NGHIEN COU KHDA HOC

ENgay nhan bai: 11/5/2022 BNgay sta bai: 27/6/2022 BNgay chdp nhan déng: 14/7/2022

Thiét ké dam bé téng lap ghép theo

tieu chuan chau Au

Precast concrete beam design based on Eurocodes

> PGS.TS NGUYEN ANH DUNG', BUI NGOC SON?
' Truong Pai hoc Thuy Igi, Email: dung.kcct@tlu.edu.vn
2HVCH Truong Dai hoc Thay lgi, Email: ngson2710@gmail.com

TGM TAT:

Cac giai phap cong nghé hién dai trong xay dung ludn cén duge
nghién ctu va ap dung. Hién nay yéu céu (ng dung cac gidi phap
cong nghé than thién vai mai truang trong linh vuc xay dung |3
van dé thi s, cép thigt. Cang nghe bé tang l&p ghep duge tin
tirdng la giai phap “sach” hon bé tang toan khdi truyén thing, va
bé tang lap ghép dang dugc st dung ngay cang nhiéu trong céc
cong trinh xdy dyng vi nhigu vu diém trong da ca dic diém than
thién vai mdi truang. Bai bao nay nghién ciu dac diém va phan
|oai két céu dam bé tong |&p ghép dua trén cac yéu cdu céu tao
chia tigu chuéin chau Au. Cac budc tinh toén thigt ke cia mat dam
be tang 1p ghép dign hinh dua theo tieu chudn thiet k& chau Au
duoe trinh bay chi tigt cung vi dy tinh toan minh hoa. Day sé |a cac
thang tin hitu ich cho cac ki su xay dung khi ing dung ket céu lap
ghép vao cang trinh xay dung, |3 huang di pho hop vai sy phat
trign xanh cia nganh Xay dung.

Tir khaa: Dam be tong 14p ghep; tieu chuén chau Au; cang nghe
hién dai

ABSTRACT:

Modern technological solutions in construction always need to be
researched and applied. Currently, the requirement to apply
environmentally friendly technology solutions in the construction field
is a topical and urgent issue. Precast concrete technology is believed
to be a "cleaner” solution than traditional in-situ concrete, and
precast concrete is being used more and more in construction
projects because of many advantages, including its environmentally
friendly. This paper is devoted to study the characteristics and
classification of precast concrete beams based on the structural
requirements of Furopean standards. The design calculation steps of
a typical precast concrete beam based on European design standards
are detailed and illustrated with calculation examples. This
information is useful for engineers when applying precast structures
to construction works, which is a suitable direction for the green
development of the construction industry.

Keywords: Precast concrete beam, eurocodes, modern
technology

1. GIGI THIEU CHUNG

Hé théng tiéu chudn thiét ké két cdu cong trinh xay dung cla
Viét Nam TCVN hién nay dang dugc nhan dinh la chua déng bo khi
da s6 dugc dich theo tiéu chudn clia Nga nhung c6 tiéu chuin
TCVN 9386:2012 lai theo tiéu chudn chau Au; Ngoai ra mot sé tiéu
chudn TCVN ciing dugc cho rdng da lac hau va c6 do tré khi so
sanh vai hé théng tiéu chudn gbc dugc lua chon khi bién dich, vi
du TCVN 2737 so vdi tiéu chudn cda Nga tuong Ung. Chinh vi vay
nhu cau hoan thién Hé théng TCVN sao cho cap nhat, hién dai va
déng hé la cap thiét. Tha tudng Chinh pha ngay 09/02/2018 da
ban hanh Quyét dinh s6 198/QD-TTg [1] va B Xay dung ngay
29/06/2018 ban hanh quyét dinh s& 900/QD-BCDBTQ [2] dé€ hoan
thién hé théng tiéu chudn, quy chudn ky thuat xay dung trén lanh
thé Viét Nam.

Eurocodes (EC) la hé théng tiéu chuin vé thiét ké két cau cdng
trinh ap dung cho cac nudc thudc Lién minh chau Au va dang
dugc nhiéu nudc trén thé gidi dua vao st dung. Trong qua trinh
hoi nhap hién nay, viéc soat xét va bién soan hé théng tiéu chuin
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xay dung déng bd, hién dai, hai hoa, tiém can vdi tiéu chudn quéc
té 1a mot trong nhing nhiém vu quan trong doi v6i nganh xay
dung. Cac tiéu chudn nay hién nay dang dugc B6 Xay dung chi dao
thuc hién chuyén dich thanh tiéu chuan Viét Nam.

