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Tém tit

Nghién ciru nay trinh bay su phat trién mé hinh phan tich du doan tng xtr chiu uén ctia dim bé tong cdt thép
dua trén 1y thuyét twong thich bién dang va can bang luc, c6 xét dén sy thay doi do ctng ciia dam khi bé tong
vung kéo & mat dudi dam bi nit. M6 hinh duge kiém chung véi két qua thyc nghiém cua dam chiu uén bén
diém thu thap tir cac bai bao ciia cac tac gia khac nhau. Kha ning chiu luc ctia dim bé tong cdt thép c6 duoc tir
mo hinh phén tich trong bai bao nay ciing dugc so sanh véi két qua tir mo hinh ly thuyét déo cung vén thién vé
an toan va duoc sir dung trong céc tiéu chuan thiét ké. Két qua kiém chung cho thiy ring mo hinh phan tich c¢6
thé du doan chinh xac kha ning chiu ubn va do vong ciia dam bé tong cbt thép, va cao hon 4% so véi két qua
tor mo hinh déo cling.

Tir khod: dam bé tong cdt thép; img xir chiu udn; biéu dd luc — d6 vong; md hinh phén tich; mo hinh 1y thuyét
déo ctng.

DEVELOPMENT OF ANALYTICAL MODEL FOR PREDICTING THE FLEXURAL BEHAVIOUR OF RC
BEAMS

Abstract

This study proposes an analytical model to predict the flexural behaviour of reinforced concrete (RC) beams
based on the strain compatibility theory and force equilibrium, in which the degradation of beam’s stiffness
was taken into account as the tensile strain of concrete at below beam’s interface exceeded its capacity. The
developed analytical model was then validated with the experimental results conducted by various researchers.
The flexural capacity of RC beam retrieved from the developed analytical model was also compared with that
obtained by rigid plastic analysis which is a conservative method and currently being adopted in the domestic
and international design standards. Validation results showed that the developed analytical model is capable of
accurately predicting the flexural strength and displacement of RC beams, and is higher 4% than that obtained
by rigid plastic analysis.
Keywords: RC beam; flexural behaviour; load — displacement relationship; analytical model; rigid plastic anal-
ysis.
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1. Giéi thiéu

