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Tom tat

Trong tinh toan ung suét phéan tir hitu han dép vom thuong xuét hién hién twong
tap trung (rng suét tai vi tri got va chan dap. Néu lay (ng suét Ién nhét tai cac vi tri
nay lam tiéu chuén thiét ké hién nhién la khéng hop ly. Mot trong nhitng phuong
phép duoc str dung hién nay trong tinh toén tng suét dédp vom la phuwong phép ng
suét tuong duong phén t& hitu han. P6i véi cac phdn mém phan tr hiru han théng
thuong déu chura c6 mé dun tinh toan (ng suét twong dwong. Trong bai bao nay tac
gid gidi thiéu phuwong phép tinh toan va tmg dung ngén ngir thiét ké tham sb hoa
APDL trong phdn mém ANSYS dé duwa ra két qua trng suét tuong duong lam tiéu
chuén thiét ké dap vom.

1. Pat van de

Phwong phap dung dé phan tich tng suét khéi dap dap vom chd yéu cé phwong
phap nhiéu dam vom, phwong phap phan tlr hiru han va phwong phap thi nghiém
md hinh két cau. Hién nay phwong phap phan tl hiru han dwoc (ng dung rong rai
trong phan tich (rng suit dap vom do phwong phap nay c6 nhiéu wu diém, dac biét
la trong cac trwdng hop: dap vom co6 hinh dang phic tap; dap vom cé mé 16 day, 16
gitra, 16 mat hodc hanh lang; phan tich dong lwc dap vom, dac biét 1a khi can xét dén
twong tac gitra kho nwéc va dap; hodc khi can xem xét tinh phi tuyén ting nén xen
kep mém yéu, tAng dut gay, k& nit, ran nirt hoac phan tach cac khéi dap...Dudi gid
thiét dan hoi, loai hinh phan t& dwoc st dung va kich thwéc mang lwdi phan tir co
lién quan dén két qua tng suéat phan t& hivu han, dac biét 1a déi véi ving phu can
mat nén dap ton tai hién twong tap trung &ng suéat 1am cho tinh &n dinh gia tri két
qud ng suat phan t& hiru han kha kém, kho thiét 1ap tiéu chuan khéng ché tng
suét twong &ng. Trén thuc té dap vom la mot loai két ciu siéu tinh dinh bac cao, co
kha nang chiu tai rat 1&n, néu ldy ng suét Ién nhat 1am tiéu chuan thiét ké, tién
hanh thiét k& dwa vao tiéu chuan truyén thdng mat hiéu lyc tinh dan héi l1a khong
hop ly; nhuwng néu khéng xét dén tap trung tng suét, chi dwa vao ng suat thu duoc
cla phwong phap dam vom tién hanh thiét k&, kha nang lai khédng du an toan, dic
biét 1a d6i véi dap vom cao. Nam 1991, gido sw FU Zuo-xin®™ da d& xuét phwong



phap &ng suét twong dwong phan tl hiru han (Finite Elemment Equivalent Stress
Method): trong phwong phap nhiéu dam vom, théng thwdng gia thiét tng suét chinh
dam va vom xudi theo do day déu la bién ddi tuyén tinh (khi khéng tinh anh huéng
cua ti suat dd cong). Két qua tinh toan phwong phap nhiéu dam vom voi két qua
phwong phap phan t& htvu han, thi nghi@m mé hinh két cau cho thdy, & noi cach
kha xa mat nén dap, ong suat dap vom thu dwoc déu kha giébng nhau, & ving phu
can mat nén dap, phwong phap nhiéu dam vom véi hai loai phwong phap sau chénh
l&ch kha I&n. Théng thuwéng cho rang, chénh I&ch nay chi yéu cé quan hé voi dot
bién hinh dang hinh hoc noi tiép giap dap véi nén, thudc vé mét loai hién twong tap
trung &ng suét cuc bd, ma téng ng suat theo phwong d6 day dap (ndi lwc) la gan
nhw nhau. Néu lay téng trng suat thu dwoc & phwong phap phan t& hiru han xem la
ndi lwc mat cat, sau do tuyén tinh héa &ng suét trén mat cat twong ng, (ng suat
thu dwoc goi la ng suat twong dwong, ng suéat twong dwong nay sé loai bd anh
hwéng cla (rng suét tap trung. Phwong phap nay dén nay da cé nhidu tac gia 234
nghién clru sau va cai tién phwong phap dé nang cao hiéu qua tinh toan. Trong Quy
pham thiét k& dap vom bé téng SL 282-2003 hién hanh ctia Trung Quéc!® ciing quy
dinh khi st dung phwong phap phan tl htru han can bb sung tinh toan “Ung suét
twong duong phan t& hdu han” va quy dinh rd chi tiéu khéng ché ng suét twong
&ng. Hién nay cac phan mém phan t& hiru han théng dung nhu ANSYS, SAP2000,
ABAQUS, ADINA...dung dé phan tich &rng suat dap vom déu chwa c6 méd dun tinh
todn &ng suat twong dwong phan tlr hiru han, vi vay tac gia loi dung ngdn ngir thiét
ké tham sé hoa APDL trong phan mém ANSYS xuat két qua &ng suét twong dwong
phan t& hiru han trong phan tich dap vom bé téng.

