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TGM TAT

Tai Viet Nam, dén nay van chua ca tigu chudn thigt k& riéng cho
ket cau lien hop thep - bé tang (LHT-BT). Tuy nhién, loai két cau
nay ngay cang duge tng dung rong réi trong cac cong trinh xay
dung. Trong thye t€ thigt ke va tinh toan, céc ki su hign dang tham
khao va ap dung nhiéu tiu chudn nudc ngodi khac nhau, nhu
Eurocode 4, ANSI/ZAISC 360 va GB 55004-2021. Déi vai cac ket
céu ca nhip lén, viec st dung ket cau dan LHT-BT mang lai nhiéu
hieu qua kj thuat va kinh t&, ddng thai pho hop vai yéu céu cia
céc cong trinh hign dai. Nhung vigc tinh toan loai ket cau nay hign
vn chua dugc dé cap nhiéu trong cac tai lidu nghién ciu tai Viet
Nam.

Bai bao trinh bay tdng quan vé ket cdu LHT-BT, trong da tap
trung lam rd ddc diém cia ket cdu dan lien hop, ang dung thuc
té cha loai ket cdu nay trong xay dung & Viet Nam va trén the
gidi, ciing nhu danh gia vu diém va han ché khi ap dung trong
cang trinh xay dung. Ngoai ra, bai bao con van dung ly thuyét
tinh toan ket céu LHT-BT theo tieu chuén chau Au Eurocode 4,
tir do dé xudt quy trinh tinh toan va thiét lap céc cang thic tinh
toan cho ket cdu dan lign hop, co thé &p dung trong thigt ke
thuc té.

Tir khéa: K&t cdu lien hop. dan lign hop, dan thep.

ABSTRACT

In Vietnam, there are currently no national design standards for steel-
concrete composite structures. However, this type of structural
system has been increasingly applied in construction projects. The
design and analysis of such structures are presently conducted using
various international standards such as Eurocode 4, ANSI/AISC 360,
and GB 00004-2021. For large-span structures, the use of steel-
concrete composite truss systems offers significant advantages and
suitability. However, the analysis and design methods for this type of
composite truss structure have not been extensively addressed in
existing Vietnamese references. This paper presents an overview of
steel-concrete composite structures, with a particular focus on
composite  truss  systems, and reviews their applications in
construction practice both in Vietnam and worldwide. It also evaluates
the advantages and limitations of composite truss structures when
used in building and infrastructure systems. The study adopts the
structural design theory for composite structures according to
Furocode 4, proposes a calculation procedure, and establishes design
equations for steel-concrete composite truss structures, which can be
applied to practical engineering design problems.

Keywords: Steel-concrete composite structures, steel-concrete
composite truss structures, steel truss.

1. PAT VAN PE

K&t cau LHT-BT la loai két cau mai va dugc st dung cho
cac cong trinh |a cac tda nha cao tang va siéu cao tang. Trén
thé gidi loai két cdu nay dugc biét tu rat sém, no da danh dau
moét budc ngodt méi vé gidi phap két cdu va céng nghé xay
dung. Loai két cdu nay da tich hop dugc nhiing uu diém néi
bat cta hai loai vat liéu khac nhau la thép va bé téng dé tao
thanh moét hé két cdu c6 kha nang chiu luc tét hon, tang do
dai, & 8n dinh cho két ciu, ting kha nang khang chan va kha
nang chiu Ita so véi viéc chi st dung két cau thép hoac bé
tong don thuan.

Tai Viét Nam, c6 nhiéu tac gia da nghién ctu vé loai két cau
nay nhu GS.TS Pham Van Héi [1], PGS.TS Vi Quéc Anh [5],
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PGS.TS Nguy&n Xuan Huy [4], TS Hoang Hiéu Nghia [6] va mét
s6 tac gia khac. Tuy nhién cac nghién cttu va ly thuyét tinh toan
cha yéu tap trung vao cau kién cot, dam, san lién hop, véi loai
cau kién nay thi kha nang vugt nhip I6n con han ché.

Hé dan LHT-BT dugc xem xét dé& vuot cac nhip I6n trén 12
m, c6 thé tao ra khéng gian rat rong cho céc cong trinh. Viéc
Ung dung loai két cau nay da dugc ing dung trong tda nha Hud
Tower (Hinh 1). @ Viét Nam chua c6 bd tiéu chuan day du ciing
nhu hudng dan tinh toan vé két cdu LHT-BT. Do vay viéc nghién
clu quy trinh thiét ké két cdu dan phang LHT-BT dua theo tiéu
chudn chau Au Eurocode 4 13 can thiét nham dua ra mét quy
trinh tinh toan, thiét lap cac cong thuc tinh toan day du cho
loai két cau nay.
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Hinh 1. Toa nha Hud Tower (37 duang L& Vin Luong - Ha No)

2. UU NHUGC PIEM CUA KET CAU DAN PHANG LHT-BT

2.1. Uu diém

Hé dan LHT-BT la su két hgp hiéu qua cta dan va su tiét kiém
chi phi xay dung cla san lién hgp. Hé dan tap trung vat liéu vao
nhing vj tri truyén luc chinh, do d6 véi cling nhip hé dan LHT-BT
¢6 khai lugng thép it han bat ci hé két cau thép nao. Ngoai ra hé
dan LHT-BT tao ta khéng gian ma rat 16n cho hé théng ky thuat do
dé chiéu cao théng thly cda san c6 thé tan dung dén tan sat dan,
lam gidm chiéu cao tang.

