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MO HINH GIAN AO CHO DAM CAO CO LO MO - THIET KE
VA THUC NGHIEM

STRUT AND TIE MODEL FOR DEEP BEAM WITH OPENING — DESIGN
AND EXPERIMENT

Pao Ngoc Thé Luc, Truwong Hoai Chinh
Trwong Pai hoc Bach khoa, Dai hoe Pa Nang; dntluc@dut.udn.vn, thchinh@dut.udn.vn

T6m t&t - M6 hinh gian &o (strut and tie model) 1a céng cu tinh toan
thiét k& hiru hiéu, dwoc thiva nhan va ap dung tai nhiéu nwéc trén
thé gi¢i dé phan tich cac hw héng hay thiét ké méi két cdu bé tong
cbt thép, dic biét la cac khu v chiu luc cuc bd, cac khu vire khéng
lién tuc vé mat hinh hoc hay tai trong. Hién nay, phwong phap nay
da dwoc dua vao trong cac tiéu chudn thiét ké nhu EuroCode 2, ACI,
AASHT, v.v... O Viét Nam, m6 hinh gian do dwoc dwa vao trong tiéu
chuén thiét ké cau 22TCN-272-01. Tuy nhién, hién cac tiéu chuan
van chwa co huong dan cu thé cho viéc thiét ké dam cao khoét 18,
cling nhw viéc xac thuc glwa thiét k& dadm cao khoét 16 theo mo hinh
gian 4o voi cac két qua thi nghlem Bai viét nay sé cung cap mét
trinh tw thiét ké cho dam cao c6 16 mé theo méd hinh gian &o, tir d6
thue hién tinh toan va thi nghiém dé danh gia két qua thiét Ké.

T khéa - ddm cao; mé hinh gian do; dam cao c6 16 mé; ACI318-
11; dam bé téng cot thép

1. Pit véan dé

Trong thiét ké, tinh toan dam bé téng c6t thép thong
thuong thi gia thiét Bernulli 1a mot gia thiét quan trong.
Tuy nhién, gia thiét nay khong con chinh xac véi cac dam
cao do phan bé bién dang trong dam cao la phi tuyén. Do
d6, phuong phap tinh toan nhu dam thong thudng khéng
con phi hop ddi véi tinh todn dam cao, can mot phuong
phap khac. Mot phuong phap duoc &p dung rong rai dé
thiét ké, tinh toan dam cao 1a phuong phap mé hinh “gian
40" [1-6]. Phuong phap nay ciing rat hiéu qua khi sir dung
dé phan tich cac hu hong ciing nhu thiét ké méi két cau bé
tong cbt thép, dac biét 1a cac khu vuc chiu luc cuc bo (khu
vuc khong lién tuc) trong két ciu nhu: bé coc, khu vuc neo
du tng lyc dau dam, khu vuc dat géi xa mii tru...

(a)
Hinh 1. Ung sudt trong (a) dam thirong, (b) dam cao

Mic du da dugc khoi dau tir cudi thé ky 19, nhung md
hinh tinh két cdu nay méi dugc nghién ciru va phét trién
manh mé& ¢ chau Au va Bic My trong thoi gian gan day, va
da dwoc cap nhat trong nhiéu tiéu chuan thiét ké tién tién
trén thé giéi nhu EuroCode 2, ACI, AASHTO, v.v... O
Viét Nam, trong nhirmg nam gan déy, phuong phap nay di
dugc mot So nha khoa hoc ¢ céc co quan nghién ctru, dao
tao va tu van thiét ké 16n budc dau nghlen ctru tiép can va
trién khai 4p dung. Cac nghién ctu &p dung nay da khang
dinh tinh hiéu qua cua phuong phép ciing nhu sy can thiét

Abstract - Strut and tie model, an effective tool, has been widely
recognized and applied in many countries in the world to analyze
damage or design new reinforced concrete structures, especially
for structures with discontinuity in geometry or load, etc. Today, this
method has been introduced in many design standards such as
EuroCode 2, ACI, ASSHTO, etc. and 22TCN-227-01 in Vietnam.
However, these standards do not provide detailed instructions for
design of deep beam with opening as well as comparisons between
design and experimental results. This paper provides detailed
instructions for design of deep beam with opening using strut and
tie model, and then carries out experimental research to evaluate
the design results.
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cua viéc ap dung nd trong thiét ké két ciu bé tong cét thép.
Phuong phap da chinh thic duoc dua vao tiéu chuan thiét
ké cau 22TCN-272-01 va duogc cap nhat lai vao nam 2005.

