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TOM TAT: Viéc tiéu thy va xu 1y tro xi phat thai tir cic nha may nhiét dién 1a nhiém vu can thiét hién nay, trong do6 viéc
sir dung tro xi lam vat liéu san 1ap 1a mot hudng giai phap kha thi cho phép tiéu thu khdi lugng 16n tro xi ton chira va dang
phat thai tir cac nha may nhiét dién ddt than hién nay. Trong khudn kho bai bio nhom téc gia di tién hanh nghién ctru dic
trung k¥ thuat, chi tiéu co li cia tro xi ciia mot sé nha may nhiét dién dbt than trén co sé d6 danh gia kha ning st dung tro
xi vao san lap. Cac két qua nghién ctru tap trung vao dac trung tinh chit dia ky thuat dé danh gia vé mat k¥ thuit kha ning
sir dung vt liéu nay nhu la vat liéu san lap ciing nhu cac giai phap ky thuat nang cao tinh nang ky thuét va mo¢ rong pham
vi ap dung ctia thé dép sir dung vat lidu tro xi voi diéu kién tro xi dép ing cic yéu cau vé an toan moi trudng theo quy dinh.

TU KHOA: San pham ddt than, tro xi nhiét dién, tro xi ph01 tron, vat liéu san lap, dac trung co ly

ABSTRACTS: Nowadays, the consumption and handling with coal ash from thermal power plants are becoming an
essential task, using thermal power plant coal ash as a backfill material is a possible solution for the mass volume of coal
ash inventory consumption. Within the framework of the paper, the authors have carried out a study on technical
characteristics and mechanical properties of ash of some coal-fired thermal power plants on the basis of their assessment
of the using coal ash. The results of the study focused on geo-technical features to assess the technical feasibility of using
this material as backfill material as well as technical solutions that enhance technical and open specifications. The scope
of application of backfill material is as wide as the ash condition that meets the required environmental safety

requirements.

KEYWORDS: CCPs, coal ash, mixing coal ash, filling material, mechanical property.

1. VAT LIEU SAN LAP TRUYEN THONG

Cat xay dung tu lau da dong vai trd quan trong
nhu 132 mdt trong nhitng vat liéu thiét yéu dbi véi su
phat trién ctia nganh xay dung noi chung. Cat san lap
1a loai cat xay du'ng duogc khai thac tir cac nguén song
va bién va thuong 14n tap chét dung rat pho bién trong
san ldp cong trinh véi nhleu uu dlem veé dac tinh k¥
thuat. Tuy nhién, nhu cAu va ngudn cung mdi chd s&
khac nhau, viéc khai thac qua muc cat tir cac ngudn tur
nhién din dén viéc suy kiét tai nguyén va gy ra
nhirng tac dong tiéu cuc dén moi trudng nhu sat 16 va
thay d6i dong chay cac con song [1]. Tiép theo, dat tu
nhién ciing 1a vét lidu ciing dugc dung nhiéu trong san
lap. Pt san 1ap c6 thé dugc khai thac tir dat ty nhién,
mo dat hodc khai thac tir qua trinh boc cac 16p dat ty
nhién hoic trong khai thac khoang san. Dat san 1ip co
nhiéu vu diém trong san 14p va tan dung tot yéu t dia
phuong khi sur dung vat liéu nay voi khdi luong 16n.
Nhitng nim gan ddy viéc khai thac qua muc cling
dang dan t6i viéc pha1 kiém soat ngudn tai nguyén
nay. Cac loai phé phim x4y dung ciing thuong duoc
st dung trong san 1ap, tuy nhién day 1a lai vat liéu c6
tinh chit khong dong nhit va ngudn cung khong
thuong xuyén.

Viéc phu thudc qua nhiéu vao cac loai vat liéu san
lap nhu cat hodc dat tir ty nhién dan dén suy kiét tai
nguyén va gy ra nhitng hau qua xiu dén méi truong
va hé sinh thai. Chinh vi vay nhiéu chu trwong trong
nhitng nam gﬁn day da nhan manh viéc tim ra vat liéu
méi gop phan mé ra huéng di méi cho vat liéu san
lép. Tro xi nhiét dién la san ph’flm thai loai ctia nha
may nhiét dién ddt than, voi khoi luwong san co tuong
dbi lén co thé thay thé mot phan vat liéu san lap
truyen thong, tiét kiém ngudn tai nguyén thién nhién
dong thoi gop phan giam 6 nhidm mai truong, giam
dién tich dat ton chura [2].

2. TRO XI NHIET PIEN

Qua trinh van hanh cac nha may nhiét dién dét
than da thai ra cac san pham chay tir than bao goém tro
bay va xi day. Vé thanh phan vat chat, tro bay 1a cac
chat vo co khong chay dugc c6 sin trong than, sau
qua trinh d6t bién thanh vat chit cdu trac dang thuy
tinh va v6 dinh hinh va cac dang vo dinh hinh c6 ¥
nghia 16n trong danh gia hoat tinh ctia véat liéu. Tro
bay thuong c6 dang hat hinh cau kich thudc tir 0.5 pm
dén 300 pm, khdi luong thé tich & trang thai kho xbp
450 kg/m® dén 700 kg/m® va trong lugng riéng
1.800 kg/m® dén 2.300 kg/m’. Xi d4y la nhimng hat tho
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va to hon tro bay, 14 thanh phan khéng chay thu duoc
& phan day 1o thuong & dang cuc hodc hat co kich
thude tir 0.125 mm dén 2 mm, khéi lugng thé tich &
trang thai kho x6p 700kg/m’® dén 900kg/m’ va trong
luong riéng 2.000kg/m® dén 2.600kg/m’. Thong
thuong Iugng tro bay chiém khoang 80% - 90%, con
xi chi chiém khoang 10% - 20%.

Cung voi su phat trién kinh t& dat nude, nhu cau
tiéu thu dién ngay mot tang dan dén khdi lugng tro
xi trong hd chtra tai cac nha may nhiét dién dang
ngay mot tang thém, tao ra suc ép 16n vé dién tich
ton chtra cling nhu d6i voi méi truong. Khdi lugng
tro xi phat thai hién nay cua ca nudc khoang 14 triéu
tdn/nam [3] va con sd ndy con ting theo thoi gian.
Téng lugng tro xi nhiét dién phat thai trén pham vi
toan cau vao khoang 780 tri¢u tin viao nim 2011,
Mic d tai sit dung hiéu qua tro xi & 415 tri¢u tan
(53 % tong san lugng) va & muc d¢ khac nhau tai
mdi qudc gia [4]. Ti 1¢ sir dung hi¢u qua 16n nhit 1a
96,4 % va ti 1€ thap nhét 1a khoang 10,6 %. San
lugng tro xi ciling dugc du bao sé ting trong nhiing
nim toi do nganh ning luong cia thé gidi con phu
thudc nhiu vao san lvong dién dugc san xudt bé“mg
viéc ddt than. Tai My va lién Minh chau Au EU tong
san lugng tro xi hang ndm udc tinh vao khoang 115
triéu tin, An Do khoang 140 triéu tin nim. San
luong tro xi tai Trung Qudc ciing ting nhanh hang
nam va du bao dat 580 triéu tin vao nam 2015 [5].

Hoan nguyén
mo, 3,4%

Cac vat lieu khac, 1%
Vat liéu san
14p, 1am
duwong,
18,98%

Chau Au

] Vat lisu xay dung khac, 10,6%
Vat lisu ddp de, 11,6%

Néng nghiép,

Hoan nguyén 2,7%

mo 11%

Buong giao théng
va vat liéu dap 6.4%

V§1t liéu san
lap, 12,6%

Phu gia cho

tong, 1,1% AnBp

Cac vat liéu

Nguyén liéu va phu gia cho san
4 khac, 3%

xuat xi mang, 10,3%

VL gia cb dét 5,1

Vat liéu xay dwng

J\I‘éng nghiép, 18,4%
khac, 3,2% " ‘

Vat liéu lam

Ve“_;t liéu san
lap, 5,6%

tong, 0,8% Nhat
Hinh 1. Tai st dung tro xi nhiét dién
tai mdt sO quoc gia [6]

Tai mot s6 qudc gia co nén kinh té phat trién hay c6
muc d phat thai tro xi nhiét dién 16n thi tro xi nhiét
dién duoc tai sir dung rong ri trong nhiéu linh virc dé
tan thu tai nguyén nhu lam phu gia cho xi mang,
bé tong, lam vat liéu cho gach, vira xay khong nung, cai
tao dét nong nghiép va phan 16n phuc vu lam vat liéu
xu 1y nén, san lip cong trinh hodc hoan nguyén mo..
Theo s6 lidu tir hoi thao tro than thé gidi nam 2013 du'a
ra [6] trong Hinh 1, d6i véi linh vyc san 1ip mirc d6 st
dung & mirc kha nhu & chau Au véi 18,98 %, & An Do
V6i 6,4 % cho dap duong giao thong va 12,6 % cho san
nén. O Hoa Ky chi hon 11% dugc st dung dé san lap
va thap nhét 1a Nhat Ban v6i 5,6 %. Tuy nhién & mot
muc do nhit dinh, co thé chic chin rﬁng tro xi nhiét
dién st dung v6i khdi lugng khong hé nho trong san
l4p & cac nudc trén.

Viéc thac déy tiéu thu va xur ly tro xi da dugc dat
ra, trong khuon khd bai bao nhom tac gia trinh bay céac
nghién ctru sir dung tro xi nhiét dién trong san 1ap trén
co sO nghién ctru xac dinh cac dic trung co ly cua tro
xi dé danh gia kha nang str dung loai tro xi nhiét di¢n
trong san lap, danh gia do bén ctia hdn hop tro xi va xi
ming véi cic ty 1& xi miang khac nhau trén cac miu
tro xi, mau tro, mau xi dugc léy tai nha may nhiét dién
tai Viét Nam.

3. CAC PAC TRUNG VE TINH CHAT PIA KY
THUAT CUA TRO XI NHIET BPIEN

Vit lidu tro xi nhiét dién lam vat lidu san lap trude
tién phai dap tng cac diéu kién vat liéu an toan moi
truong theo quy dinh.
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Céc dic trung tinh chat dia ky thuat s& danh gia
kha nang v€ yéu cau ky thuat st dung vat li¢u tro xi
nhiét dién lam vét liéu san lap dugc xét trén co so cac
dac trung tinh chat vat ly, cac dic trung tinh chat co
hoc va cac dic trung vé kha niang dam chat.

3.1 Cac dic trung tinh chét vat ly

Két qua thi nghiém trong phong xac dinh cac dic
trung vat 1y theo céac ti€éu chuan hién hanh trén céc
mau tro, xi va tro xi hon hgp dugc lay tu cac nha may
nhiét dién dugc tong hop va trinh bay ¢ Bang 1.

Bang 1. Cac dic trung vat ly cua tro, xi
va tro xi hon hop cia cac nha may nhiét dién

STT| bDac trung vatly Tro | Xi Tro xi
Thanh phﬁn hat, %
+Hatsét <0,005 | 22 | - 4(1,8-9,8)
+ Hat bui 0,005-0,05| 53,9 | 28,1 | 51,6 (32,1-70,3)
+Min  0,005-0,01| 14,6 | 6,8 | 11,2 (3,8-17,6)
+Thé  0,01-0,05 | 39,3 | 21,3 |39,6 (28,3-53,3)

1 |+Hatcat 0,052 |43,9]56,8 |48,7 (26,6-71,6)
-Min  0,05-0,1 |42,8 16,4 | 30,1 (4,1-46,5)
-Nh6  0,1-025 | 0,6 | 13,1| 6,3 (1,1-16,5)
-Trung 0,25-0,5 | 0,3 | 8,3 | 5,5(0,3-18,8)
-To 0,5-1 0,1 | 7,7 | 4,3(0,1-18,3)
-Thé 12 0,1 | 11,3 ] 4,7(0,2-26,4)
Dic trung cip phoi
hat

2 |+Hésodongnhdt, | 75 | 20 | 81 (3,8-13,1)
Cuo 0,8 | 0,7 | 0,9(0,7-1,0)
+ H¢ s0 cap phoi, Cs

; Khéi luQ’r31g thé tich
hat, g/cm 2,42 2,01 2,53 (2,35-2,69)
Khdi lwong thé tich

A kho, g/cm’ | 144 | 1,44 1,27 (1,06-1,81)
*Trang thai chat nhat] 0,95 | 1,01 |1,01 (0,65-1,41)
+Trang thai x0p nhat
Heé s6 rong

5 |+Trang thai chat nhat| 0,40 | 0,68 |0.84 (0,46-1,34)
+Trang thai xop nhat | 1,12 | 1,40 | 1,66 (0,82-2,62)

6 |Hé s6 thim, 10~ cm/s 2,19-3,18

Gia tri cac dic trung vat 1y cua vat liéu tro xi hon
hop 1a gia tri trung binh cua cac két qua thi nghiém
cac mau lay duoc tir cac bai luwu giit tro xi ciia cac nha
may nhiét dién Duyén Hai, Quang Ninh, Na Duong,
Son Pong, Cam Pha, Udng Bi, Na Duwong, Mong
Duong, Vinh Tan. Cac gia tri trong ngodc don la
khoang bién d6i cua cac gia tri twong ng. Riéng cac
gia tri cac dac trung vat ly cua vat liu tro va xi la tu
nha may nhiét dién Quang Ninh.

Tir cac két qua thi nghiém cac dic trung tinh chét
vat Iy trén cac mau vét ligu tro xi, c6 thé thay:

- Gia tri cac ddc trung vat Iy kha phén tan gitra cac
nha may nhiét dién, cac gia tri nay 1a hop 1y nim trong
khoang thuong thiy di duoc cong bd trén cac nghién
clru trong, ngoai nudc va thong nhét véi nhau theo cac
quy luat da biét;

- Theo thanh phﬁn hat, vat liéu tro xi co thé xép
vao nhém dat Bui thd nhiéu c4t min;

- Theo gia tri khéi lugng thé tich hat, c6 thé thay
tro xi thudc loai vat liéu nhe, nhe hon nhiéu so véi vat
liu cat (2,53 g/em’ so véi 2,65-2,69 g/em® cua vat
liéu cat). Pbay 1a uu diém cua vat liéu tro xi khi st
dung 1am vt liéu san 14p vi c6 trong luong ban than
nhe hon so v&i cac vat liéu san 1§p truyén théng;

- Theo céac dic trung cAp phdi hat, cac dic trung
vat 1y o trang thai xOp nhat va chat nhat, c6 thé danh
gia vat liéu tro xi c6 kha nang nén chit tt vi cip phbi
hat bt déng nhét, ciu trac ¢t hat dang tinh thé cu s&
dé sip xép khi dam.

Nhu yéy, theo cac dac trung Va‘g ly, vat liéu tro
xi ¢6 ban chat (g x{r nhu 12 vat liéu dat bui tho nhiéu
cat min, nhe va c6 kha nang dam nén.
3.2. Cac dic trung tinh chit co hoc

Céc dic trung co hoc bao gom cac dic trung vé
bién dang va do bén dugc sir dung dé danh gia chit
lugng thé ddp vé6i vat licu tro xi. Két qua nghién ctu
duoc tién hanh cung voi vat li€u tro xi dugc gia cudong
bang xi ming véi cac ty 1¢ phdi tron khac nhau. Cac
mau tro xi thi nghiém cac dac trung co hoc duogc léy
tai 2 nha may nhiét di€n Quang Ninh va Duyén Hai.
Ngoai ra, cac dac trung co hoc con dugc thi nghiém
tai hién trudng san dap bai thi cong thir tai Quang
Ninh va Duyén Hai bang thi nghiém ban nén.

a) Ddc trung bién dang

Tinh nén lun cda vat li€u tro xi dugc dic trung
bang théng s6 Hé s6 nén lin a;, (cm?/kG) xac dinh
bang thi nghiém nén khéng nd héng & trong phong
véi cac trang thai do chat khac nhau (K = 0,85; 0,90
va 0,95 so v6i d6 chit tiéu chuan) va duoc phdi tron
voi xi mang & cac ty 1¢ khac nhau (5 - 10— 15 -20 %
xi mang theo trong lugng vét li€u tro xi kho) cling nhu
v6i diéu kién bao dudng mau thi nghiém (thi nghiém
ngay sau khi ché bi miu, bao dudng sau 7 ngay va
mau dugc bio hoa nudc). Két qua thi nghiém duoc
trinh bay trong Bang 2.

Tinh nén lan cua vat li€u tro xi cling dwoc nghién
ctru xac dinh bang thi nghiém nén ban nén hién truong
trén khoi dép vat liéu tro xi dAm nén. Thi nghiém
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nén ban nén tai khéi de"lp vat liéu tro xi tai nha may
nhiét dién Duyén Hai, cho két qua gid tri mo dun bién

Bang 3. Cac thong sb strc khang ciit cia vt liéu tro
xi tai nha may nhiét dién Quéang Ninh

dang E trong khoang 7,8 MPa dén 9,4 MPa ¢ do chat Strc khéng nén né hong
K =10,95. Tai trong nén thi nghiém Ién t’é’i 500 kPa vai Loai méu thi nghiém (kN/m?) & d6 chat
d6 Iun ban nén trong khoang 1,?9 cm dén 1,51 cm. ’ ’ K = 0.85Kk = 0.90]K = 0.95
Béng 2. Gia tri Hé so nén lun a,., )
cua véat liéu tro xi tai Quing Ninh Tro xi 7 ngay 3,97 6,04 8,81
Hé sb nén lan a2 & d0 chat 14 ngay 4,13 6,55 9,13
Loai mau thi nghiém cua mau Troxiva | 7ngay | 53,59 | 64,29 | 82,13
K=085|K=0,90|K=0095| |5%ximang| 28 ngay | 59,93 | 71,97 | 97,16
Tro xi va 7 nga 63,09 | 138,79 | 175,99
Nénngay | 0,082 | 0,059 | 0,029 Joxva el
10% xi mang| 28 ngay | 78,09 | 170,86 | 214,15
Tro xi X
7ngay | 0,033 | 0,024 | 0,022 Troxiva | 7ngdy | 88,24 | 178,93 | 249,39
Biohoa | 0,039 | 0,036 | 0,034 15% xi mang| 28 ngay | 122,91 | 248,02 | 359,92
Tro xiva | Nénngay | 0,088 | 0,061 | 0.024 Troxiva | 7ngay | 149,56 | 190,80 | 296,61
5%xi | 7ngay | 0,015 | 0,008 | 0,008 20% xi mdng| 28 ngay | 280,99 | 367,46 | 512,48
mang 30 h¢ 1 1 1
Bao hoa | 0,013 | 0,010 0,010 Béng 4. Sirc khang nén né hong cia vat li¢u
Nén ngay | 0,037 0.031 0.019 tro xi tai nha may nhiét dién Quing Ninh
Tro xi va ’ ’ ’
. N Luyc dinh ¢ va goc ma sat trong ¢ cua vat
100{0 xi 7 ngay 0,009 0,008 0,006 liéu tro xi & d6 chat
mang - 1 Cox
Baohoa | 0,014 0,011 0,005 Loai mAu thi | g—08s K = 0.90 K = 0,95
AN ; nghiém
Tro xi va | Nén ngay | 0,023 0,016 0,011
15% xi . . ; . (5: ;
0 ; 10°Pa| d6 | 10°Pa | do |10°Pa| do
ming 7ngay | 0,006 0,005 0,003 : ; ; ;
Cat onH! onn!' o 1!
Tro xiva | Nénngay | 0,020 | 0,014 | 0,008 ngay | 147 [11°02] 0,148 |12°0270,173116°21
20% xi . Troxi |7 ngay| 0,149 |11°40 0,155 |12°34'[0,180|16°50"
ming 7 ngay | 0,006 0,005 0,006
Bao ~ ~ ~
b) Dic trung 4 bén hoa Tanra Tanra Tanra
B(.A)‘bén cla Vﬁt héu tro ,Xi du'(YC nghlén clru xac Tro xi + Cét 0,16812°49'| 0,172 {13°05'0,191 [17°24'
dinh bang cac thi nghiém cat trong phong theo mat 5%xi | 18
phang dinh trudc xac dinh lyc dinh ¢ (Pa) va goc ma mang |7 ngay| 0,239|26°01'| 0,260 (35°28'|0,328 [39°15'
sat trong @ (d0) trén cac mau duge xUr Iy v6i xi mang | Tro xi + ,
o cac ty 1€ khac nhau (5 — 10 — 15 — 20 % xi mang cla 10% xi n(;;/ 0,202|18°36'| 0,221 |19°01'10,254|19°45"
trong luong vat li€u tro xi khd) ¢ trang thai do chat mang
khac nhau (K = 0,85; 0,90 va 0,95 so v6i do chat tieu | 1y i + )
chu‘fm). Cac mau thi nghiém ct cling dugc tién hanh 15% xi nczt 0,210/19°33'| 0,252 [20°11'/0,292 [22°17'
v6i 3 diéu kién bao dudng (thi nghiém ngay sau khi mang 8y
ché bi mau, bé}(.) du?mg sau 7 ngay va mau dugc bao | 1. i+ .
hoa nudc). D61 voi thi nghiém nén no hong trong | 540, ncit 0,22320°09'| 0,267 [22°32'10,321 [23°35'
phong xac dinh stic khang nén nd hong, thi nghiém méng sy

duoc tién hanh voi 3 didu kién bao dudng (bao dudng
& 7, 14 va 24 ngay). Cac két qua thi nghiém duoc
trinh bay 1an luot trong Bang 3 va 4.

Twr cac so liéu trong cac Bang 1, 2, 3 va 4 vé két
qua tinh chat co hoc cua vat li€u tro xi c6 thé co cac
nhan xét nhu sau day:
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- Vit liéu tro xi, khi khong duoc nén chat day du,
12 loai vat liéu roi, ¢6 tinh chat co hoc yéu: lan nhiéu
v6i hé sb6 nén lan a;, 16n hon 0,050 cm”/kG, gbc ma
sat trong nho, dudi 12°, sirc khang nén nd héng thap,
duéi 10 kN/m’;

- Vit lidu tro xi ¢ tinh chét co hoc phu thudc kha
ning hoat tinh va kha ning tu ting clmg cia thanh
phan tro bay.

- Vit liéu tro xi tan ra trong nudc du dugc nén
chit & bt ctt muc dd nao:

- Vat liéu tro xi, khi duoc nén chat téi do chat
K = 0,95 so v&i do chit tiéu chudn, c6 tinh chit co hoc
duoc cai thién nhiéu: lan it v&i a;, nhé hon
0,025 cm’/kG, goc ma sat trong 16n hon 16°, nhung
strc khang nén no hong tang khong déng ké;

- Tinh chét co hoc cua vat lidu tro xi dugc cai
thién dang ké khi gia cuong bang tron thém cac chit
lién két vo co. Trong nghién ciru nay, chi véi 5 %
xi mang trén thém, hé s6 nén lan da gidm manh, chi
con 0,015 cm”/kG sau 7 ngay bao dudng & do chat
K =0,85va 0,08 ¢ do chat 0,95; gbc ma sat trong ting
dén 26 ° & d6 chat K = 0,85 va 1a 39 * & d¢ chit
K = 0,95; lyc dinh ting thén gip 2 1in va stc khang
nén nd hong ting thém gap 10 lan;

- V6i myc dich st dung vat liéu tro xi nhu 1a vat
lidu san lap, dé dam bao 6n dinh lan, thé dép vat lidu
tro xi can dwgce nén chit it nhat t6i do chat K = 0,95
con dé dam bao 6n dinh vé& cuong do, can gia cudng
béng chét lién két, vi du vé6i chét lién két vo co nhu xi
méng véi ham lugng xi mang tdi thiéu 1a 5 %, sy khac
biét 1on cua dac trung bién dang khi str dung ty 1€ xi
méng tir 10 % trd 1én. Tinh chat co hoc cua vét lidu
tro xi dugc cai thién rd rét hon bang cach gia cuong
véi chit lién két hon 1 theo su tang do dam chit cua
vat liéu.

3.3. Cac dic trung tinh chit dim nén caa vat liéu
tro xi

Céc dic trung tinh chat ¢dm nén cia vat liéu tro xi
dugc nghién ciru xac dinh bang thi nghiém dam nén
tiéu chuan o trong phong. Cac thong s dic trung cua
n6 bao gdm kh01 luong thé tich kho 16n nhat (Ymay ,
g/em’) va @6 am tot nhét (o , % ) twong tmg véi nd.
Th1 nghiém dam chat tiéu chuén trong phong dugc
tién hanh vé&i 2 loai thiét bi c6 cong dam nén khac
nhau: Proctor tiéu chuén va Proctor cai tién véi muc
dich xem xét kha ning chiu dam nén cua vat liéu &
cac cong ddm nén khac nhau. Vat liéu thi nghiém la
vat liéu tro, xi, hon hop tro va xi & ty 1€ tron khac
nhau va vit liéu tro xi ldy tai bé luu trit cia nha may
duogc gia cudng thém véi chit lién két xi ming & cac
ty 1¢ xi mang khac nhau (5 — 10— 15 — 20 %).

Cac Bang 5, 6 dudi diy cho cac két qua thi
nghi€m noi trén voi cac vat liéu tro xi léy tai bé chira
cua nha may nhiét dién Quang Ninh.

Bang 5. Pic trung dim nén cia tro xi Quing Ninh

Két qua thi nghiém dam chit theo
. . phuong phap
Loai vatligu ™ rue " hun Cai tién
thi nghiém
Ymax Oty Ymax Oy
g/em’ % g/em’ %
Tro xi 1412 | 208 | 1442 | 187
—
Troxi +5%xXi| | h3 | 180 | 1457 | 18,0
mang
: 0
Troxi+10% | ) 433 | 179 | 1487 | 171
xi mang
2 0
Troxi+15% | 455 | 173 | 1521 | 165
xi ming
k3 0
Troxi+20% | qee | 167 | 1547 | 154
xi mang

Bang 6. Pic trung dim nén ciia tro xi Quéing Ninh

o Ti 1€ tro:xi
bac
trung 90% 80% 70% 50%
dam | 100% | 100% | tro+ | tro+ | tro+ | tro+
chit | tro xi | 10% | 20% | 30% | 50%
xi xi xi xi
Ymax,3 1,456 | 1,275 | 1,476 | 1,470 | 1,462 | 1,448
g/cm
Wtu
18,8 | 14,6 | 17,6 | 17,3 | 17,0 | 16,4
%

Tt cac sb liéu trong Bang 5, 6 cho thiy:

- Vit liéu hon hop tro xi cho hiéu qua dam nén tbt
hon vat li€u tro hodc xi ri€ng r€, hon hop tro-xi tot
nhat 1a 90% tro va 10% xi va day ciing la ty 1¢ pho
bien x4 ra cliia san pham dot than cua cac nha may
nhiét dién;

- Hiéu qua dim nén cao hon khi 4p dung cong
dam nén 16n hon so véi viéc ting ty 18 gia cudng bang
chét lién két xi mang.

Thi nghiém CBR duoc tién hanh véi muc dich kiém
ching hi€u qua nén chat cua vat li¢u tro xi. Thi nghiém
nay tién hanh theo tiéu chuin 22TCN 332-2006, phuong
phap dam theo Proctor cai tién - phuong phap II-B
trén mau & hai trang thai khi kho va khi dugc bao hoa
lay tai nha may nhiét dién Quang Ninh va nha may
nhiét dién Duyén Hai. Bang 7 cho két qua thi nghiém
xac dinh CBR noi trén.

Gia tri CBR cua vat li€u tro xi tai hai trang thai
truée va sau bdo hoa khong chénh nhau nhiéu do do
chit sau khi bdo hoa khong thap hon nhiéu so v6i do
chat trudce khi bao hoa. Gia tri CBR cua vat liéu tro xi
thi nghiém so voi vt liéu cat san lép thép hon (cat san
14p 6 gia tri CBR tai 0,98 Ymax > 10).
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Bang 7. Gia tri CBR cua tro xi

Diéu kién thi CBR tai cac do cht
nghiém Yous | 0.98Ymax | 0.95Vimax

Chuabaohoa | 11,6 8,8 4.5
Bao hoa 9,3 7,2 4.2

3.4. Céac dic trung co hoc ciia hén hop vat li¢u
tro xi - xi mang theo thoi gian

Dénh gia sy phat trién theo thoi gian cua cac tinh
chit co hoc v&i muc dich nang cao hiéu qua va méd
rong pham vi ung dung cua vat li€u tro xi trong san
lap. Tro xi Quang Ninh Iy tir béi thai cta nha may
duoge xtr Iy phéi tron v6i chat két dinh 13 xi ming theo
cac ti 16 khac nhau dé theo doi cac dic trung co hoc
theo thoi gian. Cac mau thi nghiém duoc ché bi va tao
mau tuong ty nhu cong ngh¢ bé tong dam lan diéu nay
duge xem la tuong dong véi phuong phap thi céng
khéi vat liéu san lap sir dung thiét bi san gat, lu Ién, lu
rung truyén thong.

Panh gia d6 bén cua bé tong tro xi thong qua chi
tiéu cuong d6 chiu nén va cudong do chiu uon cua mau
bé tong. Két qua thi nghiém su phat trién cuong do
u6n va nén theo thoi gian ctia mau tro xi v6i xi ming
& céc ti 18 khac nhau duge thé hién trong 8. Do Am

t6i wu ctia hon hop tro xi - xi mang thay d6i ting dan
tr 16,7 % 1én dén 18,9 % theo ham lugng tro xi trong
hon hop tir 80 % 1én 95 %.

Két qua cho thay, hdn hop tro xi khi phéi tron voi
Xi mang tir 5 % dén 20 % thi cudong d sau 28 ngay
tang tr 0,7 MPa 1én 8,3 MPa va céac gia tri nay van
tiép tuc ting & cac tudi den 180 ngay tir 1,2 MPa dén
11,3 MPa. Cuong d6 udn ciia hdn hop tro xi két hop
voi xi mang cling ciing tang theo ti 1€ xi ming co
trong hdn hop va thuong bang 20 % dén 40 % gia tri
cuong do nén.

Co6 thé thay, do qua trinh thi nghiém sur dung hon
hop tro xi & dang ty nhién 1y truc tiép tai bai phe thai
clia nha may nén trong thanh phan tro xi c6 nhiéu cuc
tro bi von cyc lam cho hdn hop tro xi - xi mang khong
hoan toan dong nhat didu ndy lam anh huong l6n dén
cac két qua khi uén va nén mau, dan dén cac két qua
bi dao dong kha 16n.

Két qua thi nghiém M6 dun dan hdi ciia bé tong
tro xi & cac ti 1€ phéi tron xi mang khac nhau duoc
trinh bay trong Bang 9. Gia tri mdé dun dan hdi cua
bé tong nay rat thip va & cac tudi 60 ngay va 180 ngay
gan nhu khong con ting so v6i tudi 28 ngay.

Bang 8. S phat trién cwong dd uon va nén theo thoi gian & cac ti 1¢ phdi tron

o L Cuong do udn (MPa) Cuong do nén (MPa)
Ty1lé | Bo am
STT o N/X 60
Tro/XM | (%) 7 ngdy |28 ngay | 60 ngay | 180 ngdy | 7 ngdy |28 ngay ngly 180 ngay
1 80-20 16,7 (0,199 | 1,20 1,64 2,06 2,21 6,07 8,31 9,87 11,28
2 85-15 17,3 (0,209 | 0,94 1,45 1,72 1,90 3,80 6,10 7,53 9,49
3 90-10 17,9 10,204 | 0,83 1,08 1,34 1,36 2,48 4,52 4,56 5,64
4 95-5 18,9 (0,199 | 0,27 0,32 0,34 0,34 0,71 0,74 0,94 1,24

Bang 9. Sw phat trién M6 dun dan hdi
cuia bé tong tro xi theo thoi gian

g | Ty Modun dan hbi (MPa*107)

TT Trlt)/[/X X 7 ngay nzzy 60 ngay nlggé(;
1|80-20|0,199| 0,55 | 0,62 | 0,61 | 0,62
2 85-15| 0209 | 0,42 | 0,46 | 045 | 447
3 190-10| 0,204 | 0,19 | 029 | 034 | 0,36
41 95-510,199| 0,07 | 0,15 | 0,18 | 0,19

Két qua thi nghiém do bién dang cua bé tong tro xi
& cac ti 18 cap phdi khac nhau duoc trinh bay trong
Hinh 2. P9 co ctia bé tong tro xi & tudi 28 ngay giam
tr 0,13 mm/m Xuéng 0,05 mm/m theo ti I¢ xi mang
giam tir 20 % xudng con 5 %. DY co cia bé téng tro xi
dién ra twong ddi dai va ¢ tudi 180 ngay d6 co cua

hén hop c6 ti 1¢ phdi tron véi xi mang & mirc 20 %, 15
%, 10 % va 5 % twong ung la 0,47 mm/m; 0,39
mm/m; 0,19 mm/m va 0,15 mm/m.

Modun dan hdi

Hinh 2. Bién dang cta hdn hop tro xi theo thoi gian

Céc két qua didc trung co hoc ctia hdn hop tro xi
phdi tron cho thay quy ludt chung khi stt dung tro xi
v6i ti 1€ phoi tron xi mang khac nhau nhu sau:
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- Khi str dung xi ming lam vt liéu dé gia cudng
hdn hop tro xi, véi ti 1¢ xi mang tir 5 % dén 20 % phdi
tron tro xi véi thi cuong do sau 28 ngay ting tu
0,7 MPa 1én 8,3 MPa va cac gia tri nay van tiép tuc
tang & cac tudi dén 180 ngay tir 1,2 MPa dén 11,3 MPa;

- Cuodng d6 udn cua hdn hop tro xi két hop véi
xi ming ciing ting theo ti 1¢ xi ming c6 trong hdn hop
va thuong bang 20 % dén 40 % gia tri cuong do nén;

- M6 dun dan hdi ctua hdn hop tro xi gia cuong
bang Xi mang tang theo ti 1¢ ph01 trén xi méang va &
cac tudi 60 ngay va 180 ngay gan nhu khong con tang
so v6i tudi 28 ngay. O 20 % ham luong xi mang mo
dun dan hoi dat 0,62.10-3 MPa;

- Do co cua hdn hop tro xi gia cuong bang xi
mang giam theo ti I¢ phoi tron xi mang va thoi gian co
cua hon hop cang dai khi tang ti 1¢ xi mang.

4. NHAN XET VA KET LUAN

Tir két qua nghién ciru trén co so cac sb liéu thi
nghiém thyc té ciia nhom tac gia cho thay:

Vit liéu tro xi 1a san pham cta qua trinh dét than
cua cac nha may nhiét dién ¢ Viét Nam c6 thé dugc
xEp vao vit li¢u roi thudc loai tr bui tho nhiéu cat min
dén cat min nhi€u bui thd, nhe va c6 kha nang
nén chat.

Vé tinh chat dia k¥ thuat, vat lidu tro xi, khi khong
dugc nén chit day du, 1a loai vat lidu roi, c6 tinh chét
co hoc yéu: lun nhiéu, d6 bén thp, nhung khi duoc
nen chat du (hé s6 dam chat toi thiéu 0,95) hodc duoc
gia cuong bang chat lién két (nhu xi mang), tinh chét
co hoc dugc cai thién dang ké dap ung voi yéu cau sir
dung nhu 1 vat liéu san lap.

a) Khi str dung vat liéu tro xi lam vét liéu san lép,
dé dam bao d6 on dinh lun cua thé dap, can dam nén
t&1 d6 chat toi thiéu K = 0,95.

b) Bé dam bao 6n dinh d6 bén, 6n dinh mai ddc thé
dap can gia cuong méi doc bang cac vat lidu khac c6 do
bén cao hon, chéng duoc x01 16 hoac béng hdn hop vét
liéu tro xi gia cudng véi chat lién két nhu xi mang.

¢) Khi sir dung xi mang lam vat liéu dé gia cudong
hdn hop tro xi, nén sir dung ham luong khong it hon
10 % trong luong.

d) Kién nghi str dung vat liéu tro xi nhiét di¢n hoan
toan c6 thé dap ung cac didu kién co - Iy 1am vét liéu san
14p thay thé cho cac vat liéu san lap truyén thong.
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PE XUAT HUONG SOAT XET TIEU CHUAN THIET KE NEN MONG
TRONG GIAI POAN CHUYEN TIEP

TS. Trinh Viét Cuong
Email: trinh_viet cuong@ibst.vn

TOM TAT Chuyén d6i hé théng tidu chuan thiét ké két cau cong trinh xay dyng cho hai hoa vdi tiéu chuén cia cac nudc
tién tién trén thé - gioi la yeu cau cap bach cua qua trinh hoi nhp kinh té thé giGi. Bai bao nay trinh bay ket qua nghién ciru
vé mot s6 hé thong tiéu chudn quan trong, tir d6 dé xuat trong giai doan qua do soat xét tiéu chuin nén mong hién hanh
theo hudng ap dyng nhimng nguyén ly tinh toan tién tién va hiéu qua nhu phuong phap LRFD, qua d6 dap Gmg yéu cau hoi
nhap trong khi vin c6 thé tiép tuc ap dung mot s6 tiéu chuan quan trong ctia hé thong cii chua chuyén doi.

ABSTRACT: Transforming the system of structural design standards for harmonizing with the standards of advanced
countries in the world is an urgent requirement of the process of international economic integration. This paper presents
the results of the study on some important systems of standards, thus proposes the revision of current foundation standards
by applying advanced and effective principles. such as the LRFD method, which meets the requirements of international

integration while continuing current key standards.

1. MO PAU

Trong thoi ky ddi méi va dic biét 1a gan 2 thap ky
gan day cac cong trinh qui mo 16n v&i ngudn vén dau
tu tr mot s6 qudc gia khac nhau duge dua vao trién
khai ¢ Viét Nam. Ciing qua cac cong trinh d6, mot sd
hé théng tiéu chuan thiét ké két cAu da dugce dua vao
ap dung trong diéu kién Viét Nam. Nhiing tiéu chudn
quan trong nhat trong sd nay 1a Tiéu chuan chau Au
EN 1997 va Tiéu chuan thiét ké ciu AASHTO LRFD.

Qua trinh trién khai mot sd tiéu chuan nude ngoai
& Viét Nam da cho phép cac ky su thiét ké co dip tiép
can nhitng hé thng tiéu chuan tién tién méi, qua d6
co thé tha"iy dugc nhiing khia canh tich cuc cta cac
tiéu chuén tién tién va qua do rut ra nhitng bai hoc gop
phan hoan thién cac tiéu chuén thiét ké dia ky thuat
ctia Viét Nam khi soat xét cac tiéu chuan nay.

Trong bai bao nay chi dé cap dén mot sb van dé
lién quan dén thiét ké theo trang thai giéi han vé& do
bén ctia nén mong.

2.NGUYEN LY CHUNG CUA CAC TIEU CHUAN

Cho t6i nay hau hét cac tiéu chuan thiét ké dia k§
thuat trén thé gi6i déu ap dung nguyén Iy thiét ké theo
trang thai gi¢i han. Pang cha y 1a My nam trong sd
nhimng qudc gia chuyén ddi sang thiét ké theo trang
thai giéi han twong d6i mudn, chi bat dau tir nhimg
niam 1990. Déi v6i trang thai gidi han thir nhit, khi dat
nén chiu mot tac dong thiét ké thi didu kién can thoa
man la:

E, <R, ()
trong dé

E, 1a tac dong thiét ké, trong mot sb trudong hop
con duoc goi la tai trong thiét ké;

R, 1ado bén thiét ké cua nén mong, trong mot sb
truong hop con dugc goi 1a stic chiu tai thiét ké.

Mic dii cac tiéu chuin déu qui dinh diéu kién phai
thoa man (D1 khi tinh toan cho trang thai an toan vé do
bén, trong mdi tiéu chuan déu c6 nhimng qui dinh riéng
hoac c6 nhiing hé s6 khac nhau duge cho 1a dé thiét ké
phu hgp hon véi dicu kién ctia cac quoc gia khac
nhau. Nhiing sy khac nhau d6 dugc trinh bay trong
cac 2.1, 2.2 va 2.3 cta bao cao nay.

2.1 Tiéu chudn AASHTO LRFD

AASHTO 1a tb chirc di tién phong trong chuyen
d6i tir thiét ké theo umg suit cho phép sang thiét ké
theo trang thai giéi han & M§y. Phuong phap thiét ké
trong tiéu chuén cia AASHTO dugc goi la thiét ké
theo h¢ sd tai trong va sirc khang (design to load and
resistance factor - LRFD). Tén goi ndy xuit phat tir
viéc 4p dung cac hé sb an toan riéng cho tai trong va
strc chiu tai — diéu c6 thé khong la d6i v6i nhing
ngudi da quen v6i phuong phép thiét ké theo trang
thai giéi han cia cac tiéu chuan cua chau Au (bao
gdm ca Nga). Phuong trinh biéu thi diéu kién bén
trong AASHTO LRFD la:

D zzni}/iQi < ¢R (2)

trong d6 R 1a sirc khang danh dinh cia nén, n, 1a hé
s6 diéu chinh tai trong xét dén tinh déo, muc do du
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sirc khang va tim quan trong ciia cong trinh, 7; 1la hé
sb tai trong (con goi la hé sb vuot tai), O, la tac dong
danh dinh va ¢ la hé sb strc khang.

Trong AASHTO LRFD, khi tinh toan R s€ st
dung cac gia tri dac trung ctia d bén cua dat nén

(vi du ¢, ¢). Nhu vy hé s sic khang ¢ s& dugc ap
dung cho két qua tinh toan tir cac gia tri “tiéu chuin”
cua dac trung do bén cua nén. Tich sb @R duogc so
sanh voi tai trong dd c6 hé s6, nhu yéu cau cua (1).
Qua trinh nay dugc the hién trén Hinh 1.

TAI TRONG | SU'C KHANG

TRONG | st

Q Q'tinhtoan” <« R "tinh toan” I Tri "tiéu
"tiéu chudn" T (co hé sb) — (cohe sb) ~® R'tiGuchuan” <= qp4nn
clac,
Tinh toan .
- Co

Hinh 1. Thiét ké theo phuong phap hé sé tai trong va strc khang (LRFD)

Hé s stc khang ¢ dwoc cho tuy theo phuong
phap xac dinh stc khang. Vi du dbi véi méng nong
¢ = 0,5 dbi v6i phuong phap sit dung cong thirc 1y
thuyét va ¢ = 0,45 néu str dung SPT cho mong dit trén
dat cat. DI voi mong coc dong, hé s6 cao nhét
¢ = 0,80 cho truong hop xac dinh stc chiu tai theo
nén tinh va hé s6 thap nhat ¢ = 0,10 néu sir dung cong
thire dong coc (vi du cong thire Engineering News).
Trong khi d6 céc tiéu chuan khac hau nhu chi quy
dinh hé sb an toan riéng cho mot sb lugng han ché céc
diéu kién co thé gap trong thuc té.

Néu nhu trong cac tiéu chuan khac ngudi sir dung
hau nhu khéng thé xac dinh duoc hé sé sic khang ap
dung khi sir dung nhimg cbng thic tinh toan nim
ngoai pham vi tiéu chuan thi AASHTO cung cap co
s& dé dinh chuan hé s sirc khang ap dung cho nhimng
cong thue do!'.?. G Viét Nam, mot sd tac gia di xac
dinh hé sb stc khang ap dung cho tinh toan suc chiu
tai theo TCXD 205:1998 va mot sd tiéu chuan khac
trén co s& phan tich cac két qua nén tinh coc ¢ hién
truong® ™. Pay 13 mot wu diém ndi bat cua
AASHTO LRFD so véi céc tiéu chuan khéc.

Nhu vay trong AASHTO LRFD chi ap dung duy
nhat mot hé sé ¢ cho sirc khang cua dat nén, do d6
vi€c tinh toan don glan hon so v&i mot s tiéu chuén
khac. Ngoai ra hé ) ¢ co thé duoc xac dinh cho cac
phuong phép tinh toan khong nam trong tiéu chuan,
qua d6 mé rong pham vi ap dung cua tiéu chudn nay.
2.2. Tiéu chuin chiau Au EN 1997

EN 1997 1a tiéu chuan rat chat ché vé phuong
phép luan. Stic khang R, trong (1) dugc xac dinh
theo mét sb t6 hop nhu:

RD:R{7F F. X, /7/M3ad} (3a)
hoac:

Ry =RlyeF,,: X0,/ 74 (3b)
hoac:

RD:R{ FFrep’X /7/M’ad}/71e (3¢)

trong do Frep la tri dac trung cua tdc dong ; ¥, 7,
vay, lan luot 1a hé sb riéng ap dung cho tac dong,
dac trung cua dat va stc khang.

C6 thé nhan xét:

- Trong (3a), hé sb riéng 7y duoc ap dung cho
cua dat khi tinh toan R, . Cach

nay da ap dung tir khi thiét ké theo trang thai gi6i han
bat dau duoc dua vao tiéu chuin cia mot sd nude &
chau Au;

dac trung cuong do

- Trong (3b), hé sb riéng 7z dugc ap dung cho
strc khang dé xac dinh R , - Cach nay gidng nhu hé sb
suc khang dugc ap dung trong AASHTO LRFD;

- Trong (3¢) 4p dung ca y,, va y, nén tinh toan to
ra phirc tap hon. Tuy vy, thyuc t& cach nay khong duoc
ap dung vao cdc bai toan cua EN 1997. Bang chu y, (3¢)
c6 nhi€u diém tuong tw cach tinh toan trong TCVN
10304:2014 va TCVN 9362:2012 (xem 2.3).

EN 1997 ciing yéu cau cac qu(”')cr gia tl}iét lap phu
luc cho riéng minh, trong do co rat nhiéu tham so6
khong de xdc dinh nhat 1a ¢ nhimg nude con chim
phat trién nhu Viét Nam.

Qua trinh tinh toan theo (3a) dugc mo ta trong
Hinh 2.
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TAI TRONG | SU’'C KHANG

RN | sirc o

. Tai trong R n . .
Tai trong "tinhtoan" < R "tinh toan" - Cudngdé  _ Cuong df
"tiéu chuén" cohesé)  (cohesd) tinh toan "tiéu chuan"
j , (da giam)
'YFFrep R d
—_— - ‘Cd’(pd‘-‘ ‘ ’YC"YQJ >< Ci(P
Hinh 2. Thiét ké theo hé sb tai trong va hé s6 cudng d6 (EN 1997)
Shallow foundations Pile foundations
Design Approach PR Design Approach LT
. 1 Mormi . 1 Noraay
2 . = 2 % ot
3 iram- 3 F [ oo
E 1or2 f = ' - tor2 ’ - ’
2or3 i ~= 2or3 ehias f—
_ torzor3 * Gamany 1or2or3 -‘. e
. unknown aesahoecs unknown e
g ‘ > A ‘
, 5 i ' n =
I S B & —
~ ~

Hinh 3. Lya chon Design Approach cho thiét ké
moéng ndng clia cac nudc chau Aul™

EN 1997 cho phép cac qudc gia thanh vién dugc
lya chon cac Phuong phap tiém can thiét ké (Design
Approach - DA) phu hop. Hinh 3 va Hinh 4 thé hién
lra chon cua cac quoc gia chau Au cho thlet ké mong
néng va mong siu. Co thé thiy nhiéu qudc gia da lya
chon ap dung DA1 va DA3. Do hai to hop d6 co ap
dung hé sb riéng cho cac chi tiéu cudng do6 trong tinh
toan stc khang nén nhiéu tac gia di danh gia phuong
phap tinh toan thé hién trén hinh 2 1 dic trung cia
EN 1997. Ciing c6 thé nhéan thay 1a mot sé luong déng
ké cac qubc gia lwa chon DA2 cho thiét ké mong
coc (v6i phuong phép tiém can gidng nhu phuong
phap LRFD).

2.3. Cic tiéu chuian thiét ké
Viét Nam

Heé thdng tiéu chuan vé thiét ké xay dung ciia Nga
duge iy 1am co so cho céac tidu chuan xay dung Viét
Nam. Hai tiéu chuan tiéu biéu vé thiét ké mong la
TCVN 9362:2012 (moéng noéng) va TCVN
10304:2014 (moéng coc). Noi chung cac tiéu chuan
cta Viét Nam c6 nhiéu khéc biét so véi cc tiéu chuan
phuong Tay, va nhiing sy khac biét nay da gy ra

nén mong cua

Hinh 4. Lya chon Design Approach cho thiét ké
mong coc cua cac nude chau Aul™

nhing can trd nhit dinh cho sy hoi nhap quéc té trong
linh vyc xay dung.

Tiéu chuén Viét Nam phan biét cac gia tri cia chi
tiéu cuong do cua dat d€ sir dung trong tinh toan suc
chiu tai (C, va ¢, ) va dé kiém tra diéu ki¢n tinh toan
d6 lan coa nén (C,, va ¢, ). Cac gia tri tiéu chuan
(C, va ¢, ) chi st dung nhu s6 liéu trung gian khi xtr
ly thong ké cac sb liéu thi nghiém. Diéu kién (1) khi
ap dung vao TCVN 9362:2012 c¢6 dang:
_RiC.o,5

E <R, = P “4)

tc
trong d6 k,>1,21a hé s6 do tin cay.

Qua4 trinh tinh toan theo TCVN 9362:2012 duoc
mo ta trén Hinh 5.

V& murc do chénh 1éch gilra cac gia tri tinh toan va
gi4 tri tiéu chuén cia lyc dinh va ciia goc ma sat trong
cua dét, co thé lay vi du vé xr Iy sb liéu thi nghiém
trong Phu luc F ctia TCVN 9153:2012"% véi cac két
qua duoc tom tit trong Bang 1.
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Bang 1. Cac gia tri cta chi tiéu cuwong do

Vi gia tri cia C, va ¢, thip hon dang ké so voi

Giatri | Giatritiéu | Tysd C' va ¢"nén stc khang cua dat R, s& thip hon gia
2 1A r . A tt tc , )
Chi tiéu tinh tt?an Chut?n v ({ v tri R thu dgqc néu ap dung cac gia t’ri tiéu chuan cua
V) ) (%) cuong d6 dé tinh toan sirc khang giong nhu céc tiéu
Luc dinh C 037 0.486 76.1 chuan khac. Tur do co the coi la mét dang hé so riél}g
(Kg/cm?) ’ ’ : dd dugc ap dung cho cac chi tiéu cuong do cua nén
Goc ma st khi tinh togin, roi sau do ép dung thém hé s0 k. - mot
trong o (d0) 6°14° 9°22’ - dang h¢ so strc khang — d€ xac dinh stic chiu tai tinh
£ P todn theo cong thirc (3).
tge 0,108 0,165 65.5
Strc chiu tai g¢
(kG/em?) 2,14 2,95 72.5
TAI TRONG | SUC KHANG
—y
N Tai trong
Tai trong "tinh toan" <« R"tinh toan"
"tiéu chuan” (c6 hé sb) ~  (c6 hé sd)

Tinh C X ly

toan |’(P| théng ke’ 't
CI & th
(PIA< CDtc

Hinh 5. Qua trinh thiét ké theo tiéu chuan Nga

Pbi voi thiét k& mong coc, TCVN 10304 :2014
cling st dung nhimg qui dinh bat cap va khé co thé
hoa nhip voi cac tiéu chuin phuong Tay. Vi du st
chiu tai gidi han ctia coc xac dinh theo két qua nén
tinh duoc ldy theo d0 lin twong ung voi
(0,1+0 2%)Sg}1 , trong d6 Sy, 1a do lun cho phép cua
nha. Vi vdy cung mét cdy coc ¢o thé ¢6 nhiéu tai trong
gidi han trong khi cic tiéu chuan phuwong Ty déu
théng nhét coi coc dat tai trong gidi han khi d¢ lin
tang khong ngung trong khi tai trong khong tang. Nhu
vay gia tri tai trong gidi han clia coc 1a khach quan va
duy nhat. Ngoai ra con c6 nhiéu qui dinh khéac trong
tiéu chuan Nga c6 thé can tré sy sang tao ctia ngudi
thiét ké va can tré 4p dung nhimng cong nghé nén
mong moi.

3. PANH GIA VE PQ AN TOAN TRONG THIET
KE THEO CAC TIEU CHUAN KHAC NHAU

So sanh vé mitc d6 an toan va tinh kinh té cua céac
tiéu chuan khac nhau 1a cong viéc khong dé dang va
hau nhu khé c6 thé co cau tra 10i thoa dang. Mot
nghién ciru dang chii y vé van dé& nay di duoc
Fenton''"! thuc hién. Tac gia da ap dung tiéu chuan

cua Canada, My, chau Au va Uc dé tinh toan dién tich
mong trong cung mot diéu kién vé tai trong va dat
nén. Céc so liéu co ban 1a: Tinh tai DL= 3700 kN,
hoat tai LL = 1000 kN, Iyc dinh ¢’ = 100 kPa va goc
ma sat trong ¢' = 30°.

Tac gia cta bai bio nay dd bd sung tinh toan theo
phuong phap cia TCVN 9362:2012 dé c6 thé danh
gia v& muc do an toan va tinh kinh té cua tiéu chuan
Viét Nam so véi cac tiéu chuin khéc. Tinh toan dugc
thyc hién cho 2 truong hop: a) C, = 0,7¥100 kPa va
tgp, = 0,7.tg30° va b) C=100 kPa va tgp = tg30°.
Trude khi tinh todn ciing dd tién hanh so sanh tai
trong do cac tiéu chuan khac nhau qui dinh (chi yéu
1a hoat tai), qua d6 xac dinh 1a gia tri tiéu chudn cia
hoat tai qui dinh trong TCVN 2737:1995 thip hon so
v6i cac tiéu chuan chau EN 1992, My va Canada
nhung khong nhiéu.

Két qua tinh toan duoc thé hién cing voi cac két
qua do Fenton''" thyc hién trong Bang 2. Thir tw cac
tiéu chuan & trong bang dugc sap xép theo thir ty giam
dan cua dién tich mong.
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Bang 2. Két qua tinh toan dién tich méng theo mjt so tiéu chuin (theo Fenton''")

n . Y (tai trong) | y,, (vat liéu) ¥ r (sttc khang) A q
Tiéu chuan 5 %

DL | LL | tg¢' | ¢ Nén Trugt | (M) (kPa)
CFEM-1992 (Canada) 125 | 1,5 | 0,8 |0,5:0,65 - - 522 183,8]117.3
NCHRP 343-1991 (M¥) 13 | 217 | - - 0,35+0,6 | 0,8+0,9 | 4,88 [171,8] 143.0
NCHRP12-55-2004 (M¥) 125 | 1,75 | - - 0,45 0,8 4,70 | 165,5 | 135.6
Denmark 1965 1 1,5 0,8 0,57 - - 4,47 (157,41 116.3
AASHTO 2007 (M) 125 | 1,75 | - - 0,45+0,55 | 0,8+0,9 | 4,23 [148,9| 150.7
B. Hansen 1956 (Pan Mach) 1 1,5 | 0,83 0,59 - - 4,15 | 146,1 | 125.3
AS 5100-2004 (Uc) 1,2 1,8 - - 0,35+0,65 [0,35+0,65| 4,14 |145,8 | 150.7
CHBDC-2006 (Canada) 1,2 1,7 - - 0,5 0,8 4,07 |143,3]150.9
AS 4678-2002 (Uc) 125 | 1,5 +0(;,7955 0,5+0,9 - - 3,89 [137,0]157.5
TCVN 9362:2012 (PA-A)® 1,1 12 | 07 0,7 (1/1,2) - 3,8 |133,8] 1387
EN 1997 Model 1 1 1,3 | 0,8 0,8 - - 3,06 [107,7| 163.4
EN 1997 Model 2 1,35 | 1,5 - - 0,71 0,91 | 3,04 [107,0]213.7
TCVN 9362:2012 (PA-B)™ | 1.1 1,2 1 1 0,8 - 2,95 (103,91 178.6
ANSI A85-1980 12-14| 1,6 - . 0,67+0,83 - 2,84 100,0 | 212.7

Ghi chu:

DL va LL - Tinh tdi va hoat tai y,, - Hé sé, ap dung cho tac dong cua tai trong;
Vg -Hé s6, ap dung cho sirc khang cua dat nén A — Dién tich mong;

q— Ty s6 giira tong tai trong (di c6 hé sd) va dién tich mong A;

(*) Str dung C, =0,7C" va @,=0,7 9" (*”) Sir dung C* va ¢".

Két qua tinh toan cho phép nhan xét vé tinh kinh
té va do an toan cua céc tiéu chuén:

- Chénh I¢ch 16n cia dién tich tinh toan ctia moéng,
v61 mure chénh cao nhat 1én t61 184%;

- Dién tich moéng 16n nhét (kém kinh té nhat)
thuoc CFEM-92. Dién tich méong nho nhat (kinh té
nhat) thugc ANSI A58-1980;

- Eurocode 7 cho két qua thudc loai kinh té nhét.
TCVN 9362:2012 cling thuoc nhéom kinh t&€ nhat néu
st dung cac chi C*va
@ =" (PA-B);

- TCVN 9362:2012 1a tiéu chudn duy nhat sir
dung ca y,, va Yy (PA-A). Theo cich tinh toin
“truyén théng” nay thi dién tich mong tinh toan thudc
nhém trung binh;

tiéu cuong d6 C=

- Ap lyc day moéng trung binh (dd ap dung hé sb
Vi) thé hién do an toan cua thiét ké. Theo tiéu chi
nay thi CFEM-92 14 tiéu chuin an toan nhat, con kém
an toan nhat 1a tiéu chuan cia Pan Mach. Tiéu chuin
cua Viét Nam thudc nhom c6 d6 an toan tuong
ddi thép.