Bé tdng lap ghép néi chung va dam bé téng lap ghép noi riéng
hién nay dang dugc st dung rat rong rai trén khap thé gidi va ca &
Viét Nam dac biét la trong cac céng trinh dan dung va ciu dudng.
Véi nhiting uu diém ndi bat so véi BTCT truyén théng nhu sau: Tiéu
hao dién nang cho cac ché phdm bé téng cét thép déi véi Tm? nha
@ it hon 3 1an so vGi cac cong nghé san xuat bé téng cot thép hién
nay; Tiéu hao nguyén vat liéu co ban (xi mang, cat, séi, da dam...)
it hon 1,5 lan so véi xay dung lién khéi va sir dung panel; Gia tang
15 - 20% dién tich hru dung so véi xdy gach; Gidm gia thanh cda
cac két cau chiu luc trong nha, c6 tinh td6i chi phi dugc béi hoan tir
viéc gia tang dién tich; Yéu ciu vé tay nghé clia céng nhan xay
dung khong khat khe do khéi lugng céng viéc khong nhiéu tai dia
diém thi cédng ciing nhu tai day chuyén c6ng nghé; Ngoai ra, uu
diém c6ng nghé xay dung l13p ghép gitp rat ngén thdi han thi



cdéng 1,5 lan so véi xay gach va xay lién khoi; Cac két cau déu dugc
san xuat trén day chuyén trong nha may, do d6 dam bao kiém soat
dugc chat lugng.

Mdc du da duogc st dung tai Viét Nam tu kha [du va hién nay
dang phat trién manh véi sy tham gia cla nhiéu céng ty 16n,
nhung céc tiéu chuan thiét k& ciing nhu chi dan ky thuat vé dang
két cdu 13p ghép van chua cd. Vi vay trén cc s& hoi nhap va chudn
bi cho su thay déi ctia hé théng TCVN trong thdi gian tdi, cac tac
gia da nghién ctiu tinh toan dam bé téng Idp ghép theo tiéu chuén
Chau Au. Pay sé la tai liéu hiu ich cho cac ky su trong thuc hanh
thiét ké cong trinh bé tong 13p ghép phu hgp véi hé théng tiéu
chuén hién dai, tién tién.

2. DAC PIEM VA PHAN LOAI DAM LAP GHEP

Dam la cau kién cha yéu nam ngang khi chiu luc trong hé két
cau khung. Chang co tiét dién dang lang tru vai khd nang chiu uén
(300-800kNm) va chiu cét (100-500 kN) I6n. Trong cac tiéu chuin
san pham cla chau Au, ching tao thanh mét phan cla cac “cau
kién két cau tuyén tinh” theo BS EN 13225 (2013) [3] nhung cha y
rang tiéu chuan nay la chi cho ban than dam don va khéng mé
rong ra thiét ké cho cac dam trong hé khung. Trong moét két cau bé
tong 1ap ghép, dam phai d& dugc trong lugng ban than cla cac
tdm san va c¢6 da kha nang chiu cac t6 hgp tai trong c6 thé xuat
hién, vi du luc xodn sé xuat hién trong giai doan xay dung khi cac
cdu kién san dat vé mét phia ctia dam. Nhiing yéu cau nay can phai
xem xét trong ca viéc thiét ké dam va thiét ké méi néi gilra dam va
cot.