Dam la két cau chiu lyc chinh trong két ciu nha dan dung, két cAu cau; 14 trung gian truyén tai
trong tir két ciu san vao cot va truyén xudng mong. C6 nhiéu loai dam dugc phét trién hién nay dé
dap tmg nhu cau thuc té xdy dung, vi du nhu ddm lién hop bé tong — thép hinh chir I, dim bé tong cdt
hdn hop thép va polyme cbt soi thuy tinh. Vi vay cac nha khoa hoc ciing di tap trung nghién ciru ing
xtr nhitng loai ddm nay. Pon ctr nhu Tuan va Tam [1] nghién ctru tinh toan d¢ vong ngén han dam bé
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tong cot hdn hop thép va polyme cbt soi thay tinh theo TCVN 5574:2018 [2]. Kha nang chiu mé men
udn cua dam bé tong c6t hdn hop thép va GFRP theo TCVN 5574:2018 [2] cling d& duoc nghién clru
b(n tac gia [3]. Tuy nhién, dim bé tong ct thép (BTCT) van 1a loai dam phd bién dung trong cac két
ciu xdy dung ¢ Viét Nam hién nay. Trong tinh toan thiét ke dam BTCT, ngoai yéu cau tinh toan kha
ning chiu lyc ctia dam, tinh toan d6 vong ciing 1a mot yéu cau quan trong khi tinh toan dam theo trang
thai gioi han thir hai vé diéu kién 1am viéc binh thudng. Céc tiéu chuan thiét ké trén thé gidi, trong
d6 o tiéu chuan Viét Nam [2] hién nay ding mé hinh 1y thuyét déo cting dé xac dinh kha ning chiu
luc cua két ciu dam. Trong khi d6, d6 vong cua dam lai dugc tinh toan riéng r& vadi cac budc phuc
tap. Dé giai quyét van dé dé, phan tich Gmg xir dAm chiu udn bao gdm kha ning chiu luc va do vong
dung cac phan mém chuyén dung dya trén phuong phap phan tir hitu han nhu SAP2000, ABAQUS
tré nén phd bién véi d6 chinh xac va chi tiét héa cao. Tuy nhién qué trinh mé phong tén nhiéu thoi
gian va yéu cau b nhé may tinh ¢ cau hinh vugt tri vi nhidu phan tir va niit can duogc tinh toan. Cac
phuong phap c6 thé xac dinh chinh x4c tng xir uén ctia ddm BTCT va tén it tai nguyén voi cac bude
tinh toan nhanh chong, vi vay, tré nén thiét yéu dé giup cac k¥ su trong cac cong viéc thiét ké hang
ngady. Cac md hinh phén tich véi nhitg dic diém trén c6 thé giai quyét nhitng van dé d6. Hién nay,
mo hinh phan tich tinh toan dudng cong luc — do vong cua ddm chiu udn dugc dé xuit bai Hsu va
Mo [4], bao gdm: mé hinh hai dudng thang (bi-linear load-displacement curve) va mé hinh ba dudng
thing (tri-linear load-displacement curve), dugc miéu ta trong Hinh 1 [5]. Sy khac nhau cua hai mo
hinh phan tich nay 1a mé hinh ba dudng thang c6 xét dén sy giam do ctng ctua dam khi bé tong ving
kéo mat dudi dim bi nit, trong khi mo hinh hai duong thang thi khong xét. Trong cac mé hinh phan
tich nay, gia tri tai cic diém chinh ciia duong luc — do vong duge xac dinh trudce, vi du tai diém cot
thép bi kéo chay hay tai diém bé tong bi nén v& dan dén pha hoai dam. Néi cac diém nay s€ dugc
biéu d0 lyc — d6 vong ctia ddm. M6 hinh ba duong thang thuong mé phong chinh xac hon mo hinh
hai duong thang do c6 xét dén su giam do cimg dam khi bé tong ving kéo dudi dam bi nut [5]. Tuy
nhién, ¢6 mot thuc té 1a cac mo hinh nay da 1y tuong hoa duong cong luc — d6 vong ciia dam chiu uén
thanh cac dudng thang, von di chua phan anh chinh x4c hoan toan tmg xtr udn ciia dam BTCT. Viéc
xé4c dinh chinh xé4c cac diém trén biéu d6 luc — do vong s€ rat can thiét cho cac k¥ su va nha thiét ké
trong vi¢c tinh toan két cAu dAm chiju udn.
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Hinh 1. M6 hinh lyc — d6 vong ctia dam [5]

Trong bai bao nay, tac gia d& xuét sir dung 1y thuyét twong thich vé bién dang va can bang luc dé
xay dung dudng cong quan hé luc — dd vong ctia dam chiu udn, trong d6 c6 xét dén su giam do cung
dam khi bé tong ving kéo & mat dudi dam bj nirt. Uu diém ctia mo6 hinh nay 1a mo6 phong chinh xac
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su lam viéc cua céc vat lidu cau tao nén dam vi cac mo hinh ung suét — bién dang cua vat li¢u s€ dugc
dua vao trong mo hinh. Hon nita, kha nang chiu Iyc va d6 vong ctua dam tai moi diém trong qua trinh
chiu tai duoc x4c dinh chinh x4c so véi mé hinh phan tich d& xuét boi Hsu va Mo [4]. Cac yéu té anh
huong 1én mo6 hinh nhu sy giam d6 cung khi bé tong vung kéo bi niit s€ dugc phén tich trong bai bao.
Sau d6 mo hinh dugc kiém chimg bang cich so sanh véi két qua thi nghiém thu thap tir cac bai bao
duogc thuc hién boi cac tac gia khac nhau [6-13]. Su so sanh giita két qua cia mo hinh phan tich voi
két qua tir mo hinh 1y thuyét déo cimg ciing duoc trinh bay trong bai bao nay.
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Hinh 2. Béc trung kich thudc va tiét dién dAm

2. Xay dung mo hinh phan tich
2.1. Ddc trung kich thuée dam va cdc gia thiét

Dam BTCT dugc nghién ctru trong bai bao nay 1a dam chiu uén bén diém c6 cac kich thudc hinh
hoc va ciu tao chi tiét nhu Hinh 2. Mot sb gia thiét duoc dua ra khi xay dung mo hinh phéan tich
cho dam:

- Su phan bd ung suét va bién dang trén toan by mat cit dam 1a tuyén tinh, va c6 cung do cong
la ¢.