Hién nay, tai Viét Nam, cac cong trinh nha cao tang, két
ciu dam cao duoc sir dung phé bién dé thay d6i hé két cau
dung (két cau khung bén dudi va két cau véach bén trén).
Trén chiéu cao dam c6 b tri cac 16 mé dé cho hé thong
duong 6ng ki thuat di qua, luc d6 sy phan bé tng sut trong
dam phuc tap hon, mé hinh gian a0 s& hiéu qua véi truong
hop nay. Tuy nhién, hién c4c tiéu chudn chwa c6 huéng dan
cu thé cho viéc thiét ké dam cao khoét 13, ciing nhu xac
thuc gitra thiét ké dam cao khoét 15 theo mé hinh gian o
VGi cac két qua thi nghiém. Bai viét nay s& trinh bay cac
budc thiét ké chi tiét dé chi dan cho viéc tinh toan dam cao
¢6 16 mé st dung mé hinh gian 4o va tién hanh thi nghiém
dé kiém tra cac thiét ké.

2. Thiét 1ap quy trinh thiét ké dim cao c¢6 16 mé theo
mo hinh gian ao

M0 hinh gian 40 c6 thé dugc hiéu nhu sau: O trang thai
ban dau, két cau lam viéc dan hoi, mot truong Gng suat dan
hoi ton tai c6 thé xac dinh bang cach st dung phuong phéap
phan tich dan hdi. Khi hinh thanh vét nat, trueong ing suat
nay s& thay ddi, gay ra su phan bé lai cac thanh phan noi
lyc. Khi d6 co thé tuong tuong ket ciu bé téng Cot thép
dugc md phong bing mot ket ciu gian ao, bao gom cac
thanh chiu nén, cac thanh giang chiu kéo va céc mol ndi
clia cac thanh dé 1a ving nat cua gian a0. Néu c6 sin bic
anh vé cac mau vét nut, thi c6 thé gidip ta chon mot mo hinh
glan 40 tot nhat hodc c6 thé cin cir vao truong phan bd g
suat dan hoi. Cac thanh chdng cd cdt thép nam ngang dé
chéng nirt c6 thé chiu tai trong I6n hon va s& hu hong do bi
nén v&. Su hu hong ciing ¢ thé do sy chay déo cua cac
thanh giang chiu kéo cé chidu huéng pha hoai déo.
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Hinh 2. Phan tich md hinh gian ao
Nguyén tic tinh toan mé hinh gian 40 ¢6 16 mé nhu sau:
Tur md hinh gian da phan tich, thuc hién giai ndi luc theo céc
phuong phép co hoc ket cau. Cac thanh chiu nén s& do bé tong
chiu, cac thanh kéo quy udce do cot thép chiu. Bé tranh su pha
hoai do su h‘!nh thanh vét m’rt,dc_)c theo truc thanh chiu nén,
mot lugng cot thep s& dugc bo tri cat qua truc thanh nén dé
chong lai sy ph@ ho,ai nay. Bén canh d6, vung nut cling phai
dam bao neo chac cot thép chiu kéo. Nhu véy, véi nhitng quan
diém trén, mét trinh tu thiét ké duoc trinh bay cu thé nhu sau:
Buéc 1: Xéc dinh dit liéu diu vao gom kich thudc dam
cao bxh, cuong df bé tong f, gisi han chay cua cot thépf, .
Buéc 2: Xac dinh sy phan bd ing suat trong dam béng
cac chuong trinh phén tich két cau theo phuong phap phan
tor hﬁq han nhu SAP, ETABS, ABAQUS, v.v... tir 46 phan
tich dam thanh céc ving kéo, nén va vé mo hinh gian ao.
Buéc 3: Xac dinh noi luc trong thanh gian. St dung cac
phuong phap co hoc ké‘t cau hay cac chuong trinh tinh toan
theo phuong phap phan tu hitu han nhu SAP, ETABS,
V.V... dé xac dinh noi luc trong thanh gian.