Dam dugc phan lam hai loai: bén trong va bén ngoai (bién).
Cac dam bén trong thudng chiu tai trong d6i xtiing vi cac tdm san
dat & ca hai phia clia dam, va vi vay tiét dién ca dam bén trong la
d6i xtiing nhu Hinh 1a. Tiéu chudn thiét k& gi6i han thudng la toi
thiéu hoa chiéu cao dam dé t6i da hoa khodng tréng clia tang va
giam chiéu cao phia duéi (downstand). Vi ly do nay, cac dam phia
trong thudng dugc thiét ké trudc dé téi da hoa tinh nang cha két
cdu. DE t6i thiéu chiéu cao phia dudi, mét phan cla ddm cé thé bi
Idm vao trong chiéu day cla tdm san, dang dam nay goi la dam
ch T ngugc. DAm bén trong c6 thé dugc thiét ké két hgp véi tam
san vdi vai trd nhu la canh chiu nén. Dam bén ngoai la dam chiu tai
khong déi xtiing nhu trong Hinh 1b. Luc x0an sé sinh ra khi cac tdm
san dat lén chot d6 vi dusng tac dong cla tai trong khong tring
VGi trong tdm clia dam. Luc xodn vi vay phai xem xét trong qua
trinh thiét ké. D& cac dam bién khong bi mat 6n dinh bén do
manh, cac giGi han vé chiéu cao h va bé rong bw ctia dam dugc quy
dinh trong EN 1992-1-1, muc 5.9 [4]. Cac quy dinh nay xét trong
trudng hop dam khéng cé da gidang bén trong két cau hoan thién.

BE vy

Lebo b (b)

Hinh 1. Loai dam: (a) phia trong hinh chit nhat va chit T nqugc; (b) Dam bién L- va
dam tudng liing (spandrel)

Mat ct ngang tiét dién c6 thé Ia hinh chit nhat, nhung dé
tranh phai dat van khuén tai bién bén ngoai dam, tiét dién thuéng
¢4 hinh L nhu trong Hinh 1b. Cadc dam v&i phan phia trén cao dugc
biét t6i 1a dam “tudng Iting” (spandrel), trong d6 cac lién két dé
ngan 1at dam cung cdp bdi céc thanh thép nho ra tir cét. Nhiing
dam nay thuong dugc st dung theo chu vi clia cong trinh, vi du
ching sé hinh thanh mét hang rao cho bai d6 xe khi st dung lam
dam bién. “Tudng ling” thudng dugc st dung dé tao thanh mot
I6p bao khé xung quanh chu vi cda tda nha bang cach lam mot
tdm chén thai tiét tam thoi gilia cac tang cao lién tiép.

Dam bién hinh L chiu tai trong san khéng déi xting. Phan cua
dam d& san dugc goi la “phan phia dudi” (Boot), va phan than
chinh dugc goi la “phan phia trén” (Upstand). C6 hai loai dam bién
dugc thé hién trong Hinh 2: Loai |, 1a loai c6 phan phia trén réng va
dugc str dung nhu mét phan cla tiét dién chiu luc (Hinh 2b). Loai ll,
1a loai c6 phan phia trén hep va dugc st dung nhu van khuén cé
dinh cho cac tdm san va dugc coi la toan khéi véi phan bé téong d6
tai ché tai cudi cac tdm san (Hinh 2a).

Ihiép cha lin kit
Cie Lo libn kit

Hinh 2. Dam bién tiét dién chix L: (a) ban Iap ghép va (b) 1dp ghép

Khong gidng nhu thiét ké bé tdng c6t thép toan khoi, mat cat
tiét dién va thép thanh dugc thiét ké dé thda man cac yéu ciu cho
trudc, thiét ké bé tong lap ghép thi ngugc lai. Mot bo cac tiét dién
dam da dugc chudn héa va quyét dinh tu trudc sé dugc chon dé
san xuat tai nha may theo cac yéu cau cla da sé két cau cong trinh.
Cac thanh thép chiu uén va cat dugc tinh todn t6i uu vé sé lugng
tuong Ung vdi kich thuéc méi dam. Cac thiét ké dugc chuan héa va
chuén bi tir trudc cho cac dam va cé thé chi thay déi vé chiéu cao,
bé réng va sé lugng thanh thép. Mac du ngudi thiét ké cé thé chon
bat ky loai bé téng nao, nhung trong thuc hanh nha san xuat sé
mong mudén han ché chi con hai loai, mét la cho bé tong cét thép
théng thudng, va loai con lai cho bé tdng Ung suat trudc. Vi ly do
thuc hanh cua viéc thao dg, loai bé tong C32/40 dugc st dung cho
dam bé téng cbt thép théng thudng va loai bé tong C40/50 dén
C50/60 dugc st dung cho dam bé téng ting suat truée.
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3. TiNH TOAN DAM LAP GHEP THEO TIEU CHUAN CHAU AU

Tiét dién dam lap ghép c6 céc ddc tinh clia dam don co ban.
Vi cac tiét dién cu thé va cdc mau gia cudng chiu udn va chiu cat,
cac yéu cau sau sé dugc tinh toan:

1. Stic khdng mémen gidi han

2. Stic khang cat gidi han

3. Stic khang xoén

4, Suc khang go d&

5.D06 cling uén (= gidi han bién dang)

S8 lugng thanh thép dugc cat theo su phan bé cila mé men va
luc ct thiét k& Hinh 3a&b thé hién cdc mau gia cudng dién hinh
cho dam chit L. DAm nay sé dugc st dung dé mé ta quy trinh thiét
ké trong cac phan tiép theo.