- Tiét kiém thép so vdi dan thép: Bé tong tham gia chiu nén
nén cac thanh chiu nén (hodc phan chiu nén cda tiét dién) c6 thé
giam tiét dién thép so véi dan thép.

- Tang d6 cuing va giam vong (d6 vong nho hon ro rét): Bé téng
boc gép phan tang mémen quan tinh hiéu dung (El) ctia cac thanh
chiu nén/uén, do dé dé véng trung binh giam.

- Cai thién kha nang chdng buckling (6n dinh): Khi thanh thép
bi boc hodc lién két véi bé tong, chiéu dai manh tu do/ hé s6 manh
gidm, tang tai t6i han chéng buckling; do d6 c6 thé dung tiét dién
manh hon ma khéng bi mat 6n dinh. Ung dung rd & thanh nén cla
dan nhip I6n

- Bao vé thép-chéng an mon va chéng chay: Lép bé tong bao
che lam gidm t8c d6 an mon do d6 pH, hai 4m va khi &n mon;
déng thoi cung cdp kha nang chdng chay thu dong (thai gian chiu
Ita phu thudc vao do day 16p bao vé va mac bé tong).

- Tudi tho va chi phi duy tu thap hon: Gidm dién tich thép hé va
I6p bado vé bé tdng lam giam nhu cau son, chdng an mon dinh ky;
vé dai han c6 thé giam chi phi bao tr.

- Thich hgp cho nhip 1én va téi phuc tap: K&t cau lién hgp tan
dung uu diém thép (kéo, nhe) va bé tdng (nén, cling) nén rat thich
hop cho dan mai, dan cau nhip I6n, dan chuyén (transfer truss)
trong tda nha cao tang.

2.2. Nhuoc diém

- Thi cédng phtc tap hon, nhiéu céng doan: So véi dan thép
thuan (I3p ghép & siét bu-16ng), dan lién hgp can thém cép
pha, d6 bé téng, chd déng ran, han/cai bu 16ng neo/dinh stud -
lam gia tang cong tac tai hién trudng va yéu cau phdi hop
nhiéu déi nghé.

- Yéu cau kiém soat chat lugng cao cho lién két (shear
connectors): D€ thép va bé tong lam viéc lién hop can s6 lugng va
b& tri bu-lbng neo hodc dinh stud dung tiéu chuan; néu

thi€éu/khong dat thi sé xay ra partial interaction-mat kha nang lién
hap, giam nang luc thiét ké.

- Kiém soat han stud, neo, r6 ri bé téng, két dinh déu can
QC/QA chat ché.

- Kho stia chiiia, thay thé cac thanh bj héng

- Thiét ké phuc tap hon (phan tich partial interaction, slip):
Thiét ké doi hoi xét dén do trugt gilia thép-bé téng, hiéu Ung shear
connector, phan tich két cau lién hgp phtc tap han so véi bai toan
dan thép thuan, can ky su cé kinh nghiém.

3.CO SO LY THUYET THIET KE KET CAU DAN PHANG LHT-BT

3.1. B6 tri hé dan LHT-BT

Hai cach b6 tri hé két cdu cho hé dan LHT-BT thudng dugc su
dung [9].

+ B6 tri dam lién hop la dam chinh va dam phu d6 truc tiép san
(Hinh 2a).

+ B8 tri dan LHT-BT la dam chinh d& cac dam phu, cac dam phu
st dung cac dam thép thong thuding dé chia nhé 6 san (Hinh 2b).
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Gian LH 13 dam phu Gian LH 1a dam chinh
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Hinh 2. BG tri hé két cau st dung dan LHT-BT

3.2. Hinh dang dan LHT-BT

C6 rat nhiéu loai hinh dang dan c6 thé duoc xem xét dé ap
dung cho hé két cdu dan LHT-BT dua vao tiéu chi vé kha nang chiu
luc hgp ly va tiéu chi dung vat liéu hiéu qua, dugc thé hién tai Hinh
3[2], [9].

DINDSIN AL N e

(a) Dan chit nhdt cd thanh xién (“Pratt”) (b) Dan tam gidc (“Warren”)

N N/ /] AN

(c) Dan tam gidc cd 2 cdnh song song & gidta (d) Dan tam gidc cé hai cdnh song song &
gitta vdi cdnh dudi vdt
PVAVANIZANZANA ~J] 7
(e) Dan tam gidc c6 hai cdnh song song & (b) Dan tam gidc (“Warren”) vdi thanh xién
giita vdi cdnh dudi vdt vdi cdc thanh ding dai
gia cuong
Hinh 3. Hinh dang dan trong hé két cdu dan LHT-BT
3.3.Tiét dién cac thanh dan
Tat ca cac loai tiét dién déu c6 thé dugc sir dung cho ca cac
thanh canh trén va thanh canh dudi ctia dan. Céc loai tiét dién
duoc lua chon cho thanh cénh la thép hop, thép chir T, thép géc
nhu Hinh 4 [9].

Thép hop  Thép chir T Thép goc

Hinh 4. Cac dang tiét dién ngang ctia thanh dan
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3.4. Phuong phap thiét ké hé dan LHT-BT

3.4.1. Cdc phuong phdp phan tich

Phuong phap phan tich 1: Thiét ké tat ca cac cdu kién sir dung
phuong phap can bang luc cho tat ca cac trudng hop, gia thiét tat
ca cac lién két la khép. Day la phuong phaép tinh tay.