4. PE XUAT VE SOAT XET CAC TIEU CHUAN
THIET KE NEN MONG TRONG GIAI DOAN
CHUYEN TIEP

Viéc chuyén doi sang ap dung mot hé thong tidu
chuan méi thuong kéo dai trong nhiéu nim. Kinh
nghiém chuyén d6i tr hé tiéu chuan BS sang
Eurocodes & Anh cho thdy qua trinh nay kéo dai 5
nam!'?, mic du sin c6 nhiéu su tuong déng gitta 2 hé
tiéu chudn d6. So d6 md ta ndi dung cta qua trinh
chuyén d6i dugc thé hién trén Hinh 6. Mic dau vay,
mét s6 linh vyc cia nganh xay dyng, vi du linh vyc
két cdu thép, da 1én tiéng yéu cdu kéo dai qué trinh
nay thém it nhat 5 nam",

O Viét Nam, B Xay dung co chu truong chu
truong hoan thién hé thdng tiéu chuan va quy_ chudn
ky thuat xdy dung theo hudng hoi nhap. Nhiéu tiéu
chuan nuéc ngoai di duogc chuyén dich sang tiéng
Viét tir cach day khoang 15 nim nhung dén nay vi
nhiéu 1y do nén van chua duoc ban hanh. Vi vdy néu
nhu & Anh phai can dén 5 nim dé chuyén tir BS sang
Eurocode thi thoi gian can thiét dé chuyén toe TCVN
sang ap dung mot hé tidu chuén méi it nhat phai 1a 10
nam. Trong diéu kién nay c6 thé lwa chon giai phap
bién soan tiéu chuan cho giai doan chuyén tiép.
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Tiéu chuan vé thiét ké dia k¥ thuat trong giai doan
chuyén tiép cin co tinh m, tinh hoi nhap cao va ciing
cho phép ké thira va str dung nhiing kinh nghiém sau
hang chyc niam thiét ké nén mong trong didu kién
Viét Nam. X¢ét theo nhitng tiéu chi do, tac gia cua bao
cac nay dé xudt soat xét tidu chuén thiét ké nén mong
voi cac ndi dung sau:

a) Duy tri vé co ban cac ndi dung chinh cuia tiéu
chuan hién tai, nhung thay d01 triét dé vé phuong
phap tinh theo nguyén tic hé sb tai trong va hé sb stc
khang (LRFD) nhu da gidi thi€u ¢ trén;

b) Loai bo mot s6 khai niém va ndi dung khong
hoa nhdp véi hé théng tidu chuan phuong Tay trong
tiéu chuan cii, bd sung nhtrng ndi dung méi, cap nhat
va hoa nhép;

¢) Xac dinh hé sb suc khang ap dung cho cac
phuong phap tinh todn ap dung trong thiét ké mdi, bao
gdém nhitng phuong phép tinh cua tiéu chuan ci da
chimg t6 c6 hiéu qua va nhiing phwong phap tinh cia
tiéu chuan phuo‘ng Tay nhung chua dugc klem chung
trong diéu kién dat nén Viét Nam (Hé s st khang
cla tiéu chuén phuong Tay phai dugc hiéu chuén lai
con do cac hé so tai trong clia tiéu chuin Viét Nam
khac voi cac tiéu chuan phuong Tay). Mat khéc, cac
phuong phap tinh toan quen thudc cua Viét Nam cling
can du(yc hiéu chuan dé ap dung trong tinh toan theo
nguyén tic méi. Vi du Trinh Vlet Cuong va bang Thi
Thanh Thuy[3] da xac dinh hé sb sirc khang ¢ =0,47
khi sir dung s6 liéu xuyén tiéu chuan dé tinh toan stc
chiu tai cua coc dong/ép theo cong thac C.2.2 cua
TCVN 205:1998 (gia tri khuyén cdo cho cic cong
thuc tuong tu cuia AASHTO LRFD la ¢ = 0,45).
Twong ty nhu vay, néu sir dung phuong phap tra bang
cia TCVN 10304:2014 d& tinh toan thi ¢ = 0,42.
Trong ca hai truong hop di ap dung chi sb tin cay
muc tiéu S, =2,5.

Tiéu chuan soat xét theo nguyén tic trén c6 thé
hoa nhap dugc véi cac tiéu chuin phuong Tay von
dugc ap dung & nhiéu nude trong khu vuc va & nhidu
nuée khac ¢ vai trd quan trong trong dau tu va budn
ban véi Viét Nam. Tiéu chuin ciing co thé dugc ap
dung nhu mot bude chuyén tiép sang mot hé thong
moéi — néu co quan quan 1y Iya chon theo hudéng do.
Tiéu chuin méi ciing cho phép xac dinh nhitng hé sb
suc khang ap dung cho cong thirc tinh mai hodc cong
nghé nén moéng moi, tic la tao sy chu dong cho ap
dung nhitng cai mai thay cho su tudn thi may méc ddi
v&i tiéu chun géc duoc bién soan cho diéu kién nude
ngoai. Vi cach soat xét nay van co thé tiép tuc ap
dung mot sé tiéu chudn quan trong khac cua hé thong
tiéu chuén hién hanh, vi du tiéu chuin vé tai trong va
tac dong, phén loai dit, v.v., cling nhu tiép tuc sir
dung cac két qua thi nghlem trong phong bang
phuong phap truyén thong.

e Hoan thanh Eurocode

|
& | | |
e Xay dung | | Céc diéu khoan
N Dich thuat phu luc QG vé ap dung
.33_ qudc gia Eurocode
S [ | |
— Ban hanh tiéu chuén va phu luc quéc gia
8 Tén tai so|ng song
= B B}
o 2 hé tiéuchuan
: |
IS
1 | Chém dut hiéu luc cia cac tiéu chuan cii

Hinh 6. Chuyén d6i sang Eurocode & Anh!'*!

5. KET LUAN VA KIEN NGHI

a) Nghién ctu vé phuwong phap tinh toan nén
moéng ciia Viét Nam c6 nhiéu nhugc diém va thiéu
tinh hoi nhap;

b) Kinh nghiém vé chuyén d6i hé thng tiéu chuan
& trong nudc va nudc ngodi cho thiy day 1a qua trinh
doi hoi nhiéu thoi gian, ngudn luc va sy tham gia cua
nhiéu linh vuc nganh nghé c6 lién quan. Viéc quyét
dinh hudng chuyén d6i hé thong tiéu chuan phai dya
trén nhitng nghién ctru khach quan va sau sic d6i vai
tat ca cac yéu td c6 thé anh huong dén qua trinh
chuyén do6i va quan trong hon nita la nhitng anh
hudng ctia hé thong méi dbi voi xa hoi va nén kinh té
ctia dat nudc.

¢) Dé nghi nghién ctru soat xét tiéu chuan thiét ké
nén mong theo hudng thay thé phuong phap tinh toan
hién nay bang phuwong phap hé sd tai trong va
suc khang.
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EFFECT OF VARIATION OF PERMEABILITY
COEFFICIENTS DURING VACUUM CONSOLIDATION
ANH HUONG CUA SU THAY POI HE SO THAM
TRONG CO KET CHAN KHONG

Van-tuan Vu'

!Institute of Techniques for Special Engineering, Le Quy Don Technical University,
Email: vutuan2601@yahoo.com

ABSTRACTS: The varying coefficient of permeability has a great influence on the accuracy of the numerical prediction
results. This study aims to estimate the range of deviation of numerical results if not considering the varying coefficient of
permeability during the consolidation time. Three models, one with constant permeability and the others with the varying
coefficient of permeability corresponding to different values of C./C;, were used to simulate the consolidation behaviour of
soft clay in the large-scale consolidometer under combined vacuum and surcharge preloading. Comparing those predicted
values together and to the measured values, the results show that: the settlement value and the decrease in pore water
pressure value of the model which did not consider the change in permeability coefficient were higher than those of the
models which considered the change in permeability coefficient during the consolidation process, the bigger the C./Cy
ratio, the smaller the settlement and the smaller the decrease in pore water pressure.

KEYWORDS: Soft ground, vacuum preloading, PVD, finite element method.

TOM TAT: Sy thay d6i ciia hé s6 thAm anh huéng 16n i tinh chinh xac cua cac két qua du doan s. Bai bao nay s& hudng
t6i viée x4c 1ap pham vi sai 1éch cua két qua sé khi khong xét dén sy thay ddi cua hé sé thim trong thoi gian ¢b két. Ba mo
hinh s6 (mot mo hinh khong xét dén sy thay ddi ciia hé s thAm, hai mo hinh con lai xét t6i su thay d6i ctua hé s6 thim
tuong duong véi cac gia tri C./Cy khac nhau) mo phong tng xir cia dit mém dudi tic dung cta chan khong va gia tai mat
dat trong thiét bi thi nghiém ¢b két chan khong bién dang 16n s& duoc thiét 1ap. So sanh $6 liéu ctia cac md hinh sb v6i nhau
va véi s6 lidu cua thuc nghiém, két qua cho thdy: do lan va su thay ddi cua ap luc nude 16 réng trong mé hinh khong xem
xét su bién thién cua hé sé thdm 16n hon so v6i nhitng mé hinh c6 xem xét sy thay doi ciia hé sé tham trong qua trinh cb
két; ty s6 Co/Cy cang 16n thi gia tri 6 lun va sy thay doi cta ap luc nude 16 rdng cang nho.

TU KHOA: Pét yéu, gia tai chan khong, PVD, md hinh phéan tir hitu han.

1. INTRODUCTION

Since it was introduced in 1952 by Kjellmann [1],
vacuum preloading method has been becoming
popular for the soil improvement of large areas. The
combination of vacuum preloading with surcharge can
accelerate the consolidation of the soft clays, reduce
lateral displacements and the surcharge height. Thus,
it gets a lot of attention from scholars in the
geotechnical engineering field.

penetration of drains, but they focus more on the
material properties such as soil mechanic model and
permeability laws. Tarefder, Zaman [16] successfully
predicted the field behaviour of a full-scale test
embankment constructed by using the modified Cam-
Clay model and drainage parameters. Indraratna,
Rujikiatkamjorn [17] introduced a Darcian-based
analytical model with the effects of a varying
coefficient of horizontal permeability and coefficient
of compressibility during the consolidation process.
Toshifumi, Akira [18] presented a numerical analysis
using an elasto-plastic finite element program (FEM)
for soil-water coupled problems, incorporating the
SYS Cam-clay. Sun, Jia [19] introduced a plain strain

Finite element analysis (FEA) is known as a
powerful method for modelling the system of vertical
drains combined with vacuum preloading [2-14]. It
can model very difficult cases such as complex

loadings, geometries and material properties, even for
the modelling of a large-scale radial drainage
consolidometer [15], where it is hard to obtain by
analytical solutions.

Many scholars believe that the difference between
the numerical predictions and measure data is due to
numerous factors: soil disturbance - smear zones,
time-dependent load, well resistance, and partial

FEM program that was coded with the application of
the non-linearity constitutive relation Duncan—
Chang’s model and the non-linear permeability law
into the Biot’s consolidation theory. Indraratna,
Zhong [20] developed a numerical solution for large-
strain ~ consolidation incorporating non-Darcian
(nonlinear) radial flow with varying compressibility
and permeability coefficients.
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It can be seen that the varying coefficient of
permeability and the permeability laws strongly
influence the results of numerical prediction. This
study aims to evaluate the deviation range of
numerical prediction results if not take the varying
coefficient of permeability into consideration. Three
models, one with constant permeability and the others
with the varying coefficient of permeability
corresponding to different values of C./C;, were used
to simulate the consolidation behaviour of soft clay in
the large-scale consolidometer under combined
vacuum and surcharge preloading. The effect of
variation of permeability coefficients on numerical
prediction results and some relative conclusions
would be drawn by comparing the predicted values
between numerical models together as well as the
values between numerical models and measured
values.

2. CORRELATION BETWEEN EFFECTIVE
STRESS AND PERMEABILITY COEFFICIENT

Tavenas, Leblond [21] suggested the following
two formulas:

;:eO—Cc log[iJ (1)
O
e= ey +Cp logEk—hJ
khi )
Where:

; and ey : The void ratio and the in-situ void
ratio, respectively;

ky, and ky; : The permeability and the in-situ
permeability, respectively;

o’ and o; : The effective stress and the initial
effective stress, respectively;

Cy and C. : Permeability change index and the
compression index, respectively (for overconsolidated
range the recompression index C, is used rather than C,).

Ce
12 ¢ C_k
1 —0.5
——0.6
0.8 ——0.7
k_h —=—0.8
kn; 06 -1
—=1.4
e, =16
—-—138
0.2
_2
0 1
0 2 4 6

Figure 1. k;,/ ky; plotted against o”/o; for varying
C/Cy

From Eq. (1) and (2) it follows that:
C

SO
kpi \ o'

Berry and Wilkinson [22] found that the typical
value of C./C; for soil is in the range of 0.5+2.0.
Figure 1 shows k, / k;, plotted against o’/o; for
varying C./C; .

3. LABORATORY TESTING
Settlement L oad
transducer
£
Permeable layer — =
N
T1—§ c
£
o
S
_| €
smear zone E €
vertical drain s §
T5 1l

Pore water kT
pressure
transducer

impermeable D = 450 mm

240 mm

Figure 2. Schematic illustration of the large-scale
radial drainage consolidometer [15]

Table 1. Soil properties of the reconstituted clay
sample used in consolidometer analysis [15]

Soil properties

K 0.05
A 0.15
Critical state line slope, M 1.1
Critical state void ratio, e 1.55
Poisson’s ratio, v 0.25
Permeability in smear zone, k’y, (m/s) 3.6x10™"
Permeability in undisturbed zone, ky, 9.1x10™"!
(m/s)

20
_ 0%
< 20 §
s ol T
S 60 §
)

-80 =

-100 ! | ) | N
0 10 20 30

Time (days)

Figure 3. Vacuum loading for laboratory test [15]
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The test was conducted in the large-scale radial
drainage consolidometer which was introduced by
Indraratna, Bamunawita [15]. Figure 2 shows a
schematic illustration of the large-scale radial
drainage consolidometer. The internal diameter and
height of sample tank are 450 and 950 mm,
respectively. The friction effect along the cell
boundary was reduced by inserting a 1.5 mm thick
Teflon sheet around the internal cell boundary and at
the bottom of the cell. An air jack compressor system
combined with a rigid piston to form the loading
system. A linear variable displacement transducer
(LVDT) was placed at the top of the piston to measure
the settlement. The excess pore-water pressures at
various points were measured by an array of
diaphragm-type piezometers. Thin stainless steel tubes
were used to keep the piezometer tips in position. Soft
Moruya clay (alluvial) was used for laboratory testing.
Soil properties of the reconstituted clay sample used
in consolidometer analysis are shown in Table 1.

A prefabricated vertical band drain (PVD) of cross
section 100 mm x 3 mm was installed after applying
an initial consolidation pressure of 20 kPa. The
surcharge load was applied in two stages, 40 and 100
kPa (Figure 5). The vacuum pressure was 100 kPa. In
order to investigate the effects of vacuum unloading
and reloading the vacuum pressure was released in
two stages (Figure 3).

4. THE EFFECT OF VARIATION OF PERMEABILITY
COEFFICIENTS ON NUMERICAL PREDICTION
RESULTS

950
900
850
800
750
700
650
600
550
500
450
400
350
300
250
200
150
100

50

0
o LT T
-50 0 50100 200

Unsaturated elements

Smear zone

Undisturbed zone

o
NAANNNAANNAAANNAAAARANAAADNNAAAN

Figure 4. Axisymmetric finite-element mesh (mm)

The effect of vacuum pressure was simulated by
assigning the negative pore pressure along the drain
boundaries, similar to Indraratna, Bamunawita [15].

GeoStudio SIGMA/W 2007, a FEM with Biot
consolidation theory, was used to simulate the

laboratory test. Three models were established with
the same a two-dimensional axisymmetric mesh. After
choosing the global element size (0.03 m) and the
finite-element mesh pattern (triangles), a finite-
element mesh was generated automatically (Figure 4).
At the top, the surcharge load was applied. The
horizontal, vertical displacements of the bottom edge
and the horizontal displacement of the right and the
left sides were restricted. An impervious boundary
was assigned to all the boundaries; however, the
negative pore pressure was applied along the drain
boundary. The maximum value of the negative pore
water pressure (100 kPa) was at the top and the
minimum value of the negative pore water pressure
(75 kPa) was at the bottom of the PVD [15].

Model 1: This model was established to verify
numerical models, which would be used to estimate
the effect of variation of permeability coefficients on
numerical prediction results. All conditions are similar
to those of Model 3 by Indraratna, Bamunawita [15].
The soil was fully saturated; however a thin layer of
unsaturated elements with the thickness that did not
change with time was activated at the PVD boundary.
The unsaturated layer of elements was governed by
elastic properties (elastic modulus E = 1 MPa,
Poisson’s ratio v = 0.25). The outer soil elements obey
the modified Cam—Clay model (Table 1). The varying
coefficient of horizontal permeability due to the
changing of void ratio did not take into account.

Model 2: Conditions were identical to those of
Model 1. However, the varying coefficient of
horizontal permeability due to the changing of void
ratio (or the effective stress) was corresponding to
CJ/Cy=0.5.

Model 3: Conditions were identical to those of
Model 1. However, the varying -coefficient of
horizontal permeability due to the changing of void
ratio (or the effective stress) was corresponding to
C/Cy=2.

0"

—— Model 1_K constant
=== Model 2_ Cc/Ck = 0.5
Model 3_Cc/Ck = 2

Settlement (mm)

Models proposed by
Indraratna et al., 2004
———s—— Measurements
Model 1
————— Model 2

—— - - - Model 3

-100 1 | 1 | Il
0 10 20 30
Time (days)

-80 b~

Figure 5. The measured settlement and predicted
settlement of all the numerical models
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Figure 5 shows the measured settlement and the
predicted settlement of models proposed by
Indraratna, Bamunawita [15], as well as the numerical
models established in this paper. Figure 6 shows the
measured and predicted pore water pressure of all
those numerical models at the transducer T2 (Figure
2), respectively. The agreement between the predicted
values of Model 3 proposed by Indraratna,
Bamunawita [15] and Model 1 (this paper) in all the
figures proves that the parameters used to simulate the
laboratory testing were acceptable.

80

-

=== Model 1_K constant
=#= Model 2_Cc/Ck = 0.5
Model 3 Cc/Ck =2

60 —

¢ Surcharge load, > |
40 kPa

40

pore-water pressure (kPa)

Surcharge load
4 100kPa =i

Models proposed by
Indraratna et al., 2004
Model 1

= = = Model 2

- |— - - Model3
——e— Measurements

20 p—

Time (days)

Figure 6. The measured and predicted pore water
pressure of all numerical models at the transducer T2
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Figure 7. The deviation-ratio of the settlement

In order to easily evaluate the effect of variation of
permeability coefficients on the numerical prediction
results, a formula for calculating a deviation-ratio is
proposed as follows:

D= (Sk:const _S) %100 ()
k=const
Where:

D is deviation-ratio;

Sk = const 18 the settlement value without considering
the change of permeability coefficient;

S is the settlement value considering the change of
permeability coefficient.

It can be seen from Figure 5 that the settlement
value without considering the change of permeability
coefficient is higher than that which considering the
change of permeability coefficient. The bigger the C./Cy,
ratio, the smaller the settlement. The smallest settlement
is corresponding to C/C = 2. This phenomenon is also
reflected through the deviation-ratio of the settlement in
Figure 7: the maximum deviation ratio curve is in the
case of C./Cy = 2, the smallest deviation ratio curve is in
the case of C,/C,=0.5.

It is indicated in Figure 7 that the deviation ratio
value increased over time. At the end of the test (28
days), it reached the maximum value of 17.11% and
5.59 % in the cases of C./C, = 2 and C./C, = 0.5,
respectively. However, this value increased only
slightly when the vacuum was first released (the state
from 3 days to 5 days).

The variation in the pore pressure value was
similar to the variation in the settlement value and it
can be seen in Figure 6. The variation in pore water
pressure value in the case of constant permeability
coefficient is larger than that in the cases of variable
permeability coefficients, and the smallest variation is
corresponding to the case of C,/Cy =2.

5. CONCLUSION

In this study, three models, one with constant
permeability and the others with the varying
coefficient of permeability corresponding to different
values of C./C;, were used to simulate consolidation
behaviour of soft clay in the large-scale
consolidometer under combined vacuum and
surcharge preloading. Comparing those predicted
values together and to the measured values, the
following conclusions can be drawn.

- The settlement value and the decrease in pore
water pressure value given by the model which did
not consider the change of permeability coefficient
were higher than those given by the model which
considered the change of permeability coefficient in
the consolidation process. The bigger the C./C; ratio,
the smaller the settlement. The maximum deviation
ratio curve was in the case of C./C, = 2, the smallest
deviation ratio curve was in the case of C./C, = 0.5.

- The deviation ratio value increased over time. At
the end of the test (28 days), it reached the maximum
value of 17.11% and 5.59% in the cases of C./C, = 2
and C/C, = 0.5, respectively. The position of the
measured data between the curves of the models which
were corresponding to C./C;, = 2 and C./C; = 0.5
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indicate that: in order to increase the accuracy of the
numerical model or minimize the deviation ratio
value, it’s vital to consider the varying coefficient of
horizontal permeability due to the change in void ratio
in the consolidation process.
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GIAI PHAP PANH GIA PO TIN CAY CUA THIET BI INCLINOMETER
TRONG QUAN TRAC CHUYEN DICH NGANG KHI THI CONG HO PAO SAU
RELIABILITY ASSESSMENT SOLUTION OF INCLINOMETER
EQUIPMENT IN THE HORIZONTAL SHIFT TO MONITOR
THE DEEP-HOLE CONSTRUCTION

TS. Dinh Thi L¢ Ha', TS Lé Vin Hung?
" Truong Dai hoc M6 - Pia chdt; Email: dinhleha77humg@gmail.com
* Vién KHCN Xay dung; Email: hungleibst@gmail.com

TOM TAT: Trong qué trinh thi cong hé ddo sau, can phai c6 cac giai phap chong dd va theo doi su chuyen dich cta thanh
hé dao dé dam bao sy an toan cho hé dao noéi riéng va cong trinh ndi chung. O nudc ta, viéc sir dung thiét bi Inclinometer
trong quan tric chuyen dich ngang tudng chin hd dao dé canh bao, phong ngura cac su ¢b cho cong trinh va cac cong trinh
lan can. Tuy nhién, van dé dat ra 13, do tin cdy cua phép do st dung thiét bi Inclinometer dé quan tric chuyén dich ngang
ctia tuong chin duge xac dinh véi do tin cdy nhu thé nao dé dam bao ring viéc phat hién va canh béo chuyén dich ngang
tuong chan 13 cin thiét ma khong bi do nhay “thai qua” cua thiét bi dAn dén nhiing canh bao khéng cén thiét. Bai bao nay
dé xuit phuong thirc danh gia do tin cdy ciia qua trinh do chuyén dich ngang bang thiét bilnclinometer trén mé hinh tir d6
dua ra khuyén nghi va chi dan k¥ thuat vé viéc sir dung thiét bi nay trong quan tric chuyén dich ngang tuong chén khi thi
cong hd dao sau.

TU KHOA: H6 dao,chuyén dich ngang, cam bién, inclinometer, 6ng din hudng. ..

ABSTRAC: During the deep-holeconstruction, wemusthavesolutionforprotect and monitor the movement of pits to keep the
hole and the works safety. In our country, the use of Inclinometerequipment in monitoring the horizontal shifting of pits to
predict, correct and preventincidentsfor new works and nearbyworks has beenattention. Weneedhigh-
reliabilityearlywarning horizontal movementdevices to avoidwrongalarmaffectedbyover-sensitivedevices.
Thisarticleproposes a methodforassessing the reliability of horizontal movementmeasuredbylnclinometerdeviceon the
model then providetechnicalrecommendations and guidance to use thisdevice.

KEYWORDS: deep-hole, horizontal shift, sensor, inclinometer, casing pipe direction...

1. PAT VAN PE Yéu ciu chung cta tudng chin 1a phai dam bao vé
cuong do ciing nhu d6 6n dinh dudi tac dung cua ap
luc dat va cac loai tai trong. Cau hoéi dugc dat ra va
can phai tra 101 chinh xéc 1a: tudng chin va cac 16p dit
da xung quanh tuong chin ciing nhu cac cong trinh
lan can c6 bi dich chuyén ‘ngang hay khong trong qua
trinh thi cong hd dao? Néu co thi do chuyen dich 1a
bao nhiéu, c6 dam bao an toan hay khong? Dé tra 1o
ciu hoi nay, nhét thiét phai tién hanh quan tric. Pong
thoi, dé dam bao su an toan cho hd dao noi riéng va
cong trinh noi chung thi viéc theo ddi chuyén dich
ngang tuong chin theo chiéu sau 1a rit can thiét va
quan trong trong viéc 1ap ké hoach, phdi hop, diéu
chinh cong tic dao ddp ngoai hién trudong, du bao
chuyén dich, bién dang cong trinh cling nhu 1am co s6
dé giai quyét cac tranh chap phap 1y khi co su b cong
trinh xay ra. Pé quan tric chuyen dich ngang tuong
chén, co thé sir dung cac thiét bi tric dia hodc thiét bi
cam bién. O nudc ngoai, tmg dung thiét bi cam bién
dé quan tric chuyén dich bién dang cong trinh da tro
nén phd bién trong miy chyc nim trd lai day. O nuéce
ta, viéc s dung cong ngh¢ nay khi quan trac chuyen
Hinh 1. H6 dao bi bién dang dich ngang theo chiéu sdu cua tudng chin va nén dat

Qué trinh thi cong cac hd dao sau cho cac cong
trinh nha cao ting, cong trinh him, ngim, cong trinh
dang thap... s& 1am thay ddi trang thai ung suét, lam
thay d6i myc nudc ngam din dénbién dang dit nén
xung quanh khu vuc hd dao. T d6, din dén nén dit,
mong, cac hang muc cong trinh dang thi cong va
nhitng cong trinh 1an can c6 thé bi lan, truot, dich
chuyén... giy hu hong tham chi pha huy cac cong
trinh. Vi vay, cac giai phap chéng d& thanh hé dao
thuong dugc ap dung la: tuong cu thép, tuong cur coc
xi ming - dat, tudng cir barrette...sau day s& goi
chung 13 tuong chén.
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xung quanh d¢ du bao, khac phuc va phong ngura cac
su cO cho cong trinh dang xay va cac cong trinh lan
can cling duoc quan tam.

Tuy nhién, van dé dit ra 13, d6 tin cdy cua phép do
st dung thiét bi Inclinometer dé quan tric chuyén dich
ngang cua tuong chin nhim canh bao sém nguy co
chuyén dich bién dang dugc xac dinh voi do tin cay
nhu thé nao dé dam bao rang viéc phat hién va canh
béo chuyén dich ngang tudng chin 1a can thiét ma
khong bi d6 nhay “thai qua” cta thiét bi dan dén
nhitng canh bao khong can thiét. Bai bao nay dé xuat
phuong thic danh gia d¢ do tin cdy cuia qua trinh do
chuyén dich ngang bang thiét bi Inclinometer trén mo
hinh tir ¢6 dua ra khuyén nghi khi sir dung thiét bi nay
trong quan tric thi cong hd dao sau.

2. PHUONG PHAP LUAN

2.1. Nguyén ly do chuyen dich ngang theo chiéu
sau bang thiét bi cam bién

Do chuyén dich bang Inclinometer 14 do gian tiép
chuyén dich cua ddi tugng cin quan tric théng qua
chuyén dich cua éng dan hudng. Khi do chuyén dich,
dau do chuyén dich ngang c6 banh xe chay theo céac
ranh doc theo 6ng din hudng, bao gdm hai téc ké di
can béng luc, mot téc ké do do nghiéng trong mat
phéng cua cac banh xe déu do chuyén dich ngang, mat
phing nay chua truc A, toc ké kia do do nghiéng trong
mat phang vudng goéc voi mat phiang cua cac banh xe,
mit phang nay chira truc B (hinh 2).

ADt TrucA
-

B180

TrucB

Al80

Hinh 2. Cac huéng quy udc trong quan tric
bang Inclinometer

Phuong phap tinh todn trong viéc quan tric
chuyen dich ngang bang Inclinometer 1a lay day cua
dng do 1am co s¢ dé xac dinh cac chuyen dich tai cac
vi tri do phia trén, do v@y day cua 6ng do phai dam
bao diéu kién khong duoc chuyén dich.

Trén hinh 3, d6 1éch ngang cho tirng vi tri do theo
mot truc dugce xac dinh theo cong thic [4]:

d; = L.sin6; (1)
trong do:

di - d6 1éch ngang gitra hai diém do lién nhau theo
mot truc;

L - khoang cach do giita hai diém lién nhau;

0; - goc nghiéng so voi phuong thang ding & diém
do thir i.

Téng 4o 1éch

P di + s
D¢ 1éch ngang
L. x Sinf

/
I Khoing

g X Sin6
, cachdo !

dz=
ds
da

X Sing,
X Sin0O,

o X Sing,

Ong vich

Hinh 3. So d6 tinh toan trong do chuyén dich ngang
bang Inclinometer

Két qua dugc hién thi trén thiét bi thu tin hiéu va
xudt ra khong phai 1 goc nghiéng hay do 1éch cua dng
dan huéng. Gia tri do dugc phu thudc vao goc
nghiéng cua dng va hing sé quan tric, duoc thé hién
theo cong thirc sau [4]:

A =1C.sinf 2)
trong do:
A - gia tri do tai mdi vi tri (theo truc A);

IC - hing s quan tric cta thiét bi do chuyén
dich ngang.

Trong_ phép do hai truc, két qua co duoc 1a 2 gia
tri trén mdi truc cho mdi vi tri do sau hai 1an do. Pau
do quy u6c hudng “0” cho lan do dau va “180” cho
lan do tht hai. Phép do hai truc nay cho phép loai bo
sai s6 tin hiéu co6 thé xay ra trong qua trinh do. Ngoai
ra phép do ndy con chi ra nhing 101 thong qua gia tri
kiém tra, gia tri kiém tra nay 13 tong dai s6 gia tri do
theo hai phuong “0” va “180” cho mdi tryc. Dé loai
trir sai sO cuia phép do, gia tri do trén mét truc tai mdi
vi tri duoc tinh béng hiéu dai sd gia tri do theo hai
phuong “0” va “180”:

Ag —Ago
2

A= 3)

trong do:
Ay - gia tri do theo phuong “0” cua truc A;
Ag - gia tri do theo phuong “180” cia tryc A.
Do léch ngang ciia dng dan hudng theo mot truc
(truc A) cho tung vi tri do dugc tinh theo cong thirc:
. Ay—A
d. =L.sin®, = LA _p R0 Mg 4)
IC 21C
Sy thay d6i do léch ngang,tai,m(:)i khoang cach do
¢ cac chu ky quan trac cho thdy ong dan hudéng co su
chuyén dich. Chuyén dich nay dugc tinh bang cach lay
do léch ngang hién tai tru di @0 1éch ngang ban dﬁlu. o
thi cta tong cac chuyén dich cho thay sy chuyén dich
cua ong dan hudng, day cling la su chuyén dich cua doi
tugng dugc quan trac. Gia tri d§ 1éch ngang ciia mot
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di’érn bfit ky theo mét tryc la tong gia tri do tir day dng
den diém ay (hinh 2), né dugc goi la gia tri tich liy (d)
va duogc tinh theo cong thirc sau:

d:d1+d2+d3+...+dn (5)
trong do:

d - d6 1éch ngang cua diém n ké tir day 6ng (theo
1 truc);

di - d6 léch ngang cua ting diém theo 1 truc
(i=1=+n).

Téng cac do léch ngang dugce goi la tong do léch
ctia 6ng dan hudng, dd thi cua tong do léch cho thay
do nghiéng cua 6ng dan huéng so véi phuong thang
dung. Phan mém chuyén dung dua trén cdc so ligu da
duogc xir Iy dé xay dung biéu dd chuyén dich cua ong
dan hudng (mdc). Mdi vi tri quan trac dugc thé hién
bang 2 biéu d (hinh 3).
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Hinh 4. D6 thi chuyén dich cia diém quan tric
bang Inclinometer

Trén hinh 4:

- Biéu d bén trai thé hién chuyén dich theo hudng
Ao - Ajgo;

- Biéu d6 bén phai thé hién chuyén dich theo
hlIé’l’lg Bo - B]go.

Madi biéu d6 dugc quy dinh théng nhét nhu sau:
- Truc tung: P9 sau (m);
- Truc hoanh: Chuyén dich liy tich tinh tir ddy (mm);

- Duong thang kéo dai bat dau tir toa do (0.0) lén
dugee goi 1a duong biéu dién 1an do gbc (sb lidu 0)
S0, day la lan do dau tién, nén duoc coi 1a chua co
chuyén dich.

2.2. Sai s6 do quan tric chuyén dich ngang theo
chiéu siu bang thiét bi cam bién

Tt nguyén ly do chuyen dich ngang theo chiéu
sau bang thlet bi cam bién inclinometer da néu ¢ trén,
ta thdy day ong din hudng duoc coi 1a diém 6n dinh,
phwong cua duong day doi di qua diém day 6ng duoc
coi 1a truc tham chiéu. Tic 1a coi chuyén dich ngang
theo chiéu sau cua ong din hudng s& quay quanh truc
tham chiéu d6. Theo [1] thi pham vi dao dong cua

ong dan huong 1a +/-7.8mm quanh truc tham chiéu
nay (bao gom ca sai s0 ngau nhién va sai s6 hé théng
cua thiét bi, di voi mot ong dan hudéng dai 30m). Sai
sd ngdu nhién cua thiét bi (sau khi gia dinh da loai bo
toan bo sai s6 hé théng) khoang +/-1,24mm trén 30m
chiéu sau cia 6ng din hudng. Mit khac, d6 chinh xéac
do d6 nghiéng cua diu do co thé dat +/-0,1 mm trén
khoang L (khoang cach do giita hai diém lién nhau,
thuong 14 0,5m). Theo cac nha san xuét thiét bi
inclinometer thi hién nay, cac dau do cho phép doc sO
trong pham vi éng dan hudng bi ‘nghiéng +/- 30°. O
Vi€t Nam hién nay, viéc do chuyén dich ngang theo
chiéu sdu cua cac d6i twong, cong trinh trong long dat
bang thiét bi cam bién duogc quan tAm trong nhidu nim
trg lai ¢y nhung cling chua c6 tai lidu, tiéu chuan nao
xac dinh gidi han chuyen dich ngang theo chiéu siu.
Tuy nhién, trong thuc tidn quan tric, c6 thé tham khao
gii han 1a H/200 (0,5%H) véi H 1a chiéu sau hd dao.
O Han Quéc thi tiéu chuin nay 1a H/ 150 voi khu vue
d6 thi va H/300 v6i khu xa dan cu.O My thi tiéu
chuin nay 1a 1/200H-1/500H.

Theo Mikkelsen, sai s do quan tric chuyen dich
ngang bang thiét bi cam blen gdm c6 hai nguon sai s6
1a sai s6 ngau nhién va sai s6 hé thong Trong do, anh
hudng cua sai s6 ngau nhién dén két qua do nho hon
nhidu so véi sai s hé théng. Van d& dat ra theo
Mikkelsen 13, cac sai s6 co thé duogc nhan dang va hiéu
chinh hay khong? Nhu ta da blet do chinh xac cua mot
phép do phy thudc vao mét s6 yeu t6 ‘mang tinh h¢
thong cua phép do, trong do, dang ké nhat chinh 1a quy
trinh do ctia thiét bi, tinh cht cta thiét bi, trinh do va
kinh nghiém cua nguoi thuc hién cac phép do, cach
thirc xtr 1y va dién giai cac két qua do. Trong dé, viéc
phan tich két qua do lai rat quan trong, phu thudc kinh
nghiém va trinh d6 cua ngudi xir 1y s6 licu.

Ngoai ra, can x4c dinh muc dich do luong, cac
thong s, thiét bi do luong va két qua do luong dé Iya
chon thiét bi do phu hop véi muc dich do luong,
thong s6 do luong va du kién cac két qua. Kinh
nghiém va kién thire vé phan tich két qua 1a rit quan
trong trong qua trinh xtr ly s6 liu, boi vi can phai xac
dinh va hi€u chinh cac 16i da xay ra trong qua trinh
quan tric. Nhu vay, c6 cac nguon sai sO nhu sau anh
hudng dén két qua do: sai s6 do may moc, thiét bi, sai
s0 do con nguoi va sai s6 do anh huong cua diéu kién
ngoai canh. Ba ngudn sai s6 nay s& tao nén cac loai sai
sO cac nhau, nhung theo [1] thi c6 bdn loai sai sé anh
huong 16n nhat dén két qua do, d6 1a: sai sé do day
dng dan huéng bi dich chuyén, sai sé ngiu nhién cua
thiét bi, sai s6 hé théng cua ca qua trinh do, sai sb6 do
truc cua 6ng dan hudng bi 1€ch so voi truc tham chiéu.
Xuét phét tir nhitng 1y luan néu trén, nhom tac gia da
tién hanh thuc nghiém do quan tric chuyén dich
ngang bang thiét bi inclinometer khi cho ong din
huéng bi 1éch khoi truc tham chiéu di 5° dé kiém tra
do léch cua 6ng dan hudng so vai do léch thuc trong
gidi han nhu thé nao?
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3. THU'C NGHIEM

Trén co sd phan tich nguyén 1y do va cac nguon
sai s0 chu yéu nhu da néu ¢ trén. Nhom tac gia da tién
hanh thyc nghiém nhu sau:

Chiéu siu (m) |Géc nghiéng cia bng|

)0 —if dén huéng
Y
'1_01'37‘2 ' ‘
5TI308
bl 744
25| 1 2180
i i ;)
N W

591 2616

Pj léch thye (mm) |

Hinh 5a

Hinh 5b
Hinh 5a. Kiém tra do théng dtmg cua éng dan huong
bang may toan dac dién ti
Hinh 5b. Tinh gi tri chuyén dich thyc ciia dng dan
hudng khi day ong bi dich chuyén 5°

- Chon mot doan dng dan hudéng dai 3m, dit 6ng
dan hudng ¢ vi tri thing dung (0°), dung may toan dac
dién tir dé kiém tra do thing dung cta 6ng dan hudng
(ap dung phuong phap A3 trong TCVN 9400:2012);

- Ct mdi 0,5m chiéu dai 6ng dan huéng & vi tri
thing dung (0°)doc s6 mot 1an bang dau do cam bién
trong 3 1an;

- Str dung may toan dac dién tur va thudc co6 vach
chia milimet dé diéu chinh cho day 6ng din hudng
1éch so véi truc tham chiéu mot goc e 1a 5°. Dung may
toan dac dién tir, v6i ché d6 do goc thién dinh dé kiém
tra lai goc o. Tai cc vi tri chiéu dai twong tmg cua
ong dan huéng 1a 3.0m, 2.5m, 2.0m, 1.5m, 1.0m,
0.5m tinh duoc dd 1éch thuc cua éng dan huong la
261.6mm; 218.0mm; 174.4mm; 130.8mm; 87.2mm;
43.6mm. Cac gia tri nay dugc coi la chuyén dich thuc
cua 6ng (hinh 5b);

- Khi cho day éng dich chuyén 5°, cr mdi 0,5m
chiéu daitién hanh doc so trong 3 lan;

- So sanh voi cac tri do chuyén dich ngang noi
trén voi do 1éch thyc cua 6ng dan hudng.

Két qua do va tinh toan thuc nghiém duogc trinh bay trong cac bang sau:

Bang 1: S6 liéu do va tinh toan thwe nghiém 1an doc s thir 1 va thir 2

tai vi tri thing diéng ciia 6ng din huéng

bo S liéu do Chuyén dich ngang | Current | Current
sau . . \ ) Incr. Incr. Igcr. Cl.lm'
(m) Lan 1 Lan 2 Lan 1 Lan 2 Dev. Dev. Disp. Disp.

BO B180 BO B180 (mm) (mm) (mm) (mm) (mm) (mm)
3.0 -160 343 -163 340 0 0.06 -5.03 -5.03 0.00 0.06
2.5 -182 368 -181 369 0 0.06 -5.50 -5.50 0.00 0.06
2.0 -159 321 -160 320 0 0.06 -4.80 -4.80 0.00 0.06
1.5 -89 275 -93 274 0 0.06 -3.64 -3.67 -0.03 0.06
1.0 4 179 9 177 0 0.09 -1.75 -1.68 0.07 0.09
0.5 19 136 21 136 0 0.02 -1.17 -1.15 0.02 0.02

Bang 2: S6 liéu do va tinh todn thye ngh’iém l?n doc s6 thir 1 va thir 3
tai vi tri thang ding ctiia ong dan hwéong

52?1 : Sé liéu do ‘ Chflyén dich n‘gang C;l;:nt Cﬁir:fnt Iner. Cum.
(m) Lan 1 Lan 3 Lan 1 Lan 3 DeV: Dev: Disp. Disp.

BO B180 BO B180 (mm) (mm) (mm) (mm) (mm) (mm)
3.0 -160 343 -168 336 0 -0.02 -5.03 -5.04 -0.01 -0.02
2.5 -182 368 -189 363 0 -0.01 -5.50 -5.52 -0.02 -0.01
2.0 -159 321 -169 317 0 0.01 -4.80 -4.86 -0.06 0.01
1.5 -89 275 -99 266 0 0.07 -3.64 -3.65 -0.01 0.07
1.0 4 179 1 169 0 0.08 -1.75 -1.68 0.07 0.08
0.5 19 136 11 127 0 0.01 -1.17 -1.16 0.01 0.01
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O vi tri day dng dan hudng dugc xé dich di mot goc 5° twong tng voi chidu dai dich chuyén 1a 261.6mm, sb
liéu do va tinh toan thyc nghiém trong 3 chu ky thé hién trong cac bang sau:

Bang 3: So li¢u do va tinh toan thye nghi¢m lin doc s6 thir 1 va thir 2

tai vi tri day 6ng din hwéng dich chuyén 5°

]?@ Sé lidu do Chuyén dich ngang | Current | Current Iner. Cum.
sau ) ) 3 5 Incr. Incr. . .
(m) Lan 1 Lan 2 Lan1 | Lan2 | po Dev. Disp. | Disp.

BO B180 BO B180 (mm) (mm) (mm) (mm) (mm) (mm)
3.0 1661 -1488 1664 -1485 0 -0.30 31.49 31.49 0.00 -0.30
2.5 1654 -1479 1647 -1490 0 -0.30 31.33 31.37 0.04 -0.30
2.0 1676 -1509 1667 -1522 0 -0.34 31.85 31.89 0.04 -0.34
1.5 1750 -1597 1759 -1570 0 -0.38 33.47 33.29 -0.18 -0.38
1.0 1905 -1742 1906 -1734 0 -0.20 36.47 36.40 -0.07 -0.20
0.5 1983 -1830 1986 -1814 0 -0.13 38.13 38.00 -0.13 -0.13

Bang 4: So li¢u do va tinh ,toén Ehgrc nghiém lin d(_)cosé thr 1 va tha 3
tai vi tri day ong dan huéng dich chuyén 5°

bo S6 liéu do Chuyén dich ngang | Current | Current Incr. Cum.
sdu ) ' 3 3 (mm) ; Incr. Iner. Disp. Disp.
(m) Lan 1 Lin 3 Lanl | Lan3 | Dev. | Dev.

BO B180 BO B180 (mm) (mm) (mm) (mm)
3.0 1661 -1488 1653 -1478 0 0.45 31.49 31.31 -0.18 0.45
2.5 1654 -1479 1655 -1483 0 0.63 31.33 31.38 0.05 0.63
2.0 1676 -1509 1677 -1516 0 0.58 31.85 31.93 0.08 0.58
1.5 1750 -1597 1769 -1608 0 0.50 33.47 33.77 0.30 0.50
1.0 1905 -1742 1910 -1749 0 0.20 36.47 36.59 0.12 0.20
0.5 1983 -1830 | 1994 -1827 0 0.08 38.13 38.21 0.08 0.08

So sanh két qua dich chuyén gitra 3 1an doc s6 khi 6ng dan hudng & vi tri thang dung so vdi vi tri bi dich
chuyeén 5° ta c6 cac bang sau:

Bing 5: Két qua dich chuyén ciia 6ng din huéng ¢ lin doc s6 thir 1

Po S6 liéu do Chuyén dich ngang Current | Current | Cum.
(Sig Lan 1 (0°) Lin 1 (5°) 13‘2 16(;’}1 13? 1eSCh gfi: gfi: Disp. | Disp.

BO B180 BO B180 (mm) (mm) (mm) (mm) (mm) (mm)
3.0 | -160 | 343 | 1661 | -1488 0 224.63 -5.03 | 31.49 | 36.52 | 224.63
25 | -182 | 368 | 1654 | -1479 0 188.11 -5.50 | 31.33 | 36.83 | 188.11
20 | -159 | 321 | 1676 | -1509 0 151.28 480 | 31.85 | 36.65 | 151.28
1.5 | -89 275 | 1750 | -1597 0 114.63 3.64 | 3347 | 37.11 | 114.63
1.0 4 179 | 1905 | -1742 0 77.52 2175 | 3647 | 3822 | 77.52
0.5 19 136 | 1983 | -1830 0 39.30 -1.17 | 38.13 | 3930 | 39.30
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Biang 6: Két qua dich chuyén ciia 6ng din huéng ¢ 1an doc s6 thi 2

}?@ S lidu do CAhuAyén dich n{garjg Current | Current Iner. Cumm.
() | Lin2(0) Lin 2 (5°) f())f;’ le;h f())f,’ 165Ch per. | Pt | pisp. | Disp.
BO B180 BO B180 (mm) (mm) (mm) (mm) (mm) (mm)
3.0 | -163 340 1664 | -1485 0 224.27 -5.03 31.49 36.52 | 224.27
2.5 | -181 369 1647 | -1490 0 187.75 -5.50 31.37 36.87 | 187.75
20 | -160 320 1667 | -1522 0 150.88 -4.80 31.89 36.69 | 150.88
1.5 -93 274 1759 | -1570 0 114.19 -3.67 33.29 36.96 | 114.19
1.0 9 177 1906 | -1734 0 77.23 -1.68 36.40 38.08 77.23
0.5 21 136 1986 | -1814 0 39.15 -1.15 38.00 39.15 39.15
Bang 7: Két qua dich chuyén ciia 6ng din hwéng & 1an doc so6 thir 3
1?(3 S6 ligu do CAhuAyén dich nigaljg Current | Current Incr. Cum.
() | Lin3() Ln 3 (5°) %f;’ leOCh ]?)S k’SCh per. | It | Disp. | Disp.
BO B180 BO B180 (mm) (mm) (mm) (mm) (mm) (mm)
3.0 | -168 336 1653 | -1478 0 225.10 -5.04 31.31 36.35 | 225.10
2.5 | -189 363 1655 | -1483 0 188.75 -5.52 31.38 36.90 | 188.75
20 | -169 317 1677 | -1516 0 151.85 -4.86 31.93 36.79 | 151.85
1.5 -99 266 1769 | -1608 0 115.06 -3.65 33.77 3742 | 115.06
1.0 1 169 1910 | -1749 0 77.64 -1.68 36.59 38.27 77.64
0.5 11 127 1994 | -1827 0 39.37 -1.16 38.21 39.37 39.37

So sanh gia tri chuyén dich trong 3 1an doc s6 bang thiét bi inclinometer v&i gia tri chuyén dich thyuc ctia éng
dan hudng ta c6 bang sau:

Bang 8: Gia tri chuyén dich trong 3 1an doc s6 bing thiét bj inclinometer véi gia tri chuyén dich thye

Do sau Lan 1 Lan2 Lan3 | Léch thyuc R .

(m) (mm) (mm) (mm) (mm) [Léch thyc — 1&ch incl.| (mm) Trung binh
@) @) (©) “ ®) G-I IH-C) | 15— mm)

3.0 224.63 | 224.27 225.1 261.6 37.0 37.3 36.5 36.9

2.5 188.11 187.75 188.8 218.0 29.9 30.3 29.3 29.8

2.0 151.28 | 150.88 151.9 174.4 23.1 23.5 22.6 23.1

1.5 114.63 114.19 115.1 130.8 16.2 16.6 15.7 16.2

1.0 77.52 77.23 77.64 87.2 9.7 10.0 9.6 9.7

0.5 39.3 39.15 39.37 43.6 43 4.5 4.2 43

4. KET LUAN chuyén dich ngang 16n nhét 1a 0.63mm & vi tri do sau

Dua vao két qua xtr ly so liéu c6 the rat ra dugce
mot so két luan sau:

- Khi 6ng dan huéng & vi tri thing dimg, doc sb

bang dau do thiét bi inclinometer cho gia tri chuyén
dich ngang 16n nhét 12 0.09mm & vi tri do sau 1.0m
trong 1an doc sb thir 1 (bang 1, 2 cot thir 2 tir phai
sang). Khi cho day éng din huéng 1éch 5° so véi vi tri
thiang dung, doc s bang dau do inclinometer cho gia tri

2.5m (bang 3, 4 c6t thr 2 tir phai sang).

- So sanh két qua dich chuyén giita 3 1an doc sb
khi 6ng dan hudng & vi tri thang dimg so véi vi tri bi
dich chuyén 5°, két qua dau do phat hién duogc gia tri
chuyén dich 16n nhat 1a 225.10mm trong lan doc sb
tha 3 & vi tri ddy 6ng din hudng. Trong khi gid tri
chuyén dich thyc cia day 6ng dan hudng 1a 261.6mm
(26.16cm) (bang 7);
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- Luong chuyén dich ngang trung binh trong 3 lan
doc sb béng thiét bi inclinometer 1a 224.7mm, trong
khi gid tri chuyén dich thuc 1la 261.6mm. Do léch
trung binh do bing inclinometer so v&i chuyén dich
thuc ciia 6ng dan huéng trong 3 1an doc sb 12 36.9mm
(3.69cm) 6 vi tri ddy dng g v6i mic do sau 3.0m.

Han sai cho phép trong do chuyén dich ngang theo
chiéu sau hién nay quy dinh tam thoi 1a H/200, véi
H=3m, khi d6 han sai cho phép la 1.5cm. Trong khi
d6 léch trung binh trong 3 lan doc s6 do bang
inclinometer so voi gia tri chuyén dich thuc la
3.69cm. Nhu vay, trong diéu kién duoc coi 13 1y tudng
khi dat éng dan huéng & trén mit dat, hoan toan
khong bi chén sau trong long dat, gan nhu khong chiu
anh huong cua bat ky luc tac dong nao thi dau do cam
bién inclinometer chi phat hién duoc sy chuyén dich
ngang 1a 22.47cm so véi chuyén dich thyc té la
26.16cm, léch 3.69cm so voi han sai cho phép la
1.5cm. Nhu vay, lugng chénh 1¢éch nay can phai duge
hiéu chinh vao sé doc cua dau do trong quan tric
chuyén dich ngang bang thiét bi cam bién.

- Qua két qua tinh toan va phan tich s6 liéu do thuc
nghiém, nhom tac gia dua ra mot s6 kién nghi sau:

+ Can tién hanh thém céc thuc nghiém voi chiéu
dai dng dan hudng khac nhau, img véi nhiéu mirc do
sdu khac nhau trong cac didu kién nhiét do, ap suat
khéac nhau dé kiém ching do tin cay cua dau do doc sb
béng thiét bi cam bién inclinometer dé xac dinh luong
hiéu chinh vao két qua do;

+ Can tién hanh v&i nhiéu 14n doc s hon nita dé
kiém nghiém do tin cy cua dau do doc sb;

+ Cén tién hanh do chuyén dich ngang bang thiét
bi cam bién véi diéu kién cho dinh, day cua éng dan
hudng dich chuyén trong cac khoang tir 10° dén 30°
dé kiém chimg d6 tin cdy cua dau do doc sd.

+ Tir cac két qua thuc nghiém, tién hanh tinh toan
va dua ra nhitng khuyén cdo dé tinh lwong hiéu chinh
cho dau do doc sb theo cac mirc do sdu khéac nhau,
ung véi cac diéu kién nhiét do, ap suét khéac nhau.

+ Trong cac nghién ctru tiép theo, can dua ra bién
phap hiéu chinh lugng chénh 1éch cua dau do doc 5O
khi day ong bi dich chuyén vao két qua xu ly sO lidu
quan tric chuyén dich ngang theo chiéu sau bang thiét
bi inclinometer.
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GIAI PHAP KIEM TRA PQ THANG PUNG CONG TRINH
TRONG THI CONG NHA SIEU CAO TANG
SOLUTION FOR TESTING OF WORK VERTICAL DIRECTION
OF SUPER HIGH - RISE BUILDING CONSTRUCTION

Diém Céng Trang', Nguyén Quang Thing’
"Vién Khoa hoc cong nghé xay dung, Email: trangdc.ibst@gmail.com
’Truong Dai hoc M6 - Pia chat, Email: mdathang@gmail.com

TOM TAT: Pam bao do thang dung cong trinh 1a mdt trong nhimg nhiém vy quan trong nhit ctia cong tac tric dia trong
xdy dung nha cao tang va siu cao tang. Trong bao céo da d& xuét giai phap thiét 1ap so do do va quy trinh do dac kiém tra
d6 thang dimg nha siéu cao tang trong qué trinh thi cong. Bao céo ciing dé cap mot s6 van dé quan trong can quan tdm
trong cong tac xir 1y s6 lidu, nghién ciru lya chon giai phéap tinh toan hop 1y t6 hop dit liéu do dac nhim kiém tra va dam
bao d¢ thang ding cong trinh nha siéu cao tang. Tinh ding dén ciia cac giai phap xu 1y dit liéu nay duge minh chimg bing
Kkét qua tinh toan xur ly s6 lidu do dac ung dung cong nghé dinh vi v€ tinh (GNSS) va mdy toan dac dién tir thé hé moi dé
kiém tra do thing ding mot cong trinh nha cao tang trong thyc té & Viét Nam.

TU KHOA: D thing ding, cong nghé GNSS, may toan dac dién tir, giai phap xir Iy s6 lidu.

ABSTRACT: That ensuring straightness of works is one of the most important tasks of surveying in construction of high -
rise buildings and super high - rise buildings. The report includes proposal on solutions for the establishment of
measurement diagrams and procedures for testing vertical direction of super high - rise buildings in the construction
process. The report also mentioned some important issues that need attention in the data processing, research and
selection of reasonable solutions in combining measurement data to test and ensure the straightness of super high - rise
buildings. The correctness of these data processing solutions is evidenced by the results of data processing by applying the
Global Navigation Satellite System (GNSS) and new generation electronic total station to test the vertical direction of a
super high - rise building actually in Viet Nam.

KEY WORD: vertical direction, Global Navigation Satellite System (GNSS), electronic total station, solution of data

processing.

1. GIOI THIEU

Viéc xay dyng nha si€u cao tang dang dan tro
thanh phd bién & nudc ta. Trong thi cong nha siéu cao
tang, cong tac tric dia & cac tang dugc lap lai nhiéu
lan voi yéu cau d6 chinh xdc cao. Tri s sai 1¢ch theo
chiéu thiang dung cta két cau anh huong tryuc tiép toi
kha nang chiu lyc cia cong trinh, cho nén céng tac do
dac xac dinh va dam bao do thang ding cua cong trinh
trong sudt qua trinh thi cong 14 hét strc quan trong.

Hién nay ddi v6i nha siéu cao tang, dé chuyén truc
cong trinh 1én cac san xay dung c6 thé st dung cac
phuong phap khac nhau. Trén thé gi6i, sir dung cong
nghé GPS dé xac dinh d6 thang dimg cia cong trinh
d3 dugc diang ky bang sang ché tai My [1]. Cong nghé
GPS ciing duoc sir dung dé chuyén toa do 1én cong
trinh va kiém tra do thang dung tai toa nha cao nhat
thé gi6i - Thap Burj Dubai tai Tiéu vuong quéc A Rap
[2, 3]. Viéc st dung cong nghé GNSS dé kiém tra do
thang dung nha siéu cao ting bang phuong phap quan
tric lién tuc duoc giéi thiéu trong tai liéu [4]. O
Viét Nam, d6 chinh xac cua viéc do GPS khi xac dinh
toa do trén cong trinh da dugc ching minh qua nhiéu

nghién clru cua tac gia [5, 6...]. Cong ngh¢ GPS da
dugc sir dung dé kiém tra két qua chuyen truc tai mot
s6 cong trinh nha cao ting tiéu biéu ¢ Viét Nam nhu
toa nha Keangnam va tda nha Lotte Hanoi Tower tai
Ha No6i [7].

O nuéc ta hién nay thuong st dung phuong phap
chiéu dimg quang hoc dé chuyén truc .cong trinh 1én cac
san xdy dung. Ddi voi nha siéu cao tang, can thyc hién
céch chiéu phan doan (m01 phan doan khoang 10 tang).
Céac khao sat cho thiy sai s6 chiéu diém bang may
chiéu dung quang hoc 1én cac san thi cong s¢ tang dan
theo chiéu cao chleu Do vdy dé nang cao do chinh
Xac chuyen truc, can chinh xac hoa ludi truc d3 duoc
chiéu 1én mit san dau tién cua mdi phéan doan, lam co
so cho viée chiéu tiép theo. Cong tac nay nén thuc
hién bang cach két hop cong nghé GNSS va may toan
dac dién tir (TPDT) dd chinh xac cao [8].