3.1.1 Stic khdng mémen giéi han

a) Dam loai I: Loai dam nay dugc thiét ké st dung vdi tat ca cac loai
cau kién san nhu loai san 16i réng, san chit|, san bang van. Thép thanh
& dinh ctia @€ dam dugc bo qua trong tinh toan. Nhu trong Hinh 4 gia
thiét la chiéu cao t6i truc trung hoa (NA) la X > hs, thi

Fi=0.87fA (n
F1=0.567f«bwhs (2)
F2=0.567f«b(0.8X — hy) (3)
=> Fs - Fcl = FcZ

Tiép theo, kiém tra diéu kién cta X 1a X < 0.6d cho cac mat cit
tiét dién dugc gia cudng don 1é. Gigi han 0.6d thuc té la khong ro
rang trong EN 1992-1-1 (va thudng bi nham 1an trong mét s6 sach
ldy la 0.45d cho tiét dién khéng bi giGi han goc xoay). Theo muc
5.5(4) ctia [4], néu muc d6 tai phan bé mémen = § va x, = chiéu cao
truc trung hoa tai trang thai gisi han sau khi tai phan bg, thi

8=ki+kx/d chof« < 50 (N/mm?) (4)

Trong d6 tU phu luc quéc gia (NAD): ki = 04, cho k; =
(0.6+0.0014/5c.2) = 1.0, sau d6 hé sé tai phan b6 mén mend =1va
vi vay xu/d < 0.6. Chu y rang déi véi bé tong fu > 50 t6i 90 N/mm?,
s6 hang 0.8X dugc thay thé bai [0.8 - (f« -50)/400]X.

Quay lai vai phan tich tiét dién:

2, =d—05hsva z, = d — 0.4X — 0.5k, )
Mpg = Fe1z1 + Fein2 (6)
Néu Fe < Fs thi X < hs, tiét dién la chi nhat 1a

z=min{d-0.4X;0.5d} (7)
Mgy = Fsz (8)

Chu y rang gidi han 0.95d khong dugc cho trong cac tiéu
chuan Chau Au nhung dugc st dung trong BS 8110 dé dadm bao
rang chiéu cao viing nén khéng vuot qua gia tri (d - 0.95d)/0.5 =
0.1d - kich thudc thé clia hat cét liéu 16n.

Néu X > 0.6d, thi dam phai duoc gia cudng gap doi, hoac gia tri
As giam t&i muc gia cudng don.

Foy = 0.567f.byh ©)
F., = 0.567f,b(0.6 X 0.8d — hy) (10)
z;, =d — 0.5hgva z, = 0.76d — 0.5h, (11)
F,s = 0-87fykAs_Fcl_Fc2 (12)
F'g = 0.87fykAs—0.567ka(0.48d — (b —by)hy)

Sau dé

A’s = F’5/0-87fyk(d —-d" (13)
Mpg = Feiz1 + Ferzo+ F's(d —d') (14)

Tuy nhién viéc cho thém thép ving nén A’ & dinh cta phan
phia trén clia dam thi thuong khéng cé y nghia thuc hanh vi gigi
han khoang céch gilta cac thanh thép. T6t hon hét la gia tang stic
khang viing nén cla bé tong bang cach dé bé tong tai ché & cudi
cac tdm san. Viéc nay sé dua dén loai dam thu I,

5.2.1.2Ddmlogi Il

Dam loai nay dugc thiét ké chi sir dung dugc véi cac loai san
cho phép lién két toan khéi tai chd, nhu san 16i réng va san bang
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van. San chir | thi khéng phu hgp véi loai dam nay. D& cho kinh tét
va thu dugc mémen Mg 16n nhat, cudng dé cla bé tong tai chd
phai tuong tu cudng do cla bé tong st dung cho dam, tuy nhién
¢6 thé nhd hon nhu fa = 30 N/mm? ciing ¢6 thé phu hgp. Nhu
trong Hinh 4, bé rdng hiéu dung ber clia viing nén la bang bé rong
cla dam trir di chiéu dai d6 san, thudng lay bang 75 mm nhung
cing c6 th& I6n hon. Viéc tinh toan da dugc trinh bay & phan truéc
trong céng thuc 9, bw dugc thay thé badi bes va fu la cudng d6 cla
bé tong tai cho fai (khong phai ctia dam 1dp ghép).

