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Tém tit

Khi thiét ké coc khoan nhdi vao 16p d4 phong ho4 niit né (Intermediate Geo Materials, IGM) thudng ¢ nhiing
vAn d& chua dugc thdng nhit. Theo tiéu chuin Viét Nam, trong trudng hop nay stic chiu tai dude tinh cho dét
va d4. Piéu d6 dan t6i khi coc khoan nhdi thi cong vao tang dd phong héa niit né sé dudc tinh nhu 1a dt hoic
da. Trong bai bao nay sé trinh bay tinh toan suc khang tai thin coc va mii coc trong 16p da phong héa theo dic
trung ctia 16p IGM thong qua két qua thi nghiém nén tinh va thi nghiém nhé cho coc khoan nhdi dudng kinh
0,8m c6 phan miii coc trong 16p da phong héa nit né. Trong cac thi nghiém nay, céc thiét bi do bién dang theo
than coc va chuyén vi dudc gin doc theo than coc khoan. Két qua tinh toan tif thi nghiém nén va nhd dudc sit
dung dé€ hé s6 hiéu chinh cho cdc cong thiic tinh toan stic khang ma sit don vi va stic khang mii coc khi thi
cong coc vao ting IGM.

Tir khod: stic khang coc khoan nhdi; ting phong héa niit né; thi nghiém nén tinh.

EVALUATION OF THE BEARING CAPACITY OF DRILLED SHAFT IN WEATHERED ROCK FROM
THE TEST RESULTS AND THE FINITE ELEMENTS MODEL

Abstract

Weathered rock or IGM (Intermediate Geo Materials) is still a controversy in designing bearing capacity of
bored pile. At present, Vietnamese standards separately define the load capacity in soils and rocks. That leads
to both underestimation and overestimation in case IGM assumed to be soil and rock respectively. In this paper,
the calculation in a project in Central Vietnam was based on experienced equations. Furthermore, static load
tests compression tests were conducted for bored piles with 0.8 m in diameter which installed in the weathering
rock. In these test, instruments were installed including the strut meter, straingage and extensometers which
were distributed along bored piles to measure a side bearing capacity and tip capacity of the piles. Results can
be used to corrected side resistance and tip resistance in case when pile is installed in IGM layer.

Keywords: weathered rock; IGM; bearing capacity; static load test.
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1. Giéi thiéu

Coc khoan nhdi 12 loai coc phd bién dp dung cho méng siu ctia nha cao ting hodc méng cho
cong trinh cau [1-3]. Hién nay & nudc ta viéc thiét ké coc khoan nhdi thudng tuan thi theo TCVN
10304:2014 hodc 11823-10:2017 dudgc 4p dung theo tiéu chudin AASHTO LRFD [4] dbi v6i nganh
giao thong van tai hodc theo tiéu chuin Viét Nam. Trong cdc tiéu chuén nay viéc du tinh sic chiu tai
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ctia coc dudgc chia ra 1am hai trudng hop, khi coc dit vao dét thi st dung céc cong thic lién quan dén
stic khdng ctia nén dat nhu géc ma sat trong ctia dit rdi, stic khang nén c6 nd hong trong diéu kién
khong thoat nudc qu cho dat dinh, st dung két qua thi nghiém hién trudng nhu CPT, SPT... con khi
coc ngam vao da thi c6 thé st dung siic khang nén ctia dd qu. Tuy nhién dbi v6i khu vuc mién Trung
vi du nhu tinh Quéng Tri, trong nhiéu trudng hop coc khoan nhoi khi thi cong vao ting d4 phong hod
manh, cudng d6 nhé hon so véi dd nhung lai 16n hon nhiéu so vé6i dit, diéu nay dan t6i kho khin trong
viéc 4p dung tiéu chuin tinh to4n ciing nhu kiém tra. Trén thé gi6i, hién nay nhiéu tic gid dua ra khai
niém dét trung gian hoic dit chuyén tiép (Intermediate Geological Material-IGM) vao tinh toan thiét
ké, nhu vay c6 thé st dung két qua thi nghiém SPT- N hoic c6 thé sit dung két qua thi nghiém nén né
héng qu d€ xac dinh stic chiu tii cho coc trong trudng hop nay [4-8].

