KET CAU - CONG NGHE XAY DUNG

MO PHONG VET NUT DAM BE TONG BANG PHUONG PHAP
MO HINH LO XO THAN CU'NG (RBSM)
SIMULATION OF CONCRETE BEAM CRACKS USING
THE RIGID-BODY SPRING MODELING METHOD (RBSM)

PHAM NGUYEN HOANG2* NGUYEN QUANG PHU?

aTrwdng Dai hoc Thay loi
*Tac gia dai dién: Email: hoang.kcct@tlu.edu.vn

Ngay nhéan 11/11/2025, Ngay stra 27/12/2025, Chdp nhan 30/12/2025

https://doi.org/10.59382/j-ibst.2025.vi.vol4-1

Tém tat: Bai béo trinh bay phuong php mé
phdéng sw hinh thanh vét nit trong ddm bé téng théng
qua mé hinh I6 xo than cting (RBSM) hai chiéu, dwoc
xay dung va phén tich trén nén tang phan mém
SAP2000. M6 hinh str dung dé khdo sét la ddm bé
téng co tiét dién 5x10 cm, dai 50 cm, chju tai phan b
déu. D&m duoc chia thanh cac phén td don vi ¢cé kich
thuée 2 cm, mé phdng bang céc nut khéng bién dang
lién két v&i nhau théng qua céc 16 xo ¢ doé cung duoc
xac dinh théng qua mé dun dan héi cua bé téng.
Phan tich trong SAP2000 vé&i gia tri tai phén bd
1 kN/m dén 6 kN/m cho thay luc doc phét sinh trong
céc 1o xo tang tuyén tinh theo tai trong. Phén ti 16 xo
nguy hiém nhét ndm & gitra va phia dwéi dédm - noi
c6 luc kéo I6n nhéat. Bang cach so sanh luc kéo I16n
nhét trong 10 xo véi gia tri khd ndng chiu kéo cta phéan
tr bé tong, két qua xac dinh dwoc tai trong géy nut
dam Ia 4,61 kN/m. Ngoai ra viéc tinh todn mé men
gay nurt tinh toan theo tiéu chudn TCVN 5574:2018
ciing duoc thuc hién, cho thdy sw tuong dong vé két
qua, qua dé xac nhan do tin cédy va tinh kha thi cua
phuwong phap mé hinh héa RBSM trong viéc dw doan
vi tri va tai trong gay nit. M6 hinh RBSM thé hién
tiém néng trng dung trong phén tich co hoc phéa hoai
cla két cdu bé tong, déc biét phu hop trong béi cénh
cén mé phdéng chi tiét sw hinh thanh va phét trién cta
vét nirt & cap dé céu kién.

Tw khéa: M6 hinh 16 xo nut ciing (RBSM), mé
phdng vét nurt, phén to roi rac

Abstact: This paper presents a method for
simulating crack formation in concrete beams using
a two-dimensional Rigid Body Spring Model (RBSM),
developed and analyzed based on the SAP2000
software platform. The investigated model is a B20
concrete beam with a cross-section of 5x10 cm and
a length of 50 cm, subjected to uniformly distributed
loading. The beam is discretized into unit elements
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with a size of 2cm, modeled as rigid nodes
interconnected by linear springs whose stiffness is
determined from the elastic modulus of concrete.
Analysis under some distributed load levels, from
1 kN/m to 6 kN/m, shows that the axial force in the
springs increases linearly with the applied load. The
critical spring elements are located at the mid-span
and bottom of the beam-where tensile stress is
highest. By comparing the maximum tensile force in
these springs with the tensile strength of concrete,
the cracking load is determined to be 4.61 kN/m. The
results obtained from the RBSM simulation are
compared with the cracking moment calculated
according to TCVN 5574:2018, revealing a close
agreement. This confirms the reliability and feasibility
of the RBSM approach in predicting both the location
and magnitude of cracking loads. The RBSM
demonstrates strong potential for application in the
fracture mechanics analysis of concrete structures,
particularly in scenarios requiring detailed simulation
of crack initiation and propagation at the component
level.