Hinh 3. (a) Chi tiét thép gia cudng cho dam I3p ghép chir L; (b) Chi tiét mdt cdt thuc
clia dam bién [5]

5.2.2 Tinh A; va A’s tir mé men thiét ké Meq

Pay la viéc tinh toan ngugc lai vai cac phan trudc va déi khi
dugc st dung cho thiét ké cac dam 13p ghép trong trudng hop dac
biét, khong dugc du tinh trudc. Quy trinh ti€p theo khong dugc thé
hién trong EN 1992-1-1 nhung dugc &n trong muc 3.1.7(3) va cho

bé tong fu < 50 N/mm?2.
Bat K = Mea/fabd?<0.26* cho cac mét cat gia cudng don (15)
z/d = min {(0.5 + V0.25-K/1.134);0.95} (16)
X=(d-2)/0.4 (17)
Néu 0.8X<hs, mat cat ch nhat thi
As:MEd/0.87fykZ (1 8)

Mat khac dam chir L hodc chit T ngugc thi sé c6 thém mdémen
hiéu dung ctia stic khang thu dugc tir phan dién tich thut vao (b-
bw)hs 1a Mes nhu sau, céng thic (15) dugc diéu chinh lai thanh

K = [Mgg + 0.567f,.(b — by, )hs(d — 0.5h,)]/fercbd? (19)

Theo sau d6 cac cong thiic (16) t6i (18) cling diéu chinh theo.

Néu K>0.206, z sé dugc gisi han tdi gia tri (1-0.4x0.6)d=0.76d

Thép & vung nén A’s dugc cong thém vao kha nang chiu mo
men cUa tiét dién, va tiét dién dugc dat cot kép:

A = Mgq—0.206f o bd?

S 0.87.f yk(d—d")
0.206f ;i bd? ,
As = 0.87.f,0.76d + A @n

*Mrg khi X = 0.6d=(0.85/1.5)f«b0.8(0.6d)(1-0.4x0.6)d =
0.20672fkbd?

(20)

Hinh 4. Phuong phap thiét ké cho SlTIc i(héng momen gidi han clia dam-L



5.2.3 Stic khang cat gi6i han

Thiét ké cho cét theo quy trinh chudn hoéa déi vai tiét dién bé
téng cot thép la di xac dinh stc khang cét téi han bang téng stc
khang bé tong (=su cai nhau cla cac hat cét liéu + tac dong chot
lién két) cong vai khd nang téi han (= Uing suat téi han) clia cac cot
dai chiu cat. Su khac biét I6n theo phuong phap tiép can trong EN
1992-1-1 khi so sanh véi BS 8110 la ba bién s6 dugc két hgp trong
mot ham don dugc biét dén la phuong phap dé nghiéng thanh
chdéng thay déi (VSI). Trong BS 8110, mit cit nghién dugc 1y bang
0=45° d6i v6i phuong ndm ngang bé qua su lam viéc clia bé téng
va bé réng than dam, ca bé téng va bé réng than dam déu anh
huéng t6i m6i quan hé gilia iing suat udn va cat va lam cho vét nut
do cat la bi nghién, EN 1992-1-1 cho phép lay 0= 22.5° t&i 45°,
hodc cotd = 1.0 téi 2.5. Diéu nay dugc thé hién trong mé hinh dan
trong EN 1992-1-1 [4]. Cha y la gia thiét cach tay don gilta phan
dinh dan va day dan la z=0.9d, gia thiét nay la hop ly khi mé men
uén bé tai vi tri c6 luc cat, nhung sé khong dung cho trudng hop
cd m6 men va luc cat déu I6n trong dam con son.