Céc tiéu chuan thiét k& coc khoan nhoi & Viét Nam va nganh giao thong vén tai nhu tiéu chuin
Thiét ké cau 22 TCN-272-05 ciing chua dé cap nhiéu dén phuong phép tinh todn khi coc khoan nhoi
dugc thi cong vao 16p da phong hoa niit né [9]. Tic gid Vi Cong Ngit ciing gidi thiéu loai dit IGM
nay dua vio tiéu chuin ctia My, tuy nhién chua trinh bay nhiéu vé viéc du tinh stic chiu tai ctia coc
khoan nhdi cho 16p dét nay [2]. Piéu nay gy kho khin cho viéc tinh toan thiét ké coc khoan nhdi vao
tang da phong ho4 niit né.

Thi nghiém nén tinh do bién dang doc than coc da dudc 4p dung tif nhitng nim 1969 cho céc coc
bé tong cbt théo dic sin & rat nhidu nudc trén thé gidi dé xac dinh miic do huy dong ma sit bén doc
than coc. Pén nhitng nim 1980 cic nghién ctiu thuc nghiém trén coc khoan nhdi ciing dugc tién hanh,
dé xuit cic phuong phap phan tich nguge dé€ xic dinh dudng truyén tai trong coc tlif d6 xac dinh dudgc
ma sat bén don vi cling nhu stc khang miii don vi ctia coc [5, 6, 8, 10]. Ngoai ra viéc nghién ctiu stic
chiu téi ctia coc khoan nhdi c6 do bién dang than coc ciing dugc nghién ciu [11-17].

Tiéu chuan LRFD 2012 hoic tiéu chudn TCVN 11823-10:2017 [18] da dua vao dinh nghia 16p
dét trung gian gitta dat va da tuong tu nhu 16p da phong hoa niit né, tuy nhién trong thuc té viéc tinh
to4n va 4p dung van con nhiéu vin dé, ngoai ra chua c6 nghién cifu thuc nghiém cho stic chiu tai ctia
coc khoan nhdi khi dit vao ting d4 phong héa nit né tai Viét Nam.

Do vy bai bdo nay trinh bay két qua nghién ciiu stic chiu tai coc khi thi cong vao ting d4 phong
hod niit né & khu vuc Quang Tri, thong qua két qua thi nghiém nén tinh coc c6 do ting suét, bién dang
theo than coc va mii coc. Tir két qua phan bd ting suit do dugc trong thi nghiém nén tinh x4c dinh lai
mo hinh 1am viéc clia coc trong nén c6 tang d4 phong héa niit né, tir d6 dé xuét cac kién nghi dé c6
ting x{ phu hop khi thiét ké coc trong tang d4 phong héa nit né.

2. Thi nghiém nén tinh va nhé coc khoan nhoi khi dat vao tang phong héa niit né
2.1. Hinh tru 16 khoan tai vi tri thi nghiém nén va nhé coc
Hinh 1 md t4 c4c 16p dat, chiéu day cic 16p, chi s6 SPT theo do sau. Chi tiéu co 1y co ban cia céc
16p dugc trinh bay tai Bang 1.
2.2. Thi nghiém nén tinh coc

Thi nghiém nén coc cho coc T6-1. Coc thi nghiém déu c6 dudng kinh 800 mm, chiéu dai 14,5 m
dugc dit vao 16p 7 1a 16p bot két sét két, phong héa manh c6 chi s6 RQD = 20%; cudng do nén 1 truc
qu = 6,7 Mpa.

Tai mdi coc c6 gan cic thiét bi do doc theo than coc d€ quan tric va phén tich siic khiang ma sét va
stc khang miii coc theo do sau, du tinh dudc suc chiu tai cta coc khi thi cdng vao 16p da phong hoa.
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Sét pha s6i dam 8,1 180 - 18 - - -
L6p 7: D4 bot két sét 5,6 - 398844 19 6700 20 0,05
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a. BO tri thiét bi do

Cic thiét bi do bao gdm do chuyén vi dau coc, do luc tic dung bang loadcell, do bién dang than
coc (extensometer), do bién dang clia bé tdng (strain gage) dugc chi ra nhu Hinh 2.

