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TOM TAT: Hién nay trén thé gidi ¢d nhiéu phuong phdp kiém tra sitc chiu tdi cho coc
khoan nhoi (CKN); mdi phuong phdp déu c6 nhitng wu va nhuge diém riéng. D& hiéu thém vé
cdc wu va nhuge diém ciia titng phuong phdp, tdc gid viét bai phdn tich cdc phwong phdp thit tdi
cho CKN dudi day dé giip ban doc hiéu thém va lya chon phuong phdp kiém tra chdt lugng
CKN sao cho phix hgp vdi diéu kign xdy dung nhdt, théa man yéu cdu ky thudt va dat muc tidu
kinh té.

1. PHUONG PHAP THi NGHIEM PONG BIEN DANG LGN PDA (Pile Driving Analizer)
1.1 Cd sé clia phuong phiap

Nguyén 1y clia phuong phdp thir ddng bi€n dang 16n vA thi€t bi phan tich déng coc PDA dva
trén 1y thuy&t truyén séng ng sudt trong bai todn va cham ciia coc, vdi ddu vao 1a cdc 8 liéu do gia
tdc va bi€n dang thin coc dudi tic dung cla qui bia. Cic dic trung dong theo Smith 14 do song cia
Iuc va séng van tdc (tich phdn gia t6c) réi ti€n hanh phén tich thdi gian thuc d&i v6i hinh séng (bing
cdc phép tinh 1ap) dva trén 1y thuy&t truyén s6ng Ung sudt trong thanh citng va lién tuc do va cham
doc truc tai ddu coc gy ra

Cd sd cila phudng phéip nay dua vao:

+ Phudng trinh truyé&n séng trong coc; + M0 hinh hé biia — coc — ddt clia Smith;

+ Phudng phép case; + Phin mém CAPWAPC;

+ Hé théng thi€t bi phin tich d6ng coc PDA (Pile Driving Analyzer).

2.2 Phuong trinh truyén séng

Véi gid thi€t coc dan hdi ddng nhat, d4t nén 1am viéc déo 1y twdng, ta c6 th€ xdc dinh dugc luc
khéng tdng cong ciia di't khi déng coc theo biéu thifc sau [1]:
V) -Vt
F(6)+ Flty) + =0

MC (1)
R=

2
Trong dé:

R - Sitc khing tdng cong clia d4t;
F, V - Luc va vin téc do dudc tai ddu coc;
M, L — Kh&i lugng va chiéu dai coc;
C - Téc do truyén séng (tng suit trong coc;
t; — Th&i di€m va cham toan phdn (Ivc va cham cuc dai);
t, — Thdi di€m séng ng suit di hét 1 chu ky tir ddu d&€n mii coc va phin xa lai.
3.3 Phuong phép case ; ;
Xét theo badn chdt vatly: R =Rs + Rd 2)
Trong dé:
R - Sitc khdng t8ng cong ciia dit;
Rs — Sifc chiu tdi tinh, phu thudc vao chuyén vj;
Rd - Sifc chiu tdi dong, do viéc bia dép, sifc cdn dong, phu thudc vao téc dd séng bién
dang.
Dé& ¢6 thé loai bd sitc cdn dong khi tinh Rs, Rd dude dinh nghia: Rd=JZ V
Trong dé:
J — Hé s8 sitc cdn dong;

mili coc
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7 — Trd khdng cia coc, ¢6 thé xdc dinh theo [1]

Z=£hoéc2=—-ﬁ4—(§- 3)

c L

V@i: A - Tiét dién ngang clia coc; C—T6c dd séng;

E — Mb dun dan hdiciia coc; M — Khéi lugng coc;

L — Chiéu dai coc.

