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TINH TOAN DAM BE TONG COT THEP CHIU UON XIEN
S DUNG MO HINH PHI TUYEN

TS. TRAN NGOC LONG, TS. PHAN VAN PHUC, TS. NGUYEN TRONG HA

Trwdng Dai hoc Vinh

T6m tét: Dam bé tbng cot thép (BTCT) la c4u kién
duoc stz dung nhiéu trong cac cong trinh xay dung
dan dung va céng nghiép. N6 lam viéc thuc té thong
thuong & trang thai chju uén phdng, tuy vay, trong
mét sé truong hop dac biét né van chju uén khéng
gian (udn xién). Hién nay da c6 nhiéu nha khoa hoc
trén thé gi6i dua ra phuong phap tinh toén thiét ké
cho ddm BTCT chju uén véi nhiéu phuwong phép tinh
don gién, nhung ching chi c6 thé 4p dung cho céac
trvong hop dam chju uén phdng. Bé gidi quyét bai
toan vé trang thai img suat bién dang ddm BTCT chju
udn xién, nguoi ta cé thé dung phuwong phéap cua st
bién vat liéu déi véi ly thuyét dan héi, con nguroc lai,
déi véi ly thuyét bién dang déo cda BTCT, hién nay
chd yéu dung phuong phap phan tie hiu han dé tinh
toan. V6i phurong phap phén tir hitu han thi cé nhuoc
diém la tinh toan phdc tap véi nhiéu phuong trinh va
nhiéu &n sé, phu thudc nhiéu vao cac phdn mém tinh
toan. Bai viét nay duwa ra mét phuwong phép tinh toan
don gidn hon, dwa trén co s& can bang luc, md men
ctia mat cat tiét dién, véi phurong phép nay, ching ta
c6 thé tim thdy duoc v tri xuét hién viét ni, vj tri pha
hoai ctia bé tbng vung nén, BTCT, tr dé dwa ra
phuong an thiét ké, bé tri cét thép cho dédm BTCT
chju uén xién. Chung ta ciing c6 thé ap dung phuong
phép nay véi bat ky cau kién nao va véi bat ky dang
tiét dién nao. Céac tac gid da két hop ly thuyét tinh
toan véi 14p trinh trong phan mém MathCad dé mang
lai cho nguoi doc mét céch don gidn va ngdn gon
nhat.

Tw khoa: M6 hinh bién dang phi tuyén, ddm chju
udn xién, tng suét, bién dang, bé téng cét thép.

Abstract: Reinforced concrete beams are
components that are widely used in civil and
industrial  construction.  Normally, Reinforced
concrete (RC) beams work practically in flat bending
state; however, in some special cases it is subject to
spatial bending (oblique bending). Currently, there
are also many scientists in the world who have
provided the design caculation methods to calculate
for RC beams with many simple methods, but they
only can use to cases of flat bending beams. To solve
the problem of stress-strain state of RC beams under
oblique bending, we can use the method of strength
of materials. Otherwise, with plastic theory of RC,
currently, we mainly can use finite element method
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for calculation. The finite element method has the
disadvantage of complex calculations with many
equations and many unknowns, depending on the
analysis software. This article provides a simpler
method of calculation, based on the balance of force
and torque of the cross section, with this method, we
can find the location of cracking, destructive location
of the compression zone concrete, RC, from which
offers design plans, reinforced arrangements for RC
beams under oblique bending. This method can also
be used to any structure and to any type of section.
The authors have combined analysis theory with
programming in Mathcad software to bring readers
the simplest and most compact way.

Key words: Model of non-linear deformation,
beam under oblique bending, stress, deformation,
reinforced concrete.