Thiét bi do chuyén vi ddu coc (DT-100A; KYOWA, JAPAN) c6 do chinh x4c 0,01 mm va hanh
trinh tbi da 12 10 cm, dudc ndi v6i hé théng do s6 liéu tu dong, dudc ¢ dinh vao dim chuin d€ ghi lai
chuyén vi ctia dau coc trong sudt qua trinh thi nghiém. C6 4 thiét bi do chuyén vi & dau coc (Hinh 3).

Thiét bi do bién dang ciia coc (Extensometer) 1a 3 thanh thép dudc 13p & cac d sau khiac nhau
va kéo 1én dinh coc, tai dinh coc sé gan thiét bi do chuyén vi trén céc dinh ciia thanh thép nay. Mbi 1
coc gén 3 thiét bi Extensometer va moi do sau ga“in 1, tong cong c6 3 thiét bi do bién dang cua coc: tai
dinh coc, gitta coc va miii coc nhu chi ra trén Hinh 2 va Hinh 4.

Thiét bi do bién dang ciia bé tong (strain gage) dudc 1ap dit vao vi tri ctia cbt thép doc ch tai cic
dd sau khac nhau dugc dung dé do bién dang clia bé tong tai cac cao do gén thiét bi. Mdi coc dudc
bd tri tai 4 do sdu khac nhau va mdi do sau gin 2 thiét bi, tong cong ¢ 8 thiét bi do bién dang clia bé
tong (Hinh 2 va Hinh 5).
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Load cell (thiét bi do luc), thiét bi do chuyén vi, data logger

v
&1 Lép 1: Sét ph
22m v @ w Strain gage: gin tai 4 cao do
1,8m Lép 2: Bun cat hat min clay
A N
’ Laép 3: Sét 1an dam soi san, trang thai nira cimg
8,1m Coc khoan nhdi, D=0,8 m; L=14,5m
(] LJ
v
5,6m * £
? ba bot sét két phong hoéa nit né manh

\ Extensometer: 3 vi tri (dﬁu coc, gilta coc, mili coc)

Hinh 2. B6 tri cic dau do bién dang doc theo than coc

——@?" —

Hinh 3. Thiét bi do chuyén vi dau coc

Hinh 4. Thiét bi do bién dang ctia coc Hinh 5. Thiét bi do bién dang bé tong

b. Trinh ty thi nghiém nén coc

Tién hanh lap dit thiét bi thi nghiém va hé gia tai cho coc. Téi trong tic dung vao dau coc ting véi
mdi cip tai trong khic nhau tuong dng vdi % cia tai trong thiét ké. Trinh ty gia tai theo tiéu chuin
TCVN 9393:2012. Tai trong thi 1iy 150% ti trong thiét ké. Stic chiu tai tinh todn ctia coc khi chiu
nén Ptk = 153 tan [15]. Trinh tu gia tai la 25%Ptk; 50%Ptk; 75%Ptk; 100%Ptk; 125%Ptk; 150%Ptk.
c. Thi nghiém nhé coc

Thi nghiém nhé coc dudc thuc hién cho coc T6-2. Coc nhé ciing c6 dudng kinh DSO0 mm, chiéu
dai 14,5 m va dudc dit vao 16p 7 14 16p bot két sét két, phong héa manh tuong tu nhu coc nén (xem
Hinh 6 va Hinh 7). Stic chiu tai coc nhd 1 130 tan. D6i v6i thi nghiém nhd, tai trong thi nghiém dugc
14y t6i da 200% stic chiu tai nhd dé€ kiém tra kha ning chiu tai ciia coc khi vao 16p da phong héa. Trinh
tu gia tai 1a 25%Ptk; 50%Ptk;75%Ptk; 100%Ptk; 125%Ptk; 150%Ptk; 175%Ptk va 200%Ptk.
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3. Phan tich bai toan phan tir hitu han biing phan mém FB-pier
3.1. Mo hinh phan tit hitu han va théng sé trong phan mém FB-pier

Phan mém Fb-pier 12 phan mém phan ti hitu han cho phép mo phéng thi nghiém nén tinh va nhd
coc. Viéc mo hinh phan tit hitu han cho coc dugc thuc hién bﬁng cach phan chia coc ra 21 phan td,
v6i 5 nodes thudc phan chidu dai tu do, va 16 nodes cho phan dudc chon dudi mit dit. Y tudng 1a mo
hinh bao gdbm mé phdng coc (Pile) cuing véi phan dau coc dai tr do (Free Length). Gan véi mil coc
(Cap) 12 noi chiu tac dung cta tai trong (Load Case) tuong duong véi cac cap tai thi nghiém.