Phuaong phéap phan tich 2: Thiét ké tat ca cac cau kién véi su két
hgp cutia két qua phan tich luc tir phan tich dan héi cda tai trong ap
dat cho hé dan khéng lién hop cdng véi két qua phan tich luc tu
cac hoat tai ap dat 1én hé dan lién hgp. Bay la phuong phap phan
tich bang may.

Phuong phap phan tich 3: Phan tich déo clGia dan, phuong
phap phan tich nay dugc tinh khi cac khdp déo phat trién trong
cac cau kién. Phuong phap nay chi thuc hién bang may tinh.

3.4.2. Quy trinh thiét ké dan LHT-BT

Xay dung quy trinh thiét ké theo phuang phap phan tich 1

b1. Xac dinh s6 liéu dau vao

b2. Thiét l1ap so d6 tinh clia cau kién dan

b3. Tinh todn tai trong va xac dinh céc trudng hgp tdi trong

b4. Xac dinh ndi luc cac thanh dan

b5. Tinh toan va kiém tra dan LH trong giai doan thi céng

+ Kiém tra kha nang chiu mé men téng thé cta dan

+ Kiém tra dan khi van chuyén, ciu ldp

b6. Tinh toan va kiém tra dan LH trong giai doan lién hgp

+ Kiém tra kha ndng chiu mémen téng thé cta dan

+ Kiém tra kha nang chiu luc clia cac thanh bung

+ Kiém tra d6 véng cda dan

+ Kiém tra dao déng clia dan

+ Tinh toan s6 lugng bu [6ng lién két

3.4.2.1. So d6 tinh todn hé dan LHT-BT

VGi hé két cdu nhip 15-20 m ta st dung hé két cau dan dang
tam giac cho két cdu dan LH. Hai dau dan lién két khép (Hinh 5).
Nhip cta thanh canh trén b nam trong khodng 2 m+2.5 m [9].

a
T L
N

Hinh 5. S¢ d0 tinh dan tam gidc
3.4.2.2. Taitrong tdc dung lén hé dan LHT-BT

Tai trong tinh toan cho két cau dan LH gom cac loai tai trong
dudi day [9]:

A

- Tai trong ban than dan va tam tén =0.4 kN/m? (DL1)

(gia thiét)

- Trong lugng ban thén san bé téng =2.3 kN/m? (DL2)

- Tai trong thi cong = 0.5 kN/m? (CL1)

- Tai trong thi cong =4kN (CL2)

- Tinh tai =0.85kN/m?  (DL3)

- Hoat tai =4.35 kN/m? (LL)

3.4.2.3. Phan tich néi luc hé dan LHT-BT
- Néi luc ctia cdc thanh cdnh trén va thanh cdnh duéi [2], [13]:
Thanh canh trén va thanh canh dudi chiu tadc dung dong thoi
clia ca luc nén va mémen uén.
Luc doc trong céc doan thanh dugc xéc dinh ti cac bai todn
can bang tinh hoc, 1y can bang mémen vai géi trai (Hinh 6):
L2

b ) b ) b b2
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Hinh 6. S¢ d0 luc nén cac thanh trén va thanh dudi dan
gx(L/2*) 1
N,=Ngx=|R,———— |x— (M
44 88 [ 1 2 x Dl
x(3b/2) 1
N23—N67—{R“—q2]><Dl @

TU cac cong thiic (1) va (2) c6 thé dan gian hoa viéc tinh toan
Iuc kéo va nén clia thanh canh thong qua gia tri mémen cla tiét
dién xem xét trong mét dam don gian tuong duong (Hinh 7).
X
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w

Mx
Hinh 7. Biéu d6 ndi luc cdia hé dan khi coi nhu ddm don gian
Khi d6 gia tri luc doc trong thanh cénh sé bang: N = M/ D: (3)
Momen trong cac thanh cénh trén clia cdc doan panel B dugc
xéac dinh ti mémen cuc bé do tai trong tdc dung trong pham vi
panel B véi so d6 ngam dan héi hai dau (Hinh 8):

b

Dy

f/'HHHHHHlH

7

M23 //( M32
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Hinh 8. Biéu d6 momen cuc bd do téi trong téc dung trong pham vi panel B
- Luc doc trong cdc thanh xién: dugc tinh toan don gian tu can
bang luc doc trong cac nut (Hinh 9).

1 2 3 4
R
N15 26 37
RIt| X AN52 X B3 X
5 6 7
Nis =R/ sinf (4)

Ns2 = N1s = Nas = Ne3 = N37
Hinh 9. Biéu d6 xac dinh luc doc trong cac thanh xién clia dan
- Thiét ké kiém tra tiét dién thanh dan
+ Thanh cénh trén va duéi ctia dan dugc kiém tra theo bai toan
chiu nén va uén déng thai.
+ Cac thanh xién kiém tra véi bai toan kéo nén doc truc.
3.4.2.4. Tinh todn dan LHT-BT trong giai doan thi céng
Cac truong hop tai trong trong giai doan thi cong [9]:
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T6 hop 1:
TL ban than gian+tBT+TT thi cong
INNNEERENEEEENEE NN RN RENE
4
S) B B A
T L L J
N 1
T6 hop 2:
Tai hi ¢6
ALtong thi CONg 1y a1 than gian+BT
tap trung
INNNENNNNERNNNNNRNNNNNNNNNRREREY
4
) B B A
- L L |
N 1
T8 hop 3:
Tai trong thi cong
tap trung TL ban than gian+BT
4
S \/\W/\/\/
T L L \J
N 1

Hinh 10. Cac trudng hgp tdi trong trong giai doan thi cng

Trong giai doan thi cdng san va dan lam viéc doc lap. Viéc kiém
tra khd nang chiu mémen téng thé clia dan tuong duong véi viéc
kiém tra khd nang chiu luc cGa cac thanh cénh trén va thanh canh
dudi. Do t6ng tai trong trong giai doan thi c6ng nhé hon téng tai
trong khai thac nén viéc kiém tra kha ndng chiu mémen téng thé
clia dan tuong duong vdi viéc kiém tra khd nang chiu luc cla
thanh cénh trén.