Buéc 4: Tinh toan gian theo diéu kién cuong do.
+ Kiém tra cuong dé ving nit
Cuong d6 chiu nén danh dinh cua bé tong vang nat F,
duoc xac dinh:
Fon = fu-A
Trong dé: A, dién tich mat cat vudng goc véi phuong
chiju luc; feu 1a cuong @6 nén hiéu qua cua vang nut;
f, =0,85B,.f
V6i: B2 1a hé s6 hiéu qua xac dinh theo Bang 1.
Ving nat dam bao kha niang chiu lrc khi théa mén diéu
kién sau:
P < ¢0,854, f. A,
Trong d6: P 1a phan luc gbi twya hay tai trong tap trung.
Bdng 1. Hé sé hiéu qua cua tiét di¢n bé tdng viing nén ciia niit Sz

Kiéu thanh chdng hay nit cia Péi chibu
mo hinh gian 40 B2 | Aciasi1
Nt kiéu CCC 1,00 A52.1
Nt kidu CCT 0,80 A5.2.2
Nat kiéu CTT hozc kiéu TTT 0,60 A5.23

+ Tinh toan cirong do cua thanh giang
Cuong d6 danh Qinh cua thanh kéo dugc xac dinh trong
trudng hgp chi co cot thép thuong:

Fnl = fy&

Xac dinh dién tich cdt thép trong thanh giang theo diéu
kién:
F

asF__F
" ¢f, 0,75f,
Trong d6: As 12 tong dién tich ciia cét thép doc thuong
trong thanh giang; F; la lyc kéo trong thanh giang.
+ Tinh toan cuong dé thanh chiu nén
FHS = fcu'AE
Trong d6: fey 1a cudng d6 chiu nén hiéu qua cua thanh nén.
f,=0,8524.f
Ss 1a hé s6 hiéu qua xac dinh theo Bang 2.
A la dién tich mat cat ngang hitu hiéu cua thanh
chiu nén.
Biét bé rong dam b, tinh bé rong thanh nén @ng véi noi
lyc cua thanh F:
F F

C C

w> =
$f,b 075, b

V6i kich thudc thanh chéng tim duoc, vé hé gian véi
kich thudc cua timg thanh. Néu céac thanh chéng khong
chdng véi nhau, ta dugc hé gian hop Iy véi kha nang chiu
lyc cua thanh chéng duoc dam bao.

Bdng 2. Tra hé sé fs 1a hé sé hiéu qud

Kiéu thanh chéng hay nit cia md Bs Péi chiéu
hinh gian ao ACI 381-11
Thanh chéng hinh tru (tiét dién

khong déi theo chidu dai) 100 1 A321
T_tlanh chong hinh c6 chai c6 thép 075 | A3.22
giang

Tt1’anh_Lch6ng hinh c6 chai khong 060 | A322
thép giang

Thanh chbng cua cua KC chiu kéo

hay trong canh chiu kéo cia KC 040 | A3.23
Céc truong hop thanh chéng khac 0,60 | A3.24

Déi v6i céc thanh chdng chiu nén hinh chai, can phai
bo tri lwong cot thép toi thieu d€ dam bdo cho thanh chong
khc“)ng bi nat doc theo truc thanh, cét‘thép cau tao nay dugc
bo tri theo hai phuong trong swon dam. Dién tich cot thép
cau tao dugc lay nhu sau:

+ C6t thép ndm ngang trong suon dam:

A, =0,0015bs,
+ C6t thép thing dung trong suon dam:
A, =0,0025bs,

Véi sy, sn 1a khoang céch giita cac cbt thép theo phuwong
dang va phuong ngang.

Bue 5: Thé hign ban vé. Cot thép dugc bo tri cho timg
thanh giang dung voi vi tri va dién tich tinh toan. Ch(J y tai
cac vung nut, cot thép chiu kéo phai dam bdo du chicu dai
doan neo cot thép.