Noi dung bao cao dé cap dén mot sé van dé can
luu y khi chinh x4c hoéa ludi truc trén mat san déu tién
ciia mdi phan doan bang cong nghé GNSS két hop
TDDT. Hé toa d6 phu hop nhat trong trudng hop nay
1a hé toa do¢ dia di¢n, véi truc Oz trung voi phap tuyén
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cua ellipsoid quy chiéu di qua diém gdc [9]. Khi d6 do
léch day doi s& anh huong dén két qua chuyén truc 1én
cao va can duoc hiéu chinh. Anh huong do do khong
song song cua cac duong day doi dén khoang cach
chiéu ting 1én theo chiéu cao mit chiéu va ciing can
dugc hiéu chinh vao ket qua do chidu dai. D6 léch
glua gbéc do trén san tang va goc tuong Ung chiéu
xudng mit bang méng ciing can duoc xem xét higu
chinh trude khi binh sai. Khi xtr Iy lu6i két hop GNSS
- mat dat, can quan tam lya chon thuét toan binh sai,
sao cho co duoc giai phap tinh toan hop 1y nhét.

2. THIET LAP SO PO VA QUY TRINH PO PAC
KIEM TRA PQ THANG DPUNG NHA SIEU CAO
TANG TRONG GIAI POAN THI CONG

Dé kiém tra do thing dimg nha siéu cao tang, can
lap cac diém khong ché bén ngoai cong trinh va do
ndi cac diém nay véi ludi khdng ché co s¢ trén mat
bing mong bang cong nghé GNSS. O diy cin xéc
dinh s& diém hop 1y dat bén ngoai cong trinh. Thong
thuong chi can mot diém khéng ché bén ngoai 1a da
¢ thé do ndi va chuyén toa d0 cho cac diém co so.
Tuy nhién dé kiém tra va danh gia dugc do on dinh
ciia mdc thi s6 lwong diém hop 1y nén chon 1a ba
diém. Mat khac, khi do dac dé chinh xac hoa luéi truc
trén san tang dau tién ctia mdi phan doan, chung ta chi
st dung cac phép do theo chu ky chur khong phai cac
phép do lién tuc trong sudt qué trinh thi céng. Do vay
chi phi cho viéc do dac voi ba diém khdng ché bén
ngoai cong trinh so vai truong hop do voi mot diém
tang 1én khong nhiéu.

V6i nhitng phan tich néu trén, so do hop 1y ung
dung ludi GNSS - mat d4t dé chinh xac hoa ludi truc
& dau mdi phan doan chiéu trong thi c6ng nha siéu cao
tang da dugc thiét 1ap va bicu dién trén hinh 1. Trén
hinh nay cac diém I, II, III, IV 1a diém khong ché co
sO trén mat bang moéng; A, B, C 1a ba diém khéng ché
bén ngoai cong trinh (dlem khong ché GNSS), duoc
nbi véi cac diém khong ché trén mat bing méng bang
tri do GGNS tuong ddi.

AB

RNN
- 3¢

AC

Hinh 1. Hé théng luéi khéng ché GNSS - mat dat
trong thi cong nha si€u cao tang

Trong lan do dau tién, sau khi lap xong ludi khéng
ché co so trén mit bang mong (tir giac trac dia I-II- 1I-
V), dat may thu GNSS tai tit ca cac diém ludi tién
hanh do theo phuong phap do tinh; dung may TbDT
do cac goc va canh cua ludi t gidc (tri do mat dét).
Sau d6 binh sai luéi GNSS - mat dat dé xac dinh

toa do cac diém trén mit bang gbc. Trong cac lan do
tiép theo dé chinh x4c héa ludi truc, sau khi chiéu cac
diém 1, 11, IIL, IV 1én san dau tién cta moi phan doan
bing may chiéu dung, dat may GNSS tai A, B, C va
cac diém chiéu tién hanh do twong ty nhu ¢ lan do
dau, d@)ng thoi do goc va canh ludi tir giac tric dia tao
béi cac diém chiéu bang may TPDT. Két qua do duoc
xtr Iy bang thuat toan binh sai luéi GNSS - mat dét, tir
d6 xéac dinh duoc toa dd cac diém chiéu trén san tﬁng
dau tién ciia mdi phan doan. Do 1éch toa do cac diém
chiéu nay va toa do twong ung cia chung trén mit
bang mong thé hién d¢ chinh xac chuyén truc cong
trinh 1én cao, cho phép kiém tra do thing dimg cua
cdng trinh trong qua trinh thi cong.

3. GIAI PHAP XU LY SO LIEU PO KIEM TRA
PQ THANG PUNG NHA SIEU CAO TANG

3.1. Céac so6 hiéu chinh khi xir 1y lwéi GNSS -
mit dat trong chuyén truc cong trinh lén cac san
xay dung

3.1.1. 86 higu chinh vao cdc tri do lwdi truc trén san
ting (lwéi mdt dit) bang mdy TDDT

a) 86 hiéu chinh vio chiéu dai do trong hedi mdt dat

Trude khi binh sai, cac tri do ludi mat dit duoc
chiéu v& mit phing toa do xOy theo phép chiéu
truc giao.

Nhu d3 biét, duong day doi c6 phuong vudng goc
v6i thay chuan (mit cong), cac dudng day doi khong
song song v6i nhau do déu hudéng vé tam Trai dat.
Khoang cach glua hai diém trén mat bang mong va
gilra hai diém chiéu tuong Ung trén mat san tang s€
chénh nhau mét lwong 1a AS, (mm). Khi chidu cao
chiéu ting 1én, do chénh khoang cach nay ciing ting
theo. S6 hiéu chinh khoang cach do do khéng song
song cua cac duong day doi de chuyén chiéu dai do
trén cac san ting vé mit bang gdc duoc tinh theo cong
thirc [8]:

o (1)

AS, =—=28
R

trong d6: S - khoang cach giita cac diém dang xét;
AH=H, - Hﬁ’ véi Hy, 1a d0 cao mat san xay dung, Hy la
d6 cao mat bang mong; R, =R, + Hy, v61 Ry 1a ban kinh
trung binh cua Ellipsoid (thuong lay Rg = 6371 km).

b) 86 hiéu chinh vao goc do trong hedi mat dat

Trong ludi tir giac tric dia trén san tang & dau mdi
phan doan chiéu, tién hanh do cac goc ngang bang may
TPDT. Cac diém ciia tir gidc tric dia ndm trén mot mit
thily chudn, do d6 d6 cao ciia chung bang nhau. Cac goc
do duoc chiéu xudng mat phing dia dién xOy di qua
diém gdc trén mat bang mong theo phép chiéu truc giao.
Do vy sb hiéu chinh dé chuyén cac goc do trén san thi
cong vé mit phang dia dién xOy bang 0, tirc 13 gia tri
cac goc giit nguyén sau phép chiéu.
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3.1.2. 86 higu chinh vao toa d¢ do anh hwéng ciia dj
léch day doi

Trong thi cong nha siéu cao tang, khi sir dung ludi
GNSS - mat dat dé chinh xé4c hoa ludi truc & dau mdi
doan chiéu nén st dung hé toa do dia dién quy udc cod
diém goc tring v6i mot diém khong ché co so (chang
han diém I - hinh 1), truc Oz trung voi phap tuyén cua
ellipsoid quy chiéu, cac truc Ox, Oy song song voi
truc twong tng ctia cong trinh. Khi d6 mat phing dia
dién s& nghiéng voi mat thiy chudn di qua cac diém
khéng ché co so trén midt bing mong mot goc bang
gia tri do 1éch day doi (hinh 2).

Trén hinh 2, diém I va IV nam trén cic dudng
day doi di qua I va IV trén mit bang méng; I, IV 1a
hinh chiéu cia I va IV xubng mat phéng dia dién
theo phuong vubng goc voi mat phang dia dién
(phuong phap tuyén véi ellipsoid quy chleu) gbéc v
thé hién do léch day doi; doan thang I'- 114 anh
huong ctua d6 1éch day doi dén vi tri diém chiéu. Trén
pham vi nho ciia cong trinh nha siéu cao ting, ¢ thé
coi vector anh hudng cua do 1&€ch day doi tai cac diém
L IL 111, IV ld nhw nhau ca vé do I6m va huong.

duong day | ) Phap tuyén
doi

AH

| v Mét thy chuén

i Mt phéng dia dién
vV

Hinh 2. Anh hudng ciia d6 1éch day doi dén két qua
chuyén tryc 1én san xay duyng

Chénh 1éch khoang cach gitta duong day doi va
phép tuyén véi ellipsoid & nhiing san tang c6 chiéu
cao khac nhau dugc tinh theo cong thuc:

AS, =Y AH
P
S hiéu chinh toa do do anh hudng ctia do léch
day doi theo phwong kinh tuyén va phuong vudng goc
trong mit phing thiang dung thir nhét duoc tinh theo
cong thirc:

)

s =

)

AH  AS, =T AH
P p

trong d6 &, n - gia tri do léch day doi thanh phan theo
hai huéng trén.

Dé xac dinh d6 1éch day doi, trong _pham vi nho
clia cong trinh xay dyung nha siéu cao ting c6 thé sur
dung céc tri do thuy chuin hinh hoc va tri do GNSS
twong d6i do chinh xac cao, v6i thudt toan va quy
trinh néu trong [10].

3.2. Giai phap xir ly 50 liéu do lwéi GNSS - mat dat
trong kiém tra va dam bio do thang dirng nha siéu
cao tang

3.2.1. Lwa chon phwong phdp binh sai lwéi GNSS -
mdt dit dé chinh xdc héa ludi truc chiéu theo  phwong
phdp phén doan trong thi cong nha siéu cao ting

Ludi GNSS - miat dat dé chinh xac hoa ludi truc
chiéu theo  phuong phép phan doan trong thi cong nha
siéu cao tang 1a loai ludi chuyén dung tric dia cong
trinh, c6 nhitng dac trung khac biét so véi cac loai
ludi khac.

Theo quy trinh chiéu va chinh xac hoa luéi truc da
néu & muc 2, qua phan tich chiing t6i thdy rang nén ap
dung phuong phép binh sai ludi ty do dé xur 1y sb liu
do luGi GNSS - mit dit & ddu mdi doan chiéu véi 3
diém dinh vi dugc chon 1a cac diém A, B, C bén ngoai
cong trinh (hinh 1) vi nhiing 1y do sau day:

- Thong thudng céc tri do GNSS (cac baseline
gilta cac diém A, B, C va giita cac diém nay voi cac
diém khong ché bén trong cong trinh) co d9 chinh xac
thép hon so v6i cac tri do ludi tir giac trac dia I, I, 111,
IV bang may TDDT;

- Vi 1y do khong mong mudn, trong qué trinh thi
cong diém khong ché bén ngoai cong trinh (A, B, C)
cd thé bi dich chuyén, néu binh sai lu6i v6i mot dlem
gbe (so khuyét d = 0) s& gay nén sai léch vi tri tit ca
cac diém cua mang ludi (dac biét khi diém dich
chuyén duogc chon 1am diém gdc), anh huong dén két
qué tinh toan toa d¢ cac diém bén trong cong trinh.

Khi binh sai tu do luéi GNSS - mat dit ¢ hinh 1,
cac diém cua ludi to giac tric dia 1, 1L, III, IV s&
khéng dugce coi 1a diém dinh vi, do vi tri ciia chiing c6
thé thay doi trong qua trinh thi cong cong trinh.

Binh sai luéi GNSS - mit dat ty do vé6i ba diém
dinh vi dugc chon nhu trén s& khic phuc dugc nhirng
han ché nay, dong thoi cho phép phat hién dugc diém
bi dich chuyén va loai trir anh hudng cia diém d6 dén
két qua tinh toan toa dg khi chinh xac héa ludi truc &
dau mdi doan chiéu.

3.2.2 Giai phdap binh sai khong gian lwéi GNSS -
mdt dit theo thudt todn binh sai lwéi tw do (véi sé
khuyét d > 0)

Ly thuyét vé binh sai luéi mat dat hay luéi GNSS
riéng ré theo thuat toan binh sai tu do da dugc cong bd
trong nhiéu tai liéu, gido trinh. Tuy nhién, chua cé
cong trinh nao d& cap dén bai toan binh sai lu6i khong
gian GNSS - mat dat khong c6 diém gdc theo thuat
toan binh sai ludi tu do. O day céc tac gia cia bai bao
d3 nghién ctu xdy dung thut toan binh sai va tién
hanh tinh toan thyc nghi€ém cho két qué (néu trong
muc 4) phu hop véi nghién ctru 1y thuyét.

Nhu da phan tich ¢ trén, trong thanh lap va xu ly
s ligu do ludi GNSS - mit dat dé kiém tra va dam
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bao d6 thang dimg nha siéu cao tang, nén st dung hé
toa do dia dién quy wdc voi diém gdc tring véi mot
diém cua ludi co s trén mat bang moéng, mat phang
toa do xOy vudng goc voi truc Oz (phap tuyén cua
ellipsoid quy chiéu).

Vi hé toa d6 dugc lya chon nhu vay, trudc khi
binh sai ludi can phai tinh chuyén cac gia s toa do
dia tdm va ma tran hi¢p phuong sai trong hé dia tam
tir két qua do GNSS thanh cac gia sb toa do dia dién
va ma tran hiép phuong sai trong hé dia dién My,
thong qua ma tran xoay R theo cac cong thirc sau [9]:

Ax AX
Ay |=R"| AY “4)
Az AZ

M, =R".C,,,.R ®)

vOi Cxyz - ma tran ma tran hi€p phuong sai trong hé
toa do dia tam.
Ma tran xoay R c6 dang nhu sau:
—sinB;cosL; —sinL; cosB;cosL,
cosB.sinL, (6)

sin By,

R=|—sinB;sinL,;

cos B, 0

cos L,

Trong s6 cia tri do GNSS thuong duoc 1dy tir két
qua xir 1y s6 lidu do GNSS nhung chua that su chinh
xac, dic biét khi dua vao bai toan binh sai hdn hop co
ca tri do mat dat. Bé ude lugng lai trong s6 cho tri do
GNSS can binh sai riéng r& lugi GNSS dé tim duoc
sai s6 trung phuong trong s6 don vi 1a Henss - Sau do
st dung gia tri nay dé tinh lai trong sb cla céac tri do
GNSS theo cong thuc:

5 1
Ponss = (lu(ZINSS MUZ) = M:yl_ (7)
GNSS

Trong s6 cac tri do g6c va canh cua ludi mat dat
dugc tinh theo cong thurc:

p-t.p_L 3

Khi binh sai luéi GNSS - métq dat tu do (véi
d = 3), viéc giai h¢ phuong trinh chuén s& khong thuc
hién dugc vi ma tran chuan R bi suy blen (det(R) = 0).
Dé giai dugc hé phuong trinh chuan, can bo sung hé d

phuong trinh:

C'K +Lc=0 9)
V6i cac diém dinh vi, ma tran C; c6 dang:
100
C=[010 (10)
001

Véi cac diém khong phai 1a diém dinh vi, ma tran
C;c6 dang:

000
C=[00 0
000

(11)

T d6 1ap h¢ phuong trinh chuin dué6i dang ma
trén khoi theo cong thirc:

A

Ma tran R.= [R Cj khong suy bién. Nhu vay s&
c’ o

(12)

ton tai ma tran nghich dao:

R CY' [
R ® C) _|IRT
c' 0 77 0
trong do R 1a ma tran nghich dao téng quat, c6 thé
tinh theo cong thirc:
R=(R+CPCT ) —TPTT (14)
Viéc danh gia do chinh xac cac yé}l t6 cua ludi
duogc thuc hién theo cac cong thirc da biét cua binh sai
ludi ty do.

4. THUC NGHIEM

Vi tri thuc nghiém: Nha CT2A (28 tang), Khu nha
& Quﬁm d61, xa Thach Ban, quan Long Bién, Ha Noi.
So d6 luoi thye nghiém dugc néu ¢ hinh 3.

(13)

C3
A

T4 13

& MQG

Tl T2

Cl 2 C2

Hinh 3. So d0 vi tri cac diém luéi thue nghiém

Trén hinh 3: C;, C5,Cs 1a céac diém khéng ché trén
mat dat & xung quanh coéng trinh; T;, T,,T3,T4 12 4
diém khong ché dat trén mai ngdi nha. May moc dung
cho do dac thyc nghiém: may thu GPS Trimble 2 tan
Trimble R8s; may toan dac dién tir Leica TC-1201 c6
d6 chinh xac do dac mg = = (1 + 1.5ppm.D)mm;
my = + 17, Tién hanh 'do GPS toan bo 7 diém ludi. Dé
¢6 s6 liéu khai tinh, tién hanh do ndi luéi voi mot diém
khdng ché Qudc gia c6 toa d trong hé VN-2000.

Dong thoi véi viee do GPS, tién hanh do cac goc
va canh cua tir giac tric dia trén mai nha (T,T,T;T4)
nhiéu 1an bang may TDDT va lay gia trj trung binh.

Pé xur ly ) liéu theo cac thuat toan néu trén, da
tién hanh 1ap trinh bai toan binh sai ludi khong gian
GPS - mit dit tw do bang ngdn ngir Visual Basic.
Viéc tinh toan xir 1y s6 liéu do dwgc thyuc hién theo
trinh tu sau:
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1) Binh sai lu6i GPS - mit dét ty do v6i 3 diém
dinh vi C,, WCZ va C; (chu ky 1):’ két qua tinh toa d¢ dia
dién cac di€m cua ludi dugce thong ké trong bang 1.

Biang 1. Toa dé dia dién ciia cAc diém sau binh sai
& chu ky 1 (don vi m)

Diém X y z
T1 2325318.372 | 593982.487 | 101.235
T2 2325321.594 | 593999.340 | 101.236
T3 2325339.000 | 594009.330 | 101.222
T4 2325346.116 | 593995520 | 101.215
Cl 2325238.228 | 593780.240 17.469
C3 2325214.224 | 594091.667 11.554
C2 2325142.715 | 593812.068 17.571

2) O chu ky 2, do chua c6 dir liéu do nén ching toi
da chu dong dich chuyén toa do dia tam diem C1 voi
cac gia tri nhu sau:
0X = X(z) — X(]) =—"7 mm; oY = Y(z) — Y(]) =+ 1 mm;
0Z = Z(z) — Z(l) =—3 mm.

& day: chi sb (2) ky hi¢u toa do diém & chu ky 2
(da bi lam 1€ch), chi so (1) ky hiéu toa d6 diém & chu
ky 1.

Theo cac cong thic (4) va (6) tinh dugc do 1éch
toa do dia dién nhu sau:

0x =—4 mm; 6y =+ 6 mm; 6z=0 mm.

T toa d6 dia tam cua diém C1 va toa d¢ cac diém
con lai (dugc giit nguyén), tinh lai gia sb toa d6 dia
tam theo cac canh (baseline) do dé lam dau vao bai
todn binh sai ludi ¢ chu ky 2.

Sau khi binh sai lugi GPS - mit dat tw do véi 2
diém dinh vi C, va C; & chu ky 2 ta c6 két qua tinh toa
do dia dién cac diém cua ludi, tr d6 tinh duoc do léch
toa do dia dién cua cac diém gitta chu ky 2 va chu ky 1.
Do 1éch nay duoc thong ké trong bang 2.

Bang 2. Pj 1éch toa dd cac diém giira hai chu ky
(don vi mm)

Diém ox Sy 0z
T1 0 0 0
T2 0 0 0
T3 0 0 0
T4 0 0 0
Cl -4 +6 0
C3 0 0 0
C2 0 0 0

Tir két qua tinh toan néu ¢ bang 1 va bang 2 c6 thé
rut ra mot sO nhan xét sau:

1) Chénh léch toa d6 dia dién cia diém C1 ding
bang gia tri dich chuyén toa do, c6 nghia 1a ching ta
da phat hién dugc chinh xac dich chuyén cua diém
khong ché nho binh sai luéi GNSS - mit dit ty do.

2) Chénh léch toa d0 sau binh sai cua cac diém
con lai giita hai chu ky bang khong, do cac diém nay
(ké ca cac diém trén san tang) khong bi dich chuyén.
Diéu nay ching to tinh dung din va hop 1y cua thuat
toan binh sai ludi GNSS - mat dat tu do da trinh bay ¢
muc 3 dé xur ly s6 liéu do dac nham chinh xac hoa
ludi truc & dau mdi doan chiéu trong thi cong nha siéu
cao tang.

5. KET LUAN

Tt nhimg nghién ctu 1y thuyét va thuc nghiém
néu trén, c¢6 thé rat ra mot s6 két luan nhu sau:

1) So dd va quy trinh do dac luéi GNSS - mat dat
khi chinh x4c hoa luéi truc & diu mdi doan chiéu theo
phuong phéap chiéu phan doan bang méy chiéu ding
trinh bay trong bai bdo 1a hop ly va co tinh kha thi
cao, cho phép kiém tra va dam bao do thang dimg nha
siéu cao tAng trong qué trinh thi cong.

2) Can luu y toi cac sb hiéu chinh do anh huéng
cua do khong song song cua cac duong day doi va do
1éch day doi vao tri do cling nhu toa do nhan dugc
trong két qua chiéu truc, ddng thoi nén ung dung giai
phap binh sai ludi khong gian ludi GNSS - mat dat ty
do d3 dugc nghién ctru va trién khai thuc hién trong
bai bao khi xur 1y s6 liéu do dac dé chinh xac hoa ludi
truc & dau mdi doan chiéu trong thi cong nha siéu
cao tﬁng.
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KHAO SAT KET CAU PO HINH LUOI GPS PEN PQ CHINH XAC
CHUYEN TRUC CONG TRINH TRONG XAY DUNG NHA CAO TANG

Nguyén Viét Ha, Nguyén Ha
Truong dai hoc Mo - Dia chat, Email: nguyenvietha@humg.edu.vn

TOM TAT: Lu6i khdng ché mit bang phuc vu thi cong nha cao ting c6 thé thanh lap bang cong nghé GPS, cong nghé
GPS c¢6 nhiéu wu diém nhu d6 chinh xéac cao, khong tich Iy sai s6 phan doan, khong phu thudc diéu kién thoi tiét, khong
can thong hudng... tuy nhién khi d6 hinh lu6i khong phu hop s& cho két qua xir 1y dam bao do chinh xéc nhung toa do
khong ding. Noi dung bai bao nay tac gia tién hanh khao sat anh huong cua két cau dd hinh ludi GPS dén do chinh xéac
chuyén tryc cong trinh trong thi cong xay dung nha cao tang, chi ra nhitng diém khong hop 1y khi thiét ké db hinh ludi GPS
va nhitng kinh nghiém dé khic phuc.

TU KHOA: Két ciu do hinh ludi GPS, thiét ké d6 hinh lu6i GPS, luéi khéng ché mat bang...

ABSTRACT: Ground netting for high-rise buildings can be established by GPS technology, GPS technology has many
advantages such as high accuracy, no accumulation of segment error, regardless of condition weather, no navigation ...
but when the grid is not suitable will result in processing accuracy but coordinates are not correct. In this article, the
author examines the influence of the GPS grid structure to the accuracy of shifting axes in the construction of tall
buildings, pointing out unreasonable points when designing grid GPS and experience to overcome.

KEYWORDS: GPS grid structure, GPS grid design, grid control ...

1. GIOI THIEU Khi thiét ké d6 hinh lugi GPS, cin c&r vio myc
dich sir dung, thong thuong cé 4 phuong thiic co ban
thanh 1ap ludi: lién két diém, lién két canh, lién két
ludi, lién két hd tro canh diém. Ngoai ra con co lién

Lu6i khéng ché mat bang phuc vu thi cong nha
cao ting ngay nay thuong duoc thanh lap bang cong
nghé GPS nén c6 xu hudng nang cao hi¢u qua ve kinh & pinn sa0. lién két duomg chuyén phu hop, lién két
té, khong han che so tang san khi xay dung nha si€u 1,3 tam gide. Lua chon phuong thic nao la tiy
cao t‘éng va khong bi tich 1ty sai s0 khi chuyén qua thudc do chinh xac yéu clu cia cong trinh, diéu kién
cac tang san. bén ngoai thuc dia va sd lugng may thu GPS [2].

I3

la. D6 hinh lién két dang diém 1b. D6 hinh lién két dang canh

I3

lc. D6 hinh dang lién két chudi tam giac 1d: 6 hinh lién két canh - diém

A\
N

le: P hinh lién két ludi duong chuyén 1f: D6 hinh dang hinh sao
Hinh 1: Mt s6 d6 hinh lién két
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2. THIET KE LUOI GPS TRONG THI CONG
XAY DUNG NHA CAO TANG

2.1. Thiét ké cic ca do

Ca do dugc goi 1a Session do (hay doan do) gdm
mot s6 may thu GPS dit tai cac diém khac nhau va thu
tin hiéu trong cing mot khoang thoi gian thong nhét
dé xac dinh canh (baselines) giira cac diém dat may.

Thiét ké cac ca do hop 1y s& giam duoc thoi gian
di chuyén may thu trong liic do thuc dia, nguoi do di
chuyén trén nhitng doan dudng ngan nhit, v6i sd lan
doi tAm can bang may 14 it nhat, v.v...

Néu ta c6 N may thu thi trong mot ca do s& xéac
dinh dugc K canh, K dugc tinh theo cong thire sau [3]:
N(N-1)

1

5 €]

Trong d6 chi c¢6 (N-1) canh doc 1ap, dé chon (N-1)
canh doc ldp ta c6 phuong an, dugc tinh theo cong
thic sau:

K=

~ K!
C(N=DIK-N+1)

)

Truc con

,<

Khi tinh canh theo phan mém TBC, véi N méy thu
ta c6 N tép sb lieu (*.DAT) trong cung ca do, khi d6
c6 thé tinh tit ca cac canh (ALL SET) hodc tinh cac
canh doc lap (INDEPENDENT SET). Khi chon tinh
cac canh doc lap, phﬁn mém s& uu tién va lua chon
(N-1) canh ngén dé tinh.

Trong qué trinh do, 1ap ké hoach di chuyén may
trén co s cac ca do da 1ap sao cho s lan di chuyén
may it nhit va tong quing duong la ngin nhat.
Thudng sau mdi ca do s& c6 1 miy ding yén va (N-1)
may phai di chuyén.

2.2. Thiét ké d6 hinh do

Do dic diém cua ludi khdng ché trong thi cong xay
dung nha cao télng, dé co co so hinh hoc cho viéc bb tri
chi tiét trén timg ting thi cong, can phai thanh lap hé
thong Iudi truc trén mdi san ting. Hé thong ludi truc
nay phai bao dam tinh déng dang, dong kich thudc va
dic biét 1a phai dong truc (theo phuong thing dung) ké
tr san tﬁng dau tién. Mdi mt truc cong trinh dugc xac
dinh boi 2 diém thudc truc. Thong thuong, nguoi ta
khong chuyén tit ca cac truc tir dudi 1én trén ma chi
chuyén mét sb truc dic trung nao do. Trong truong hop
nay, diém thudc truc duoc chon dé chuyén tr dudi 1én
thuong 1a giao diém cua cac truc dic trung [1]. Ludi
thuong dugce thiét ké nhu hinh 2.

Truc cong trinh

>

A

Hinh 2. Str dung may thu GPS

Trén hinh 2, A va B 1a hai diém cta lu6i khéng
ché thi cong, di co toa do cong trinh. Sir dung t6i
thiéu 3 may thu GPS: Hai may dat tai A va B, may
con lai dat tai vi tri gﬁn ding cua cac diém truc da
dugc danh ddu trén mat san. Thoi gian thu tin hiéu co
thé kéo dai trong khoang 45 dén 60 phat. Két qua s&
xac dinh duoc toa do cong trinh cua tdm pha anten
may thu GPS. Cudi cung s& hoan nguyén diém vé vi
tri truc thiét ké.

3. ANH HUONG CUA PO HINH LUOI GPS
TRONG THI CONG XAY DUNG NHA CAO TANG

Pé khao sat mic do anh huong cia dd hinh ludi
do bﬁng cong nghé GPS dén toa do vi tri diém do,
nhoém nghién ctru da tién hanh thyc nghiém tai khu
vuc Ngoc Lac, Thanh Hoéa, 1a khu vuce c6 nhiéu ddi nui,

¢ dic diém twong dbi gidng nha cao ting va do dac
v6i @6 hinh luéi sau:

Két qua binh sai luéi thuc nghiém theo hinh 3a
duoc thé hién nhu bang 1; van d6 hinh nay ta thay d6i
toa do diém géc 208424 di 5cm va binh sai cho két
qua khong dat yéu cau.

Luéi thuc nghiém sau d6 dugc bd di mot sb6 canh
chéo nhu hinh 3b; dé 1am rd dugc su anh huong cua
d6 hinh dén d6 chinh x4c cua ludi khong ché tac gia
d3 gilt nguyén toa do cuia mot diém gdc 1a 207408 va
thay ddi toa ddo mot mdc géc cua ludi (diém 208424)
dich chuyén di cac truong hop lan luot 12 Ocm, 5cm,
10cm, 15cm.

Sau khi da binh sai va c6 bang toa do ta tién hanh
tinh toan khoang cach gitra cac diém.
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Khoang cach giita cac diém dugc tinh theo

cong thuec:

Sz\/(Xz_Xl)2 +(Y, _Y1)2

trong do: S la khoang cach (m), X va ¥ 1a toa dd cac

di€ém cung tén.

02X.1601

2X.2373
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03X.1635

Hinh 3a. D6 hinh lu6i do thuc nghiém

208424

Toa d6 sau binh sai khi dich diém gdc 208424 cho
4 trudong hop déu dam bao vé do chinh xac yéu cau,
tuy nhién toa d cua cac diém dich chuyén dugc trinh
bay trong bang 2 va gia tri do 1éch toa d6 cac diém thé
hién & bang 3:

3)

2X2373

03X.1635

2X1639

208424

207408
2x1608

02x.1601

Hinh 3b. D hinh ludi do thuc nghiém bét canh chéo

Bing 1. Két qua sau binh sai lwéi thye nghi¢m

Tén diém Y (Met) m, (Met) X (Met) m, (Met) h (Met) my, (Met)
02X.1601 551164.667 0.002 2208115.538 0.003 14.156 0.007
02X.1636 552856.291 0.005 2204726.632 0.004 15.570 0.009
03X.1655 556924.901 0.005 2203615.755 0.004 12.665 0.033
207408 549669.313 -- 2208280.981 -- 16.310 --
208424 558303.652 -- 2205260.146 -- 18.273 --
2X.1608 552745.371 0.003 2207342.197 0.004 16.827 0.010
2X.1629 551097.152 0.003 2205485.172 0.003 15.684 0.007
2X.1633 549312.746 0.003 2204585.077 0.004 18.526 0.006
2X.2575 553082.230 0.005 2203056.998 0.004 13.338 0.008
3X.1638 551309.185 0.004 2203598.873 0.004 15.575 0.007
Bing 2. Toa d6 méi sau khi dich chuyén va binh sai
0 5 10 15
Diém X(m) Y(m) X(m) Y(m) X(m) Y(m) X(m) Y(m)
02X.1601 | 2208115.538 | 551164.667 2208115.548 | 551164.674 | 2208115.558 | 551164.680 | 2208115.568 | 551164.686
02X.1636 | 2204726.632 | 552856.291 | 2204726.642 |552856.326 | 2204726.653 | 552856.362 | 2204726.663 | 552856.397
03X.1655 | 2203615.755 | 556924.901 2203615.789 | 556924.958 | 2203615.824 | 556925.014 | 2203615.859 | 556925.071
207408 | 2208280.981 | 549669.313 | 2208280.981 |549669.313 | 2208280.981 | 549669.313 | 2208280.981 | 549669.313
208424 | 2205260.146 | 558303.652 | 2205260.196 |558303.702 | 2205260.246 | 558303.752 | 2205260.296 | 558303.802
2X.1608 | 2207342.197 | 552745371 | 2207342215 |552745.388 | 2207342.234 | 552745.405 | 2207342.252 | 552745.422
2X.1629 | 2205485.172 | 551097.152 | 2205485.172 |551097.177 | 2205485.173 | 551097.201 | 2205485.174 | 551097.225
2X.1633 | 2204585.077 | 549312.746 | 2204585.062 |549312.771 | 2204585.047 | 549312.796 | 2204585.032 | 549312.820
2X.2575 | 2203056.998 | 553082.230 | 2203057.005 |553082.278 | 2203057.011 | 553082.326 | 2203057.017 | 553082.374
3X.1638 | 2203598.873 | 551309.185 | 2203598.868 |551309.223 | 2203598.864 | 551309.261 | 2203598.860 | 551309.299
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Bang 3. Két qua dd 1éch cac diém

Don vi: mét (m)

Do 1éch so voi A 1A U S \ ,
dd hinh thyc nghiém Do 1éch tuong quan giira cac do hinh bé canh chéo
.2 Léch | Léch | Léch R n R £
biém true X | truc Y | thue t& Léch truc X LéchtrucY Léch thuc té
15-0 15-0 15 5-0 10-0 | 15-0 | 5-0 10-0 | 15-0 5 10 15
02X.1601 | 0.029 | 0.018 | 0.034 | 0.01 | 0.02 | 0.03 | 0.007 | 0.013 | 0.019 | 0.012 | 0.024 | 0.036
02X.1636 | 0.031 | 0.106 | 0.110 | 0.01 | 0.021 | 0.031 | 0.035 | 0.071 | 0.106 | 0.036 | 0.074 | 0.110
03X.1655| 0.104 | 0.17 0.199 | 0.034 | 0.069 | 0.104 | 0.057 | 0.113 | 0.17 | 0.066 | 0.132 | 0.199
207408 0 0 0 0 0 0 0 0 0 0.000 | 0.000 | 0.000
208424 0.15 0.15 0.212 | 0.05 0.1 0.15 | 0.05 0.1 0.15 | 0.071 | 0.141 | 0.212
2X.1608 | 0.054 | 0.05 0.074 | 0.018 | 0.037 | 0.055 | 0.017 | 0.034 | 0.051 | 0.025 | 0.050 | 0.075
2X.1629 | 0.002 | 0.072 | 0.072 0 0.001 | 0.002 | 0.025 | 0.049 | 0.073 | 0.025 | 0.049 | 0.073
2X.1633 | -0.045 | 0.073 | 0.086 |-0.015| -0.03 |-0.045] 0.025 | 0.05 | 0.074 | 0.029 | 0.058 | 0.087
2X.2575 | 0.018 | 0.144 | 0.145 | 0.007 | 0.013 | 0.019 | 0.048 | 0.096 | 0.144 | 0.049 | 0.097 | 0.145
3X.1638 | -0.012 | 0.115 | 0.116 |-0.005|-0.009|-0.013| 0.038 | 0.076 | 0.114 | 0.038 | 0.077 | 0.115
8084}84"
=257
le08
Ghi cha
_ Bé hinh dich 15 cm
e - 1801 & hinh dich 10 cm
- BPé hinh dich 5 cm
. = Pé hinh ban déu
o AT 207408
1639

Hinh 4. Két qua d6 hinh dich chuyén

Tir hinh v& 4 va két qua thuc nghiém theo bang 3,
bang 4 c6 thé thiy duoc khi d6 hinh ludi khong do
thém céac canh chéo, néu toa do diém khéng ché bi
dich chuyén trong khoang 15cm thi két qua binh sai
mac du dat yéu cau, nhung toa do cac diém trong ludi
bi kéo gidn theo hudng dich chuyén cua diém goc.
Viéc nay s& lam cho lu6i bj bién dang ma khong phat
hién duoc do két qua binh sai van dat yéu cAu.

4. KET LUAN

- Khi xdy dung lu6i GPS khéng ché mit bang
trong thi cong xay dung nha cao tang, sd diém trong
luGi thuong it vi vy ludi thuong dugc do véi sb
luong 3 may thu, véi 6 hinh do nhu vy dan dén sb
lwong canh chéo rang budc it, 1am cho ludi c6 két cAu

khong vimg ¢ thé bi biéq dang trong mot sb trudng
hop diém goc bi dich chuyén.

- Tur két qua tinh toan thuc nghiém cho thiy khi
kéo gidn do hinh ludi GPS bang diém gbc ludi, néu
khong c6 canh chéo rang budc thi két qua binh sai van
dat d6 chinh xac yéu cau, tuy nhién toa do cac diém
luéi bi dich chuyén theo hudng kéo gidn cua diém goc
ma khong phat hién dugc.

- Pé thanh l1ap luéi khong ché mit bang trong thi
cong xdy dung nha cao ting bang cong nghé GPS co
hiéu qua, can thiét ké hop 1y d6 hinh do GPS vdi cac
canh chéo rang budc hodc do bang 4 may thu GPS
theo phuong thic lién két canh.
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NGHIEN CUU ANH HUONG CUA GOC LUOI CO SO
TOI KET QUA PHAN TiCH CHUYEN DICH BIEN DANG CONG TRINH
RESEARCH ON INFLUENCE OF THE ORIGIN OF THE BASE NETWORK
TO DEFORMATION ANALYSIS RESULTS

Pham Quéc Khanh
Dai hoc Mo - Dia chat Ha Noi, Email: khanhtdct@gmail.com

TOM TAT: Gbc luéi quan tric chuyén dich bién dang cong trinh, dac biét 1a ludi co s, duge lya chon tuy thudc vao
phuong phap xir 1y s6 liéu ludi, vi toa do cac diém ludi sau binh sai véi gbc ludi khac nhau co két qua khac nhau. Tuy
nhién, trong qua trinh xu ly s6 liu ludi co s6, chon va quyét dinh gbc ludi ngoai viéc dua vao bai toan phan tich do 6n dinh
cta diém ludi, con phai thng nhat gbc ludi dé két qua phan tich khong bi sai léch la hét strc quan trong. Vi vy, bai béao
nghién ciru sy tac dong cua gbc ludi co so t6i két qua phan tich chuyen dich bién dang cong trinh. ‘Tur d6 rat ra duge
nghia cta viéc lya chon gdc ludi trong quy trinh phén tich chuyén dich bién dang ctia cong trinh thuc té.

TU KHOA: Géc luéi co so; X ly $6 liéu; Hé tham khao; Phan tich chuyén dich bién dang.

ABSTRACT: The selection of origin of the deformation monitoring grid, particularly in base network, depends on data
processing method, because post-adjustment coordinates of points are different if the origins of the network are dissimilar.
However, while data processing for base network, chosing and determining the origin of the net not only base on
analyzing the stability of points in the network, but also the origin of the grid must be unified so that the analysis results are
not distorted, it is very important. Therefore, the article studied about the effect of the origin of the base network on the
analysis results of structure deformation. From this, it is possible to derive the meaning of the chosing the grid origin in

deformation analyzing process of reality constructions.

KEYWORDS: The origin of base grid; Data processing; Reference system,; Deformation analysis.

1. PAT VAN PE

Trong bai toan binh sai luéi quan trac chuyen dich
bién dang cong trinh, tham s6 4n sb can tim 1a s6 hi¢u
chinh toa d9, d6 cao cua cac diém ludi. Neu khong co
s liéu khoi tinh nhat dinh, thi khong the tinh duoc tri
binh sai cua cac tham s6 4n s6 truc tiép tir cac tri do.
S6 liéu khoi tinh nay goi la gdc, hay h¢ tham khao,

clia bai toan binh sai. Goc cho phép dinh nghia vé vi
tri, kich thudc va phuong vi ciia ludi khong ché.

Lu6i quan tric chuyén dich bién dang thuong
duoc xay dung hai bac ludi la ludi co s¢ va ludi quan
tréc. Trong do, xur ly s6 lidu luéi co s¢ duge coi la
khau quyét dinh vi can phan tich d6 6n dinh cia diém
11101[1] Khi binh sai Iuéi co sé dua trén bai toan binh
sai ludi ty do, tuy thudc phuong thirc binh sai de lya
chon gbc lum cho phu hop. Cu thé, géc cé dinh
du(ycdung trong ludi ty do kinh dién, 1a ludi tu do c6
s0 khuyet bang 0; goc trong tam, dugc dung cho ludi
tu do co so khuyet duong. Goc trong tdm dugc chia
thanh hai dang, thir nhét la gbc trong tAm dua trén tat
ca cac diém ludi, hai 1a gbc trong tdm dya vao mot 5O
diém 6n dinh trong ludi [2], con goi la gbc trong tam
cuc bd.Méau chdt va quan trong nhit 1a Iya chon gbc
lu6i nhu thé nao dé khi xir 1y s6 lidu ludi €0 s¢ va tinh
toan chuyén dich cia cac diém quan tric gan trén
cong trinh cho két qua hop 1y, phu hop voi thuc té
chuyen dich bién dang cua cong trinh méi 1a van dé
can quan tam nghlen ctru. Do 1a ndi dung chinh dugc
néu va giai quyét trong khudn kho bai bao nay.

2. GOC TRONG BINH SAI LUOI CO SO QUAN
TRAC

Két qua cua bai toan binh sai lu6i co s¢ 1a phai
xem xet vi tri di€m ludi chuyén dich nhu thé nao so
voi goc Néu gbc khong thong nhit, luong thay doi
ctia diém Iudi s& bao gom sai s6 cua gbc; dan dén két
qua phan tich chuyeq dich lglen dang bi sai léch. Vi
véy dinh nghia, sy thong nhat va tinh 6n dinh cua goc
trong xur Iy ludi co s¢ quan trac bién dang co6 vai tro
hét stic quan trong [2,3].

Pbi Vo1 ludi co so cua InSi chu ky quan tric, mo
hinh ham s6 va mo6 hinh ngau nhién cta bai toan binh
sai theo Gauss-Markov la:

E()=AX ; D()=03Q (1

Phuong trinh chuén:

NX-ATPI=0 @)

trong d6, X 1a vector 4n sd, sd hiéu chinh toa do gﬁn
dung cac diém ludi; N=ATQ'A .

Tuong Gmg voi cac phuong thuc giai bai toan binh
sai luoi tur do (dugc ap dung cho ludi co s6) néu trén s&
c6 ba loai 1a goc ¢6 dinh, gdc trong tdm va goc trong tim
cuc bo. Néu trong ludi c6 goc ¢6 dinh, tie la ludi binh
sai co day du s6 liéu khoi tinh, phuong trinh chuén (2)
c6 lo1 giai duy nhét, c6 thé giai theo phuong phap binh
sai gian tiép thong thuong. Néu trong ludi khong c6 gbe
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¢0 dinh rd rang thi ludi binh sai khong du s6 liéu khoi
tinh, ma trén phuong trinh chuén suy bién va c6 101 giai
khong duy nhat, do chinh la van d¢ cua binh sai ludi tu
do. D€ c6 101 gidi xac dinh duy nhat can phai thém di€u
kién rang budc véi goc ludi. Tur ma trén trong s6 goc P
thém diéu kién rang budc X' PX = min (hogc thém diéu
kién rang budc dpi véi cac an s0), khi do 101 giai cua
phuong trinh chuéan la:

X=N'ATPl. Qy =N* 3)
trong d6, N' 1a ma tran nghich dao tong quat va la ma
tran duy nhét ctia hé phuong trinh chuén.

Dlel} kién rang budc ddi véi cac an s trong ludi
dugc biéu dat bang hé phuong trinh.

G'X=0 4)
trong d6, G 12 ma tran hé sb cua hé phuong trinh gbc
ludi. Ba dang ma tran hé so cua hé phuong trinh goc
ludi 1a [4]:

a) Ma tran hé sd hé phuong trinh gbc ludi cia
binh sai tu do s6 khuyét bang 0:

+ V6i ludi do cao, gia thiét diém the 1 13 diém
goc thi:

G=(100..0" (5)

+ Vi ludi miat bang do canh hoidc ludi mit bang
do gbc - canh, gia thiét diém tha nhat la diém da biét,
hudng cta canh 1-2 1a hudng da biét (ludi tu do c6 so
khuyét bang 0) thi:

T
1 0 0 00O0...00
G=| 01 0000..00 (6)
-yp x{-y3 x50 0...0 0

b) Khi luéi 1a ludi tw do va binh sai véi gbe trong
tam thi:

+ Ludi do cao:

G=(111..0D" (7
+ Ludi do canh hoac Iudi do goc - canh:
T
1 0 1 0 .. 10
G=| 01 01.. 01 ®)
_Y? X? _yg Xg v T ¥Ym Xnm

¢) Khi luéi 1a ludi tu do va binh sai véi gbe trong
tam cuc bo, tirc 1a ludi binh sai dua trén mot s6 diém
on dinh trong ludi, gia thiét ludi c¢6 k diém dau tién 1a
diém 6n dinh, hodc qua phan tich cho thiy chung 6n
dinh thi:

+ Ludi do cao:

G=011 -1 00
k

0’ )

+ Ludi do canh hoac Iudi do goc - canh:

1 0 1 0 -1 0 00--00]
GZ{0o 1 0 1 0 1 00--00]|(10)
S0 )k X 0000

S

Ly thuyét vé binh sai ludi tu do da chimg minh [2, 6],
didu kién rang budc d6i Vi cac ansdvay nghia cia
rang budc ma tran trong sb goc 14 nhu nhau. Néu chon
géc trong tdm thi Py = E (E 1a ma trn don vi), c6 thé
tién hanh binh sai luéi tu do; néu chon géc trong tam
cuc by, ma tran trong $6 géc Py o phﬁn tr bﬁng 0,
tién hanh binh sai lu6i tu do véi cac diém géc cuc bo
dé xac dinh 10i giai. Trén thyc té, bai toan binh sai
luoi tu do chi la mot phuong phap giai quyét van dé
ma tran h¢ phuong trinh chuan suy blen khong phai
phuong phap nay giai quyét duoc vin dé binh sai
khong c6 s6 liéu khoi tinh. Trong phan tich chuyén
dich bién dang, quan trong nhét 1a chon gbc khi binh

sai ¢6 phu hop v6i tinh trang chuyén dich bién dang
thuc té hay khong, vi m6i mot phuong phap binh sai
s& co gbc duoc chon 1a khong gidng nhau. Do do, can
khao sat anh hudng goc ludi dén két qua binh sai ludi
o s0.

3. ANH HUONG CUA GOC LUOI TOI KET
QUA BINH SAI LUOI TU DO

DPé mb ta truc quan viée chon gdc ludi anh hudong
dén két qua binh sai cua cac chu ky, dan dén anh
huong dén két qua tinh toan chuyén dich. Hinh 1 biéu
thi xu huéng chuyén dich cta vi tri diém ludi khi binh
sai luoi tu do theo cac phuong phap khac nhau, tirc
chon gbc luéi khac nhau [3,5].

Hinh 1: Anh huéng cua gdc luéi
d6i véi chuyen dich vi tri diém

Trong doé: 1, 2...

13 vi tri diém ludi trong chu ky
0; 17, 2'... 1a vi tri diém trong chu ky sau. Hinh 1a mé
ta truong hop binh sai lugity do véi gde trong tam;
hinh 1b mé ta truong hop binh sai ludi ty do véi sd
khuyét bang 0, trong do léy diém 1 va 21a diém gbc
¢ dinh. Ttr hinh vé ta thdy, sir dung goc khac nhau,
lwong chuyén dich tinh duoc cia cac diém chéc chan
s& khac nhau, din dén két qua binh sai ludi quan tric
khac nhau.
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Xt 1y ludi quan tric chuyén dich chuyén dich
bién dang c6 thé tach ra thanh 2 phuong phap 1a xir
1y riéng biét ludi co s hodc xir 1y két hop ludi co s&
va luéi quan tric. Nhung du xur 1y theo cach nao thi
cling phai phan tich d6 6n dinh cia cac mdc ludi co
&, trir chu ky 0. Thong thudng, chu ky 0 cta ludi co
s& duoc binh sai ty do dua vao géc trong tam; voi
cac chu ky khac chu ky 0, sau khi phén tich dé 6n
dinh cac mdc ludi, néu phat hién ludi c6 diém khong
on dinh, loai bo diém nay roi tiép tuc binh sai ludi,
ttrc 1 da chon lai gbc ludi; gbe ludi nay 1a goc trong
tam cuc bd dua vao cac diém 6n dinh. Theo phan tich
& trén, két qua binh sai ludi co so cta chu ky dang
xét voi gde trong tim cuc bd khong tring gdc trong
tam cua chu ky 0. Vi vay, dé co thé xac dinh chinh
xac chuyén dich ctiia diém ludi, cAn phai thong nhat
gbc ludi cho ca hai chu ky, tirc 1a cac chu ky phai
duoc binh sai v6i cung gdc. Thuc nghiém dudi day
s& 1am sang to diéu nay.

4. THUC NGHIEM VA THAO LUAN

4.1. Binh sai luéi co sé do lin cong trinh

Ludi co s& quan tric lun toa nha cao 15 tang cua
cong ty ¢6 phan Chic An, xay dung tai duong Trich Sai
canh Hb Tay, Ha Noi gdm 5 diém b tri bén ngoai cong
trinh, noi c6 diéu kién dia chat 6n dinh nhu hinh 2, s6
liéu do trong bang 1.

Hinh 2: So d6 do ludi co s& toa nha Chic An

Bang 1: So li¢u quan tric luéi co sé chu ky 0

<. .. | Chénh SH <. .. | Chénh SH
50 h}@u cao tram 50 hieu cao tram
tuyen Y tuyén \
(mm) | may (mm) | may
h, -16.93 1 hy -43.95 1
h, 193.09 1 hs 69.41 1
h; -201.61 1 hg 52.36 1

Tién hanh binh sai lu6i co sé nay theo 3 phuong
phap binh sai ludi tw do voi gbe ¢b dinh (PP1), lay
diém MC2 lam gbc; gbc trong tim cuc bd (PP2) va
gbc trong tAm dua trén tit ca cac diém lugi (PP3) nhu
ly thuyét nghién ctru & trén. Toa do gan dung va két
qua binh sai duogc ghi trong bang 2.

Bang 2: Két qua binh sai luéi tw do

R b6 cao S6 hiéu chinh do cao
STT T?n gan diing cac moc (mm)
dieém
(m) PPl | PP2 | PP3
1 MC2 | 7.00000 | 0.00 | -0.04 | -0.03
2 MC3 7.19309 | 0.02 | -0.02 | -0.01
3 MC4 | 6.99148 0.04 0.00 0.01
4 MC5 6.94752 0.07 0.02 0.03
5 MCIl1 7.01693 0.03 | -0.01 | 0.00

S6 hiéu chinh cua cac chénh cao do trong ca ba
phuong phap binh sai 1a nhu nhau:

VvI=[-003 002 002 002 -0.03 0.05]

Nhan xét:

- Phuong phap binh sai 1 lay diém gdc 1a diém MC2
nén diém nay la diém cb dinh, s6 hiéu chinh sau binh sai
bang 0. Phuong phap binh sai 2 gia thiét c6 diém MC2
khong 6n dinh, sau khi xir Iy s6 liéu diém MC2 c6 s6
hiéu chinh 16n nhét. Phuong phap binh sai 3, gbc tham
khao 13 trong tdm ludi nén sau binh sai cac diém ludi
déu c6 s6 hidu chinh do cao.

- S6 hiéu chinh cia tri do trong 3 phwong phap
binh sai 1a nhu nhau, dy 1a nguyén Iy sé binh phuong
nho nhét.

- Luong chénh I¢ch cua vector sb6 hiéu chinh do
cao cua cac diém trong ludi giita cac phuong phép
binh sai v61 nhau la mot héng s6, thuc chit do 1a sai
léch gdc cua cac phuong phap binh sai. Tir day co thé
thdy, néu khong sir dung cing mot h¢ thong mdc dé
binh sai cho céc chu ky khi phén tich ¢6 6n dinh thi s&
c6 sai sb s6 lidu cua gbe ludi trong két qua tinh toan.
4.2. Binh sai lwéi quan tric va phén tich dé lan

Luéi quan tric cta cac chu ky do lun ¢ Viét Nam
thuong dugc binh sai theo phuong phap binh sai gian
tiép v6i diém gdc 1a cac diém 6n dinh cua ludi co so,
hodc c6 thé binh sai ludi tu do cung véi ludi co s&
trong qué trinh phan tich d6 6n dinh mdc ludi. Khi
thuc hién tinh toan theo mét trong cac cach trén, néu
khong théng nhit gbc ludi s& din dén két qua tinh
toan nhu thé nao, xem xét 2 truong hop sau:

4.2.1. Lw6i quan trdc binh sai gidn tiép

Binh sai ludi co so va ludi quan tric cua toan nha
Chtic An riéng biét, ludi co s¢ dugce binh sai ty do voi
gbc trong tim va cac diém ludi déu on dinh. Ludi
quan tric gdbm 7 diém (M1-M7) bd tri tai 4c cot chiu
Iuc ciia cong trinh. Ludi co s& duge do ndi véi ludi
quan tric tir 2 diém géc MC1 va MC4 nhu hinh 3. S6
liéu khoi tinh 14y trong bang 2, trj do ghi trong bang 3.

360



Hoi nghi khoa hoc quéc @ Ky niém 55 nam ngay thanh lap Viéen KHCN Xay dung

Hinh 3. So d6 do luéi quan tric toa nha Chuc An

Bing 3. S6 ligu do

STT |Piém sau Eligrcl F{gri()) trsa(;)n
1 MC1 M5 1676.90 2
2 M5 M6 44.36 1
3 M6 M7 -36.01 1
4 M7 M8 8.10 1
5 M8 M1 123.62 1
6 M1 M2 -132.77 2
7 M2 M3 67.51 1
8 M3 M5 -74.36 1
9 M2 M7 1.45 1
10 MC4 Ml 1841.76 4

St dung phuong phép binh sai gian tiép dé binh
sai ludi nay véi 2 phuong an; phuong an 1 (PA1) st
dung 1 diém gbc 1a diém MC1, phuong an 2 (PA2) st
dung 2 diém gbc MC1 va MC4. Két qua binh sai va
d6 1éch cua cac diém ludi quan tric ghi trong bang 4.

Bang 4. Két qua binh sai gian tiép va d¢ 1éch

Te Do cao sau | DBo cao sau Sai
STT | ..i" |binh sai PA1 | binh sai PA2 | léch
diém

(m) (m) | (mm)
1 M1 8.83371 8.83349 -0.22
2 M2 8.70076 8.7006 -0.16
3 M3 8.76825 8.76811 -0.14
5 M5 8.69386 8.69375 -0.11
6 M6 8.73819 8.73806 -0.13
7 M7 8.70216 8.70200 -0.16
8 M8 8.71017 8.70998 -0.19

4.2.2. Luwdi quan tric binh sai tw do cing ludi co sé
Gia thiét & chu ky 0 ludi quan tric nhu trong muyc 1
ducyc binh sai cung voi ludi co sd, tic coi nhu chi co6 1
cap luorl theo phuong phap trr do véi gde trong tim cua
cac mbc co s&; chu ky 1 ciing binh sai ludi quan tric
cung voi luoi co s0, khi tinh toan binh sai theo phu:orng
phap tur do co s6 khuyét thi xay ra 2 truong hop (so liéu
lay tir bang 2 va 3): truong hop 1 1a tit ca cac moc ludi
co s& déu on dinh (THI), tic s dung gdc trong tam
nhu chu ky 0; trudng hop 2 1a trong ludi ¢ diém khong
6n dinh (TH2), st dung géc trong tdm cuc bo. Két qua
tinh toan binh sai cho 2 truong hgp trén dugc ghi trong
bang 5 (véi TH2 ¢6 diém co s& MC2 khong 6n dinh).

Bang 5: Két qua binh sai tw do
c6 so khuyet va d¢ léch

Ten | PO cacsau |Docaosau) g,y
STT didm binh sai binh sai (mrﬁ)
THI (m) | TH2 (m)
1 M5 8.69333 8.69318 0.15
2 M6 8.73765 8.7375 0.15
3 M7 8.70159 8.70144 0.15
4 M8 8.70958 8.70944 0.14
5 Ml 8.8331 8.83295 0.15
6 M2 8.7002 8.70005 0.15
7 M3 8.7677 8.76755 0.15
8 MC2 6.99942 6.99927 0.15
9 MC3 7.19348 7.19333 0.15
10 MC4 6.99118 6.99104 0.14
11 MCS5 6.94843 6.94828 0.15
12 MC1 7.01651 7.01636 0.15
Nhan xét:

- Két qua binh sai trong bang 3 cho thdy, trong 1
chu ky, khi binh sai gian tiép véi s6 lugng diém gbc
khac nhau sé& cho két qua khac nhau, do vdy can tinh
toan ludi quan tric cua cac chu ky véi ciing mot sb
lwong diém gdc dé khong bi sai léch khi tinh toan do
lan cta cac mdc quan tric.