1. Dat van dé

Nhw chung ta da biét, cac dam BTCT xuét hién
cht yéu dwéi dang udn phang, déi véi nhivng trwdrng
hop nay da cé rat nhiéu nha khoa hoc trén thé gidi
cling nhw & Viét Nam nghién ctru phwong phap tinh
toan thiét ké vé do bén, do vong, trang thai niet, pha
hoai, tir bién, co ngét... [1, 2, 7, 8, 10, 11, 13]. Bén
canh d6 van cé nhiéu cong trinh nhw nha & dan dung,
dén chua, cac cong trinh cong cdng khac co6 st dung
két cAu dam (xa gd) v&i dang udn xién. Hién nay, dé
gidi quyét bai toan vé tinh toan thiét ké dam bé téng
cbt thép chiu udn xién nguodi ta co thé s dung ly
thuyét dan héi nhw trong bai nghién ctvu cta Bruno
Tasca de Linhares [9, 12]. Néu xét theo mé hinh dan
déo vai cac tiéu chuan xay dung My va Viét Nam
(2012) thi cling chi c6 thé sir dung phwong phap gan
dung kém theo cac quy wéc tr thwe nghiém dé tinh
todn [4-6], ching mang tinh (*rng dung nhwng do
chinh xac chwa cao. Dbi v&i nhitng trwdng hop dam
c6 tAc dung tai trong ciing nhw hinh dang tiét dién bat
ky thi chi duy nhét dung phwong phap phan t& hiru
han, véi nhwoc diém la phwong phap phan tich ton
tai nhiéu an sé, nhiéu phwong trinh, dan dén khéi
lwong bai toan Ién. Dé don gian hoa thi ngudi ta co
thé dung sw tro gilp cta cac phdn mém st dung
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phwong phap phan t&¢ hiu han (SAP, ETABS,
ABAQUS, ANSYS...), nhung déi v&i phwong an nay
thi nguoi thiét ké khoé kiém soat dwoc qua trinh cling
nhw két qué ma né mang lai.

Bai viét nay trinh bay phuwong phap tinh toan
trang thai &ng suét bién dang véi viéc 4p dung tiéu
chuan Nga SP 63.13330.2018 [16] va tiéu chuan Viét
Nam (TCVN 5574:2018) [5] dé tinh todn mot truong
hop dai dién cho cac van dé con tdn tai & trén, nhw
la dam BTCT c6 tiét dién hinh chi nhat, chiu uén
xién. Céac tac gid da két hop ly thuyét tinh toan voi
lap trinh trong phdn mém MathCad dé mang lai cho
ngudi doc mét cach don gian va ngan gon nhét. Vi
cach tinh toan nay cling cé mot sé tac gia da ap dung
hiéu qua dé giai quyét bai toan vé vat liéu bé téng soi
thép nhuw trong [14].

Tinh toan két cAu v&i viéc st dung md hinh bién
dang phi tuyén dwoc trinh bay thanh mét qué trinh
[3p va nhiém vu nay la xay dwng cach xac dinh gia tri
gan dung bién dang twong déi ctia bé tong va cét
thép lic clu kién c6 dd cong I&én nhat. Ngoai ra,
dwdng cong nay dugc xac dinh trong mdi 1an thay
ddi mé dun bién dang ctia méi phan t&r. Qua trinh 1&p
sé dworc dirng lai khi do cong cla truc doc tai tiét dién

lpo

ngang dang xét ciia cAu kién trong cac mat phang tac
dung clia cac mé men Mx va My nhé hon 1%. Két
qua trang thai ng suat bién dang mat ct tiét dién |a
két qua cha lan tinh cudi cing.

2. N&i dung nghién ctru

Phuwong phap tinh todn dwoc trinh bay dwéi
dang phan tich két hop véi vi du cu thé dé lam sang
t® van dé. Viéc dau tién 1a ching ta can xac dinh cac
di liéu dau vao nhu tai trong tac dung, so dd két cau
dam BTCT, ndi lwc tinh toan. D& don gian hoa, cac
tac gid da giad dinh la ndi lwc véi mé men ¢ trwde
(ttc la cé trwde cac gia tri chiéu dai a lyc tac dung Po
nhw trén hinh 1), nhiém vu cta bai viét 1a tinh toan
trang thai (rng suét - bién dang cta mét cat tiét dién
nguy hiém nhét ctia ddm BTCT c6 tiét dién chir nhat,
chiu udn xién. So dd két ciu va mat cét tiét dién ddi
twong xét dwoc mo ta nhw hinh 1, chi tiét méat cat tiét
dién dam nhw hinh 2, v&i hinh 2a 1a so’ d bd tri ¢t
thép trén mét cat tiét dién, hinh 2b so d6 khoang cach
céac chi tiét nhw cbt thép, I6p bao vé, khoang cach
gitra cac thanh cét thép (cac théng sé dwoc cac tac
gid gid dinh ban dau).

lPo
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Hinh 2. Chi tiét mat cat ddm: a) Bé tri cét thép, b) So’ dd chi tiét cac khodng céch
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Vat liéu bé tong dwoc chon B15, cbt thép véi mac CB400-V, déc trwng vat ly ciia ching duoc 14y theo tiéu
chuédn Viét Nam (TCVN) 5574:2018 nhw sau:

- Bé tdng B15 ¢4 md dun dan hdi E = 24000 MPa, cwéng do tinh toan chiu nén va chiu kéo twong (ng

R, =85MPa, R, =0.75MPa, Cac gid tri bién dang twong doi: &, ., =0.0015; &, =0.0035;

R, 85

&t req = 0.00008; Epr =0.00015; Epreq = TR 5666.7MPa ;
b,red :
Ebt,red = i = Li =9375MPa .
Ehbt red 8-10
trong dé:

Ep1req - BiéN dang twong dbi lon nhét twong tng véi giai doan nén dan hoi;

&,, - Bién dang twong ddi I6n nhét cta bé tong chiju nén (lay theo tiéu chuin 5574:2018);

Ent req - Bién dang twong dbi lon nhét twong g véi giai doan kéo dan hoi;

&, - Bién dang twong dbi Ion nhét clia bé tdng chju kéo (lay theo tiéu chuén 5574:2018);

E, ed - MO dun bién dang quy dbi cta bé tong chiu nén;

Eyt req - MO dun bién dang quy déi cGia bé téng chiu kéo.

- Cbt thép diing CB400-V theo tiéu chun Viét Nam 5574:2018 va A400 tiéu chuan SP_63.13330.2018 c6
R 350

cac thong sb sau: R, =350MPa; E =2-10°MPa; ¢, =E_S CRT =1.75-107; &, =25-10". Mo dun bién

S

dang ban dau: E, , =E, =2-10°MPa.
- M6 hinh bién dang phi tuyén 2 duwéng thang cltia bé tong dwoc thé hién trén hinh 3, ctia cbt thép dwoc thé

hién trén hinh 4.

s, red

Y nghi cia mé hinh bién dang phi tuyén 2 dwéng thang cla bé tong B15:

Déi véi vung chju nén:

_ : R
- _15010 5 < gbi < 0 O-bi :gbi . Eb,red MPa., Ebi = Eb,red :W:56667 Mpa
- -350-10° <&, <~150-10°: &, =R, =85 MPa; E,, = = 82 vpa,
Shi i

- &; <—350-10°: &,, =0; E,; =0
Déi véi ving chju kéo:
- 0< &y <8-107°: Gy = &1y - B req MPa; Egy = Eyy o =9375 MPa.

-8.10° <&, <15-10°: 6, =R, =0.75 MPa; E,, =2 MPa.
bti
- 151075 <€bIthl :O, Etl)tl :0
oy MPa) 4
0.75|- —-
I I
[} [}
-350 -150 i i -
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| |
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Hinh 3. M6 hinh bién dang phi tuyén dang 2 duong thang cda bé téng
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Cbt thép sir dung mac CB400-V, cwéng do tinh toan chiu kéo va chiu nén:

Péi véi ving chju kéo va nén:

- -1.75-10° <¢,; <1.75:10°: 5, =R, - S5 =350. -3 ___

‘931

T MPa; E; =E; . MPa.

R, 350

- 1.75-10° < £, < 25-10° va —1.75-10% > £, > -25-10: o, =350MPa; E, = = = 22 \pa,

gsi gsi

- g,>2510"° va g, <-25-10°: 5,=0, E, =0

(Chi'sé i trong céc biéu thire trén mang y nghia thir tw 1&n tinh toan)

M6 hinh bién dang phi tuyén 2 dwdng thang ctia thép dwoc thé hién qua hinh 4 dwdi day.

as( MPa)
360 [~

o

-1.75

£:10° 1.75 £.10° 25

RS —

,,,,,,, -350
o (MPa)

Hinh 4. M6 hinh bién dang phi tuyén dang
2 dwong thang cua cot thép

Dé ap dung mbd hinh bién dang phi tuyén ta chap
nhan cac quan diém tinh toan sau:

- Tai cac phan t&r nhé ciia mét cat tiét dién duoc
coi la lam viéc déng nhét, tirc 1a bién dang va (ng
suét trong m&i phan t& clia mét cét tiét dién 1a nhw
sau;

- Ap dung quy luat mat cét tiét dién phang déi voi
dam chiu uén [3, 15, 16];

- Duwéi tac dung tai trong, dam bj udn cong véi mot
phwong nao dé véi mét ban kinh cong nao dé.