- Gia thiét lic dinh giira bé tong va cdt thép 1a t6t, do vay bé tong va cdt thép tai cung vi tri c6 gia
tri bién dang nhu nhau.

- Bo6 qua kha nang chiu kéo cua bé tong trong cac cong thirc tinh vi bé tong cd kha nang chiu
kéo kém.
2.2. M6 hinh vit liéu bé téng va cot thép
a. Bé tong

Puong biéu d6 ting suit — bién dang nén cia bé tong duoc mo phong bang dudng cong biéu thi
trén Hinh 3, va dugc dién giai theo Tiéu chuén Eurocode 2 [14]:

+Khi & < 4o

cm
Occ = Ecméee (D

trong d6 E.;, 1a m6 dun dan hdi cua bé tong, dugc xac dinh b::flng cong thuc E., = 22(fem/ 10)0’3 néu
chua duogc xz’lc dinh tir thuc nghiém.

0.4 fem

+ Khi < Eee < Ecyt
cm
o = Mece/o0) = (Bec/50)?
C T4 (k= 2(ec/ec0)

Jem 2

trong d6 o 1a tng sudt nén cia bé tong; f.,, 12 cuong do chiu nén trung binh cta bé tong; &.. 1a
bién dang nén cua bé tong; & 1:21 bién dang nén tai gia tri Ung suit nén cuc dai, lay b::ing 0 =
min(0, 7fcmO 31.2.8) [14]; k 1a hé sb xac dinh bang cong thiic k = 1,05E ., |ecol / fom; €cu 12 bién dang
nén cudi cung cua bé tong, lay bang Eqy = min{2,8 + 27[(98 — ﬁm)/100]4 3,5}%o [14].
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Puong biéu d6 Gmg suit — bién dang cua cbt thép duoc biéu thi boi biéu dd hai duong thang (Hinh

4), gia tri ung suat dugc xé4c dinh nhu sau [15]:
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Hinh 4. M6 hinh tng suit — bién dang cta cdt thép
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Hinh 5. Biéu d6 tmg suét va bién dang trong tiét dién dim

2.3. Thiét lgp mé hinh phan tich

a. Phan bd bién dang trén mat cit dAm

Phan bo bién dang, irng suat va lyc trén mat cat dam dugc bieu thi & Hinh 5. Dya vao gia tri bién
dang ctia bé tong tai bé mat vung nén cia dam e..va gia tri do cong ¢, cac gia tri bi€n dang cua cot
thép ving nén &, cot thép vung kéo &, b€ tong tai bé mat vung kéo &., dugc xac dinh dua vao cac

cong thuc sau:

Esc = &Ecc

&t = tan ph — &¢¢

— tan ¢pa’

eg =tang(h — a) — &

Vi ¢ rat nho nén tan ¢ ~ ¢, cac cong thirc (4)—(6) trd thanh:

Esc = Ecc — ¢a/

&g = ¢(h—a) — &

Ect = Oh — &¢¢

“4)
)
(6)

(7
®)
(€)

Luu y trong cac cong thire (7)—(9), bién dang &, &4, & duoc trinh bay dudi dang gia tri tuyét ddi.
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b. Tinh toan tng suat va (mg luc cta cac thanh phan vat liéu
Vi bé tong chiu kéo kém nén bod qua kha nang chiu lyc ctia bé tong trong vung chiu kéo (F., ~ 0),
cac thanh phéan lyc con lai dugc xac dinh nhu sau: Véi cot thép chiu kéo:

nrd?
st = 4

O st (10)

trong d6 n la sb thanh thép doc chiu kéo; dt 1a duwong kinh thép doc chiu kéo; o, 1a tng suét trong cbt
thép chiu kéo, tinh toan nhu cong thirc (11):

o = estEs O<ey<egy) (an
. fy +0,02E (g5 — gy) (gy < &g < &)
V6i cbt thép chiu nén:
nrd?
sc = Tco—sc (12)

trong do6 n la s6 thanh thép doc chiu nén; d, 1a duong kinh thép doc chiu nén; o 1a ting suét trong
cot thép chiu nén, tinh toan nhu cong thire (13):

