PHAN TICH UNG SUAT NHA MAY THUY DPIEN NGAM
TRONG QUA TRINH XAY DUNG

TS. Pao Vin Hung, PGS.TS. Nguyén Quang Hling
Khoa Coéng trinh - Truong Dai hoc Thiy loi

Tom tit: Nha may thiy dién ngam dat sau trong méi trieong tir nhién chiu luc hét sivc phire
tap. Qud trinh thi cong da 1am thay doi trang thdi tmg sudt tw nhién méi truong, phd vo trang
thai can bang ban dau anh hwéng t6i két cau chiu lic ciia nhd may ngam. Noi dung bai béo nay
tién hanh phan tich itng sudt nha may ngam trong qud trinh thi cdng khi c6 xét dén cdc dirt gy
dia chat thiee té. Cdc két qua nghién Ciru bude dau cho thdy mét birc tranh tong thé dién bién
qué trinh thay doi irng sudt trong méi truong theo qud trinh thi céng theo diing thiee té.

Tir khéa: nha may thiy dién ngam; g sudt; bién dang, xdy dung

I. Gioi thiéu chung

Viét Nam 1a mot nudc co ngudn ning luong
nude doi dao trén thé gisi. Cac cong trinh dau
méi ngay cang duoc xay dung vai toc dd quy md
va tién do cang ngay cang manh mé&. Tuy nhién
trong qué trinh trién khai thuc hién, cac van dé
ky thuat moi cang ngay cang nay sinh khi hé
thong tiéu Chuan quy trinh quy pham cua Viét
Nam ra doi tir rit sém, hién nay nhiéu van dé
khéng con phi hop véi diéu kién ki thuat ciing
nhu kinh & cta dat nude cling nhu trén thé thoi.
Mot van dé twong dbi quan trong trong cong
trinh thay dién ma ching ta d8 va dang thuc hién
nhung chua c6 nhig bao cao tong két ciing nhu
danh gia chat luong yéu cau ky thuat theo hé
théng tiéu chuan Viét nam, cac két qua méi chi
dua trén cac tham khao cua kinh nghiém nudc
ngoai dugc dé cap dén & day 1a cac k§ thuat vé
xay dung cong trinh ngam thuy loi thiry dién.
Dac bi¢t quan trong 1a khi danh gid mic d§ an
toan ciia cong trinh ngam nay chua phy thudc
nhiéu vao diéu kién k¥ thuat dugc dé cap dén cac
nghién cru mang tinh khoa hoc.

Mot dic diém phé hoai cua méi truong nén
tw nhién khi xét dén sy pha v& trang thai can
bang ban dau ctia nd thong qua qua trinh thi
cong khi tién hanh cac qué trinh dao, khoan thi
cong cong trinh ngim & 1am mat trang thai
can bang ban dau cia nd. Viéc xay dung céac
cong trinh ngam nhu dudng ham, gian nha may
ngam... P 1am anh hudéng dén sirc chiu tai
chung ciia cong trinh ciing nhur méi trudng nén.
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Theo cac Iy thuyét tinh toan c6 dién van dang
dugc ap dung ¢ Viét nam, viéc ap dung va tién
hanh tinh toan trong thiét ké nhiéu khi mang
tinh biéu kién, khong phan 4nh dugc nhimg diéu
kién 1am viéc thyc té trong qué trinh thi cong
cling nhu van hanh cia cac cong trinh thuy loi,
thuy dién trong qua trinh van hanh.

Chinh tir nhimg diéu kién thyc té ndy, bai bao
trinh bay mot s quan diém tinh ciing nhu két
qué tinh toan phan bd tng suat moi truong tur
nhién va qua trinh thay doi cta né trong qua trinh
thi cong nham dua ra dugc nhimg két qua budc
dau vé diéu kién 1am viéc cua cac cong trinh
ngam trong diéu kién thyuc té cia méi truong.

Il. Lwa chon mé hinh tinh toan.