Keywords: Rigid Body Spring Model (RBSM),
Crack simulation, Discrete elements

1. Téng quan

Trong vai thap ky gan day, nhu cau mé phéng
chinh xac sy pha hoai va hinh thanh vét nit trong vat
liéu gion, dac biét la bé téng, da thuc déy sy phat
trién manh mé clia cac phwong phap mé hinh sé phi
tuyén. Trong sb d6, cac mé hinh phan t& roi rac da
chirng t& wu thé ndi bat khi x ly cac qua trinh bién
dang khéng lién tuc, gay dut, tach I&p hoac pha vé
tirng phan - nhitng hién twong ma cac phwong phap
truyén théng nhw phan t& hiru han (FEM) gap kho
khan trong viéc biéu dién chinh xac. Cac mo hinh
phan t& r&i rac dwoc xay dwng dwa trén y twéng rang
vat liéu c6 thé dwoc chia thanh cac phan t& riéng biét,
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twong tac v&i nhau théng qua cac lién két hodc tiép
xuc. Nhirng mé hinh nhw md hinh phan t& r&i rac
(Discrete Element Method - DEM), mé hinh mang
lwdi (Lattice Models), md hinh phan t& gian doan
(Discontinuous Deformation Analysis - DDA) va mo
hinh 16 xo than ctng (Rigid Body Spring Model -
RBSM). RBSM 1a mét trong nhirng mé hinh néi bat
trong nhém nay, cho phép mé phéng sy hinh thanh,
lan truyén cta cac vét nt trong vat liéu gion mot
cach hiéu qua, phu hop véi két cdu bé tong. M6 hinh
RBSM dwoc xay dwng trén nguyén ly chia vat thé ran
thanh cac phan tlr khong bién dang. Cac phan tir nay
duoc lien két véi nhau thong qua hé [0 xo dan hdi tai
bién tiép xuc. Khi vat thé chiu tai, cac 6 xo sé truyén
lwc gitra cac phan tir va pha hly xay ra khi lyc trong
10 xo vwot nguwdng téi han, dwgc xac dinh tr dac
trwng vat liéu. Mot trong nhirng wu diém I&n nhét cua
RBSM Ia kh& nang mé phdng truc tiép sy hinh thanh
va lan truyén vét nirt ma khéng can ky thuat tai tao
lwéi nhw trong FEM. Vét n&¢t dwoc hinh thanh ty
nhién khi cac 10 xo bj dirt va cd thé lan theo bat ky
hwéng nao tuy thudc vao mang lwéi phan ti.

Trong nghién ctru ctia mot sb tac gid trén thé
gidi, cac dang md hinh phan t& r&i rac da dwoc ap
dung thanh cdng d& mé phéng sw nirt gay trong dam
bé téng chiu udn, v&i két qua gan véi quan sat thuc
nghiém. Tw khi dwgc gidi thiéu, RBSM da duoc
nhiéu nha nghién ctru s& dung d& mo6 phéng cac bai
toan pha hly trong vat liéu gion, dac biét la bé tong.
Kawai (1978) 1a nguwdi diu tién trinh bay co sé ly
thuyét vé mé hinh phan tl roi rac méi nham phan
tich tng x&r ddng cuia két cAu chiju tac dong dong dat
[15]. Cundall (1979) gigi thi€u m6 hinh cho hat r&i
[14]. Bolander (1998) phat trién RBSM trén mang
Voronoi mé phéng vét nit [13]. J.E.Bolander (2001)
m& rong thanh RBSN, tich hgp mé hinh dai nit dé
kiém soat kich thuwéc phan tir [12]. K. Nagai (2002)
ap dung RBSM 3D cho vira va bé téng, khéng dinh
tiém nang dw doan dinh lwong [11]. Yip, M (2005)
phat trién phwong phap md hinh héa 3D véi mang
Voronoi, md phéng chinh xac cbt thép va (rng xtr dam
dy ng Iyc [10]. Jan Elias (2008) so sanh mang
thanh kéo va RBSN, chira wu thé RBSN trong tai hén
hop [9]. Xianglin Gu (2013) xét dén tiép xuc sau khi
16 xo bi pha hily, mé phdng ba pha bé téng, két qua
cho thay khuyét tat lam giam co tinh, déng thdi phan
tich théng ké chi ra anh hwéng 16n cia cbt liéu [8].