_ escEs 0 < ey < gy)
T sc {fy + 0,02E (g5 — gy) (gy < & L&) (13)
Véi bé tong chiu nén:
1 £
Fee = 30ecb (14)

trong do6 b 1a bé rong tiét dién dam; o 1a ung sudt trong bé tong chiu nén, dugc tinh toan nhu cong
thire (1) va (2).
c. Tinh toan d6 cong va md men dya vao phuong trinh cén bang luc

Vi dam chiu uén thuan tiy, phuong trinh can bang luc theo phuong ngang trén toan b tiét dién

dam nhu sau:
Y F=Fe+Fe—Fy=0 (15)

Véi mot gi tri e..cho trude, cac gia tri bién dang khac dugc xac dinh dyua vao e..va an sb can
tim 13 d6 cong ¢. Dé tim ¢ thi can thiét phai giai phuong trinh phi tuyén (15). Bang cach 1ap trinh voi
phuong phap lip do tim ¢ trong khoang xac dinh dé thoa mén phuong trinh (15) (phuong trinh (15)
dugc xem 1a thda mén khi sai khac giita tong luc kéo (Fsr) va tong luc nén (F cc + Fs) khong 16n hon
0,1% tong lyc thanh phan), gia tri nhan dugc 1a 6 cong ¢ twong tmg voi mdi gia tri ciia Ecc. Voi gia
tri d6 cong ¢ vira tim dugc, kha nang chiu mé men cua cac thanh phan vat li¢u trong tiét dién duoc
xac dinh nhu sau:

Ecc
Mo = Fee(h - 3¢) (16)
d,
My = Fy(a+ E) (17)
M. :Fsc[h_(a,"'%)] (18)

trong d6 a 1 khoang cach bé mit dudi dim dén cbt thép chiu kéo; a’ 1a khoang cach bé mit trén dim
deén cot thép chiu nén.
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d. Tinh toan d¢ cung hi€u qua va d6 vong cia dam
Kha nang chiu m6 men cia toan bd tiét dién duge xac dinh nhu sau:

Mf =M+ Mg — My, (19)

Do ctng hiéu qua ciia tiét dién dam dugc tinh theo:

My
Eleff = 7 (20)

Luu y rang khi bé tong & viing kéo bi nirt (bién dang kéo trong bé tong &, vuot qua gii han bién
dang kéo ctia bé tong [&], thuong lay [e.] = 0,02% [16]), két cau dam chiju udn bi giam do cimg. Su
giam do cimg nay duoc biéu thi bang cong thirc sau:

Elffmod =naElLs¢ (21

trong d6 Elff moa 1a d0 cling dam sau khi bi giam; ng 1a hé ) giam d6 cung, gia tri hé ) nay s€ dugc
trinh bay trong Muc 3.
Kha nang chiu lyc va @6 vong cua dam dugc tinh nhu sau:

oM,
p=_"7 (22)
aj
Pa (3L? - 4a;? .
S = —2 (24EI ff‘“ ) (khi bé tong viing kéo chura nirt) (23)
e
Pa;(3L* - 4a,? . :
S = L — ) (khi bé tong viing kéo bi nirt) (24)
24Eleff mod
trong d6 P 1a kha ning chiu luc ctia dAm; Gpay 12 .
R S AR o Gid trj bién dang ch Mb i tir
do vong lon nhat tai gitta nhip dam;a; 1a nhip cat ‘ e bg’:gncg 2 maﬁﬁfﬁéiujat l’ilfu
cta dim (Hinh 2); L 13 chidu dai dim (Hinh 2). T

Luu y rang cong thirc (23) va (24) dung dé tinh Bién dang cua timg Téng mé men cia
d6 vong cho dam don gian bon diém udn (Hinh 2), [ thanh phan vt ligu J tiet dién dam

tuy nhién mé hinh c6 thé 4p dung tinh d6 véng cho
cac dam co dang tai trong khac nhau va diéu kién thanh phén vit ligu B4 ciimg hiéu qua

bién khac nhau khi thay cong thirc (23) va (24) véi
timg dang dim twong tng.
3. Hiéu chinh mo hinh phén tich

So d tinh toan kha nang chiu luc va d6 vong
ctia dim bé tong cdt thép duge miéu ta nhu Hinh 6.