I1.1. Lwa chon mé hinh vit li¢u.

11.1.1. Chudn tdc phd hoai.

Trong cac tiéu chuin hién hanh cua Viét
Nam ciing nhu trong cac phuong phép tinh
toan Iy thuyét vé vo hdm 1a mot trong nhiing
cong trinh tiéu biéu trong hé théng cac cong
trinh ngam n6i chung. Viéc lwa chon sir dung
md hinh vat liéu 1a md hinh dan hoi da thé hién
mot s6 diéu kién phan anh diéu kiéu 1am viéc
chua phu hop vé6i thyuc té. Mot cong trinh ngam
dit sau trong moi truong tu nhién, nhat 1a trong
qua trinh thi cong, cac tai trong tac dong vao
cdng trinh ngam da khdng con tuan theo diéu
kién 1y thuyét nita. Chinh diéu ndy phan anh
qua trinh lam viéc cua méi truong vat li€u tu
nhién bén ngoai khong con tuan theo giai doan
lam viéc cua vat ligu dan hoi.



Hinh 1a, (juan diém tinh todn theo
phuong phap Iy thuyet

Tir quan diém ciing nhu két qua tinh toan
duoc thé hién & hinh 1(a,b) d4 cho that o vé
su khac biét nhau gita cac két qua tinh toan
theo céc quan diém khac nhau. Chinh tir diéu
nay s& dwa dén nhitng ung x khic nhau vé
mat cong trinh khdng phd hop véi diéu kién
kinh té k¥ thuat. V4i ddc thi cia cong trinh
ngam duogc dit sdu dudi nén tu nhién, chiu tai
trong twong ddi phuc tap v6i chiéu sau cot dat
da twong d6i 16n. Viéc lya chon mé hinh vat
ligu 1am viéc trong giai doan dan hoi da thé
hién nhiéu mat chua phu hop véi diéu kién
thuc t& khi ma nén tu nhién khdng thoa man
duge diéu kién lién tuc ciing nhu diéu kién
chiu tai cua vat liéu khong 1am viéc trong giai
doan dan hoi. Chinh tir nhitng 1y do nhu vy
nén viéc lya chon va dé xuét Iya chon mé hinh
vat liéu dung trong nghién ctu, ¢ day la mo
hinh déo dan tinh voi chuan tic pha hoai
Drucker-Prager ddi v&i moi truong dat d4 chiu
tai trong 16n 1a twong ddi phd hop va dugc thé
hién nhu sau:

Phuong trinh co ban cua chun tic:

F=4yJ,+al,-K 1)
trong do:
l,=0,+0,+0;,

1 2 2 2]

J, ZE[(Gl _‘72) +(‘72 _‘73) +(‘73 _‘71) ’
a,K 1 cac hé sb ciia moi trudng dat da, ¢
va ¢ la lyc dinh don vi va gbc ma sat trong
cua moi truong nén. Neéu xét trén mat phang
nang lugng wt, chuan tac Drucker-Prager 1a da

Hinh 1b. Két qua tinh todn theo phirong
phap mo hinh so.

gi4c vién quanh siu midt cua chuan tic
Columb. Khi d6 cac hé sb a va Kduge dinh
nghia nhu sau

o 2sin ¢ _ 6Ccosg

J3(3-sing) J3(3-sing)

Dbi voi gidi han trong cua da giac Columb,
chuan tic Drucker-Prager xac dinh cac hé )
a,K 1an luot duge x4c dinh nhu sau:

2sin ¢ 6C cos¢

’ J3(B+sing) V3(3+sing)

Déi véi bai toan hai chiéu, cac hé s6 o K
lan  lwgt dwoc x4c dinh  nhu  sau:
2tang K = 3C

Jo+12tan?g J9+12tang

Chuan tic khang kéo tai 16p tiép xuc gitta
moi truong va cong trinh ngam duoc xac dinh
theo cong thuc:

F=0,-R, 2
trong do: R, 1a cuong do khang kéo cua vat

ligu.