2. Nguyén ly tinh toan ng suat twong dwong

Nguyén ly tinh todn (rng suét twong dwong la dwa vao két qua tinh toan cac
thanh phan &ng suét trong phwong phap phan t& hivu han, tich phan doc theo mét
cat ddm va vom thu dwoc ndi lwc (lwec doc va md men), sau d6 dung phwong phap
strc bén vat liéu tinh toan lai cac thanh phan (rng suét trén mat cat ngang, sau khi
thwe hién thao tac nay da loai bd ng suét tap trung, dem lai hiéu qua cao hon
phwong phap co hoc két ciu thédng thuwong.

ng suét thu dworc trong tinh toan dap vom khi dung phwong phap phan t& hiru
han dwoc dat trong hé toa do tong thé (x',y',z'), dé tinh toan (ng suét twong dwong
can chuyén sang hé toa dé cuc bd(x,y,z) dat tai diém i nam trén dwong trung tam
vom ngang nhw hinh vé 1, trong dé truc x nam ngang theo phwong tiép tuyén voi
dwdng trung tam vom, truc y ndm ngang theo phwong hwéng kinh, truc z hwéng
thang ding Ién trén, quan hé gitra hé toa do cuc bd (x,y,z) va hé toa do tbng thé

(x',y',2')dwoc cho & cong thire (1) dwéi day:



, LY (1)
trong cdng thre (1): 1, m;, n;la ¢d sin dan hwdng cla x, y va z; z va z’ déng truc;
géc tao bdi x’ va x 1a a (ngwoc kim ddng hé 1a dwong):

l, =cosa,m =sina,n, =0;l,=—sina,m, =cosex,n,=0;l,=0,m;=0,n, =1

Bhrimg trung tim vom

Hinh 1: Chuyén déi hé toa dé

Ung suét trong hé toa do tdng thé laic'}=|o, Oy Oy Tep Tyy 7,0, Gng

suét trong hé toa dd cuc bd la {a}:[O'X o, 0, T, T, rzx]T dwoc tinh theo cong

y z Xy
thire (2):
{o}=Ir.lo} (2)
trong do:
2 2 2 7
I m, n; 2l,m, 2mn, 2l,n,
2 2 2
l;, m, n, 2l,m, 2m,n, 21,n,
2 2 2
.= l;  m, n; 2l,m, 2m,n, 21,n, 3)
(e
L, mm, nn, Im,+ILm mn,+m,n, 1In,+1,n
LI, mm, n,n, Lm,+Lm, m,n,+myn, Ln,+I1n,
Ll mm; nng Img+Im o mng+mgn, Ing+1gn; |
hodc ciing cé thé viét theo hinh thirc dwédi day:
2 A2 H
0,=0,C08"a+0o,siN"a+7,,.5In2a
_ =2 2 _ -
o,=0,8IN"a+0,C08"a—1,,SIN2a
O, =0,
z z (4)