Trong dam chir L, bé rong hitu dung ctia than dam b, dugc st
dung trong tinh toan chiu cdt phu thudc vao vi tri ca truc trung
hoa cua tiét dién ndm & phan phia trén hay phan dé (boot) clia
dam nhu Hinh 5. Néu truc trung hoda nam & phia trén (Hinh 6a), thi
by, = bé rong phan phia trén cla dam*. Tuy nhién néu truc trung
hoa ndm & phan dé thi tiét dién t6i han c6 thé nam & ca phia trén
va phan dé, hai trudng hgp nay déu phai xem xét trong tinh toan
va dugc thé hién trong Hinh 6b va c.

*Chu y la bé réng phia trén b, dugc st dung trong céc tinh
toan chiju cat, trong khi d6 bw dugc st dung cho tham s6 tuong tu
trong tinh toan chiu uén.

Hinh 5. Thép (dai) chiu cit gicta dam chit L va ban san

Ham phan bé (ng sudt cat dan hoi 1=VesS/Ib dugc st dung dé
xac dinh (ing suat cat tai hai mat cat t&i han. Theo Hinh 6, hai mat
cat t6i han ndm &: (1) dinh cta phan dé dam, va (2) & truc trung
hoa. Trong tinh toan nay, S la mé men th nhat cda dién tich trén
mat cat téi han, I la mé men thi hai cha dién tich toan bo dam, b la
bé réng hiéu dung tai mat cat t6i han va V la luc cat. Ching ta
khéng quan tam téi gid tri thuc cda t va chi quan tam téi gid tri I6n
nhat. Vi Veq va | la hang sé, ta can gid tri Ién nhat ctia S/b.

Tai vi tri dinh ctia phan dé dam,

s byhs?

> = E:O.Shsz (22)
Tai vi tri truc trung hoa,
s o obnx-
s =t (23)

Khi 1dy X=0.6d la gidi han, thi cdng thic 21 sé viét lai cho vi tri
truc trung hoa la

%: 0.184> —(1—%)hs(0.6d—0.5hS) (24)

Hinh 6. Ung suét cit trén tiét dién dam chir L: (a) khi X < hy; (b) khi X > hg; (¢) khi X >
h¢ nhung ting sudt cat 16n nhdt ndm & chan cta phan phia trén cda dam.

Béang 1: Gia tri cla 5/ hd” tai phia trén cia chan dam

hs/d=0.1 hy/d=0.2 hs/d=0.3 hs/d=0.4 hs/d=0.5 hy/d=0.6

0.05 19pt 0.045 0.08 0.125 0.18
Bang 2: Gia tri cla s/ bd’ tai truc trung hoa

b/b | h/d=0.1 | h/d=02 | h/d=03 | h/d=04 | h/d=05 | hs/d=0.6

0.1 | 0131 0.090 0.059 0.036 0.023 0.018

02 | 0136 0.100 0.072 0.052 0.040 0.036

03 | 0.142 0.110 0.086 0.068 0.058 0.054

04 | 0148 0.120 0.099 0.084 0.075 0.072

05 | 0153 0.130 0.113 0.100 0.093 0.090

06 | 0.158 0.140 0.126 0.116 0.110 0.108

Vi cac gid tri clia bw, b, hs va d, thi gid trj I6n nhat cta S/b sé
tinh dugc. Céng thic (22) va (24) c6 thé dugc don gidn héa bang
cach xem xét ty s6 hs/d va by/b. Cac gia tri téi han dugc in dam
trong bang tinh. T cac s6 liéu nay, ta co thé xac dinh dugc vi tri
ti€t dién cat t6i han can xem xét. Nhin chung c6 thé thay rang tiét
dién cat téi han thudng nam & phi dinh ctia phan dé cta than dam
khi hs > 0.3d.

Cha y ring vGi tiét dién chi nhat ta c¢6 bu/b=0 va
hs/d=0,5/bd*=0.18. Vi vay, d&i véi loai ddm chir L dién hinh nhat thi
b./b=0.5 va hs/d=0.3,5/bd»=0.113, tuong Uing véi d6 giam 37% cla
Ung suat cat I6n nhat.