Ngoai ra, dua trén trang thai bién dang kéo
dé phan doan cac khu vuc bi phd hoai cua
cong trinh va moi truong, trong d6 c¢6 thé cho
phép modul bién dang kéo ciing nhu modul
cuong do khang cit cho phép lya chon mot hé
sb an todn nhat dinh

11.1.2. M6 hinh vit liéu

Véi mo hinh dan déo, khi F<<0 vat liéu lam
viéc trong giai doan dan héi, khi d6 quan hé
gilta Gmg suat va bién dang duoc thé hién qua
guan h¢ sau:
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do=Dde¢ (3)

trong do:

D : ma tran dan hoi.

Khi m6i truong tur nhién xuat hién cac vét
nit doan tang va quan niém rang tai cac vet
nit doan tang nay khong phéat sinh Gng suat
cat. Khi d6 quan h¢ nay co thé viet lai dudi
dang:

do=T'DTde (4)

trong d6: TIa ma tran chuyén Vi toa

d6, DMa tran dan hdi di huéng co thé xét

dén tinh khong dong nhét theo cac hudng cia

moi truong:
0 0 0 0 0 O
0 1+2G 0 0 0O
D 0 A A+2G 0 0 O 5)
- |0 0 0 0 0O
0 0 0 0 GO
0 0 0 0 0O

Kbhi i:>0 Vit liéu lam viéc sau gi_ai doan

oo

.
oha  hoaikhi {f] Dd e >0tuong tmg voi
vat liéu 1am viéc trong giai doan déo gia tai.
bé phan anh quan hé déo nay, cé thé sir dung

quan hé giita tng suat va bién dang nhu sau:

do=D de (6)
ST Ce C

trong do:

D =D-D @)

- ep - - p
Ma tran déo D duoc xac dinh nhu sau:
- p

Dai(ai)TD

-0o 0o - 8
5 . 0900 ®)
oP (ai)T Dai+H

Gq -~ 0o

O day lua chon H=0, gia thiét 1a vat liéu
lam viéc trong giai doan déo ly tudong, sau giai

oo

;
doan pha hoai, khi {E] I?d €< 0, vat liéu
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lam viéc ndm trong giai doan trung tinh giira
gia tai va do tai, vat liéu 1am viéc véi tinh chét
thuan dan déo, luc nay vat liéu 1am viéc twong
tu nhu trong giai doan dan hoi.

11.1.3. Gidi phuwong trinh co bdn phi tuyén.

Khi giai phuong trinh co ban phi tuyén, lya
chon phuong phap gia tai tirng budc duogc xac
dinh theo phuong trinh co ban:

K, A5 = AR : (9)

AR =K (A8 +45) (10)

A
trong d6: K, la ma tran ctmg tong thé dan

hdi, A5 1a ma tran chuyén vi ting thém.

A8 =K '4R (11)
AR:la m; tran tai tang thém.

AS =(A5"+45) (12)
Ag ma tran chuyén vi déo tang

thém, A& la tong luong chuyén vi ting thém

cua toan két cau.
K =K+K

~ e ~ ~p

K 1 ma tran cung tong thé cua toan két

(13)

caul K la ma tran cimg duong chéo chinh khi
TP

vat liéu bat dau 1am viéc trong giai doan déo.
K = (14)