3.4.2.5. Tinh todn dan LHT-BT trong giai doan san lam viéc lién hop

Trong giai doan san lam viéc lién hgp, vai trdo chiu nén cda
thanh canh trén gidm dan, khi bé tong dat cudng do, vai lién két
chét du dé tao mot lién két hoan toan thi san chu yéu chiu nén
thay cho thanh canh trén. Vi trang thai chiu luc cudi cung trudc
khi pha hoai thanh canh trén chuyén sang chiu kéo. VGi hé két cau
trén, thanh canh trén trong giai doan nay chi c6 tac dung nhu la

mot thanh truyén luc [9].
TL ban than gian+BT+
+ Hoan thién+Hoat tai

IENEEEEEEEEEEEEEEEEEEEEENEEEEE

v
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Hinh 11. Truong hop tai trong trong giai doan san lam viéc lién hgp

Cdc tinh todn kiém tra trong giai doan nay bao gém:

+ Kiém tra kha nang chiu mémen téng thé clia dan

+ Kiém tra kha nang chiu luc cta cac thanh bung

+ Tinh toédn s6 lugng bu [6ng lién két

- Kha nang chiu mémen téng thé ctia dan trong giai doan lién
hop [9], [14]:

Hinh 12. Bi€u d6 (ing sudt déo khi truc trung hoa di qua bén bé tng (mét c3t giiia nhip)

Kha nang chiu kéo, Fap , clia thanh canh duéi dugc tinh theo

cong thuc:
Fab=Ab fy (5)
Kha ndng chiu kéo, Far, clia thanh cédnh trén dugc tinh theo
cong thuc:
Fab= At fy (6)
Kha nang chiju nén bé tong
Fc= 0.85fca befrhe 7)

Trong hau hét cac trudng hgp ta co: Fa = Fap+ Far < Fe, Vi tri truc
trung hoa di qua ban bé tong. Khd nang chiu mémen déo cltia dan
LH dugc tinh theo luc kéo clia thanh canh dudi nhan véi canh tay
don dén hop luc chiu nén cua san. Vi vay:

Xc = (Fab+ Fat) / (0.85fcd befr) (8)
M*pird = Fab (D = Xb 4+ hs = Xc/2) + Fat ( Xt + hs — X/2) 9)
Kiém tra kha nang chiu mémen téng thé cta dan:

M+pI4Rd > M*max nhip (10)

3.4.2.6. Kiém tra d6 vong ctia dan

Do vong cla dan dugc tinh bang céng thuc tinh d6 véng cua
dam don gian [2], [9],[13],[14]:

_ 5qI*
384E1

D6 vong cta dan dugc tinh todn qua 2 giai doan: giai doan thi
cong (61) va giai doan lam viéc lién hgp (62)

Tai trong tinh toan d6 vong trong giai doan thi cong gom tai
trong ban than dan va tai trong bé téng.

Momen quan tinh lx dugc tinh véi thanh trén va thanh dudi.

Tai trong tinh todn d6 vdng trong giai doan lién hop la hoat tai,
tinh v6i mémen quan tinh cla tiét dién lién hop.

Tinh todn mémen qudn tinh cta tiét dién lién hop l

1 bi |

(am

1
Tiét dién quy déi tuong duong ca phan bé tong hiéu qua
b hE

sangthép: 4, =—L <™ (12)
grhep: 4 2EI,
Vi tri truc trong tam cda tiét dién lién hop canh trén:
7= Ah 2+ A(x,+h —h /2) (13)
(4,+4)

M6émen quan tinh cda tiét dién lién hgp canh trén déi véi truc
trong tam cda tiét dién lién hgp canh trén:
b

eff ‘7 Ecm o 5
== 4, (5 = b D 4 A 45, =3 (14

| by |
i N i 1

I
1= A s S
T B £ n~’r/%/:v97;ﬁﬂr/:"/ﬂ;-f,-f3\~—u

- r

i
Hinh 13.Vi tri truc trong tdm cGa tiét dién dan lién hop
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Vi tri truc trong tam cda tiét dién lien hop dan (k& dén thanh
canh dudi):

= _ (At Ay, + 4D, +x,+h)

y (Ald + Al + Ab)

Mémen quan tinh cla tiét dién lién hop dan (ké dén thanh
canh duéi):

I, =1,+ (A4, +A4)y—y) +1,+ 4,(D, +x, +h —y)’ (16)

Diéu kién vé giGi han dé véng cta dan: 6 < L/250 va 6, < L/360

3.4.2.7. Kiém tra dao dong clia dan [9]

Tai trong tham gia vao dao déng riéng ciia dan bao gom tinh
tai va 10% Hoat tai.

Goi d6 vong do tai trong trén gay ra la 6w (mm).