Viai coc — TOC d6 tai mili coc, €6 thé tinh duge tit t8c dd do dudgc tai thdi diém t, & diu coc:

Vi coe = 2¥(t) — R/Z; sau mdt s8 bi€n ddi ta c6 [4]:

_A=DAFE)+Zye)) + (A +0).(F () = Zv(ty))
2

R “

4.4 Phin mém
1.4.1 Phdn mém CAPWAP (Case Pile Wave Analysis Program)

CAPWAP 1i mdt chudng trinh phin tich dva trén cic s6 liéu do cia luc va vén tdc rdi md hinh
ho4 coc nhu 1a mot chudi cic doan nhd dé tinh todn siic khdng clia dit nén xung quanh doc theo thin
coc va tai mili coc. CAPWAP ciing cho phép tinh chinh xdc hé s6 giam chin (j--damping factor) gilip
cho viéc hiéu chinh két qia thi nghiém PDA theo CASE. Ngoai ra chuong trinh con cho phép xay
dung bi€u dé twong quan Lyc — Bi€n dang gidng nhu bi€u dd nén tinh.

Phin mém nay, ding phudng phdp phin t hitu han d€ gidi bai todn bda — coc — dit, coc duge
chia 1am nhiéu phin doan, sitc cdn da't sit dung mé hinh ciia Smith.

1.4.2 Phdn mém PDAPC

PDAPC 12 phin mé&m gitip chuyén s8 liéu iir mdy chinh sang mdy tinh, cho phép xi 1y, tinh
todn va in k&t qlia theo nhi€u yéu cdu khdc nhau.
5.5 Thi€t bi
1.5.1 Thiét bi PDA (the PAL model)

L th€ hé méi nhat cia PDA thudc hing PDI (M§), dudc thiét k&t t8i wu cho cong tic thi
nghiém hién trudng ngay cd & cong trinh c6 dia hinh phifc tap nhu ngoai khdi hay trén ndi. PAL gdbm
mot mdy chinh, 2 ddu do gia t6c va 2 ddu do bién dang, diy din va cdc phy kién k&m theo.

1.5.2 Thiét bi PDA (My)

C6 thé ding biia hoi, bia Diesel c6 trong lugng biing 1-2% sifc chiu tdi coc, cdu tao cla thiét bi
phén tich bia dip — PDA sif dung trong phudng phép thif dong bi&€n dang 16n bao gdm:

e DPdu do ing sudt (2 ddu do);

e M4y tinh dién t& c6 g&n bd bi&n d8i s8 lidu.

6.6 Céc k&t qua do duge (Thiét bj phan tich coc — PDA c6 thé dua ra k&t quai sau):

- Sitc chiu tdi clia coc: stc chiu tdi cla coc tai tirng nhat bia dip, stic chju tdi clia coc tai titng
cao d6 ngip dit ciia coc, ma sdt thinh bén va sifc khang ciia mii coc.

—  Ung suit trong coc: ing sui't nén 16n nht, dng suit kéo 16n nhd't va (tng sudt nén tai mili coc.

- Su hoat dong cita bia: ning lyc truyén 16n nhit clia bia 1én ddu coc, lyc tdc dung 16n nhat 1én
diu coc, dd léch tm giita bia va coc, hiéu sudt hoat dong ciia biia, tdng s6 nhit bda, s nhat
biia trong 1 phiit va chiéu cao rdi biia hodc d6 ndy clia phin va dip.

- Tinh nguyén dang hodc hu hdng cla coc: xdc dinh mitc dd hodc vi tri hu hdng ciia coc.

7.7 Pham vi 4p dung

—  Th&i gian thi nhanh hon thi tinh, chi phi thip, thit dugc nhiéu coc trong ngay.

- Lua chon dudc hé théng déng coc hgp 1y. '

—  Tiéu chun 4p dung: theo tiéu chudn ASTM - D4945.
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8.8 Nhian xét

—  Phuong phdp thir dong bi€n dang 16n nhim d4nh gid stc chiu tai clia coc bing 1y thuy&t truyén
séng PDA chi chinh xdc khi ning lugng va cham & diu coc dii 16n dé huy dong toan bo siic
khdng clia d't nén va tao dugc bién dang du tir 3 — Smm. Véi coc khoan nhdi thudng s dung
quia biia ning tir 9 d&n 21 tin dé thi dong luc hoc.

- So véi phudng phdp thit tdi trong tinh thi phudng phdp ndy thyc hién nhanh hon, c6 thé thuc
hién thi nghiém dugc nhiéu coc trong cling mdt ngay, it gdy anh hudng dén hoat dong thi cong
& cong trudng nhung lai gdy ti€ng dn va chdn dong cho khu vuc 1an cén.