Qua trinh tinh toan tich phan ting budc sé
AS —AS
dung lai khi —*——"1<¢g,
AS

I1.2 Phwong phdp phdn wng luc

Phuong phéap phan tmg lyc cho rang lyc do
qua trinh d& tai phat sinh do qua trinh dao va
mg sudt phat sinh trén mat nén moi truong
khi ddao 1a hai luc cung phuong ngugc chiéu
va ¢6 do 16n nhu nhau. Tir quan diém dé nén
viéc x4c dinh tng sudt phat sinh trong nén khi
thi cong cong trinh ngdm chinh 1a viéc xac
dinh tai trong phat sinh do qua trinh dao méng
sinh ra va viéc mo phong qua trinh thi cong
hét strc quan trong c¢6 anh hudng 16n dén viée



xac dinh cac tai trong nay. Dua trén truong
g suét ty nhién ban dau, théng qua viéc giai
phuong trinh tuyén tinh xac dinh duoc ung
Suit tai cac bién. Dya vao cac quan hé cua
mg sut bién dang trong giai doan dan hoi,
tién hanh xac dinh x4c dinh tai trong phat sinh
trong qué trinh d& tai. Giai phuong trinh can
bang dé thu dugc trudng chuyén vi ting thém.,
Qua trinh cur tiép dién nhu vay cho dén khi két

X

thiic qua trinh dao. ’ ‘

Néu goi truong tng suat ban dau trong moi
trudng 13 {o}°, truong chuyén vi twong dbi
ban dau 1a {u}o, i la tha tu budc dao thi
cong, ung suat phap ban dau tai budc dao thi
i 12 {o,}', tai trong phat sinh trong qua trinh

dao budc thir 1 duoc xac dinh nhu sau:

o =2 [20% (B +b,) oy, sl 2rl (e elie, e

(15)

p‘y :%[26; (a1+a2)+6|+laz+‘7 a1+21Xy (b +b )+T'+lb +r' 1b]

trong do:

=X, —X H=X—X,o

blzyi_yi—l’ bz =VYia " VYie

Néu hé truc toa d6 x, y tring voi phuong

clia tng suat chinh dong nghia voi 7, =0, khi
d6 cong thic (15) c6 thé rat gon thanh:
1 _ _ _
p' ==|20! (b, +b,)+c!™, +o M.
. 6|: ( (! 2) 2 1} (16)

1
p' :E[ ) (a+a,)+0)"a,+0) ", |
Néu truong ung suit ban dau duoc dinh
nghia la truong Gng suat trung binh, cdng thirc
(15)co thé dugc viet dudi dang:
i1
pX :§|:O-X0 (b1+b2)+7xy0 (al+a2):| (17)
C 1
py :§|:0'yo (a1+a2)+7xyo(b1+bz):|

Néu hé truc toa do x,y tring Véi phuong
clia ing suat chinh, cong thic (7)cod thé rat
gon thanh:

P’ :%[axo(b1+b2)]
p! = %[ayo (a, + az)]

Truong Gng sudt va chuyén vi cudi clng
dugc x4c dinh tir truong Ung suét, chuyén vi
ban diu sau khi dd bo sung cong don céac
truong Gng suat, chuyén vi ting thém trong
cac budc dao thi cong:

(o} ={ex} +loi) oo} -+l

(U = U U+ )

(18)

(19)
(20)

I11. Cong trinh @wng dung

Cong trinh tng dung duogc lya chon trong
nghién ctru 1a mot cong trinh thue té 9 t6 may.
Qua trinh tinh toan duogc thyc hién mo phong
toan bo qua trinh dao thi cong dudng ham din
nudc, gian nha mdy, dudng him thao nudc
theo dang trinh tu thiét ké. Quan tdm va cha y
nhat trong nghién ctu tip trung vao Cac
duong hdm 1ay nudc sé 6, 7, 8 1a nhiing
duong hdm c6 tuyén cong va cac duong ham
thao nude sd 4, 5, 6, 7, 8, 9 va khong nghién
ctru vao dudong hidm dan nudc tip trung thoat
ra ha luu. Diéu dang chi y ¢ day la gian nha
may sb 3 c6 cac duong ham thao nudc trude
khi vao thap diéu ap c6 tuyén cong s& co
nhiéu anh hudng trong qua trinh phat sinh tng
Suit ctia vling nay. Su anh hudng cua 4 vét
nit dia tang téi phan bd Gng suat trong khu
nha may ciing dd dugc xem xét mot cach thoa
dang. Toan bd chiéu dai tuyén cong trinh
ngam rong 552.5 m trong d6 pham vi gian nha
may ngam 9 to6 may dai 292.5 m, Té may sb
9 dao dai 100m, t6 may sé 1 dao dai 160 m.
Cao trinh dat may ¢ cao d6 345m, vi tri trung
tam gian nha may cach thuong luu 115m,
cach ha luu 230 m. Trong qua trinh nghién
clru, c6 xét dén anh huong cua cac dit gdy
dia tang F,, F,, F,,, F,, trong d6 F,,F,vaF,la
ba durt gdy nam ngang, dirt gdy F, vudng goc
V6i ba dut gdy ndy, Ludi phan tr thé hién
toan bd qua trinh thi céng cong trinh ngam
duge thé hién trén hinh 3-3 véi 212106 diém
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nGt, 211578 phan tir. Vi tri cac dat gdy dia
ting F,, F,, F,, F, duoc thé hién trong
hinh 3-4. B¢ gia ting mic do chinh xéc trong
qua trinh tinh toan vé muac d6 phuc tap cua