- Khi xtr Iy s6 liéu do ltn nhu 1 cip luéi két hop
phan tich do on dinh, néu ludi co s6 ¢ diém khong on
dinh thi ciing thu dwoc két qua khac sau binh sai ciia
ludi cua lu6i quan tric do géc khac nhau. Piéu nay
chu’ng t6, khong thong nhat gbc cua ludi quan tric s&
c6 két qua khong chinh xac do sai s6 ctia gdc.
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5. KET LUAN VA KHUYEN NGHI

Lua chon gbe lu6i hay phuong phap binh sai trong
xtr 1y s6 lidu quan tric bién dang c6 y nghia rit quan
trong. Qua nghién ctu 1y thuyét va thuc nghiém va
phan tich & trén c6 thé thay:

- Khi binh sai ludi co so, can théng nhét gbe ludi
khi binh sai dé c6 két qua tin cdy khi phan tich d6 6n
dinh céc diém ludi;

- Lya chon gdc luéi phi hgp voi chuyén dich thuc
té cua cac diém ludi khong nhitng tranh duoc sai lam
khi lya chon phuong phap binh sai ma con han ché
duoc sai s6 ciia mo hinh trong qua trinh phan tich
chuyén dich bién dang;

- Viéc théng nhat goc lu6i phu hop nhat 1a khi két
thic mot giai doan quan trac luc d6 s€ danh gia duogc
su 6n dinh h¢ thong mdc chuan qua mot thoi gian
quan trac twong d6i dai. Tur két qua phan tich, s& luva
chon méc ludi co so dé tinh toan cho giai doan quan
trac tiép theo.

(1]

(2]

(3]

[4]

(3]

(6]
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NGHIEN CUU CAC THAM SO ANH HUONG PEN LUN SUP MAT PAT
KHI THI CONG HAM TRONG PAT YEU O TP HCM
RESEARCH THE PARAMETERS THAT AFFECT TO SURFACE
SETTLEMENT BY THE CONSTRUCTION OF METRO BY THE SHIELD
TUNNELLING IN THE SOFT GROUND IN HO CHI MINH CITY

A 5 A1 A ’ ;2
Lé B4o Quoc', Tran Quy buc

TOM TAT: Nghién ciru cic tham s6 moi truong dat nén, va cac thong sb k¥ thuat, cong nghé lién quan dén lin sup bé mat
dat do thi cong cac tuyén metro bang khién dao trong dat yéu. Bai bao dua ra phuong phap phan tich, danh gia va rit ra quy
luat lan mat dat do dao ham trong moi truong dat yéu bang phuong phap khién dao trong giai doan thi cong. Két qua nghién
clru s& gop phan hd trg cac don vi thi cong vé dinh hudng viée lya chon cac thong so t6i wu dé thi cong duong ham nham
giam thiéu anh huong xau dén cong trinh hién hiru. Pdng thoi canh bao cc tham sé anh huong 1an Iuot: chiéu siu, duong
kinh metro va cc tham sé moi truong d4t nén: luc dinh don vi, g6c ndi ma sat va moédun dan hoi.

TU KHOA: du doan 14n, ham hoi quy, ltn sup bé mat dét, khién dao, nén dat yéu.

ABSTRACT: Research of geotechnical parameters, technical parameters and technology related to effects to surface
settlement caused by the construction of metro by the shield tunnelling in the soft ground. The paper presents the method of
analyzing, evaluating and deriving the rule of surface settlement by the shield tunnelling in soft soil by the method of
digging in the construction phase. The research results will help the construction contractor to orient the selection of
optimal parameters for tunnel construction in order to minimize negative impacts on the existing structures. The influence
parameters are as follows: depth, metro diameter and geotechnical properties: soil cohesion, soil inner friction angle, and
young's modulus of elasticity.

KEYWORDS: Prediction of ground deformation, regression function, ground surface settlement, shield tunnelling, soft ground.

1. PAT VAN PE

Khi thi céng cac tuyén metro trong do thi 16n nhu
TP Ha No6i, TP HCM thoéng thuong cac gidi phap
dugc chon 1a dao bang TBM, nhung trong qud trinh
dao khong tranh khoi cac van dé lin sup mat dat. Dy
doan sup lin mat dat ¢ cac ving dat yéu va nghién
ctru cac tham sé quan trong lién quan dén do lun mat
dat nhu tham sé méi truong dat nén, hay cac thong sb
hinh hoc kich thuéc hiam; khién dao: ap lyc bé mit
khién dao, ap luc phut vira tai dudi khién dao, chiéu
dai khién dao, bé day cta vo khién dao) va thong sb
tai trong lién quan... Bai bio nghién ctru cac tham sb
lién quan va tinh toan dy doan lin syp mat dét khi thi
cong tuyén metro sé 6 tai TP HCM va kién nghi cac
tham sb quan trong.

2. PHUONG PHAP NGHIEN CUU

Dy doan quy luat lun sup bé mat dat co rat nhidu
phuong phap thyc nghiém va giai tich phan 16n duoc
phat trién trén mot sd gia dinh don gian hoa, cac
phuong phap nay it xét tat ca cac yéu to c6 lién quan
cung tac dong dén lin mit dat do dao duong ham va
nén can c6 phuong phap xét dén cac tham s lién quan
dé du bao do lan mat dat do dao duong hdm.Do su
khong dong nhat va phi tuyén ctia méi truong dat nén,
méi quan hé phi tuyén tinh va da chiéu vén cé gitra
lun mat dat (do dao duong hdm bang EPB giy ra)

v6i cac yéu td anh huéng. Cac phuong phap duoc
nghién ciru trén nén tang tri tu¢ nhan tao nhu: Phuong
phép mang No-ron nhan tao (ANN) 0, Adaptive Neuro-
Fuzzy Inference System (ANFIS), phuong phap hoi
quy 0... da duoc cac nha khoa hoc 4p dung dé du bao
lan mét dat do dao dudong ham trong thap ky qua.

Ham twong quan giita lun mat dat va cac yéu té
anh hudng dén 1an mat dat dugec mod ta nhu so dd
Hinh 1.

34 ligu

& lid = D6 10n lén nbét
7 ghuvao FLAXIS (Snad

s

Théng sb
khign d&o

/Theng s /.
/ hinh hoe /

Kiem
ching

Do nhay cua
cac tham sb
anh hudng dén
lan mat dét

34 ligu

Shavae 1| MATLAB — Ham hai gui

Thong sé
tai trong

Hinh 1. So d6 khi phan tich d nhay cta cac tham sé
3. XAY DUNG THUAT TOAN

Dé nghién ctru cac mdi quan hé twong quan cin
thuc hién cac budc sau:

+ Xac dinh dang cta ham hoi quy 1y thuyét trén co
sO phan tich ly luan va dudng héi quy thuc nghiém;

+ Xac dinh cac tham sé cia ham h01 quy ly
thuyét: Can phai xac dinh dugc mé hinh gan nhat voi
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duorng hdi quy thuc nghiém thong qua viéc kiém tra
nhidu mé hinh va phuong phap thuorng dugc st dung
1a phuong phap binhphuong ti thiéu;

+ Kiém dinh trinh d6 chat ché va do tin cay cua
mo hinh,;

+ Phan tich két qua;

+ Pé xuét cac quyét dinh.

* Cdc dang ham hoi quy co ban thudng duge sir
dung la ham tuyén tinh don, ham tuyén tinh da bién,
ham Hyperbol, ham Parabol, ham Cobb-Douglas, ham
da thuc bac k, ham phi tuyén da bién.

+ Ham tuyén tinh don:

Yx = ap+a,X (1)
+ Ham tuyén tinh da bién:

§X1,X2 Xy, =gt X +a, X, +..+a, X 2

+ Ham parabol:

?Xl,Xz =a,+a,; X, + ang 3)
+ Ham hyperbol:

Vx=a+2 ()
+ Ham mii:

Yx =ab* (5)
+ Ham da thire bac k:

Yx =a,+a,X +...+a, X" (6)

+ Ham phi tuyén da bién:

v 2 2

+a;3X; .2, X2 oy X +ay XE
trong do:

aj, aj, vy, - cac héng s6 ctia ham hoi quy;

n - s6 bién (tirc 1a s6 yéu t6 anh hudng);

X - céc bién;

Y - bién phu thudc vao cac bién X;.

Céc ham tuyén tinh, parabol, hyperbol va ham da
thirc bac k déu la cac dang dic biét cua ham phi tuyén
da bién.

Pé ¢6 dugc mé hinh tdt nhét can thir nhiéu dang
mo hinh, sau d6 dya vao d6 1éch ti€éu chuan (cang nhé
cang tot), hé sé R* (R? cang 16n cang tdt) va cac kiém
dinh can thiét dé Iya chon md hinh c6 thé bi€u dién sat
nhat thyuc té va dang tin cdy nhat.

* Xdc dinh dang cia ham hoi quy dung ham phi
tuyén da bién dudi dang ham da thirc bac ba dé xay
dung moi tuong quan phi tuyén gitra d6 [un mat dat va
céc y€u to anh hudng.

Hinh thirc ctia ham da thiric bac ba dua trén su can
nhic chung vé anh hudng cua cac yéu té dén lin mat
dat. Ham xap xi da thirc bac ba duoc gia thiét c6 dang
nhu sau:

m
S=ay+ Y (ayX; +ay X} +a;.X}) (®)
i=1
trong do:

S - tham s6 d6 lan mat dat 16n nhat;

m - s6 bién (s yéu té anh huong), m = 4;

X - cac bién sb bao ‘gém duong kinh dudng ham
(X1), chiéu sau duong ham (X»), phu tai bé mat phia
trén (X3), &p luc can bang bé mat (Xy).

Moédun dy bao lin mat dat duoc ap dung phuong
phép hoi quy dé xac dinh dugc ham xap xi da thurc ‘péo
ba tot nhat. K&t qua cua modun thé hién cac hé so6 ai
cua xap xi da thic bac ba bang phuong binh phuong
ti thiéu. Chat lwong ciia ham xap xi da thirc bac ba
dugc danh gia thong qua cac h¢ so thong ké nhu 1a: hé
sO tuong quan (R?), sai s6 tuyét d6i trung binh (MAE),
saiso binh phuong trung binh quan phuong (RMSE).

Hé s6 tuong quan (R?) dugc tinh nhu sau:

Z(Pi ‘15)2 (a;-4)
RZ — i=l (9)

n

(p; —ﬁ)zZ(ai - 5)2

i=1

Sai s tuyét dbi trung binh (MAE) tinh theo
cong thuec:

_
L

MAEzi ‘ai —pi‘ (10)

1

Sai s binh phuong trung binh quin phuong
(RMSE) dugc tinh bang cong thuc:

| n 2
RMSEz\/Hizl(ai -,

M™M=

i

(11)

trong do:

a - gia tri thyc do ctiia d6 1an mat d4t 16n nhét;

p - gia tri du bao ctia do lun mat dat 16n nhat;

a, p - lan luot 1a gia tri trung binh ctia 46 ltn mat
dat 16n nhat thyc do va du doan;

n - s6 mau phan tich.
4. PHAN TiCH PANH GIA ANH HUONG CUA

CAC THAM SO PEN LUN MAT PAT DO PAO
PUONG HAM BANG KHIEN PAO

Nhom tac gia nghién ctru cic tham sb cia tuyén
tau dién ngam sb 6 trong diéu kién moi truong dat yéu
o TP. HCM. Qua phan tich va danh gia d6 nhay cac
tham sb anh hudng dén ltn sup bé mat.
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KmO0+900

.....

Hinh 2. Mt cét ngang dién hinh tuyén metro s6 6

4.1. A‘nh hwéng ciia cac dic tinh hinh hoc cia két
ciu ham

a) Anh hwéng cia dwong kinh ham

Xeét ty s6 khoang cach gilta 2 truc ham va duong
kinh hdm thay d61 lan lugt 1,5; 2,0; 2,5; 3,0 va 3,5. Do
lin mat dat co6 quan hé tuyén tinh voi ty so khoang
cach hai duong ham va duong kinh ham. Khi duong
kinh duong ham thay doi cac dudong quan hé nay gén
nhu 1a tinh ti€n song song vdi nhau. Buong quan hé
nay c6 thé mo ta bai ham hoéi quy tuyén tinh:

S =a.(L/R) + a, (12)
voi gia tri a;= 1,2346 — 2,1605

ao= (-5,8025) — (-13,179).

b6 lan mat dat tang tr 10mm dén 20mm do tang
duongkinh dudng ham tir 7 dén 12m trinh bay Hinh 3.

Khoang cich tir tryc dm‘)‘n&; him thir hai (m)
-40 =20 20

Pi lin mit dét S,,,, (mm)

——D=7m -#D=10m —-D=12m

Hinh 3. Anh hudng cta sy thay déi
duodng kinh dudng ham

Ty sb khoang cdch hai him va dwimg kinh him (L/D)

1,3 2,0 2,5 3.0 3.5
L i : :
= : Smax =-1,2346(L/D) - 5,8025
E 3 : Ri=0,9346
Z 0}
k=
F 5 -
s :
3 e
g 2,1605(L/D) - 13,17 '
CRT=09511 !
25 1 i h
+ D=Tm = D=10m
« D=12m weees Puémg tuyen tinh (1) - Tm)

weeeees ERANE MLyEn tinh (D = 10m) - Purimg tuyen tinh (D = 12m)

Hinh 4. Anh huong cua su thay d6i duong kinh

duong ham va khoang cach giira hai ham
dén do ltn mat dat 16n nhat tai dinh ham

b) Anh hwéng cia chiéu sau ddt ham
Thay d6i chiéu sau lan lugt 1a 12, 16, 24, 28 va
36m. D6 lun mat dat 16n nhat c6 quan hé nghich bién

voi d6 sau dat duong ham.

Chiéu sau dit him z, (m)

10 20 30 40
’é‘ 0 T T
£ Spax =-0.0008.7% + 0,0432.7,F |
= ol -omg-wsest o]
g R2= 09961 TRt 5
E 1 e
= .10 . : .
o= SR | 1 P L Famet s e
-:g s . N :
rery 1 o 1
W 15 b T bommmmmemee ]
= . Rt _ A .
- e Smax = 0,0001.2,7 - 0,0198.7,>
S ! + 1.1867.2, - 31,542
o O[S A R= 0,098 i
& i i
-25 i H

® Tuyén 1 him = Tuyén c6 2 hdm

------- Ba thirc bac ba (Ham thirnhat) -+ Da thire bac 3 (ham tuyén déi)

Hinh 5. Biéu db quan hé giira 1an mat dét va do sau
dat duong ham tuyén doi
¢) Anh hirong ciia khoang cdch giita hai tuyén
Anh hudng cia sy thay doi trong khoang cach
nim ngang L dén chuyén vi ciia nén dat da duoc
nghién ctru trong truong hop do sau dat duong ham 1a
1,5D. Khoéng cach giira hai duong ham tuyén déi 1an
luot bé“mg 1,5D, 2D, 2,5D. Khi d6, duong cong lun
mit dat giam dan theo ty s6 L/D dugc thé hién hinh 6.

Khoang cich ngang tir truc tim ciia hai dwong him L (m)
-60 -40 =20 0 20 40

[
2
o

D& Ian mat dat Sy (MM)
T

[
L
=

Hinh 6. P6 lan mit dat cia hai dudng him
dat song song khi thay d6i khoang cach
gitra hai duong ham
4.2. Anh hwéng ciia cac tham s6 méi truwong dit nén
a) Anh hwéng cia liec dinh don vi
Xét chuyén vi ciia nén dat xung quanh dudng ham
dat & d6 sau 3R da dugc nghién ctru voi luc dinh cia
dat nén bé’lng 15kPa. Sau d6, luc dinh cta dit nén
duogc thay doi 1an luogt tir SkPa dén 25kPa. D6 thi nay
cho thay lan mat dat giam khoang 4mm khi Iyc dinh
ctia dat nén ting 10kPa.
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Khoang cach theo phwong ngang x (m)

-50 -40 -30 -20 -10 0 10 20 30 40 50
o T ‘ 3 T : i :
S, = -3E-06¢® + 0,0022¢* + 0,0099¢ - S,1255 f
-2 F----ihNaC R2=0,9412 e ey
s . i i I V 1
5 B i i e i falttiatr itk et iankabadeg 4" 1k itk
2
o -0
= N
<= -8 :
1 "
b i
E_](] ---------- e L L L LD DS EEE Y Lt
= il
= : ' :
orld presriasesdes fedmmem e
(=] ! ! H
14 F---- I SRR PR ! =
: : 18, = -2E-06¢% + 0,0038¢2+ 0,0054¢ - 13,67
' ' i R? = 0,9509
-16
——c = 5kPa —-c = 15kPa —8—c = 25kPa

Hinh 7. Anh hudng cta sy thay d6i luc dinh
cua dat nén dén duong cong lin mat dat

b) Anh huéng ciia goc néi ma sdt

Thay d6i goc ndi ma sat trong ciia dat nén tir 2°
dén 10° dé khao sat anh huong dén do lan mat dat. Tur
s6 lidu tinh toan bang mé hinh, thiét 1ap quan hé giita
d6 lin mat dat 16n nhat (Smax) va goc ma sat trong
(p) xac dinh phuong trinh dai di€n quan h¢ trén co
dang ham da thirc bac 3 vai R>=0,9873;

Simax= 0,0055.¢° — 0,0961.9> + 0,3024.¢ + 12,551.

Khoing cdch theo phrong ngang (m)
-50 -40 -30 -20 -10 O 10 20 30 40 50

=1

mmdeme e

-]

-6

i i I T |

""i'""!-""i'""i'" r,

~#-(Goc ma sat trong 6 do —8—Goc ma sal trong 8 do
——Goce ma sat trong 10 do

Hinh 8. Anh huong cua su thay d6i goc ma sat trong
cua dat nén dén dudng cong lin mat dat

4.3. Anh hwéng ciia cac dic tinh khién dao SM

a) Anh hudng cia dp lwc cdan bang bé mdt girong
dao (P)

Anh huéng cua cac ap lyc cin bang bé mit
guong khac nhau ddi voi d6 ln mat dat dugc minh
hoa Hinh 9. Ap luc can bang bé mit guong cia EPB
dugc diéu chinh & 150, 200, 300 kPa. Khi ap lyc cin
bang bé miat guong ting, d6 lin mat dat giam xudng,
cho thiy rang ap luc can bang bé mat guong 1a mot
tham sd quan trong dé kiém soat d6 lin mat dat va
tac dong moi truong cta dao duong ham.

Truc x (m)

wannng 5/
s

iy

DG lin mit dit S,,,, (mm)

1
-30 L
—=—300 kPa +—200 kPa —+— 150 kPa

Hinh 9. Su thay ddi cua dudng cong lin
do dao dudng ham tuyén d6i bang khién dao theo
su bién thién cta ap luc can bang bé mat guong dao

b) Anh huong chiéu dai khién dao

Chiéu dai khién dao anh huong dén hinh dang
dudng cong lun doc truc ham. Khi chiéu dai khién dao
thay dbi tir 7-8m thi su khac biét vé do lun doc truc
duong ham 1a khong rd nét. Tuy nhién, khi chiéu dai
khién dao tiép tuc tang 1€n 8-9m thi lan doc truc
dudng ham di thay d6i mot cach rd rét. Khi chidu dai
khién dao tang 1én Im thi lan doc tryuc dudng hdm co
thé giam tdi da 1a 7,5mm.

Khoang cich tir mat gwong dio (m)

=40 =30 =20 -10 0
° 7
-5 2
= Lu=Tm // u%:
_ -10
= [,,=8m <z
—— 1,,=9m ] 15 2
—— I,=10m =
=20 =
./ g
_25 E
e e «m:u-
=30

Hinh 10. Anh hudéng chiéu dai ciia khién dao
dén Iun doc truc dudong ham

¢) Anh hieomg ciia dp liec phut vita chén (Q)

Viéc gia tang ap luc phut vira ciing lam giam d6
lan mét dat. Anh hudng cua ap luc phut vira lap day
khe h¢ 1a dang ké. Khi ap lyc phut vita chen thay doi
133% thi 6 lGn mat dat 16n nhat giam di dudi 2mm
(Hinh 11).

Truc Y (m)
0 10 20 30 40 50 60 70 80

—
E 5 . . . .
g A
£ 0 brmrdimemimmemem e
“ . an
E oo} tmeed
s N N
% e -
£ -10 p----q9-----r---- a----- - F====a-----
= D s o AN
S s i i R
g S

=20
~=-200kPa ——250kPa ——300kPa ——350 kPa
Hinh 11. D6 lin mat dat do dao dudng ham
ung voi cac gia tri khac nhau cia ap luc phut vira
& duoi cua khién dao

366



Hoi nghi khoa hoc quéc té Ky niém 55 nam ngay thanh ldp Vién KHCN Xay dung

5. PHAN TiCH PQ NHAY CUA CAC YEU TO
ANH HUONG PEN PQ LUN MAT PAT DO
PAO PUONG HAM BANG KHIEN TRONG
PAT YEU

Nhom téc gia tinh toan khao sat @6 lin mat d4t khi
thay d6i luan phién gia tri ctia cac tham sd tir nho nhét
dén 16n nhét. Khi d6 d6 lin mat dét s& thay doi tir gia
tri nho nhat dén 16n nhat.

Tam quan trong ctia cac yéu to anh huong dén do
lan mit dat dugc thé hién boi gia tri cia do nhay. Do
nhay cang 16n thi tim quan trong cua yéu t6 dbi véi do
lan mat dat cang 16n (Hinh 12). Qua tinh toan trinh bay
cho thy cic yéu td quan trong nhat bao gom: duong
kinh dudng him (23,72%), 4p luc can bang bé mait
guong dao (23,06%), chibu siu dat dwdong him
(18,94%), ap luc phut vira chen (17,29%), khoang cach
theo phuong ngang giita hai ham (9,66%), luc dinh ciia
dat (4,18%), goc ma sat trong cia dat (3,15%).

Ap lye phut
vira chén
17,29%

Buong kinh
ham
23,72%

Ap luc

Sl Chiéu sau
can bang a3t him
be mit... 18.94%
Goc ma sat
trong Khoang céich theo
3,15% A phuong ngang gitra
Luc dinh — hai ham
4,18% 9,66%

Hinh 12. Ty 1& phén trim cia cac yéu tb
anh hudng dén lin mat dat

6. KET LUAN

- Tinh toan cho xdy dung tuyén tau dién ngdm sb
6 cia TP. HCM. Két qua nghién ciru s& gop phan hd
trg cac don vi thi cong vé dinh huéng viéc lwa chon
cac thong s ti wu dé thi cong duong him nham giam
thiéu anh hudng xau dén cong trinh hién hiru.

- Tir m6 hinh tinh toan duong him bing chwong
trinh PLAXIS ta c6 thé tinh toan dugc céac gia tri do
lan mat dat trong cac giai doan thi cong. Vi vdy no
hoan toan cé thé duoc ap dung dé tinh toan 1an mat
dat khi dao duong ham bang khién dao tai TP. HCM.
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NGHIEN CUU - PANH GIA VE MOT PHUONG AN CONG NGHE MOI
KHI GIA CO THANH HO PAO SAU TRONG PAT YEU SAU SU CO
CHUYEN DICH LON THANH HO PAO VA MAT ON PINH
CUA HE KET CAU CHAN GIU XAY RA TRONG QUA TRINH THI CONG

Trin Huy T4n"", Nguyén Anh Diing®
DVien Khoa hoc cong nghé xdy dung, Email: tanibst@gmail.com
@ Cong ty TNHH TVXD va MT CE, Email: dzungcec@yahoo.com

TOM TAT: Cac cong trinh nha cao tang, tram bom, duong bng... thuong dugc xay dung trong nhiing hé dao mo véi do
sau dao tir vai mét d&én hang chuc mét. Mic du hd dao cong trinh ¢ tim quan trong déc biét, nhung chi 1a cong trinh tam
thot nén mire d¢ quan tam cling nhur chi phi d4u tu thudng bi han ché. Van dé nay dic biét nguy hiém va d& c6 thé xay ra su
¢b sap thanh hé dao trong qua trinh thi cong hd dao siu trong ving dat yéu co chiéu day 16n. Trong bai bo nay trinh bay
mot phuong an doc déo, méi c6 dé gia cd thanh hd dao sau trong dat yéu sau sy ¢b chuyén dich 16n thanh hd dao va méit 6n
dinh cta hé két cAu chin giir xéy ra trong qua trinh thi cong tai mét du an & nudc ta.

TU KHOA: hé dao, dat yéu.

ABSTRACTS: High rise buildings, pumping stations, pipelines ... are usually built in open excavation with depths from
several meters to dozens of meters. Although the excavation pit is of special importance, it is only temporary, so the level of
interest and investment costs are often limited. This problem is especially dangerous and it is possible to break the
excavation during the construction of deep excavation in the solf soil of large thickness. This paper presents a unique new
method of reinforcing the deep excavation in the solf soil after a failure and the instability of the block structure that occurs

during the construction process.
KEYWORDS: excavation, solf soil.

1. GIOI THIEU

Vi€e xay dung cac loai cong trinh hé dao dat ra
yéu cau vé nhung bién phap chin giit dé bao vé thanh
hd dao va viée st dung cong nghé dao thich hop vé
mit k§ thudt - kinh té ciing nhu an toan moéi truong,
khong gdy anh huong x4u dén cong trinh lan can da
¢6 tir nhiéu nim trudc.

Xay dung hé ddo sdu trong diéu kién dét yéu, muc
nudc ngam cao, didu kién hi¢n truong phuc tap rat dé
sinh ra truot 1o khdi dat, mat 6n dinh hd dao. Do tinh
chat bién doi thuong xuyén va trong khoang kha rong
clia dat da, lam ting thém sy khé khan trong thiét ké -
thi cong. H6 dao trong thuc té 1a mot dang cong trinh
trung gian phuc vu thi cong mong hodc xay dung cong
trinh ngdm. Cac nganh cong nghiép (nha may Nhiét
dién, Xi mang, P4 nhan tao...), cac tram bom 16n,
cong trinh thuy loi - thuy dién khi xay dung déu co
cac hang myc can dt sdu vao 1ong dat, hoic cac ga -
tau dién ngam do thi, cac gara 0t6, cac cao dc van
phong véi nhiéu tang ham.

Viéc hd moéng sau di qua ting dat yéu von dé bi
bién ddi tinh chat thuc‘mg xuyén va kho luong theo
thoi gian, trong cac giai doan thi cong, dac bit la loai
dat sét cb két thuong va qua cd két nhe ludn 1a van de
duge cac nha chuyén mén quan tim nghién ctru. V&
phuong dién co hoc, thi cong hd méng c6 thé coi nhur
bai toan d& tai dbi voi nén dét. Viée do tai lam thay ddi

trang thai img suit va bién dang cua nén. Su cn bang
ban dau bi vi pham, trang thai ung suét thay doi dan
dén nguy co mit 6n dinh thanh hd, sau d6 1a day hod
moéng va dit xung quanh.

Tai cac thanh pho 16n ¢ nudc ta da xuat hién mot vai
sur cb sép thanh h6 dao sdu trong dat yéu trong may nam
tr¢ lai day nhu TP.HCM, TP. Hue . Truge yéu cau thuc
te chung toi da nghlen ctru, d& xuat mot phu’ong an thiét
ké moi, khac biét v6i cac phuong an truyén thong trong
viée xir Iy su ¢ cong trinh hd dao sau.

Trong bai bao nay g101 thiéu mot hd dao sau trong
nén dat yeu va gap su co trong qua trinh thi cong tai
TP.Hué, dong thoi trinh bay phuong 4n thiét ké va thi

cong néu trén de gia co thanh hé dao, phu hop véi
diéu kién thue té, dam bao 6n dinh, tlep tuc thi cong
cdc budc tiép theo ctia dy 4n, dap ung tién do cua chi
dau tur.

2. BIEM QUA MOT SO VAN BE THI CONG HO
MONG SAU TREN NEN PAT YEU

Khi hd dao trong dat yéu gip su cd thuong co
hién tuong:

- Pha hoai nen va lan mat dét xung quanh quéa muc:
Hién tuong nay xay ra khi do sau hd dao tang, dat bén
ngoai tuong tac dong nhu mot phu tai 6101 v6i dat phia
bén trong & murc day hé dao va phat trlen nhiig lyc
ngang trong 16p dat bén dudi lam cho dat bén dudi
hé dao troi 1én. Néu hd dao qua siu so véi gidi han do
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bén cua dat, thi sy day troi day c6 thé s& khong kiém
ché ndi, do lan ciia mat dat quanh h6 moéng s& vuot qua
murc va hé chong d& hé dao sé& sap do;

- Pha hoai h¢ thanh chéng - thanh giang: Hé thong
chong d3 hd dao thuong chu yeu pha hoai theo kiéu
uon doc thanh chong, bat nguon tr su nut ran cuc bd
do khong du do cung dé tiép nhan tai trong tap trung
tr cac thanh chong baoi khi do tuong vay bi lun qua
mirc din den hé chéng bi X0dn, ~gdy ra nut ran lién két
va gly mat 6n dinh tong the Mot cach dé gidam
chuyén vi chung cua h¢ thong chong la tao ing suat
truge khi lap dat. Thuong lay tng sudt trudc bang
(40%-70%) tai trong chong duy tinh 16n nhét.

Qua phan tich cac hién tugng néu trén va xem xét
trang thai ing suat-bién dang (TTUSBD) cua nén dat

Hinh 1: Mat br:ing hién trang hd dao khi ¢o su cb

3. GIOI THIEU HO PAO GAP SU CO VA
PHUONG AN XU LY

3.1. Hién trang hé dao

Trong qué trinh thi céng hé dao tram bom sé 8,
thude cong trinh H/ICB/1A ‘Xay du'ng Nha may xu 1y
nude thai, cic tram bom va tuyén ong truyen tai’ — Du
an cai thién moéi trudng nude Thanh phd Hué da gip
su c0. HO dao co kich thuéc mat bang 22.17m x
28.0m (Hinh 1 va Hinh 3).

Vi tri h6 dao nam & goc duong giao thong 16n cia
thanh pho , bén canh la song Phat Lat. Trén hinh 2
thay rd 4 mat ho dao, gom:

- Mit phia giap duong T4 Hitu;

- Mit phia giap duong Nguyén Lo Trach;

- Mat phia giap song Phat lat;

- Mit phia giap nha cép 4.

H6 dao dugc thiét ké theo hai cao trinh dao khac
nhau, dam bao phu hop vai két cau tram bom: voi d
sau khu vyc ho Pit sau 11m, khu thi€t bi, may modc
tram bom sau 8m (Hinh 2).

xung quanh hd dio trong qua trinh thi céng bang 10i
gidi cac phin mém PLAXIS (Ha Lan), SIGMA/W
(Canada)...két hop v6i mot s6 phuong phap du bao
chuyén dich thanh hé dao ciia mot sb tac gia nhu Peck
(1969), O’Rourke (1976), Mana va Clough (1981),
Caspe (1966) va Bowles (1988)...Co thé ‘nhan thay
mot trong cac hudng giai quyét bai toan on dinh h
dao bang cach ting stc khang trugt cho dat nén quanh
hd dao va cai thién do cung cua hé két chu chong do
thanh hé dao. Véan dé nay dit ra trong thuc té 1a tim
kiém giai phap cong nghé t6i wu, phui hop thuc té va
thoa mén 1y thuyét 6n dinh trén. Du6i day xin trinh
bay mét cong ngh¢ da ap dung va thi cong thir nghiém
1an dau cho hd dao séu tai TP.Hué.

1%

[

—
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Hinh 2: Chiéu siu hd dao theo thiét ké tram bom

Pé thi cong dao, trong phuong an ct, nguoi ta da
st dung cu larsen4 két hop v6i hé két cau chong do
bang thép hinh H350, chdng theo 2 phuong (Hinh 3).

Tai khu vuc ¢6 chiéu sau dao 1a 11.0 m, chiéu dai
cua tuong cur Larsen ha sau 16.0 m va tai khu vuc dao
8.0 m chicu sau cur la 12.0 (Hinh 3).

Trong qua trinh thi cong, khi chiéu sau dao dat
khoang 7.0 m (ké tir mat dat), xdy ra hién tuong dich
chuyen tuong cu. Toan by hé coc BTCT da dugc thi
cong xong (ép am) trude khi dao hd mong (Hinh 2).

Trén hinh 4 la hién trang sy ¢d hd dao gy x0
nghleng, day chén cu larsen vao phia trong ho dao,
dinh cir nghiéng ra ngoai hd (giap dudng T Hitu). luc
nay hé thanh chdng bi léch khoi mit phang ngang,
chénh 1€ch cao do khoang 2m (Hinh 4).

Tuong ty, trén hinh 5 cho thay cur & cac mat giap
phla bo song Phat Lat bi ddy vao trong long hé dao,
cdc thanh vang chéng vi Vong gitra, cac dau diém
chong v0i tudong bi truot. Sy cd khién phai dimg thi
cong va lap cat tré lai vao hd dao.

Theo bao cao khao sat dia chat, dat nén khu vuc
hé dao réat yéu, tir trén xudng den do sau 16m + 18m
1a sét, bun sét, trang thai déo mém-déo chay (Hinh 6).
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Hinh 6: Hinh tru 16 khoan trong pham vi chiéu sau ha ctr & Vi tri mat bﬁng hé khoan
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Bing 1: Chi tiéu co Iy dt nén

Tham sb Lépl Lép2 | Lop3 Lépd | Léps | Lép6 | Lép7 | Lops
C.day (m) 0.2 4.2 13.9 1.2 1.5 2.5 5.3 >1.2
yw (kG/em?®) 1.87 1.71 1.9 1.91 1.88
ye (kG/em?) 1.4 1.17 1.46 1.5 1.43
C (kG/cm?) 0.13 0.05 0.15 0.16 0.16
¢ (d0) 9°53 4°30 13°36 1521 | 12°17
e 0.898 1.3 0.84 0.79 0.88
E (kG/cm?) 83.3 17.6 1415 | 100.5 412 120 92.3
Do sét B 0.58 1.1 0.49 0.42 0.52

3.2. X4c dinh nguyén nhén

Nguyén nhan giy sy ¢ hd dao duge xac dinh la
nén dét khu vic hd dao qua yéu, géc ma sat trong cua
dét (trong pham vi chiéu sdu dao) khoang 4°30" dén
9°53" (Bang 2), chiéu siu hd dao 16n, chiéu dai cir
larsen khong du 16n dan dén cir bi ddy vao phia trong
hd diao. Luc nay hé thanh chéng bang két cau thép
cling mét 6n dinh va bi bién hinh. Hién twong xdy ra
v6i hd dao phu hop véi cac nhan dinh 1y thuyét néu tai
muc 2 va két qua kiém tra 6n dinh trong hinh 7 va
hinh 8.

Hinh 7: So d6 cung trugt phan duong T Hiru

3.3. Phuong an xir ly

Két qua tinh toan cho thay, trong cac truong hop
tat ca mat truot la sau, dudi day ho dao, vi vay cac
két cau gia cuong phai c6 chi€u sdu > do sau cua
cung trugt.

Phuong an xtr Iy dugc dua ra la tao mot ban cliing
bang cur van thép va coc ré cdy vuot sdu qua mat
trugt. Phuong an nay cling c6 y nghia lam ting d¢
cung cua h¢ két cau chong do (Hinh 9).

e Cac thong sb tinh toan:

- Lop dat dip : v, = 18 KN/m®; ¢ = 20°; C = 10 kN/m?;

-L6p 2 : vy = I8 KN/m’; ¢ = 9°53'; C = 13 kN/m’;

- Lp 3: 7 = 17kN/m’; @ = 5°30'; C = 10.14 KN/m’.
Trén hinh 7 la két qua kiém tinh 6n dinh cta ho dao
V(?ri canh giép duong TO Hitu, ngi c6 nén dat tuy nhién
dap cao. Chiéu sdu cung trugt nam dudi cao trinh hién
tai cua ho dao, ho dao mat 6n dinh (h¢ so 6n dinh Fs =
0.296 < 1.2).

Tuong ty, trén hinh 8 1a két qua kiém tra On dinh ho
dé}o, mat gi@p song Phat Lat, h¢ sO on dinh Fs = 0.465,
ho dao mat on dinh.

N
4

Hinh 8: So dd cung trugt phan bo song Phat Lat

Trén co s¢ nguyén ly néu ¢ hinh 9, thyc hién gia
¢6 méi cho hd dao bang cach dwa vao cac ban cing dé
gia cuong cho hé cu larsen, hé chéng da co tir bién
phép thi cong cii (Hinh 10).

Tir so do bd tri két cau gia cd méi cho hd dao néu
trong hinh 10, thyc hién tinh toan m6 hinh hd dao
bang phan mém Plaxis (muc 4.3) va kiém tra diéu
kién lam viéc ctia hé gia ¢b (muc 4.4) cho thiy hé dao
hoan toan 6n dinh thep phuong 4n gia c6 méi.
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Hinh 9: Tang cudng suc khang trén mat trugt Hinh 10: Mit bang b tri hé gia cuong hd dao
bang tam cliing
4. TINH TOAN HO PAO BANG PLAXIS
4.1. S6 liéu ban diu
Bang 2. Tham s dat nén phuc vu tinh Plaxis
No6i dung Pon vi Lop 1 Lop 2 Loép 3 Lop 4
Chiéu day (TB) m 0.2 4.2 13.9
Dung trong tu nhién (y,,) kN/m’ 18.7 1.71
Dung trong kho (yk) kN/m’ 14.15 11.69
Luec dinh (c) kN/m? 13.0 5.0
Goéc ma st (¢) Do 953 4°30° 1336’
Modul bién dang kN/m? 8330 1760
D6 sdu myc nude ngdm Cao d6 myc nudc song la -1.0 m.
Cac loai két cau tim gia c¢b trong hinh 10 va cac Bang 4. Dién tich ciia cic tim gia cudng
thong so hinh hoc dugc trm}’1 bay trong bang 4. o A, | Atong I
Bang 3: Thong so cia cir Larsen 031 tam (cm®) | (ecm?) | (KNm%*/m)
gitr thanh ho dao Tmcirthép Loai 1 | 96.99 | 678.9 | 0.044
TT | Tham s cir larsen Ponvi | Gidtri Tam cir thép Loai 2 | 96.99 | 775.9 0.066
1 D@ cfmg EA cu larsen KN/m 5_09)(106 Térn cu thép Loai 3 96.99 | 872.9 0.093
TAm coc ré ca ,
2 | PocungEl cir larsen | KNm*/m | 8.11x10° d=130 Y 132.66 | 1326.6 0.18
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Hinh 11: Két cAu tim gia c6
- Gia tri tham s6 twong dwong cua khdi gia co:
Keét cau gia c6 nén dat xung quanh ho dao c6 cac dic
trung tuong duong E, ¢ va ¢ dya theo cac biéu thuc
dudi day:

Eq=E,*a, +(1-a,)*E, (1)

ctdch*aer(l—ap)*cs 2)

¢td:¢p*ap+(1_ap)*¢s (3)
A

apz—ZA P 4)

trong d6: E,, 1a gia tri modul dan hdi cia 16p twong
duong; ¢, 1a lyc dinh cua 16p twong duong; ¢y 1a goc
ma sat cua 16p tuong duong; E,: la gia tri modul dan
h01 cua vat liéu tam gia cd; ¢, la lyc dinh cua vat licu
tAm gia co ¢p la goc ma sat cia vat liu tAm gia co

Es: 1a gia tri modul dan hoi cta dét; ¢, 1a lyc dinh cua
dat; ¢, 1a goc ma sat cua dat; a, la ty 1€ dién tich thay
the Ap; 1a dién tich cua ting tam gia c6 trong khoi; A7
tong dién tich khoi gia cd.

Bang 5. Cac thong so tinh toan ciia khoi gia ¢

Tham s6 | By (KN/m?) | Cq (kN/m?) | @ (d0)
Cularsen | 2.49x10° | 1.64x10° 5.39
BT coc | ) 48x10° | 1.63x10° 539
re cay

- Tai trong tinh toan trén mit dit xung quanh
thanh ho dao:

+ Phia duong T Hitu, Nguyén Lo Trach, nha cip
41a2 tm’

+ Phia song Phat Lat: 0.5 tan/m’.
4.2. Gia tri giéi han

Két qua tinh toan bao gdbm:

+ Dich chuyén cua tudng ctr;

+ Gi4 tri moment ubn trong tuong cir;

+ Luc chuyén vao thanh chéng;

+ Hé s6 6n dinh chdng truot.

Gia tri tinh toan trén dugc danh gia theo tri gioi
han sau:

4.2.1. Gidi han dich chuyén

Dich chuyén cia tuong 1iy bang 2% cua chiéu siu
dao (G.B. Sowers, G.F. Sowers “Introducion a la
Mecanica de Suelos y Cimentaciones”). Vi chiéu sau
dao 1a 8 m, gié tri dich chuyén 1a 16 cm.
4.2.2. Gi6i han moment uén

Moment udn trong tuong ctr < [ M Jg

+ Cu thép loai FSN IV: W =
R = 4850 kg/cm?;

+ Biéu thirc xac dinh [ M ]y, = W*R ;

362 cm?,

Trong do: W 1a modul chéng udn ctia mit cit; R 1a
cuong do cua vat li€u thép.

+ Nhu vay, gid tri [ M ]g cua 1 tim cur la:
1755700 kg.cm = 175.57 kNm;

+ 1 m tuong c¢6 2.5 thanh cir: Tong gid tri [ M Jen
la: 438.925 kNm.
4.2.3. Khd ning chiu lwc ciia thanh chong

+ Ung suét o do luc tac dung vao thanh chdng
phéi <[ R ], ctia thép thanh chéng;

+ Thong sb cua thép thanh chdng trong cong trinh
la: Thép H350: A =173.9 cmz, r,=152cm,Ly=7 m.
[R]=2,730 kg/cm®, E = 2,100,000 kg/cm”.

L, 700

a=—0="" _460 5
r, 152 ©)

- [r
o=~ 6
B (6)
(0073 5.53— jx\f 0.85 %

Cong thirc tinh on dinh cia thanh chéng chiu nén
ding tam:
N
oA

<f (8)

trong do: ¢ 13 hé sb 6n dinh (theo biéu thuc (7); 4 1a
tiét dién thanh chdng; /13 cudng d6 cia thép, r, 13 ban
kinh quay theo truc x — x; Ly la chiéu dai tu do cua
thanh chéng; E 1a modul dan hoi cua thép. Trong thiét
ké nay, mot hé s6 do tin cay duoc ap dung la 0.85 cho
cuong do cua thép vi vay gia tri cuong do thép s
dung 1a = 2730%0.85 = 2320.5 kg/cm®.
4.2.4. H¢ s6 on dinh

Hé s6 6n dinh chéng truot Fs > 1.2.
4.3. Két qua tinh toan biang Plaxis

Két qua tinh toan voi mat cit hd dao phan duong
T Hitu, ndi c6 nguy co mat 6n dinh cao duoc trinh
bay trong bang 6.
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Bang 6. Két qua tinh toan ciia khoi gia co

Bang 7. Két qua kiém tra thanh chéng

Thanh L‘ig ;Iilnh A 6 [R]
chong (KN) (cm®) | (kg/em®) | (kg/cm?)
Trén 3764 | 173.9 | 1,909.82 | 2320.5
Duoi 184.4 173.9 | 935.63 2320.5

Noi dung Két qua Hinh anh
SU d()\) béi i |IHIIHIIIHIIIIHIIIHIIHIIIIHIIIHII‘H
toan
M6 men
M 375.530
(KNm/m)
Udinh =1.39cm
Chuyén Udéy = 3.45CH’1
Vi cur
H=28m A =2.06cm
Luc
thqnh Fuen =376.4
chong KN/m
trén
FHC IS | p = 184.4
. KN/m
dudi
Apluc | 174 83 KN/m?
Vvao cu,
(R)
On dinh
(ho dao > Mfs=1.7
sau 8m)

Theo Két qua bang 6 cho thay:

- Dich chuyén cua dinh thanh hé dao 1a 1.39 cm
< l6cm.

- Gi4 tri moment & thanh hé dao 13 375.53 kNm/m
<438.925 kKNm.

- Luc 6 cac thanh chdng:
+ Thanh trén 376.4 KN/m;
+ Thanh duédi 184.4 KN/m.

-Hé s 6ndinh: K=1.7>1.2.

4.4. Kiém tra diéu kién lam viéc caia hé gia ¢
Gid thiét tinh todn:
- Chiéu sau hd dao 1a 8.0 m ké tir mat dat;

- TAm gia c6 lam viéc nhu mot tim clng xoay
quanh diém O (hinh 11);

- Cudng d6 khnags cit (7) giira cic tAm khoa cét
va dat xung quanh dua theo bi€u thuc:

T=c+0,tand 9)
trong d6: ¢ 1a lyc dinh cia nén dat; ¢ 1a goc ma sat
trong cua dat, o, 1a ing suat phap tac dung trén mat
phang tinh toan.

Ap lyc phap tuyén tic dung 1én mit phang tinh
toan la ap luc chu dong.

Céc loai tmg suét tac dung bao gom:

- Ma sat gtia 2 mat tdm khoa cit va dat;

- Ap luc tac dung gay dich chuyén ciia tim khoa cit
1a &p lyc chu dong phat trién tir mat dat dén do sau 13 m;

- Ap luc chu dong Pp tac dung 1én canh bén cua
tam gia ¢0 (hinh 12).

* * K -
Bm
——
A A
F,
Pk Sm
5
Fo Sn Sm
| iy
c

Hinh 12: Ap luc chii dong va bj dong
tac dung Ién tam gia co
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Bang 8 trinh bay két qua tinh toan cho tim gia c6
cu thép kich thude 3.2 x 0.34 m.

Bing 8. Két qua tinh toan tAm gia c6

Cuodng
) ) Aplyc| do
_ |Apluc| Aplyc | pj | khing | Lycma
Chiéu| ban chu dong cat sat hai
sdu | than dong (*) (**) | mat bén
m t/m’ t/m* t/m” t/m’ (ton/m)
0 0 -
1 1.87 1.31 0.58 3.70
2 3.74 2.63 0.66 4.21
3 5.61 3.94 0.74 4.71
4 7.48 5.26 0.81 5.21
5 9.35 6.74 0.89 5.71
6 11.22 | 8.21 0.97 6.22
7 13.09 | 9.69 1.05 6.72
8 1496 | 11.16 - 1.13 7.22
9 16.83 | 11.83 | 2.41 1.21 7.72
10 18.7 | 13.15 | 4.82 1.29 8.23
11 | 2057 | 1446 | 7.23 1.36 8.73
12 | 2244 | 1578 | 9.64 1.44 9.23
13 | 2431 | 17.09 | 12.05 1.52 9.73
14 | 26.18 1446 | 1.60 10.24
15 | 28.05 16.87 | 1.68 10.74
16 | 29.92 19.28 | 1.76 11.24
17 | 31.79 21.69 | 1.84 11.75
18 | 33.66 24.10 | 1.91 12.25
Tong (T) | 121.26 |132.56 143.55
Ghi chu:

(*): Ap luc bi dong cho 1 m chiéu sau.

(**): Cuong d6 khang cit tinh toan boi cong
thac (9).

Nhu vay tong ap luc chii dong (P,) = 121.26 T.

Téng ap luc bi dong trong chidu day 0.34m:

(P,) =132.56 x0.34=45T,

Luc ma sat (F) =143.55T;

Pa=121.26ton<Pp+F=188.55T (Thoa man).

5. QUAN TRAC HO PAO

Trong qua trinh thi cong xu 1y sy ¢b bang phuong
an trén, tai hién truong da thyc hién cong tac quan tric
chuyén vi cua nén bang Inclinometer. S6 luong diém
quan tric duoc bd tri nhu hinh 13.
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Hinh 13: Mit bang bd tri diém quan tric ICL

Thotgian | 1oy 5 ICL3 ICL4
do
!, T
i
18/3/2018 | . S
) dif i
Vs ’J .
3132018 |1 | 7 1) (
,) . ;7

26/4/2018 | |-

ownr

Hinh 14: Két qua quan tric trong giai doan thi cong
theo phuong an gia c6 méi

Két qua quan tric cho thdy h dao on dinh. S6
lidu quan tric (muyc 5) dii nhan dinh két qua tinh toan
(muc 4) dap tmg dugc yéu cau thi cong. Cu thé:

- Cac chuyén dich trong nén dao dong khoang
3cm dén Scm, riéng diém ICL4 c6 chuyén dich 16n
nhat1a 11.9cm;

- Cac chuyén dich déu giam dan theo do sdu va tat
tai chan ong ICL,;
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- Tai cing thoi diém quan tric cac chuyén dich
khéac nhu la do phuong an thi cong dao tirng vung cua
hé dao, phu hop véi thyc té thi cong;

- Chuyen vi nén tai cac diém ICL chi phat trlen
khi dao dén do sau thlet ké, sau d6 cac gia tri nay on
dinh, khong phat trién gia ting.

Bing 9. Két qua do chuyén dich ngang 18/3/2018

T Dd sau Chuyén vi (mm)
(m) ICL2 ICL3 ICL4
1 0.5 0.77 10.27 1.59
2 1.5 0.81 2.08 1.83
3 2.5 1.19 1.75 1.78
4 3.5 1.38 1.62 1.78
5 45 1.53 1.45 1.54
6 6 1.43 1.07 0.97
7 8.5 0.94 0.69 0.55
8 16 -0.04 0.47 0.29
9 20 -0.23 0.14 0.01

Bang 10. Két qua do chuyén dich ngang 26/4/2018

TT b6 sau Chuyén vi (mm)

(m) ICL2 ICL3 ICL4
1 0.5 22.48 37.33 119.4
2 1.5 25.44 27.13 106.86
3 2.5 29.53 30.65 104.1
4 3.5 31.89 36.82 98.93
5 4.5 34.31 4331 91.64
6 6 35.8 54.89 78.16
7 8.5 36.53 71.97 59.11
8 16 2.77 9.11 6.3
9 20 -0.51 0.03 0.23

6. KET LUAN

- Phuong an sir dung tAm cing dé gia c6 thanh hd
dao nhu néu trong bai bao nay 1a hoan toan dap ng
duogc yéu cau ki thuat, gitr on dinh duoc thanh hé dao
sau trong dat yéu. Day 1a mot cach gia ¢ mai, 1an dau
tién ap dung vao thiét ké va thi cong cho mot hd dao
cu thé & nudc ta;

- Panh gia day 1a mot phuong an tt, kha thi, c6
thé 4p dung dugc cho thiét ké hd dao ca trong diéu
kién k¥ thuat phuc tap. Vi vy can phai duoc ap dung
vao thyuc té nhiéu hon nira & trong diéu kién dia chét
khac nhau, qua d6 s& tong két, cong bb dé ap dung
phé bién trong linh vyc thi cong hé dao sau, gop phan
nang cao chat luong, hiéu qua xiy dung, giam thiéu
cac sy ¢d do thi cong hd dao gay ra;

- Viéc 4p dung coc ré cay trong phuong 4n trén
thé hién tinh linh hoat cao, c6 thé thi cong ca trong
diéu kién mat bang chat hep, khong cho phép cac thiét
bi thi cong 16n tiép can. Ngoai ra su dung coc ré cay
con co kha niang canh tranh cao vé gia thanh va tién
dd6 thi cong;

- Dé phat huy, kiém ching tét'phucmg an thiét ké,
can thiet ket hop cong tac thiét ke voi viéc quan trac
mot cach chat ché ho dao trong giai doan thi cong.
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TOM TAT: Hé thdng ludi GPS quan tric chuyén dich ngang cong trinh thuong duoc thiét ké gdm hai bac: bac mot 1a ludi
khéng ché co s va bac hai 13 lu6i quan tric. Trong bai bao ndy c6 ndi dung nghién ctru xay dung thuat toan va quy trinh dé
phan tich d6 6n dinh ctia cac mdc chudn do bang GPS, xay dung thuat toan va quy trinh xir 1y s liéu khi két hop hai bac
ctia hé théng luéi GPS quan tric hop thanh mot mang ludi (ludi mot bac) nhim nang cao kha ning ing dung cong nghé
GPS dé quan tric chuyén dich ngang cong trinh.

TU KHOA: chuyén dich ngang, GPS.

ABSTRACT: The GPS network system used for horizontal displacement monitoring is usually designed with two levels: the
first is the basic network and the second is the monitoring network. In this paper, we establish algorithms and procedures
to analyze the stability of GPS benchmarks ,and develop algorithms and procedures of data processing when combining the
two levels of monitoring network system into one network. This is aimed to improve the application of GPS technology to

monitor horizontal displacement of work.

KEYWORDS: horizontal displacement, Global Positioning System.

1. PAT VAN PE

H¢ thong luéi GPS quan tric chuyén dich ngang
hodc quan tric chuyén dich cong trinh dwoc xay dung
gdm hai bac: bac mot 1a ludi khdng ché co so va bac
hai 14 luéi quan tric. Muc dich thanh lap va xu Iy s6
lidu dbi v6i bac ludi khdng ché co so 1a dé xac dinh,
danh gia d6 6n dinh cta hé thong diém trong bac ludi
nay, tim ra cac diém 6n dinh dé lam co s¢ gdc cho
toan by mang ludi. Toan bd hai bac cua hé théng Iudi
quan tric hop thanh mot mang ludi mit bang tu do va
viée xir 1y s liéu cta hé thong ludi do thuc chét la
dinh vi lué6i trong cac chu ky do theo sb liéu ¢ chu ky
dugc 1ay 1am mdc so sanh. Do d6 ap dung phuong
phap binh sai ludi ty do 1a giai phap thich hop nhét
trong viée xir 1y s liéu hé thdng ludi quan tric, trong
truong hop ndy van dé can thiét 1a phai xac dinh duogc
tiéu chuan phu hop dé dinh vi mang ludi ¢ cac chu ky
do khac nhau.

2.COSOLY THUYET

2.1 Tinh véc to canh

Két qua do GPS thuong dugc xtr Iy bang cac phan
mém chuyén dung do hang cung cap thiét bi thu tin
hiéu v¢ tinh thanh 1ap (vi du phan mém TBC).

Khi xtr Iy canh chi chip nhan cac canh dat 16i giai
FIX, v6i RATIO khong nho hon 2. Trong truong hop
khong dat loi giai FIX can luu y toi sai s6 da duong
dan tin hiéu (Multipath). Néu tinh canh & ché do tu
dong khong dat thi phai xt 1y canh theo phuong phap
can thi€p. Trong truong hop xir Iy can thi€ép ma khong
nhan duogc 161 gidi FIX thi phai do lai.

Khi xir 1y can thiép c6 thé cit bo bot vé tinh c6
tinh trang x4u hodc cit bo bsi thoi gian do nhung
khong duoc cit b qua 20% thoi gian thu tin hiéu.

2.2 Binh sai lwéi GPS

S?.u khi xjr 1y canh, Kkét qua kiém tra véc to canh dat
yéu cau thi tién hanh binh sai ludi theo cac budc sau:

Bude 1: Dua vao cac canh do GPS dé xac lap dd
hinh mang luéi;

Bude 2: Lua chon va thiét 1ap cac thong sb cua
Elipxoid;

Budc 3: Dinh nghia phép chiéu trong hé toa do
phang (hé toa d6 HN-72 hoac VN2000);

Budc 4: Binh sai ludi voi 1 diém gdc (coi ludi
GPS quan trac 1a ludi tu do })ac 0). biém FIX toa do
c6 thé dugc chon la mdt diem bat ky trong tap hop
diém khong ché co so ciia mang ludi, nhu vay thuc
chat mang luéi da duoc coi la Iudi tu do bac 0 va
budc thyc hién nay la qua trinh “dinh vi tam thoi”
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mang ludi. DOi v6i ludi GPS quan tric bién dang
cong trinh can phai thuc hién phan tich d¢ on dinh cta
cac diém co s va dinh vi lai mang ludi, van dé nay s€
duogc trinh bay trong muc 2.3.

2.3 Phén tich d9 6n dinh mdc co sé trong mang
luwéi GPS quan trac chuyén dich ngang cong trinh
2.3.1 Tiéu chudn dinh vi lwéi va tiéu chudn én dinh
clia cdc moc co' s

Trong chu ky dang khao sat, sau khi da thuc hién
binh sai lugi GPS quan tric & ché d6 FIX toa do 1
diém nhu di néu & trén thi con can phai kiém tra do
on dinh cua cac diém co s& va dinh vi lai mang luoi
d6. Viéc dinh vi hé théng ludi quan tric trong timg
chu ky do dugc thuc hién theo ti€u chuin:

1. Ludi duoc dinh vi vao vi tri trung binh cac diém
khong ché on dinh. Diéu kién nay dugc cu thé hoa
bang cach lya chon ma tran dinh vi C nhu sau:

C, =B, |
¢ o (1)

trong d6: C; = B; doi voi cac di€m co s¢ on dinh va
C; = 0 @061 voi cac diem khac.
2. Tiéu chuan danh gia do on dinh cia di€ém co so:
biém khong ché co so dugc coi la 6n dinh néu
chénh 1éch toa do cta diém ¢ chu 'ky dang xet so voi

chu ky ddu khéng vuot quéa sai sb gidi han xac dinh
do chénh 1éch do.

Tiéu chuan néu trén dugc cu thé hda bang bicu thirc:

q; < tmg, ©))

Cén luu 'y rang, viéc danh gia do 6n dinh cua cac
diém méc co s¢ duoc dwa trén cong thuc (2). Tuy
nhién dbi voi cac mang luéi tric dia, do ciu truc dd
hinh ma sau khi binh sai gia tri sai s6 vi tri cta cac
diém (mp) thuong co gia tri khac nhau, dan dén sai sb
xac dinh chuyén dich (mQ) cing khac nhau. Do vay,
¢6 thé chon mot gia tri sai sO gidi han A nao do dé
lam tiéu chuan thong nhit chung cho toan mang ludi,
khi @6 tiéu chuén (2) dugc viét lai la:

q <A 3)

Khong thé trién khai tinh toan dong thoi voi 2
biéu thirc (1) va (3) do giira 2 cong thic d6 c6 mdi
rang budc vé diéu kién ap dung. Giai phap hop ly
trong truong hop nay la &p dung phuong phap lap
nhich dan.

