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Tém tit

Dam chiu cit can bé trf mot ham luong cdt dai tdi thidu dé ngan chan sy pha hoai gion ngay khi xuét hién vét
nut nghiéng. Tieu chuén hién hanh vé thiét ké két cdu bé tong cdt thép TCVN 5574:2018 cho phép tinh toan
dam bé téng cdt thép c6 ham luong cbt dai rat nho, nho hon ham lucng cbt dai tdi thidu (khi g, < Isw, mm) Tuy
nhién, chua c6 quy trinh chi dan cu thé. Trong thyc té, nguoi thiét ké thuong lay Gsw = Gswmin dé bb tri cot dai.
Viéc 1am nay s& rat lang phi nhét 1a d6i v6i cac dam bet lai sir dung bé tong cuong do cao. Bai bao dé xut quy
trinh tinh toan cho hai bai toan kiém tra va thiét ké chiu cit khi Gsw < Gsw.min VO1 truong hop dam chiu tai trong
phan bd déu va chiu tai trong tap trung. Quy trinh dé xuat gitip tdi wu héa luong cbt dai chiu cat, gop phan dem
lai hiéu qua kinh té cho cong trinh.

Tir khod: cbt dai; dim bé tong cdt thép; tai trong phan bd déu; tai trong tap trung; TCVN 5574:2018.

DESIGNING OF REINFORCED CONCRETE BEAMS FOR SHEAR RESISTANCE WITH VERY LOW
SHEAR REINFORCEMENT RATIO ACCORDING TO TCVN 5574:2018

Abstract

Reinforced concrete beams should be provided with a minimum amount of shear reinforcement to prevent
brittle failure as soon as an inclined crack occurs. The current standard for the design of reinforced concrete
structures, TCVN 5574:2018, allows the calculation of the shear strength of reinforced concrete beams having
a transverse reinforcement ratio smaller than the minimum transverse reinforcement ratio (when g, < ¢sy.min)-
However, there is no specific calculation procedure available. In practice, designers often take g, > ¢s.min tO
calculate the stirrups. This result will be conservative, especially for band beams using high strength concrete.
This study proposed the calculation procedures for two problems, shear checking and shear design for reinforced
concrete beams, when gy, < ¢.min in the case of the beams subjected to uniformly distributed and concentrated
loads. The proposed procedures help to optimize the transverse reinforcement content, which contributes to the
economic efficiency of reinforced concrete structures.

Keywords: transverse reinforcement; reinforced concrete beam; uniformly distributed load; concentrated load;
TCVN 5574:2018.
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1. Pit vin dé

Viéc tinh toan cuong do trén tiét dién nghiéng chiu cit khong hé don gian nhu thiét ké dam chiu
mo men udn trén tiét dién thing goc do phai chiu nhiéu yéu t anh huéng huong nhu kich thude, dang
hinh hoc mit ct, su tac dong cua tai trong va dic diém cua cdu kién, hon nita mdi yéu tb nay lai cé
mot pham vi bién d6i rong [1, 2]. Néu nhu 1i thuyét tinh toan cuong do trén tiét dién thang goc da
hoan chinh thi 1i thuyét tinh toan cudng d6 trén tiét dién nghiéng van dang dugc tiép tuc nghién ciru
va hoan thién va thuong duoc di theo hai huéng chinh [3]. Huéng thi nhét 1a mé hinh hoa hé két cau
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thanh cac hé thanh ma cu thé 1a cac mo hinh gian. M6 hinh gian di ké dén anh huong ddng thoi cia
ca mémen va lyc cat, ddng thoi lai bao quat duoc nhiéu trudng hop hon nhung viéc mé hinh hoa cho
phi hop véi su 1am viée thuc cua két cdu 1a didu phirc tap, kho chinh xac. C6 thé ké ra so bd nhu viée
xéac dinh gbc nghiéng cua cac thanh xién, kich thude tiét dién thanh, sy cing 1am viéc gitra bé tong
va ¢t thép... M6 hinh gian di dugc nhiéu nudc phat trién trén thé gisi ap dung nhu khdi cac nude
Bic Mi va cac nuéc Chau Au... Hudng thi hai, tach rdi mémen va luc cit trong cac tinh toan cudng
do trén tiét dién nghiéng. Dwa vio cac nghién ctru truyén thong sin c6, chinh xac hoé cac gia tri kha
nang chiu cit ciia bé tong bang cac hé sd diéu chinh do cac yéu t6 anh hudng riéng. Pay 1a huéng ma
cac nuéc nhu Nga, Viét Nam van hay 4p dung. Tinh todn theo hudng niy kha don gian nhung lai doi
hoi nhiéu cong thie thuc nghiém cho timg truong hop riéng.

