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PHAN TiCH UNG SUAT - BIEN DANG TUONG CHAN DAT
CO XET DEN UNG XU PHI TUYEN CUA VAT LIEU BE TONG

Nguyén Vin Xuan', Nguyén Canh Thai’, Nguyén Ngoc Thing’

Tém tit: Tuwong chan dat la mét hang muc xdy ldp khd phé bién tai cdc céng trinh thiy céng. Voi
cong tac thiét ké, yéu cau ngay cang cao la vira tang cwong d¢ bén, vira tiét kiém vt liéu (gidm
chiéu day twong). Cdc phan tich theo vmg xir vt liéu tuyén tinh truée ddy con nhiéu han ché dé dap
ing cdc yéu cau ndy, do chiea phan dnh sdt thwe quan hé vmg sudt, bién dang ciia vit liéu. Noi dung
bai bdo di sdu vao phdn tich so sanh sw khdc biét vé phéin bé ing sudt, bién dang béi tac dong ciia
hoat tai va dp luc ddt lén twong chdn, trong pham vi mo hinh vdt liéu bé téng tuyén tinh va phi
tuyen Viéc phan tich su dung phu"O’ng phap truyen théng va phwong phdp phan tir hitu han, c6 xét
dén anh hieong cia viée thay doi chiéu cao dat tdc dung, dnh hwéng cua viée mé rong day twong

dén hiéu qua giam dé 1om iimg sudt.

Tir khoa: Ung suét, phi tuyén, tuyén tinh, bién dang, bé tong.

1. PAT VAN PE

Tuong chin dit 1a mot trong nhitng hang
muc xay ldp quan trong va phd bién véi quy mo
st dung 16n, da dang. Tuong chén gilr dét tai
cac bo ke song, bién, cira canh céc céng 16n,
vach ngan chdng sat 16 tai cac tuyén giao thong,
khu quy hoach cong nghiép va dan sinh, vach
chan glam thiéu tac hai cac tran 1i quét,... Nhu
cau thyc té dat ra 1a pham vi bao vé cang ngay
cang rong hon, tiét kiém vat liéu,... Tu do,
nhiém vu dét ra 1a xac dinh chinh xac phan bd
mg sut trong két cau dé co giai phap thiét ké
mit cat hop 1y, bd tri ¢6t thép hiéu qua.

Céc tai lidu tinh toan tuong chan dat déu coi
quan hé ung suét - bién dang cua vat liéu la
tuyén tinh, vat liéu lam viéc trong giai doan dan
hoi tuan theo dinh luat Hooke:

og=D.z= (1)

(s: ma tran ung suét; D: ma trin céc hﬁng sb
dan hoi; &: ma tran bién dang)

Trén thuc té, tuy theo hinh thuc tdc dong,
quan h¢ ung suét - bién dang ddi vai vat lidu bé
tong than tuong 14 quan hé phi tuyén, voi nhiéu
hinh thirc bién dang khac nhau: do tac dung cua

"TT Tw van va Chuyén giao céng nghé Thiy lpi, Tong
cuc Thuy loi.
2 Truong Dai hoc Thiy loi.

tai trong nge‘m han, do tac dung cua tai trong dai
han, cta tai trong lap lai,...

Trong pham vi bai bao, viéc phan tich tap
trung vao Ung xir ctia bé tong than tudong chin
dat véi mo hinh vat liéu phi tuyén chiu tac dung
cla tai trong ngan han, st dung phuong phap
phan tir hitu han (PP PTHH) v6i phin mém
Ansys, so sanh v&i phuong phap truyén thong,
tir d6 rat ra cac wu nhuoc diém, ¥ nghia khoa
hoc va dong gop tham khao khi sit dung céac
phan mém phuc vu thiét ké tuong chén.

2. MO HINH TOAN QUAN HE UNG XU
CUA VAT LIEU BE TONG

Véi mdi phuong phap phan tich dic trung,
quan h¢ ung xur cua vat li€u bé tong dugc xay
dung v4i mot mo hinh toan tiéu biéu. Hién nay,
co thé phén loai thanh mot ) dang: m6 hinh
dan hoi phi tuyén (nonlinear elastic models), mo
hinh déo (plastic models), mo hinh dan hdi truc
hudng (orthotropic elastic models)(EU, 2009),...