V6&i nhivng quan niém vé tinh toan nhw vay, ta
chia mét cét tiét dién thanh nhiéu phan nhé nhw hinh
5. Chi s i, j la chi sé phan t& thir tw theo truc x va
truc y (theo truc x chia lam i phan, theo truc y 1a j
phan).

trong do:

- Zpyij: Zyyy 12 khodng céch tr tam phan td bé tong
dén truc y va truc x;

- Zy4:Zy; 1a khoang cach tir tam phan t& cot thép
dén truc y va truc x;

- M,,M, :md men clia dam déi v&i truc y va truc x.

Phuwong phap dwoc xay dung dwa trén co sé& mbi
quan hé cla trng suét va bién dang cla vat lieu bé
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\-gsij'Asij

Hinh 5. So’ @ mat céat phén to

tong va cdt thép, mébi quan hé nay dwoc st dung dén
vong lap cudi cling. M6 dun bién dang duoc xac dinh
béng cach nhan mé dun dan hdi véi hé sb dan hoi
twong ng. D& xac dinh mé dun bién dang cho méi
lan tinh to&n ta dung cac cong thirc sau:

Eui =V - Ep = -2 1
bij = Vbij "Eb = 1)
Ehij
O.::
Egj =vg -Es = gs” (2)

trong do: Ey;; Eg; - 1an lwot 1a mé dun bién dang
phan tl i, j cha bé téng va cbt thép.

Coéng thrc xac dinh cac gia tri ndi lwc cac dinh
theo [16]:

1 1
M, =Dy -—+Dp,-—+Dy3- 5 (3)
ry I"y
1 1
M, =Dy —+Dy-—+Dy-g @)
ry ry
1 1
N=Dy -—+D, -—+Dyy 5, (5)
ry ry

Trong do: &, 1a bién dang twong déi ctia gbc
toa dd dwoc chon, cac hé sb Dm,n;(m, n=12.3)

trong cac cong thirc (3, 4, 5) c6 thé dwoc viét lai
nhw sau:
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Duu =22 Aoy Zi By + 2.2 Ay 2
D, =ZZAb,J 22 - Ey +ZZAS,J
12—22/%” Ebu+ZZAsu
D, = ZZ}: Aiy * Ziyij - Epij + ZZAS,J
DZSZZ;AW byi Eb,J+ZZASU
Dy, ZZZ,-:AW - By +sz:Asij -

Bién dang twong dbi ctia mdi phan t&r bé tong va
cbt thép dwoc xac dinh theo cac cong thire (12), (13)
sau:

SXI j -

syl j -

-Z

bxij

sxij

syij

sij

1

Epij = —  Loij T — * Luyij T €0 (12)
ry ry
1 1

Esij :r_'zsxij +r_'zsyij + & (13)

X y

Trong lan tinh toan dau tién ta s& dung cé
dun bién dang E,ij; Egjj trong cac cong thuc( ) ( )
nhu sau:
BOi voi bé tong: Ey; =E, o (Theo tiéu chuan
Nga [16]);
Do v&i cot thép: Eyy; =E;.

Trong céc lan tinh toan tiép theo, phuwong phap
tinh toan dwoc lap lai nhwng gia tri moé dun bién dang

S

ij

su

sxij

si'

si'

(6)
(7)

Zyjij - B 8)

(9)
(10)
(11)

duwoc 14y theo cong thire (1) va (2). Két qua cudi ciing
cla bai toan la khi ma khéng ton tai do léch cta do
cong tam cac phan tl trong mé&t phéng uén, nhw vay,
bai toan sé c6 nhiéu Ian tinh toan, trong pham vi (rng
dung, két qua cda quéa trinh tinh toan dwoc chép
nhan khi d6 cong nhé hon 1%. Két qua ng suét -
bién dang cta bwéc dé duwoc chip nhan la két qua
cudi cung va bai toan tinh toan trang thai &ng suét
bién dang ctia méat cét két cau dworc két thic.

Thwe hanh tinh toan véi ddm chiu udn xién nhw
trén, qué trinh chia nhé mat cét tiét dién nhw hinh 6,
hé toa dd chon va toa dd trong tdm cac phan tr thé
hién nhw trén hinh 7, gbc toa d6 O duwgc chon & goc
bén trai phi trén tiét dién, truc X |1a truc dng huéng
xudng, truc Y la truc ngang.