Ra doi nam 2018, trén co so tiéu chuan SP 63.13330.2012 ctia Nga [4], tiéu chuan thiét ké két cAu
bé tong va bé tong cdt thép TCVN 5574:2018 [5] c6 nhiéu diém mdi vé thiét ké cdt dai, cho toi nay
van duoc ban ludn s6i ndi qua nhiéu nghién ciru trong ca nude. Mdi tac gia déu trinh bay viée tinh
toan cot dai chiu cit theo mdi cach khac nhau trén co so nhiing trinh bay ¢6 dong cua tiéu chuan. Mot
s6 két qua thuc hanh mang tinh gin ding va sai khac nhau, mic du cung xuat phat tir mot tiéu chuan
[6-9]. Vi cac dam bé tong khong c6 cdt thép ngang (cdt dai va cdt xién) s& bi pha hoai giy dot ngot
ngay khi vét nut xién dau tién xuét hién. Vi vay, dam chiu cit can bd tri mot ham lugng cbt dai can
thiét dé ngan chan sy pha hoai gion nay [1, 2]. Ham luong cdt dai toi thiéu duge quy dinh trong nhiéu
tiéu chuan thiét ké két cdu bé tong cbt thép phd bién trén thé gidi nhu tiéu chuan Hoa Ky va tiéu chudn
chau Au [10, 11]. Gia tri nay thuong phu thudc vao cac théng sé nhur kich thudc bé rong dam, cuong
d6 cbt dai, cuong do bé tong. ..

Tiéu chuan TCVN 5574:2018 cho phép tinh toan dam c6 ham luong cbt dai rat nho, nhé hon ham
lugng t6i thiéu (dugc khong ché bang biéu thirc gy, < gw.min) nhung chua c6 chi din cu thé. Cac tai
liu [6-9] va sach hudng dan [12—15] vé tinh toan cdt dai ciing ludn 1y g, > ¢sw.min Nhu mot quy
dinh mic dinh. Vi vay, viéc d& xuit mot quy trinh thiét ké nham lam 16 quy dinh cia tiéu chuan, mo
rong pham vi str dung cbt dai c6 ham luong thap giup tiét kiém chi phi cho cong trinh 1a rit can thiét.
C6 thé thiy, ngay nay, cic cong trinh thudng dugc thiét ké voi nhip ngay cang 16n va chiéu cao tang
nha ngay cang nho. Xu hudng nay khién trong thuc té, chiéu cao dam bi han ché va thudng phai st
dung bé rong dam 16n (b 16n) v6i bé tong cép d6 bén cao (Rp, Ry cao). Do vay, khi thiét ké cdt dai
hoic kiém tra kha nang chiu cit caa dim bé tong cdt thép, thudng gip phai truong hop ham lugng cbt
dai tinh toan hodc di bé tri nho hon ham lwong ti thiéu (¢g, < Gaemin = 0,25Ryb), dan dén tri s6
¢sw.min 160 hon rat nhiéu so véi tri sd qsw can thiét cho chju luc.

Muc dich cta bai bao nay 1a dé giai quyét hai bai toan: Bai toan 1: Kha ning chiu cét ciia dam la
bao nhiéu khi da bb tri cot dai nhung cd ¢y < Ggw.min; Bai toan 2: Thiét ké cdt dai nhur thé nao khi
tinh ra ggv < @swmin MA van dam bao yéu ciu chiju lyc theo tiéu chuan TCVN 5574:2018. Hai bai
toan trén s& dugc nghién ctru 1y thuyét cho trudng hop dam chiu tai trong phan bd déu va dam chiu
tai trong tap trung. Ngoai ra cac khao sat sé dugc thyc hién dé thiy ré hon sy ding dan va hiéu qua
kinh té ctia nghién ctru.

2. Tém tit Iy thuyét vé bai toan chiu cit ciia dam theo TCVN 5574:2018
2.1. Cdc céng thirc co ban

biéu kién cuong do trén tiét dién nghiéng chiu cit cho cu kién c6 tiét dién khong ddi, chi dat
cot dai:

Q < Qb + st (1)
trong d6 Q 1a luc cit trén tiét dién nghiéng co chiéu dai hinh chiéu ¢ do tai trong ngoai dat vé mot phia
cua tiét dién nghiéng khao sat; Qp 1 kha ning chiu cit ctia bé tong trén tiét dién nghiéng c6 chiéu dai
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hinh chiéu ¢, x4c dinh bang cong thirc thyc nghiém (tinh theo tiét dién chir nhat, khong xét canh cua
tiét dién chi T).

M,
Op=— )
c
trong do gia tri
My, = 1,5Rybh 3)
Gia tri Q;, dugc khéng ché trong khoang:
Qb,min = OasttbhO < Qh < Qb,max = 2’5Rbtbh0 (4)
tie 12 0,6k < ¢ < 3hg. O, 12 kha ning chiu cit cua ct dai
st = ZRSWASW = 0’75q‘¥wC0 (5)
Ry, A
Gow = swilsw (6)
Sw

trong do Ry, 1a cuong dd tinh toan cua cdt thép dai; Ay, 1a dién tich tiét dién ngang cua cac nhanh cbt
dai dat trong mot 16p; s,, 12 khoang cach céac 16p cdt dai; ¢o 1a chiéu dai hinh chiéu vét nut nghiéng,
co = min(c, 2h0).