2.3.2 Quy trinh phan tich dj én dinh ciia cdc méc co sé

Khi binh sai luéi GPS trong mdi chu ky quan tric
can chon xtr 1y & ché d6 FIX toa do 1 diém (coi ludi
GPS 1a 1uéi tu do bac 0) dé tranh anh hudng cua sai sb
s6 lidu géc, sau d6 can dinh vi lai mang ludi & chu ky

dang xét vé vi tri trung binh cta cac diém khong ché on
dinh. Qua trinh dinh vi lai nay c6 thé dugc thuc hién
thong qua viéc ap dung cong thitc chuyén doi toa do:

X@ =x® _BC™B)'cTex ™ 4)

Trong cong thirc (4): 8X 1a vector chuyén dich cta
cac diém co so trong chu ky khao sat so v6i chu ky 1;
X" 1a vector toa do binh sai ludi & chu ky dang xét
ung voi ché 46 FIX 1 diém géc va X? 1a vector toa do
binh sai cta ludi d6 ing voi ma tran dinh vi C.

Péi véi ludi GPS tu do ma tran B ¢b dang:

B=|' °|-E 5
_01_2><2 ()

Tir d6 thu duoc bidu thirc tinh chuyén toa do binh
sai gilta cac phuong an chon dic€u kién dinh vi khac
nhau nhu sau:

1- Tinh chuyén toa d6 cua cac diém trong ludi
(gom n diém co sé) tur che d¢ FIX 1 diém goc ve ludi
tu do voi C = B:

[5x ]

x® = x® -
n
loy ] ©
yo = yo _ Byl
n

2- Khi can bét di 1 diém dinh vi (ky hiéu 14 diém t)
trong tép hop K diém dinh vi:

K
Z O Q—
Xi(z) - Xi(l) _m=l
K -1 (7)
K
Z 6y m (m #t)
@ _ oM _ mol
Yi Yi K -1

Trong trudng hop viée dinh vi ludi duoc thyc hién
dua trén cong thuc (1), néu t 13 diém khong 6n dinh va
can phai loai bo khoi qua trinh dinh vi ludi (bang cach
gan cho diém d6 gia tri C = 0) thi toa do cac diém
trong ludi s€ dugc tinh theo cong thuc:

d
x@ 4O +KXt1
(8)
y@ =y 4 oy .
K-1

Xét dic diém cua viéc tinh toan xir ly s6 lidu ludi
GPS va trén co so cic cong thirc chuyén doi toa do
trong mang lu6i nhu da néu ¢ trén, chung tdi ap dung
mot quy trinh phén tich d6 6n dinh luéi GPS co s6
trong quan tric chuyén dich ngang cong trinh theo
phuong phap 1ap nhich dan nhu sau:

Bucce 1: Trong chu ky dang khao sat, thyc hién
binh sai luoi khong ché co s6 nhu mang luoi ty do voi
1 diém FIX toa do.
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Buée 2: Tinh chuyén toa do binh sai clia cdc diém
trong mang ludi vé hé toa d6 mdi voi di€u kién dinh
vi C =B (cong thuc 1).

Budée 3: Tinh d¢ 1éch toa do cua tat cac cac diém
trong ludi so v6i toa do cic dieém do ¢ chu ky dau va
ap dung tiéu chuan (3) dé kiém tra, danh gia do 6n
dinh cua cac diém moc (c6 C = B) trong ludi.

Bude 4: C6 thé xay ra mot trong hai kha ning:

- Néu phat hi¢n mét (hodc mot sé) diém méc
khong on dinh thi s€ loai mgt diém co6 do 1éch toa do

16n nhat ra khoi nhom méc 6n dinh bang cach tinh
chuyén toa do theo cong thirc (8) va gan cho moc do
giatri C=0.

- Néu céc diém mdc con lai (c6 gia tri C = B) déu
thoa man tiéu chuan (3) thi két thuc qua trinh kiém tra.
Viéc dinh vi luéi duoc thuc hién gan ding nhat so voi
cac diém 6On dinh.

Quy trinh xur ly s6 liéu ludi quan tric bién dang
cong trinh néu trén duoc theé hién mot cach truc quan
thong qua so do ¢ hinh 1:

Binh sai ludi GPS

Tinh chuyén toa do

Tinh d6 léch toa do

FIX 1 diém gbc theo trong tam CK 1 y Y (Qx Gy Q)
Ci =0 <
Diém i
khong on dinh

Hinh 1. So d6 xir Iy s6 liéu ludi GPS quan tric bién dang cong trinh

3. THUC NGHIEM XU LY SO LIEU LUOI
GPS QUAN TRAC CHUYEN DICH NGANG
CONG TRINH
3.1. Giéi thi€u cong trinh thuc nghiém

_ Cong trinh thyc nghiém la mot tuong chin dat
bang bé tong cot thép co kich thude chiéu dai 1a 700m
va chi€u rong la 0,8m thudc mot cong trinh Cang &
Hai Phong. SO diém quan tric bao gom 07 moc

(QT1, QT2, QT3, QT4, QT5, QT6, QT7) gin ¢ dinh
tuong chin, sé moc co sé (mde chuan) ding dé quan
trac 1a 04 mdc co s (MC1, MC2, MC3, MC4). bo
chinh x4c yéu ciu quan tric 1a my = 5.0 mm, mang
ludi quan tric duoc thiét ké va do dac gdm mot cip
lu6i véi yéu cau 1a sai sd trung phuong vi tri diém
(mp) cua cac diém trong ludi sau binh sai phai < 3.5
mm, so' dd ludi nhu hinh 2.

Hinh 2. So d6 luéi GPS thuc nghiém

3.2. Xir Iy s6 liéu quan tric thue nghiém

Qua trinh thyc nghiém xur 1y s6 lidu duge thuc
hién voi 03 chu ky quan tric (chu ky 1, 2, 3). Trén c&
s dit liéu do cua 3 chu ky, tién hanh xir Iy canh va
binh sai luéi bang phan mém TBC 3.5, cic canh do
ctia 3 chu ky sau khi xir Iy déu dat 101 giai FIX va do
hinh luéi cua 3 chu ky dugc xéc 1ap nhu hinh 2.

Két qua binh sai luéi chu ky 1, 2, 3 trong hé toa do
phang (hé toa 6 VN-2000, mui chiéu 3°, kinh tuyén
truc 106°00°00”) & ché do FIX 1 diém gbc (FIX diém
MC1) dugc dua ra trong Bang 1. Sai sb trung phuong
vi tri diém trong chu ky 1, 2 va 3 déu dat yéu ciu
< 3.0 mm.
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Biang 1. Két qua binh sai luéi chu ky 1, 2, 3 trong hé toa dd phing
& ché d§ FIX 1 diém goc (FIX diém MC1)

Toa d6 chu k):/ 01 Toa d6 chu k}:/ 02 Toa d6 chu k}:/ 03
Tén (Binh sai FIX 1 diem MC1) (Binh sai FIX 1 diém MC1) (Binh sai FIX 1 diem MC1)
STT | méc (10/10/2017) (15/12/2017) (15/03/2017)
X(m) Y(m) X(m) Y (m) X(m) Y (m)

1 MCI | 2300836.196 | 591738.978 | 2300836.196 | 591738.978 | 2300836.196 | 591738.978
2 MC2 | 2300890.827 | 593357.108 | 2300890.831 | 593357.106 | 2300890.837 | 593357.105
3 MC3 | 2300786.840 | 593102.011 | 2300786.842 | 593102.010 | 2300786.852 | 593102.002
4 MC4 | 2300569.658 | 592851.441 | 2300569.658 | 592851.439 | 2300569.661 | 592851.434
5 QTI1 | 2301267.824 | 594137.943 | 2301267.831 | 594137.941 | 2301267.836 | 594137.940
6 QT2 | 2301176.402 | 594192.428 | 2301176.406 | 594192.428 | 2301176.409 | 594192.428
7 QT3 | 2301085.411 | 594246.515 | 2301085.418 | 594246.515 | 2301085.423 | 594246.515
8 QT4 | 2300993.898 | 594300.976 | 2300993.902 | 594300.983 | 2300993.909 | 594300.984
9 QTS5 | 2300915.494 | 594347.674 | 2300915.499 | 594347.678 | 2300915.502 | 594347.673
10 QT6 | 2300816.048 | 594406.783 | 2300816.051 | 594406.782 | 2300816.059 | 594406.784
11 QT7 | 2300722.122 | 594462.730 | 2300722.125 | 594462.730 | 2300722.135 | 594462.726

Tién hanh phdn tich @6 on dinh ciia moc co 6 va tinh todn théng sé chuyén dich chu ky 2:
Dua vao toa do cac mdc khéng ché MC1, MC2, MC3, MC4 & chu ky 1 va 2 tién hanh phan tich d6 6n dinh
cua cac moc chuan. Tiéu chuan 6n dinh ctia cdc moc chuan lay Ay = 2xmp = 2x3.5 = 7.0 mm. Két qua tinh toan
va phéan tich d6 on dinh ctia cadc mde chuan dugc thé hién trong bang 2, 3.

Bang 2. Tham sb tinh chuyén chu ky 2

Tog do6 chu ky 01 Tog do6 chu ky 02 B lach
STT Tén (Binh sai FIX 1 diem MC1) (Binh sai FIX 1 diém MC1) (rn)
mbc (10/10/2017) (15/12/2017)

X(m) Y(m) X(m) Y (m) dX(m) dY(m)

1 | MCI | 2300836.196 | 591738.978 | 2300836.196 | 591738.978 0.000 0.000

2 | MC2 | 2300890.827 | 593357.108 | 2300890.831 | 593357.106 0.004 -0.002

3 | MC3 | 2300786.840 | 593102.011 | 2300786.842 | 593102.010 0.002 -0.001

4 | MC4 | 2300569.658 | 592851.441 | 2300569.658 | 592851.439 0.000 -0.002

»dX, 2dY 0.006 -0.005

Tham s tinh chuyén 0.002 -0.001

Bang 3. Két qué danh gia dd 6n dinh cic mdc co sé chu ky 2
S, | e .
Tén (sau diéu chinh) D6 léch (mm) | On ct qua
STT | hée MC1) (15/12/2017) dinh | danh
(10/10/2017) (mm) | gid
X(m) Y (m) X(m) Y(m) A | b | 9] A

1 | MC1 |2300836.196 | 591738.978 | 2300836.194 | 591738979 | -2 | 1 |22 | 7.0 | Ondinh
2 | MC2 | 2300890.827 | 593357.108 | 2300890.829 | 593357.107 | 2 | -1 |22 | 7.0 | Ondinh
3 | MC3 | 2300786.840 | 593102.011 | 2300786.840 | 593102.011 | 0 | 0 | 0.0| 7.0 | Ondinh
4 | MC4 | 2300569.658 | 592851.441 | 2300569.656 | 592851.440 | -2 | -1 [2.2| 7.0 | Ondinh
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Tir két qua & bang 3 nhan thay cac moc co 86 ¢ chu ky 2 déu 6n dinh nén lay tham s6 tinh chuyén & bang 1
dé diéu chinh toa do cia cac dlem quan tric & chu ky 2. Toa d6 sau diéu chinh ¢ chu ky 2 va cac thong sb
chuyén dich tai cac diém quan tric dugc dua trong trong bang 4.

Bing 4. Két qua tinh toan thong s6 chuyén dich (chu ky 2 so véi chu ky 1)

Toa d6 chu ky 01 Toa @6 chu ky 02
STT Tén (Binh sai FIX 1 diem MC1) (sau diéu chinh) Do 1éch (mm)
moc (10/10/2017) (15/12/2017)
X(m) Y (m) X(m) Y (m) Jx dy q
1 QT1 | 2301267.824 | 594137.943 | 2301267.829 | 594137.942 5 -1 5.1
2 QT2 | 2301176.402 | 594192.428 | 2301176.404 | 594192.429 2 1 2.2
3 QT3 | 2301085.411 | 594246.515 | 2301085.416 | 594246.516 5 1 5.1
4 QT4 | 2300993.898 | 594300.976 | 2300993.900 | 594300.984 2 8 8.2
5 QTS5 | 2300915.494 | 594347.674 | 2300915.497 | 594347.679 3 5 5.8
6 QT6 | 2300816.048 | 594406.783 | 2300816.049 | 594406.783 1 0 1.0
7 QT7 | 2300722.122 | 594462.730 | 2300722.123 | 594462.731 1 1 1.4

Tinh todn phan tich @ én dinh ciia méc co sé va tinh todn théng sé chuyén dich chu ky 3:
Dua vao toa do cac mdc khdéng ché MC1, MC2, MC3, MC4 & chu ky 1 va 3 tién hanh phén tich d6 6n dinh
cua cac moc chuan. Tiéu chuan 6n dinh cia cdc moc chuan lay Ay = 2xmp = 2x3.5 = 7.0 mm. K&t qua tinh toan
va phan tich d¢ 6n dinh cua cac moc chuan dugc thé hién trong bang 5, 6, 7.

Bang 5. Tham s6 tinh chuyén chu ky 3

Toa d6 chu ky 01

Toa dg chu ky 03

qrp | Tén | (Binhsai FIX 1diém MCI) | (Binh sai FIX 1 diém MC1) B‘-(’nlf)Ch
mée (10/10/2017) (15/3/2018)
X(m) Y(m) X(m) Y(m) dX(m) dY(m)
1 | MCI | 2300836.196 | 591738.978 | 2300836.196 | 591738.978 0.000 0.000
2 | MC2 | 2300890.827 | 593357.108 | 2300890.837 | 593357.105 0.010 -0.003
3| MC3 | 2300786.840 | 593102.011 | 2300786.852 | 593102.002 0.012 -0.009
4 | MC4 | 2300569.658 | 592851.441 | 2300569.661 | 592851.434 0.003 -0.007
SdX, TdY 0.025 -0.019
Tham s tinh chuyén 0.006 -0.005
Bang 6. Két qua danh gia dd 6n dinh cac mdc co sé chu ky 3 (1an 1)
. , Gi6i
BT‘"E do ;}g‘(ﬁysl Toa d6 chu ky 03 han |
Ten (Binh sai tem (sau didu chinh) Do léch (mm) | on | Kétqua
STT 1 mée MEL (15/3/2018) dinh | danh
(10/10/2017) (mm) | 84
X(m) Y(m) X(m) Y(m) A | Ay | 9 | Ao
1 | MCI | 2300836.196 | 591738.978 | 2300836.190 | 591738.983 | -6 | 5 | 7.8| 7.0 glhg?fh
2 | MC2 | 2300890.827 | 593357.108 | 2300890.831 | 593357.110 | 4 | 2 | 45| 7.0 | Ondinh
3| MC3 | 2300786.840 | 593102.011 | 2300786.846 | 593102.007 | 6 | -4 | 72| 7.0 élhg?fh
4 | MC4 | 2300569.658 | 592851.441 | 2300569.655 | 592851.439 | -3 | -2 |3.6| 7.0 | Ondinh
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Tir két qua ¢ bang 6 nhén thdy chu ky 3 c6 mdc ,chgﬁn MCI va MC3 1a khong én dinh. Mdc chuan MC1 ¢cé
d0 1éch 16n nl,lét nén loai diém ne‘ly ra khoi nhom moc 6n vdjnh bang cach tinh chuyén toa d6 theo cong thic (8)
va gan cho mdc dé gia tri C = 0, két qua tinh toan duoc thé hién trong bang 7.

Bing 7. Két qué danh gia do 6n dinh cac mdc co sé chu ky 3 (Ian 2)

Toa d9 chu ky 01 Toa d9 chu ky 03 hgiooln
STT Tén (Binh sai FIX 1 diem MC1) (sau diéu chinh) b6 1éch (mm) dinh Két qu.é
moc (10/10/2017) (15/3/2018) (mm) danh gia
X(m) Y(m) X(m) Y(m) | @b | a9 | M

1 | MC1 | 2300836.196 | 591738.978 | 2300836.188 | 591738.984 | -8 6 [100] 7.0 élhg?r;gh
2 | MC2 | 2300890.827 | 593357.108 | 2300890.829 |593357.111| 2 3 3.6 | 7.0 |Ondinh
MC3 | 2300786.840 | 593102.011 | 2300786.844 | 593102.008 -3 | 50| 7.0 |Ondinh

4 | MC4 | 2300569.658 | 592851.441 | 2300569.653 |592851.440 | -5 -1 | 51| 7.0 |Ondinh

Tir két qua ¢ bang 7 nhan thiy cac diém méc co s con lai 1a MC1, MC2, MC3 déu 6n dinh nén tién hanh
dinh vi lai mang ludi vao vi tri trung binh cta cac méc chuin 6n dinh béng cach tinh lai tham sd tinh chuyén
theo cac mbc chuan 6n dinh (MC2, MC3, MC4); cac tham s tinh dugc 12 £dX/3 = 0.008 m, £dY/3 = -0.006 m.
Str dung cac tham s6 tinh chuyén nay dé diéu chinh toa do ciia cac diém quan tric & chu ky 3 va tinh toan thong
s6 chuyén dich ¢ chu ky 3. Két qua tinh toan dugc thé hién trong bang 8 va 9.

Biang 8. Két qua tinh toan thong sé chuyén dich (chu ky 3 so véi chu ky 1)

. TQ? do chu kY 01 Toa dé. Shu k?‘] 03 Thong ) chuyén dich
STT Tén (Binh sai FIX 1 diem MC1) (sau diéu chinh) (mm) :
moc (10/10/2017) (15/3/2018)

X(m) Y (m) X(m) Y (m) Jx dy q
1 QT1 | 2301267.824 | 594137.943 | 2301267.828 | 594137.946 4 5.0
2 QT2 | 2301176.402 | 594192.428 | 2301176.401 | 594192.434 -1 6.1
3 QT3 | 2301085.411 | 594246.515 | 2301085.415 | 594246.521 4 7.2
4 QT4 | 2300993.898 | 594300.976 | 2300993.901 | 594300.990 3 14 14.3
5 QTS5 | 2300915.494 | 594347.674 | 2300915.494 | 594347.679 0 5.0
6 QT6 | 2300816.048 | 594406.783 | 2300816.051 | 594406.790 3 7.6
7 QT7 | 2300722.122 | 594462.730 | 2300722.127 | 594462.732 5 5.4

Biang 9. Két qua tinh toan théng sé chuyén dich (chu ky 3 so véi chu ky 2)
Toa dé. Shu ky 02 Toa dé. Shu k?‘] 03 Thong ) chuyén dich
STT Tén (sau diéu chinh) (sau diéu chinh) (mm) :
moc (15/12/2017) (15/3/2018)

X(m) Y (m) X(m) Y (m) Jx dy q

1 QT1 | 2301267.829 | 594137.942 | 2301267.828 | 594137.946 -1 4 4.1
2 QT2 | 2301176.404 | 594192.429 | 2301176.401 | 594192.434 -3 5 5.8
3 QT3 | 2301085.416 | 594246.516 | 2301085.415 | 594246.521 -1 5 5.1
4 QT4 | 2300993.900 | 594300.984 | 2300993.901 | 594300.990 1 6 6.1
5 QTS5 | 2300915.497 | 594347.679 | 2300915.494 | 594347.679 -3 0 3.0
6 QT6 | 2300816.049 | 594406.783 | 2300816.051 | 594406.790 7 7.3
7 QT7 | 2300722.123 | 594462.731 | 2300722.127 | 594462.732 1 4.1
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4. KET LUAN

Tir két qua nghién ciru 1y thuyét va tinh toan thuc
nghiém chung t6i rut ra mdt s6 két ludn nhu sau:

- Khi xu ly sO liéu ludi GPS can xu ly sé ligu &
dang ludi 1 cap va binh sai lu6i GPS trong mdi chu ky
quan tric can chon xir Iy & ché do FIX toa d6 1 diém
(coi luGi GPS 1a luéi tu do bac 0) dé tranh anh hudng
cua sai sd sb lidu gdc, sau do tién hanh phan tich do
6n dinh cua cac moc chudn va dinh vi lai mang luédi &
chu ky dang xét vao vi tri trung binh ctia cac mdc
chuin 6n dinh.

- Phuong phap xur 1y s liéu ludi GPS quan tric
chuyén dich ngang cong trinh duoc trinh bay trong bai
béo 1a phu hop va c6 tinh chit chg, tinh ding dén cua
thuat toan d3 dwoc ching minh bing két qua
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thue nghiém. Quy trinh tinh phén tich d¢ 6 6n dinh cua
cac modc co sO trong mang ludi thanh l4p bang cong
nghé GPS dé dang ty dong hoa thong qua lap trinh
tinh todn trén may tinh.
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NGHIEN CU'U - THIET KE MONG BE CQC CHIU TAI TRONG LON
TREN NEN PAT SET YEU PA PUQC XU LY
BANG PHUONG PHAP HUT CHAN KHONG

Tran Huy Tén
Vien Khoa hoc cong nghé xay dung, Email: tanibst@gmail.com

TOM TAT: Hién nay, viéc xdy dung mot s6 dy an 16n thude khu Ve dong bang Séng Ciru Long, Song Hong hodc cac khu
vuc clra bién ¢ nuéc ta déu gap phai_ van dé phtre tap trong xtr ly nén d4t yéu. Phan 16n cac dy an cong nghiép nhu Nha may
Nhiét Dién, Nha may Xi mang... déu c6 thiét ké cac hang myc cong trinh véi nhiing cong nang khac nhau phan b6 khap
trén mat bang rong 16n cua du an. Duéi diéu kién tai trong khac nhau ¢ cac hang muc deu gdy ra do 1tn nhét dinh cho nén
dat yeu pé giai quyét bai toan vé d6 lan cua nén dat yéu trong cac tmong hop nay, da sb cac du 4n lwya chon giai phap xir
ly nén dat yéu dudi yéu cau tai trong khai thac chung (vi du 5T/m* hodc 10T/m’...) cho phan 16n hodc trén toan bo mat
bang cua dy an. Tuy nhién, tai mot ) hang muc cta dy an nhu cac kho chira nguyén liéu (Kho than, Kho d4 voi, Kho
sét ...) ¢ tai trong tic dung vao nén rat 16n (khoang 20T/m? hodc 16n hon) thi viéc nén da qua xir Iy nhu trén van chua dap
{mg duoc kha ning chiu tai va phai tim kiém sang giai phap mong coc, mong bé coc. Viée thiét ké mong trong truong hop
nay da dat ra khong it kho khin véi cac ki su thiét ké trong viée tinh toan strc chiu tai coc ciing nhu d6 lin clia mong bé
coc. Vi viy trong bai bao ndy d& cép viéc nghién ctru, phan tich thiét ké mong bé coc chiu tai trong 16n trén nén dit sét yéu
¢6 chiéu day 16n di qua xt 1y.

TU KHOA: Méng bé coc, dt yéu.

ABSTRACTS: The present, build projects at the area Song Cuu Long, Song Hong or the areas sea, which are have soft
soil. The Industrial large projects as the thermal power plant, cement plant... are the items with the other function on the
project. The other action load level is made the settlement of the soft soil. To resolve the settlement level of the ground, the
projects selected that the solution vacuum-pump (example ST /m’ or 10T / m’ ...) for large section or on the whole section
of project. However, at the items as limestone storage, coal storage has overload on the background (large 20T / m’ or
greater than). foundation design in this case is not Simple with the engineer. wherefore this report show design and analyze
pile raft foundation on the soft soil.

KEYWORDS: Pile raft foundation, soft soil.

1. GIOI THIEU

Nhing khu vuc ¢ dong bang Bic Bo va Nam Bo
trén luu vuc Séng Hong va Song Mé kong c6 tang dat
sét yéu v6i chiéu day 16n. Hudng téi muc tiéu phat
trién khu cong nghiép tai cac vung nay, trong qua
trinh xay dung nguoi ta thuong lua chon cac giai phap
va cong nghé xur 1y nén dit yéu phu hop nhat. Bé dat
duge hiéu qua kinh té, dap ung dwoc quy méd xay
dung, cac du an cong nghi€p 16n nhu Nhiét dién,
Xi mang... thudng chon giai phap xu ly nén dat yéu
cho phan lon dién tich xdy dung. O diéu kién tai trong
khai thac, van hanh thuong xuyén, mirc xir Iy nén phd
bién tai cac du an loai nay thuong dap Gmg cho tai
trong khai thac tir 5T/m* = 10T/m”. Tuy nhién, phan
16n cac kho nguyén liéu, bé chira...ciia cong trinh
cong nghiép déu co tai trong clia nguyén liu tac dung
vao nén rat 1o, khoang vai chuc T/m%. Truée thuc té
nhu viy, can phai c6 phuong an thiét ké mong vira
dam bao duogc kha nang chiu tai cong trinh, vira tan
dung dugc két qua nén da dugc xu 1y trong giai doan
trudc. Trong truong hop nay, giai phap mong bé coc

co6 thé dap ung dugc cac bai toan vé stc chiu tai cla
nén, vé do lan 16n va d6 on dinh. Méng bé coc cling
cho phép tan dung kha nang chiu tai ciia nén dat dudi
mong, tir d6 giam so lugng coc bo tri cho mdng.

Trong bai bao nay dé cap viée tinh toan mong bé

coc trong nén dat yéu co ké dén qua trinh nén dat
duoc gia tai trudc d6 bang cong nghé hut chan khong.

2. KHAI QUAT VE CAC PHUONG PHAP NGHIEN

Ttr nhitng ndm 50 - 60 cua thé ky XX dén nhimng
niam dau thé ky XXI nhidu cong trinh nghién ciru vé
g xir cia mong beé coc da duoc cong b, dién hinh
nhu: Zeevaert (1957), Davis & Poulos (1972), Hooper
(1979, 1973), Burland (1977), Sommer et al. (1985),
Franke (1991), O’Neill et al. (1996), van Impe &
Lungu (1996), El - Mossallamy & Franke (1997),
Poulos (1993, 1994, 1999, 2000, 2001, 2002), Chow
& Small (2008), Yamashita et al. (2011, 2015)...., dac
biét tai ISSMGE TC212 - Deep Foundation (2013) da
thong qua ISSMGE Combined Pile-Raft Foundation
Guideline. Didu nay ching to, mong bé coc 1a mot

384



Hoi nghi khoa hoc quéc té Ky niém 55 nam ngay thanh lgp Vién KHCN Xay dung

dé tai dugc nhidu tac gia quan tdm nghién ciru va
phat trién.

O Viét Nam, su lam viéc déng thoi cua coc va dat
nén da duoc nhiéu tac gia quan tim nghién ciru va da
c6 ap dung két qua nghién ctru ¢ muc d¢ khac nhau
vao mdt sO cong trinh cu thé.

Mong be coc da dugc Randolph (1994) dinh nghia
theo 3 nguyén ly thiét ké hé bé — coc. Ngoai ra
phuong phap “coc giém lun” - mét truong hop dic
biét cia phuwong phap “coc tir bién” theo nguyén ly
thiét ké 2 cua Randolph (1994) ciing dd dugc nhiéu
tac gia dé cap dén, trong d6 coc lam viéc tdi strc chiu
tai gidi han. Trong truong hop nay vai tro chinh cua
coc 1a khdng ché @6 1an mic du ching ciing gbp phan
lam tang kha nang chiu tai cia hé moéng.

Céc phan tich di cho thdy phuong phap thiét ké

vOi “coc giam lun” la phuong phap kinh té nhat trong
khi vin dam bao hé sb an toan ctia hé théng nén mong
cong trinh (Hinh1).

0: B (khdng cd coc)

1: Bé - coc, véi coc chiu tai véi hé
50 an toan thang thudng
B - coc dat fai

frong gici han 2:Be - coc, voi coc durorc thigt ké

Coc dattai viFi hé 50 an toan thap
Tai giGi han

trong 3. B - coc, vii coc giam Iin

Tai thidt|
ke

- D4 lin cho phép

Do lin
Hinh 1 Sy lam viéc ctia hé bé - coc
R4t nhiéu phuong phap phan tich hé bé-coc da

dugc nghién ciru va cac phuong phéap nay cé thé duoc
phén thanh 3 nhom (Theo Poulos 1997):

- Nhom 1 — Phan tich don gian hoa: Gia thiét don
gian hoa vé mo hinh nén va tai trong;

- Nhém 2 - Phan tich gan dung bang phan mém:

_ 1+ “Bang trén 10 x0”: Mong bé dugc md phong
bang cac méng bang ke tiép, coc dugc moé phong bang
cac 10 xo;

+ DAm trén 10 xo;

+ “Ban trén 10 x0”’: Mong be dugc md phong bﬁng
cac ban dat trén cac 10 xo md phong do cung cua dat
va coc;

- Nhom 3 - Phan tich sau hon bang phan mém:

+ Phan tir bién: Roi rac hoa ban moéng va coc,
phén tich theo ly thuyét dan hoi;

+ Két hop phan tir bién khi phén tich coc véi phan
tur hitu han khi phan tich bé mong;

+ Phan tir hitu han don gian hoa, hodc sai phan
hitu han: Phéan tich bai toan phang hoéc do6i xting truc;

+ Phan tir hiru han 3D (vi du PLAXIS 3D) hoic
sai phan hitu han 3D (vi du FLAC 3D);

Trén thyuc té 6 thé thuc hién theo 3 mirc nhu sau:

\/ St dung phuong phap PDR dé budc dau danh
gia gan dung s6 lugng coc can thiét dé dap ung cac
yéu cau ve do lun va khé nang chiu tai;

v Su dung phuong phap don gian da trinh bay ¢
phan trén dé xac dinh tai trong 16n nhét tac dung lén be
khong c6 coc. Tir d6 co thé xéac dinh tai cac cot nao can
b tri coc, bé day mong va cac yéu cau ddi véi coc;

v'Phan tich chi tiét dé di dén thiét ké cudi cung
bang cach st dung phuong phap sb (Str dung phan
mém GARP, FLAC 3D, PLAXIS 3D, v.v...) dé danh
gia chi tiét hon do lan va d6 lun 1éch dudi cac t6 hop
tai trong khac nhau cling nhu dé xac dinh nodi luc
trong mong.

- Trong thyc té Viéc xdc dinh cac thong s6 dia ky
thudt dong vai tro cot yéu. Trong ndi dung bai bao nay
da st dung cac mdi twong quan cua dac tinh bién dang
nén sau qué trinh HCK dé xem xét d6 lin ctia bé mong
theo thoi gian dudi tac dung cua tai trong 16n hon.

3. PHAN TiCH PHUONG AN THIET KE THEO
PO LUN CUA BE CQC

Thong thuong khi thiét ké mong, diéu kién dit ra
la phai dam bao stic chiu tai va do lin cho phép. Tai
trong an toan cho bé ciing theo hai tiéu chi trén. Dbi
véi coc, tir két qua thi nghiém, thong qua biéu do tai
trong — do lun cé thé dua ra mirc tai trong an toan cho
coc. Vi vy, dbi voi mot do lan duge chon cho mong
12 “ S”, néu beé chiu tai Py va coc mang tai Pc, khi do6
kha nang chiu tai cia méng beé coc P co thé duge
xac dinh:

P =Pyt P, (1)

Do lin S ctia mong khi d6 s& bao gdm ca lun tic
thoi va lan 6 két.

- Tinh toan tai trong coc Pc: Gié tri d6 lun S c6 thé
duogc tinh theo yéu cau ctia mdi bai toan hoic 16p dat
dudi be va tai trong nén trén coc. Khi d6 Pc co thé thu
duogc tir biéu d0 quan hé d6 lun — tai trong theo thi
nghiém nén tinh coc. Nguoc lai, gia tri d¢ lun S cling
¢6 thé chon gia tri thay ddi dé dat duge gia tri tai trong
phan b vao bé moéng va coc hop 1y;

- Tinh tai trong cho bé Py, : Nhu di biét, d6 lin S
dugc coi 1a tong d6 lun cua ca do lan ban dau va do
lan tht cap cia bé. Gid tri cia P, tic dung vao bé
duoc tinh toan véi ca hai do lun cd két va do lun tac
thoi theo dic tinh 16p dt hién c6. O do lun cb két S;,
ung voi tai trong P;. Dudi tai trong P;, s€ gay ra do lin
tuc thoi tuwong tng Sg. Khi d6 P; duoc tinh theo
cong thirc:
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Ce Hlog,, L+h ()
1+e, F,

Sck =

Trong do:
Cc 1a chi sb nén;
€o la hé ) r5ng cua dat;
Py 12 ap lyc ban dau;

Twr cong thuc trén tim dugc:

M
P=|10“" |R-P, 3)
Cc
= 4
° 1+4€0 @)
Cudi cing S=S;+ Sy (35

Khi thiét ké mong bé coc thi tong do lun cua be va
coc gan giong nhu nhau, va do dé Py, cé thé viét:

P,= Pi (6)

Theo cic phuong trinh trén, c6 thé nghién ctru co
ché chuyén tai giita coc va bé. Tuong tu phan trén, do
lun theo thoi gian ctua bé moéng duoc tinh toan dé dat
duogc trang thai can b::ing cuia moéng be coc, khi do viéc
truyén tai trong va tong do lin cua hé coc 1a khong
dang ké va huy dong dugc toan bo stc chiu tai cia
mong be coc.

4. AP DUNG TINH TOAN MONG BE CQC

O day ching t6i néu mot vi du dién hinh vé viéc
tinh toan gia c6 nén bd sung cho kho than tai mot dy
an Nha may Nhiét dién (NMND).

Tai du an nay, Kho than 1a mot hang muc chinh
cua NMND va c6 dién tich khoang 9.465ha. Theo bao
c4o khao sat dia chét cho théy khu vuc xay dung du
4an NMND ndm trén vung dat yéu co chidu day 1on.
Theo ho so thiét ké, giai doan 1 Kho than dwgc xir Iy
nén dit yéu dam bao yéu ciu k¥ thuit theo phuong
phap hut chan khong (HCK). Do cb két cua nén dat
> 90% dap tng kha nang chiu tai trong khai thac
5T/m?. V& ly thuyét, luc nay dic trung bién dang (hé
s6 rong e) cuia dat nén da thay doi sau qua trinh HCK
dat tai trong P1 = 5T/m’, nghia 1a e = f(pl). O giai
doan nay, nén tlep tuc dugc gla tai ¢ tai trong p2 > pl
nén Gmg xu vé do 1an cua nén, co ban van theo quan
hé ham da c6 e = f(pl). Tuy nhién trong ndi dung
phan ap dung cua bai bao da st dung so liéu khao sat
dia chat thuc té tai hién truong sau khi HCK.

Luogng than chit trong kho than khi nha may véan
hanh 16n hon nhiéu lan mirc tai trong khai thac chung
5T/m’* ciia nha may. Vi vay giai doan 2 da thyc hién
xtr Iy nén theo phuong 4n sir dung coc bé tong ly tam
tmg lyc trudc D400, véi chiéu dai L = 35.5m

va L =29.5m dugc bd tri khoang cach theo budc coc
tang dan tir gilra ra hai bén theo mat cat ngang kho than.

Kho than dugc chia thanh 3 kho nho, véi kich
thudce:

+ Kho 1 ¢6 dién tich 1626.7m* =
+ Kho 2 ¢6 dién tich 1626.7m*> = 307.5m x 52.9m;
+ Kho 3 ¢6 dién tich 1420.4m? = 268.5m x 52.9m.

Diéu kién tai trong néu trong Bang 1.

307.5m x 52.9m;

Bang 1: Tai trong ctia kho than

TT | Ky hiéu Tai trong (T/m’)
1 Q 2.735
2 ©® 8.204
3 Qs 13.673
4 Q4 19.142
5 qs 25.294
] a
o l HEINRENSS

Hinh 2: Mit cit ngang va so dd chat tai Kho than
Theo BCKSDC sau khi xir 1y nén bang PP HCK,
dia chat khu vuc kho than gém céac 16p sau:

e Lop la: Cat san lép hat nho, chat vua, day tor
4.9m dén 5.6m;

e Lép 2: Sét pha nau hong, déo cung;

e Lop 3: Bun, cat hat nho mau xadm den, trang
thai déo;

e L6p 4: Cat min, cat pha mau ndu, xam nau, xop
dén chat vira;

e Lop 5: Sét pha xen kep, mau xdm den, chura tan
tich thuc vat va vo so heén;

e Lop 6: bun, bun sét mau xam den, xam ghi.
Trang thai déo;

e Lop 7: Sét pha mau xam den. Trang thai cing
dén rat cing;

e Lop 8a: Cat pha mau nau, xam vang. Trang
thai déo;
e Lop 9: Cat, trang thai chat vira - chét;

e Lop 10: Sét mau nau, ndu vang. Trang thai déo
cing dén cung;

Lop 11: Cat 14an bui. Trang thai chat.
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Hinh 3: Mit cét dia chat Kho than

Theo bao cdo KSDC, cac tham sd dit nén néu tai
bang 2.

Bang 2: chi tiéu dit nén

Chiéu . vl e
Tén 16p| day (T/m®) e0 |(m/ng) (T/md) Cc | Cr

(m)
Lop 1A| 5.20 | 1.90 |0.70]0.013| 6.0 {0.00| 0.00
Lop2 | 1.50 | 1.89 |0.90({0.005| 6.6 [0.15]0.02
Lop3 | 2.75 | 1.95|0.75[{0.005| 10.5 [0.13] 0.02
Lop4 | 3.50 | 1.80 |0.75{0.010| 10.5 {0.00| 0.00
Lép 5| 5.00 | 1.83 |1.00{0.015| 12.8 [0.17] 0.02
Lép 6 {12.00| 1.80 |1.10{0.007 | 8.5 [0.18] 0.02
Lop 7| 6.00 | 1.950.82(0.260| 16.0 [0.14| 0.01
Lop 8 | 420 | 1.99 [0.67]0.260| 20.0 [0.12] 0.01
Lop9 | 8.65 | 1.80 |0.75{0.010| 20.0 {0.00| 0.00
Lép 10| 4.70 | 1.96 |0.83(0.260 | 20.0 {0.08] 0.01
Lop 11} 6.50 | 1.80 |0.75/0.010 | 20.0 |0.00| 0.00

Véi diéu kién tai trong nhu néu tai bang 1, gﬁn
nhu toan bo tai trong kho than vugt qua tai trong khai
thac ctia nén (5T/m”) dd HCK
4.1 Két cAu mong

Kho than ¢6 kich thudc 16n, ho so thiét ké da phan
thanh 3 vung vai két cau mong khac nhau (Hinh 4).

BEEFEEESF S )
«9&&&«9@&»90&

| $$¢¢¢+$++4¢$¢¢+¢$¢+++$‘rm°+“¢=4”¢’¢”+’
LR AR R S R S R AR S S R R e R A SR AR R L A R L R o
S H AN ¢+¢+¢4¢44444"4»“9’4"»’4”4‘
—$&&¢¢&¢¢I$¢c¢$u¢4f O
IR R R R R R R RN R R

Hinh 4: Mit bang mong Kho than

Twong ty trén (Hinh 5) thé hién rd chiéu siu coc
=35.5m; loai L2 =29.5m).

khac nhau (loai L1

)

(CIIC ORI G] (SRR U
8330=5 60 3830=000m |  4824=960m 482.4=9.60m 383.0=9.00m | 283 3=6 60m)
f_lz?ﬁﬁf.ml L=25.50m L L=3550m | L=3550m ‘L L=23.50m J‘ 1=29.50m l
| e o e on |
5.20 \ 5.2
52.50

Hinh 5: Chiéu siu coc nén Kho than

4.2. Chon SCT coc
Bang 3: Thiét ké coc
y . Ch A d\ :
Loai coc Vung |Tai TK (T) Luai teu dat
coc | (m)
Gitia 773 |2.4x2.0| 35.50
PHC-D400- . 54.0 |3.0x2.4| 29.50
Bién
54.0 |3.3x3.0] 29.50

4.3. T4i trong cho bé moéng va cho coc
Theo mat cét moéng (hinh 5) va mat cat tai trong
(hinh 2) thi 3 ving nén cia moéng be twong ng voi
cac muec tai trong khac nhau cua dong than. Mot cach
gan dung la:
a) Tai vung 1 (vung gitra) c6 ludi 14 2m x 2.4m,
tai trong dong than xudng mong beé coc la qsdo vay:
- Dién tich chiu tai trén coc la:
A=2mx2.4m=4.8m’
- Tai trong tac dung trén mong la:
Pl =q5. A=25294x2x24=121411T,;
- Tai trong phan bé BTCT la:
P2 =0.4x2.5x2x2.4=4.80 T;
- Toan b tai trong tac dung 1én mong la:
Py =P1+P2=126211T;
- SCT coc chon Pc = 77.3T;
- Tai trong truyén 1én bé mong la:
Qo1 = (126211 T - 77.3T)/ 4.8m* = 10.19T/m".

b) Tai vang 2 (vung bién) c6 ludi la 3m x 2.4m,
tai trong dong than xudng mong beé coc la q;do vay:

- Dién tich chiu tai trén coc la:
A=3mx2.4m=7.2m’
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- Tai trong tac dung trén mong la:

P3=q3. A=13.673x3x2.4=98.446T;
- Tai trong phan bé BTCT la: P2 =4.80 T;
- Toan b tai trong tac dung 1én mong la:

Py =P3+P2=103.25T;
- SCT coc chon Pc = 54T;
- Tai trong truyén 1én bé mong la : gy
- 54T)/ 7.2m* = 6.84T/m’.

¢) Tai vung 3 (vung bién) c6 luoi la 3m x 3.3m, tai
trong déng than xudng mong bé coc 1a g, do vay:

- Dién tich chiu tai trén coc 13 A =3m x 3.3m =9.9m>;
- Téi trong tac dung trén mong la:

P4=q2. A=8.204 x 3 x3.3=281.22T;
- Tai trong phan bé BTCT la P2 =4.80 T;
- Toan b0 tai trong tac dung 1én mong la:

Pu; =P4+P2=286.02 T,

- SCT coc chon Pc = 54T;
- Tai trong truyén 1én bé mong la:

Qo1 = (86.02 T - 54T)/ 9.9m> = 3.23T/m’
- Dudi tac dung cua tai trong qp; s€ gdy ra do lun

Spicho nén dudi bé mong.

=(103.25T

* Kiém tra d6 lun cua nén theo thoi gian tng véi
Jsi theo cong thuec:

St = SC U, (7)

U,— d cb két theo phuong dung, 14 ham cua
T, — nhan t6 thoi gian:
CTB
T, = v _.
C/” — hé s6 ¢b két trung binh theo phuong thing
ding cua cac 16p dat yéu trong pham vi chiéu sau
tinh lu:

2
H
cth-——a

2

‘: hl.i|
ZCA
Vi

Tuong ty muc 2, tinh toan d§ lin cda bé theo
cong thrc:
- Bit nén dang cb két (OCR < 1)

H P +A
o Log[ o+ p} (8)
I+e, D,

- P4t nén qua cb két (OCR > 1)
Truong hop:  po+Ap <p.

H, Log(Po +ApJ )
1+

o

S, =C,

S, =C,

o

Truong hop: po+Ap > pe

Log(Pj+C H, g(—”c””j (10)
P, 1+e D.

Can ctt bang 2 veé s6 li¢u dét, va chiéu dai coc.

S.=C,

1+e

Tir két qua tinh d6 lun & bang 4, ta thiy ving do

lan cb két cudi cung cua cac ving 1a khac nhau:
Sc1 =46cm; S, =29cm; S; = 14cm;

Theo thoi gian, dudi tic dung cua tai trong qy; nén
lan dan dén mot gia tri lan S nhu (5) va vé gan gia tri
dd lun cua coc. Khi do6 tai taic dung vao bé nhu biéu
thirc(6), luén dam bao phéan phdi tai trong néu & (1).

Trong bang 5, ving chiu tai trong 16n nhét (ving
1) ¢6 d6 lan sau 20 ndm 1a 13cm; cac vung bién c6 do
lan giam dan 1a 8.2cm va 4cm.

Bang 4: Lun do tai trong tic dung vao nén

. |Chiéu Pc
Tén | ;. 2 Sci | Sca | Scs
en |7y T/m) Ce | C
top | (2 | e (VM€ Oy | m) | m)
0.46(0.29] 0.14
LOP1'5.20{0.70] 6.0 |0.00/0.00
Lgp 1.50 10.90| 6.6 |0.15/0.02]0.04/0.02| 0.01
Lg’P 275 10.75] 10.5 [0.13]0.02/0.04|0.01| 0.01
pr 3.50 [0.75] 10.5 [0.00]0.00(0.00{0.00| 0.00
Lgp 5.00 [1.00| 12.8 [0.17]0.02/0.08|0.04| 0.01
Lgp 12.00/1.10| 8.5 |0.18]0.0210.23/0.17| 0.09
L;Sp 6.00 |0.82] 16.0 [0.14]0.01]0.07]0.05| 0.03
Bang 5: do lun theo thoi gian
St | St | ss | T T
(cm) | (cm) | (cm) v v (nam)
65 | 41 | 20 | 0142 | 0016 | 50
71 | 45 | 22 | 0156 | 0019 | 60
76 | 49 | 24 | 0168 | 0.022 | 7.0
82 | 52 | 25 | 0.180 | 0.026 | 8.0
87 | 55 | 27 | 0191 | 0029 | 9.0
91 | 58 | 28 | 0201 | 0.032 | 100
96 | 61 | 30 | 0211 | 0.035 | 11.0
100 | 64 | 31 | 0220 | 0.038 | 12.0
104 | 66 | 32 | 0229 | 0.042 | 13.0
108 | 69 | 34 | 0238 | 0.045 | 14.0
112 | 71 | 35 | 0246 | 0.048 | 15.0
116 | 74 | 3.6 | 0254 | 0.05] | 16.0
119 | 7.6 | 37 | 0262 | 0.054 | 17.0
123 | 78 | 3.8 | 0269 | 0.058 | 18.0
126 | 80 | 39 | 0277 | 0.061 | 19.0
129 | 82 | 40 | 0284 | 0.064 | 200

388



Hoi nghi khoa hoc quéc té Ky niém 55 nam ngay thanh ldp Vién KHCN Xdy dung

4.4. Tinh toan sy lam viéc ciia bé méng bing
plaxis 3D
Trén co so thiét ké két cAu mong va sd lidu dat
nén néu trén, st dung phan mém Plaxis 3D d¢ phan
tich trang thai Gng suat-bién dang cia mong bé coc
duéi tac dung cua tai trong kho than nhu bang 1.
Trong bang 6 14 s6 liéu dau vao ciia bai toan.

Bing 6: Cac tham s6 dit nén

L6p | D6 sau| M6 hinh Y Ydn E
dat | (m) nén | (kN/m®) [(kN/m®)| (kN/m®)
la | 500 | Mobr- 19| 590 | 26750
Coulomb
2 | 670 | Mobr- 1 ie90 | 0.89 | 8000
Coulomb
3 | -9.45 | Soft Soil | 19.50 | 0.95 ;
4 |-12.45| Mobhr- e | 0.80 | 15500
Coulomb
5 |-17.95 | Soft Soil | 18.30 | 0.83 -
6 |-29.95| Soft Soil | 18.00 | 0.80 -
7 | 3595 | Mohr- 11950 | 0.95 | 10000
Coulomb
8 |-40.15| Mohr 1590 | 099 | 13000
Coulomb
o |.ag.80| Mohr 1 1e50 | 0.80 | 15580
Coulomb
10 |-53.50 | Mobr- 1660 1 096 | 20630
Coulomb
11 |-60.00 | Mobr- 100 | 0.80 | 32000
Coulomb

Coc va bé dugc mod phong theo khong gian truc
tiép trong bai toan:

Hinh 6: Két ciu coc va ban moéng Kho than

Trén hinh 7, thé hién rd ving chuyén vi dimg dudi
day mong — phi hop véi so do chét tai. Cac khu vuc
bién c6 chuyén vi 13.67cm < 16.55cm cua ving
gitta mong.

Hinh 7: chuyén vi ding méng Kho than

Két qua nhu trong hinh 7, cho thay toan bd khu
vuc 1( mong coc €p sau 35.5m, miii coc tua vao 16p
cat pha déo) c6 d6 lan 16n nhat. Po lun nay giam dan
ra ving bién. Két qua nay kha phu hop véi so do chat
tai ciia d6ng than trén mong.

Véi két cau mong da chon, ving giita kho la coc
¢p sau 35.5m, budc coc 2.4m, cac vung bién coc ngan
hon: chiéu dai L = 29.5m va miii coc nam trong 16p
6-dat sét, trang thai deo, bude coc 3.0m va 3.3m cho
thdy tai trong truyén vao coc twong ddi hop ly- thé
hién qua d6 lun Vung gitra 1a 15.55cm va vung bién la
13.67cm. So voi gia tri o lun cé két theo thoi gian
(bang 5), tai vung gitra, d6 lin nén dat khoang 83% do
lan khdi coc. Tai ving bién, d6 lin nén dat khoang
60.16% d0 lan nhom coc. Mong bé coc trong truong
hop niy phan anh sy 1am viéc dong thoi cia méng bé
coc 1 t6t (Spe <Seoo)-

5. KET LUAN VA KIEN NGHI

- Giai phap méng bé coc ¢o thé st dung duogc
trong nhing truong hop nén dit yéu c6 chiéu day 16n
va diéu kién tai trong tac ddng 1on, phirc tap;

- Pé phat huy duoc sy lam viéc twong tic cia
mong bé coc tot nhat trong dat yéu, can phan phdi tai
trong vao beé hop ly, dam bao dd lun theo thoi gian
ctia bé du dé huy dong SCT ciia coc va toan bd mong
bé coc;

- Cac phuong phap don gian c6 thé dugc sir dung
trong thiét ké so b, khi thiét ké chi tiét nén sir dung
cac phan tich sdu hon bang phuong phap sb phirc tap
nhu FLAC 3D hoac PLAXIS 3D;

- Nhat thiét phai xét dén cac tuong tac giita coc
v&i coc, coc véi bé va bé vai dat. Cac tuong tic nay
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thuong bi bo qua khi st dung céach tinh thi cong hay
cac phan mém tinh toan két ciu thong dung dé phan
tich hé bé-coc va diéu nay lam cho két qua tinh toan
d6 ln va d6 lan léch ciing nhu phan tai trong phan
phdi sang méng beé thiéu chinh xac.
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NGHIEN CUU UNG DUNG LUOI PUONG CHUYEN KEP TRONG THI CONG
XAY DUNG HAM XE PIEN NGAM BANG CONG NGHE TBM
STUDYING ON THE APPLICATION OF DOUBLE-RUN TRAVERSE
NETWORK TO THE CONSTRUCTION OF THE METRO TUNNEL
BY TBM TECHNOLOGY

Diém Cong Huy', Tran Viét Tuin’
'"Vién Khoa hoc Cong nghé Xay dung, Email: dchuyibst@gmail.com
’Truong Dai hoc M6 - Pia chat, Email: tranviettuantdct@gmail.com

TOM TAT: Trong ndi dung bai bao trinh bay phuong phap thanh 1ap luéi khdng ché trong him & dang ludi duong chuyén
kép, cac cong thire dung dé kiém tra cac chi tiéu ky thuat do dac ngoai nghiép khi thanh ludi khong ché thi cong trong ham
& dang ludi duong chuyén kép. Phén tich uu nhugc dlem va kha nang tng dung dang luéi dic biét nay nham dam bao do
chinh xéc thi cong xay dung cac tuyén ham xe dién ngdm bang cong nghé TBM (Tunnel borinh machine) & Viét Nam.

TU KHOA: Pudng chuyén kép, TBM.

ABSTRACT: In this paper, the authors present a method for establishing the control network inside the tunnel in the form
of a double-run traverse network, formulas used for checking surveying technical criteria when setting up the control
network inside the tunnel in the form of double-run traverses. The authors also analyze the advantages and disadvantages
as well as the ability of applying this special control network in order to ensure the construction accuracy in building
metro tunnels by TBM (Tunnel Boring Machine) technology in Vietnam.

KEY WORDS: Double-run traverse network, TBM.

1. PAT VAN PE thép vi khong c6 céc tri do thira. Khi thi cong him
bing cong ngh¢ TBM, do quy trinh thi cong lién hoan
(Bao gom: dao ham, _gia co, lip dat hoan thién VO
ham ngay) nén yéu cau k¥ thuat dinh huéng ham rat
cao. Chinh vi vy can phai nghién ctru ing dung mot
dang luéi khdng ché dic biét nhdm dam bao cac chi
tiéu ky thuat can thiét trong thi cong ham bang cong
nghé TBM ¢ nudc ta.

Tir trude dén nay & nudc ta, ludi khong ché thi
cong trong hdm duoc thanh 1ap véi muc dich chi
huéng dao ham va bd tri chi tiét trong thi cong xay
dung cac tuyén dudong ham thuong duoc thanh lap &
dang tuyén duong chuyén treo (hinh 1) do dic diém
cta dia hinh va quy trinh thi cong dao him [1]. Véi
dang luéi khdng ché nay thuong khong co diéu kién
dé kiém tra chat luong do dac do d6 ludi co do tin cay

GPS3

Hinh 1. Luéi dudong chuyén treo

2. GIAI QUYET VAN PE truong hop nay thay vi 1ap ludi khdng ché trong ham
theo dang ludi truyén théng (hinh 1) ta can thanh lap
mot dang ludi khong ché dic biét & dang ludi duong
chuyén kép (hinh 2).

2.1. Phwong phap thanh lap lwéi dwong chuyén
kép trong ham

bac diém thi céng‘hﬁm bing cong nghé TBM la
lu6i khong ché trong ham thanh 1dp phia sau hé thong
TBM trén doan ham da dugc hoan thién [5]. Trong
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Cip thir 2 clia tram
digu khign

TiF gidc (4 canh)

AlA?B2B1

~ 10m

| Cip dau tién cia tram digu khién

Hinh 2. Luéi duong chuyén kép

2.1.1.Thiét ké luéi dwong chuyén kép

Khi thi céng ham bang cong nghé TBM, ludi
dudng chuyén kép thuong dwoc thanh 1ap trén doan
ham di duoc hoan thién nim ngay sau hé théng TBM
nén diéu kién do dac tuong ddi thuén 1oi. Truong hop
nay tiy theo ban thiét ké tuyén ham ta c6 thé thiét ké
chiéu dai canh ciia duong chuyén kép

S =150 m + 250 m. Tai mdi vi tri trén vach ham
tién hanh chon mot cip diém khéng ché, cach nhau
khoang 10 m (hinh 2).

Tai mdi tram mdy (Hinh 3 — tram mdy s6 2) can do 3
goc Pi, Po, Ps. Trong céc tir gidc trac dia 1-1°-2-2’ do tat
ca cac canh dai bang may toan dac dién tir, canh ngin do
bang may toan dac dién tr hodc thudc thép.

Nhu vy trong mot doan dudng chuyén keép nhu
(hinh 3) ¢6 hai phuong trinh diéu kién kiém tra chat
lugng do canh theo goc dang:

(Vp)it (Vp)at (Vp)at 0 =0 @)
Kiém tra chét lugng do goc theo cac cong thuc:
B2-B1 = (010 (2)
B3 - B2 = (02)ao 3)
Va kiém tra diéu kién:
—-0..|<
|6d0 etmh - 8 (4)

Trong d6: (0)4, - dugc tinh theo cong thirc (2) va (3)
(®)ginn : - le‘} gbc tinh theo cac canh do a, b, ¢ bﬁng

dinh 1y ham so cosin :
b2+c?—32
2 rc-a (5)
2bc

So v6i dang ludi dudng chuyén treo (1a dang ludi
khdng ché trong him khéng co tri do thira r (hinh 1)
thi tai mdi doan cia ludi duong chuyén kép (hinh 3)
c6 khoang 4 dén 5 tri do thira r. Do d6 ma do tin cay
cua két qua do dugc nang cao va d6 chinh xac cua cac

0, = arccos[

yéu tb trong ludi ting 1én \/; 1an [2]. Pay ciing chinh
1a nhiing tinh chat uu viét n6i bt ctia dang ludi khong
ché trong ham thanh lap bang phuong phép duong
chuyén kép.

Hinh 3. M6t doan lu6i dudng chuyén kép

2.1.2. Uéc tinh d chinh xéc do dac luéi khong ché
trong ham dang luéi duwdng chuyeén kép

Khi thi cong ham bang cong ngh¢ TBM Vol chiéu
dai doan ham L < 4 km : B§ 1éch cia vo ham cho
phép A <=+ 75 mm [4], [5].

Gia tri A dugc xac dinh theo cong thtc sau [3]:
AN=N+AN +AN,+N,+ A, (6)

Trong do:

A: Bg 1&ch cho phép cta vd ham tai mat dao thong;

Ay Sai s6 cua co so khéng ché tric dia vé
mat bang;

A, Sai s6 cia co s khéng ché tric dja vé do cao;

As: D0 16ch khoanh tron v6 ham khi lap dat so véi
truc bo tri (d6 1€ch tam);

A‘4: bo léc}l hinh dang h‘}nh ’th cua khoanh tron
vo6 ham khi ché tao so voi thiét ké (hinh 6 van);

As: Bién dang khoanh tron vo ham do ap lyc dét
da bén ngoai tac dong 1én vé ham.