113
100
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40
1510 30 10 30 1015 20
| ] ﬂ
L /" T /o
y t y
By B0 Sl DA R
— yion sz S ol
. A s . A
Y Sb \ ARERLIY2
- / ol 8 /
' R ' .
T N

1510 2510 25 25 25 25 25 12617

Hinh 6. Chia nhd phan ti tiét dién
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Hinh 7. Toa d6 cac phén to
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Vi 1 tiét dién hinh ch nhat nén ta sé dé dang
xac dinh dwoc cac thong sb vé kich thuac, dién tich,
toa d6 trong tam cla cac phan tl, trén truc x dwoc
chia l1am 12 phan, trén truc y 1a 7 phan. Bé don gian
héa cac tac gid da dé xuat st dung phép toan ma
tran dé xtr ly yéu cau va ching dwoc thanh 1ap trong
phan mém Mathcad 15.

Xb:= |foriel.m
for j el..n

Xbije17 if i=1

Xbije(ﬁ if i=2

Xbij<—12 if i=3

XbiJ.(—lO if i=9

XbiJ.(—lO if i=11

Xbij<—15 if i=12

Xbi i <« 25 otherwise

Xb

M6 men Ién nhét gitka ddm duwoc chon gia tri

M =5.10°N.mm, cac gia tri twong rng

M, =-4.698-10°N.mm, M, =1.71-10°N.mm

(v&i gia gia thiét géc nghiéng cla lwc tac dung Po

bang 20°) lwc doc N =0. V&i cac tham sé m=12,

n=7ta c6 ma tran kich thwéc cac phan t& bé tong
theo truc X va truc Y nhuw sau:

Yb:= |foriel.m
for jel.n

Ybij<—15 if j=1vj=7
Ybij<—10 ifj:zvj:GVj:4

Ybij(—30 ifj=3vj=5

Yb

Ma tran khodng cach tlr cac tAm clia cac phan tlr dén céac truc toa d6 va ma tran dién tich bé téng:

Zbx = |for iel..m
for jel..n
Zbx. . « 8 ifi=1

bei.<—20 if i=2
bei.<—29 if i=3
Zbx. .« 47 if i=4
bei.<—72 if i=5

Zbx. .« 97 if i=6

bei,j « 122 if i=7
bei,j « 147 if i=8
bei,j « 165 if i=9
bei,j « 182 if i=10
bei,j « 200 if i=11
if i=12

bei .« 213

Zbx

28

Zby = |for iel..m
for jel..n
Zbyij<—8ifj:1
Zbyij<—20 if j=2
Zbyij<—40 if j=3
Zbyij<—60 if j=4
Zbyij<—80 if j=5
Zbyi’j<—100 if j=6
Zbyij<—113 if j=7
Zby

Tap chi KHCN Xay dung - sé 2/2020
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Ab = [foriel.m
for jel..n

“Ab _« Xb. .-Yb. .
1,] 1,] 1,)

“Ab. A, —As.
i, ij i

>

Ny
Ab
Ma tran mé dun dan hdi va dién tich cét thép, cac vi tri khdng c6 cbt thép thi bang 0.

Es = |for iel..m

for j el..n

ESij(—ESZZ if iz2Aj=6)vi=j=2

Esi i < 0 otherwise

Es
As = [foriel.m
for j el..n
ASij(—PGQZ if (Iz9Aj=2)v(iz=11Aj=2)v (i=11Aj=4)vi=1llAj=6
Nil-(—ASZZ if i=z=2Aj=6)vi=j=2
Asi i < 0 otherwise
As

Ma tran bién dang ca cac phan bé tong va cbt thép thu duwoc nhw sau:

1 1
eb = —-Zby + —-Zbx+ &0

rx ry
Ma tran bién dang ctia cac phan t& thép:
e = |for iel..m
for jel..n

1 1
&. . « —-Zsy. .+ —-Z'sX.
1] rx LIy L

1 1
€. . « —Zsy. .+ —Zsx. . +€e0 if (i=2Aj=6)vi=j=2
1,] rx 1] ry 1,]