Cac dam duoc thi nghiém trong cac bai bao Hinh 6. Tém tit cac bude tinh toan bang mo hinh
[6-13] duoc dung dé khao sat sy anh hudng cua phan tich
hé s6 giam do cing ny 1én dudng cong quan hé luc
— d6 vong cua dam. Cac thong sb cua cac dam dugc cho trong Bang 1. Cac gia tri cia hé s6 giam do
cung 1a 0,9; 0,7; 0,5; va 0,3 duoc chon dé phén tich mirc d§ anh hudng ctia hé $6 nay 1én g xtr udn
ctiia dam. Két qua duogc biéu thi trong Hinh 7 v6i ddm F-0 trong bai bao [8] va ddm 2¢16-B-PC trong
bai bao [10]. Dua vao két qua, co thé thdy rang vdi ng cang nho, do ctg cta dam cang nho sau khi

—

N1 lyc cua titng

Kha nang gh.iu lwc
cua dam

Do vong cia dam
-_
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hinh thanh vét nat & bé tong trong ving kéo, d6 doc cua dudng cong luc — do vong cang giam, va
giam dan theo tht tir 1an luot tir hé s6 1y cao nhat (0,9) dén hé s6 n, thip nhat (0,3). Tir biéu d6 Hinh 7
c6 thé thay rang dudng cong lyc — d6 vong ciia dim c6 hé sb giam do ctng ny bang 0,9 1a gan sat v6i
két qua thi nghiém nhat. Vi vay, hé s giam d6 cting bang 0,9 s& duoc dung trong md hinh sau khi bé
tong vung kéo bi nut.

Béng 1. Cac thong s clia dam khao sat

Noud A 1A b h * = a a’ Sem Ecm fy E; aj a L
guon Tén dam ' AY

(mm) (mm) (mm) (mm) (MPa) (GPa) (MPa) (GPa) (mm) (mm) (mm)
Ref [6] RC 150 250  20(2) 12(0) 25 25 45,2 34,5 410 200 750 600 2100
Ref[7] NCB 200 350 143 12(2) 25 25 37,1 32,6 486 206 1200 400 2800
Ref [8] F-0 200 300 20(2) 102 25 25 45,03 345 450 222 750 600 2100
Ref [9] RC-0 130 250 12(2) 10(2) 20 20 38,75 33 452 200 500 500 1500
Ref[10] 2¢16-B-PC 200 300 16(2) 10(2) 25 25 54,8 36,6 534 200 1200 1200 3600
Ref[11] Co 150 300 14(2) 102 20 20 37 32,5 472 200 700 600 2000
Ref[12] B2 200 400 20(4) 142 24 32 23,8 28,5 459 207 950 950 2850
Ref[13] CB 150 250 12(2) 10(2) 25 25 53 39 529 200 900 1000 2800

*Ghi chi: Gid tri bén ngoai dau ngodc don 1a duong kinh thanh thép (mm), gi4 tri trong ngodc don 14 s6 lwong thanh thép.