Gia tri nho nhat dé tinh ¢t dai cta ¢4, (goi 1a diéu kién déo - dé kha nang chiu luc cua cot dai it
nhit bang kha ning chiu luc nhé nhit ciia bé tong trén doan vét nirt nghiéng ¢y = 2hy):

qsw = 4 sw,min = 0925Rbtb (7)

c 1a chiéu dai hinh chiéu tiét dién nghiéng 1én phuong cta truc ciu kién.

Trong truong hop chung can tién hanh tinh toan trén mat s tiet dién nghiéng véi chiéu dai ¢ khac
nhau nhung khong vugt qua khoang cach tir goi tua dén tiét dién c6 moé men uon 16n nhat va 3hy.
2.2. Hai bai todn co ban dé tinh véi luc cdt
a. Bai toan kiém tra kha nang chiu cat

Khi da c6 cot dai, nghia 1a cac thong sb: duong kinh d, sé nhanh n va khoang cach S cua ct dai
da dugc xéc dinh, can kiém tra cau kién cé ddm bdo chiu luc va cac yéu cau khac hay khong?

b. Bai toan thiét ké cét dai

Thiét ké cbt dai thudng 1a chon trude duong kinh d, s6 nhanh n di tinh khoang cach § cua cdt dai
dam bao chiu luc va cac yéu cau khac.

2.3. Tinh dam chiu tdi trong phdn b6 déu véi diéu kién qsw 2 qsw.min

bé xét dén kha nang Véng mat cua hoat tai p khong thuc sy trén doan chiéu dai ¢ 1am tang d6 an
toan, nguoi ta dung tai trong g :

q1=8+0,5p ®)
v6i g 1a tinh tai; p 1a hoat tai. Luc cdt tai vi tri tiét dién nghiéng c¢ (truong hop tai trong dat mat trén
dam):

0 = Omax — qi€
Diéu kién cuong do (1) viét thanh:
M,
Omax £ 0y = Tb + 0,7SQSWCO +4q1¢C (9)

trong d6 Onax 1a gia tri luc cit tai mép géi tua.
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a. Bai toan kiém tra kha niang chiu luc khi dim chiu tai trong phan b déu
Khi d4 bé tri c6t dai, nghia 1a biét d, n, Ry, S tinh duoc:

_ stAsw
qsw = S = 4 sw,min

Tuy thudc vao vi tri ¢ ma xac dinh tri $6 o, s& tinh duoc giatri Q, dé kiém tra diéu kién cuong do (9).
Str dung cac cong thirc dudi day [7]:
- Khi ¢ < 2hy, lay cg = c tri s6 Q, dugc tinh theo cong thirc:

Qu =2 \/Mb(q1 + O,7SQSW) (10)
- Khi 2hg < ¢ < 3hy, léy co = 2ho tri s& Q, dugce tinh theo cong thuec:
0,=2 thQ1 + qu‘vwho (11)

- Khi ¢ > 3hg thi 13y ¢ = 3h; Qp = Qpmin, tri s6 Q, dugc tinh theo cong thirc:

Qu = Qpmin + 3q1ho + 1,5q o (12)

Khi thyc hanh, khong can quan tam dén ¢ ma chi can chon tri sb 0, lon nhét trong 3 cong thic
(10), (11), (12) dé kiém tra kha niang chiu lyc theo diéu kién cuong do (9).
b. Bai toan thiét ké cdt dai khi dam chiu tai trong phan bd déu

Khi cho Qnax = Qu, tir cac cong thic (10), (11), (12) trén, tinh dugc g4, [7]:

- Khi ¢ < 2hy, 14y co = c tir (10) tinh gy, theo cong thirc:

Qrznax B 4Mbq1

Gsw = 3, (13)
- Khi 2hg < ¢ < 3hy, léy co = 2hg, tir (11) tinh gy, theo cong thirc:
gy = Zmax =2 VMyq1 (14)
1,5h¢
- Khi ¢ > 3h thi léy ¢ = 3ho; Op = Opmin, tu (12) tinh g4, theo cong thirc:
o = Omax — Opmin — 3q1ho (15)

1,5h¢
Khi thyc hanh, khong can quan tim dén ¢ ma chi cin so sanh gy, theo (13), (14) va (15) dé lay tri

¢sw 10m hon dung tinh S ;.