&, i < 0 otherwise

€S

Ma tran tng suat twong trng trong cac phan tl tiét dién bé téng va cét thép:
obh = |foriel.m

for jel..n

o, 0 if &b, . <3510 v b, ;> 15100

5>

5

>

ob, , < —Ro if 23510 ° < @, < 1510 °

> s

ob, ; < eb; -Ebred if (151073 <eb; <0

ob. . <« ¢b. >
ij i

s>

J.~Ebtred if 0 <abi j <810

5>

ob, ; < Rot if 810" ° <eb,  <1510°

> b}

5

ob
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ESij<—E592 if (iz9Aj=2)v (iz11Aj=2)v(i=zllAj=4d)vi=z1llAj=6

J.+80 if (Iz9A]j=2)v(i=z1lAj=2)v(i=z1llAj=4)vi=llAj=6
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os = |foriel..m
for jel..n
. -3 -3
cssij<—0 |fssij<—25~10 vasij>25~10
. -3 -3
oS, i <~ —-Rs if -25.10 SSSi i <-1.75-10
. -3 -3
cs. . « s, -Es. . if —(1.75-10 )<ss. . <1.75-10
1] 1,] 1,) 1,]
. -3 -3
F i <« Rs if 1.75-10 ggsi i <25-10
oS

Sau khi tinh dwoc ma tran (ng suat va bién dang céc phén ttr, ta tiép tuc tién hanh thwc hién cho lan tiép
theo, lic nay mé dun bién dang clia chlng sé thay doi, va két qua thu dwgc nhw sau (bang 5, 6):

Eb:= |for iel..m Es:= |for iel..m
for jel..n for jel.n
Gb.. GSij
Eb I.) Bs. .« —= if (iz9Aj=2)v (i=1llAaj=2)vi=1lAj=4
i,j b 1) g, .
i )
oS. .
Eb ES, | — i (211 Aj=6)v (i=2Aj=6)vizj=2
) SSLJ
Esij<—0 otherwise
Es

3. Két quatinh toan

Gi4 tri wng suét, bién dang, mé dun bién dang
cla bé téng va cbt thép dwoc thé hién trong céc
bang, két qua tinh dwoc lay tv phan mém MathCad

15, cac bang két qua dwoc hiéu nhw moét ma tran co
12 hang va 7 c6t, va gia tri trong mdi 6 cta bang
twong (ng Vi gia tri tai tAm cac phan tl tiét dién nhw
hinh6va?7.

Két qud tinh toan cho lan th nhat nhan dwoc nhw sau: 1 5239.10° . L 153310,
X ry
g, =1.996-10". Toa do trong tam tiét dién: X, =128mm; Y, =56.8mm.
Bang 1. Bién dang tai tam cac phan tr bé tong lan thi nhét
1 2 3 4 5 6 7
1 -3.63E-4 -4.17E-4 -5.06E-4 -5.95E-4 -6.84E-4 -7.74E-4 -8.32E-4
2 -2.85E-4 -3.38E-4 -4.28E-4 -5.17E-4 -6.06E-4 -6.96E-4 -7.54E-4
3 -2.26E-4 -2.8E-4 -3.69E-4 -4.58E-4 -5.48E-4 -6.37E-4 -6.95E-4
4 -1.09E-4 -1.62E-4 -2.52E-4 -3.41E-4 -4.3E-4 -5.19E-4 -5.77E-4
5 5.44E-5 8.51E-7 -8.85E-5 -1.78E-4 -2.67E-4 -3.56E-4 -4.14E-4
6 2.17E-4 1.64E-4 7.46E-5 -1.47E-5 -1.04E-4 -1.93E-4 -2.51E-4
7 3.81E-4 3.27E-4 2.38E-4 1.48E-4 5.9E-5 -3.03E-5 -8.83E-5
8 5.44E-4 4.9E-4 4.01E-4 3.11E4 2.22E-4 1.33E-4 7.47E-5
9 6.61E-4 6.07E-4 5.18E-4 4.29E-4 3.39E-4 2.5E-4 1.92E-4
10 7.72E-4 7.18E-4 6.29E-4 5.4E-4 4.5E-4 3.61E-4 3.03E-4
11 8.89E-4 8.36E-4 7.46E-4 6.57E-4 5.68E-4 4.78E-4 4.2E-4
12 9.74E-4 9.2E-4 8.31E-4 7.42E-4 6.52E-4 5.63E-4 5.05E-4
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Bang 2. Bién dang tai tam cac phén ti cét thép 14n thir nhét