Sé la rat khéng binh thudng néu khong cé thép gia cuding chiu
cat trong dam, tuy nhién mét sé cau kién nho thi khéng c6 kha
nang hong do cat hodc muc d6 hong it nghiém trong nhu thanh
c6t thép chinh neo & goi, va mot s6 tam san thi sé khong c6 c6t
thép gia cudng chiu ct. Tuy nhién, cac tiét dién dé phai dugc kiém
tra Veac nhu sau: Cot thép Aq dugc tinh tai vi tri vuot qua lba + d tiét
dién dang xem xét. Néu c6t thép vugt qua chiéu dai lién két lna ra
ngoai mat phdng gdi dg, thi lyc cit dugc tinh tai d tinh tor mat
phang g6i d6.

Veae =0.12k(£,,.1004,, / bd)"bd (25)
Nhung 7, min>0.035k**/ /., bd (26)

VOi g -1+ 1—220 < 2(mm) @7

NEu Vea>Vrdc, €Ot thép gia cudng chiu cat phai dugc dat vao
tiét dién phu hgp. Cac cét dai chiu cat sé dugc dat & phan phia trén
cGia dam nhu trong Hinh 3. Céc c6t dai ciing phai duoc cung cép &
phan dé clia dam dé chiu cac luc g6i d6 bién. Sau d6 thi c6t dai
chiu cat sé dugc cung cap & phan trén hodc phan dé dam tuy theo
vi tri bé rong hiéu dung dugc tinh dén. Cot dai chiu cat dugc thiét
ké phai dugc tinh thém yéu cau chiu xodn cla phan luc géi d&
bién.

Theo Hinh 7 va theo EN 1992-1-1, muc 6.2.3, s6 lugng c6t dai
doc trén mat phdng cat = zcotq/s. Luc t&i han trong méi c6t dai =
(dién tich)x(ing sudt) = Asw0.87fywh, sau dé suc khang téi han cua
cac cét daila

Veas =20.87 f, cotO(4,, / s) (28)

Chu y la khéng cé VRd,c trong phan tich nay, va Vric khong
tinh thém Vr4s (nhu quy dinh trong BS 8110).
Vi vay, dién tich clia c6t thép chiu cat dugc thiét ké Asw/s
(mm?2/mm chay doc chiéu dai dam dugc dua dén béi cong thic
ﬁz Via (29)

s zf,cotl

Dién tich c6t thép chiu cat phai thich hgp véi tiét dién cat toi
han; trong truéng hop nay, n6 dugc giai thi€t nam & dinh cta phan
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dé. Rd rang, phuang phap VSI cotf cé anh hudng I6n t6i As/s; néd
c6 thé lam thay déi t6i 250%. Bi€u thuc cho cotd nhan dugc tu
thanh dan chiu nén nhu trong Hinh 7 va Hinh 6.5 cla tiéu chudn,
sé bang (ing sudt nén o. tdc ddng vudng goc vGi mat phang cat
trén bé rong b x chiéu dai nhé ra zcos0. Thanh phan theo phuong
diing la bzcossin®. Ung suat nén sé nhan duoc |a cc=acwvi/fe

Y

ll..

I

K

LS

R I
- =

Hinh 7. Thiét ké cat trong dam: (a) Kha ndng chiu cat ctia 6t dai Vas; (b) Khd ndng
chiu nén ctia thanh gidng Vrgmax.

Trong dé aw=1 cho mat tiét dién dam khdng ing suat trudc

Bi€u thuc 6.6 tham s6 (ng sudt cit vi=0.6(1-fck/250) va
fcd=fck/1 5

Vid.max = eV fogbz cOt O5in @ (30)
Nhung
cos@sin@ =tanfcos’ @ =tan @ /sec’ @ =tan @/ (1+tan” 9) =
=1/(cotf +tan @)
Va 2cos@sind=sin26
A— % =a_ bz, f,0.5sin20 31)

BG tri va dat lai Vea vGi Ved tai khodng céch d tir mép bién cua
g6i dg

0=0.5sin" (—

—L£d ) cot 0 da xéac dinh (32)
0.5bzv,f,,
Nhung 1.0 <cotf0<2.5

Vi du lay: V,, =600kN, b=300mm, z=0.9x500 = 450 mm, f

=500 N/mm?,

ywk

0 =0.5sin"'(600x10° / 0.5x300x450x11.16) = 26.4°.
cot26.4° =2.014<2.54 /s =600x10" / (450x0.87x500x2.014) =

=32 N/mm?va f)