2.4. Tinh dam chiu tai trong tdp trung voi diéu kién dsw = qsw.min

Xét dam chiu tai trong tap trung dit cach géi mot doan a, voi a < 3hy nhu Hinh 1.
bicu kién cuong d6 (1) viét thanh:

M,
Q < Tb + 0a7SQSwCO = Qu (16)

voi Q la luc cit trén tiét dién thrfmg gbc, khic < alalyc cit 16n nhéat tai mép géi 0.
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Hinh 1. Céc tiét dién nghiéng dé tinh ddm chiu mét lyc tap trung
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a. Bai toan kiém tra kha nang chiu cit khi dAm chiu tai trong tap trung
Pa bd tri cbt dai nén tinh duoc gsw theo (6); Tinh dugc M, theo (3).
Tinh Q, & cong thic (16) theo cac truong hgp véi ¢ nhu sau [7, 9]:

- Xeét
M,
c1 =
"7V 0.75¢

Néu ¢; nim trong khoang 0,6hy < ¢y < 2hg vac) < a:

Qu =2 \/Mb X 0,7561sw = \/3Mb('ISW

)

(18)

Néu ¢; khong nam trong cac khoang trén thi khong can tinh Q, theo (18) ma liy Q, theo cac diéu

kién dudi day:
- Xét ¢ = a, tuy theo gia tri ciia @ ma chon cg roi tinh Q,,:
+ Neéu a < 2hg lay ¢¢ = a:

M,
O, = b +0,75¢g5wa
a

+ Néu a > 2hg 13y ¢y = 2hy:
My,
O = p + I’SCISwhO

+Néu a > 3hg 1éy ¢ = 3hg vacy = 2hy:

O = Qb,min + 1,5%wh0

Chon gia tri Q,, nho nhat trong cac muc trén d€ so sanh voi O & mép goi tua.

b. Bai toan thiét ké c6t dai khi dam chiu tai trong tap trung
Tuong tu nhu muyc 2.4.1, tinh ¢; theo cac truong hop véi ¢ nhu sau [7, 9]:
- Xét

_2M,

o

1

(19)

(20)

e2))

(22)
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Néu ¢; nam trong khoang 0,6h¢ < ¢y < 2hg va c; < a, tir (18) tinh duoc g,:
2
0

M, (23)

qsw =
Néu ¢; khong nam trong cac khoang trén thi khong can tinh gy, theo (23) ma lay g4, theo cac diéu
kién dudi day:
- Xét ¢ = a, tuy theo gia tri cia @ ma chon ¢g roi tinh gy,:
+ Neéu a < 2hg lay ¢y = a, tir (19) tinh:

M
0 -
=—9 24
Gsw 0754 (24)
+ Néu a > 2hg lay ¢y = 2hq, tir (20) tinh:
M
o
=— 2 25
qsw 1.5h (25)
+Néu a > 3hg lay ¢ = 3hy va co = 2ho, tir (21) tinh:
Ql - Qbmin
== =om 26
Gsw 5 (26)

Chon gia tri g, 16n nhét trong cac muc trén dé tinh S, va céu tao cdt dai.
3. Nghién ciru bai toan chiu cit cia dim khi gy, < qsw,min
3.1. Nguyén ly co ban

Piéu 8.1.3.3.1 ciia tiéu chuan TCVN 5574:2018 [5] viét rang:

Cot thép ngang dugc ké dén trong tinh toan khi théa man diéu kién:

qsw = 0,25Rpb = 59, min 27
C6 thé ké dén cbt thép ngang ngay ca khi diéu kién (27) khong thoa man, néu nhu trong diéu kién
(1) 1ay Qj, theo cong thirc (28) (nghia 1a 14y gi4 tri giam xubng ciia Ryb sao cho diéu kién (27) tré

thanh dang thirc):
6h36] sw

4pmhig,
, = M, v6oi bé tong ndng QO =

(28)
C

Poan nay c6 thé duoc giai thich nhu sau:
a. Bai toan kiém tra kha ning chiu cét

Khi da bé tri ¢t dai, tinh duoc ¢4, theo (6):

- Néu g4, thoa man diéu kién (27) thi tién hanh tinh toan kiém tra kha nang chiu luc nhu binh
thuong theo muc 2.3 hodc 2.4 & trén.

- Néu ¢, khong thoa man diéu kién (27) thi tién hanh tinh toan kiém tra kha niang chiu luc theo
hai céach:

+ Céch 1: Khong ké dén cdt dai trong tinh toan, nghia 1 g, = 0, kha ning chiu cit la do bé tong
chiu. Cach nay an toan nhung chua hop 1y va nhiéu khi khong kinh té.

+ Cach 2: La thiét 1ap mot diéu kién déo méi bang cach liy Q, theo (28) va tinh toan lai kha ning
chju Iyc méi, tuy nhién phai 16n hon tinh theo cach 1, néu nhé hon thi ding két qua cach 1.

Cach 2 nay 1a hop 1y va kinh té, tuy nhién chua duoc cu thé hoa trong tiéu chudn Viét Nam TCVN
5574:2018 va ca trong chi din cua tiéu chuan gbc ctua Nga [13].
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b. Bai toan thiét ké cét dai

Noi dung bai toan thiét ké cdt dai la xac dinh trj s6 gy, dé tir d6 tinh ra S, so sanh v6i S ¢, S max
deé chon ra khoang cach S cua cot dai.