4

Fuyuan Gong (2018) xay dwng mé hinh vi mé, trung
mé danh gia anh hwdng ctia déng bang, két qua phu
hop v&i thuwe nghiém [7]. Zhao Wang (2019) ap dung
RBSM truc déi xixng méd phdng suy gidm lién két cbt
thép - bé tong do dong bang, ra déng [6]. Yuliia
Khmurovska (2021) trinh bay mé hinh 2D-RBSM dy
doan gidn né thé tich do birc xa [4]. Vito Tateo (2021)
so sanh FEM va RBSM trong phéan tich twdng chiju
va dap, cho thay vai trd cta I8 mém [5]. Kumar Avadh
(2022) dung 3D RBSM mé phdng suy gidm lién két
cbt thép - bé téng sau &n mon, nhan manh tm quan
trong cta yéu té chiéu cao go thép [3]. Binbin Gong
(2024) dé& xuét md phdng sb bang RBSM va Voronoi
dé dy doan phat trién vét nirt trong bé téng cét thép,
kiém ching trén dam va tdm bé tong [1]. Dawei Ren
(2024) tich hop 3D RBSM vai md hinh d&n &m d& md
phdng ddng thdi nit va thAm am, két qua so sanh
phu hop thi nghiém [2].

Tai Viét Nam, tuy it cdng bbé vé RBSM nhwng da
c6 moét s nghién cru phan t& roi rac. L.B.Danh
(2018) mo phdng 3D sy phat trién vét nit dam bé
téng bédng DEM véi cac hat hinh ciu, phan anh ding
trng x& vat liéu [19]. V.T.Trung (2021) ap dung DEM
nang cao cho vat liéu khdng béo hoa, tich hop lwc
mao dan, md phéng nén khéi, va cham; két qua phu
hop thwe nghiém [18]. H.T.K.Thoa (2023) khang dinh
tinh vwot troi ngay cang ré rét ca phwong phap phan
tlr roi rac so véi FEM [16].

2. Kha nang tvng dung SAP2000 cho mé6 hinh
RBSM

Trong nghién ctu nay, mé hinh RBSM duorc trién
khai trong méi trudng phan mém SAP2000, la mot
c6ng cu phan tich két cAu théng dung trong nganh Xay
dung. M&c du SAP2000 khéng dworc thiét ké chuyén
biét cho phan tich r&i rac, tuy nhién phdn mém nay ¢
nhiéu d&c diém cho phép hién thyc hoa dwoc mot mod
hinh RBSM 2D & mtrc co’ ban, nhé vao kha nang moé
phdng céc lién két phi tuyén, dinh nghia phan t&r 16 xo
véi dac tinh co hoc tuy chinh, cling nhw trich xuét dir
liéu chuyén vi, néi lwc mét cach chi tiét tai tivng phan
ttr. Trong md hinh dé& xuat, méi phan t& don vi dwoc
biéu di&n bang mét nat trong SAP2000. Céc lién két
dan héi gitra cac nut nay dwoc mé phdng bang phan
t 16 xo. Trong do, dd cirng phap tuyén (kn) cla cac
phan t& 16 xo dwoc tinh toan dwa trén dac trung co
hoc clia bé tdng (mé dun dan héi E, dién tich mat tiép
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xuc gitra 2 phan t& don vi d&t canh nhau va khoang
cach gilra cac nut).