Trong pham vi bai bao nay, mé hinh dan hdi
phi tuyén dugc dé cap, trong do, tmg xu phi
tuyén ctia vat liéu bé tong duge mo phong trong
tap hop cac gia tri mo dun dan hoi thay doi. Tur
khi xi mang dugc ché tao nam 1824, dén nhiing
két cAu bé tong cot thép dau tién dugc ché tao
nam 1847, trong thé ky XX, ing xtr ctiia vat liéu
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bé tong da dugc nghién cuu tip trung trong
quan hé ung suat, bién dang véi cc cong trinh
cua Talbot (thép nién 10), Hognestad (thap nién
50), MacGregor (thap nién 70) (University of
Alberta, 2003),...

Trong md hinh dan hoi phi tuyén, quan hé
g suét - bién dang do Hognestad dé nghi dbi

véi bé tong duoc mo ta ¢ dang:

- [28. eV
e (s—) &)

trong d0, o.: Ung suit trong bé tong, f.:
cuong do chiu nén gidi han cua bé tong, &co:
bién dang khi bé tong dat dén cuong do chiu
nén gidi han f..
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fé B

015 fe ees |
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Hinh 1. Quan hé ing sudt - bién dang ciia bé téng theo Hognestad,
va cua bé tong mé hinh tinh toan.

OA (duong cong): giai doan bé tong lam viéc
¢ trang thai dan hdi, vat lidu co lai tro vé gén
dén trang thai bién dang ban dau sau khi ngimg
tac dung luc; AB: giai doan bé tong khong con
kha ning khoi phuc trang thai dan hoi; Diém B:
gii han bén, ap luc giéi han 1am bé tong bi pha
hay; BC: giai doan néu giam tai bién dang ting
manh tuyén tinh; Piém C: gi6i han pha hiy. OA
(dudng thang): so sanh tuong tmg quan hé ung
suat - bién dang bé tong lam viéc ¢ ung xur
tuyén tinh.

3. PHAN TiCH UNG SUAT - BIEN
DANG KET CAU TUONG CHAN PAT
BANG PHUONG PHAP TRUYEN THONG
VA PHUONG PHAP PHAN TU HUU HAN

3.1. Phwong phap truyén thong

C6 nhiéu phuong phap phéan tich tng sut
bién dang tuong chin, trong d6 phuong phap
truyén théng st dung cic cong thirc giai tich c6
dién cua st bén vat lidu, véi cac gia thiét: chan
tuong ngam chat trong dét, coi ung suit phap
trén mat nam ngang tuan theo quy ludt bac nhat.

Mit cét tuong chin duogc chia thanh nhiéu
16p v6i cac diém cat ngang, tiy theo vi tri diém
chia thuéc mép bién hay trong mit phang ma

xéc dinh cac ung suat phap oy, Oy, Ung suét cat
Ty theo phuong phép gidi tich (B NN&PTNT,
Vién khoa hoc Thuy Loi, 2005).

Trong bai toan phang, cac ng sudt chinh
duoc xac dinh theo cong thuc:

T + 0y T — Oyy* ) 3
Fmaxmin — 2 - ij( 2 ) + ey ( )

S j(x %Y 4oz, 4)
Phuong phap ndy c6 uvu diém 14 thuan loi
trong kiém soat két qua, co thé thuc hién hoan
toan co hoc khong sir dung cac phan mém may
tinh. Tuy nhién c6 nhugc diém 1a bi gidi han
trong cac gia thiét di néu, dong thoi viée tinh
toan chi ¢6 thé thuc hién v6i md hinh vat liéu
tuyén tinh.
3.2. Phwong phap phin tir hiru han
3.2.1. Phén tich véi quan hé irng sudt - bién
dang ciia vit liéu la tuyén tinh
Quan h¢ ung suat, bién dang duogc viét dudi
dang ma tran:
{T3=[D].{} (5)

trong d6, [D] 1a ma tran cac hing sb dan hdi

cua vat liéu
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Quan h¢ giira bién dang va chuyén vi nit cia
ph?m tir duoc viét dudi dang ma trén:

{e3=10]. 1} (6)

Theo nguyén 1y cuc tiéu thé ning bién dang
toan phan thiét 1ap dugc hé phuong trinh co ban
cua PP PTHH:

[K].- = [F} (7)
trong do, [K]: ma tran d clirng cia toan két
céu; {D}: véc to chuyén vi niit ctia toan két cau;
{F}: véc to tai trong niit ctia toan két cau.