Khi thi c6ng cac cong trinh heflm xe dién ngam 0
trén theé gidi va & Viét Nam co6 thé tham khdo mot so
gia tri sau day [4], [S]:

As==£25mm ; A;==+ 50 mm ; As; =+ 25 mm;
Néu coi : A =0.5A
Va lay: Sai s6 giéi han bang hai 1an sai s6 trung
phuong A=2m @)
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Thi tr cong thirc (6) s€ tinh duoc sai sO trung
phuong hudng ngang trong thi cong ham
m; < =19 mm.
Tu day c6 thé tinh duoc sai s6 trung phuong
hudng ngang cho ludi khong ché trong ham [3]:
(my)s <0.50 m, (8)
(mg)s < +£9.5 mm
Hién nay ¢ Viét Nam theo thiét ké cac ga trén
tuyén xe dién ngdm thuong cach nhau trén khoang
cach L =1 km [4], khi d6 ta co thé tinh dugc sai s6
do goc mg cho ludi khong ché trong ham theo cong
thue [1]:

n+1 5

(m, ), = ﬂ[ S, f—= ©)

Trong dé: S la chidu dai canh dudong chuyén
trong ham;

n 1a s6 canh trong dudng chuyén.

T (9) co thé tinh sai sd trung phuong do goc
trong dudng chuyén

(m s 3
m. )= u 10
(mg)= 5] nils (10)
KhiL=1km; S=200m;n=25;

Ta tinh duwgc: mg < £ 1.5".

Nhu vay dé sai s6 trung phuong huéng ngang do
luoi khong ché trong him gy ra (mg)s < £9.5 mm
thi sai s6 do goc trong dudng chuyén: mg< £1.5"
2.2. Thanh lip cong thirc kiém tra cac chi tiéu ky
thuat do dac trong lwéi dwong chuyén kép

Pé kiém tra chéat lugng cong tic do dac ngoai
nghiép khi thanh 1ap ludi duong chuyen kép: & ngoai
thuc dia va trude khi binh sai can kiém tra chét luong
do goc trong dudng chuyén theo cong thie (4) va
kiém tra chat luong do canh theo gia tri sai s6 khép o
trong (1).

2.2.1. Kiém tra chét lwong do géc
Tir phuong trinh (2) hodc (3) lap ham sé:
F=B2-Pi-(0)a0 (11)
Vi phén toan phan (11) va chuyén sang sai sé trung

phuong ta co:

GPS!

(12)

Dé tinh m, can dua vao (5) : vi phén toan phan va
chuyén sang sai sb trung phuwong véi luu ¥ ring

_ 2 2 2
m; —\/mB +m; +my

b =~ ¢ ta c6 cong thic tinh sai s6 trung phuong cia

g6c 0 [3]:
my :%(l—kﬁ) p m
b b)sin@

Trong d6: a, b la chiéu dai cac canh do trong tam
giac do canh (hinh 3)
my: 12 sai s6 do canh trong tuyén duong chuyén;
Néu thay a =10 m; b = 200 m; 0 = 3%
mm thi my==+1.2";
Thay vao (12) voimg - £1.5"taco: mp == 2.3";
Lay sai s& gi6i han bang hai lan sai s trung
phuong thi dai luwgng & trong (4) tinh nhu sau:
0=2 mg
d=+4.6"

(13)

m,==1

(14)

2.2.2. Kiém tra chit lwong do canh

Dé kiém tra chat luong do canh trong céc tir giac
do toan canh can tinh sai so khép o trong (1) theo
cong thrc:

© = By + ot Py
Véi cac goc B; dugc tinh theo cac canh do theo
(5). Gia tri sai s6 khép o phai nho hon sai sb khép gidi
han (o), tinh theo cong thirc [6]:

0 =2 mg (15)
ac

voi a, b, ¢ 1a chiéu dai cac canh do trong luoi
(hinh 3); mj 12 sai s do canh.
3. PO PAC THUC NGHIEM

Dé khao sat o chinh xac va danh gia kha ning
mg dung cua dang ludi dudng chuyén kép khi thanh
lap khong ché thi cong trong hdm, ching toi da to
chirc do thuc nghiém bang cach thanh lap mot tuyén
duong chuyén kép bao gdm 16 diém dit giita hai diém
GPS va hai phuong vi khoi tinh nhu (hinh 4) lam
phwong 4n so sanh. Ludi thuc nghiém duoc do bing
may Toan dac dién tir Leica TCR 1201, mdi goc duoc
do 04 1an, mdi canh duge do 03 1an rdi liy trung binh
cac két qua do goc va do canh.

77 (6PS3
V4

7 6psd

Hinh 4. Luéi duong chuyén kép do thuc nghiém
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Sau d6 dya vao cac diém cua tuyén duong chuyén
nay thanh lap:

Phuong an 1. Lu6i duong chuyén treo dang don
(hinh 1) di qua 8 diém tir 1 dén 8

Phuong 4n 2: Ludi duong chuyén treo dang kép di
qua 16 diém tr 1,1' dén 8, 8' nhu hinh 5.

GPS1

(GPS2

RV NVAVAVAN

Hinh 5. Luéi duong chuyén treo kép

Sau khi do dac va xu ly s6 lidu [3], chung t6i so
sanh sai s6 huéng ngang cua hai luéi duong chuyén
treo cua phuong an 1 va phuong an 2 so v6i phuong
an so sanh c6 d¢ 1éch hudng ngang A, cia diém 8 la
diém cubi cuia dudng chuyén treo cho nhu bang 1.

Bang 1. Bang SO sanh do léch hlro'ng ngang
ciia diém cudi duong chuyén treo

Pudng chuyén
treo kép

Pudng chuyén

Tén diém
treo don

DbJ 1éch hudng
ngang Aq diém
cudi (8)

Tir két qua do dac thyc nghiém cho thay: khi st
dung ludi khéng ché trong ham ¢ dang ludi dudng
chuyén kép s€ cho phép néng cao do chinh xac dinh
hudng ham va kiém soat dwoc chit lwong do dac trong
qua trinh 1ap ludi khéng ché va chi huéng dao him.

4. KET LUAN

Tur nhitng két qua nghién ctru vé Iy thuyet va do
dac tinh toan thuc nghiém c6 thé rat ra mot s6 két luan
sau day:

51 (mm) 35 (mm)

1. So v6i dang ludi khdng ché trong him truyén
théng (luéi duong chuyén treo don) thi dang luéi
khéng ché bing ludi duong chuyén treo kép ¢ nhiéu
dic tinh wu viét nher xudt hién céc trj do thira, diéu nay
cho phép nang cao dugc do tin cdy va kiém soat duoc
chat luong do dac khi thanh 14p lu6i khong ché tric
dia phuc vu thi cong trong ham.

2. Khi thi c6ng him bang cong nghé TBM cin
thanh 1ap ludi khéng ché trong him & dang ludi
duong chuyén kép. Trong qua trinh do dac va trude
khi xt ly s6 liéu can kiém tra chat lugng do dac theo
cac cong thirc chung t6i da trinh bay trong ndi dung
bai bao nham dap tmg dugc cac yéu cau ki thuat can
thiét trong dinh hudéng hdm, dam bao dugc chét lugng
thi cong ham theo diing cac yéu cau ky thuat da dit ra
trong thiét ké cong trinh.
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NGHIEN CUU UNG XU PAT NEN XUNG QUANH CQC KHOAN HA
BANG PHUONG PHAP PHAN TU HUU HAN
A STUDY OF SOIL BEHAVIOUR AROUND A PRE-BORING PILE
BY FINITE-ELEMENT METHOD

Luong Toan Hiép', Nguyén Huynh Viét X6
'Nghién ciru sinh Vién IBST, Pai hoc Cong nghé Tp.HCM, Email: luongtoanhiep@yahoo.com
’Hoc vién cao hoc, Truwong PH Bach Khoa - PHOG Tp.HCM, Email: vietxo.hemut@gmail.com

TOM TAT: Phuong phap phan tir hitu han duoc sir dung dé khao sat Gng xir dat nén xung quanh coc khoan ha. Nghién
ctru duoc tién hanh ddi véi nén dét sét bao hoa. Md hinh Morh-Coulomb dugce sit dung dé phén tich sy xam nhép cda coc
vao dat va (mg xir ciia d4t nén sét dang huéng ciing nhu sir dung mo hinh Lade theo cach tiép can mdi. Bai bao nay trinh
bay chi tiét vé mo hinh toan hoc va cac so d6 tinh toan tmg xir dat nén xung quanh coc sau khi ha coc ché tao sin vao thay
thé 16p dat dugc ldy ra trong bién phép thi cong khoan ha coc.

TU KHOA: Coc khoan ha, Ung xur d4t nén, M6 hinh Lade, M6 hinh Morh-Coulomb, Phén tich phfm tr hitu han.

ABSTRACTS: A finite element model for pile-driving analysis is developed and used to investigate the behaviour of
prebored piles. The study was conducted for the case of saturated clays. Morh-Coulomb model is used to analyze the
penetration of piles into the soil and conduct the isotropic clay soil, as well as using Lade nodel in a new approach. This
article details the mathematical model and grounding behavior diagrams around the pile after downgrading the

prefabricated pile to replace the soil removed in the pre-boring method.
KEYWORDS: Pre-boring pile, Soil behaviour, Lade model, Morh-Coulomb model, Finite element analysis.

1. GIOI THIEU

Cong tac thi cong ép coc c¢6 mot sé han ché va
khuyét diém nhu: khé c6 thé dua mili coc xuyén qua
cac 16p dét cung (sét cimg, cat min...) gdy ra do chdi
gia, cling nhu c6 thé lam anh huéng dén cac cong
trinh 1an can do su lén chat dat 1am nén dt cong trinh
xung quanh bi day trdi hodc lin sut. C6 nhiéu giai
phép duoc dua ra, trong do6, phuong phap thi cong
khoan ha coc 1a mét trong nhitng gidi phap thi cong
dat hiéu qua va ap dung rit kha thi cho cac cong trinh
lya chon phuong 4&n méng coc ép tai khu vuc cd6 mét
d6 xay dung tap trung nhu Tha d6 Ha Noi, Thanh ph
HO Chi Minh...Tuy nhién, gidi phap “Khoan ha coc
duc sdn” tai cac nudc phat trién trén Thé gidi noi
chung va néi riéng tai Viét Nam con gy ra rat nhiéu
khé khan, tranh cdi vé cac yéu td khoa hoc ky thuét,
kinh té. Viéc phan tich tng xtr dit nén xung quanh
coc hoan ha trong diéu kién dia chat khong thuan loi
duoc dit ra nhu mot nhu cau cép thiét.

Bai bao gidi thiéu va phan tich Gng xtr dat nén
xung quanh coc qua cac tinh toan cu thé theo TCVN
10304:2014 [1], két hop cung phwong phap Phan tir
hitu han. Céac két qua tinh toan duoc so sanh véi mot
s6 két qua thuc nghiém.

2. CAC PHUONG PHAP NGHIEN CUU SU LAM
VIEC CUA CQC PUC SAN TRONG PAT NEN
2.1. Anh hwéng ciaia viéc ha coc vao dét dinh

De Mello [2] da liét ké 4 loai anh hudong chinh khi
dong coc vao dat sét 1a: 1 - Lam thay ddi cdu tric ciia
dat xung quanh coc; 2 - Lam bién d6i trang thai tng
sut trong dat & ving lan cn coc; 3 - Lam tiéu tan ap
luc 16 rSng du xung quanh coc; 4 - Hién tugng bién
d6i d6 bén theo thoi gian trong dat.

Su khac nhau quan trong giita hoat dong cua coc
dudi tdc dung cua tai trong dong va tai trong tinh rd
rét 1a anh hudng cua thoi gian. Cac anh huong nay co
thé mo ta kiéu co hoc nhu sau [3]:

Xét cac coc dong vao tram tich sau cua 1op dat sét
min bdo hoa c¢6 hé sb thAm thap. Khi coc déng xudng
thi thé tich khdi dat bi dich chuyén bang véi thé tich
ctia coc (thé tich nay ciing kha 16n). Do d6 hoat dong
dong coc c6 thé gy ra nhimg thay dbi sau day trong
dat sét.

Trong hinh 1, dit c6 thé bj day tir vi tri ban dau
BCDE sang ngang t6i vi tri B’C’D’E’ hoac tu FGHJ
t6i F’G’H’J’. Trong khi dong coc, dat sét bi mat mot
phan d6 bén do dit bi xao tron nhung lai xuét hién
mdt lwong trong ddi nhé ma sat bén.
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Hinh 1. Chuyén vi va nén ép xung quanh
do dong coc [3]

Vi coc duge dong vao trong dat sét bio hoa khong
tham nudc nén mat dat co6 thé bi trdi Ién do khoi lugng
dat bi dich chuyén.

Khi ha coc vao trong dét dinh: Phan mit di cua ap
luc gitra cac hat dét d3 duogc chuyén thanh ap lyc nuéc
16 rdng dudi dang ap lyc thuy tinh thang du. Dat gin
mat coc giam hé sb r5ng con dét & xa lai bi gian nd ra
mot it. Trong khi dong coc, dat sét bi mét mot ph'?m do
bén do dat bi x40 tron nhung lai xuit hién mot luong
tuong d6i nhé ma sat bén. Do d6, sau khi dong coc dat
tao nén ma sat bén véi toc do kha nhanh.

2.2. Cac phuwong phap nghién ciru hé sé ap lue
ngang ciia dit nén Ién coc (k;)

Co ché truyén tai trong cla coc vao dat nén la
thong qua ma sat hong xung quanh coc va strc khang
mii & miii coc. Stre chiu tai cua coc do ma sat va suc
khang miii phu thudc vao su dich chuyén twong ddi
giita coc va dit nén va c6 khuynh hudng phat trién
khéc nhau.

Trong thyc té tinh ton, nguoi ta phan chia sic
chiu tai ciia coc theo dat nén gébm hai thanh phan,
thanh phan chiu mili va thanh phan ma sat xung quanh
coc nhu sau:

Q,=Q, +Q, €]
L
Q, = u_[rsdz 2)
0
Q, =A.q, 3)
Q, =A f +A,q, 4)
Strc chiu tai cho phép cuia coc:
Qs QP
=4+ — 5
Q FS, FS, ©)
Q
Q. S (6)

Nhu véy, trong tinh toan thiét ké trén co so ly
thuyét viéc cong hai thanh phan ma sat hong cuc han va
stc khang miii cuc han thanh sttc chiu tai cyc han cia
coc la chua hop 1y so voi méot s6 diéu kién do vay cac
phuong phap diéu chinh sai s6 nay bang cach sir dung
hé sb an toan cho ma sat than coc FS,, hé s6 an toan
cho strc khang miii FS; va hé s an toan chung FS.

C6 nhiéu nhém tac gia sir dung cac phwong phéap
nghién ctru hé sb ap luc ngang cua dit cat 1én coc (k;)
so bg phan theo 1am 03 nhom:

a) Nhom chi dén xdc dinh sire chiu tdi coc theo
Tiéu chudn Viét Nam va Nude ngodi

Su khéng phu hop vé bién dang giira strc chiu mii
coc va ma sat than coc xét vé quan hé voi cac yéu cau
chuyén vi. Thanh phan ma sat bén téi han dat duoc trong
cac chuyen vi than coc tuong dbi nho so vdi cac chuyén
vi can thiét dé huy dong duoc strc chiu miii téi han.

Theo tiéu chudn TCVN 10304:2014 “Mong coc -
Tiéu chuin thlet ké”. Stic chiu tai trong nén cua coc
treo, ké ca coc 6ng c6 18i dat, ha bang phuong phap
dong hoic ép, duge xac dinh bang téng strc khang cua
dat dudi miii coc va trén than coc:

Reuw=7e (chQbAb + uzycffili) (7
Trong do:

Yeq VA Yor : twong ing la cac hé sb diéu kién lam viéc
ctia dat dudi miii va trén than coc c¢6 xét dén anh hudong
ctia phuong phap ha coc dén stc khang cia dat duoc
lay theo cac gia tri tir cac thi nghiém hién truong:
1,0; y.s=0,5);

+ Nho hon canh coc vudng 0,05 m (yq =
YCf = 056)7

+ Nho hon canh coc hodc duong kinh coc tron
0,15 m (yeq = 1,0; yer = 0,6);

fi: cudng do6 strc khang trung binh trén than coc co
thé xac dinh;

+Ddi véi dat dinh: f; =ac,;

+ Béng canh coc vuong (yeq =
1,0;

+Déi voi dat roi: f; =k;o, , tand;.
Theo 22TCN 272-05 thi c6 2 phuong phap tinh
toan strc chiu tai cia coc d6 la: dung cac phuong phap
phan tich (udc tinh ntra thyc nghiém) va phuong phap
dua trén thi nghiém hién trudng. Trong phuong phap
nira thyc nghiém, phan strc khang than coc tiéu chuan
c6 dua ra 3 cach tinh la: phuong phdp o (anpha),
phuong phap B (beta) va phuong phap A (lamda) [4].
Phuong phép phan tich 1y thuyét (u6c tinh nia thuc
nghiém): Phuong phap nay duoc tinh toan duya trén sb
liéu cudng do khang cat khong thoat nude cua dat Su,
xéac dinh bang thi nghiém nén 3 truc khong cb két -
khong thoat nudc theo Tiéu chuian ASTM D2850.
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b) Nhém chi dan xdc dinh sikc chiu tdi xung quanh
than coc theo thuc nghiém

V6i pham vi nghién ctru ctia bai bao nay, viée dé
cap dén gia tri cuong do suc khang trung binh trén
than coc:

Trong do:
ki - la h¢ sO ap lyc ngang ciia dét 1én coc, hé s6
nay rat kho xac dinh chinh xac.

C6 nhiéu khuynh huéng khac nhau cho viéc uge
lugng gia tri hé s ap luc ngang [4].

- Khuynh huong 1: xem dat nén 1am viéc trong
moi truong “vat liéu dan hoi”
ki=—— ©)

I-p
v6i - hé sd Poisson cua dat.

- Khuynh huong 2: H¢ s6 ki chon theo ap luc
ngang cia giét O trang théi tTph ko, hé s nay dugc tac
gia Jaky thong ké tir nhiéu ket qua thi nghiém:

k, =1-sin¢’ (10)

_+ Truong hop coc khoan nhoi, dat nén 1a dat cb
két thuong:

ki =k, =1-sing’ (11)

~ + Trudng hop coc lam viée trong dat nén 1a dat cd
ket trudc:

k; =k, =1-sin¢@'vORC (12)
v6i ORC - hé s ¢0 két trude duoc xéc dinh tir thi
nghiém dat.

- Khuynh huong 3: Khi thi c6ng ha coc vao dat
nén, thé tich coc c}}iém’ch()‘tron’g dat lam cho cau truc
dat nén dich chuyén tién dan dén trang thai can bang
bi dong va ciing c6 nghia la h¢ s6 ap luc ngang k; tién
dan dén gia tri 4p luc ngang bi dong k.

_ k +F k, +k,

. 13
! 2+F, (13)

Trong do: Fy, - hé¢ s6 chon tir 1 tro 1én

Thuc té do dac, hé sb k; thay ddi theo chiéu sau,
theo bién dang thé tich va theo d chat ctuia dat nén
xung quanh coc.

Trong tinh toan thuc té c6 thé 14y theo bang sau [5]
Bang 1. Gia tri k; theo Das [5]

Coc khoan nhoi k; =k, =1-sin¢’

Coc déng, co thé tich dat |k =k, (gioi han duoi)
bi chiém cho nho k; = 1.4k, (gioi han trén)
Coc déng, co thé tich dat |k =k, (gioi han duoi)
bi chiém cho 16n k; = 1.8k, (gioi han trén)

¢) Nhém chi dan xdc dinh sirc chiu tai xung quanh
thén coc theo phwong phdp phan tir hitu han (PTHH)
phan tich sy lam viéc giita coc va dat

Ngay nay, voi sy trg gitip clia may tinh, ma dac
biét 1a viéc Gmg dung cac san pham phan mém chuyén
dung thi cong viéc mé hinh hoa va phan tich két ciu
tr& nén nhanh chong va tuong d6i chinh xac. Hién co
mot sb phan mém dia k¥ thuat chuyén dung dé phan
tich tuong tac két cAu - nén dat nhu Plaxis, Geostudio,
Ansys, Abaqus...

Co s6 khoa hoc phuong phap nay 1a 1y thuyét co
hoc mdi truong lién tuc, 1y thuyét dan hoi déo dé xay
dung h¢ phuong trinh vi phan dao ham riéng mo ta
diéu kién can b.'fmg, diéu kién 1én tuc cua hé két cau
nén dit va trang thai ing x1r ctia vat li¢u; st dung
phuong phap PTHH tmg dung phan mém lap trinh dé
roi rac hoa hé khao sat va giai bang phuong phap sb.

3. PHAN TiCH BAI TOAN KHOAN HA CQC
BANG PHAN TU HU'U HAN

3.1. M hinh dét nén cho bai toan theo hwéng tiép
can méi

Mo hinh dat nén dugc ap dung dé phan tich bai
toan coc khoan ha 1a mé hinh Lade [6]. M6 hinh Lade
12 m6 hinh dan héi — déo c6 chi mot mit ngudng dién
ta theo cac bat bién ten so ing suat. Thong sd tai bén
dugc dinh nghia theo sy van dong ciia mat ngudng
phu thudc vao tong cong déo (gdm cong déo theo bién
dang dan hoi va bién dang thé tich). M6 hinh ¢6 11
thong sb6 xac dinh tir 3 thi nghi€ém nén ba truc va mét
thi nghiém nén ding huéng.

Tong bién dang dwoc phan thanh bién dang dan
hdi va bién dang déo:

de =de® +deP (14)

Ung v6i mot gia sb ung sudt hitu hiéu bién dang
dan hoi duge tinh theo dinh luat Hooke phi tuyén va
bién dang déo duoc tinh theo quan hé mg suét - bién
dang cua quy luit déo.
oi[KPa]

200 m=1
x ni = 10000
< n:=1000
e ni=100
an=10

'~ HA

o1
(11,000

1501
Ilpa=10, m=1
x ni=10000
o n1=1000 1001
e ni=100
ani=10

Lo €©.0,In R )]

2 b) \265[KPa]

(a) Mat bat dién, va (b) Mat ba truc

Hinh 2. Dic diém cia mit pha hoai
trong khong gian Gng suat chinh [7]
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o1 o1[KPa]
<Ir 00 iy x g=10
] *9=5
Tilpa=1 0 g=2
eg=5 80 ag=1 o
0g=2 | \‘;\9&\\
ag= (1) 5 -
. =0V, J
s 9Z0%s “
e g=0.1 1
M
O; O3
) €0,0,I1
2 b) \203[KPa]
(a) Mat bat di¢n, va (b) Mat ba truc
Hinh 3. Bic diém cua ham thé nang déo
trong khong gian ng suat chinh [7]
o1 oi[KPa]
l1/pa=3 11,00 07, Wp/pa = 0.001
TR His:
° a = U. _ p/Pa = U. A
« Witba = 0006 B+ Wilps = 0,030 o
& Wifps = 0.026 ]

4001

204

G3

€0,0,I1>

0110
V203[KPa]

(a) Mat bat di¢n, va (b) Mat ba truc

Hinh 4. Bic diém cta mat chay déo

trong khong gian Gng suat chinh [7]
3.2. Phwong phap phén tir hitu han cho bai toan
khoan ha cgc
3.2.1. Thanh phén irng suit trong dit

Trang thai ung sut tai mot diém trong dat duoc
thé hién bang véc to trong hé toa d6 Bé Cac nhu sau:

T
{c} =[GX G, O, Ty Ty sz] (15)
Trong do:
oy, 0y Va o, la ung sudt phap tuong tng theo
truc x, y, z;
Tyys Ty, VA& T, laing suat tiép.

Dbé thuan tién trong tinh todn theo cac biéu thuc
ctia mo hinh dat nén thi c6 the st dung céac thanh phan
ung suat chinh. Véc to tng suat chinh c6 dang:

T
[Gl ) 03] (16)

Mdi tmg sudt chinh co thé dugc viét dudi dang
ham so cua céc bat bién tng suat thir nhat I ; bat bién
{ig suét léch thir haiJ, ; va goc Lode 6 [8]:

o, =%\/Esin(9—2?nj+%

c, =%\/Esin(9)+%1 (17)

o :%\/Esin£9+2—;j+%
Trong do:
I, 1a bt bién tng suat thi nhat;
J, 1a bat bién tmg suat léch thir hai;
0 1a goc Lode.
3.2.2. Thanh phén bién dang trong dit
Ten so bién dang tai mot diém dugc viét trong hé

toa do Bé cac co dang nhu sau:

e=le & & Ty Tw Tm] (18)

Trong do:
€y, &y, €, 12 Cac bién dang doc truc theo phuong x, y, z;
Yy » Vyz VA Yo 1acac bién dang truot.
Quan hé giita cac thanh phan bién dang véi cac

thanh phan chuyén vi u, v va w trong h¢ toa d6 B¢ cac
¢6 dang nhu sau:

i 0 0
aX
0 i 0
ay
0 0 i u
0 19
{8}_ o o v ( )
— = 0 ||w
o, 0,
o 2 9
o, 9,
9 4 2
_az ax_

3.2.3. Phwong trinh phén tiv hivu han
Méi lién hé giita ing suit va bién dang theo 1y
thuyét dan hdi cho boi biéu thire nhu sau [9]:

fo} =[](te} o'} + (")

Trong do:

(20)

{G} la ma tran Gng sut;
{€} 1a ma tran bién dang;
{GO} la ma tran Gng suét ban dau;
{80} 12 ma tran bién dang ban dau;

[C] 1a ma tran dac trung vat lidu.
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~ Theo cac phuong trinh lién h¢ gilra chuyén vi va
bién dang (cac phuong trinh Cauchy), bién dang cua
mot diém trong phan tir la:

{e} =[0]{w} =[2][N]{u} =[B]{u} @n
trong d6: [B]=[0][N] duoc goi la ma tran tinh bién
dang.

Ma trén 0] c6 kich thude [6x3| dbi v6i bai toan 3
chiéu, [3x2| ddi v6i bai toan hai chiéu va [1x1| déi voi
bai toan mot chiéu.

3.2.4. Phin tir tAm tir giac dang tham s

_ Quy trinh thiét 14p ma tran do ctng cho phin tir
tam tor gidc thong thuong s€ gap kho khan khi mo
rong xdy dung ma tran d6 cing cho phan tir tam tir
giac bac cao. Tuy nhién, khi sir dung phén tir dang
tham s thi van d€ khé khan s& duoc gidi quyet de
dang. Phéan tir dang tham s6 la phan tir trong d6 dac
trung hinh hoc va trudng chuyén vi déu dugce viét theo
ham dang nhu sau:

Toa do m(’jtq diém bat ky nam trong phﬁn tr, noi
suy tu toa do diém nut:

n n n
DIN{=1, x=) x;N{ va y=> y;N{
i1 =1 i=1

Chuyén vi tai mot diém bét ky trong phéan tir ciing
dugc ndi suy theo chuyén vi nit:

(22)

(23)

|Ee

Hinh 5. Phén tir tAm tr giac 8 nit
trong hé toa d¢ tong thé va dia phuong

Ma tran d6 cimg cta phan tir tAm tir giac viét theo
hé toa d¢ dia phuong nhu sau:

e = (8] [E][BJav =1 | {[B]'[E

-1-1

|[B]|)|dedn (24)

3.2.5. Phan tir tiép xtic

Phan tu tiép xtuc duogc st dung dé mo ta hién
tuong truot gitta hai vat li€u c6 sy khac nhau lén vé
do ctimg nhu sy tiép xuc gitta coc va dat nén. Ung suat
truot 16n nhat thuong giéi han bdi ti€u chuan déo

Mohr - Coulomb. Phan tir tiép xtc phiang thuong co
4 diém nut va hé toa do nhu trén hinh 6.

Ay

S

Hinh 6. Phan ttr tiép xtic

3.2.6. Phdn mém tinh todn theo mé hinh dit nén Lade

Tac gia da va dang thyuc hién cac nghién ctru theo
hudng tiép can méi theo mé hinh tinh todn nhu sau:

Trong qua ha coc, d4t dudi miii coc dan bi déy ra
phia ngoai va trugt theo than coc. Chuyén vi theo
phuong ngang 16n nhit cua dat bang ban kinh cia coc.
Ma sat bén gitra thanh coc va dit dat t6i trang thai gisi
han. Trong mé hinh phan tir hitu han, bai toan mo ta
qua trinh ha coc 13 bai toan tiép xtic va rang budc. Bai
toan nay duoc giai theo phuong phap Lagrange trong
do tai cac nit trén thanh coc va trén bé mat dat tiép
xuc véi thanh coc, cac thanh phan luc twong duong
—A va A duoc dat vao mdt cach tuong ung dé dam
bao chuyén vi ngang cua dat xung quanh coc bang ban
kinh coc trir di bién dang ngang cua than coc va ban
kinh 16 khoan. Gia tri tai trong 1a cac 4n sd phu thém
can tim véi diéu kién rang budc nhu sau:

Uy o =T, — L — Uy, (25)
Trong do:
Uy - chuyén vi ngang ciia dit xung quanh than coc;

- ban kinh coc;
- ban kinh 16 khoan;
u, , - chuyén vi ngang cua than coc.

X7

Phan t&r coc

Nut tiép xuc

T T T

FPhén tor dat nén

Hé khoan—-

NUt tiép xtc

Hinh 7. M6 hinh phén tr hitu han
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Hinh anh giao dién phin mém cho budc nghién
ctru tiép theo cua tac gia

Phan Tich Coc Khoan Din X

nnnnnnn

coe s
2298
0o
24

000

Hinh 9. So db tinh

nnnnnnn

3
oo
28

Knoan Din

plolel

000

Hinh 10. Ung suét dat nén giai doan khoan din

3.3. Ung dung tinh toin

Tl céc co so ly thuyét trén, tac gia sir dung phan
mém Plaxis 3D v6i mo hinh Morh-Coulomb dé mo
phong su 1am viéc cua coc trong dat tir d6 so sanh voi
két qua thi nghiém nén thir tinh tai cong trinh thuc té
va bai toan 1y thuyét tinh theo TCVN 10304:2014,
Viéc sit dung md hinh Lade dé so sanh s& duoc sir
dung trong cac nghién ctu tiép theo. Xét dén anh
huéng stre chiu tai xung quanh than coc véi sy thay doi

cAu trac dit nén khi khoan tao 156 dét nén truée khi ha
coc béng viéc hi¢u chinh thong qua hé ) cuong do
16p phan gi6i (Riner) trong khai bao phan tir Interface
véi dat.

Mo hinh dan déo dung dé mé ta quan hé cia cac
16p phan cach, sy anh huong 1an nhau trong cau triic
cua dat. Pic trung cudng do cua 16p phan gidi lién
quan véi dic trung cudng do cua 16p dat. Mdi dir liéu
thiét 1ap lién quan lam giam hé s6 cudng do cia 16p
phan gidi (Riyer), 4p dung theo cong thic:

¢. =R

i inter ©

(26)
27)

soil

tan 0; = Rinter tan Psoil < tan Psoil

3.3.1. Két qua coc thi nghiém hién truwong va tinh
todn Iy thuyét theo TCVN 10304:2014

a) Xac dinh strc chiu tai cia coc bang cach st
dung cac cong thirc tinh toan theo TCVN 10304:2014

Stee chiu tai ciia coc theo dat nén:
Q, =Q, +Q, =569,840+160,385 = 730,225(kN).

b) Xac dinh sirc chiu tai cia coc bang phuong
phép nén tinh tai hién truong [10]

e Coc: 40 x 40 cm, mac bé tong 400, L = 15,2m;

e Chiéu sau khoan dan : Ly = 16 m; Dig =350 mm;

Coc nén tinh véi tai trong P = 2500 kN, tir sb lieu
thi nghiém, ta c6 cac két qua sau:

e Do lun dau coc sau khi giam tai vé P = 0 kN
(chuky 1): S, = 1,47mm,;

e Do lun dau coc & cdp tai P = 2500 kN:
S;=18,25mm;

e Tong do lin cua coc: S =S, - S, = 18,25 — 1,47
=16,78mm;

° Chuyén vi cua coc nén tinh hién truong voi
P =2500 kN 1a 22,35 mm.

3.2. Két qua chuyén vi coc sit dung phin mém
Plaxis 3D toan theo phwong phap PTHH.

Ttr nhitng hé sé diéu chinh hé sé ap luc ngang cua
dat nén 1én coc (k;) cua cac nhom nghién ctru da dé
Xuét, tac gia xay dung mé hinh coc don trén Plaxis 3D
voi cung chiéu dai coc, cung sb liéu dia chat sau do
tac gia chay cac bai toan cho 2 truong hop: 01- khong
hiéu chinh hé s8 Riyer; 02 - ¢6 hiéu chinh hé 6 Riner
clia coc dbi voi cac 16p dat nhu phan trén. Gia tri hiéu
chinh nhu trong Bang 2.
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Bang 2. Tong hop céc tinh chit dic trung co Iy ciia dat h khoan

Loai vat liéu

Thong s Kyhigu| g0 Lop2 L6p3 Lop 4 Coc Don vi
(Sét san Lip) (Asétdéo | (Catthd | (Sétnua (V400;
Pl chay) | chatvia) | ctmg) | L=15,2m)
Mau vt liéu Model M-C M-C M-C M-C Linear - E -
Loai vat liéu Type Unrained | Unrained | Drained | Unrained | Non-porous -
TL riéng dat t£en _— 18,26 14.86 15.48 16,69 25 (KN/m?)
muc nudc ngam
TLriéng datduci | 19,45 18,53 18,94 20,17 - (KN/m’)
myc nudc ngam
Mb dum dan hoi E 7380 8399 15,946 11014 29,2E6 (kN/m?)
Hé s6 Poisson v 0,3 0,3 0,3 0,3 0,3 -
Luc dinh don vi c 10,4 17,9 4,7 44,8 - (kN/m?)
Goc ma sat trong ¢ 18°15’ 8°52' 27°58' 19°35’ - bo
Riner 1 1 1 1 1 Baia
Rinter 0.7 0.7 0.7 0.7 1 Baib
HS giam cuong do
Rinter 0.7 0.7 0.5 0.5 1 Baic
Rinter 0.5 0.5 0.5 0.5 1 Baid

Bang 3. Két qua chuyén vi cac phin tir coc

Structural Element Node b A o W W@
[m] [cm] [cm] [cm] [cm]
Volume Pile 1-1 5594 -1 -24.35 -33.17 -39.66 -46.91
(Mat. Set: 0) 5595 -1.4 -24.22 -33.09 -39.61 -46.85
Volume Pile 1-2 5597 -1.8 -24.13 -33.03 -39.55 -46.8
(Mat. Set: 0) 5598 -3.05 -23.78 -32.81 -39.38 -46.62
Volume Pile 1-3 5600 -4.3 -23.43 -32.59 -39.2 -46.44
(Mat. Set: 0) 5601 -5.65 -23.08 -32.37 -39.02 -46.26
Volume Pile 1-4 5603 -7 -22.74 -32.14 -38.84 -46.08
(Mat. Set: 0) 5604 -8.35 -22.43 -31.93 -38.67 -45.9
Volume Pile 1-5 5606 -9.7 -22.14 -31.73 -38.5 -45.73
(Mat. Set: 0) 5607 -11.05 -21.87 -31.53 -38.33 -45.55
Volume Pile 1-6 5609 -12.4 -21.65 -31.37 -38.18 -45.41
(Mat. Set: 0) 5610 -13.8 -21.42 -31.17 -38.01 -45.23
5611 -15.2 -21.28 -31.05 -37.91 -45.13
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Hinh 13. Két qua chuyén vi coc cac truong hop diéu chinh (Riyer)
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o Nhin xét két qud bai todn phdn tich thir tinh
tdi coc

Bang 4. Két qua chuyén vi coc Uy . (cm)

B éll COC Ehl Rintet Rintet _Rimel' — Rimet A
todn nghiém B =0,7sét | = 0,5sét
thu tinh | =0.5 cat | 0.5 cat
Chu}{én
vidau | 605 13317 13966 | 33.17 | 39.66
coc
(cm)

Két qua bai toan phan tich phan tir hiru han trong
phan mém Plaxis cho thdy, v6i Tai trong thtr tinh nhu
nhau P, = 2500 (KN) khi ching ta thay 601 hé sé
cuong do mat tlep xuc glua coc voi dat nén xung
quanh (Rjy) thi gid tri chuyen vi coc s€ thay ddi theo
(hinh 13).

Két qua chuyén vi cia truong hop (Hinh 13 b)
thay d6i Riner cho 10p dit sét 0.7 va 0.7 dét cat theo hé
s6 khuyén nghi cua cac 1y thuyét thyc nghiém thi cho
gid tri chuyén vi 16n hon két qua thi nghiém nén thir
tinh tai tai hién trudng.

Nhiing két qua nay ciling gan tiém cén véi gia tri
cho theo nhu trong TCVN 10304:2014. Tuy nhién, két
qua tinh theo cong thirc Tiéu chudn va hé sb didu
chinh cua cic tac gia nghién ctru cong b so sanh trén
két qué thi nghiém thuc té thi thién vé an toan hon,
trong thiét ké co so c6 thé dung tuy nhién gay lang phi
vé vt liéu va chi phi thi cong.

4. KET LUAN

Tir cac két qua tong hop 1y thuyét, phéan tich va so
sanh cho thay anh huong cua viéc khoan ha ddi v6i hé
s6 giam ma sat bén my cua coc khi di qua timg loai dét
khac nhau la khac nhau:

- Khi tinh toan bai toan trén mé hinh s, cac gia tri
két qua ly thuyét tinh ra tuong dong véi cac gia tri
khuyén nghi trong Tiéu chuan hién hanh va cong thic
thuc nghiém.

- Vigc mo phong qua trinh nén tinh trén phan mém
Plaxis 3D cho két qua chuyén vi lén hon két qua
chuyén vi khi thyc hién nén tinh hién truong.

- Pbi v6i cac dat loai sét, Iuc lién két giita cac hat
16n, dét it bi sat 1§, tham chi c6 thé hut bam céc hat
dat roi vai tir cac 16p dat bén trén 1am ting do chat dat
do bi 1én ép trong qua trinh ép coc. DAt loai sét thuong
bdo hoa nudc khong | thdm duoc nén trong qua trinh ép
coc, dat co the bi troi 1én trén nén lam xuat hién ma
sat bén véi tbe dd kha nhanh. Do vay, hé sb giam ma
sat bén cua dét loai sét 16n hon hé s giam ma sat bén
dat loai cat, sirc khang bén giam chdm hon trong qua
trinh ép coc bang bién phap khoan ha;

- Pét sét déo chay, déo mém, trong qua trinh ép
coc, dat b chuyén vi va x40 tron hon dat sét déo cung,
dat cung. Dit cang ctng, d chat cua dat cang 16n, luc
lién két gilra cac hat cang 16n. Vi thé, trong qua trinh
ép coc, dat it bi pha v& cau trac, lam tang hé s6 giam
ma sat bén giirta dat va coc. Do do, hé s giam ma sat
tang theo dg clmg cua dat, tir & sét déo chay dén déo
mém dén sét nira cing dén rit cing;

Ung xtr cia dat nén xung quanh than coc trong
bién phap thi cong khoan ha coc vao nén dat con rat
nhiéu yéu té anh hudng dén kha nang sirc chiu tai cia
coc BTCT duc san. Viéc nghién ctru anh huong cua
thay d6i duong kinh 15 khoan dén thay dbi hé s6 giam
ma sat cua timg 16p dat nham gitp viéc lwa chon
phuong 4n khi thiét ké mong coc ép c6 khoan dan
duogc cu thé, chinh xac va hidu qua, tiét kiém duoc chi
phi cho du an.
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ON THE EFFECTIVENESS OF THE STATIC PILES LOADING TEST
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ABSTRACTS: Based on many data from static piles loading tests, the paper evaluates the exactitude of piles bearing
capacity by PLT and the reasonableness of PLT procedures. The paper also orients to revision and supplementing TCVN

9393:2012 for the purpose of arising the effectiveness of PLT.

KEYWORDS: pile, piles foundation, piles loading test, bearing capacity of piles.

1. INTRODUCTION

Static piles loading test (PLT) is compulsory for
piling foundations and standardized by TCVN
9393:2012. The results from PLT is the most exact
data to determine bearing capacity of the piles and to
design piles foundation. Up to now, many piles
different in dimension and installation technology
were tested, but experiences and effectiveness of PLT
are not yet summarized. Basing on data of many PLT,
the paper evaluates the exactitude of piles bearing
capacity by PLT and the reasonableness of PLT
procedures. The paper also orients to revision and
supplementing TCVN 9393:2012 for purpose of
arising the effectiveness of PLT.

2. ON THE EXACTITUDE OF PLT

PLT is used for the purpose of ultimate bearing
capacity of piles — the load, when piles are failed.
There are 3 criteria for failure of piles: failure of pile
materials, failure of soil under pile tip and settlement
of pile head during testing.

Table 1. Referenced values of settlement as piles failed

Settlement Piles Referenced
10% D All piles DTU 13-2,
French
BS 8004: 1986,
England
JSF 1811 — 1993,
Japan
2,5% D Bored piles De Beer
(3%to6%)D End-bearing
40 to 60 mm bored piles
60 to 80 mm | Piles with L/D : China
80 to 100
(2PL/3EA)
+ 20 mm

L, D: Length and Diameter of the piles, P: Test Load;

E: Elastic Modulus of piles Material, A: Area of
piles section.

Table 1 indicates the values of settlement for the
tested piles that are considered as failed.

In the case when the tested piles have not failed
yet, ultimate bearing capacity can be determined using
interpolation based on data from PLT with empirical
formula.

2.1. Ultimate bearing capacity by piles failure
criteria

Data from about 500 loading tests of piles
different in dimension (25-45 cm diameter for precast
concrete piles and 80-150 cm for bored piles) and
installation technology (driven, pressured, bored) have
been collected and compared with failure criteria [1].
Comments as followings:

- Almost 100% tested piles not yet up to failed and
ultimate bearing capacity not yet determined at
finishing the tests;

- Settlement of piles head is small in comparing
with failure criteria. Concretely, for driven (pressured)
concrete piles, at finishing the tests, average value of
settlement is 2,73% D (D piles diameter), maximum
4,1% D (16,47 mm), minimum 1,4% D (3,38 mm) and
for bored piles, average value of settlement is 1,28%
D, maximum 2,5% D (19,8 mm), minimum 0,5% D
(5,54 mm).

2.2. Ultimate bearing capacity by empiric formula
from data of PLT

There are many empirical formula for ultimate
bearing capacity of piles from data of PLT. Table 2,
for example, gives values of ultimate bearing capacity
calculated interpolatively by some empirical formula
(convention limit settlement Sc, Davisson, Canadian,
Chin, Brinch Hansen) based on data of PLT. For the
purpose of comparison, the value of maximum test
load (Ptn) indicated by designer is also presented in
table 2.

404



Hoi nghi khoa hoc quéc @ Ky niém 55 nam ngay thanh lap Viéen KHCN Xay dung

Table 2. Ultimate bearing capacity (Pu) by empirical formula [1]

Pu (T) by formula of
No Construction Ptn (T) Sc | Davission | Canadian Chin Brinch
Hansen
Driven (pressured) concrete piles
1 CT1, Van Quan 300 400 480 420 667 237
2 CT2B, Van Quan 300 450 550 490 3,333 152
3 Ky tic xa, Dai hoc Mo 163 250 260 290 313 125
Nha xtr Iy nguyén li¢u bia
4 TP Nam Dinh 50 80 120 70 33 13
Xuéng dic - Bac Ninh 52 100 140 90 417 23
CT4 - My Pinh II, HN 200 350 260 290 294 68
7 Cau lac b My Binh,HN 50 100 75 80 69 16
8 CT5 - My Dinh 2, Ha Noi 200 370 280 320 1250 438
9 CT5 - My Dbinh I, HANo6i | 200 300 260 280 625 144
10 CT3B - My Dinh 2, HN 200 400 330 350 833 86
Bored Piles
1 HUDTOWER 2750 3400 3900 5000 100000 1491
2 No-VP2 Linh Pam 1100 1400 1700 2100 2500 391
3 CC2 Vin Quan 601 720 850 1000 179 102
4 Nha PHSX - 31 Lang Ha 1540 2100 22000 2700 1000 364
5 CT3 Van Quan 1200 1600 1750 2100 2500 945
6 FLC Star Tower, Vinh 3300 3270 3600 4600 5000 2988
7 129D Truong Pinh 1500 2100 2350 2700 2500 555
8 Cao 6c Ho Tay 1300 2100 2100 3300 2500 459
9 TT TTBN TTXVN HN 800 1600 1500 1900 10000 373
10 TT TM 379/8 Boi Can 1400 2100 2250 2900 2500 471
11 Nha ¢ VP 37c Lang Ha 2000 2600 3100 3800 5000 1543
12 Tru s6 BONV Dich Vong 1100 1900 2300 2800 5000 462
13 A2 Ngoc Khanh 1650 1600 2600 3400 50000 928
14 Nha C khu A, Tt Liém 1455 2250 1950 2600 10000 700
15 Nha C2 My Dinh 1-HN 900 1500 1450 1800 10000 417
16 M5 Nguyén Chi Thanh 2000 3600 3600 4000 33333 928
17 TTTM 102 Thai Thinh 1200 1650 1700 2200 3333 913
18 93 Lo buc 1300 2400 2500 3200 5000 808
19 DN 3- CT5-My Dinh 2 1240 1900 1900 2300 10000 577
Some comments from data of table 2: - Ultimate bearing capacity from conventional

inapplicable, give results irrational, unexplainable;

limit settlement, Canadian and Davission are
acceptable and larger than Ptn by designer (table 3).

Formula Chin and Brinch Hansen are
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Table 3. Pu from empirical formula in comparison
with from designer Ptn

Pu/Ptn
Piles Convent.
Limit Davisson | Canadian
settlement
Concrete 1,69 1,7 1,57
piles
Bored piles 1,43 2,0 1,93

It can see that the maximum test load by designer
is smaller than the ultimate bearing capacity by PLT,
especially for bored piles, and designer always
evaluates piles bearing capacity lower than inherent
possibility.

3. ON THE REASONABLENESS OF THE PLT
PROCEDURES

TCVN 9393:2012 proposed loading, measuring
and reporting procedures for PLT [2]. Loading
procedure is deciding factor on result of test. TCVN
9393:2012 also suggests that the pile is loaded to a
maximum maintained load of 200 % of the design
load for tests on individual piles, applying the load in
increments of 25 % of the design load. So, the design
load is considered as basic for developing PLT
procedures and suggested by designer applying safety
coefficient equal 2 to ultimate bearing capacity that
can be predicted by some formula. Table 4 gives, for
example, the comparison between results from
conventional  (basing on  physical-mechanical
properties of soils), Meyerhof and Japanese formula.

Comments from table 4:

- Ultimate bearing capacities of piles are different
depending on prediction formula. The difference can
be up to 50-150 %;

- For the bored piles, the prediction from Japanese
formula always is largest;

- By safety reason, the designer proposes always
to use the lowest predicted value of bearing capacity
of piles as design load. By the way, the tested piles are
very rare failed during testing.

Table 4. Comparison of Ultimate bearing capacity
of piles (Pu) from some formula

pil Pu,Jap/ | Pu, Con./ | Pu,Meyerh./
iles
Pu,Jap. Pu,Jap. Pu,Jap.
Concrete 1 0,7-1,5 0,8-1.3
Piles
Bored Piles 1 0,6-0,9 0,5-0,7

4. ON THE PROBLEMS OF REVISING AND
INNOVATING TCVN 9393:2012

4.1. Shortcoming of TCVN 9393:2012

TCVN 9393:2012 is namely TCXDVN 269:2002
renamed and was used for long time (over 15 years)
and shows some shortcoming that reduces the
effectiveness of the application.

- On the aim of PLT:

The aim of PLT was not indicated concretely and
clearly in TCVN 9393:2012. The article 4.4.3 writes
“PLT is considered as finished in the condition where
a) loading up to maximum load of loading procedure;
b) test pile failed”. So the aim of PLT is only confirmation
of designer’s predictions. Some foreign standards on PLT
do not stipulate clearly the aim of PLT [3].

- On the loading procedure:

The design load is considered as basic for
developing PLT procedures and is the lowest
predicted value of bearing capacity of piles. That is
why the tested piles are very rare failed during testing
and the bearing capacity of piles always is evaluated
lower than inherent possibility.

- On the objectiveness of testing procedure:

PLT can be considered as one test to determine the
natural parameter. The bearing capacity of piles
depends very much on the soil condition of the
construction site. In the meantime, PLT procedures
are developed subjectively by designer based on, for
example, distribution of loads, some standard.

- On the unilaterality of PLT:

Data from PLT allows to determine only total
bearing capacity of piles and is not sufficient to solve
some practical problems on piles foundation design
such as the problem to determine interpolative bearing
capacity of the piles of any dimension from data of
loading test for pile that has another dimension in the
same soil condition or the problem on bearing
capacity of piles that differ in working condition from
tested condition.

- On the update of testing technology:

Updating the monitoring system of PLT not only
arises exactitude of test also allows collecting more
parameter that reveals characters of piles
performance. Now, some new technology can be
applied in PLT such as Technology using strain gauge
to measuring stress distribution along piles shaft,
Load-cells for measuring test load, Laser for
monitoring piles head settlement and other for
automatizing all measuring and monitoring.

All  above-mentioned shortcomings reduce
effectiveness of PLT and are the base for revision and
renovation of TCVN 9393:2012.
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4.2. Some revision and renovation of TCVN
9393:2012

TCVN 9393:2012-the legal document of PLT
exposed many shortcomings and it is time to revise.
The following is some revision and renovation.

e Ultimate bearing capacity Pu must be the aim
of PLT

The aim of PLT depends on design idea and must
be exact and clear and required by designer in the test
technical requirement document. The minimum aim
of PLT must be the ultimate bearing capacity of piles.

e [oad procedure must be developed based on the
ultimate bearing capacity

Pile is loaded to a maximum maintained load of
150-200 % of the predicted ultimate bearing capacity
for tests on individual piles, applying the load in
increments of 10 % Pu. So, possibility to fail tested
piles during the testing is higher.

e Referenced test pile

The referenced test pile is the pile designed and
tested especially so that test data can be used to revise
test procedure for next tested piles, to determine
believely bearing capacity of other piles. Some
characteristic of referenced piles:

- Material and production, installation technology-
the same of other piles in the foundation;

- Location is chosen so that test data is considered
as the most representative;

- Dimension is enough small for that easy to fail
during the testing;

- Advanced technology is applied, for example,
train gauge to monitor tress along piles shaft.

The referenced test pile always has the dimension
smallest among piles in the foundation and is tested
the first in the test campaign.

e Applying advanced technology to PLT

Some advanced technology for the purpose of
airing the exactitude and objectiveness of measuring,
reducing the man’s intervention is proposed to be
compulsory to apply in the PLT.

e Renovating procedure of compiling PLT

Inspecting designer’s prediction, not confirming
design results is the duty of PLT. So, PLT must be
independent. Procedure for compiling PLT as
followings:

- The designer is responsible for compiling test
duty document that indicates clear aim of PLT;

- The owner is responsible for supplying all data
concerning structures, soils condition, construction
site, piles and piles foundation, necessary other.

- Test contractor is responsible for developing test
proposal basing on supplied data. The proposal must
be submitted to the Owner for acceptance. Basing on
test results the test contractor must confirm economic-
technical reasonableness of designer’s prediction on
bearing capacity of piles.

5. CONCLUSION

- TCVN9393:2012 exposed many shortcomings
that reduce effectiveness of piles and piles foundation.

- TCVN 9393:2012 has to be revised and
renovated so that PLT determines more exactly
bearing capacity of piles.
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PHAN TiCH SU LAM VIEC CUA CQC ATT BANG PHUONG PHAP
PHAN TU HU'U HAN DUA TREN KET QUA THi NGHIEM NEN TiNH
O HIEN TRUONG

Nguyén Giang Nam
Vien KHCN XD, namibst@gmail.com; Eijiro Mizoguchi - TENOX Corporation
Maejima Tadashi - Asahi Kasei Kenzai; Daisuke Ito — Asahi Construction Materials Corporation

TOM TAT: Tru d4t xi ming ndi chung va tru dit xi ming thi cong bang phuong phap tron sau noi riéng co cudong do vat
lidu thap hon nhiéu so v6i coc bé tong. Vi vay, khi chiu tac dung cua ngoai lyc theo phuong thang dung thuong bi phé hoai
vat liéu & dau try trude khi xay ra pha hoai do dat nén. Mot trong nhiing phuong phap dé cai thién kha nang chiu tai cua try
dat xi méang la phan b6 lai tng suat doc than coc bang cach chuyén mot phan tai trong tac dung bén trén xuong phia dudi
qua dng thép c6 canh. Bai bao phéan tich mé phong lai cc két qua thi nghlem nén tinh ngoai hién truong bing phuong phap
phan tir hitu han dé thay 16 vu diém vé mat ky thuat cua coc ATT qua viée sir dung ng thép c6 canh trong tru dét xi ming.

TU KHOA: Coc ATT, thi nghiém nén tinh.

ABSTRACTS: Soil-Cement Deep Mixing Column (CDM) in general have much lower material strength than concrete pile.
Therefore, when subjected to vertical load, the material at the head of the column is damaged. One of the methods to
improve the bearing capacity of a CDM is to distribute the stresses along the pile by transferring a portion of the upper
load downward through the steel pipe. This paper simulates the static load tests results by FEM to clearly see the
advantages of ATT Column.

KEYWORDS: ATT Column, pile load test.

Mic du ra doi sau cac loai coc khac nhung coc  hitu co, dit sét, cat min pha sét.... Trong d6 ton tai 16p

vit ATT hién dang dugc ap dung kha rong rai ¢
Nhat Ban. Gin ddy, cong nghé nay dang duoc
nghién ctu trién khai ap dung tai Viét Nam. Coc vit
ATT (Asahi Kasei Tenox Technology Column) la
coc phuc hop duoc tao thanh sau khi ha éng thép co
canh vao trong long tru dét xi mang ché tao theo
phuong phap tron séu (Hinh 1). Vé co ban, coc 1a
su két hop giita coc vit truyen thong va tru dét xi
ming v6i muc dich chuyén mot phan tai trong tac
dung bén trén xudng phia dudi qua 6ng thép co
canh, qua d6 cai thién kha nang chiu tai cua tru dat
xi ming va coc vit truyén thong.

Céc thi nghiém nén tinh tai hién truong va mo
hinh héa bang phuong phép phan tir hitu han sau day
duogc thuc hién trén 3 loai coc, d6 la: coc vit truyén
thdng, tru xi ming dat va coc ATT dé thay rd wu diém
vé mat k¥ thuat cia coc ATT qua viéc st dung 6ng
thép c6 canh trong tru dét xi mang.

1. THi NGHIEM NEN TINH ATT COLUMN O
HIEN TRUONG

a) bac diém dia chét cong trinh

Dic diém dia chét cong trinh khu vuc thi nghiém
duoc thé hién trong Hinh 2 véi hinh tru hd khoan va
két qua thi nghiém SPT. Theo tht ty tr trén xudng
dudi, cau tao dia chat bao gom cac 16p sau: Sét lan

dat sét yéu co chiéu sau nho hon 5m véi gia trj SPT N
tir 1 dén 4. Bang 1 thé hién cac két qua thi nghiém dat,
cuong do nén mot truc tir cac mau & do sdu GL 1.20-
3.85m 14 45.8-107.8 kN/m’.
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Hinh 1. Minh hoa coc vit ATT
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Gia tri SPT
0 0 10 20 30 40 50 M M M
5
Sét °i=g -+
1 1an
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2=, | €O 5
3
Sét o < 2P 4 am
4 =
4.8 ! D600 ! ! D600 ! 1 D1000 |
5 Vi v2 v3 va
6 cat| p
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Hinh 2. Mt cat dia chat khu vuc thi nghiém coc
Bang 1. Thong tin vé 16p dit khu vure thi nghiém coc

Dung R Cuodng

3 . bo A s
Chiéu siu Loai trong tu im do nén
(m) dat nhién nd hong
(t/m?) % | (KN/m?)

0-220 | S€lan o5 1519 | 458

hiru co
2,20 +4.80 Sét 1,72 472 93,1
4,80 = 8.0 | Catpha 1,55 67,8 107,8
b) Mo ta thi nghiém

Thi nghiém dugc thyc hién trén 04 loai coc khac
nhau (xem hinh 2) véi cac thong so ki thuét trong
Bang 2.

Bang 2. Thong s coc thi nghi¢m

Dudng | Chidu | Duong | Puong | Chiéu sau

A kinh | day | kinh | kinh | mii(m)
Tén R £ ‘nh .
thi ong ong can tru x1

coe thép | thép | vit | mang |, Tru

nghiém gl

(mm) | (mm) | (mm) | (mm) g

V1 190,7 | 7,0 400 - 4,0 -

V2 - - - 600 - 4,2

V3 190,7 | 7,0 400 600 | 4,0 | 44

V4 190,7 | 7,0 400 | 1000 | 4,0 | 4,4

Muc dich cua thi nghiém nham so sanh danh gia
kha nang chiu tai cua coc vit thong thuong, tru xi
mang dat voi coc ATT.