1 2 3 4 5 6 7
1 0 0 0 0 0 0 0
2 0 -3.38e-4 0 0 0 -6.06e-4 0
3 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0
9 0 6.07e-4 0 0 0 0 0
10 0 0 0 0 0 0 0
11 0 8.36e-4 0 6.57e-4 0 4.78e-4 0
12 0 0 0 0 0 0 0
Bang 3. Unhg suét tai tam cac phan ti bé téng |&n thir nhat
1 2 3 4 5 6 7
1 -2.057 -2.360 -2.866 -3.373 -3.879 -4.385 -4.714
2 -1.613 -1.917 -2.423 -2.929 -3.435 -3.941 -4.270
3 -1.281 -1.584 -2.090 -2.596 -3.103 -3.609 -3.938
4 -0.615 -0.919 -1.425 -1.931 -2.437 -2.943 -3.272
5 0.510 0.008 -0.501 -1.007 -1.513 -2.020 -2.348
6 0.000 0.000 0.699 -0.083 -0.590 -1.096 -1.425
7 0.000 0.000 0.000 0.750 0.553 -0.172 -0.501
8 0.000 0.000 0.000 0.000 0.000 0.750 0.700
9 0.000 0.000 0.000 0.000 0.000 0.000 0.000
10 0.000 0.000 0.000 0.000 0.000 0.000 0.000
11 0.000 0.000 0.000 0.000 0.000 0.000 0.000
12 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Bang 4. Uhg suét tai tam cac phén t cét thép lan thir nhét
1 2 3 4 5 6 7
1 0 0 0 0 0 0 0
2 0 -67.7 0 0 0 -121 0
3 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0
9 0 121 0 0 0 0 0
10 0 0 0 0 0 0 0
11 0 167 0 131 0 95.7 0
12 0 0 0 0 0 0 0
Bang 5. M6 dun bién dang ctda cac phan tdr bé tong sau |&n tinh thi nhat
1 2 3 4 5 6 7
1 5667 5667 5667 5667 5667 5667 5667
2 5667 5667 5667 5667 5667 5667 5667
g 5667 5667 5667 5667 5667 5667 5667
4 5667 5667 5667 5667 5667 5667 5667
5 9375 9375 5667 5667 5667 5667 5667
6 0 0 9375 5667 5667 5667 5667
7 0 0 0 5057 9375 5667 5667
8 0 0 0 0 0 5650 9375
9 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
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Bang 6. M6 dun bién dang ciia cac phén tir cét thép sau l4n tinh thee nhat

1 2 3 4 5 6 7

1 0 0 0 0 0 0 0

2 0 2.00E+05 0 0 0 2.00E+05 0

3 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0

9 0 2.00E+05 0 0 0 0 0

10 0 0 0 0 0 0 0
11 0 2.00E+05 0 2.00E+05 0 2.00E+05 0
12 0 0 0 0 0 0 0

Tién hanh tuong tw céc budc nhw trén, véi sw thay déi ctia mé dun bién dang ta thu duoc két qué nhw

sau:

1

Két qua tinh toan cho Ian th& hai nhan dwoc nhw sau: — = -1.8.107°, 1 _117.10°, g, =1.145-10".
r
y

X

Toa d6 tam trung hoa tiét dién: X, =111mm; Y, =58.9mm.

Do léch clia nghich dao ban kinh cong:

-1.8-10°+2.239-10"°

1533.10°-1.17-10°°

S = ~19.6%: 5. =
a —2239-10° ° On

hanh tinh toan cho lan tiép theo.

1.533-10° =23.67%) v6i két qua nay can tién

Két qud tinh toan cho |an th&r ba nhan dwoe nhw sau: 1 ~181-10°, £ —115.10°, £ =1.04-10".
r
y

r

X

Toa do trong tam tiét dién: X, =111mm; Y, =58.5mm. Ma tran bién dang cla cac phan bé tong va cot thép

thu dwoc nhuw sau.
Do léch clia nghich dao ban kinh:

~ -1.8:10°+1.81-10°

=0.56%; 5, =

1.17-10°-1.15-10"°

=1.7%, v&i két qua nay can tién hanh

T -18.10°
tinh toan cho lan tiép theo.

1.17-10°

Két qua tinh toan cho 1an th tw nhan dwoc nhwsau:£=—1.81-10‘5, i:1.15_10,5’ & =1.04-10".

r, r,

Toa d6 trong tam tiét dién: X, =111mm; Y, =58.5mm. Ma tran bién dang cla cac phan bé tong va cot thép

thu dwoc nhu sau.
Do Iéch clha nghich dao ban kinh:

-1.81-10° +1.81-10°°

1.15-10°-1.15-10"°

=0%, v&i két quéa nay bai toan hoi tu,

5X1= :0%, 5)/1:

) ) -1.8-10°
két qua dwgc chap nhan.