—  Phuong phdp nay c6 thé ki€m tra dugc cd mic d§ hoan chinh va dinh gid dugc sic chiu tdi cia
coc, nhit 1a chiéu dai, cudng do va do ddng nhit ciia bé tong.

—  Phuong phdp thit dong bi€n dang 16n khong thay th€ hoan toan dugc phudng phip thi tinh.
Nhung céc k&t qud thir dong bi€n dang 16n si dung thi€t bi phin tich déng coc — PDA dudc
phan tich chi ti€t, so sdnh v&i thit tinh va phan tich CAPWAP tudng duong s€ gilip gidm bdt thir
tinh.

- DGi v6i cdc cong trinh dudi nude nhu méng cing, cdu, v.v... hodc cdc dy 4n nhd ma viéc thi
tinh gap khé khin vé diéu kién thi cdng, thdi gian chd dgi 1am ting chi phi thit tdi coc. Khi dé
vigc thir dong bi€n dang 16n bing thi€t bi phin tich dong coc — PDA 1a rit thich hop.

- St dung thi€t bi phan tich déng coc — PDA gitip ta ki€m sodt dugc chdt lugng coc trong qud
trinh thi c6ng. Theo d6i nhitng van dé c6 thé xdy ra d6i véi bia, coc, di't s& sém phat hién dudc
cdc sy ¢6 d€ xit Iy kip thdi nhitng vAn dé dnh hudng dén tién do thi cong va gidm dudc chi phi,
rii ro.

~ D& dang ki€m sodt dugc sy hdi phuc hay gian ra ciia d4t sau khi déng di va v& lai. X4c dinh
dugc sife chiu tdi cla coc tai titng nhdt bia, tirng cao do dit mii coc trong qud trinh déng coc.
Qua d6 lva chon dudc chiéu dai coc phi hgp.

2. PHUONG PHAP THU TINH PONG STN (STATNAMIS)
1.1 Nguyén ly

Duya trén nguyén tic phdn lyc clia ddng cd tén lita, ngudi ta tao ra mot thi&t bi dat trén ddu coc
c6 kem theo ddi trong vira dd, cho nd gdy phdn lyc trén diu coc c6 thiét bi ghi chuyén vi ciia coc
trong qué trinh n6, k&t hgp do cdc théng s6 bi€n dang va gia t6c ddu coc. Sau d6 ding cdc phuong
phédp nhu phudng phdp phuong trinh truyén séng hoic do ciing dong sé tinh dudc sic chiu tdi ciia coc.
Trong phudng phdp STATNAMIS ngudi ta da xdc dinh dudc gia t&c a clia khéi phan luc dich chuyén
1€n phia trén 16n gap 20 14n gia t6c ciia coc dich
chuyén xudng phia dudi. Nhu viy trong lugng
ciia kh6i phdn luc chi cdn bing 1/20 ddi trong
du ki€n trong thi finh di tao nén dudc luc 16n
gdp 20 14n lyc truyén 1&n ddu coc. Nhd d6, viéc
thd tdi bing STATNAMIS sé& gidm rit nhiéu vé
quy md va chi phi so véi thit tinh nhung k&t qui
dat dudc rat gin v8i phudng phdp thif tinh.

Bong co nd kidu phin Iyc

XII6 gia tii bAing v4t ligu rai

L Thigh bi do chuyén i

Coc th;‘.l d

2.2 Pham vi dp dung Y

—  Cho tat cd cédc loai coc ditng va nghiéng .
trong moi diéu kién dia chat.

~ T nim 1988, STATNAMIC da thi dudc

tdi trong 0.1MN va dén nim 1994 da phat

tri€n thi dugc tdi trong d&€n 30MN. N6

duge 4p dung nhiéu & Canada, My, Ha

- N __Hop tdi trong

Hinh 1: S0 d bé tri thi€t bi STATNAMIS - thit

~ tdi trong finh
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Lan, Nhat ban, Biic, Han Quéc, v.v...