200 100 | ]
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0 ' ' ' ' ' 0 ' ' ) '
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(a) Ddm F-0 (b) Dam 2¢16-B-PC

Hinh 7. Anh hudng ctia hé s giam d6 cimg 1én biéu do luc — do vong ciia dam

4. Kiém chirng mé hinh phén tich
4.1. So sanh véi két qua thi nghiém

Céc thong sb 1dy duoc tir cc dam thi nghiém cho trong Bang 1 dugc nhap vao mé hinh phan tich.
Két qua ldy dugc tir mé hinh phén tich cta timg dam duoc so sanh véi két qua thi nghiém. Két qua tir
tam dam khao sat cho thay rang két qua tir mé hinh phan tich cho két qua sat voi thi nghiém, khong
nhitng vé kha ning chiu lyc va d6 vdng (Bang 2) ma con vé diém chay, d6 cimg uén (Hinh 8).
4.2. So sanh véi mo hinh déo cung

Mo hinh déo cling (rigid plastic analysis (RPA)) tinh toan kha ning chiu lyc cia dim bé tong
cot thép dua trén gia thiét ving bién dang nén quy ddi, vdi hé sb chiét giam cho chiéu cao ving nén
khoang 0,8. M6 hinh nay thién vé an toan va dugc str dung trong cac tiéu chuén thiét ké [3]. Két qua
kha ning chiu luc cta cac ddm khao sat tinh theo mé hinh nay (Prpa) duoc so sanh voi két qua cua
moé hinh phat trién trong bai bao nay (Pan) va dugc trinh bay trong Bang 2. Bang 2 cho thay rang kha
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nang chiu lyc tr md hinh phan tich P,,, cao hon trung binh 4% so vo6i két qué ctia md hinh déo cing

Py pa> Vi 0 léch chuan 0,08.
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0 20 40 60 80 0 50 100 150
Do véng (mm) Do vong (mm)
(g) DAm B2 (h) Dam CB
Hinh 8. Biéu d6 lyc — d6 vdng tir md hinh so sanh v6i két qua thi nghiém ciia cac dam khao sat
trong cac bai bdo [6-13]
Bang 2. Két qua mo hinh phan tich so sanh véi thi nghiém va mé hinh déo cting
Do vong b0 vong
Ngudn Tén dam g{N) fk’NS gdfl) 1;“"“/ 1;“"“/ (mo hinh)  (thi nghiém)
test rpa (mm) (mm)
Ref[6] RC 133,1 132,7 1443 1,00 0,92 15,69 18,14
Ref[7] NCB 122,5 156,88 1150 0,78 1,07 43,82 56,98
Ref[8] F-0 198,5 199,1 196,5 1,00 1,01 23,81 17,13
Ref [9] RC-0 95,8 92,8 86,8 1,03 1,10 22,66 16,60
Ref[10] 2¢16-B-PC 99,9 90,0 93,2 1,11 1,07 111,88 76,34
Ref[11] Co 117,2  117,7 109,9 1,00 1,07 28,68 17,10
Ref[12] B2 3724 386,0 408,88 0,96 091 12,08 16,10
Ref [13] CB 61,4 56,0 54,2 1,10 1,13 90,26 76,10
Trung binh 1,00 1,04
Do léch chuin 0,10 0,08

5. Két luan

Mb hinh phén tich di doan g xir chiu ubn cta dam bé téng ¢t thép dua trén 1y thuyét tuong
thich bién dang va can bang luc, c6 xét dén su thay doi do cing ciia dam khi bé tong ving kéo bi ntt
da dugc trinh bay trong bai bao nay. S6 liéu cua cac dim tir cac bai bao cua cac tic gia trén thé gisi
dugc dung dé kiém ching mé hinh. Két qua tir mé hinh déo cimg ciing duoc so sanh vai két qua tir
mo hinh phén tich trong bai bao nay. Mot s6 két luan dugc rut ra tir két qua cua bai bao:

- Mo hinh phan tich phat trién trong bai bio nay cho két qua sat v6i két qua thi nghiém, khong chi
vé kha nang chiu lyc va d¢ vong cua dam ma con & d6 cung, diém chay cua dam.

- Két qua tir m6 hinh phan tich cao hon trung binh 4% so véi két qua tir mo hinh déo cimg vén
dugc xem 1a mo hinh thién vé an toan va dugc dung trong cac tiéu chuan thiét ké.

- M6 hinh phén tich phat trién trong bai bdo nay ap dung cho dim don gian bbn diém udn, tuy
nhién trong cac nghién ctru sau c6 thé mo rong ra cho cac dang dam BTCT c6 céc diéu kién bién khac
nhau va chiu cac dang tai trong khac nhau.
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