Két qua trang thai trng suét, bién dang cla céc
phan t&r bé téng, cbt thép trén mat cat tiét dién nguy
hiém nhat ctia dam chiju ubn xién dwoc thé hién trong
cac bang két qua sau:

Bang 7 thé hién bién dang twong dbi tai tam cac
phan t& bé tong.

32

1.15-10°°

Bang 8 thé hién bién dang twong dbi ctia cét thép.

Bang 9 thé hién (rng suét tai tam cac phan t& bé
téng.

Bang 10 thé hién (ng suét tai cAc phan t&r cbt
thép.

DPén day, qua trinh tinh toan trang thai &ng suét
bién dang ctia dam bj udn xién dwoc coi la két thac.
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Bang 7. Bién dang tuong déi cda cac phén ti bé tong sau l&n tinh thir 4

1 2 g 4 5 6 7
1 -2.91 -3.29 -3.92 -4.54 -5.17 -5.79 -6.2
2 -2.32 -2.7 -3.32 -3.95 -4.58 -5.2 -5.61
3 -1.88 -2.25 -2.88 -3.51 -4.13 -4.76 -5.17
4 -9.88e-1 -1.36 -1.99 -2.62 -3.24 -3.87 -4.28
5 4.07e-1 -1.3e-1 -7.56e-1 -1.38 -2.01 -2.63 -3.04
6 0 0 7.5e-1 -1.48e-1 -7.74e-1 -1.4 -1.81
7 0 0 0 0 7.5e-1 -1.66e-1 -5.73e-1
8 0 0 0 0 0 0 7.5e-1
9 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0

Bang 8. Bién dang tuong déi cia cac phén td cét thép sau I&n tinh thir 4

1 2 3 4 5 6 7
1 0 0 0 0 0 0 0
2 0 -95.2 0 0 0 -162 0
3 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0
9 0 157 0 0 0 0 0
10 0 0 0 0 0 0 0
11 0 218 0 174 0 130 0
12 0 0 0 0 0 0 0

4. Thao luan két qua va thao luan

Quan sat vao bang két qua &ng suét tai cac phan
tlr bé tong cbt thép, cac gia tri twong ng v&i cac vi
tri phan t& dwoc chia nhd, ta thdy cac vét nit xuét
hién & phan phia dwdi dam, cac vét nit bén trai dai
hon cac vét nit ndm bén phai tiét dién. Ung suét
trong phan nén bé téng va trong cbt thép (ca kéo va
nén) chwa dat dén cwong do tinh toan. Vi vay dam
thda man diéu kién dd bén (Trang thai gi¢i han 1).

Pudng trung hoa dbi véi tiét dién dam ubn xién
khong giéng v&i dam udn phang, né bi nghiéng so
v&i phwong ngang mét géc nao do.

V6i két qua thu dwoc, ta co thé rat ra nhirng két
luan sau:

- Phuwong phép tinh toan cla bai viét nay trinh bay
cach tinh toan trang thai (rng suét biét dang cta dam
BTCT chiu uén xién, cung véi vi tri xuat hién viét nt;
- Phuong phép nay co thé ap dung cho cac trudng
hop dac biét khac;

- Két qua cubi cung thé hién dwoc cach chon vat
liéu, bé tri cbt thép hop ly hay chua, tir d6 chinh stra
lai két qua thiét ké so bd ban dau;

Tap chi KHCN Xay dung - s 2/2020

- Sosanh véi TCVN 5574:2012 thi so bd danh gia
la két qua co6 sw phi hop vé phwong dién vi tri kéo,
nén, cling nhw dang dwdng trung hoa cua tiét dién
thang géc;

- V6i cach giai quyét bai toan la chia nhé phan ti
tiét dién thi kich thwéc cang nhd, ta cang thu duoc
két qué cang chinh xac, nhwng néu nhw vay thi khéi
lwgng bai toan I&n hon, trong pham vi ky thuat xay
dwng c6 thé khéng can chi y dén viéc chia phan t&
quéa nhd ma két qua van dwoc chap nhan.
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Calculation of reinforced concrete beam under oblique bending used by non-linear deformation model
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