3.3 Nhén xét

Viéc itng dung tht tdi STN dang ngdy cang canh tranh manh mé vdi thi tdi bi€n dang 16n PDA
do c6 d6 tin ciy cao, gid thanh hgp 1y va nhidu wu diém hon so voi phudng phdp PDA. Pic bigt c6 thé
thit ti ngang hay véi i trong rit 16n dé&n trén 3.000 tan. V& do 16n tai trong thir dat dugc cho dén
nay n6 chi kém phuong phdp hop tdi trong Osterberg. '

3. PHUGNG PHAP THU TAI TRONG TINH TRUYEN THONG |

Piy 1a phudng phép tryc ti€p xdc dinh sitc mang ti cia coc, thuc chi't 1a xem xét @ng s clia
coc (dd 1dn) trong diéu kién coc 1am viéc nhy thuc t€ dudi tai trong cong trinh nham muc dich chinh la
xédc dinh do lin cia coc & tdi trong thi&t k€&, x4c dinh tdi trong gidi han cia coc, hodc ki€m tra cudng
do6 vat liéu clia coc vdi hé s8 an toan xdc dinh bdi thi€t k€.

1.1 Nguyén 1y va pham vi 4p dung

Diing hé thng coc neo hodc cdc vat ning chat phia trén dinh coc lam d&i trong dé gia tdi nén
coc.

Phuong phdp nay chi thich hop & noi c6 mit bing di rong, ndi khdng cé nudc mat (sdng) va coc
thit ¢6 (i trong nhd (<5000 tin).

Chi phi cho viéc lam ddi trong s& cang 16n khi tdi trong coc thir cang 16n va nhét 1a ndi séng
nudc.

2.2 Nhén xét va két ludn

Trong cdc phudng phédp thit tdi trong coc khoan nhdi, phuong phap thit tii trong tinh truyén
théng tuy khong ding thiét bi hién dai nhung chi phi cling s& rit cao khi gip diéu kién khé khin vé
mit bing. K&t qud thd tdi 12 sic chiu tdi t8ng cong clia coc (khdng cho biét riéng: sifc chiu tdi cla
mili coc va sitc chiu tdi thin coc). Bén canh dé d6i véi cdc coc khoan nhdi cé sitc chiu tdi tir 4.000-
10.000 tdn hodc 16n hon thi hé ddi trong dé gia tii theo phudng phdp ndy ciing s& gap khé khin,
khong thuc hién duge. Do vdy pham vi 4p dung thit ti tinh truy&n thng chii y&u st dung d€ thi tdi
cdc coc c6 tai trong dudi 5.000 tin va coc bd tri & mét biing rong rdi va trén can.

Ngoii ra sit dung phudng phép nay t6n nhi€u thdi gian, phudng tién ky thuit. Tuy nhién phudng
phép nay cho két giia dudc xem 12 chinh x4c nhit trong cdc phudng phdp hién nay, ¢ thé 1am cd sd
cho viéc kiém chitng cdc phuong phdp khdc.

4. PHUGNG PHAP THU TAI TINH BANG HOP TAI TRONG OSTERBERG

1.1 Nguyén ly
Khi coc c6 dudng kinh va chiéu dai 16n véi sic chiu tdi hang ngan tdn va coc ndm trén sdng

nudc, cdc phudng phdp thi tdi tinh khong thyc hién dudc. Do viy phdi s dung phuong phdp hop tdi

trong OSTERBERG.

- Ding mdt hay nhi€u hop tdi trong OSTERBERG (hdp thiy lyc 1am viéc nhu 1 kich thiy lyuc)
dit & miii coc khoan nhdi hay & 2 vi tri mdi va than coc trudc khi d8 bé tdng thin coc. Sau khi
48 bé tong da dii. cudng dd, ti€n hanh thit ti bing cdch bam diu thiy luc dé€ tao 4p luc trong
hop kich. D&i trong chinh la trong lugng coc va sifc chdng ma sdt hong.

-~ Theo nguyén 1y phan lyc, lyc truyén xudng dat mii coc bing luc truyén 1&n thian coc. Viéc thi
s& dat t6i phd hoai khi mdt trong hai phd hoai x4y ra & mili coc va quanh thin coc. Dya theo
cdc thi€t bi do chuyén vi va do luc gin sdn trong hop tdi trong OSTERBERG sé vé ra dudc cdc
biéu dé quan hé giia lyc tic dung va chuyén vi mili coc va than coc. Tuy theo trudng hdp phd
hoai c6 thé thu dugc mdt trong 2 biéu dd quan hé ti trong — chuyén vi.