Tinh toan gia tri ¢, dugc tién hanh theo cac muyc 2.3 hodc 2.4 da néu trén.

- Neu ¢y, thoa man diéu kién (27) thi tién hanh tinh toan Stt va cau tao cot dai binh thuong theo
tiéu chuan.

- Néu g, khong thoa man di€u kién (27) thi tien hanh tinh toan tiép tuc theo hai cach:

+ Cach 1: Lay g = ¢swmin d€ tinh S;,. Cach nay an toan nhung khong kinh té.

+ Cach 2: La thiét 1ap mot dieéu kién déo méi bang cach lay Oy theo (28) va tinh toan lai tri s0 gy,
moi dé tir do tinh Sy, Tuy nhién tri s6 mdi nay phai dam bao théa man dicu kién cuong do khi coi
Q.&'w =0.

3.2. Tinh bai toan chiu cat ciia dam khi Gsw < ¢sw.min

Duya vao nguyén 1y co ban ¢ muc 3.1 va cac cong thirc tinh toan ¢ muc 2.3 va 2.4, thiét 18p cac

cong thirc tinh toan chi tiét cho truong hop gsw < gsw.min Nhu sau:
a. Bai toan kiém tra kha nang chiu lyc khi dam chju tai trong phan bd déu
Khi da bd tri cot dai, nghia 1a biét d, n, Ry, S tinh duoc gy, theo (6) nhung ggy < Gswmin =

0,25Rp:b. Tinh todn tiép theo hai cach da néu o trén:
- Cach 1: Lay Qy, = 0, didu kién cudng do (9) viét lai nhu sau:

M
Omax < Oy = 7" +qic (29)

V6i gia tri 0, nh6 nhat tinh dwoc: Q, = 2/Myq,, diéu kién (29) viét thanh:

Omax < Qu = 2Mpq1 30)

Théa mian (30) chinh 14 thoa man diéu kién khong can tinh c6t dai. Néu khong thoa mén (30) thi
c6 thé tinh lai Q,, theo cach 2 duéi day.

- Cach 2: Theo (28), tri s6 My, méi: My, = 6qswhg va Opl min = 2¢swho. Thay My cho M}, ctia cac
cong thire (10), (11), Op1.min €ho Op min trong (12) s& cod dugc cac tri sb O

Cong thtrc (10):
Qu =2 \/Mbl(q1 + 0a7SQSw) (31)

Cong thirc (11):
Ou =2 Mp1q1 + 1,5g5.ho (32)

Cong thtrc (12):
O, = 26]swh0 + 3611h0 + leSQSWhO = 36]1/10 + 3aSQSWhO (33)

Chon tri s6 Q, nho nhét tir 3 cong thie (31), (32), (33) trén 1di so sanh véi Q, theo (30), chon tri
$6 16n hon dé so sanh véi Omax-
b. Bai toan thiét ké cdt dai khi dam chiu tai trong phan bd déu

Khi chon gy, 16n nhét tir cac cong thuac (13), (14), (15) ¢ muc 2.3 nhung cb g5y < Gswmin =
0, 25R:b. Thiét ké theo hai cach:

- Cach 1: LAy gy < @owmin = 0,25Rpb dé tinh S .
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- Cach 2: Khi thoa man diéu kién (30) thi khong can phai tinh toan ma bb tri c¢bt dai theo céu tao.
Chi xét bai toan khi khong théa méan diéu kién (30), c6 ké dén cbt dai vao tinh toan.
Lay My, = 6qgh% va Qpmin = 2qswho. Lan lugt thay vao cac cong thire (10), (11), (12) va cho
Qu = Omax dé tim qsw-
- Céng thirc (10): Qu = Omax =2 \/Mb(QI +0,75g5) =2 \/6‘]swhg(q1 +0,75¢qw).
Binh phuong 2 vé va dua vé dang phuong trinh bac 2:

Qrznax —
4n

4,5q?w + 649195y —

Giai ra duoc:
2
QmaX
2
2hy

- Cong thire (11): O, = Omax = 2V Mpq1 + 1,5gsho =2 ,/6qswhgq1 + 1,5¢swho.

Bién d6i, dua vé dang phuong trinh bac hai ctia g, 2,25h3¢%, — (2413 q1 +3h0 Omax )gsw+ Qhax = 0.
Giai va tim duoc két qua:

2 1
qsw = —zq1 + 3 4‘1% + (34)

3 3

_ Omax + 3q1ho — 4\/Q1hO(Qmax +4q1ho)

sw 35
q L5k (35)
- Cong thuc (12): Oy = Omax = Obmin + 3q1ho + 1,5gswho = 2gswho + 3q1ho + 1,5¢,h0.
Rut ra: L (0
w= — | =2 _3 36
q 35 ( ™ 611) (36)