Hinh 3-3. M6 hinh khang gian ba chiéu
phan tich wng suat nha may thuy dién

111.1 M6 phéng qua trinh thi cong

dia chat, anh hudng cua qua trinh thi cong, ¢
day lwa chon kiéu phan ting HLO+051.250,
HL0+258.250, HR0+000.250 d¢ tinh toan phi
tuyén tinh.

Hinh3-4. M0 td cac dut gdy F,, F;, F,, F, dung

trong tinh toan

Bang 3.1. Tién do thi cong

Phuong 4n thi cong duoc thé hién nhu & Bute | Cao trinh gian Caotrinh | Duong hﬁm
bang 3.1 thi cong | nha may (m) | Phongdieu | lay nuée
A 4l X - o . khién (m) (m)
I11.2 Phan tich két qua tinh toan 1 504 245 7 263.0
Lua chon mat (,:ét qua to may so 2 dé tiép > 241'2 236.7 256.5
hanh phan tich két qua tinh toan trong suot 3 30,7 527 8 50,7
qua trinh thi cong. q 4 2215 2215 244.0
Két qua phén tich chuyén vi: 5 2115 234.0
6 205.0 222.5

Hinh 3-1 Adang chuyén vi

(buoc dao 1, don vi: m)

\\“ VAV

3

Hinh 3-2 Adang chuyén vi

(buoc dao 2, don vi:

m/>/ Vs /

Hinh 3-3 Bang chuyén v;

m) (buoc dao 3, don vi: m)

765&ﬁ
/)

-.010
-.005
000

Hinh 3-4 Bang chuyén v;

(buoc dao 4, don vi: m)
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Hinh 3-5 Bang chuyén v;

(buoc dao 5, don vi:

Hinh 3-6 Bang chuyén v;

m) (buoc dao 6, don vi: m)



Két qua phan tich ing suat va ving déo:

Hinh3-7 Pang ing sudt kéo
chinh mat cat doc to may 2
(buoc dao 2, don vi: MPa)

—
N

Hinh 3-8 Puong dang ing
suat nén chinh mat cat doc to
may 2(budc dao 2, don vi:

Hinh3-10 Pang ing sudt kéo
chinh mat cat doc to may 2
(buoc dao 4, don vi: MPa)

MPa)

Hinh 3-11 Bang #ng sudt nén
chinh mat cat doc to may
2(buoc dao 4, don vi: MPa)

e

Hinh 3-9 Vung tinh déo mat
cat doc to may 2 (buoc dao
2)

B
P

Hinh 3-12 Vung tinh déo mat
cat doc t6 may 2

(buoc dao 4)
\

SooNnaswn—

1
2

e

6 —

Hinh3-13 Pang ing sudt kéo
chinh mat cat doc to may 2
(buoc dao 6, don vi: MPa)

Cac két qua tinh toan thé hién mat cat doc
t6 may sd 2 mo phong sd chan thyc qua trinh
thi cong toan gian nha may ngam, da phan
tich chi tiét truong chuyén vi khdi da trong
cac giai doan dao, hai cap truong chuyén vi
cling Véi dic trung bién hinh ving tinh déo,
cung cap cac so lidu dé phan tich 6n dinh nha
may ngam.