M6t trong nhirtng wu diém ndi bat cha viéc s
dung SAP2000 la kha nang triec quan héa mé hinh,
dé thao tac déi véi nguwdi dung phd théng va phu hop
dé trién khai cac nghién ctru so cép, gidng day hoac
kh&o sat ban dau vé d3c diém hinh thanh vét nit
trong két ciu. D@ liéu két qua tr SAP2000 c6 thé
dworc trich xuét va phan tich bang cac cong cu nhw
Excel ho&c Matlab, cho phép nghién ctru sau hon vé
co ché phat trién vét nirt theo thoi gian hodc dwoi
céac t6 hop tai khac nhau. Mac du SAP2000 khéng hd
tro trwc tiép tao lwdi Voronoi, 1a cu tric lwdi tién tién
trong RBSM, nhung nguwdi dung hoan toan cé thé tao
thd cong hodc st dung phdn mém hd tro ngoai dé
sinh lw®i, sau d6 nhap vao SAP2000 thdong qua tap
tin dinh dang *.s2k hoac API [17].

Viéc trién khai mé hinh RBSM trén SAP2000
cling d&t ra mot sb thach thirc nhét dinh. Thé nhét,
phan t&r 16 xo trong SAP2000 khéng cho phép tach
r&i hoan toan gitra cac nut khi [0 xo bi pha hoai, do
doé can co k¥ thuat gia 1ap viéc dut 16 xo béng cach
gidm dd ctrng vé 0 hodc str dung ngwdng lwc téi han.
Th hai, SAP2000 khéng c6 co' ché tu ddng cap nhat
mod hinh khi xay ra pha hoai, do d6 khéng phu hop
cho cac md phdng déng cé tinh thay déi hinh hoc
theo th&di gian. Tuy vay, trong cac nghién ctu tinh
tuyén tinh tdng dan hodc phan tich theo tirng bwédc
tai, mé hinh nay cho két qua phu hop va dang tin cay
trong pham vi khdo sat. Trong cac trwdng hop nay,
viéc s dung phan mém quen thudéc nhw SAP2000
giup giam th&i gian lam quen, tan dung hé sinh thai
xW ly di¥ liéu s8n cé, déng thdi giup ngudi dung bwdc
dau tiép can véi tw duy md hinh réi rac moét cach truc
qguan va hiéu qua.

Nhw vay, cé thé thay rang viéc tich hop méd hinh
16 xo lién két cac nut clng trong SAP2000 1a hoan
toan kha thi, phu hgp cho viéc mé phéng qua trinh
hinh thanh va phat trién vét nirt trong dam bé tong.
Mac du con ton tai mot sd gidi han so véi cac nén
tdng chuyén biét hay ma ngudn tuy chinh bang
Python/Matlab, nhwng SAP2000 lai ¢ lgi thé vé tinh
dé st dung, kha nang trinh dién mé hinh va tinh linh
hoat trong xay dwng phan t. Viéc tan dung mé hinh
nay cé thé gitip nghién cru sau hon vé phan bb rng
suét, xac dinh viing tap trung bién dang, va tir d6 phat
trién cac mé hinh nang cao hon phuc vu muc dich
thwe tién. Pay la mét bwdc di hiéu quéa trong hwédng
tiép can mo hinh roi rac tir phadn mém phé théng téi
cac cong cu chuyén sau hon.
3. M6 phéng dam bé tong theo phwong phap
RBSM trong SAP2000
3.1 Dac trrng hinh hoc va vét liéu dam bé téng