Trén day la quy trinh tinh toan thiét ké dam cao c6 khoét
16 theo md hinh gian 4o, trinh tu cac budc duoc trinh bay
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cu thé va dugc tom tac bang gian do sau:

Xac dinh dir liéu dau vao

Xac dinh sy phin bd ting suat
trong dam, V& mé hinh gian

1L

| Xéac dinh ndi lyc trong thanh gian |

11

Tinh toan gian theo cwrong do

| Thé hién ban vé& |

Hinh 3. So d6 thuc hién thiét ké dam do c6 khoét 16

3. Thiét ké miu va thi nghiém dim cao c6 16 mé theo
mo hinh gian do

a. Thiét ké miu

Cho dam cao c6 chiéu dai dam |=1.850 mm, chiéu cao
d=1.200 mm, chiéu day b=120 mm. Khoét 16 kich thuéc
380 mmx380 mm. Luc tap trung la P=133 kN, sir dung bé
tong c6 f, =11,5 MPa, cbt thép c6 f, =280 MPa, kich
thudc goi twa va gbi dic tai trong 13 200 mmx120 mm.
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Hinh 4. So dé thure hién thiét ké dam do c6 khoét 16
Buéc 2: Sir dung SAP xay dung mo hinh xdc dinh trang
thai (rng suat trong dam.
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Hinh 5. Phé phan bd ing sudt trong dam
Nhu di biét vai mot két ciu phan tich theo mé hinh gian

a0 c6 thé hi¢n phan tich thanh nhiéu mo hinh gian, dudi day
14 hai m6 hinh gian &ng véi pho tng suat trong Hinh 5.
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Hinh 6. M hinh gian do #truong hop 1
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Hinh 7. M hinh gian do truong hop 2
Tinh todn gian theo truwong hop 1

‘Bu’a"c 3: Xac dinh oncf)i luc trong thanh gian, st dung
phan mém SAP2000 d¢ tinh noi luc gian.
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Hinh 8. Ngi lic trong thanh gian trwong hop 1

Buéc 4: Tinh toan gian theo didu kién cuong do
Kiém tra kha nang chiu tai tai vi tri dat tai va gdi tua:
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+ Cuong do tai vi tri dat tai trong:
¢.0,85.f,.3,.A, =176kN >133kN

+ Cudng do tai vi tri gdi tya:
$.0,85.1,.3,.A, =140,8kN > 85, 7kN

— Thoéa mén yéu cau

Bdng 3. Tinh toan ¢t thép cho thanh giang

STT | e '-‘{I‘(:,\'l‘)éo f,(MPa)| ¢ |Acm) f:]‘:;
1 T1 16,51 280 0,750 | 0,786 | 1214
2 T2 16,52 280 0,750 | 0,787 | 1214
3 T3 51,06 280 0,750 | 2,431 | 2014
4 T4 14,29 280 0,750 | 0,680 | 1214
5 T5 26,47 280 0,750 | 1,260 | 1214
6 T6 13,24 280 0,750 | 0,630 | 1214
7 T7 28,52 280 0,750 | 1,358 | 1914
8 T8 14,26 280 0,750 | 0,679 | 1914
9 T9 14,29 280 0,750 | 0,680 | 114
10 T10 13,24 280 0,750 | 0,630 | 114
11 T11 44,37 280 0,750 | 2,113 | 2914
12 T12 26,47 280 0,750 | 1,260 | 1914
13 T13 28,52 280 0,750 | 1,358 | 1914

Bdng 4. Kiém tra thanh chong
STT tgf:h Iﬁgrf ¢ Bs f v
(kN) (MPa) | (M)
1 S1 52,34 | 0,75 | 1,00 11,5 0,0637
2 S2 52,72 | 0,75 1,00 11,5 0,0642
3 S3 49,57 | 0,75 | 1,00 11,5 0,0604
4 S4 50,08 | 0,75 [ 1,00 11,5 0,0610
5 S5 52,24 | 0,75 [ 1,00 11,5 0,0636
6 S6 52,82 | 0,75 1,00 115 0,0643
7 S7 26,61 | 0,75 1,00 115 0,0324
8 S8 8,430 | 0,75 1,00 115 0,0103
9 S9 11,76 | 0,75 1,00 115 0,0143
10 S10 14,26 | 0,75 1,00 115 0,0174
11 S11 20,19 | 0,75 1,00 115 0,0246
12 S12 20,19 | 0,75 1,00 11,5 0,0246
13 S13 13,24 | 0,75 1,00 11,5 0,0161
14 S14 18,72 | 0,75 1,00 11,5 0,0228
15 S15 18,72 | 0,75 1,00 11,5 0,0228
16 S16 31,51 | 0,75 1,00 11,5 0,0384
17 S17 31,82 | 0,75 [ 1,00 11,5 0,0388
18 S18 34,06 | 0,75 1,00 11,5 0,0415
19 S19 47,3 0,75 1,00 115 0,0576