Coc dugc md phdng vé6i chiéu dai 14,8 m bao gdm do dai tu do (Free length) 12 0,8 m va chiéu
sau chon coc 12 14 m (Hinh 8). Khéi lugng riéng va dudng kinh coc dudc khai bdo 1an ludt thong qua
muc Section Properties.
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Hinh 8. M6 hinh cho phan tit coc (Pile)

Céc 16p dit da duge nhap vio mo hinh nhu & Bang 1, cac s6 liéu dudgc lay tir tai liéu khio sat k§
thuat. M6 hinh tuong tc giita coc va dit dugc mo hinh nhu céc 10 xo v6i phuong ngang dude md ta 1a
dudng cong p-y va phuong thang diing dudc mo hinh 1a dudng cong t-z.

Riéng 16p dudi cung 1 d4 bot két phong héa manh tao thanh phién, dudc md phéng dudi dang D4
(Rock), md hinh Weak Rock (Reese) véi cach tinh toan (Axial/Tosional) dang Drilled Shaft IGM va
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Hyperbolic.

Tai trong tinh todn thong qua FB-Pier dugc chia 1am nhiéu budc tai/cap tai khac nhau (Load case).
C6 thé Iva chon diém diit tii & vi tri cdc nodes khac nhau, ciing nhu 12 gid tri clia chiing va chiéu (+/-)
phu thudc vao muc dich nén hay nhé tdi trong.

3.2. Trinh tw mo phéng thi nghiém nén va nhé trong phan mém FB-pier

Mb phong thi nghiém nén tinh trong phan mém FB-pier gom: 6 cip tai (Load Case) theo trinh
tu thi nghiém nén tinh T6-1. M6 phdng thi nghiém nhd coc ciing dudc tién hanh theo 8 cip theo thi
nghiém nhd coc cho coc T6-2.

Phan tich s6 liéu thu dugc nhu bién dang ctia bé tong va bién dang clia coc véi cic giai doan gia
tai. Theo nguyén ly vat liéu, luc tac dung & mdi do sau dudc tinh toan theo cdng thuc:

P=¢gEA. (1)

trong d6 A, la dién tich phan bé tong, 14 phan dién tich mit cit ngang ctia coc va dién tich cdt thép;
E. 12 md dun dan hdi ctia bé tdng; . 1a bién dang ctia bé tong & mdi do sau dugc xac dinh biang cam
bién (strain gage).

Léy hiéu ctia hai gia tri luc truyén & do sau do, chia cho dién tich xung quanh giita do sau dé, luc
ma sat don vi dudc tinh theo biéu thiic:

f=WPi—Pi-1)/A=(P;— Pi—1)/nDL (2)

trong do6 P; 1a luc tai cao do thd i; P;_; la luc tai cao d6 thd i — 1; A 1a dién tich xung quanh; D la
dudng kinh coc; L 1a khoang cach 2 vi tri gan cam bién (straingage).
Chuyén vi ctia coc dudc do dac bang cach do do lin dau coc va chuyén vi tai cac miic cao dd.

4. So sanh két qua thi nghiém hién trudng va phuong phap phan tit hitu han FB-pier
4.1. Két qud thi nghiém nén va nho tai hién truong

Két qua thi nghiém nén va nhS dugc vé biéu do tai trong v6i do lin dudc trinh bay trong tai
lidu [15].

Coc thi nghiém T6-1, D800 mm dudc thi nghiém nén dén tai trong 230 tan. Do lin ting vdi cap
tai 16n nhat 1a 1,43 mm nho hon so véi gidi han cho phép cia TCVN 9393:2012 (10% dudng kinh
coc: 800 x 10% = 80 mm).