Chon méau dam bé téng cé chiéu dai L = 50cm,
tiét dién b = 5cm, h =10cm dé nghién clru khao sat
(Hinh 1). Viéc Iwa chon dam c¢6 kich thwédc twong dbi
nhd nhw trén dé giam tai khéi lwong tinh toan trong
phan mém, déng thoi twong déng véi kich thuéc
mang tinh tiét kiém vat liéu ciia cac mau dam bé téng
dwoc ché tao trong phong thi nghiém. Bé don gian
hoa viéc tinh toan coi nhw vat liéu bé téng duwgc xem
xét nhw vat liéu dan hdi tuyén tinh, cé cac dic trung
vat liéu cha bé téng la: moé dun dan hdi ctia bé téng,
E = 27,5Gpa; hé sb Poisson, v = 0,2 (twong dwong
gan gibng voi vat liéu bé tong B20); cwdng dd chiu
tinh toan chiu kéo doc truc Rkeo = 1,35MPa. Dam bé
tdéng trong nghién ctru nay dwgc xét nhw la mé hinh
dam don gian hai dau khéop. Tai trong tac dung lén
dam la tai phan bd déu, gia tri tai trong phan bb déu
khao sat s& tr 1kN/m dén 6kN/m (tinh ca trong lvong
ban than cta dam).

o

L

Hinh 1. Ddm bé téng khao sét trong bai bao

Chia nhé ddm thanh cac phan t& don vi la cac da gidc cé kich thwéc mdi canh la 2cm nhw
Hinh 2. M&i phan t& don vi s& dwoc md phdng nhw 1 nat, cac nat sé lién két véi nhau théng qua céac 16 xo céd

dd cirng kn (cdng thirc 1).
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Hinh 2. Chia d4m thanh céc phén t& don vj
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Hinh 3. M6 hinh dédm thanh cac diém nut néi véi nhau qua céac 16 xo

3.2 Théng sé 1o xo trong mé hinh EA 2750%*5,77
I x J . k,=—=———"—="7939%N /cm (2)
D6 crng mai 16 xo dwore xac dinh theo cong thire (1). L
K — EA ) 3.3 Xay dwng mé hinh trong SAP2000
=—
L

. g T di li&u mé hinh dam trong Hinh 3 va két qua
rong do: )
g . . dd crng 10 xo trong cdng thirc (2), tien hanh mé hinh
A - dién tich tai mat tiép xuc gilra hai phan tir, A

=5,77 cm?;

L - chiéu dai 5 xo, L = 2cm;

E - m6 dun dan héi cla bé téng, E = 27,5GPa =
2750 kN/cm?,

Thay vao céng thire (1) tinh dwoe gia tri dé cirng
16 X0 Kkn:

cac nat va cac 16 xo lién két trong phdn mém
SAP2000. Két qua thu dwoc thé hién trén Hinh 4, voi
tdng cong 137 nut va 339 lién két dang 16 xo. Phan
t&r 16 xo phia duéi va & gitra c6 sb hiéu la 299, day
sé [a 16 xo chiju lwc kéo Ién nhat khi khdo sat mo hinh
(Hinh 4, Hinh 6).
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Hinh 4. M6 hinh d4m bé téng thong qua nut ciing va Io xo trong Sap2000

Xét trwrng hop dam bé téng chiu tai trong phan  tap trung tac dung 1én cac nut & mét trén cung. Gia
bd déu: g1 = 1 kN/m, khi d6 quy déi tai thanh cac lwc tri clia cac lwc tap trung dé la: P; = 0,02 kN (Hinh 5).

Hinh 5. T&i trong tac dung 1én ddm quy dbi vé lurc tép trung tai céc diém nat phia trén
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Tién hanh phan tich md hinh trong SAP2000, két qua d6 I&n cla lwc doc trong cac 16 xo thé hién & Hinh 6.

\ e

8o oo o B 3B

2 *1" A 8% B, By & -; 2ty
o i i

%, o, 2, Bths S, \cial N,
2 & 2 .L$e7 5:,15__.\5.14% g

; = 5@%&—%}

Hinh 6. Lwc doc sinh ra trong cac 10 xo (don vi: N)

Nhan thay két qua lwc kéo 1&n nhat xuét hién
tai phén t&r 10 xo 299 trong md hinh (xem lai vi tri
trong Hinh 4). Pay 1a phan t& nam & vj tri phia
dwdi va & gitva dam. Gia tri dd 1&n cla luc doc
trong phan t&r 16 xo 299 rng v&i trwdng hop tai
trong phan b déu 1kN/m, 2kN/m, 3kN/m, 4kN/m,

5kN/m va 6kN/m tac dung lén mat trén cia dam
twong ng lAn lwot 1a 0,169 kN, 0,338kN, 0,507
kN, 0,676 kN, 0,845 kN va 1,104 kN. Bang 1 thé
hién gia tri tdi phan b6 déu tac dung lén mat trén
clGia dam va gia trj lwc doc twong &ng tai phan tor
10 xo0 299.