So sanh 3 tri s gy, tinh duoc tir (34), (35), (36) chon tri s6 gy, 16n nhat dé tinh S ;.
c. Bai toan kiém tra kha nang chiu luc khi ddm chiu tai trong tap trung

Khi da bb tri cit dai, nghia 1a biét d, n, Ry,, S tinh dugc gy, theo (6) nhung gsy < ggrmin =
0,25Rp;b. Tinh toan tiép theo hai cach da néu ¢ trén:

- Cach 1: Léy O =0, diéu kién cuong d6 lic nay viét lai nhu sau:

0<0p= min(%; Qbmin) (37)

- Cach 2: Theo (28), tri s6 M, moi: My, = 6qswhg va Opl min = 2¢swho. Thay Mj cho M}, ctia cac
cong thire (18), (19), (20), thay Qpi.min cho Op min trong (21) s€ cd dugce cac tri sb (0%
g Y Ub1, \ g

- Theo (18):
Ou = V3Mp1gsw 38)

- Theo cac cong thic (19), (20) véi céc gia tri a khac nhau:
+ Néu a < 2hg lay ¢y = a, st dung cong thirc (19):

M,
Qu = Ray + 0575(1swa (39)
a
+ Néu 2hy < a < 3hg lay ¢ = 2hp, st dung cong thirc (20):

M,
Q. = % +1,5¢ ko (40)
8
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+Néu a > 3ho, voi Qpmin = 2¢swho, st dung cong thirc (21):
Ou = ZsthO + LSCISwhO = 395513wh0 (41)
Chon gia tri Q, nho nhat trong cac muc trén dé so sanh véi Q & mép gbi tua.
d. Bai toan thiét ké cbt dai khi dam chiu tai trong tap trung
Khi chon gy, 16n nhét tr cac cong thirc trong & muc 2.4 nhung c6 g5y < Gsyw.min = 0,25RpD.
- Céch 1: Lay gsw = ¢sw.min = 0,25Ry:b dé tinh S ;.
- Céch 2: Chi xét khi khong thoa man diéu kién (37)
Lay M), = 6q‘vwh3 va Opmin = 2¢swho.
My _ 6QSWI’%
0750w Y 0.75qsw
Nhu vay ¢ khong nam trong khoang 0,6/ < ¢y < 2hg nén trong doan d6 khong c6 O, cuc tiéu,
ham Q, nghich bién véi ¢, nén chi xét muc b dudi day:
- Xét ¢ = a, tuy theo gia tri ciia a ma chon ¢g 1oi tinh qsw tu vi€e gidi cac phuong trinh can béng
khi cho Q, = Q) trong cac cong thirc (19)—(21):

-Xétcp = = V8hy = 2,83ho > 2ho.

. , M, 6hg + 0,754
+ Neéu a < 2hg 13y ¢g = a, cong thue (19) s€ 1a: Q) = — + 0,75¢swa = ————— -
a a
Rat ra: 0
aty
== 42
I = 62 10,7542 *2)
P . 6h85[vw
+ Neéu 2hg < a < 3hg lay co = 2hy, thay vao (20): Q) = + 1,5¢who.
Rutra: 0
aiy
=< 43
Isw = G0 (6ho + 1,5a) “43)
+Néu a > 3hg 1ay Qpmin = 2¢swho, thay vao (21) Q1 = 2qgho + 1,5¢swho = 3.5¢s.ho.
Rutra: 0
1
= 44
9w = 35 i (44)

Chon gié tri gy, 16n nhit trong (42), (43), (44) dé tinh S ;.
4. Khao sat sb

Khao sat dé danh gia vé Iy thuyét, danh gia su dung dén cta Iy thuyét bao gdm:

- Phu hop v&i diéu kién phé hoai déo: dam bao bé tong pha hoai sau hodc cing thoi diém véi cdt
thép (t6i wu);

- Pam béo diéu kién cuong do cua ciu kién;

- Kinh té.

Khao st qua cac vi du cho hai truong hop chiu tai trong phan bb déu va tai trong tap trung. Kiém
tra bai toan nguoc (thiét k&) va bai toan thuan (kiém tra) dé xét d6 trung khop.

4.1. Viduy tinh dam chiu tai trong phan bé déu
a. Bai toan nguoc, tinh gy,

Vi dy 1: Dam c6 tiét dién b = 350 mm, 4 = 600 mm, kg = 550 mm, bé tong B30, R, = 17 MPa, Ry,
= 1,15 MPa, thép dai CB240-T, R, = 17 MPa. Tai trong: tinh tai g = 20 kN/m; hoat tai p = 10 kN/m,
g1 =25 kKN/m, Qmax = 160 kN.