Coc thi nghiém dugc bd tri nhu sau:

- Coc V1: Coc vit béng 6ng thép c6 canh ha truc
ti€p vao trong dat;

- Coc V2: Coc xi ming dit thong thuong dudng
kinh D600;

- Coc V3: Coc xi mang dat duong kinh D600 sir
dung Ong thép cé canh;

- Coc V4: Coc xi mang dat duong kinh D1000 sir
dung 6ng thép c6 canh.

Céc coc ¢6 st dung 6ng thép co canh V1 va V3
duoc dat dau do }uc tai d0 sau 0.5m va 3.8m dé kiém
tra kha nang truyén tai cua coc.

¢) Két qua thi nghiém

Két qua thi nghiém duogc thé hién trong hinh 3,
hinh 4 va bang 3.

1000 —

é 800 |
[&]
o.
© 600 |-
-
S — O0— NoVi1
CS». 400 ——¥—— No.V2(Dc=600)
= ——O—— No.V3(Dc=600)
i 200 | ———— No.V4(Dc=1000)
0 | | |
0 20 40 60 80 100 120
D6 lun dau coc (mm)
Hinh 3. Quan h¢ tai trong d6 lin
Luc phan bs doc than coc (kN)
00 100 200 300 400 500
05 WW WW
—_ 1
NI
g
«0
(2]
s 2
g Y
<
11
3
O CocV1
3.5 A CocV3 [
| |

4
Hinh 4. Lyc phan bd doc than coc
Bang 3. Két qua thi nghiém tai trong thing dirng

T Tai tr()r‘lg 16n nhét tac dung 1én coc (kN)
Pau coc Mui coc

Vi 116.7 43.2

V2 381.5 —

V3 473.7 117.7

V4 827.6 238.8

d) Nhan xét vé két qua thi nghiém

Két qua thi nghiém cho thdy mic du c6 tiét dién,
chiéu dai tvong duong nhau nhung coc xi ming dat
thong thuong V2 bi pha hoai ngay o cép tai trong
381.5 tan va coc V3 st dung ng thép co canh da dat
duogc dén cap tai 473.7 tan.
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Coc V3 khong bi pha hoai & tiét dién hinh try tao
boi canh vit va tru dat xi mang do coc V3 va V4 cé
cung chiéu dai, st dung cung mot loai dng thép co
canh nhu nhau nhung coc V4 dat duoc dén cép tai
827.6 kN & dau coc va 238.8 kN ¢ mili. Nhu vy, theo
[2] dé tan dung hét kha nang lam viéc dong thoi gitia
tru dat xi ming va 6ng thép c¢6 canh can phai luu y
dén mbi quan hé giita duong kinh, khoang cach ctia
canh vit va cudng do tru dat xi mang.

Su két hop gitra hai loai coc ¢6 strc chiu tai trong
dbi thép tao ra coc ATT co6 stc chiu tai cao hon, tan
dung dugc kha nang lam viéc cua hai loai coc trén.

Chiéu dai cac coc thi nghiém kha nho nén chi xét
duoc twong quan gitta duong kinh canh thép va duong
kinh coc. Khong thdy rd dugc mdi quan hé giita

cuong do vat li€u coc vdi duong kinh va khoang cach
gitlta cac canh thép.

2. PHAN TiCH SU' LAM VIEC CUA CQC THI
NGHIEM BANG PHUONG PHAP PHAN TU
HUU HAN

Muc dich cta viéc phan tich sy lam viéc cua coc
thi nghiém bang phuong phap phan ttr hitu han 1a dé

kiém tra sy phan bd tmg sudt, bién dang trong coc qua
d6 hiéu 15 hon nguyén Iy lam viéc ciia coc ATT.

a) Cac thong sé tinh toan

Cac thi nghiém dugc moé hinh héa va phan tich
bang phan mém Plaxis Cac thong s6 dau vao st dung
trong tinh toan xem trong Béng 4

Bing 4. Thong sb sir dung trong tinh toin

, E.
TT Lop dat Mb hinh o i ° hd
&Nm) | (NmD) | (kN o
1 Sét 1an hiru co MC 12,5 4000 5 15
2 Sét MC 17,2 3000 8 20
3 Cat pha MC 15,5 8000 1 20
4 Coc XM dat MC 18,0 60000 30 25
Hinh 5. M6 hinh hoéa coc ATT
b) Két qua tinh toan ° ‘

0 I

Hinh 6. Bién dang cua dit nén xung quanh coc vit
bang ong thép c6 canh

Hinh 7. Bién dang cua dit nén xung quanh coc
xi mang dat thong thuong duong kinh D600
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Hinh 8. Bién dang cua dat nén xung quanh coc
xi mang dat duong kinh D600 sir dung ong thép cd canh

0 | L

Hinh 9. Bién dang cua dat nén xung quanh coc
xi mang dat duong kinh D1000 st dung
ong thép c6 canh

Tai trong (kN)

0
0 200 400 600 800
-5
= —t /1
Eqo
c —_——/3
=
<O'-1 5 — /4
(n}
-20
25

Hinh 10. Quan hé tai trong va do ltn

Tai trong (kN)

0
05 0 200 400 600
-1
’g 15 —&—Coc V1
S 2 —&—Coc V3
@ 25
3 -3
S5 35
-4

Hinh 11. Phan bd lyc doc than coc

¢) Nhén xét vé két qua tinh toan

Két qua tinh toan cho thiy vdi coc xi ming dat
thong thuong tng suat tap trung phan 16n ¢ dau coc
(xem hinh Hinh 6,7,8 va 9).

Truong hop coc vit bang ng thép co canh, mic
du tai trong duoc truyén tir ddu coc xudng dén mui
nhung do tiét dién qua nho nén kha nang chiu tai cua

coc thap. Ung suit co xu hudng tip trung & cic canh
vit phia trén.

Truong hop coc xi mang dat duong kinh D600 st
dung ong thép c6 canh, tai trong dugc truyén tir dau
coc xudng dén mili, strc chiu tai cia coc ting dang ké.
Ty 1¢ gitta duong kinh canh thép va coc chua hop ly
nén chua tan dung hét kha nang lam viéc cua vat li¢u,
g sut tap trung nhiéu hon & phia trén, Gng sudt tap
trung ¢ gitta coc 16n.

Truong hop coc xi mang dat duong kinh D1000 st
dung 6ng thép c6 canh, tai trong dugce truyén tir dau coc
Xuong dén miii, strc chiu tai cua coc ting dang ké. Ty 1¢
gita dudng kinh canh thép va coc hop 1y nén tng suét
phan bd déu, tmg suét tap trung & gitra coc nho.

3. KET LUAN VA KIEN NGHI

Dé tan dung hét kha nang lam viéc dong thoi gitta
tru dat xi ming va 6ng thép c¢6 canh can phai luu y
dén mbi quan hé gitta duong kinh, khoang cach cua
canh vit va cudng do tru dat xi mang [2].

Tir nhitng két qua tinh toan phan tich, mé hinh
hoa ¢ trén cho thiy hiéu qua cia sy lam viéc dong
thoi gitra 6ng thép c6 canh va tru dat - xi mang trong
coc ATT thong qua viée truyén tai trong tur dau coc
xubng dén mii, phan bd tng sudt mot cach hop Iy
sang try dat - xi mang lam gidm ung suét tap trung &
dau coc, tranh gy ra pha hoai nén nhu truong hop coc
chi ¢6 try dét - xi mang.
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PREDICTION OF SOIL DISPLACEMENT SURROUNDING
DEEP EXCAVATIONS IN HANOI
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ABSTRACTS: The soil displacement surrounding deep excavations is one of the most crucial issues in civil engineering in
Vietnam, especially in Hanoi and Ho Chi Minh city. The purpose of this paper is to present an estimation of soil
displacement surrounding an excavation with a depth (Hy) of 10 m. Three methods, which are Peck (1969), Nikiforova
(2008), and finite element approach considering Mohr-Coulomb and Hardening soil models, are selected for analyses
accounting for soil conditions in Hanoi. The effect of seismic loading on the soil displacement in the case of finite element
method (FEM) is considered. The affected area that is caused by the deep excavation is determined.

KEYWORDS: deep excavation, soil displacement, subsidence, earthquake loading, soil condition in Hanoi.

1. INTRODUCTION

Many high-rise buildings have been constructed in
Hanoi and Ho Chi Minh city. Due to the high density
of buildings and narrow spaces of the construction
sites, the construction process potentially affects the
nearby existing works. There are many studies
determined the impact of the surrounding soil when
constructing underground structures and basements

(11121 [3][4].

In Vietnam, so far there is no a systematic study
on the prediction of soil displacement subjected to the
construction process of basements or underground
structures. This paper determines the soil deformation
nearby a deep excavation during the construction in
Hanoi according to the empirical methods Peck
(1969) [5] and Nikiforova (2008) [6]. Thereafter, the
results are compared with the FEM results obtained by
Plaxis 2D program accounting for seismic loading.

2. THEORICAL BACKROUND

2.1. Peck method

Peck (1969) [5] [7] summarized the field
observations of ground surface settlements around
excavations in a graphical form, as shown in Figure 1.
This method may be suitable for the spandrel-type
settlement profile. As shown in the figure, the settlement
curve is classified into three soil zones, I, II and III,
depending on the type of soil and workmanship. In
figure 1, N, represents the stability number and N,
represents the critical stability number for basal heave.
The case histories used in the development of the figure
are prior to 1969 and the excavations are supported by
sheet piles or soldier piles with lagging. It is proposed
that the maximum ground settlement for very soft to soft

clay is about 1% of the maximum excavation depth. The
lateral influenced zone would extend up to two times the
maximum excavation depth. For the use of a newer
technology such as diaphragm walls, the maximum
settlement is generally smaller than those defined in the
figure. However, the Peck method is the first practical
approach to estimate ground surface settlement.

PECK.

Distance from Excovation
Maximum Depth of Excavation

o 1.0 2.0 3.0 40
SR e T s L . J
. e A
c
L2
:
o |t
€l
210
El=
=|H"
a; 8 2,
E
a
E
= v
= 3J
i Depths of
Sofl Lo Medium Clay Excavation, ft.
® Chicago, Illinois 30 - 63
o Oslo, Norway, Excluding 20 - 38

vaterland 1,2,3

¥ Oslo, Norway, Vaterland 32 - 35
12,3

4 Stiff Clay and Cohesive Sand 34 - 74

0 Cohesionless Sand 19 - 47

Figure 1. Summary of settlement adjacent to
excavations in various soils

Zone I: Sand an Soft to hard clay average
workmanship.

Zone II:

a) Very Soft to Soft Clay

1) Limited depth of clay below bottom of
excavation;

413



Hoi nghi khoa hoc quéc té Ky niém 55 nam ngay thanh ldp Vién KHCN Xdy dung

2) Significant depth of clay below bottom of
excavation but Ny<Ng,.

b) Settlements affected by construction difficulties

Zone III: Very Soft to Soft Clay to a significant
depth below bottom of excavation and with Ny, > Ny,

In order to estimate the settlement of ground
nearby excavations, the Peck’s procedure can be
implemented by following steps [8].

- Determine the soil type (i.e. I, II or III);

- Calculate the subsidence at the points i on the
ground with the distance to the pit is L;, get L/H;

- Obtain associated values 0;/H of L;/H based on
the Peck curves;

- Estimate the settelement, 0 of points i from the
depth of the pit and the ratio 6,/H.

2.2. Nikiforova method

The Nikiforova method [6] is expressed as
follows. Assuming that the building located near the
excavation can be simulated by an infinite semi-rigid
elastic beam with the rigidity EJ subjected to the
distributed load. The Winkler model demonstrates the
interaction between the building and ground.

' q
X
PR RV R R R

| X
| (€9

I

|

Figure 2. Calculation model settlement in impacted
area of the deep excavation

S(x)=k[0p(x)+q/k] (1)
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where, H; — the depth of the excavation; a = 0.7552
(Hannik G et al. 2003 [9]); EJ is the stiffness of the
building, depends on the number of floors, as shown
in Table 1; ¢ is the pressure of the bottom of the
foundation located on the underside of the building;

f1 is the empirical coefficient, which describes the
maximum surface subsidence, for deep excavations
f1=1(0.1- 10.1)% depth of the excavation H;, medium
f1 while 1.1% depth of the excavation H; (Peck
(1969) [5], Moormann (2003) [10], L is the distance
from the building to the deep excavations. Coefficient
k, is determined by the type of pit, k. =1 for measures
using struts from steel sections; k.= 0.6 for using top-
down method; k= 2.5 for measures using anchors; £ is
the subgrade reaction coefficient (kN/m®), can be
determined by.

E
k=114 ——
(1-v° )a’
where E, is the soil modulus; v is Possion’s ratio
(v = 0.3 for sand, v = 0.35 for silty sand and clay,
v = 0.4 for loams); .’ is the width of the foundation.

2)

The coefficients k can be taken by a suggestion of
S.B. Ukhova [11] as (0.3- 0.9)x10" kN/m’* when E,
<10 MPa; (1.0-2.9)x10* kN/m’ when Ey = 10-20 MPa;
(3.0-8.0)x10* kN/m® when E, = 21-35 MPa.

Table 1: EJ value of the building [12]

Building EJ, kNm*/m
Floor beams 6.47%10°
1 floor 2.00%10’
3 floors 6.00%10°
5 floors 6.98*10"
10 floors 4.39%10°

3. NUMERICAL MODELING

3.1. Description of studied structure

The structures used for analyses in this study are
excavations with the depth, Hy = 10.5 m, with 3
basements, which were constructed in Dong Da
district, Hanoi. The diaphragm walls are selected for
resisting the deep excavations.

3.2. Input parameters

We calculated the parameters for all the
investigated soil models (i.e. Mohr-Coulomb,
Hardening Soil) and selected the top-down method for
the construction of basements. The properties of
diaphragm walls modeling are: EA = 2.304x10’ kN;
EI = 1.23x10° kNm’/m; w =19.3 kN/m/m, v = 0.18;
d = 0.8 m. Slab thickness is of 0.2 m, the grade of
concrete is B40 with EA = 6.5x10° kN.

The loading of surrounding buildings is calculated
as a pressure q = 20 kN/m’ on the ground surface.
This load is located at a distance, L (m), to the
excavation. The ground-water level is set at a depth of
6 m from the ground surface. The parameters of the
soil models are presented in Table 2 and Table 3 [13].
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Table 2: Material parameters for Morh-Coulomb model

Mohr-Coulomb Loams Loamy Silty Sands Medium- Loams Sands
sands sized Sands gravelly
Depth of layer(m) 5.0 4.0 5.0 7.0 9.0 11.0
Yunsat kN/m’ 14 15 16 17 14 -
Yaar KN/m’ 19 19 20 20 18 -
C’ kPa 35 16 1 1 31 1
@ 13 15 25 23 12 24
E,. kPa 16000 11900 15000 28000 15900 50000
Table 3: Material parameters for Hardeing Soil model
Hardening Soil Loams Lsgillglsy Silty Sands sii/[eeddlsl:r?(_ls Loams gE:\I/le(ﬁy
Depth of layer (m) 5.0 4.0 5.0 7.0 9.0 11.0
Yunsat kN/m’ 14 15 16 17 14 -
Yoat KN/m’ 19 19 20 20 18 -
C’ kPa 35 16 1 1 31 1
@ 13 15 25 23 12 -
Esg? kPa 16000 11900 15000 28000 15900 50000
Eoed? kPa 16000 11900 15000 28000 15900 50000
E, kPa 48000 35700 45000 74000 47700 150000
o The finite element analysis code, Plaxis 2D, is
= Zzz utilized for the numerical analyses. The computational
%ZZ: procedure is implemented by following steps.
EMS H W‘M“%WW‘WW it - Step 1: Activation of diaphragm walls;
*g"’-“ - Step 2: Excavation step 1 (to level -2.9m);
0 - Step 3: Construct slab 1 (0.0m);

10 15

Time (sec)

Figure 3: The trace of the 2001 Dien Bien earthquake
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Figure 4: Construction of deep excavations
by top-down method

- Step 4: Excavation step 2 (to level -4.5m);

- Step 5: Construct slab 2 (-4.3 m);

- Step 6: Groundwater lowering and excavation
step 3 (to level -7.5 m);

- Step 7: Construct slab 3 (-7.3 m);

- Step 8: Groundwater lowering and excavation
step 4 (to level -10.5m);

- Step 9: Calculated earthquake.

The time-history acceleration of the 2001 Dien
Bien earthquake (in Figure 3) is employed in this
study (time 30s, a,, = 0.082g (m/s°).

4. CALCULATED RESULTS

4.1. Peck method

The project is located in Dong Da district, Hanoi
in the geological zone II [14] mostly soft clay. The
schematic configuration of the structure is shown in
Figure 1. The calculated result of the settlement based
on Peck method is shown in Table 4.
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Table 4. The calculated ground settlement around

deep excavations by Peck method

where L is the distance from the building to the deep
excavations (m); Hy is the depth of the excavation
(m); 9 is the settlement of surfaces ground (cm).

L(m) L/Hk Si/Hk 61 (cm)

0.00 0.00 2.00 -21.00 4.2. Nikiforova method

1.00 0.10 1.88 -19.74 Considering the problem as mentioned above, the

2.00 0.19 1.77 -18.59 relevant parameters are determined as: the distributed

i load on the ground, q is of 20 kN/m?; the coefficient

3.00 0.29 1.69 17.75 of subgrade reaction, k = 2.9x10* kN/m’; the distance

4.00 0.38 1.59 -16.70 from the building to the deep excavations, L = 0 m.

5.00 0.48 1.49 -15.65 y

6.00 0.57 139 114.60 P "/ng —0.057m™";

7.00 0.67 128 -13.44 4x6,93x10

8.00 0.76 1.20 -12.60 k ; ,

10.00 0.95 1.03 -10.82 (according to Table 1).

Egg 1(1)451 g; _3:‘ For the diaphragm walls constructed by top-down
- - - - method, the depth of the excavation H; = 10.5 m, set

13.00 1.24 0.80 -8.40 fi=-0.56x10% o= 0.7752;

14.00 1.33 0.73 -7.67 i

15.00 1.43 0.68 714 A= =041x107m™ b =Hi= 0.07

16.00 1.52 0.61 -6.41 k

17.00 1.62 0.57 -5.99 5o 0,41x107x0,56x107°x10,5° _ 0 34m-

18.00 1.71 0.51 -5.36 T 07 10 41010 x10.5¢ 0T

19.00 1.81 0.45 -4.73 ’ ’ ’

20. 1, 41 -4.31 ble b

0.9 % 0 > w="C __ps4:(2-1]|=03

25.00 2.38 0.38 -3.99 2272 A

30.00 2.86 0.12 -1.26 By substituting the above values into equation 1,

35.00 3.33 0.08 -0.84 the results are summarized in Table 5.

40.00 3.81 0.02 -0.21

Table 5. Calculate the soil settlement around the excavation depth by the Nikiforova N.S (2008) method

Al B s | g | @ | @ | e |0
0 0.00 1.00 1.00 0.00 1.00 0.00 1.00 1.25 -25.79
1 0.06 0.94 1.00 0.06 0.94 0.05 0.93 1.22 -25.14
2 0.11 0.89 0.99 0.11 0.89 0.10 0.86 1.19 -24.46
5 0.28 0.75 0.96 0.28 0.72 0.21 0.69 1.09 -22.33
10 0.57 0.57 0.84 0.54 0.48 0.30 0.48 0.90 -18.59
15 0.85 0.43 0.66 0.75 0.28 0.32 0.33 0.72 -14.87
20 1.14 0.32 0.42 0.91 0.14 0.29 0.23 0.55 -11.40
30 1.70 0.18 -0.13 0.99 -0.02 0.18 0.11 0.28 -5.83
40 2.27 0.10 -0.64 0.76 -0.07 0.08 0.05 0.11 -2.35
50 2.84 0.06 -0.95 0.30 -0.06 0.02 0.02 0.03 -0.58
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4.3. Comparison of results and discussion

The comparison of the settlement results obtained
by three methods are shown in Figure 5.
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Figure 5. The ground settlement surrounding the
excavation according to Peck (1969), Nikiforova N.S
(2008), and FEM considering Mohr Coulomb and
Hardening Soil models in case of without earthquakes,
Measured settlement10/05/2017 (building 99-101
Lang Ha-Dong Da- Ha Noi)

Based on Figure 5, it can be observed that the
settlement calculated based on Peck method is the
smallest, followed by Nikiforova and FEM methods.
The settlement near the excavation obtained by
Nikiforova method is about double larger than that by
Peck method. Additionally, the empirical methods
give the maximum value of vertical displacement at
the edge of the excavation. The affected zone obtained
by Peck method is also minimized, about 3H,-4H,.
Meanwhile, the settlement according to FEM method
is reached to the maximum at the distance of 5 m and
10 m to the diagram considering Hardening soil and
Mohr-Colomb model, respectively. Specifically, the
FEM results are zero at the edge of the excavation.
The affected zone obtained by FEM and Nikiforova is
approximately 4H, -5H;.

We also compare of the ground settlement
between with and without earthquakes using FEM
approach in cases of Hardening soil and Mohr-
Colomb models. The results are shown in Figure 6. It
can be seen that the affected zone in Mohr-Colomb
model is larger than that of Hardening soil model.
There is a small difference of results between with
and without earthquakes in Mohr-Colomb model
used, about 16% increment for applying the
earthquake. However, a significant change,
approximately 34%, is existing when used Hardening
soil model in cases of with and without earthquake
loads. Also, the maximum subsidence is produced
when using Hardening soil model.

-60.00 (&

VERTICAL DISPLACEMENTS (MM)

-80.00

-100.00

DISTANCE FROM THE DIAPHRAGM WALL (M)

—o—HSearthquake ~ —@—MCearthquake ~—&—HS no earthquake ~ —%—MC no earthquake

Figure 6. The ground subsidence around the pits in the
case of earthquakes considering Mohr Coulomb and
Hardening soil models by FEM

5. CONCLUSION

The following conclusions are drawn based on
empirical and numerical analysis results.

- The Peck’s method can give a quick calculation
of ground subsidence, however, the accuracy is
limited. A determination of soil type is needed when
applying this method.

- The affected zones calculated based on
Nikiforova and FEM are relatively comparable. An
approximation of this zone is fallen into 4H, -5H;.

- A use of Hardening soil model may give a
prediction of the ground settlement surrounding the
deep excavation in cases of with and without
earthquake loadings.
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PROPOSED METHOD OF SOIL-STRUCTURE INTERACTION OF LARGE
EMBEDDED STRUCTURES SUBJECTED TO SPATIALLY VARYING
GROUND MOTION

Trin Phuong', Ping Trong Thing®, Ngé Manh Toan’
123 yien Khoa hoc cong nghé xdy dung, tranphuongedpk45@yahoo.com

ABSTRACT: This paper aims to present a SSI analysis method for large embedded structures subjected to spatially
varying seismic ground motion. The analysis is performed in the time domain. The structure and its nearby soil are
modeled by the FE Method. The novelty of the present work is that the seismic loadings applied on the boundary of FE
domain is pre-computed based on a stochastic deconvolution technique and a spectral representation method. This method
generates a free field motion in the soil with given statistical properties on the surface. The advantages of such analysis are
that it offers the possibility to simultaneously account for the seismic spatial variability, the non-linear behavior of the
structure, the flexibility of its foundation and the effects induced by the embedded foundation.

KEYWORD: SSI; seismic spatial variability; stochastic deconvolution.

1. INTRODUCTION

The SSI analysis with seismic spatial variability has
been investigated by earthquake engineering
community for several decades. The reference codes
one can mention are CLASSIinco-SRSS, SASSI-SRSS
and SASSI-simulation [4] (Kassawara et al. 2007).
The CLASSIinco-SRSS is a computationally efficient
tool but it is limited to rigid surface foundations. For
structures with flexible or embedded foundation, the
SASSI-SRSS or SASSI simulation are required.
However, both of these methods are on the basis of
sub-structuring methods and the computation is
performed in the frequency domain. Hence one cannot
account for the non-linearity of the structure. An
alternative approach is proposed here to account for
both non-linearity of the structure and incoherent
ground motion.

The non-linearity of the structures originates from
the behavior of the materials or the contact between
the foundation and the soil. To account for these non-
linear behaviors, the computation must be performed
in the time domain and then the Finite Element
Methods is a good candidate. It is worth noting that
the main difficulties of such analyses are threefold: 1)
how to consider the seismic input; ii) the unbounded
conditions of the FE domain; iii) the computation
cost. This work shows the treatment of the seismic
input which represents the incoherent free field.

Usually, when a SSI analysis with coherent
motion is performed using FEMs, the structure and its
nearby soil are meshed. The unbounded condition can
be satisfied by applying the ABCs conditions at the
boundary [11] (Wolf et al. 1996) or by using PMLs
[1] (Basu et al. 2003). The seismic input is obtained
by deconvolution techniques from an input signal

on the free surface. Under the assumption of coherent
motion, this deconvolution of the seismic signal on
the ground surface can be readily done considering a
vertical propagation of seismic waves. The S waves
correspond to the horizontal motions and the P wave
corresponds to the wvertical motion. There is no
correlation between the motions along the three
directions. In the case of incoherent ground motion,
such determinist deconvolution is no longer available
and the assumption of a vertical propagation of
seismic waves has to be dropped.

The novelty of the present approach is that the
seismic input is pre-computed by a stochastic
deconvolution technique. This method generates a free
field motion inside the soil with given statistical
properties on the surface. By using an ABCs [7]
(Lysmer et al. 1969) at the boundary, a SSI analysis
with seismic spatial variability is readily performed.

This paper is outlined as follows. Section 2
reminds the brief description of the seismic spatial
variation. The method of generation of incoherent
ground motion based on the stochastic deconvolution
method [5](Kausel et al. 1987) and spectral
representation method [8](Shinozuka et al. 1971) is
described in section 3. In section 4, validation cases of
the proposed approach are presented. Finally,
conclusions and perspectives are drawn in section 5.

2. SEISMIC SPATIAL VARIABILITY

The seismic spatial variability stands the non-
uniform ground motion during the earthquake. The
causes of seismic spatial variations are diverse; they
are related to the fault mechanism, the complex
pattern of seismic wave propagation, the variations of
site conditions and the wave passage effect.
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Assuming the motion at a point x and at time t to
be the stochastic process U(x,t), the statistical
properties of the free field can be characterized by the
cross-correlation function C (x, x', t, t') between any
two points as follows:

C(x,x',t,t’)=E[U(X,t)U(X',t')] (D
where E denotes the mathematical expectation.

Under the hypothesis of stationarity, the cross-
power spectral density (PSD) can be defined as the
Fourier transform of the cross correlation function.

S(X,x',m)zfo C(X,X',I,O)e_imdt )

The complex coherency function is a measure of
the similarity of the motions at the two different
points, it includes both the amplitude spatial variation
and the wave passage effects, it is defined as:

S(x,x',®)
[S(x, x,o))S(x’,x’,(o)Jl/2

3. GENERATION OF INCOHERENT FIELD

The details of the method of generation of
incoherent ground motion can be found in [9]. This
section briefly summarizes this method.

3)

y(x,x',oa) =

Let us consider the soil to be a homogeneous
layered visco-elastic soil based on an elastic
substratum. Assuming that the sources of the
incoherent ground motion are due to the scattering of
seismic waves while travelling along the path from
source to site, the incoherent field can be modeled by
considering that the motion at any point is the result of
the superposition of random incoming waves from all
directions. The elementary waves are plane waves of
types SH, P and SV waves. The power spectra density
(PSD) function of these elementary waves are
unknown and must be computed from imposed
coherency on the free surface based on the stochastic
deconvolution method developed by [5] (Kausel et
al.). The time histories of the elementary waves are
generated by means of the spectral representation
method introduced by [8] Shinozuka et al. (1971). The
free field is fitted with the desired signal at the
reference point in order to capture the non-stationary
characteristic of the real signal. Thus, the ‘semi non-
stationary’ incoherent field is generated in the time
domain. In order to serve as seismic input loadings,
the velocity field and the traction are computed at the
boundary of soil mesh of the FE model.

The extreme case is the one for which the
elementary waves are assumed to income from all
directions i.e. accounting for all incident angles and
azimuthal angles. In such cases, although all
elementary waves are assumed to be non-correlated,
the motions of the three Cartesian components are

correlated. Such cases are termed as full 3D cases. In
order to simplify the problem, one only considers the
case in which seismic waves propagating in the
source-site plane; it means that the azimuthal angle
variable is neglected. This hypothesis seems to be
reasonable from the engineering point of view. Thus,
the horizontal y component of the motion corresponds
to the out-of-plane SH waves; the horizontal x and
vertical z component of the motions correspond to the
in-plane P-SV waves. The x and z components are
correlated but they are uncorrelated with the motion in
the y direction.

Let é

1

i (k,®) be the PSD matrix of the elementary
incoming waves at the substratum in the wave-number
frequency domain. In general, the elementary incoming
waves can be SH, P, and SV waves which are assumed
to be mutually independent random process. Then

A

Sinei (k,®) can be written as followed:

inci

SP (k,0) 0 0
Sei(ko)=| 0 S$M(ko) 0 |&
0 0 SV (k,m)

where S° (k,0), SV (k,») and SSH (k,w) are the
power spectrum function of P, SV and SH elementary
waves.

Let U(x,0)=(u(x,0) v(x,) w(x,co))T be
the displacement vector at point x in the frequency
domain. The subscript T stands for transposed matrix.
u(x,m), v(x,0)and w(x,®) are the displacement in
Ox, Oy and Oz directions respectively. Although the
elementary wave are assumed to be mutually
independent, the in-plane motions u(x,®) and

w(x,m) are correlated because of the inclination of

P-SV incident waves. The in-plane motions and out-
of-plane motions are still uncorrelated. The DSP
matrix of the ground motion in the wave-number
frequency domain on the free surface can be
expressed in the following form:

S,., (k,0,0) 0 S, (k,0,0)
S(k,0,0) = 0 S, (k,0,0) 0 (5)
S, (k,0,0) 0 Sy (K,0,0)

where éuu (k,O,m), SW (k,O,m) and §WW (k,O,m) are
the PSD functions in the wave-number frequency
domain of the motions in the Ox, Oy and Oz
directions respectively on the free surface.
éwu (k,0,0) and éwu (k,0,0) are the cross PSD
functions in the wave-number frequency domain of
the in-plane motions on the free surface.
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Practically, the statistic properties of the motions
are assumed to be known on the free surface and be
described by the coherency function as followed:

éuu (k’o’ (’0) = /}\/uu (k’ (’0) Squ ((D)
Sw (k,0,0) =,y (k,0)S\q (@) (©)
éww (k,O,(D) = qA/ww (k,(D) SwwO ((D)

where 7, (k,0), 7., (k,0) and 7}, (k,®) are the
coherency function in wave-number frequency
domain. S (@), S,o(®) and S,,,(w) are the
power spectra of the motions in the Ox, Oy and Oz
directions respectively on the free surface. The
mentioned descriptions of the statistical properties of
the free field are allowed under the assumption of the
homogeneity and the stationarity of the ground motion

field. However the cross PSD functions S, (k,0,®)

and S, (k,0,0) are unknown.

In a layered elastic medium, the relationship
between the PSD matrix of the incoming waves and
the one on the free surface is established [5] (Kausel
et al. 1987):

$(k,0,0) =H(k,z,0)S, (k,0)H(k,z,0)" (7)

where H(k,z,0) is the wave transfer matrix. Taking
the 3 diagonal terms of this equation leads to a linear
system to solve for SF(k,®), S (k,0) and
S (k, ).

Once the power spectra of the elementary waves
are known, the stationary ground motion can be
generated on the basis of spectral representation
method [8] (Shinuzoka et al.1971).

SH Waves Propagating Through an Elastic
Half-Space Medium

The out-of plane motion in the frequency domain at
any point can be computed by the following expression:

N e
v(Xy,z,0)=) ssH (ej,m) AQeiti(®)
- ®)

—ikyijx—ik iz —ikyix+ik iz
(e X] A" 4e N 7 )

where 0; is the incident angle with respect to the
vertical axis of the j” elementary wave; k,; and k,; are
the horizontal and vertical wave numbers respectively,
defined as kxj =(msin9j)/cS and kzj =(mcosej)/cs;
Cs is the shear wave velocity of the medium;
gsH (Gj,co) is the power spectra of /" elementary SH

wave; (I)j(oa) is a random variable with a uniform

distribution in the interval of [0,27].

The PSD function of the elementary waves can be
computed from imposed coherency function on the
surface by means of the following equation:

kxjcS 2
-— O
)

0,0)) is the transformed coherency

S (6,,0) =7,y (k o,m)swo(m)4i 1

C

Xj?
s

where 7, (k

Xj?
function in wave-number domain; S, (®) is the PSD
function of the out-of-plane motion V(X,y,z,(o) on

the free surface.

The incoherent stationary field is obtained. This
free field satisfies the imposed statistic properties on
the surface. In order to perform a SSI analysis in the
time domain, a non-stationary field is needed. This
field is obtained by normalizing the previous

stationary field with a real signal v, (®) at the

reference point O(X,,y,,Z, )-

v, (o)

V(x, y,z,oo)

(10)

V(x,y,z,co)zv(x,y,z,co)

The real signal v, (®) is selected from data-bases.

The selection depends on the objectives of each
analysis. The discussion about this subject can be
found in [2] Haselton et al. (2012), [3] Kalkan et al.
(2010) and the references therein.

Remark: The variability of the incident wave
field is represented by the superposition of the
elementary wave incoming from all directions. The
Fourier amplitude of these elementary waves is
unknown and is computed from coherences function
on the free surface. In the time domain, the motion at
any point can be considered as the superposition of a
set of elementary waves incoming from all directions
with random time lag.

4. VALIDATION OF THE PROPOSED METHOD

The proposed method is validated in 3 steps.
Because this approach is based on the summation of
the elementary waves incoming from all directions,
the first validation step is the comparison of the
response of a square rigid massless foundation
subjected to a non-vertically incident SH wave
computed by FEMs to the results obtained by [12]
Wong and Luco (1978a).

A response of a square rigid massless foundation
(presented in figure 1) to non-vertically SH wave in
the Oxz plane with an incident angle 0 is calculated by
the FEM performing following step:

- A square rigid massless foundation resting on the
elastic half-space is meshed by Finite Elements.

- The traction vector and the velocity at the
boundary of the finite element soil mesh are
calculated analytically on the basis of the solution of
the wave propagation equation in the half-space.
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- A Lysmer’s absorbing condition is used to
satisfy the radiation condition.

The responses are complex functions of the
dimensionless frequency a,=wa/c, and of the
incident angle 6. Figure 2 and 3 show the real and
imaginary parts of the results obtained by [12] Wong
et al. (1978a) and the ones obtained by FEM in the
case of a half-space with a Poisson’s ration v=1/3
for different incident angles.

ZT /v
A /%
I ETS
v

Figure 1: Square rigid massless foundation resting on
the elastic half-space

The second step of the wvalidation is the
comparison of the response of a square rigid massless
foundation subjected to an incoherent seismic loading
in the cases of an isotropic coherency function and an

anisotropic coherence function. The coherency
function taken is:
y(d,m)zexp[—(ow)d)z] (11)

where a is equal to 0.0002 s/m in this example. In the
isotropic case d= di +d§ and in the anisotropic one

d=d,. In the case of plane waves propagating from

the source to the site, the coherency function depends
only on the distance of separation projected on the
propagation direction, the anisotropic model of
coherency function is more suitable. Figure 4 shows
the amplitude of the transfer function between the free
field ground motion and the foundation response
being function of the dimensionless frequency eg.
This analysis is carried out using [6] Luco and
Wong’s (1986) method which is implemented in the
Cast3m code [10] (Wang et al. 1995).
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Figure 2(a). Real parts of the responses
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Figure 2(b) Imaginary parts of the responses

Figure 2: Translation responses of a square rigid
foundation to non-vertically incident SH waves
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Figure 3(a): Real parts of the responses
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Figure 3(b): Imaginary parts of the responses

Figure 3: Torsional responses of a square rigid
foundation to non-vertically incident SH wave

The final step of validation is the comparison of
the results obtained by our approach and the one
obtained by [6] Luco and Wong (1986) method.
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Figure 5(a) shows the transfer function between the
power spectral density of the translational response
components with the corresponding component of the
free-field ground motion. The continuous curve is the
result obtained by Luco and Wong method. The
dashed curve is the mean of five simulations. Figure
5(b) presents the amplitude of transfer function
between the motions along y axis and the normalized
torsion response about the z axis.

1y

0.8F

0.6F

0.4F
0.2F Isotropic model
= = Anisotropic model
0 1 1 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5 4
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Figure 4(a): Translational responses
1
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Figure 4(b): Torsional responses.

Figure 4: Amplitude of the transfer function between
the free field ground motion and the foundation
responses
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Figure 5(a) Translational responses

= Anisotropic model
0.81 = ==Mean of 5 simulations |

0 0.5 1 1.5 2

Figure 5 (b) Torsional responses

Figure 5: Amplitude of the transfer function between
the free field ground motion and the foundation
responses

5. CONCLUSIONS

A novel approach for SSI analyses with the spatial
variability is shown. This approach is classified as the
global method where the structure and the soil are
meshed by FEs. The dynamic equations are solved in
the time domain. The seismic loadings are pre-
computed and applied on the boundary of soil mesh.
These seismic loadings represent the variability of far-
field incident waves. The results obtained by this
approach in the case of a rigid square foundation resting
on an elastic half-space are comparable to the reference.

The advantages of this approach are that one can
perform a SSI analysis with the spatial variability in the
time domain. That allows accounting for the non-
linearity of the structure and the flexibility of the
foundation. Moreover, in order to account for the spatial
variability, it only requires a signal at a reference point
and the coherency function on the ground surface which
is usually used in practical engineering. It is simple to
implement in an existing FE code.

The main classical drawback of this approach is
the computation cost. In order to satisfy the radiation
condition, the Lymer’s condition is used. However,
according to our experience, the dimension of soil
mesh must be about 5 times larger than the dimension
of the foundation.
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SU DUNG HE THONG VAS TRONG VIEC PAM BAO PQ THANG PUNG
CUA TOA NHA SIEU CAO TANG LAND MARK 81 TP HO CHI MINH

Ths. Ngb Vian Hiéu', Ths.Pham Anh Diing?, Ks. Tran Phuong’
INCVC Vién KHCN Xay dung;
’Céng ty Thiét bi TP H6 Chi Minh;
ICéng ty CPXD Coteccons

TOM TAT: VAS-Vertial Alignment System - mgt hé théng cong nghé hién dai Kkét hop 3 loai thiét bi tién tién nhat trong
linh vuc Tric dia Cong trinh hién nay la: HE thong dinh vi vé tinh GPS, may toan dac dién tr va cac cam bién do nghiéng
(Tilt Sensor) 1an dau tién dugc sir dung dé dam bao do thing dimg cho toa nha siéu cao tang cao nhit Viét Nam 1a tda nha
Land Mark 81 tai quan Binh Thanh, TP HO Chi Minh. Bai viét giéi thiéu cac thanh phan chinh ciia hé thong, nguyén Iy van
hanh va mot vai két qua ban dau sir dung hé thong nay trong qua trinh thi céng toan nha trén.

TU KHOA: Land Mark 81, siéu cao tang, do thang ding, Vinhome Central Park

ABSTRACT: Vertical Alignment System (VAS)-the modern technologic system consist of three sort of latest engineering
surveying equipments: GPS receiver, total station and tilt sensor for the first time has been used for providing the
vertiallity of Land Mark 81-the highest building in Ho Chi Minh City, Viet Nam. The paper presents the main components

of this system and some result of its application in costruction course of this building.

KEYWORDS: VAS, Land Mark 81.

1. GIOI THIEU CHUNG

Landmark 81 1a mot toa nha siéu cao tﬁng thudc
du an Vinhome Central Park dugc xay dung tai s6
720A Dién Bién Phu, phuong 22 quén Binh Thanh,
TP Hd Chi Minh. Toa lac tai mot vi tri rat dep tai
trung tdm thanh phd, 1dy cam hing tir khu Central
Park New York ndi tiéng Vinhome Central Park chay
doc b song Sai Gon gan 1 km, co thiét ké, kién trac
va qui hoach dep, véi déy du cac tién ich vuot troi nhu
phong téng thong dé tlep don cac nguyén thu qubc
gia, khach san tiéu chuén 5 sao, cin ho cao cip, véan
phong cho thué, khu vui choi giai tri, khu mua sim
vv... Tat ca déu dap tmg cac yéu cau rat cao vé chat
hIQ'ng, tham my va ky thuat duoc IPA (International
Property Awards) - mdt trong nhiing giai thuong
thudng nién uy tin cia thé gioi danh gia 1a mot trong
nhiing toa nha siéu cao tang tot nhat chau A va mot
trong nhﬁ’ng tda nha tt nhat thé gioi.

Két cau toa nha gom phan dé (podium) véi 3 tang

ham 6 tang trét va phan than gdom 81 tang cao voi
téng dién tich san trén 141.000 m2 Land Mark 81 ¢
chiéu cao tong cong 12 461 m cao hon thap Petronas 1
¢ Kuala Lumpur va hién tai la toa nha cao tha 12 trén
thé gii.
2. NHUNG KHAC BIET CO BAN TRONG VIEC
PAM BAO PQ THANG PUNG CHO CAC TOA
NHA SIEU CAO TANG VA NHUNG TOA NHA
THAP TANG THONG THUONG

DPé dam bao do thing dimg cua cac toa nha thi
trén tat ca cac tang cua toa nha phai trién khai hé
thong truc ctia toa nha tir cac di€m khong ché toa do

(Bench Mark) dugc xdy dung ngay tir khi chuan bi
khoi cong du 4n, sau khi xdy dung xong mdi tang cac
k¥ su Tric dia phai thyc hién thao tac chuyén toa do
1én mit san moi bang may kinh vi, may toan dac dién
tr hodc may chiéu dimg. Tiép theo dua vao hé thong
cac mdc méi chuyén 1én tién hanh trién khai cic tryuc
trén ting méi voi gia thiét 1a vi tri mat san méi xay 1a
c¢b dinh khong bi dich chuyén vi bat cir nguyén nhan
nao. Do thiang dimg cua cac toan nha phai duoc dam
bao trong khudn kh6 H:1000 trong d6 H 1a chiéu cao
cua toa nha.

Nhu vay, néu qua trinh chuyén toa d6 va qué trinh
trién khai cac truc chinh xac khong c6 sai sot thi khi
chiéu hé thdéng truc cua toa nha 1én mot mat phéng
ngang thi chiung s& trung khit 1én nhau, tat ca cac két
ciu trén tang s& duoc trién khai tir cic truc ndy va do
thang dung cua tda nha s& duoc dam bao.

D6i voi cac toa nha siéu cao tang thi cac mit san
méi xdy dung khong thé coi 1a ¢b dinh ma n6 bi dao
dong do tac dong cua tai trong gio, do hoat dong cta
can céu, tac dong nhiét ciia mat troi va rat nhiéu tac
nhén khac. Bién d¢ dao dong cia khéi xay la rat 16n, nd
khong tinh bang milimet ma tinh bang mét. Vi du dbi
voi thap Dubai bién d6 dao dong do gié gy ra tai tang
108 (can ho cao cap) & do cao 375.3 m 1a 0.54 m, tai
tang 164 (van phong) cao 569.7m bién d6 dao dong dat
gia tri 1.25m [2]. Nhu vay néu chung ta chuyén toa do
tir dudi mat dat 1én trén ting 108 mot cach chinh xéc va
dira vao d6 dé trién khai cac truc ctia toa nha nhung gia
st tai thoi diém d6 do tac dong cua tai trong gio mat
san ma ching ta chuyén toa do 1én d3 bi xé dich.
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Sau khi chuyén toa do 1én gi6 tit hodc thay ddi cuong
dd mat san lai co vi tri khac trong khong gian nhu vay
gié tri toa do ciia cac diém ma chiing ta chuyén lén lac
nay da bi thay ddi va cc truc ma ching ta trién khai da
sai s0 v6i ban vé thiét ké va két qua 1a do thing ding
cua toa nha khong dugc dam bao.

(b)

Hinh 1. Chuyén toa do 1én cac ting méi xay
bang cong ngh¢ truyén thong

3. CAC THANH PHAN CHINH CUA HE THONG
VAS

Heé thong bao gdm cac thanh phan chinh sau:

- Tram c6 dinh (Base): Day la may thu tin hi¢u v¢
tinh dugc két ndi tryc tiép véi may tinh c6 phin mém
quan ly tram Leica GNSS Spider. Tram ¢6 nhiém vy
thu tin hiéu vé tinh tir cac hé théng vé tinh GNSS
(gdm GPS, GLONASS, GALILEO, BEIDOU) thu
thap dir liéu GNSS lién tuc 24/7, sir dung dé tinh toan
ra gia tri toa do hién tai cua tram sau d6 so sanh véi
gia tri toa d da biét cua vi tri ddt may thu dé tinh toan
cac sO hiéu chinh can thiét. Tram Base dit trén mot
diém c6 dinh tai khu vuc van phong ciia Cong ty
Coteccons cach cong truong khoang hon 1.5 km.

Hinh 2. So d6 b6 tri thiét bi ciia hé théng VAS

- Cac may thu GPS gn trén san cong tic cta hé
thong cdp pha trugt trén toa nha dang thi cong (co 4
may thu dit & 4 goc clia san truot (sin cong tac). Moi
may thu GPS dugc lap t6 hop véi mot guong phan chiéu
ctia hing LEICA c6 thé phan chiéu tia LASER 360°.
Nhiém vy cia cdc may thu nay la thu tin hi€u v¢ tinh
dé va nhan tin hiéu hiéu chinh tir tram Base dé xac
dinh toa do chinh xac vi tri diém (theo thoi gian
thyc) ciia tdim may thu va cling la toa d§ cua tam
guong phan chiéu. Nhu vy cac may thu GPS va cac
guong 360° cung t6 hop voi chung ludn ludn chuyén
dong do tai trong gid, hoat dong cua can cu va cac
hoat dong k¥ thuat khac trong qua trinh thi cong
nhung toa d§ theo thoi gian thyc ctia chung luon
[uon dugce xac dinh.

Hinh 3. May thu GPS lap t6 hop
véi guong Leica 360°
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- Hé thdng cac cam bién do nghiéng (Tilt Sensor)
gém 4 sensor Nivel 220 dugc lip twong tmg & cac
tﬁng 20, 40, 60 va 80, cac sensor ndy dugc quan ly bdi
ph?m mém Leica GeoMos Hi-Speed. Toan b dir liéu
tir cac sensor cam bién d6 nghiéng dugc truyén tirc
thoi vé may chu cai dat phan mém GeoMos Hi-Speed,
két qua xir Iy dong bo dir liéu thu nhan dwoc tir cac
sensor nay chinh 13 két qua dao dong tirc thoi cua toan
bd toa nha theo thoi gian.

Hinh 4. Tilt sensor

NIVEL 3

X

7% A=ay-h+a,-h+oa;-hy
|

Hinh 5. Tilt sensor va d6 1éch cua toa nha

Dao dong cua toa nha theo 2 truc X va Y trong
ngdy 22/4/2018 dugc trich xuat tir ban ghi trong may
tinh va duogc trinh bay trong hinh 6.

Tir cac két qua ndy may tinh ciia hé thong vé dugc
dao dong cua toa nha theo hai truc nhu hinh 7.

Duya vao biéu do dao dong cua toa nha, hé thong
s€ danh gia chinh xac khoang thoi gian toa nha it dao
dong nhat trong diéu kién thuc tién, tir d6 tién hanh
thu thap dir liéu GNSS tai cac diém tham chiéu va tién
hanh trién khai bd tri hé truc cong trinh bang may
Toan dac dién ta.

Date Selection  :Last 3 day
taken_on Cumulative Deflection X Cumulative Deflection Y
22/04/2018 07:00 -17.3968 -03.8769
22/04/2018 06:55 -15.3262 -05.3744
22/04/2018 06:50 -13.9677 -04.6846
22/04/2018 06:45 -16.5350 -04.0616
22/04/2018 06:40 -16.4199 -04.0405
22/04/2018 06:35 -16.0273 -03.3646
22/04/2018 06:30 -16.1313 -04,3034
22/04/2018 06:25 -15.8909 -03.8327
22/04/2018 06:20 -15.9491 -03.7489
22/04/2018 06:15 -16.0145 -03.0348
22/04/2018 06:10 -16.2592 -03.4628
22/04/2018 06:05 -14.4671 -90.1893
22/04/2018 06:00 -16.0917 -00.9488
22/04/2018 05:55 -17.6103 -04.6562
22/04/2018 05:45 -23.3265 -06.8895
22/04/2018 05:40 -19.8777 -08.1120
22/04/2018 05:30 -15.7316 -04,1398
22/04/2018 05:25 -15.8581 -02.8614
22/04/2018 05:20 -17.4198 -04.2082
22/04/2018 05:15 -16.5592 -93.9977
22/04/2018 05:10 -16.3318 -03.9778
22/04/2018 05:05 -13.2582 -03.2565
22/04/2018 05:00 -16.8370 -06.4407
22/04/2018 04:55 -16.4980 -03.1912
22/04/7018 n4-50 1R 8787 -02 AN7?
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Hinh 7. Dao dong cua tda nha theo hai truc

May toan dac dién tu TS60 duoc lép ¢ dinh tai
mot diém & gan giira san cong tac. Toa do chinh xéac
clia tAm may duogc xac dinh bang chuong trinh tién ich
“Resection” duoc cai dit san trong may thong qua
viéc ngim dén cac guong gin t6 hop ciung cic may
thu GPS. Duya vao toa do clia may va cac guong c6 thé
dé dang trién khai hé théng truc cua toa nha theo toa
d6 thoi gian thyec.

Vi tri diém truc co s& san méi duge qui vé vi tri ban
dAu Gmg véi trang thai khong bi dao dong cua tda nha.

Nhu vay véi su trg giup cta hé thdng thiét bj cong
ngh¢ VAS trén ting mat san méi xay dung cia toa
nha cac ky thuat vién Tric dia luén ludn trién khai
dugc hé truc Gng voi trang thai tinh ban diu cua toa
nha ma khong bj anh huéng cua cac yéu té khong
mong mudn nhu gi6, hoat dong cua cac thiét bi thi
cong trén cong trinh va cac yéu td khéc.

So v&i cong nghé truyén thong hé théng VAS c6
céc wu diém vuot troi nhu sau:

- Khéng phai xay dung cic mdc khdéng ché mit
bang ton kém va khé bao vé vi thudng hay bi cac thiét
bi co gidi thi cong pha hong;

- C6 thé trién khai hé¢ thong tryc trén ting méi
x4y dung bat ké lac nao vi tim ngam luén duoc dam
bao khong bi vudng bai cac thiét bi thi cong trén
cong trudng;

- Do chinh xac cua hé théng rit cao c6 thé dam
bao d6 léch cua cac két cAu so v6i tim 1y thuyét cua
toa nha trong pham vi mot vai cm. Dic biét sai s6 trén
mdi tﬁng la doc lap, khong phu thudc vao do cao va
khong bi tich lity theo d9 cao;

- D& sir dung va dap tmg yéu cau vé tién do trong
thi cong.

Hién nay toa nha Land Mark 81 da hoan thanh giai
doan xdy dung phan tho. Két qua ki€m tra d§ thang
dung trong sudt qua trinh xay dung toéa nha cho thay:

- b6 1éch 16n nhét cua toa nha tai cac thoi diém
khac nhau dat trén dudi 100 mm;

- B0 1éch trung binh cua toa nha so véi vi tri can
bang la 26 mm;

Céc s liéu trén cho thiy d6 thing ding cua toa
nha dugc dam bao rat tot thoa man yéu cau cuia ti€u
chuan dat ra va phu hgp voéi cac so li€u do hang san
xuat cong bo.

4. KET LUAN

Hé thong VAS dép tng moi yéu cau cua cong tac
dam bao do thang dimg cua cac toa nha siéu cao tang,
viéc ldp dat c6 thé duoc thuc hién nhanh chong, viée
van hanh h¢ thong rat don gian dic biét 1a do chinh
X4c cao va cac sai s6 khong bi tich lily theo do cao
lam cho hé théng trd nén dac biét co6 hi€u qua trong
viéc dam bao do thfmg ding cho cac toa nha voi bét
ky d6 cao nao trong tuong lai.

TAI LIEU THAM KHAO

[1] Vertial Alignment System User’s Manual.
[2] Leica Geomos Brochure.
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SU DUNG SAN RONG DPE GIAM CHI PHi CONG TRINH

TS. Tran Toan Thang
Vien CN Dia ky thudt, Vien KHCN Xdy dung, thangibst@gmail.com

TOM TAT Trong mot s0 truong hop, dé tiét kiém chi phi, phwong dn méng néng thuong duwoc sur dung. Tuy nhién khi
phi tién hanh ton cao nén do yéu cau van hanh, két hop voi tai trong khac, do lin cia nén thuong lon hon gia tri cho
phép. Luc nay, su dung san rong co the dem lai hiéu qua kinh té. Uu diém cia san la trong lwong ban than nhe, chiéu cao
va dg cieng san I6n, khéng can ton nén. Do dé lam giam gia thanh tong thé cong trinh. T uy nhién ciing xuat hién cac nhuoc
diém khdc. Bai bdo ndy gici thiéu mét cong trinh thuc té da dwoc xdy dung cé sir dung két hop giita san réng va mong coc.

TU KHOA: san réng, méng coc.

ABSTRACTS: In some cases, to save costs, a shallow foundation often used. However, when back fill is required due to the
requirement of operation, combined with other loads, the settlement of the foundation is usually greater than the allowed
value. At this time, using voided slab can bring economic efficiency. The advantages of this slab are its lightweight weight,
height and hardness of flooring, no need to back fill. This reduces the overall cost of construction. However, there are
other disadvantages. This paper presents a practical work that has been constructed using a combination of voided slab

and pile foundation.
KEYWORDS: voided slab, pile foundation.

1. MIEU TA CONG TRINH

Cong trinh 13 xuéng phuc vu san xuat hai ting voi
chiéu dai 168 m, chidu rong 60 m. Do khoang cich
gita cac cot 16n, theo yéu cau cua ki su két cdu, san
tang hai duoc ché tao tir bé tong cbt thép du tng luc
¢6 chiéu day 1 0.23 m két hop v6i mii cot day 0.5 m.
bé chéng d& san nay, st dung h¢ cot bé tong cbt thép
(tAng 1) c6 nhip 14 8 m va bude cot 1 10 m. Vi két cdu
mai nhe bang thép nén hé cot dd bang khung thép tién
ché ¢ nhip 14 8 m va bude cot 1a 30 m.

1.1. Yéu cu ddi véi cong trinh

Theo du bai ciia Chii dau tu, nhiém vu thiét ké
cho méng nha xudng bao gdm: Nén cong trinh (san
tang 1) phai duwoc ddp cao hon mit dat ty nhién 0.75
m. Ngoai ra hoat tai dai han tac dung Ién san ting 1 1a
20 kPa, hoat tai ngén han 1a 24 kPa. Tuy nhién do c6
cac thiét bi dic thu cho phép d6 lun cta nén tang 1 1én
dén 15 cm trong vong 20 ndm. San ting 2 ¢ hoat tai
dai han 1a 11 kPa véi do ltin cho phép la 8 cm trong
sudt thoi gian van hanh.

1.2. Pic diém dia chit cong trinh

Dja chit cong trinh bao gdm céc 16p sau:

- Lop 1 cat san 1ap: phan bd ngay trén bé mat, bé
day thay d6i tr 1 dén 2 m;

- L6p 2 bun set pha, trang thai chay, mau xam den,
gia tri SPT trung binh = 1, b€ day tor 1.5 m dén
5.5m;

- Lop 37(15'1‘[ sét pha, trang thai déo cimg, mau nau
do, loang 16 xam ghi, gia tri SPT trung binh = 3, bé
day tir 1.5 m dén 4.3 m;

- Lop 4 dat sét pha xen kep cat, trang thai déo
mém, mau xam nau, gia tri SPT trung binh = 6, phan
bé day tr 4 m dén 14.8 m;

- Lép 5 cat hat min, trang thai chat vira, mau xam
ghi, d61 cho6 xen kep sét pha, gia tri SPT trung binh =
13, bé day tr 2.8 m dén 7.2 m;

-Lép 6 dat sét pha, xen kep nhiéu cat, trang thai
déo mém, méu xam ghi, )gém nau, gia tri SPT trung
binh = 12, bé day ttr 2 m dén 9.1 m;

- Lop 7 cat hat min, do6i chd 1an san, trang thai
chat vura, m\aiu Xam nau, xém ghi, gia tri SPT trung
binh =23, bé day tir 1.2 m dén 4 m;

-Lop 8 dét sét pha, trang thai déo cimg, mau nau
hdng, mot sb hd khoan xuyén qua 16p ndy, mot s6 hé
khoan chura xuyén qua hodc chua ti, mot s6 hd khoan
khong gap, gia tri SPT trung binh = 7;

- Lop 9 cat hat nho, trang thai chat, gia tri SPT
trung binh = 32;

Théng s6 co ban cac mot sd 16p dat duge trinh bay
o bang 1.
2. PHUONG AN THIET KE

Cong trinh ¢6 thé dugc phan thanh hai phan riéng
biét: phan trén — san ting 2 voi tinh tai va hoat tai co
gia tri trung binh 17 kPa, tuy nhién d6 lun gidi han.
Phan dudi — san tdng 1 ¢o tai trong va do lan 16n.
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Biang 1. Thong s co ban cac 16p dat (theo két qua khao sat bo sung)

Tén{lé“p Loai dat ".lirong luqn% Chi sb déo I, | Bosét | Luc dinh | Goc ma sAait
dat ; riéng (kN/m”) (%) B (kPa) trong (d6)
Lop 2 | Bun sét pha, chay 17.227 12.633 1.127 9.087 5.700
Lép 3 | Sét pha, déo cling 18.927 15.550 0.376 22.016 13.717
Lép 4 | Sét pha, déo mém 17.804 10.718 0.701 12.651 8.883
Lép 6 | Sét pha, déo mém 17.344 9.871 0.745 9.975 9.267
Lép 8 | Sét pha, déo cling 18.780 14.000 0.455 19.834 13.483
Lop 9 | Cat hat nho, trang thai chat 19.000

Do tai trong twong ddi 16n, chiéu day cac 16p dat
yéu bén trén 16n (d¢én 28 m), nén phuong 4n méng coc
duogc su dung dé d5 hé két cAu san téng 2 va két cdu
bao che cong trinh. Coc duoc thi cong ngam vao 16p
cat s6 9, cho phép do lun it nhu yéu cau. Tuy nhién
nhuoc diém cua phuong an 1a gia thanh cao. Do vy,
dé giam chi phi, riéng d6i v6i hé san tang 1, phuong
an mong nong dugc xem xét.