Sau khi thiét 1ap cac diéu kién bién, giai hé
phuong trinh (7) ta tim dugc véc to chuyén vi
nat {A} cua toan két cAu. Tur d6 xé4c dinh duoc
Gmg sudt tai cac diém trong két cau (Bo
NN&PTNT, Vién khoa hoc Thuy lgi, 2005)
(Ansys Mechanics & Simulation ).

3.2.2. Phén tich véi quan hé irng sudt - bién
dang ciia vit liéu la phi tuyén

Quan hé phi tuyén giita ting suit, bién dang
duoc viét dudi dang ma trén:

{0}= D] 53 (8)

Trong d6, ma trdn [D(e)] 1a ham cua trang
thai bién dang {&}, con goi la ma tran dan déo

Trang thai Gmg suat {c} lai 12 ham phu thudc
vao cac chuyén vi nut {q} va duoc viét dudi
dang ma trén:

{o3= [D(q)]-{q} 9)

Quan hé giira trang thai bién dang {&} va
chuyén vi nut {q}:

{e3=[D(q)]-{a} (10)

Tur cac hé thuc (9), (10) hoan toan xac dinh
dugc Ung suat va bién dang tai diém phan tir bat

v . T T

0.50 &

v 2 0.00
24 o pot
% rel 350 %
24 N
24 N
24 o oY
P =] pot
Pes pot
Pes pot
9 850 . 900 o=
24
= 850 f2
P R R ARk R A A ARE R A aARRRaaRERRaRaRiRan |

ky khi biét gia tri véc to chuyén vi niit ctia phan
tr {q}. ,

Phuong phap giai dugc thuc hién doi voi cac
bai toan dan hoi phi tuyén 1a phuwong phap giai
lap thir - ding dan sau khi xac dinh phuong
trinh co ban, thuong sir dung phuong phéap giai
lap Newton - Raphson (Prof.F.Gordaninejad,
Prof.M.Saiidi, 2001) (Hoc vién K¥ thuat Quan
su, 2005).

4. PHAN TiCH UNG SUAT BIEN DANG
TUONG CHAN DAT

Tién hanh tinh toan trang thai img suit — bién
dang cua két cdu tuong chan chiu tac dung cia
hoat tai va ap luc dat voi hai mo hinh vat lidu bé
tong tuyén tinh va phi tuyén. Trong tinh toan,
céc tac gia sir dung phuong phap truyén thong
va phuong phap Phan tir hitu han voi phan mém
Ansys Multiphysics (University of Alberta,
2003) va tién hanh so sanh két qua, tap trung
phan tich so sanh su khac biét ng suét tai mép
bién than tuong.

Mb hinh tinh toan nhu hinh 2: chiéu cao than
tuong 300cm, chiéu cao ban day 50cm, bé rong
ban day 350cm. Bé tong tuong chin tuong
duong M100 cé trong lwong riéng yy=2,4.10°
T/em’; m6 dun dan hdi Ex=1,7.10%> T/cm?; hé sb
poisson v, = 0,2; quan hé ung suat bién dang
trong ing xt phi tuyén ctia bé tong nhu hinh 1.
Pit nén co yn=1,8.10'6T/cm3 : md dun dan hdi
E.=9,5.107 T/cm?; hé s6 poisson v, = 0,31. bit
ddp c6 y=1,72.10°T/cm’; mé dun dan hdi
Eq=9,3.10 T/cm?; hé sb poisson vg = 0,32.

AN

TEB 23 2015
oL:5e

EEEE

File: TuongchanEhiTuyendatken

Hinh 2. M6 hinh tinh todn.
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Hinh 3. Ung sudt chinh tinh theo PP gidi tich, mé hinh tuyén tinh,
max mép chan twong 0,0252 T/em’

Trong phan tich theo PP truyén thong va
PP PTHH, moé hinh tudng dugc dip dat dén
cao trinh V+3, hoat tai bé mat 3.10” T/cm.
T6 hop tai trong gom: trong luong ban than
tuong, hoat tai, ap luc dat dép, ha Iuu
khong c6 nudc véi cao trinh dat dap ha luu

V +0,5. M6 hinh PTHH su dung phan ti
PLANE 82 véi 1258 diém nat. Dé so sanh
v6i PP truyén thdng, mit ddy tuong duoc
ngam chat trong dat. Két qua tinh ung suat
mép trong than tuong dugce thé hién tai hinh
3 va hinh 5.