Véi My, = 1,5Rybh} = 182634375 Nmm, kiém tra diéu kién (30):

9
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Omax = 160 kKN > 2 /Mg = 135142 N = 135,142 kKN — cén tinh c6t dai.
Do chua biét gy, c6 thoa man diéu kién (27) hay khong nén trude hét di tinh gy, theo cac cong
thire (13), (14), (15):

2 o —4M
- Cong thire (13): gy = W = 13,4 N/mm.
b
N
- Cong thitc (14): ggy = 20 — b1 _ 30,13 N/mm.
s ()
~ Opmin - 3q1h
- Cong thitc (15): ggy = 21 les";l N0 _ 9.8 N/mm.
s

Tri s6 16n nhat g, = 30,13 < ggy.min = 0.25Ryb = 100,625 N/mm — khong théa man (27).
Tinh lai gy, theo cach 2 véi cac cong thuc (34), (35), (36):

1 2, O

2 .
- Cong thirc (34): gsw = —=q1 + = + |4q7 + % = 53,9 N/mm.
ong thure (34): g, 30+ 3[*i o0 mm
+ 8q1hy — 4 h +4q1h
_ CGng thirc (35) Gow = Qmax q1ho \/611 O(Qmax q1 0) _ 63,7 N/mm.
1,5hg
1 .
- Cong thirc (36): gy = =— (Q& - 3q1) = 61,7 N/mm.
35\ ho

So sanh 3 tri s gy, tinh dwoc & trén chon tri s6 10n nhét gy, = 63,7 N/mm dé tinh S,,. Chon dai
¢6, 2 nhanh, khoang cach § = 150 mm ¢6 g4, = 64,03 N/mm =~ 63,7 N/mm.

Vi du 2: Dam bet ¢6 kich thudc b = 500 mm, ~ = 400 mm, hy = 350 mm, bé tong B35, Ry, = 1,3
MPa; ¢t dai CB240-T, tai trong ¢; = 40 kKN/m, Omay = 200 kN.

Véi My, = 1,5Rybh} = 119437500 Nmm, kiém tra diéu kién (30): Qmax = 200 kN > 2y/M,q; =
138239 N = 138,24 kN — cén tinh cbt dai.

Do chua biét gy, c6 thoa man diéu kién (27) hay khong nén trude hét di tinh gy, theo cac cong
thirc (13), (14), (15):

z  —4M
- Cong thirc (13): g = W — 58,3 N/mm.
b
N
- Cong thitc (14): gg, = 2m — b1 _ 117,64 N/mm.
9 O
~ Obmin = 3q1h
- Cong thitc (15): gay = 2mX Ql”;;l N0 _ 84,3 N/mm.
9 O

Tri s6 16n nhat gy, = 117,64 < ¢gpmin = 0,25R,:b = 162,5 N/mm — khong théa méan (27). Tinh
lai g, theo cach 2 vai cac cong thire (34), (35), (36):

2 1 2
- Cong thic (34): ggw = 3N+ 3 4q7 + ng" = 110,63 N/mm.
212
+8q1ho — 4~\Jq1h +4g1h
_ Cong thite (35): gy = 2mx ¥ 84140 l‘gj 0©max * 34110)_ 3¢ 16 N/amm.
b 0
1
- Cong thirc (36): qgy = s (Q;l“a" - 3q1) = 129 N/mm.
) 0

So sanh ba tri s6 ¢y, tinh dugc & trén chon tri s6 16n nhit ¢, = 138,16 N/mm dé tinh S;,. Chon
dai ¢6, 3 nhanh, khoang cach § = 100 mm; c6 gy, = 144,16 N/mm.

Nhu vy, mgc du b tri cot dai ¢ gy, = 144,16 N/'mm < gy nin = 162,5 N/mm nhung van dam
bao diéu kién pha hoai déo, diéu kién cudong d6 va tiét kiém.

10
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b. Bai toan tinh kiém tra kha nang chiu cit Q,

Vi du 3: Sé liéu nhu vi du 1, dung dai ¢6, 2 nhanh, khoang cach § = 200 mm, tinh dugc gy, =
48,025 N/mm.

Gswmin = 0,25Rpb = 100,625 N/mm > g, = 48,025 N/mm.

Tinh Q, theo 2 cach:

Cach 1: Ldy g4, = 0,v6i M), = 1,5Rb,bhé = 182634375 Nmm, Q,, tinh theo (30): Q,, = 2\ Mpq; =
135142 N = 135,142 kN.

Cach 2: L?iy My = 6qswh(2) = 87165375 Nmm rdi tinh Q. theo cac cong thuc:

- Cong thue (31): 0, =2 \/Mbl(ql + 0,75¢5,) = 145859 N.

- Cong thirc (32): Q, = 2 Mp1q1 + 1,5¢ho = 132983 N.

- Cong thire (33): Q. = 3q1ho + 3,5¢swho = 133698 N.

Chon Q, nhé nhit: Q, = 132,983 kN nhung do tri s6 ndy bé hon Q, tinh theo (30) & cach 1 nén
kha nang chiu cit ctia dAm 0, = 135,142 kN.

Vi du 4: S6 liéu nhu vi du 1, dung dai ¢6, 2 nhanh, khoang cach § = 150 mm, tinh duoc g, =
64,03 N/mm.