Do san tang 1 1a noi tién hanh cac hoat dong san
xuat nén han ché phan nhoé cac ban san — chiéu rong
mot tAm san khong dugc nho hon 16 m. Tinh toan so
bd, voi yéu cAu trén, dé cac ban san c6 bién dang nam
trong giéi han cho phép, cac ban san thong thuong can
c¢6 chiéu day t6i thiéu 1a 0.7 m. Luc nay, tai trong
phan bd dung dé tinh Iin 1a 38.251 kPa, giy ra do lun
16n nhat 13 20.32 cm, 16n hon gia tri cho phép nén
cOng trinh.

Phuong 4n dé xuat 1a sir dung san rdng véi cac
thong sb ky thuat nhu sau: téng chiéu cao 0.9 m; chiéu
day ban cach trén va dudi 1a 0.09 m, chiéu rong suon.

g| 8 % %
s i L

0.14 m, khoang cach gitta cac suon 0.66 m. Hinh 1
trinh bay mat cat dién hinh san rong.
Uu diém cia san rong bao gdm:

- Tén dung dugc kha nang chiu lyc cta dét nén;

- Do khoang cach gitra hai canh trén va dudi 16n,
ket hop véi cac suon tang cung, nén do cimg khang
udn, cat cia san hon nhi€u so vdi céc loai san thuong.
Giam d6 vong, lan 1éch tai cac vi tri trén bé mat san.
Hiéu qua kinh té v€ kha nang chiu luc/khoi lugng vat
liéu cao;

- Vi san co6 cac hop xop bén trong nén khoi lugng
tich tong cua san chi bang 0.473 lan so vdi san thong
thuong. Tu d6 dan toi trong lugng ban than san nho,
lam giam d6 1Gn cong trinh;

- Do chiéu cao san 16n, nén khong can co cac 16p
cat ton nén ma van dam bao cao dd bé mit san tﬁng 1
nhu yéu cau. Piéu nay lam giam chi phi xay dyng
cong trinh.

j 520 [140[ 520

520 [140[ 520 [140[70[ 400

Hinh 1. Mit cit san rong.
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2.1. Twong tic giira cic san rong, giira san véi h¢
mong coc

Duéi tac dong cua tai trong ban than san rong va
céc hoat tai phia trén san rong, dat nén dudi san co xu
huéng chuyén vi xudng dudi. Piéu nay gy ra ma sat
am, co tac dong bat loi dbi voi hé coc (ding dé chong
d5 san ting hai va két ciu bao che cong trinh). Ngoai
ra do sy twong tac gitta dét va cac san, do lin cta san
khong chi do tai trong ngay phia trén né ma con do
cac san xung quanh gy ra. Cac twong tic ndy cin
duoc xem xét khi tinh toan cong trinh.

Dé t6i uu vé hiéu qua kinh té cling nhu dam bao
diéu kién chiu luc, cong trinh st dung coc ép duong
kinh 350 cho cac cdt ¢ hang bién va 450 cho cac cot &
giita. Can ctr vao két qua tinh toan va thi nghiém nén
tinh kiém chung, stic chiu tai coc D450 1a 1200 kN
(luc ma sat am 400 kN), coc D350 1a 900 kN (lyc ma
sat am 250 kN). Kiém tra tai trong tic dung 1én coc
cho tha"iy céc coc déu dam bao kha nang chiu lyc.

Ngoai ra dé tranh anh hudng ciia san rdng khi
chuyén vi 1én h¢ cdt, ludn co khe hd gilra san va cot
v6i chidu rong khong nho hon 1 cm.

2.2. Tinh toan d¢ lun ciia san
Do lan cia dit nén dudi san réng dugc xac dinh

theo cong thuc sau [1]: S, =S5, +S5, )
trong do:
S;— d lan tire thoi, S, =(m—1)- S, )

m— hé s6 c6 ké dén bién phap han ché day troi
ngang dudi tai trong, m = 2;

Sc — d6 lan b két tham.

Do lun ¢d két duoc xéac dinh theo theo cac truong
hop sau:

- Pét nén dang c6 két (OCR < 1)

H [. o +Ac, ]
S.=C.-—% | log—t—— (3)
l+e, | On |
- Bit nén ¢ két thuong (OCR = 1)
H, | ' +Ao, |
S =Corrti| log T =20 )
l+e, | oo |
- Pat nén qua cb két (OCR > 1)
: P
Truong hop: OntAo, < O,
H S +A
SC — Cr . (U log O-VO ' Gv (5)
l+e, O,
Trudng hop: 0';0 +Ao, > O';m : (6)

O

vm

H | H
S, =C 20 {mg"—vm} C, 20 [log
l+e,

l+e, O,

o, +AC, }
Do lun cd két theo thai gian dugc xac dinh theo cong
thiac: S, =S.-U, (7)
trong do:
U,— d cb két theo phuong dung, 1 ham cua
B

ot (8)

H2

T, — nhan t6 thoi gian T, =

C,” — hé sb ¢b két trung binh theo phuong thing
dung cua cac 16p dit yéu trong pham vi chidu siu tinh

2
z

lin: Cf=——"2 — )

2
e
CVi

Ngoai ra trong qua trinh tinh toan co6 ké dén anh
huong cua trong luong khoi dap cua nén via he va ndi
bd xung quanh véi chiéu cao dap 1a 0.65 m véi dung
trong 18 kN/m”.

Theo két qua tinh toan, do lin nén cong trinh
trong thoi gian 20 nam 1a 0.15, dat gia tri yéu cau m,
do ltn 1éch 0.00174 nho hon gia tri cho phép la
[0.002].

2.3. Tinh toan ap lwc dit dwéi day san

Strc chiu tai t6i han cua dat nén dudi day san rong
dugc xac dinh theo cong thuc Terzaghi doi véi mong
hinh chir nhat [2]: (10)

B 1 B
q, =cN, (1+0.3ZJ+7Dqu +57 BN, (I—O.ZIJ

trong do:

g, — suc chiu tai t6i han ciia san khi dat bi pha
hoai béi luc cit (kPa);

¢ — luc dinh.

B | L_ chiéu rong, dai hitu hi¢u cia mong;

7 — dung trong dét nén trén cao d6 mong;

Df — chiéu sau dat mong so voi cao do ty nhién;

y' — dung trong dat nén dudi cao d6 mong.

N., N e N, —hé s6 stc chiu tai, phu thudc vao
gdc ma st trong dat ¢ .

_ V6i hé s6 an toan FS = 2.5, strc chiu tai cia dét
nén dat 44.688 kPa > tai trong tac dung la 36.587 kPa.

2.4. Tinh toan thép san

Str dung chuong trinh Plaxis dé xac dinh ndi luc
trong san rong, trong d6 mo hinh tinh dugc thé hién
tai hinh 2. Biéu d6 ndi lyc trong cac trudng hop nguy
hiém nhat dugc thé hién & hinh 3 va 4.
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Tinh toan thép san bao gém kiém tra chiu udn ctia
canh trén va dudi, suon, diéu kién chéng choc thung
cia canh dudi. Két qua tinh thép canh dudi san cho
phép b tri thép doc @10 (AIII) voi khoang cach al20
la dam bao kha nang chiu lyc.

Hinh 2. M0 hinh tinh toan Plaxis

et Lo
"""'--_._______ ____,.-/

Hinh 3. Biéu dd md men (Mpnax = 75.83 kNxm/m)

Hinh 4. Biéu d9 luc cit (Quax = 17.18 kN/m)
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MOQT VAI HINH ANH TRONG QUA TRINH THI CONG

Hinh 7. Lap dat 16p thép canh trén
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=
R S vl

Hinh 9. San sau khi hoan thanh

4. KET LUAN VA KIEN NGHI

Theo tinh toan ban dau, khi so sanh véi phuong an
mong coc d6 toan bo cong trinh phuong an san rong
c6 chi phi it hon dang ké. Viéc sir dung san rdng voi
muc dich giam chi phi xdy dung trong trudng hop nay
duge chimg minh. Do céc cau kién san dugc ché tao
trude trong nha may nén thi codng nhanh, don gian,
khong yéu cau may moéc, phu hop véi didu kién thi
cong Viét Nam. Phuong an c6 nhiéu vu diém, dic biét
la gia thanh, tuy nhién nhugc diém 1a do Lan 16n, co
tac dong bét loi dén hé két cau xung quanh, do do can

c6 bién phap khic phuc. Viéc sir dung san réng can
dugc mé rong va nghién cuu sau hon dé phu hop hon
voi thyc t€ xay dung.

TAI LIEU THAM KHAO

[1] 22TCN 262-2000. Quy trinh khdo sdt thiét ké nén
dirong 6 16 dap trén dat yéu. Tiéu chudn thiét ké.

[2] V. N.S. Murthy (2002). Geotechnical Engineering
- Principles and practices of soil mechanics and
foundation engineering. Marcel Dekker, Inc.

434



Hoi nghi khoa hoc quéc @ Ky niém 55 nam ngay thanh lap Viéen KHCN Xay dung

UNG XU CUA KHOI PAT CO COT LAM VIEC DUOI PIEU KIEN
CO XET PEN UNG SUAT PHAT SINH KHI PAM
BEHAVIOR OF GEOSYNTHETIC - REINFORCED SOIL (GRS)
MASS UNDER WORKING CONDITIONS CONSIDERING
COMPACTION - INDUCED STRESSES

Thang Pham', Thuyet Nguyen?, Nam Nguyen?, and Thang Tran
!Civil Engineering Dept., University of Texas Rio Grande Valley, thang.pham@utrgv.edu
?Institute for Building Science and Technology, thuyetibst@gmail.com, namibst@yahoo.com
Sthangibst@gmail.com.

TOM TAT: Bai bao nay trinh bay mot mo hinh phén tich tmg suit sinh khi ¢dm chit (Compaction-Induced Stress — CIS)
cho viéc phan tich tuong dét co cdt dudi cac diéu kién tmg suat thuc té. M6 hinh s hoa CIS va dit liéu thu dugc tir mot
turong GRS ty 18 thuc, cong cu chuin dugc sir dung dé phan tich. Cac két qua tir viéc phan tich CIS phu thudc va dic tinh
cua vét liéu dép, phuong thirc dam, bé rong cua dai dat tai trén dinh moi 16p dép. Viéc md hinh hoéa qua trinh CIS trong
phuong phap s6 luén chil yéu 1a ude tinh va gia thiét thoi gian. Dé giam b6t thoi gian tinh toan, d& nghi ding mot tai phan
bb dwoc dat tai dinh mdi 16p, va mot mo hinh phan tich duge dé xuat nhu mot phuong phap thay thé dé phan tich bai toan.
M5 tinh tinh dua ra cac két qua tot va c6 thé giam mot lwong déng ké thoi gian tinh toan so véi cac phuong phap s6 khac.

TU KHOA: Dit c6 cbt, dam chit, ung sudt hoéng, m6 hinh tinh.

ABSTRACT: This paper presents an analytical model for compaction-induced stress (CIS) for the analysis of geosynthetic
- reinforced soil (GRS) walls under working stress conditions. The numerical modelling of CIS and the data from a well-
instrumented full-scale GRS wall were used for analysis. The results from CIS analysis depend on the fill properties, the
types of compaction, the width of the strip load applied to the top of each backfill layer. Modeling CIS procedure in
numerical method is usually computationally intensive and time consuming. To reduce the calculation time, a distribution
load applied at the top of each soil layer is recommended, and an analytical model is proposed as an alternative method to
analyses the problem. The analytical model provides good results and is able to reduce a significant amount of calculation

time compared to other numerical methods.

KEYWORDS: Reinforced soil, compaction, lateral stress, analytical model.

1. GIOI THIEU

Khi ting tai trong dumg, nhin chung trong khdi dat
sé co sy tang ung suét dang va ngang. Viéc tang ung
sudt dimg co thé dé dang tinh toan bang 1y thuyét dan
hdi. Tuy nhién, viéc ting ung sudt ngang phu thudc
nhidu vao muc d6 han ché bién dang hong. Mirc do
han ché cang cao thi (mg sut ngang cang ting nhiéu.
Néu sau d6 phan tai trong dung tang thém duoc loai
bo, su tang ung sudt dung ciing giam dén mot gia tri
rat nho hodc bang khong; tuy nhién, phan (g suit
ngang tang thém co thé chi giam chut it. Viéc tang
thudn tmg suit ngang do6 s& “duy tri” trong khéi dat va
thuong goi 1a tmg suat “du” hay tng suat “bi giir lai”.
Viéc tang va d& tai dung lién tuc 1a qua trinh dién hinh
khi dam 16p dép trong viéc trién khai cong tac dat.
Ung suat hong du do viée dam duoc goi 1a “ing sut
phat sinh khi ddm” (CIS).

Hién twong CIS trong khéi dét 1a chii d& cta nhidu
nha nghién ctru, bao gébm Rowe (1954), Broms
(1971), Aggour and Brown (1974), Seed (1983),

Seed and Duncan (1986), va Duncan cung cdng su.
(1986, 1991, and 1993). Nhitng nghién ctru nay da chi
ra rang chi can c6 su khong ché bién dang hoéng thich
hop, CIS s& din dén mot muc ting dang ké tng suat
héng trong mot khdi dat. Viée ting ng sudt hong s&
din dén ting do cimg va cudng do cia khéi dat do
tang ap lyc giam ham. Viéc ting tmg suat hong du do
d4m 1a ving mau dam trong Hinh 1(c).

Nhitng ndm gan ddy, ky thuat dwa cbt vao khoi
dat bang cach thay thé cac 16p cdt chiu kéo trong
khdi dat trong khi thi cong d tré nén phd bién hon
(VD. Wu, 1994; Holtz et al., 1997; Bathurst et al.,
1997). Ky thuat nay dugc goi la “dat c6 cbt”. Co
kha ning d6 16n cia CIS trong khdi dat co cot s&
ting hon so v6i trong khbi dat khong cé cbt. Didu
nay 1a do strc khang cit bé mat tiép xtc giita dat va
cot s& lam tang sy han ché bién dang ngang cua
khéi dat. Vi viée tang muc han ché bién dang
hong, tmg suit bi giit lai do dam céac 16p dip co thé
16n hon trong khdi dat khong co cbt.
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Iyc hong du trong dat

Hinh 1. Ly thuyét dudng tng suét ctia Broms (1971)

Trong phan tich s6 cua cdu trac dat, viéc mo
phong CIS di duoc don gian hoa qua cac lan (VD.
Katona 1978; Hatami and Bathurst 2005 and 2006;
Morrison et al. 2006; Pham 2009; Liu 2016;
Mirmoradi and Ehrlich 2018) va trong hdu hét cac
truong hop hoan toan bé qua hi€u ung nay. Liu (2016)
da mo phong hiéu tmg dam bang cach dit ap luc trén
dinh va day mdi 16p va sau d6 d& bo nhu trong Hinh 2.

T T

T; =0¢
Z

~ Reinforcement layer ~

PITTTITtTIe Ietes

Unloading

q
NN

o7 =y2+q
Z

s Reinforcement layer ~

Hinh 2. M6 phong s6 viéc phat sinh ing suat
khi dam trong khoi GRS (Liu,2016)

Mirmoradi and Ehrlich (2018) da mo ta (mg suét
dam bang lu Ién sir dung giai phap dan hdi Boussinesq
nhu thé hién trong Hinh 3. Chiing dwoc dé xuit c6 ba
kiéu mo hinh gia tai va duoc hinh dung ring kiéu mo
hinh II s& cho két ctia hop 1y (Hinh 4).

Nghién ctru chi tiét vé g suat phat sinh khi dam
dbi voi mot khdi dat co cbt bang vai dia ki thuat s&
dugc trinh bay trong bai bao nay. Nghién ctru bao

gdm nhiing kinh nghiém khi tién hanh trén mé hinh kich
thude thuc, trién khai phén tich s6 va phat trién mot mo
hinh tinh toan d€ xac dinh do 16n cta CIS.

Khia canh nghién ctru cta bai bao 1a phat trién
mot mé hinh ddm ma c6 thé sir dung md hinh do dé
x4c dinh muc ting ung suit hong do viéc dam mot
khéi dit co cbt. Cac thong s md hinh véi dit thong
thuong va ciia c¢dt ciing duge trinh bay. M6 hinh dam
dugc phat trién bang cach két hop mé hinh do Seed
(1983) gidi thiéu va cua Duncan cung Seed (1986)
cho mét khéi dat khong co cbt v6i viée phat trién ¥
tuong CIS trong khdi GRS ctia Pham (2009).

\ Q! B, |
\\_L_I IJ,_./ o,

h Layer n )
=, Layern-1 / .
Layer n-2 ' Ao, _
vZ

Hinh 3. Hién tuong ting ing suit dimg trong 16p
san lap khi tién hanh lu lén (tai trong dang dai,

fr e © O ® |O®
1 BRI ] i
qﬂ I|
Calculated
e qc,'l Elastic
A A I T soluton
N Layer n-1 Qe
1z
Layer n-2
b Typell

Hinh 4. M6 hinh hoa chu trinh dat tai, do tai dung
trong khi dam cac 16p dat san lap, st dung cac quy
trinh dam khac nhau (Mirmoradi and Ehrlich, 2018)
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2. SU THAY POI UNG SUAT DO QUA TRINH
PAM CAC LOP SAN LAP

Qua trinh dim cac 16p ddp 1a mot Gmg xir phirc
hop vé mit thay ddi ing sudt do qué trinh ddm thyc
té. Pé xac dinh su thay d6i ung suat dimg va ngang
trong khdi dit do qua trinh ddm dién hinh, chung ta s&
xét dén viéc thay doi cac ing suét tai do sdu z trong
mat cat I-I do viéc d& tai dim, nhu thé hién trong
Hinh 5 va 6. Hudng di chuyén ciia mot thiét bi ¢m c6
thé lay mot trong hai dang: (1) do tai trong khi di
chuyén vé phia mat cét I-I (Hinh 5) hay (2) d& tai khi
di chuyén ra xa khoi mit cat I-I (Hinh 6). Qué trinh
dam c6 thé dugc md phong bang viée gia tai va da tai
tai cac vi tri khac nhau (Vi tri 1, 2 va n), nhu thé hién
trong Hinh 5(a) va 6(a). Hinh 5(b) va 6(b) thé hién
duodng ung suat tuong rng cua cac ung suét tai d0 sau
z trong mat cit I-I.

compaction load

1 -— 1 <
i - "~ Position n Position 2 Position 1
z :
Jac
[E—
(a)
Gh
Kzcand Ksline Wwe
(Assumed coincide) Kic
G @ F}
3 Q) D }
< E
o @ i
< c B }
! 1
. ov
o G'v+ AG"vomax

(b)
Hinh 5. (a) Cac vi trf ciia tai dam va (b) dudng
ung suat tai do sau z ciia mat cat I-1 khi ma tai trong
dam dich chuyén v¢é phia mat cat

compaction load

e 11 N 1 1 e 1A

% S pogsition n Position 2 Position 1
z :

o

Leg

Gh

changing Kzc-line
due to passes of
compaction

Kzc and Kac-line
(Assumed coincide)

G

AG ner

(b)
Hinh 6. (a) Cac vi tri cta tai dam va (b) dudng tng
suat tai o sau z ciia mat cat I-1 khi ma tai trong
dam dich chuyén vé phia xa khoi mat cat

Mot giai thich cho Hinh 5(b) dugc dua ra sau day:

1. Piéu kién ung suét ban dau tai do sdu z cia mit
cat I-I duogc ky hiéu bang diém A, vo6i ting suat
dang ban dau 1a o,.

2. Vi tai trong dam tai vi tri 1, ung suit dugc tdng
theo duong K; . dén diém B.

3. Khi ma tai trong dam dugc do khoi vi tri 1, cac
ung suat s€ giam tur diém B dén diém C theo
duong tng suat K, .

4. Khi tai trong dam di chuyén dén mot vi tri moi
(Vi tri 2), cac g suat s€ tang tu diem C dén
diém D, di qua diém B.

5. Khi ma tai trong dam duoc d khoi vi tri 2, céc
ung suat s€ gidm tu di€ém D dén di€m E theo
dudng ung suat K, .

6. Budc 1 dén 5 dwoc lap lai dbi voi tat ca cac vi tri
méi tiép theo khi ma thiét bi ddm di chuyén vé
phia mit cét I-I. Luu ¥ rang khi ma thiét bj dam
di chuyén cang gan mat cat I-I, ing suat dung tai
d0 sau z s€ tro nén 16n hon.

7. Khi thiét bi ddm ¢ ngay tai mat cat I-I thi diéu
kién mg suat dimg s& dat dén muc 16n nhat.
Piéu kién tmg sudt nay twong tng véi diém F.
Trong khi d& tai ddm, duong Gng suit s& di theo
K, vé diém G. Khoang cach dimg AG 1a két qua
clia (mg sut du, ing suat phat sinh khi dam.

Hinh 6 minh hoa diéu kién khi ma thiét bi dam
dich chuyén xa khoi mit cat I-I. Ban dau thiét bi ddm
o ngay tai I-I, gdy ra cac Ung suét tang tur diém A téi
diém F trong Hinh 6(b) do Vlec dat tai dam. Kh1 ma
tai dAm dugce d& di khoi mat cét I-1, cac ung suét sé
giam tir diém F vé diém D, rdi dén B theo dudng tGng
sudt K,.. Khi ma thiét bi ddm duoc di xa han, diéu
kién tng suit s& ¢ tai diém G. Khoang cach ding AG
1 Gmg suit hong du, nghia 1a Gng sudt phat sinh
do dam.

Tu Hinh 5 va 6, cac ung sut héng du, nhu dugc
ky hiéu bang khoang cach dimg AG, la bang nhau
trong hai truong hop. Hién nhién 13 tmg suét phat sinh
khi dam trong mot mat cit cho truéc do viée di
chuyén ctia mot thiét bi ddm, c6 thé duge xac dinh
bang viéc tinh toan mg suat hong dur 1a tai trong dam
dat truc tiép tai mat cit dang xét.

Hinh 7 thé hién y tuéng vé duong tng sudt cho
khéi dét chju viéc ¢m nhiéu lan. Déi véi 1an dau tién,
img suat du tai diém A duoc thé hién bang khoang
cach AG. Vi lan dam tiép theo, 6 déc cua duong K,
s& tang 1én va diém G tr¢ thanh diém G’. Khi ma s
lan ddm ting 1én, cac g suat cubi cing s& chuyén tir
G’ d&én G”, 101 G””. Khoang cach dimg AG™ 1a ung
suat hong du do tién hanh dam nhiéu lan.
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changing Kz.c-line due
to mutiple passes of
compaction

Kzc and Ksc-line
(Assumed coincide)
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Hinh 7. Pudng tng suit cua dat tai d6 sdu z
khi chiu nhiéu lan dam qua

3. MOQT MO HINH TiNH TOAN PE XAC PINH
UNG SUAT PHAT SINH KHI DPAM (CIS)
TRONG MQT KHOI PAT CO COT

Trong nghién ctru nay, mot mo6 hinh tinh toan
duoc phat trién dé xac dinh tng suat phat sinh khi
dam (CIS) trong mot khéi dat co cdt, duoc goi 1a “mo
hinh @ng suat phat sinh do ¢dm” hodc “mé hinh CIS”.
M5 hinh CIS c6 thé dugc xem la mot bién thé ciia mod
hinh dam hai doan tuyen tinh dugc Seed (1983) de
xudt cho mot khdi dat khong co cdt va viec két hop
v6i quy trinh tinh tay do Duncan va Seed(1986) dé
xuit. M6 hinh mé phéng viéc ddm dugc hiéu chinh
nay ké dén hiéu ung cua vai dia k§ thuan nim bén
trong khoi dat.

Mo hinh CIS ¢6 thé dugec mo ta bang duong mg
sut thé hién trong Hinh 8 va md hinh hai doan tuyén
tinh trong Hinh 9. Giai thich ctia Hinh 9 nhu sau:

- Khi ma mot khdi dat chiu mot tai nén, ung suét
s€ dich chuyén tir mot trang thai ban dau (diém A) dén
diem B, doc theo duong tng suat K., trén do,

g suit ngang o', = K, _ o',, v6i Ki. = hé s6 ap luc
héng cua khéi dat cho lan gia tai dau tién. Tai diém B,
khoi dat dat dén mot trang thai ung suat 16n nhat voi
=o' +Ac’ (c’y

’ A ’ ] N
ung suat dung o v.c.max la tmg

v, max
suét dtng tai lan gia tai dau tién va A, cmax = MUC
tang tng suit dimg 16n nhat do tai dam);

- Khi d& tai (nghia 1a khi doi tai trong dam di), cac
g suat trong dat duoc giam doc theo duong tng sut
K, tir B dén C véi tng suét dimg, c’,, bang voi ing
sudt ding cua diém A. Ung suit ngang du co tai trong
dam 1a Ac”,..,.

- Trong truong hop “dd tai dang ké”, nghia la
duong tmg suat “cham” t6i duong trang thai gidi han
(dudng K, ) tai diém E; sau d6, duong ung suat do tai
s€ di theo dwong EF (véi o', =K, .0",);

- Khi ma duong d& tai do tai dit vao cua luot ddm
tiép theo, duong Ung suét d tai s& di theo duong Ks,
(véi o', =K, o', va K, <K, ) tirdiém C hodc
diém F cho dén khi gip dugc gia tai ban dau (duong
AB), sau d6 di doc theo duong tmg suit K;. dén mot
trang thai ing sudt méi;

- Chu ky gia tai va d& tai tiép theo s& khong 1éch
nhiéu so véi Kz nhu Broms (1971), Seed (1983) va
Ehrlich and Mitchell (1994) da Ivu y. Do do, duong
K; song song s& duoc sir dung cho tat ca cac chu ky
gia tai va g tai tiép theo;

- Viéc tang tng suat hong do dam céac 16p, goi 1a
CIS, dugc ky hiéu bang tng suit ngang du Ac’,..
trong Hinh 9.

Ki c-line
Ch
Kl,c
1 Unloading-curve Kic-line
| B
D
K},c-\.\“e }
< \
\
i \
E } Kae-ine G |
' \
AG h,cjr F ‘ G'h — Ki,c G’v ‘
\ | |
|/ |
\ | A }
‘ Ov
G'V G'V+ AG'v,c,max

Hinh 8. Cac dudng tmg sudt ctia md hinh tng suét phat sinh do dam
cua mot khoi dat c6 cot theo Pham, 2009
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va G'v + Ale,c,max

Hinh 9. M6 hinh don gian héa cho viéc mé phong viéc dam 16p dip cia mot GRS

4. CAC THAM SO CUA UNG SUAT PHAT SINH
DO PAM

Cén bdn thong s6 cho mo hinh mg suit phat sinh
do dAm dugc mo ta trong Muc 3 do6 1a K;, K;., K,
and K;.. Cac tham $6 nay co thé duoc xac dinh theo
cac dir liéu do dugc tir mot thi nghiém téng hop dat —
vai dia ky thuét (SGC) (Pham 2009, Wu cung cong sy
2010). Vi cac tinh toan quen thude, ching dugc uoc
tinh bang cach sir dung cac twong quan kinh nghiém
hodc ban kinh nghiém trinh bay trong Bang 1. Can luu

E, ) cho tham sb K, la
ES —0.7J,

dé tinh dén su xuét hién cua cbt trong dat. Hé s 0,7
duge rat ra tir cac dit liéu thi nghiém sin c6, str dung y
tuong Ung sudt trung binh, mot 1y thuyét vé ung xir
cua phtrc hop dit — vai dia ki thuat do Ketchart va Wu
(2001) dé xuét. Twong quan cho tham sé K, dugc
hiéu chinh tir tham s6 do Seed (1983) dé xuat cho khéi
dat khong co cot. Chi tiét ngudn gdc cia tham sb Ko,
da dugc trinh bay boi Wu va cong su (2010). Dbi voi
viéc tinh tay, mirc ting 1on nhat ctia tmg suat “dimg”,
Ao’

dam 16p dép co thé duoc woc tinh bang cach ap dung
giai phap cua Westergaard (1938).

y réng hé thirc [0_7

(nghia 12 diém B trong Hinh 9) do viéc

v,c,max

Su tang mg suat hong trong khdi dat co cbt do
dam c¢ the tinh dugc tir phuong trinh:

=Ac'

Ao-h,c v, ¢, max (Ki,c _KZ,c)

Eq. (1)

Thay thé K. bang biéu dién trong Bang 1 vao
phuong trinh (1), ta co

0.7E,
E S,-07E, ) Eq.(2)

St dung phuong trinh (2) co thé d& dang thu duoc
mirc ting ng suit hong trong khéi dét co cbt. Hon
nita, mirc ting d6 clng cua dat ciing co thé ude tinh
duoc. Vi du, co thé xac dinh do cung cua dat br?mg
phuong trinh sau, dga trén md hinh hyperbol dugc
phat trién boi Duncan va Chang (1970):

p |- im0 ) (enr e

20cos¢+2(0'3+Aah‘c)sin¢ P

a

Ao, . =Ac

v, ¢, max

K, F[l

Eq. (3)

Trong do6:

E, = Mo dun dan héi tiép tuyén;

Rr=ty s gitta tmg suat 1éch gidi han véi Gng sut
1&ch pha hoai;

¢ = lyc dinh;

¢ = goc ma sat trong;

P, = ap suét khi quyén;

K and n = Cac tham s vat liéu.

Bing 1. U'éc tinh cac tham s6 cho mé hinh mé phéng viéc dim

Th N v g £ o < A A 2h N A
ng Tén Dai gia tri cua tham so U tinh tir cac thong so dat va cot
K. Hé sb ap luc hong cua dat K,<K, <K, K., =pK,; 10<p<15
cua mot khoi GRS cho gia tai ’ ,
lan dau K, ;tan2(45—§j; K, =1-sing'
K. Hé s6 giéi han cho ap luc K =K 5 @
’ ; Lot e i e : le — P ~ ~ —
hong cua dat khi do tai Ki =K, =tan”| 45+ 2
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Tlslgm Tén Dai gia tri ctia tham s6 U'c tinh tir cac thong sb dat va cot
K>, H¢ s0 ap luc hong cua dat 0<K. <K
khi d& tai T e T o K, = 1-Fl1s07— B K, .
ﬂ ES, -07E, || "
Trong d6: g _q_ (OCR — OCR”
‘ (OCR-1)
va a =sin ¢'
K;,. HE¢ s6 ap lyc hong cua dat 0<K. <K K. ~K
khi gia tai lai T e T o 3¢ T2

Chu ¥: Ko = hé sb ap luc hong cua dit khi nghi;
Ka = hé s6 ap lyc hong chu dong; Kp = hé ) ap luc
hong bi dong; OCR — ty s6 qua cb két; E, = do cing
cia dit (kPa); E. = do cung cia cbt (kN/m);
Sy = khoang cach gitra cac cbt (m).

5. KIEM CHUNG MO HINH UNG SUAT PHAT
SINH DO PAM

Mo hinh CIS dugc md td trong muc 3 va 4 da
dugc kiém chung thong qua viéc so sanh Ung suét
héng trong mot khéi GRS cao 6m chiu ca ap luc dam
thang dung khac nhau, nhu thu dwoc tir mé hinh CIS
va tir phan tich phan tir hitu han. Viéc phan tich phan tir
hiru han dugc thyc hién bang PLAXIS. Ung xur cua
khdi dat duge md phong bang md hinh Hardening Soil.

Khdi GRS cao 6m duoc gia thiét 1a ¢ diéu kién bién
dang phang. Céac tham sé vt liéu cua khéi GRS 1a:

- Pét: cat chat, trong luong riéng y = 17 KN/m’;
goc ma sat trong ¢ = 45% mo dun gia tai 1an dau
E; = 30.000kPa; mé dun d& tai/ gia tai lai
E.: = 90.000kPa; ty s6 Poisson v = 0,2; chiéu day 16p
dam S = 0,2m;

- P ctng cbt vai dia ky thuat E, = 2.000kPa;
khoang cach giira cac 16p cbt Sy=10,2m;

- Ap lyc dimg 16n nhét tir viée dam: 44 kPa;
100 kPa; 200 kPa; 300 kPa va 500 kPa.

Lateral Stress (kPa)
0 25 50 75

—»— Lateral Stress
Distribution without
Considering CIS

—o— Lateral Stress
Distributionwith ~_|
Considering CIS

—— Residual Lateral
Stress (CIS)

Depth (m)

a)

6

. Ung suét phat sinh do ddm thu dugc tir phan tich
phéan tir hitu han.

Phan tich phan tir hitu han dugc thyc hién bang cach
sir dung 150 budc gia tai va do tai nhim mo phong qua
trinh dam. Phan tir duoc chia rat min, bao gom khoang
3000 phan tir dai dién gn dung cho sy roi rac cua hé.
Viéc phén tich hang loat cho thay chia phan tir thong s€
khong thu dugc két cia chinh xac can thiét.

Sy phén b 4p luc hong doc theo dudng trung tim
ctia khdi GRS dudi ap lyc ding 16n nhat 200 kPa va
500 kPa duogc thé hién trong Hinh 10. Cac tng suit
héng c6 va khong co xét dén Gmg suat phat sinh do
dam ciing duoc thé hién trong hinh. Sy phan b tng
suat hong du (&mg suét phat dinh do dam) ciing dugc
miéu ta trong hinh, chinh la sy khac biét ctia cac ing
sudt hong khi c6 xét va khong xét dén CIS. Qua trinh
dam dugc md phong bang viée gia tdi va do tai ¢ cac
vi tri khic nhau trén bé mit cia mdi lop dam.
Dang zic-zac cua biéu d6 1a két qua cua viéc dam theo
16p day 0,2m. C6 thé thdy rang tmg suat phat sinh do
dam 1a dang ké trong ca hai truong hop. Nhu co thé
du doan, khi ap luc dAm cang cao img sudt hong phat
sinh do dam _cling cang cao. Ung suit phat sinh do
dam, trir & gan bé mat (nghia la trong khoang 1m tir
mit trén), gan nhu 14 tuyén tinh theo d6 sau.

Lateral Stress (kPa)
0 25 50 75 100 125

—x— Lateral Stress
Distribution ithout
Considering CIS

+Latem\stress
istribution with
Coneiier ringCIS

—a— Residual Lateral
Stress (CIS)

b)

6

Hinh 10. Sy phan b tng sut hong cuia mot khdi GRS khi phan tich phan tir hitu han,
v6i tai ddm thing dung 16n nhét 1a (a) 200 kPa va (b) 500 kPa
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So sanh giita mo hinh CIS va phan tich phan tir
httu han:

St dung phuong trinh 2, tmg sudt phat sinh do
dam co thé dé dang tinh duoc bang tay. Viéc tinh tay
CIS dugc minh hoa trong Hinh 10, va dugc so sanh
v6i két qua phan tich phan tir hitu han tai 4p luc ddm
200 kPa va 500 kPa (dai ap lyc dam dién hinh trong
thuc t€). C6 thé thiy rang ung sudt phat sinh do ddm
theo tinh tay CIS rat phu hop véi cac gia trj thu dugc tir
phén tich phan tir hitu han. Diéu nay dé nghi cong nhan
12 mé hinh CIS thyc sy 13 mot mé hinh dang dén.

Can chu ¥ rang cac két qua phan tich phan tir hitu
han dugc thé hién trong Hinh 11 mat dén khoang 20h
dé thuc hién, bao gdm ca viéc nhdp dit liéu 1an tinh
toan. Trong khi d6 chi mat vai phut dé c6 duoc két
qua khi dung mo hinh CIS.

Lateral Stress (kPa)
0 25 50 75 100

Maximum vertical
compaction
pressure:
—4a—200kPa
(Model) —
—e—500kPa
(Model)

—a—200kPa
(FE)

Depth (m)

6

Hinh 11. So sanh tmg suat phat sinh do dim
gitra phan tich phan tir hitu han va mo hinh CIS

6. TOM TAT VA KET LUAN

Mot mé hinh tinh toan dé xac dinh ung suat phat
sinh do dam (CIS) trong mot khéi dat c6 cbt dugce
phat trién. M6 hinh dugc goi 1a “Mo hinh mg suét
phat sinh do dam” hoic “Mé hinh CIS”. M6 hinh
duoc dya trén mot md hinh ddm do Seed (1983) dé
xuit cho khéi dat khong c6 cbt.

Céc tuong quan dé xac dinh cac tham sé cho mo
hinh véi dit thong thuong va cdt da dugc dua ra sao
cho chiing ¢ thé udc tinh duoc thong qua mat do va
d6 ctmg cua cbt, va cac tham s dat thong thudng
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nhu la goc ma sat trong (¢) va ty s6 qua cb két. Ngoai
ra, cac duong ing sudt bao ham viée dam thuc té dién
hinh cling da dugc thao luédn, bao gom viéc dam véi
mot thiét bi gﬁn lai hodc ra xa mdt mit cit duoc xét,
va ddm nhiéu lugt. M6 hinh CIS duoc kiém chimg
bang cach so sanh két qua voi phan tich phan tir hitu
han mot khdi GRS cao 6m dudi cac gia tri ap luc dim
khac nhau. Su phu hop giita hai phuong phap la rat
cao, mac du cong suc bo ra dé thu dugce cac két qua do
khac nhau rat nhiéu.

Cac két luan dugc rut ra tir nghién ctru nhu sau:

1. M6 hinh CIS ¢6 thé duoc si dung dé xac dinh
g suét hong phat sinh do ddm trong mot khdi GRS
v6i cach tinh tay don gian, va véi két qua rat hop 1y;

2. Dudi tai trong dam dién hinh, Gng suit phat
sinh do dam trong mot khéi GRS 1a dang ké va gin
nhu tuyen tinh theo do sau;

3. Ung suat phat sinh do dim tai mot mit cit cho
trude, do thiét bi ddm di chuyén, c6 thé xac dinh duoc
bang cach tinh toan tng suit hong du khi tai trong
dam dat truc tiép bén trén mat cit dang xét.
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VE PHAN LOAI PAT XAY DUNG
METHOD OF CLASSIFYING CONSTRUCTION SOIL

ThS. Nguyén Thi Thanh Thiy
Vien CN Dia ky thuat, Vien KHCN Xay dung, thanh2829@gmail.com

TOM TAT: C6 nhiéu hé théng phan loai dat dwoc cong b trong cac tiéu chuan, quy pham quoc gia hoac cac tai liéu
Dia k¥ thuat. Mdi hé thdng phan loai c6 nhitng nguyén tic phén loai, c6 nhiing uu diém va han ché riéng. Dé gitip cho cac
k¥ su hiéu rd thém va ap dung hé thdng phan loai phu hop, bai bao nay dé cap dén cac ndi dung, cach ap dung cing nhiing
so sanh céac hé théng phén loai dét thong dung va dugc ap dung rdng rii & trong va ngoai nude.

ABSTRACTS: There are many soil classification systems published in national standards, codes or Geo-technical
documents. Each classification system has its own classification rules, and has its own advantages and disadvantages.
To help engineers better understand and apply the appropriate classification system, This article deals with the contents,

the application and the comparisons of common classification systems, and is applied extensively.

1. PHAN LOAI PAT XAY DUNG O NUOC TA
HIEN NAY

Hién nay & nudc ta dang hién hanh 02 tiéu chuan

TCVN vé phan loai dat: TCVN 5747:1993: Pit xay
dung - Phan loai va TCVN 8217:2009: it xay dung
cong trinh thuy loi - Phan loai. Noi dung cua hai tiéu
chuan nay ve€ co ban chua co sy thdng nhét. Bai bao
néu ra mot sé ndi dung chinh khac biét giita hai tiéu
chuan gitip ngudi st dung dé phéan biét ciing nhu mot
s6 wu nhuge diém cia hai phuong phap nay.
1.1. Tiéu chuidn TCVN 5747:1993: Dit xay dung -
Phan loai. Tiéu chuin nay dugc bién soan trén co sd
tiéu chudn ASTM cta My nén khong dong bo véi cac
tiéu chudn lién quan khac, vi du:

+ Kich thudc c& hat trong ndi dung tiéu chudn
khong phu hop véi kich thudce trong tiéu chudn TCVN
xé4c dinh thanh phan hat (TCVN 4198:2012 - Pt xay
dung - Phuong phap phan tich thanh phan hat trong
phong thi nghiém);

+ Gidi han chay déo duoc ding dé phan loai trong
tiéu chuan phai dugc xac dinh theo phuong phéap
Casagrander, khong phu hgp véi phuong phap tha
chiy Vaxiliep quy dinh trong tiéu chuan xac dinh gioi
han chay (TCVN 4197:2012 - Dat xay dung — Phuong
phap xac dinh gioi han chay, gidi han déo trong phong
thi nghiém);

+ Quy dinh nhém hat sét 1a nhom hat c6 dudong
kinh < 0.002 mm;

+ Chi tiéu dé phan loai dét hitu co chua duoc 16 va
cu thé, kho phan loai;

+ Viéc phan loai chi dya vao ham lugng ph?m
traim thanh phﬁn ¢ hat, biéu dd gidi han chay déo,
khong sur dung thém cac chi tiéu thi nghiém khac;

+ Cac ky hiéu dat giéng tiéu chuan ASTM;

+ Chi 4p dung cho dat mém rdi, bé qua cac da.

Do céc khiém khuyét trén, tiéu chuan nay khong
duogc st dung ngay tir khi ban hanh trong thyuc t¢ khao
sat xay dung.

1.2. Tiéu chuin phan loai TCVN 8217:2009: Pit
xay dung cong trinh thuy lgi- Phan loai

Tiéu chuan nay duoc bién soan cho xay dung
thuy loi, két hop voi tiéu chuan Anh BS va tiéu
chuén cua Nga. Vi vdy c6 mot sé ndi dung chua
dugc nhét quan:

+ Goi tén cdc nhom hat theo tiéu chuin Nga
nhupg phan lgai nh(’)rn hat tho va I}at min laj theo tiéu
chuan Anh dan dén sy khong nhat quan vé gidi han
phan chia c& hat;

+ Gia trj gi6i han chay dugc dung dé phan loai
duoc lay theo tiéu chuan BS (gi6i han chay dugc xac
dinh theo phuong phap Casagrander), tuy nhién khi
phan loai trang thai giéi han chay lai dugc xac dinh
theo phuong phap tha chuy Vaxiliep. Hai phuong
phap nay cho hai gia tri rt khac nhau, dan dén sy
nham 1an cho ngudi str dung;

+ Quy dinh nhém hat sét 1a nhom hat c6 dudong
kinh < 0.005 mm;

+ Phan loai dit hitu co va than bun theo ham
lwong hitu co va do phan huy chit hitu co mot cach
cu thé;

+ Cac ky hiéu dét dua trén tiéu chuan BS, c6 thay
d6i trat tu ky hiéu cho phu hop;

+ Chi 4p dung cho dat mém roi, bo qua cac da.

443



Hoi nghi khoa hoc quéc té Ky niém 55 nam ngay thanh lap Viéen KHCN Xay dung

2. GIOI THIEU TIEU CHUAN MY ASTM D2487
VA ANH BS 5930:1981 VE PHAN LOAI PAT

2.1. Tiéu chuin ASTM D 2487

- Pé phan loai dét hon 16n, dat hat 16n va dat cat nguoi
ta tinh ham luong phﬁn tram hat theo cac kich thuéc hat:
300 mm; 76,2 mm; 19 mm; 4,75 mm; 0,425 mm va 0,075
mm. Tén goi va ky hi¢u duoc xac dinh theo téng ham
lwong phan trim qua sang 0.075 mm, theo hé sé cip
phéi duong cong;

- bé phan loai dét hat min, tén goi va ky hiéu
duoc xac dinh theo tong ham lugng phan trim qua
sang 0.075 mm va dua vao biéu do déo theo gia tri
gi61 han chay, chi s6 déo;

- it hiru co dat dugc phéan loai theo ty sb (LLO -
xac dinh sau khi sdy 1100)/(LLN - xac dinh trudc khi
sdy 1100). Néu ty s6 LLO/LLN < 0,75 thi dat dwoc goi
1a d4t hiru co (organic soil), néu LLO/LLN > 0,75 thi
duogc goi 1a dat vo co (inorganic soil).

2.2. Tiéu chuin BS 5930:1981

- Pé phan loai dit hon l6m, dat hat 16n va dat cat
nguoi ta tinh ham lugng phan trim hat theo cic kich
thude hat: : 630 mm; 200 mm; 63 mm; 20 mm; 6,3 mm;
0,63 mm; 0,2 mm va 0,063 mm. Tén goi va ky hi¢u
dugc xic dinh theo tong ham luwong phan tram
vebevb qua sang 0.063 mm, theo hé sb cip phdi
duong cong.

- Pé phan loai dat hat min, tén goi va ky hiu
dugc xac dinh theo tong ham Tuong phan trim qua
sang 0.063 mm va dya vao biéu d6 déo theo gia tri
gidi han chay, chi sb déo;

- it hitu co dét duoc phan loai theo gidi han chay
déo (thuorng dat hiru co cé gioi han chay cao, chi s
déo thap, mau sic, mui...).

Tiéu chuan Anh va My trén chi s dung cho (101
tuong 1a dat mém roi, co nguyén tac thong nhit,
nhung khong phul hop véi trang thiét bi cua céc phong
thi nghiém, ciing nhu cac tiéu chuan thiét ké nén
mong nudce ta hién nay.

3. GIOI THIEU TIEU CHUAN TCVN DANG
PUQC BIEN SOAN

Hién nay, mdi dy 4n déu c6 quy dinh ap dung tiéu
chuén thi nghiém va tuong tmg véi n6 sé 1a hé thong
phan loai theo hé tiéu chuan d6. Véi cac du an theo
tiéu chudn nudc ngoai thi viéc ap dung ca hé thong
tiéu chuin khong gap kho khan. Tuy nhién, v6i du an
thuc hién theo hé thong tiéu chun Viét Nam thi viéc
phan loai dit dang gip kho khin vi khéng co tiéu
chuén nao ap dung mét cach phu hop. Hién tai, viéc
phan loai van dang ap dung theo tiéu chuan TCVN
9362:2012 - tiéu chudn thiét ké nén nha va cong trinh.
Tiéu chuén nay dugc bién soan theo hé théng tiéu
chudn cua Nga, trong tiéu chudn nay co d& cap dén
viéc goi tén va phén loai dit va hoan toan phu hop véi
hé thong thiét ké hién nay.

Vi vdy rat can phai c6 mét tiéu chuan phan loai
phu hop, Vién Khoa hoc Cong ngh¢ Xay dung dang
thuc hién nhiém vu soat xét lai tiéu chuin phan loai
dét theo yéu cAu ctia BO Khoa hoc va Cong Nghé - Bo
Xay dung. Sau day 1a mot s6 ndi dung chinh trong ban
du thao:

- Tiéu chuin duogc bién soan dua trén co s& cua
Nga TOCT 25100-2011, ¢6 tham khao cac tiéu chuén
lién quan khac va hinh thtc dugc trinh bay theo quy
dinh ciia tiéu chuan TCVN;

- Xac dinh 10 rang do6i tuong cua tiéu chuén 1a Dat
Xay dung, bao gom P4 va PBat mém roi;

- Phén loai dugc thanh 1ap thanh mot hé thong véi
phan cip theo cac tiéu chi thong nhat va phu hop voi
cac giai doan khao sat tham do phuc vu thiét ké tir so
bo dén chi tiét;

- B6 sung thém cach goi tén va biéu dién dat da
dang tén clia chung;

- Phén loai dat hon Ion, dét hat Ion va dat cat nguoi
ta tinh ham lugng phan tram hat theo céc kich thudc hat:
800 mm; 400 mm; 200 mm; 100 mm; 60 mm; 40 mm;
20 mm; 10 mm; 4 mm; 0,5 mm; 0,25 mm; 0,1 mm va
0,05 mm;

- Phan loai d4t hat min theo gidi han chay, chi sb
déo, cac chi tiéu tinh chat vat 1y, co hoc khac;

- Pt hitu co va than bun duoc phan loai riéng
theo ham luong hitu co va dé phan huy;

- Noi dung phén loai ¢6 xu huéng hoi nhap qudc
té, Quy dinh nhom hat sét 1a nhém hat ¢c6 duodng kinh
<0.002 mm;

- Dua ra cac Thuat nglr dinh nghia dugc s dung
trong tiéu chudn qudc té;

- Pua ra Phy luc so sanh gitra cac ti€u chuan: su
tuong Umg cua tén goi dat phan tan trong tiéu chuin
V6i cac tiéu chuan ISO 14688-2:2004 va tiéu chuin
ASTM D 2487 - 2000.

Béang 1 thé hién so sanh cic nhém hat theo tiéu
chudn TCVN dang dugc bi€n soan va tiéu chuéan
ASTM, tiéu chuan ISO.

4. SO SANH CAC TIEU CHUAN PHAN LOAI -
AP DUNG PHAN LOAI CHO MQT SO
LOAI DAT

Ap dung phan loai trén ciing mot mau dat tai khu
Cong nghiép Quang Minh theo Tiéu chuin Viét Nam,
Tiéu chuin ASTM va tiéu chuan BS. Miu duoc thi
nghiém thi nghiém dia ky thuat Las XD 02, voi tong
s miu dat  nguyén trang 18 mau, miu khong nguyén
trang 11 mau.

4.1. Phuwong phap thi nghiém

- Phan tich thanh phén hat cia mau dat, tr d6 xéac
dinh ham lugng phan tram cac nhom hat theo cac

444



Hoi nghi khoa hoc quéc @ Ky niém 55 nam ngay thanh lap Viéen KHCN Xay dung

tiéu chuan khac nhau. Kich thuéc cua cac nhoém hat 1a
khéac nhau cho moi hé thong tiéu chuan.

- Thi nghiém xac dinh gi6i han chay déo ddi voi
dat dinh. Gidi han chay cia moi mau dat dugc tién
hanh thi nghiém song song theo hai phuong phap

tha chily va Casagrander dé phuc vu cho viéc phan
loai theo cac ti€éu chuan phan loai khac nhau;

- Tién hanh phan loai dat theo tiéu chuén
Viét Nam, Ti€u chuan ASTM va tiéu chuan BS.

Bang 1- So sanh kich thuéc ¢& hat, dwoc xic dinh theo TCVN va tiéu chuén khac

d, mm | 800 | 630 | 400 | 300 | 200 | 100 |76,2] 63 | 60 | 40 | 20 [ 19 | 10 [ 63 |475] 4 |2
T;Z}‘I Hon I6n (tang) Cuoi (dim) S6i (san)
Tiéu
chuan Tang 16n Tang Cudi Soi thod Séi trung binh Séi nho
BS Large Boulders Cobbles Coarse Medium Fine gravel
boulders gravel gravel
v Tang us Soi cat
ASTM Boulders Cobt; les Gravel Sand
Tho Nho Tho
Coarse Fine Coarse
Bang 1 - So sanh kich thuée c& hat, dwgc xac dinh theo TCVN va tiéu chuin khac (#iép)
dmm | 0,63 | 0,5 [0425[025] 0.2 | 0,1 [0,075]0,063] 0,05 | 0,02 [0,0063] 0,005 | 0,002 |<0,002
TCVN Cat . )
méi [ 1o [ via | Nho | Bui By >
Tiéu Cat - Sand Bui - Silt
ckll;ém Tho Trung binh Min Tho Trung Min Sét
Coarse Medium Fine Coarse binh Fine Clay
Medium
Tiéxu Cat - Sand Sét
chuan [ Tryng binh Min Bui - Silt Cla
ASTM | Medium Fine Y

4.2. Két qua thi nghiém

Két qua thi nghiém duoc thé hién & cac Bang 2 va
Bang 3.

3. Phén tich két qua thi nghiém

Tir cac két qua phan loai voi cing loai dét theo
céc ti€u chuan khac nhau - Bang 2 va Bang 3 c6 mot
sO nhan xét sau:

- Ddi v6i dét dinh:

+ Tiéu chuidn ASTM va BS déu phan loai dya vao
thanh phan hat va biéu d6 chay déo. Ti€u chuan
TCVN phan loai dya vao thanh phan hat, chi so déo,
do seét;

+ Tiéu chuan ASTM va BS gin nhu tuong dong
v6i nhau ve ky hiéu tén dat, tuy nhién c6 khac nhau vé
cach goi tén: tiéu chuan BS c6 thém mirc 46 déo nhu
déo cao, déo trung binh, déo thap, ti€u chuan ASTM

chi c6 Lean clay va Fat clay dé dién dat d6 déo. Tuy
thudc vao ham luong cia nhom hat phu chiém uu thé,
dat dwoc thém tir “lan, with”, Doi véi dat dinh tiéu
chuan BS phan chia chi tiét hon tiéu chuin ASTM.
Hai tiéu chuan nay déu dua ra ky hiéu, tén goi dat, tuy
nhién khong goi tén theo trang thai.

+ Tiéu chuin Viét Nam dit duoc goi tén theo thanh
phan, mau sic va trang thai. Tuy nhién do nhom hat sét
duoc quy dinh bao gdm cac hat nhé hon 0.005 mm (v6i
tiéu chuan ASTM va BS quy dinh nhém hat sét gom
cac hat nho hon 0.002 mm), nén tén goi c6 nhitng mau
khéng twong ddng voi nhau. Pic biét luu v két qua
gia tri do sét xac dinh theo tiéu chudn TCVN s& khong
béng va khac so voi gia tri d¢ sét dugc xac dinh theo
tiéu chuan ASTM va BS do phuong phap thi nghiém
gidi han chay déo khac nhau. Vi vay khong thé 1dy do
sét clia tiéu chudn nay dé 4p dung phan loai cho tiéu
chuan kia.
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- Dbi voi dét roi:

+ Tiéu chuan ASTM dugc phan loai chi tiét va dé
phan loai hon tiéu chuan BS, tiéu chudn ASTM phan
loai cin clr thém theo hé sé cAp phdi va hé sb dong
nhét, ham lugng céac hat min, tiéu chuan BS phéan loai
theo dudng cong trén biéu db phéan loai nén khé nhan
biét hon va phu thudc vao cam tinh nhiéu hon;

s Tiéu chuin Viét Nam: phan 1pai lghéng ‘dugc c}li
tiét nhu }}ai phan loai trén, nhu thiéu ve do d(:)ng nhat,
thanh phan hat chinh, cac thanh phan phu bi lan.

5. MOT SO LUU Y VA KIEN NGHI KHI
PHAN LOAI PAT THEO CAC TIEU CHUAN
KHAC NHAU

1. Mdi tiéu chudn c6 mot hé théng phan loai riéng
biét va ddng bo theo ca hé thdng do, vi vay khi ap
dung can luu ¥ cac tiéu chudn di kém co lién quan dén
viéc phan loai, vi du nhu tiéu chuén thanh phan hat,
cac quy dinh vé kich thudc gi6i han vé nhém hat 1a
khac nhau, vi vdy b sang phén tich thanh phan hat
ciing khong giébng nhau. Pic biét dbi voi tiéu chuin
xac dinh gidi han chay déo, c6 sy khac biét rat 16m.
Vi tiéu chuan ASTM, BS thi vat ligu dé thi nghiém
qua sang 0.425 mm, gidi han chay dugc xac dinh theo
phuong phap dap Casagrander. Trong d6 tiéu chuan
Viét Nam theo hé Nga thi vat li€u thi nghiém qua sang
1 mm va giéi han chay dugc xac dinh theo phuong

phap tha chuy. Cac phuong phap nay cho cac gia tri
khac nhau. Vi vy, can luu y dén viéc ap dung hé tiéu
chuan sao cho phu hop.

2. Hién nay, viéc ap dung tiéu chuan phan loai
theo hé thong TCVN dang con gip nhiéu bét cap,
chua co su déng bd hoa vé hé théng tiéu chuan, chua
¢6 tiéu chuan phan loai mdt cach phu hop khién vige
ap dung con nhiéu han ché va nham I4n. Vi vdy can
s&m bién soan , soat xét mot tiéu chuin phan loai phu
hop voi ca hé thong tiéu chuan thiét ké hién tai. Trong
tiéu chudn mdi, can bd sung thém cach goi tén dat,
viéc phan loai nén chi tiét va cy thé hon.
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