Bang 1. T3i trong tac dung lén ddm va luc doc trong 16 xo gitka dadm

STT Tai phan bb g (kN/m) Lwc doc trén phan t&r 299 Ni (kN)
1 1 0,169
2 2 0,338
3 3 0,507
4 4 0,676
5 5 0,845
6 6 1,014

3.4 Xac dinh Iwc doc pha hoai Io xo va tai trong
gay niet trong dam bé tong

Kha nang chiu lwc kéo cla 16 xo chinh la lwc doc
gay nit clia phan tlr bé téng tai vi tri d6, gia tri dwoc
xac dinh theo cong thirc (3).

Nnut= Rieo *A (3)
trong dé:

Rkeo - crdng d0 chiu kéo clia bé téng, Rkeo = 1,35
MPa = 0,135 kN/cm?;

A - dién tich mat tiép xuc gitra hai phan ti, A =
5,77 cmZ2,

Thay vao cong thirc (3) tinh dwoc gia tri Npus:
Npue=0,135*5,77 = 0,779 kN (4)

Khi lwc doc trong 16 xo dat dén gia tri N = N,
néu tiép tuc tang tai trong tac dung lén dam thi 16 xo
sé vuot qua kha nang lam viéc va bj dit, twong trng
khi d6 dam bé téng sé bi nut.

Dwa vao két qué Bang 1 c6 thé thiét lap biéu db
quan hé cula tai trong phan bd déu g;tac dung lén
dam bé tong va lwc doc N; xuét hién trong 16 xo ndm
tai vi tri bén duwdi va & gitka cia mé hinh dam. Két
qua thé hién & Hinh 7.

=
PN

0,779

o © o o
o o

o N O~

Luc doc trong 16 x0 299 Ni (kN)

0 1 2

4 4615 6 7

Tai phan bd déu q; (KN/m)

Hinh 7. Biéu dé quan hé tai phan bé va luc doc trong phén ti 16 xo gitka dédm
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Dwa vao biéu dd, suy ra dwoc tai phan bb déu
tac dung 1én mat trén cta dam (ng véi luc doc gay
NGt Nyt = 0,779 kN 1a: gnut = 4,61 KN/m.

4. Xac dinh mé men gay nit trong dam bé téng
theo TCVN 5574-2018

Tiéu chudn TCVN 5574:2018 - Két ciu bé tong
va bé téng cbt thép - Tiéu chuan thiét ké& [20] 1a van
ban quy pham k¥ thuat quéc gia quy dinh cac nguyén
tdc va yéu ciu co ban trong thiét ké& két cu bé tong
va bé tong cbt thép toan khdi hodc 1&p ghép chiu tac
dong cua tai trong tinh, déng va méi trwdng. Tiéu
chuén nay dwoc bién soan trén co s& ké thiva TCVN
5574:2012 va cap nhat cac tién bd khoa hoc ky thuat
hién dai trong Iinh vuc thiét ké két cdu, cé tham khao
mot sb ndi dung tir tiéu chuén Eurocode 2 va cac hé
théng thiét ké qudc té khac. TCVN 5574:2018 ap
dung cho ca két cAu chiu lwc chinh va két cau phu
trong cong trinh dan dung, cong nghiép, ha tang kj
thuat va giao thdng. Noi dung tiéu chuan bao gdm
cac quy dinh vé tai trong tinh toan, tb hop tai trong,
trang thai gi¢i han, do bén vat liéu, kha nang chiu lwc
va kha nang s dung lau dai cia két ciu. Bén canh
do, tiéu chuén cling dwa ra cac yéu cau cu thé cho
viéc tinh toan cAu kién chiu uén, chiu nén, chiu kéo,
céu kién (rng suét trwdc va cau kién lam viéc trong
moi trwdng xam thwe. Pay la co s& phap ly va ky
thuat quan trong cho cac ky sw thiét ké két cau tai
Viét Nam.