Gswmin = 0,25Rp:b = 100,625 N/mm > g, = 64,03 N/mm.

Tinh Q, theo 2 cach:

Céch 1: Lay gy, =0, v6i M), = 1,5Rbtbh(2) = 182634375 N, tinh Q, theo (30): Q, = 2 Mpq; =
135142 N = 135,142 kN.

Cach 2: Léy Mp = 6qswhé = 116214450 Nmm r0i tinh Q. theo cac cong thic:

- Cong thire (31): Q, = 184,242 kN.

- Cong thuce (32): 0, = 160,628 kN.

- Cong thure (33): 0, = 164,508 kN.

Chon Q, nho nhéat: Q. = 160,628 kN > 135,142 kN = Q,, tinh theo (30) ¢ cach 1 nén kha ning
chiu cit cua dam Q, = 160,628 kN.

4.2. Viduy tinh dam chiu tai trong tap trung
a. Bai toan ngugc, tinh g,

Vi du 5: Dam don gian co tiét dién b = 400 mm; & = 550 mm; ko = 500 mm; bé tong B30 co R, =
17 MPa, Ry, = 1,15 MPa, thép dai CB240-T, R, = 170 MPa. Tai trong tap trung P dat cach mép géi
1300 mm, lyc cdt 16n nhat tai mép goi @ =150 kN.

Véi My = 1,5Rybh} = 172500000 Nmm, kiém tra diéu kién (30), ta c6: Q = 150kN >

M X .
max (—b; Oy min) = 115 kN nén can tinh cot dai.
a

Do chua biét gsw ¢6 thoa man diéu kién (27) hay khong nén trudc hét di tinh gsw theo cac cong

thire (22)—(26):
2M
- Xét ¢1 theo (22): ¢; = jb = 2300 mm > a = 1300 mm.

Do c; khong nam trong cac khoang khong ché nén khong can tinh gy, theo (23) ma ldy gy, theo
muc dudi day:
- Xét ¢ = a = 1300 mm > 2hy = 1000 mm nén tinh gy, theo cong thic (25): g, = s =
)
23,07 N/'mm. g5, = 23,07 N/'mm < ggymin = 0,25Rpb = 0,25.1,15.400 = 115 N/mm nén can tinh
lai theo céach 2 theo cong thuc (43) ing vdi 2hg = 1000 mm < a = 1300 mm < 3k = 1500 mm:

a0 = 78,8 N/mm.

Dsw = G0 (6ho + 1,5a)

11
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Chon dai ¢6, 2 nhanh, khoang cach S = 120 mm ¢6 gy, = 80,1 N/mm > 78,8 N/mm.
Khi thay dbi a, tri s6 gy, thay d6i ty 1¢ thuén véi a:

a=1100 mm; gg, =71 N/mm.

a = 1200 mm; g, = 75 N/mm.

a = 1300 mm; gy, = 78,8 N/mm.

a = 1400 mm; gy, = 82,4 N/mm.

b. Bai toan tinh kiém tra kha nang chiu cit Q.

Vi du 6: DAm c6 vt liéu, kich thude tiét dién va chiju tai giéng v6i vi du 5, dAm duoc bd tri dai
#6, 2 nhanh, khoang cach § = 120 mm.

. . Ry, A

Gia tri gy, theo bd tri cot thép gy, = ——= = 80,11 N/mm.
A

Gia tri ggw min = 0,25Rpb = 115 N/mm — g < G, min-

. M,
Tinh theo (37) kha nang chiu cat ciia bé tong Qp = min (—b; Oy min) =115 kN.
a

Do 2hy < a < 3hg nén voi My, = 6qswhé = 120165919 Nmm, ta co6: Q,, = % + 1,5gswho =
152518 N=152,18 kN > O, = 115 kN. ¢

Gia tri Q, > Q = 150 kN — dam dam bao kha ning chiu cit.
5. Két ludn

Bai bao da giai quyét dugc van dé thiét ké va kiém tra kha ning chiu cat khi dam c6 ham lugng
cbt dai rat thép (gsw < gswmin)- Phuong phép trinh bay tudng minh, logic, dé hiéu, bam sat co s6 ly
thuyét va cac cong thirc co ban cua tiéu chudn TCVN 5574:2018. Phuong phap dé xuat cho két qua
trang khop gitra bai toan thiét ké véi bai toan kiém tra. Két qua cho thiy so véi tinh toan théng thuong,
lu6n 1€iy Gsw = Gswmin thi hoan toan co thé bd tri cbt dai co ham luong rat th:?ip nhé hon ham luong
quy dinh (ggy < @sw.min) Ma van ddm bao kha ning chiu cit cta ciu kién. Viéc lam nay dac biét co
hiéu qué véi nhitng dam c6 bé rong 16n (dam bet) st dung cap do bé tong cao. Két qua bai bao co thé
dwa vao giang day va ap dung rong rii cho cong tac thiét ké.
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