NODAL S0LUTION
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Hinh 4. Chuyén vi phicong x, mé hinh tuyén tinh va phi tuyén, tinh theo PP PTHH
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ELEMENT 30LUTION
STEP=1
SUB =1
TIlﬂE 1

(HOAVE)
Dl‘k 001307
UK =202, 412

AN 3 2016

Cxinen

0 62.758 125.8516 188.274 251.033
31.379 94,137 156.895 219.653 282.412

File: TuongChenTuyenTinh

ELEMENT $0LUTION
STEP-1 IAN 3 2016

(Tem)

1 (NDAVE)
DI =, 008262
SMX -202.601

I em

0 45,022
22.8511

File: TuongChanPhiTuyen

o0.045 135.067
112.556

180.089

67.534 157.578 202.601

Hinh 5. Ung sudt chinh tinh theo PP PTHH, img sudt mép chan tuong bang 0,0282 T/em’
(mé hinh tuyén tinh) va 0,0202 T/em® (mé hinh phi tuyén)

Nhan xét: Tir cac két qua tinh ¢ thé thdy tmg
suat tai mép bién ting dan tir dinh dén chan
tuong, biéu dd cua hai PP tinh déu tron, khong
¢6 diém ky di. Gia tri 16n nhat cta hai PP tinh
khong cé khac biét 16n, cha yéu do trong PP
PTHH str dung ludi phan tir gian tiép chia nho
mién tinh toan. So sanh gia tri tinh toan tai hai
diém mép trong dinh tudng va mép trong day
than tuong nhu sau:

+ Tai mép trong dinh tudong, Gmg suat nho,
bién dang va chuyén vi 16n;

{l/em2}
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+ Tai mép trong day than tudng, (mg suét 16n
nhat, bién dang va chuyen vi nho.

Nhan xét: Tur két qua tinh c6 thé thdy trong
hai truong hop phan tich tuyén tinh va phi tuyén,
gi tri tmg suit déu ting dan theo chiéu séu than
tuong. V6i trudng hop phan tich phi tuyén, ing
suat mép day than tuong nho hon, nhu‘ng chuyén
vi mép tai dinh tuong 16n hon. Diéu nay 1a phu
hop véi tai trong ting dan déu theo do sau, va
quan hé ung suat - bién dang phi tuyén: toc do
bién dang ting nhanh khi ting tai trong.
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Hinh 6: So sanh gid tri tmg sudt va chuyén vi mép bién tiwong 2 truong hop

* Bién doi wng suit tai mép bién khi ting
dan chiéu cao dit dip:

Tang déan chiéu cao dat dap tir 100cm, 200cm,
300cm, tir cao d6 V +0,5 tai day tuong, co biéu
do gia tri img sut va chuyén vinhu Bang 1.

Nhén xet: Khi chiéu cao dat dap tang dan,
gia tri ing suét tai mép bién ting dong bién tai

vi tri day than tuong. Vi cac chiéu cao dét
dip 1a 100cm, 200cm, 300cm ung suat chinh
nguy hiém téng 16n dan déu véi cac gia tri
0,00198 T/cm?; 0,004683 T/cm?*; 0,0202 T/cm®.
DPong thoi gia tri chuyén vi tai dinh _tuong
ting lén, yéu cau c6 phuong an dat ct thép
hop ly.
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Bang 1. So sanh gi4 tri (g suat va chuyén vi mép bién twong
khi ting din chiéu cao dit dip

Do sau Ung sudt o Chuyén vi u

H 100cm 200cm 300cm 100cm 200cm 300cm
(cm) (T/em®) (T/em®) (T/em®) (cm) (cm) (cm)

0 0.000011 1.30E-02 2.87E-02 8.18E-02
333 0.00006 1.11E-02 2.49E-02 7.01E-02
66.7 0.0001 9.22E-03 2.10E-02 5.85E-02
100 0.000011 0.0011 7.36E-03 1.73E-02 4.71E-02

1333 0.0000203 0.0027 5.61E-03 1.36E-02 3.63E-02
166.7 0.0000503 0.0051 4.01E-03 1.01E-02 2.61E-02
200 0.000011 0.0009 0.008 2.61E-03 6.84E-03 1.71E-02
2333 0.000402 0.001064 0.0114 1.45E-03 3.96E-03 9.63E-03
266.7 0.001677 0.002792 0.015 5.82E-04 1.68E-03 3.96E-03
300 0.001988 0.004683 0.0202 7.34E-05 2.01E-04 4.06E-04

* Bién ddi wng suit tai mép bién khi mé kich thuéc 60cm, 90cm, 120cm (dinh tudng
rong day than tuwong: ¢ dinh 30cm, chiéu cao dat dip 300cm), c6

Mo rong vi tri day than tuong tai khu biéu dd gia tri Gtng sudt va chuyén vi nhu
vuc ¢6 ung suit 16n nhat lan lugt voi cac  Bang 2.