V6i bé rong thanh nén w tinh dugc trong bang, vé md
hinh gian nhu Hinh 9, thiy cac thanh chdng khéng chong
vao nhau, tirc 1a cc thanh nén lam viéc doc 1ap, dong thoi
cac thanh nay dam bao kha nang chiu lyc — Mo hinh gian

hop Iy.

Hinh 9. Md td md hinh gian #rwong hop 1

Tinh lugng c6t thép toi thicu can phai c6 dbi véi cac
thanh chdng chiu nén hinh chai:

+ C6t thép nam ngang trong sudn dam

Dung cét thép ¢10 bé tri khoang cach déu s, = 200mm

theo chiéu cao dam théa (A, /bs,) = 0,003 > 0,0015.

+ Cét thép thang dung trong suon dam

Dung cét thép ¢10 bé tri khoang cach déu s, = 200mm

theo chiéu cao dam thoa (A, /bs,) = 0,003 > 0,0025.
Buéc 5: B6 tri cbt thép
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Hinh 10. B4 tri cot thép cho dam trwong hop 1

Tinh todn gian theo truwong hep 2

Thuyc hién tuong tu cac budc thiét ké nhu trong truong

hop 1 dwoc két qua nhur sau:

P=133KN
18,86 -45,13 i
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Hinh 11. Ngi luc trong thanh gian truong hop 2
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Hinh 12. M6 td mé hinh gian truong hop 2
L 1470 . 680 ,
1 (37210200 T o10az00 @ 1
) 10914 § .
2014
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Hinh 13. B4 tri cot thép cho dam triong hop 2
b. M6 hinh thi nghiém
Thyc hién ché tao mau dé thi nghiém xac thuc két qua
tinh toan thiét ké ¢ trén.

Hinh 15. Két qua thi nghiém trieeng hop 1 va 2

Két qua thi nghiém cho thay tai trong gay nit vuot qué
gia tri thiét ké P, =(1,38+1,65)P, . C4c Vét niit phan bd
trén mau cét ngang qua vi tri cac thanh chiu kéo. Bé rong
khe nit 16n trén mau xuét hién tai vi tri pht hop véi vi tri
xuét hién lyc kéo I6n trong thanh gian. Ngoai ra, mé hinh
gian ao duoc thiét ké theo truong hop 1 hiéu qua hon do
kha ning chiu tai trong 16n hon véi lugng cét thép sir dung
nho hon.

N Trong ) P thiét ké P nat
Dam cao luong thép " "

(kg) ( an) ( an)

Truong hop 1 30,41 133 219,5

Truong hop 2 34,28 133 183,0

4. Két luan

Bai béo trinh bay quy trinh tinh toéan thiét ké cho dam
cao ¢6 khoét 16 sir dung mo hinh gian 4o va ap dung quy
trinh nay dé thiét ké cho 1 dam cao cu thé. Véi mdi dam
cao, c6 thé cé nhiéu phwong an gian 40 khac nhau. Bai béo
cing tién hanh thi nghiém so sanh 2 phuong an thiét ké cho
cling 1 dam cao c6 khoét 15. Két qua thi nghiém cho thay
phuong phap thiét ké nay cho két ciu dam bao kha niang
chiu lyc yéu cau va img xir pht hop véi mé hinh phan tich.
Ngoai ra, két qua thi nghiém ciing cho thy can tinh toan
so sanh cac phuong 4n gian do khac nhau dé dua ra két cau
hiéu qua nhit.
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