1) Gia tri chuyén vi phét sinh trong qua
trinh dao khong qua 16n, néi chung déu nho
hon 25.0 mm, chi c6 viing cuc bd gan cac gian
nha may vugt qua 30 mm, mac du anh huong
d6i voi tinh on dinh khéi da khong qua 16n
nhung ciing can phai gia ¢6 chong do.

2) Tong thé trong qua trinh dao, dai bod
phan trong viung déu 1a ung sudt nén, chi co
mot ving nho (ddy cudi dudng ham, ving cuc

Hinh 3-14 Pang #ng sudt nén
chinh mat cat doc to may
2(buoc dao 6, don vi: MPa)

Hinh 3-12 Vung tinh déo mat
cat doc to may 2
(buoc dao 6)

bo sat duong him din nuéc dudi tuong
thuong luu nha may chinh) phat sinh (mg suat
kéo nhung khong 16n. Gia tri ing suat toan
gian nha may déu nam trong khoang tir -43.0
~ 1.0 MPa.

3) Sau khi hoan thanh qua trinh dao, toan
gian nha may d xuit hién ving tinh déo véi
muc do khac nhau, khi tién hanh gia ¢ chong
do nén xem xeét ky, dac biét 1a cac vung giao
gitra cac gian nha may.

IV. Két luin

Bai béo sir dung phwong phap hdn hop tién
hanh md phong qua trinh dao nha may thuy
dién ngam, qua trinh md phong bao gdm cac
budc co ban: dau tién tir mé hinh phan tir hitu
han tién hanh tinh toan phan tich véi budc gia
tai thir nhat, thu dugc trudng Ung sudt ban
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dau. Sau d6 tir truong ung sudt ban dau nay lai
dua vao mo hinh phan tir hitu han, dong thoi
ldy chuyén vi bang 0, tir d6 tién hanh phan
tich mo phong véi cac bude dao, thu dugce
truong chuyén vi va truong Ung suat, day
chinh la truong chuyén vi va truong Gng sut
thuc té.

Thong qua mé phong qua trinh thi cong
mot cong trinh thuc té da biét, diéu chinh mo
hinh phan tich va tham sé tinh toan, d6i véi

TAI LIEU THAM KHAO

cac vung khac nhau khdng cuing tinh chat co
thé sir dung phuong phép phan tich khac nhau
dé tién hanh dy béo on dinh va bién hinh, dé
XUt phuong an thi cong hop ly va Cac bién
phap gia c6 néu c6, diém quan trong cuia bai
bao nay chinh la d& xac dinh dwgc pham vi
tinh toan va diéu kién bién ctia mé hinh clng
v6i phuong phap mé phong qua trinh dao nha
may ngam, dong thoi thu dugc mot vai két
qua mo phong c6 gia tri.
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Abstract
STRESS ANALYSIS OF SUBTERRANEAN HYDROPOWER PLANTS
DURING CONSTRUCTION
Dr. Dao Van Hung, Assoc. Prof. Nguyen Quang Hung
Faculty Of Civil Engineering, Water Resources University
Deeply-placed subterranean hydropower plants in natural environment must bear greatly

complicated loads. The construction has changed the natural stress state, disrupted the initial
equilibrium state and exerted impacts on load-bearing structures of subterranean plants.
Contents introduced in this paper are the stress analysis of subterranean hydropower plants
during construction taking the actual geological faults into consideration. Initial research
results have shown an overall picture of actual evolution of stress change in the medium during
construction stage.

Keyword: subterranean hydropower; stress; deformation; construction
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