Coc thi nghiém T6-2, 800 mm dugc thi nghiém nhd dén tai trong 260 tn. Chuyén vi ting v6i cip
tai 16n nhat 1a 11,32 mm nho hon so vé6i gii han cho phép theo quy dinh TCVN 9393:2012 (10%
duong kinh coc: 800 X 10% = 80 mm).

4.2. Két qud siic khdng thanh bén theo do sdu

- Tt thi nghiém do bién dang than coc c6 thé vé dudc biéu dd siic khang thanh bén cho cia coc
theo chiéu sau khi chiu nén nhu Hinh 9. Tuong tu ciing c¢6 thé xdc dinh dudc biéu do stc khang bén
khi coc chiu kéo theo Hinh 10.
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Hinh 9. Biéu do stic khang thanh bén theo d¢ sau tng Hinh 10. Biéu dd stic khang thanh bén theo do sau ting
v6i cdc clp tai trong khac nhau ctia thi nghiém nén véi cic cip tai trong khéc nhau ctia thi nghiém nhé coc
coc (cAp tai 16n nhat 230 tan) (cAp tai 16n nhét 260 tin)

a. So sdnh m6 phdng véi két qua thi nghiém nén va nhd tai hién trudng

Két qua tinh todn bang phan mém FB-pier cho thi nghiém nén coc cho thiy két qua do lin va tai
trong clia coc khd tuong dong véi cip tai trong nhd va trung binh. K&t qua mé hinh cho gia tri do Iin
16n hon so véi két qua thuc t& & clp tai trong cudi cung (Hinh 11). Tuy nhién gi4 tri nay cling c6 do
léch khong nhiéu, nhu vy md hinh tinh todn c6 thé coi 1 chip nhan dugc. Hinh 12 13 két qué tinh
toan bang phan mém FB-pier cho thi nghiém nhd coc cho thdy két qua do lin va tai trong cla coc
khd tuong dong véi cip tai trong nho va trung binh. Tuy nhién gi4 tri ndy ciing c6 do léch khd nhiéu
& dau coc.

Cap tai trong (Tan) Tai trong (Tén)

0 50 100 150 200 250 0 50 100 150 200 250 300,
04 0 0 0
24 2
14 1
4 4
b
lan .
(mm) D6 | 6
lan
24 —¥— Gitri do dwoc & diu coc 2 (mm)
—A— Giatri do dwoc & than coc S
—8— Gié tri do dwoc & mii coc N 81— Gidtri do dwoc & diu coc 8
—¥— Gia i tinh todn m hinh & dhu coc S —&— Gié trj do dwoc & thin coc
—A— Gidtri tinh todn mé hinh & gifra coc Y —— Gidtri do dwgc o mii coc
3]  —O— Giatitinh todn mé hinh & mii coc N 5 10— Gidtrtinh todn md hinh & dau coc 10
AN —A— Gié trj tinh todn mb hinh & gi¥a coc
x® ¢ Gidtri tinh todn mé hinh & mii coc
T T T T 12 T T T T T 12
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Hinh 11. Két qué so sanh tinh todn phAn mém FB-Pier ~ Hinh 12. Két qua so sanh tinh toan phin mém FB-Pier
v6i két qua thuc té d6i vé6i thi nghiém nén tinh véi két qua thuc té dbi véi thi nghiém nhé coc

Ca hai thi nghiém nén va nhd déu cho thiy gid tri d6 lin ctia coc vao 16p d4 phong hod niit né kha
bé, 1y do 1a thi nghiém chua dugc tién hanh dén tai trong pha hoai.
b. Giai thich két qua

Ngoai ra c6 thé so sanh sic khdng don vi tai mii coc va thanh coc cho riéng 16p da phong héa
bing thi nghiém hién trudng va phan mém. Di v6i thi nghiém nén: két qua cho thiy dbi véi riéng 16p
da phong héa duéi cling thi gia tri gs khd tuong dong, tuy nhién stic khang mii coc thi c6 su chénh
léch (nhu Bang 2). Déi véi thi nghiém kéo tai mili coc cling c6 su tuong dong tot, tuy nhién tai vi tri
dau coc thi c6 su sai khac (Bang 3).
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Bang 2. So sanh két qua thi nghiém nén véi két qua tinh toan theo FB-pier