Ty = (oy. — o, Jsinacosa + rx.y.(cos2 a —sin? a)
T, =7,,C0Sa—1,,SiNa
T, =7,,SINa+7,,C08c




Trén dwong trung tam vom lay do rong don vi méat cit ngang dam, do rong cla
diém y la 1+y/r, r 1a ban kinh dwdng trung tdm vom, doc theo phwong do day vom
tién hanh tich phan dbi v&i (rng suat ctiia dam thu dwoc ndi lwc clia dam nhw cac
cong thire tr (5) dén (9) va cac thanh phan néi luc c6 thé xem & hinh 2:

Lwe doc trén mat cat ngang dam:
t/2
W, =- I az(1+ X]dy (5)
-t/2 r
M& men trén méat cat ngang dam:
t/2 y
M, =— J' (y—yo)az(1+?jdy (6)
—t/2
Lwe cét theo phwong tiép tuyén trén mat cat ngang dam:
t/2 y
Qb == _[ sz(l_'__jdy (7)
-t/2 r

Luc cat theo phwong huéng kinh trén méat cat ngang dam:

V, =- tf sz(l+ dey (8)

-t/2 r
M6 men trén mat cat ngang dam:

Mo=— [ (y- yo)fzx(l%jdy 9

—t/2
Trong cac codng thirc, yo |a toa dd tdm hinh mat cat dam
D6 cao mat cat huweng kinh vom lay 1a 1 don vi, doc theo phwong dd day tién
hanh tich phan déi véi trng suét ctia vom thu dwoc ndi lwc vom nhu dudi day:
Lwc day ngang trén mat ct vom:

t/2
H,=- [o,dy (10)

-t/2

M& men trén mat cat vom:

t/2
M, =— [o,ydy (11)

-t/2

Lwe cat hwéng kinh trén mat cat vom:



t/2
V,= [r,dy (12)

—-t/2

T ndi lwe dam va vom & trén, dung phwong phap sirc bén vat liéu tinh toan &ng
suét trong dap, tlr d6 loai bé anh hwéng cla ng suét tap trung. U'ng suét chinh
twong dwong huwéng dam va ing suét cat twong dwong hwéng vom lan luot 1a:

ng suét chinh twong dwong huéng dam:

up
O = 1 %G = yo} (13)
Oy A, I, \2

(Png suét cat twong dwong huéng vom:

up 'vE
T _Q Mb(
down -

Tba Ah Ib

trong céng thire, A, 1a dién tich mat cat ngang dam; I, 1a md men quan tinh trén

%1 yoj (14)

mat c&t ngang dam; t 1a d6 day; (%1 yoj la khoang céch tr tam dén mép thuong ha

lwu.

Hinh 2: Néi luc mét cét ung suét tuong durong

3. Tinh to&n ng suat twong dwong trong phan mém ANSYS

Ban than phan mém ANSYS khéng cé md dun tinh toan &ng suét twong dwong
nhwng c6 thé thédng qua ngdn ngi thiét ké tham sd héa APDL trong phan mém tinh
toan (rng suéat twong dwong phan t& hiru han dap vom. Sau khi tinh toan phan ti
hiru han dap vom, dung ngén ngir APDL Iap trinh xuat két qué &ng suat twong
dwong, so db qua trinh thwc hién cé thé xem hinh 3. Dau tién dung Iénh CLOCAL



xay dung hé toa dd cuc bd va dung Iénh RSYS dé kich hoat hé toa dd nay; 14y hai
diém A va B lam diém khdng ché dung lénh PATH xay dwng dwdng AB va ding 1énh
PDEF anh xa két qua tinh toan cac thanh phan (rng suat Ién dwéng AB; sau d6 tién
hanh tich phan thu dwoc ndi lyc trén mat cat; sau khi xuat ndi lwc dung cdng thirc
(13) va (14) dé tién hanh tinh toan (rng suat twong duong.