Viéc gia tai va do dac, 4p dung theo tiéu chuin ASTM D1143-1995
“Trinh tu thi t3i nhanh?” cia M§.
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- Céch xdc dinh tdi trong gidi han: Do c6 mdt phd hoai & mii hodc thin coc nén phdi 4p dung
phudng phdp ngoai suy d€ tim phd hoai thif hai, va dugc tinh theo cdng thitc sau [1]:

Pghcgc - ghmﬁi + Pghth.in (5)

- Néu khong tin twdng & ngoai suy va thién v& an toan (Iy trj s bé), ta c6 thé 14y:

Pghcqc = Pghlhu dudc (5,)

- Phuong phdp nay khong phdi diing hé gia tdi bén trén biing cdc d6i trong hodc hé neo ma ding
ngay trong lugng bdn than ciia coc va ma s4t thinh bén 1am doi trong. D€ tao tai, trong thin
coc b8 tri mot hop tdi trong 1am viéc nhu mot kich thiy lyc thong thudng va c6 cdu tao phit hgp
chén trude trong than coc. Sau khi coc dd cudng do ti€n hanh tao tai bing cdch bom dau vao
trong kich da chon trong coc (hinh 3). Hé diéu khi€n va ghi chép tit mit d4t. St dung phuong
phdp nay c6 thé thi nghiém riéng biét hoac ddng thyi hai chi tiéu 12 st chiu mii coc va luc ma
sdt bén cia coc. Tai thi nghiém c6 thé dat d€n 18.000 tan, thdi gian gian ti&n hanh thi nghiém
chi trong vong 24 gid. Sau khi thit xong bom bé tong xudng 14p ddy hé kich cho hé dudgc lién
tuc.

- Goi tong cdc lrc ma sdt thanh bén trén toan bd chidu dai coc P, va luc chdng miii 1a P,, va luc
do hop tdi trong 12 Py thi ta c¢6 nhén xét sau: khi tao luc P, trong hop Osterberg thi theo nguyén
ly cin biing phdn lyc, mot luc Py truyén 1én thin coc hudng 1én phia trén s& cin bing vdi luc
ma sat thanh bén va trong lugng bdn thin coc (G). Con mot luc Py khdc hudng xudng dusi va
dugc chdng lai bdi sitc chdng cia da't nén dudi mii coc. Nhu vay trong qua trinh cha't tdi ting Py
thi ta c6 [1]:

Pi= (G+Pps) < G + P ¥ ™" hodic  Py= (P,) < P, &% (6)

- Coc thi nghiém s& dat t6i gidi han phd hoai khi dat d€n cin bing clia mot trong hai biéu thitc
néu trén, ti¥c 12 coc bi phd hoai mii trudc (dat dudi miii coc dat dé€n phd hoai) hoic bi phd hoai
d thanh bén trudc (coc va ddt xung quanh c6 chuyén dich déo).

2.2 Pham vi dp dung

—  C6 thé€ thdy ngay phudng phdp ndy phil hop véi cic coc c6 sitc chéng gidi han thanh bén va
mili coc twuong dudng nhau. Con trong trudng hgp sic chdng gi6i han cla miii nhd hon sitc
chdng thanh bén thi c6 thé dit 2 ting & miii coc va thin coc d& thit. Cao trinh dit & ting thian
phdi ddm bdo di€u kién Py,™ > Py, """ A8 Khi 6 trinh ty cha't tai s& phic tap hon d€ c6
[hé’ xde dil’lh dLIQC Pghmﬁi) PShdoz_in thin dudi vi Pshdoqn todn t.hancqc.

B Phuong phdp nay dp dung thif tdi cho cdc coc khoan nhdi c6 sitc chju tai I6n, nhitng ndi khé
khin vé mit bing thi cdng, hay coc trén séng nudc...