Khi tinh theo phan mém FB-pier Tinh todn theo thi nghiém thuc té
Phlfdng Rhép Paucoc (tai  Thén coc Miicoc  Paucoc(tai  Thén coc Miii coc
tinh toan 16p sét pha (sét pha (P4 bot 16p sét pha (sét pha (Pa bot
déo ciing) s6i) sét két) déo ciing) s6i) sét két)
Stc khang ma sat 0,00828 0,0514 0,1096 0,0072 0,0488 0,1118
don vi g, (MPa)
Stic khang mii coc - - 0,4800 - - 0,7094

don vi g, (MPa)

Bang 3. So sanh két qua thi nghiém nhé véi két qua tinh toan theo FB-pier

Khi tinh theo phin mém FB-pier Tinh toan theo thi nghiém thuc té
Phuong phap Piucoc (tai  Than coc Miicoc  Paucoc(tai  Than coc Miii coc
tinh toan 16p sét pha (sét pha (bé bot 16p sét pha (sét pha (Pé bot
déo ciing) s6i) sét két) déo ciing) s6i) sét két)
Stic khang ma sat 0,0095 0,015 0,1511 0,0068 0,0145 0,1662

don vi g; (MPa)

4.3. Hiéu chinh hé s6 cong thitc quy trinh 11823-2017

Dé& dang nhin thiy, két qua tinh toan 1i thuyét theo quy trinh TCVN 1823-2017 can dudc hiéu
chinh dé 4p dung mot cach hiéu qua. Phuong phap hiéu chinh 12 st dung hé s6 diéu chinh, goi 12 hé
s6 suy giam A va B véi i thuyét nhu sau:

qs(thucte) = Aq(tinhtoan) 3)

qp(thucte) = Bq(tinhtoan) @)

Heé s6 suy gidm kién nghi 1a A = 0,81 va B = 0,78. Khi d6, c6 thé tinh toan cho stic khang bén va
mii don vi:
- Stic khang thanh bén:
qs(kiennghi) = 0,81apq, (5)

trong d6 ¢, 1 cudng do khang nén clia d4 nguyén dang; ¢ 13 hé sb diéu chinh xét dén mic d6 c6 khe
ndi, nit; a 12 hé sd thuc nghiém.
- Stic khang miii coc:
qp(kiennghi) = 2,34q,k,,d (6)
trong d6 g, la cudng do nén mot truc ctia dd; kp, d 1a cdc hé s6 xem quy trinh TCVN 1823-2017.
Tuy nhién cac hé s6 niy cin c6 thém nhiéu thi nghiém dé dua ra gid tri mot cach tin cdy, c6 thé
dua vao thuc té tai Viét Nam.

5. Két luan

Dua vao két qua thi nghiém nén tinh va thi nghiém nhd coc ¢6 gin cac thiét bi do doc theo than
coc va md hinh thi nghiém coc theo phan mém FB-pier c6 thé dua ra mot sd két luan nhu sau:

- Khi gan thiét bi do bién dang doc theo than coc c6 thé vé dugc biéu dd siic khang ma sat theo
do sau.
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- Thi nghiém nén va nhé coc c6 do bién dang doc dudgc tién hanh, x4c dinh dudc stic khang don

vi tai miii coc, thanh coc khi coc dit vao tang phong héa nit né. Dua vao gia tri tinh todn c6 thé hiéu
chinh dugc cong thic tinh toan suc khang ma sat va stic khang mii coc theo TCVN 11823-10:2017
khi coc thi cong vao ting phong hoéa niit né.

- Kién nghi dudc cac hé sd hiéu chinh cong thifc stic khdang ma sit don vi va miii coc. Tuy nhién

cin c6 thém cac nghién citu thuc nghiém khac dé kiém chiing va dua vao st dung.

- Phan mém FB-pier c6 thé mo hinh cho loai dit dd phong hoa IGM, c¢6 thé st dung trong giai

doan thiét ké co s6 khi thiét ké stic chiu tai cho coc khoan nhoi vao ting phong héa niit né.
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