Sau khi tinh toan PTHH

|

Dung lenh CLOCAL xay dumg he toa do cuc
b6 tai diem O trén dwomg trung tim vom

l

Dung lénh RSYS kich hoat hé toa do

|

Dinh nghia PATH. déng thoi ding PDEF

inh xa két qua vmg suit 1én deong

l

Tich phén vi xuit néi luc
trong dwrong

l

Xic dinh tham sé hinh hoc mit cit va tinh todn ung suit trong dwong

l

Xudt vmg suit trong dwong PTHH

l

Két thiic

Hinh 3: So db6 tinh toan ung suét tvong duong

Dwéi day 1a doan cau lénh tinh toan ndi lwc mat cat trong tinh toan (ng suét
twong dwong:

NWPLAN,,,,
WPROTA,,
WPROTA,
CSWPLA,,
RSYS,
PATH,,,,
PPATH,1,
PPATH,2,
PDEF,SX,S,X
PDEF,SZ,S,Z2



PDEF,SZX,S,XZ
PDEF,SYZ,S,YZ
PDEF,SXY,S,XY
PVECT,RADI,LX,LY,LX
*GET,TR1,PATH,,LAST,S
R1=(2*R0O-TR1)/(2*RO+TR1)
AB=TR1

RE=RO+TR1/2
IBB=(RE*TR1*3)*(1+4*R1+R1**2)/36/(1+R1)/RO
LG=TR1*(2*R1+1)/3/(1+R1)
YO=TR1*(1-R1)/6/(1+R1)
AA2=TR1

IAA=TR1*+3/12
CALC,ADD,HH1,LY,,1/R0,,1
PCALC,MULT,SSZ,SZ,HH1,1
PCALC,INTG,WB,SSZ,S,-1
*GET,WB,PATH, LAST,WB
PCALC,MULT,SSZX,SZX,HH1,1
PCALC,INTG,VB,SSZY,S,-1
*GET,VB,PATH, LAST,VB
PCALC,ADD,HH2,LY,,,.-YO
PCALC,MULT,HH3,HH1,HH2,1
PCALC,MULT,SSSZ,SZ,HH3,1
PCALC,INTG,MB,SSSZ,S,-1
*GET,MB,PATH, LAST,MB
PCALC,MULT,SSZX,SZX,HH3,1
PCALC,INTG,MMB,SSZX,S,-1
*GET,MMB,PATH, LAST,MMB
PCALC,INTG,HA,SX,S,-1
*GET,HA,PATH, LAST HA
PCALC,INTG,VA,SXY,S,1
*GET,VA,PATH, LAST,VA
PCALC,MULT,SSX,SX,LY
PCALC,INTG,MA,SSX,S,-1
*GET,MA,PATH,,LAST, MA

4. Vidutinh toéan

Lwa chon md hinh tinh to&n 1a mét dap vom don gidn, dap cao 55 m, bé rdng dinh
dap 5 m, bé rong day dap 16 m, chiéu dai dap tai dinh 115 m, ti 1& d6 dai/cao 2/1.
Pham vi tinh toan: nén phia thwong lwu 80 m, nén phia ha lwu 110 m, nén hai vai
110 m, tr day dap hwéng xubng dwdi 60 m. S& dung md hinh nén c6 khdi luwong,
bién nén cb dinh. D& don gian hda tinh toan, gid dinh muwc nwdc thwong lwu bang
cao trinh dinh dap, dap chi chiu tai trong ap lwc nwéc thuwgng lwu va trong lwgng ban
than. Tham sb co hoc vat liéu cho & bang 1. Mé hinh phan t& hiru han dap va nén



cho & hinh vé 4.

Bang 1: Tham sé co hoc vét lidu

Vat lidu Lwc dinh Go6c ma sat Mo dun dan Hé sb Khéi lwong
| c(Mpa) trong ¢ (°) héi E Mpa Poissonv | riéng p (kg/m®)

Bé tong - - 22000 0.167 2300

Nén da - - 22700 0.240 2600

Hinh 4: Md hinh phén tir hdu han dap va nén

Hinh 5 thé hién dworng dang gia tri (’ng suét chinh thir nhat va &ng suét chinh th
ba trong khéi dap. Hinh 6 thé hién phan bd trng suat SZ va SYZ trén mét cat ngang
gitra mat cat day dap. T hinh v& 6 c6 thé thdy rang, khi dung phwong phap phan to
hlru han vung phu can mat day dap phia thweng ha lwu cé hién twong tap trung ng
suat, d& nang cao dd chinh xac tinh toan, tién hanh tinh toan bd sung “ing suét

twong duong phan t& hivu han’.