Dao déng riéng clia dan LH dugc tinh gan ding bang

(15)

18 (Hz) > 4(Hz) (17)

f B V53W

3.5. Vidutinh toan dan phing LHT-BT

Thiét ké dan LHT-BT dang tam giac nhu so d6 két cau Hinh 14.
" L3

™ ™
S
Dam thép > Gian thép S
fdiaend )
S
i ' m__
| | | |
i 15,0 i
Hinh 14. M3t bang két cdu 6 san dién hinh
* Sg d6 tinh: Dan LHT-BT c6 lién két khap & hai dau.
* Cac dac trung vat liéu st dung:
Bé tong cdp dd bén C30/37: fa = 30 N/mm? ; Ecm = 33.000

N/mm?

Thép két cdu S355 co: fy = 355 N/mm? ; Ea = 210.000 N/mm? =
21.000 kN/cm?; la = 35.100 cm*; Wpi,. =2.000 cm?3

San lién hgp day hs = 140mm, s dung t6n séng cao hp =
60mm.

* S0 liéu tai trong:

Tinh tai hoan thién va hé théng ky thuat: 0.85 kN/m?2.

Hoat tai st dung: 4.35 kN/m?2.

3.5.1. Lua chon kich thuéc dan

1 1 1
L=|—~—1[15=(0.75~1 ;
15) (20 15] ( )(m)
Chon chiéu cao dan D = 0.85m.

- Lya chon hinh dang dan tam giac. D& dam bao géc nghiéng
clia cac thanh xién trong khoang 30°, ty 1é gilta khodng cach nut
dan:nhip dan xap xi bang 3:1. Do dé ta chon khoang cach giira cac
nut dan b=2.2 m. Khoang cach nay dugc bé tri don déu tu 2 phia
clia dan vao gilfa, khodng cach nut tai gitta: a = 15-2.2x6 = 1.8 m,
kich thudc hinh hoc dan nhu Hinh 15

I" e 'l" 2 ]
H‘|nh 15. Kich thudc hinh hoc dan

- Chiéu cao dan: p = [ !
20

]

Lua chon so b kich thudc hinh hoc clia cac thanh dan:
- Thanh cénh trén: T127x152x21 kG/m
- Thanh cédnh dudi: T165x152x27 kG/m
- Thanh xién: 2L80x80x8
3.5.2. Tditrong tdc dung
Xac dinh tai trong tac dung lén dan:
Tai trong quy Vvé tai phan bé trén dan (tinh véi busc dan 1a B =
3,2m)
- Tai trong ban than dan va tdm

=0,4%3,2=1,28 kN/m (DL1)
toén (gia thiét)

- Trong lugng ban than san bé | =2,3x3,2=7,36 kN/ m (DL2)

tong

=0,5%3,2=1,60 kN/m (CL1)
=0,85%3,2=2,72 kN/m (DL3)
=4,35x3,2=13,92 kN/m (LL)

- Tai trong thi cong

- Tinh tai

- Hoat tai

3.5.3. Tinh todn kha ndng chiu luc cia dan

Xac dinh tai trong tac dung lén dan:

3.5.3.1. Giai doan thi cong

Giai doan thi cong, dan lam viéc déc lap véi san bé téng. Céc
bai toan kiém tra gém:

- Kiém tra kha nang chiu luc cuc b6 cla cac thanh canh trén va
canh duéi.

- Kiém tra kha ndng chiu mémen uén cla dan.

So d6 truong hop tai trong tac dung trong giai doan thi céng
nhu sau:

T6 hop 1: Tai trong ban than x 1,4 + tai trong thi cong x 1,6

q=1(1,28+7,36)x1,4+1,60x1,6 = 14 656 (kN/m)

~14,636 KN'm
'3
3
220 | 220 | 220 | 180 | 220 | 220 | 220
15.0
Hinh 16. S @ ti trong tac dung Ién dan
q=14,656 KN/m

109,92

10.90

2.20 2.20

7.5

Hinh 17. Can bang luc xac dinh ndi lyc cac thanh dan
Theo muc 3.4.2.3, xac dinh dugc néi luc cac thanh dan nhu sau:
Nas ==529,14 (kN) (nén)

N23=363,2(kN); N34=491,5 (kN) (nén)

Nse = 206,4 (kN) ; Ne7 = 341,8; N7s = 406,26(kN) (kéo)

Mas = 14,656%2,2%2,2/12 = 5.91(kNm)

Mas = 14,656x1,8%1,8/12 = 3.96 (KNm)

a) Kiém tra kha nang chiu lyc ctia thanh canh trén.

Tiét dién thanh canh trén: 127x152x21 kg/m

Thong s6 hinh hoc cla tiét dién:

2.20

B d T t A (cm?) Ix (cm*) Cx ix (mm) iy (mm) | Zg(cm3) | Zw (cm3) Whi
(mm) (mm) (mm) (mm) (mm) (cm?3)
124.3 153.3 12.1 8.0 26.6 568 38.5 46.2 27.0 147 49,5 88.9
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* TB=124.3oﬂiT= 12.10

Cx=*38.7oﬁ(—JT T

*J Ft =8.00
Phan loai tiét dién:

235)" (235"
e=| 22| === =081
( P, j (355}
B/2 1243/2

Canh: ——
T 12.1

Bung: %:%:19.16<335=33><0.81=26.85

=5.16<96=9x0.81=7.32

Tiét dién thudc loai 1.
Tinh kha néng chiu luc nén cia thanh 34, 44

=7 |— = JE = .
}lf 93.9¢ =76.399
Jy
1800>< 1

46.2  76.399

— L1 2200 1
Aca = —=—X

i A 462 76399
Tiét dién ch(t T ing véi dudng cong ¢,
2>a=0.49; (EN 1993-1-1, hinh 6.4)