Xét vat liéu bé tdng cé cap dd bén 1a B20 va co
kich thwéc dang bang kich thwéc tiét dién dam da
khao sat @ muc 3. Theo d6, mé men gay nit M. trong
dadm dwoc tinh toan dwa theo cong thirc 158, trang
99 trong TCVN 5574-2018, dwoc thé hién trong cong
thtre (5) dwéi day.

Mcr = Rbt,seerI (5)
trong do:

Rt ser- cdng d0 tinh toan chiu kéo doc truc theo
TTGH th 2, Rptser= 1,35MPa;

W, - mdé men khang uén dan déo cla tiét dién,
WpI = 7\Nred ;

Tinh toan mé men khang ubn dan déo W, cla
tiét dién theo cong thirc (6).

Wpl = 7\Nred (6)
trong dé:
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7 - hé sb xét dén anh huéng clta bién dang
khéng dan hdi clia bé téng vung chiu kéo, y=1,3;
Wies — m6 men khang uén dan hoi cia tiét dién,
dworc tinh toan trong cong thire (7):
bh®> 5*10°
red — ? =
Thay gia tri Wieq tlr cdng thirc (7) vao cong thirc
(6) tinh ra dworc gia tri W
W, =1,3*83,33=108,33cm’ (8)
Tiép tuc thay gia tri cia W, tiv (8) vao cong thirc
(5) tinh dwoc gia tri md men gay nit:
M, = Rbtyseer, =0,135*108,33=14,63kNcm  (9)
Gia tri gay nit 1a d&c trwng clia dam bé tong B20,
¢6 chiéu dai L = 50cm, tiét dién b = 5cm, h =10cm,
qua tinh toan thu dwoc gia tri 1a M = 14,63 kN, gia
tri nay la gia tri dac trwng khong ddi ciia dam ké trén.

=83,33cm’ (7)

Bay gid, tiép tuc kiém tra ddm bé tong B20 &
trén, chiu tac dung cla tai trong phan bb déu q1 co
gia tri dung bang gia tri tai phan bb déu da khao sat
& muc 3 clia bai béo g1 = gnu = 4,61 kN/m. Bang cong
thirc co hoc két ciu, xac dinh md men I&n nhét tai
mat vi tri gitta ddm nhw céng thire (10):

Oy *|? 3 4,61*0,5°
max 8
Nhan xét thay réng, gia tri mé men gay nit tinh
theo TCVN 5574-2018 (cbng thirc 9) va md men I&n
nhét tai git)a ddm sinh tinh theo céng thirc (10) khi
dam chiu tai phan bd déu q1 = gnu €6 gié tri twong dbi
gan véi nhau.

M

=14,40kNcm  (10)

5. Két luan

Két qua phan tich bang mé hinh RBSM hai chiéu
trén nén tdng SAP2000 da mo phdng thanh cong quéa
trinh hinh thanh vét nit trong ddm bé téng, day la
phwong phap xac dinh vi tri va gia tri tai trong gay ra
vét nirt dau tién (4,61 kN/m).

So sanh mé men gay nit dyw doan bang RBSM
2D va cach tinh théng thwdng theo TCVN 5574:2018
cho thay sai léch nhd, chirng té do tin cay cao cla
mé hinh don gian héa dé phuc vu du doan vét nit.
Két qua nay khang dinh tiém n&ng (rng dung RBSM
trong md phdng co hoc pha hoai clia két ciu bé tong,
d&c biét hivu ich cho cong tac thiét ké va danh gia sw
lam viéc cta cAu kién trong thuc té.
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