Cles-a14
B=03.015

TR

p=299.522 Hes19.90a

t=z06e £=137

: Puong ddng gia tri img suét tinh toan phan ter hiu han




Bdng 2: Ung suét chinh trong khéi dap

(Png suét

ng suét chinh S1 | ng suét chinh S2

Ung suét chinh S3

Gia tri (MPa)

-0.156~1.015 -0.920~0.241

-2.910~0.136

87,508

-154.83

-475.388

-7s6.368

-2401.213

DIST

$97.245

s25.182

853,141

781.088

aaaaaaa

eae.s8s

ses.s33

420,828

S

DIST

Hinh 6: Phan bé ing suét SZ va SYZ trén maét cat giika mat day dap

Dwa vao két qua tinh toan (rng suéat phan t& htru han, tién hanh tinh toan bd sung
&ng suét twong dwong trong khdi dap. Két qua tinh toan tng suat phan t&r hiru han
va sau khi bd sung tinh toan &ng suét twong dwong cho & hinh 7, cu thé gia tri cho
& bang 3. Tt hinh 7 cé thé thay rang, két qua tinh toan (rng suat phan t& hivu han
trong phan mém ANSYS cé hién twong doét bién tng suat, sau khi tinh toan &ng
suat twong dwong, da loai bd dwoc (ng suat tap trung & hai mép thuwong va ha luu.
Trwdc khi tinh toan ng suét twong dwong, (rng suat tai mat cat gitra mat day dap,
&ng suéat kéo phia thwong Iwu 1a 0.808 MPa, (rng suét nén phia ha lwu 1a 2.401
MPa; sau khi tinh toan ng suét twong dwong, ng suét kéo phia thwong lwu giam
xudng con 0.587 MPa, (rng suat nén phia ha lwu gidm xudng con 1.659 MPa. Diéu
nay cho thay, (rng suéat twong duwong da loai bd mot phan (rng suét tap trung.

Bdng 3: So sanh két qua tinh toan ¢ng suét phan td hitu han véi
img suét tvong duong

L'J’ng SuAt U'ng suat phan t hiru U'ng suat twong
han duong
ng suét chinh SZ Lon nhat 0.808 0.587
(MPa) Nho nhét -2.401 11659
Ung suét cit Syz | Lon nhat 0.349 0.195
(MPa) Nh& nhét 1.069 0.828




—a— ANSYS Finite Element Stress
1000 —e— Finite Element Equivalent Stress
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Hinh 7: So sanh két qua tinh toan tng suét phan td& hitu han véi ung suét tuong
duong

5. Két luan

Trong tinh toan ng suét dap vom, tai vj tri day dap thwong va ha lwu thwdng tén
tai (’ng suét tap trung, néu Iy rng suat I&n nhat 1am tiéu chuén thiét ké hién nhién
la khdng hop ly, nhwng néu khéng xét dén (rng suét tap trung, chi dwa vao trng suét
thu dwoc ctia phwong phap dam vom dé tién hanh thiét k&, kha nang lai khéng dua
an toan, dac biét |a dbi véi dap vom cao. Viéc xac dinh chi tiéu khéng ché rng suat
trong tinh toan phan tl hitu han da dwoc nhiéu tac gia nghién cru, mét trong nhirng
phwong phap duoc st dung hién nay la phwong phap tinh toan &ng suét twong
dwong phan t& hiru han.

Dwa vao ngén ngir thiét ké tham sb héa APDL trong phan mém ANSYS tac gia da
thwe hién tinh toan (rng suat twong dwong dap vom. Théng qua mét vi du tinh toan
bang sb da cho két qua tinh toan twong dbi hop ly. Tac gia kién nghi déi véi dap
vom cao trén 60 m (cong trinh cip 1 va 2) déu can tinh toan bd sung “img suét
twong duong phén tir hitu han”, day dwoc xem |a mét trong nhivng chi tiéu danh gia



tiéu chuan do an toan cuwdng do dap lon.
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