Bosy = 0.5[1 +a(2-02)+ EZJ =0.798

=0.623; Ay =

By =0.5x[1+0.49(0.51-0.2) + 0.51° | =0.706

Hé s6 giam kha nang chiu nén cla céac thanh dugc tinh theo

=0.510

1

Xy = —
¢(34) + \}¢34 — Az

1

Kawy = )
¢(44) + \I¢44 — A

Kha nang chiu luc doc clia cac thanh 34 va thanh 44:
Z(;4)Afy _ 0771X266X102X355 / 10.‘

=0.771 ;

=0.837

N[L,Rd(}él) = 1 = 728(kN)
M1
XunAf,  0.837x26.6x10°x355/10°
Nb,Rd(44) =ZC0 > - I =T791(kN)
M1

Kiém tra én dinh téng thé thanh chiu mémen va nén:
Bm= 1.3 (ENV-1-1, hinh 5.3.3)

o = Ao (28, —4) + [(Wpl_), —W,, )W, 1] =-1.26
N, . —1,26x488,8
kyyy =1- =1-
) 1,47, 728
- 18y ky = 1.5 d€ kiém tinh toan kiém tra n dinh téng thé
Mpl.y = Wpl.y X fy / Ymo = 31.56 (kNm)

Kiém tra 6n dinh t8ng thé cla mémen két hgp vdi luc nén theo
cOng thuc:

=1,8>1,5

M
Thanh 34; e +h, —2 OS5 20 g s6<1
sriy My, 728 ,56
M,
Thanh 44: —Ye +h, 2 = S8y 5 390 _ggs7<1
ray M, 191 31,56

- Thanh canh trén dam bao kha nang chiu luc trong giai doan
thi cong.

- Kiém tra kha nang chiu luc thanh canh duéi:

Tiét dién thanh canh dudi: 165x152x27 kg/m

cong thuc:

B d T t A (cm?) Ix (cm?) Cx ix (mm) iy (mm) Zx (cm3) | Zw (cm?) Wi
(mm) (mm) (mm) (mm) (mm) (cm?3)
166,9 155,1 13,7 7,9 344 642 32,1 43.2 39,3 200 52,2 92,8

Thanh canh duéi chiu kéo nén khéng xét t&i dnh huéng ctia do PN.A

manh: =398 3200

Nord=Afy /ymr =34,4x 10?2 x 355 x 103 /1=1.221 (kN)

- Thanh canh dudi dam bao kha ndng chiu luc trong giai doan
thi cong.

3.5.3.2. Giai doan san lam viéc lién hop

(Tai trong ban than + tinh tai hoan thién) x 1.4 + Hoat tai st
dung x 1.6

q=(1,28+7,36+2,72) x 1.4+ 13,92 x 1.6 = 38,176 (kN/m)

q=38,176 KN/m
f‘/

4

s
I
0.80

5 6

220 | 220 |

7 g 7 6 5
220 | 180 | 220 | 220 | 220

15.0
Hinh 18. Téi trong tac dung lén dan LHT-BT

M& men udn 1én nhat tai gidra nhip:
_ql’ _38176x15°

max 8 -
- Xac dinh vi tri truc trung hoa déo

=1.073,7(kNm)

7 Y/ 7
' WMA%M%% ‘:j =3
o —

xt=387] |__ o

gﬁ
2 ot 2
ll: 0
- ___I!__ —_
16% 9 Xb—32,1-
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Kha néng chiu nén cia phan bé tong, Fc

Fc =0.85f.4Bhc =4.352.000 N = 4.352 (kN)

Kha néng chiu kéo ctia I6n nhat clia thép, Fa

Fa = Ady+ Aofy =944 + 1.221 = 2.165 (kN)

Fc > F,, do dé truc trung hoda déo nam trong phan bé téng.

Xac dinh vi tri truc trung hoa déo:

X, = E’ = 2.165 =39,8(mm)

0,85f.,6 0,85x30/1,5%x3.200

Kha nang chiu mémen ctia dan LH:

Mc = Fab (D + Xt + hs — Xc/z) + Fat( Xt + hs — Xc/2) =1.294,8 kNm >
1.073,7 kNm

- Trong giai doan lién hgp, thanh canh trén va thanh canh
dudgi a0 kha nang chiu mémen uén téng thé.

- Kiém tra kha nang chiu luc cta cac thanh xién:

So d6 tai trong quy vé nut
42,0 kN 84,0 kN 84,0 kN 76,35 kN 76,35 kN 84,0 kN 84,0 kN 42,0 kN

N S S

28635kN 5 6 7 8
220 | 200 | 220 | iso | 220 | 220 | 220

286,35 kN

15.00

Luc doc trong cac thanh xién:

N1s = 286,35 / sin(36°) = 487,2 (kN), Kéo

N25= N15=487,2 (kN), Nén

Nas = Na7 X sin(36°) / sin(42°) = 114,1 (kN), Nén

N2s= N2s — 84,0 / sin(36°) = 487,2 — 143 = 344,2 (kN), Kéo

N36= N2s=323 (kN), Nén

Chon chung tiét dién cho céc thanh xién ctia dan la 2 thép gdc,
50 bd chon tiét dién thanh xién cha dan : 2L80x80x8.

- Kiém tra kha nang chiu luc ctia thanh Nas = 487,2 kN, chiu nén.

