va dét. Tuy nhién thyc té tir két qua phén tich
duoc vin ton tai lyc ma sat 6p giira bun sét nay. Diéu nay
duoc 1y gidi ring trong qua trinh thi cong lugng xi mang
trong bé tong da tron 1an véi 16p bun sét nay nén phat sinh
ra ma sat bén cua coc.

Trong qua trinh thi cong coc khoan nhdi thyc té ludn
cc:) su mé rong vé dudng kinh coc khoan nhdi so véi thiét
ke.

Viéc tinh todn sirc chiju tai coc hién nay vin ldy duong
kinh egc 12 giéng nhau dau coc dén miii coc. Nhung thuc
ra can phai thi nghi¢m siéu 4m dudng kinh coc thi méi
nhén thay duong kinh coc d3 ting so véi thiét ké ban dau.
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Kha nang chiu tai coc chi yéu duoc huy dong tir sitc

khéng bén cuia coc. Strc khang miii theo két qua do dugc
tir thiét bi day rung la khong dang ké.
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