3.3 Bi€u d6 quan hé tdi trong — chuy&n vj ddu coc
Do két qlia thu dugc 12 hai bi€u d6 tii trong — chuyén vi miii dbc 14p nhau nén dé€ d& si dung

va so sdnh v6i thi¥ tdi tinh truyén thng phdi xdy dung biéu dd tdi trong — chuyén vi diu coc tuong

duong nhit trong thi ti tinh truyén théng. Mudn vy phii dva vio céc gia thit sau:

~  Dubng cong tdi trong - chuy€n vi mili coc gidng nhu dudng cong tai trong - chuy&n vi trong chit
tdi truyén théng vdi ti trong 12 dich chuyén di xuéng ciia hop tai trong.

~  Dudng cong tdi trong - chuy&n vi ma sdt bén ciia chuyén dich di 1én gi6ng nhv dudng cong ti
trong - chuyén vi di xuSng trong thi nghiém truyén théng.

— B qua dd nén co clia ban thin coc khi xem n6 12 vét rin.

- Vi cdc gid thiét trén, gid s chuyén vi tai diém 4 cda dudng cong dich chuyén di 1&n (hinh 4)
ghi lai gid trj tdi trong ng v6i chuyén vi d6. Trén dudng cong dich chuy&n di xubng tim diém 4
c6 chuyén vi giéng nhv chuyén v tai diém 4 ciia dudng cong dich chuyén di 1&n va ghi lai tdi
trong twdng iing. Cong hai tdi trong d6 s& cho gid trj tai trong t6ng cong do ma sdt bén va chéng
mii tai cing mot chuyén v ciia diém 4. Dudng cong xay dung lai s& ¢6 chuyén vi bing chuyén
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vi di€m 4 cda dudng cong dich chuyén  TRUOGNG HGP PAT PEN SUC CHIU TAI BEN GIGI HAN

di 1én va di xudng nhung tdi trong sé& v.L
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a) Trutde khi thir t t/V’f * ‘
b) tht tdl bing hap Osterberg
Hinh 3: So d8 bé tri thi&t bi va chit tdi theo phudng phép thi tinh bing hop Osterberg

4.4 Nhin xét

Phuong phép thi tdi coc khoan nhdi bing hop ti trong Osterberg mang lai do chinh x4c cao, ¢6
thé kiém tra dugc khd nzng chiu luc cla titng 16p dit coc di qua (thdng qua gid tri sitc khang ma sit
thanh bén va sitc khdng mili cia dit nén). V6i thi€t bi thi nghiém gon nhe, loai thi nghiém dang hop
tai trong Osterberg c6 thé diing thif tdi coc chiu tdi 4.000+18.000 tdn va c6 thé 16n hon. Thi tii bing
hép tai trong Osterberg cell khic phuc dugc khuyét diém cia phuong phdp th tdi tinh truyén théng
nhu: c6 thé bd tri thit tdi coc 3 ndi sdng rdng, siu nudc chdy xi€t hodc noi mit bing chit hep v.v..
Nhugc diém cia thit tdi Osterberg 1 cdn c¢6 ddi ngi chuyén gia ky thuét cao thuc hién thi nghiém
(hién nay Céng ty LoadTest Inc clia My 12 ddn vi chuyén trach vé thi nghiém nay). Hién tai tuy chi
phi th tdi cdn cao, nhung tuong lai vé 1au dai phuong phdp thit tdi tinh bing hop ti trong Osterberg
c6 thé s& c6 chi phi thap va cé xu hudng sit dung thay th€ hoan chinh phuong phap thi tdi tinh truyen
thong trong cdng tic thi nghiém coc khoan nhm dutng kinh 16n.

Hyp 1divong ™
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TAI TRONG

Hinh 4: Pudng cong tii trong — chuyén vi dat d€n ma s4t gidi han

LOAD ENDURANCE CONTROLL FOR BORED PILE

Le Van Nam, Nguy&n Chi Poan
University of Technology - VNU-HCM

ABSTRACT: Nowadays, all over the world, there are many methods for testing load endurance
of bored piles; each method has advantages and disadvantages. To understand more about those
advantages and disadvantages, the author shall analyze some methods for testing load endurance of
bored piles as follows as to help readers understand more about those methods and facilitate their
choices of testing methods which are best fitted to construction conditions, technical requirements
while ensuring economic efficiencies.
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