Phan loai tiét dién thanh, tiét dién thanh xién t6i thiéu phai
nam trong I8p 3 theo diéu kién trong bang 5.2 ctia EC3-1-1:

a/t=80/8=10< 15e = 15x0.81 = 12,15, thda mén

(a+a)/ 2t=(80+80) / (2x8) = 10<11.5 € =9.315, khdng thda man.

Tiét dién khong thoa man cac diéu kién.

Can tang bé day canh cua thanh, chon lai tiét dién thanh xién:
2L.80x80x10.

Khi d6: (a + a) / (2t) = (80 + 80) / (2*10) = 8 < 11.5 € = 9.315,
théa man.

Ki€m tra kha nang chiu nén cda thanh xién theo diéu kién:

Ned / Nogrd < 1

Thong s6 hinh hoc clia thanh xién: L = 0.8/ sin (36°) = 1,36 (m)

a t A Ix Cx I'x
(mm) (mm) (cm?) (cm*) (mm) (mm)
80 10 15,1 87,5 2,43 2,41
T~ e L1360 1o,
i A 24,1 76,399

Tiét dién chir L ing vai dudng cong b,
—2>a=0,34; (EN 1993-1-1, hinh 6.4)

d.o =051+ a(2-02)+ 2" |=0,865
(25)

Hé s& giam kha nang chiu nén clia cac thanh dugc tinh theo
cong thuc:
1

Xs) = T —
¢(25> + \/¢zs = Az

Kha nang chju luc doc clia cac thanh 25:

N ZesAf _0.756x15,1x2x10°x355/10°
b,RA(25) — 7 = 1 =
M1

=810(kN) > 487,2(kN)

=0,756
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- Thanh xién da kha nang chju nén.

Dé nhan thay thanh xién Nis dd kha nang chiu kéo.

Vay cac thanh du kha nang chiu luc.

3.5.3.3. Thiét ké chiu cat

Lién két gilra san lién hgp va thanh canh trén clia dan can dugc
thiét ké dé chiu dugc luc cdt tuong tac gidia thép va bé téng: Q = F..

Fc =0,85f4Bx.= 0,85%30/1,5%3.200%x39,8 /10° = 2.165 (kN)

Chon 1 bu léng dudng kinh d=16mm, chiéu cao bu 16ng hs =
80mm.

Tinh toan kha nang chiu cat cia mét bu léng don:

2 2
Pl) =081, [”d]l = O,8><355><[”16 jl =59,19(kN)
4 )y 4 1,25

v

>

- 1
Py =0,29ad’[f,E, —=
V4

v

=0,29x1x16% x+/30x 33000 x 107 / 1,25° = 59,09
Hé s& giam kha nang chiu cat déi véi san deck:

. 10,75 (h . (0,7300( 80
k, = min —| =2<—1 ;1 |=min — —-1;1|=
Jn b, h, J1 60 {60

=min(1,167;1) =1
Kha nang chiu cat cia mét bu léng don:
Py =min(k, P,k P) = 59.09

S6 lugng bu l6ng can thiét:

n, =0/ P, =2.165/59,09 =36,6

Chon khoang cach gilta cac bu ldng a = 300mm, sé lugng bu
I6ng thyc té:

15.000/300= 45 buléng, thda man diéu kién chiu cat.

3.5.3.4. Kiém tra dé véng cta dan

Lién két gilra san lién hgp va thanh canh trén clia dan can dugc
thiét ké dé chiu dugc luc cdt tuong tac gidra thép va bé téng: Q = F..

* Giai dogn thi céng:

Tai trong tiéu chuan
g=1,28+7,36=8,64 (kN/m)

Giai doan nay san bé tong chua tham gia chiju luc cung dan,
momen quan tinh clda dan dugc tinh véi canh trén va canh dudi
cda dan. Vi tri trong tam cda tiét dién dan:

— 26.7x3.87+34.4x(77.9+3.87)

r 26.7+34.4

Mémen quan tinh vai truc trong tam tiét dién dan:

I =573+26,7x 43,87 + 642 + 34,4 x 34,96 = 92.485(cm")

D6 vong clia dan & giai doan thi céng:

_5q'  5x8,64x15.000°
' 384El_  384x205.000x92.485x10"

* Giai doan san lam viéc lién hop:

Tai trong tiéu chudn thém vao trong giai doan nay la tinh tai
hoan thién va hoat tai:

0=2,72+13,92=16,64 (kN/m)

Giai doan nay san va thanh canh trén lam viéc lién hgp. Tinh
toan théng s6 hinh hoc cla tiét dién lién hgp thanh canh trén.

trong giai doan thi coéng:

=47.74

=30,04(mm)