Bang 2. So sanh gia tri ng suat va chuyén vi mép bién twong khi mé rong day chin twong

Do sau Ung suét Chuyén vi u

H 60cm 90cm 120cm 60cm 90cm 120cm
(cm) (T/em®)  (T/em®)  (T/em®) (cm) (cm) (cm)

0 0.000011  0.000008  0.000003 | 8.18E-02  3.50E-03 2.07E-03
333 0.00006  0.000045 0.000023 | 7.01E-02  3.00E-03 1.76E-03
66.7 0.0001 0.000034  0.000017 | 5.85E-02 2.50E-03 1.45E-03
100 0.0011 0.000602  0.000338 | 4.71E-02  2.00E-03 1.16E-03
133.3 0.0027 0.00135  0.000745 | 3.63E-02 1.50E-03 8.92E-04
166.7 0.0051 0.002282 0.001242 | 2.61E-02 1.10E-03 6.46E-04
200 0.008 0.003333 0.001789 | 1.71E-02  7.30E-04 4.32E-04

2333 0.0114 0.004876  0.002256 | 9.63E-03  4.20E-04 2.57E-04
266.7 0.015 0.007308  0.004336 | 3.96E-03  1.94E-04 1.24E-04
300 0.0202 0.008994  0.005514 | 4.06E-04 1.00E-04 1.79E-04

Nhan xét: Khi mé rong day chan tuong, voi

giam dan. Tuong Ung cac kich thudc 60cm,

cung chiéu cao dit dip va bé rong dinh twong 90cm, 120cm 13 cac tri sd tng suidt 0,0202
gift nguyén, g suit nguy hiém day chan tuong T/ecm?, 0,0089 T/cm? 0,0055 T/cm®. Ddng thoi
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chuyén vi tai dinh tuong giam dan, d¢ an toan
tang 1én. Khi chiéu cao dat dip giit nguyén, day
tuong cang rong thi ung sudt nguy hiém cang
giam. Khi chiéu rong ddy tuong gitr nguyén,
tuong cang cao thi Gmg suat day tuong cang 16n.

5. KET LUAN

V6i md hinh két cdu tuong chan dat cong
trinh thiy cong, md rong ddy than tuong co tac
dung giam mot cach hiéu qua ung suit nguy
hiém. Tuy nhién viéc tinh toan tong thé can can
nhic dén chiéu cao dit dép, pham vi bao vé dé
thiét ké kich thuéc hop 1y. Trong mo hinh vat
lidu bé tong ung xir phi tuyén, ung suat nguy

hiém c6 gia tri nhé hon trong mé hinh vat liu
bé tong Ung XU tuyén tinh, tuy nhién cac gia tri
chuyén vi nguy hiém va bién dang ting lén.
Diéu nay dic biét can luu ¥ dbi v6i cong trinh
thiy cong lam viéc trong moi trudng nudc, cac
khe nut va bién dang trén thuc té trong phan tich
phi tuyén 16n hon trong phan tich tuyén tinh. Vi
vay khi thiét ké ngoai xac dinh kich thudc hinh
hoc hop 1y dé c6 tng suét trong than tuong nho
nhat, con dam bao chuyén vi bién dang nam
trong gidi han cho phép dé gitr an toan cot thép
va han ché sy suy giam cuong do bé tong theo
thoi gian./.
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Abstract:
ANALYSIS MODEL STRESS-STRAIN RETAINING WALL WATER
CONSTRUCTIONAL WORKS COMPARISON
IN MATERIALS CONCRETE LINEAR AND NONLINEAR

Retaining wall is a physical works quite popular in the water constructional works. With the design,
requirements are moderate increasing durability, which can meet the aesthetic. The analysis of
linear material behavior previously limited to meet these requirements, because not reflect realistic
relationship stress, deformation of the material. Contents of the paper going into comparative
analysis of differences in stress distribution, deformed by the impact of the work load and earth
pressure on retaining walls, within the concrete material models of linear and nonlinear.The
analysis combines the traditional method and finite element method, taking into consideration the
impact of changing land height effects, the impact of the expansion of the bottom wall tilt legs to
effectively reduce the magnitude stress

Keywords: stress, nonlinear, linear, strain, concrete.
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