%W 3000
£ r L
%
B %M%M%%E}{ sﬂ
o~ g~
= A

xt=38,7] H
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Dién tich tuong duong clia phan bé téng quy d6i sang thép: cling thuc hién mot vi du tinh toan cu thé, 4p dung hé théng céng
_ 320x8x33.000 206(cm? thiic dugc thiét 1ap theo Eurocode 4, gilp viéc tinh toan tré nén rd
@ 5 205.000 (em”) rang, dé hiéu va thuan tién cho thuc hanh thiét ké. Két qua nghién
Vi tri truc trong tam cGa tiét dién lién hop canh trén ctrq la budc tién quan trong tropg yiéc ting budc hoan thién hé
 206x8/2+26,7x (3,87 +14—8/2) S 13(m) t’hén:j; tai liéu thiit' 5ékcﬂhohl?ai két»céu Ii'é\r}tlc},E)l hién dai, hudng téi
Vi (206+26.7) , Ung dung trong thiét ké nha cao tang tai Viét Nam.
Mémen quén tinh cua tiét dién canh trén di véi truc trong TAI LIEU THAM KHAO
tam: [1]. Pham Van Hdi (2010), Két cau lién hgp thép bé tong dung trong nha cao tang,
320 x8* x33.000 NXB Khoa hoc va ky thuat, Ha Noi
=2 1006 %(5,13—4,0)* + 573+ 26,7x12,74° = cva ty Tudt, na oL e
= ok ax205.000 200 (137400373426, 7x12, [2]. TCVN 5575: 2012. Két céu thep. Tiéu chusn thiét ké.
= 6.268,6(cm?) [3]. PGS.TS. Nguyén Xuan Huy. Tinh todn két cu lién hgp thép - bé tong c6t thép. NXB
Vi ti tryc trong tém cla tiét dién dan khi ké dén sy lam vie ¥ dﬂ"]g’ggég%man HGi (Chi bién). Két cu lién hop thép - bé tong. NYB Xay dun
lien hop (ké dén ca thanh canh dusi): el - : o Ihep 9. NAB 2dy dung,
_(2060+26,7)x5,13+34,4x (77,92 + 387 +14) _ (¢ g,y [51. PGS.TS Vi Quéc Anh (chi bién), TS Hoang Hiéu Nohia. Két ciu lién hop thép - b
(206 +26,7 +34,4) tong. NXB Xay dung, Ha Noi, 2025.
Moémen quan tinh cua tiét dién dan déi vai truc trong tam tiét [6]. Vién khoa hoc Cong nghé xdy dung. Thiét ké két cdu lién hgp thép - bé tong. NXB
dién (ké dén ca thanh canh dudgi): Xy dung, Ha Noi, 2016.

I, =6.268,6+(206+26.7)x11,67> + 642 + 34.4 x 74* = 226.976(cm*) [7]. British Standards Institution, Eurocode 4: Design of composite steel and concrete
) structures - London:BSI, 2004.

[8]. BS 5950 (2010), Part 3, Design in Composite Construction, Section 3.1 Code of

D6 véng thém trong giai doan lién hgp:
> vong rong glai doan fien hop practice for design of simple and continuous composite beam (BS 5950-3.1-1990 + A1-

4 4
= 5ql _ 5x16,64x15.000 = 23,57(mm) 2010).

384EI,, 384x205.000x226.976 <10 [9]. The Steel Construction Institute (2011), Design of composite Trusses.
T6ng do6 véng clia dan lién hgp: [10]. Eurocode 0: Basic of structural design, 2002, (EN 1990:2002).
8 =35, +0,=30,04+23,57 =53,61(mm) < L/ 250 = 60mm [11]. Eurocode 1: Actions on structures - Part 1-1: General actions - Densities,
Kiém tra d6 vong: selfweight, imposed loads for buildings, 2002
8, =23,57(mm) < L/ 360 = 41,67mm [12]. Europan standarq, Eurocode 2 (2001), Design of concrete structures.

[13]. Eurocode 3, Design of steel structures. Part 1.1: General structural rules (prEN

o= 51 + 52 = 53,61(mm) < L/250=60mm 1993_1_12002)
Vay d6 voéng clia dan LH trong gidi han cho phép. [14]. Eurocode 4: Design of composite steel and concrete structures - Part 1-1: General
3.5.3.5. Kiém tra dao ddng cda dan rules and rules for buildings (EN 1994-1-1:2004).

Tai trong xem xét vao tinh toan dao déng riéng clia hé dan LH:
g= Tinh tai + 10% Hoat tai = 1,28 + 7,36 + 2,72 + 13,92x0.1 =
12,751 (KkN/m)
Chuyén vi ctia dan tuong Ung vdi tai trong trén:
_5q* 5x12,752x15.000°
™ 384EI. 384x205.000x226.976x10°*
Dao déng cla riéng cla dan bang:

I8 18 403z > 40(He)

Dan dam bao diéu kién giao déng riéng cho phép.

=18,1(mm)

4, KET LUAN

Bai bao nay trinh bay téng quan vé LHT-BT, trong d6 tap trung
lam rd ddc diém cta két cau dan LHT-BT, iing dung thuc té cda loai
két cdu nay trong xay dung & Viét Nam va trén thé gidi, dong thoi
danh gia cac uu, nhugc diém khi ap dung vao két cau cong trinh.
Hé dan LHT-BT dugc xem la gidi phap hiéu qua cho cac céng trinh
¢6 nhip 16n trén 12 m, ¢6 kha nang tao ra khong gian s dung réong
rai va linh hoat. So v6i dan thép hodc dam thép thong thudng,
trong lugng cla dan thép lién hgp gidm dang ké nho su phéi hop
chiu luc hiéu qua gitia thép va bé tong, déng thai van dap tng cac
yéu cau vé kha nang chiu luc va d6 véng theo huéng dan tinh toan
vé két cau LHT-BT.

Bai bao nghién ctiu va dé xuat quy trinh tinh toan, déng thai
thiét 1ap cac céng thic tinh toan cho két cau dan LHT-BT, dua trén
tiéu chudn chau Au Eurocode 4:2004. Nghién cliu tap trung vao
loai dan hinh thang cé hé thanh bung dang tam gidc. Nghién ctu
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