=1.52mm’ | mm="T60mm* / m

St dung thép H10 khodng cach 100mm (785)

Dién tich thép t6i thi€u cla c6t dai la mot ham cla cudng do
bé tong fu va b (hodc by clia than dam hodc phan phia trén) nhu
sau

L 0087, (33)

ywk
Dién tich thép I6n nhat clia c6t dai dugc xac dinh khi ing suat
bé tong dat t&i 0,5, nhu sau
Asw max < 0‘5azrwv1f;db
s 0.877

Khoang cach tdi thiéu clia c6t dai khong dugc quy dinh trong
tiéu chuan, nhung trong thuc hanh thudng Idy 50 mm cho céc c6t
dai nhé (dudng kinh 8-10mm) hodc 70mm (dudng kinh 12 mm).

§<0.75d (35)

Tim Vias khi biét Asw va s.

N

(34)
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Bién ddi biéu thic 6.8 va 6.9 trong [4]

cot@= [0S 36)
Aswf:vwd
A,
VRd,s = TZ ywd cot@ (37)
Vidu:

Tinh Mgd va Ve cia dam chir L ¢6 tiét dién 550x300 nhu Hinh 2.
Phan phia trén cta chir L cé tiét dién la 200x165. Thép chiu luc
chinh & gitta dam la 3 thanh thép loai H25 va gidam con 2 thanh
H25 tai g6i. Thép dai chiu cat la loai H10 véi khodng cach 100mm.
SU dung fa=32 N/mm? va fy=f,wk=500 N/mm?2. L&p bao vé cho thép
dai |3 40mm. Kiém tra su su déng gop vao cét clia bé tdng Vra..

L&i giai

Tinh todn chiu uén

3 thanh thép H25 tai gilra nhip

A, =3x491=473mm’

d=550-40-10-12.5=488mm

F = 0.87x500x1473=640.8x10° N

F, = 0.567x32x165x200=598.4x10° N

F. > F khi,X > h,

F,, =0.567x32x300x(0.8X-200)=4352X-1 088x10°N

X =259.7mm

X/d=0.532<0.6

Canh tay don z =488 100 = 388mm , va
z, =(488-0.4x259.7)-100=284mm

M, =598.4x0.388+42.4=44 2kNm

Tinh todn chiu cdt

Tai g6i d6, 3 thanh thép H16 (c6 As=603 mm?) va thép dai H10
khodng cach 100mm, Asw/s=157/100=1.57 mm?/mm.

D=550-40-10-8=492 mm

TUd Bang 1&2 va c¢bng thuc 5.5&5.27, st dung
b./b=165/300=0.55, va hs/d=200/492=0.41, ta thay rang tiét dién
téi han chiu cdt nam & truc trung hoa NA. Tuy nhién, tai géi d6, X
sé 1a bé nhat va luc cat téi han sé ndm & dinh cta phan dé clia than
dam.

b, =165mm, f,, =32/1.5=21.33N / mm?,

v, =0.6(1-32/250) = 0.523

a,vifoa =11.16 N / mm*x.

cw

SU dung céng thic 5.39 va 5.40

cotd = ‘/M—l =1.30<2.5¢ =37.5°
1.57x0.87x500

Vias = 1.57x0.9x492x0.87x500x1.30x10~ = 393.1kN
TU cong thic (25) t6i (27)
Vide = 0.12x1.638x(32x0.743)"°x165x492x107° = 45.9kN

V. minimum = 0.035x1.638"*\/32x165x492x10™ = 33.7kN

Rd,c
. ~ \ 200
Tai 1004,/b,d =0.743va =1+, |=— =1.638<2
492

5.2.4 Kiém tra dién tich t8i thiéu, dudng kinh cét thép va
khoang cach

EN 1992-1-1, phan 7.3 dua ra hai lua chon dé kiém soat nut
bdng cach gidi han kich thudc va khoang cach cla cot thép: (1)



cach 1 la tinh toan truc ti€p nhu hudng dan & muc 7.3.2 theo lyc
kéo t6i thi€u cho phép trong c6t thép Asmincs hodc (2) cach 2 la su
dung cac bang ma khéng can tinh toan.

Asminas = kc%t,c{{fAct (38)

Trong do6

os=fy=ling suat I6n nhat cho phép trong c6t thép ngay sau khi
vét nit hinh thanh, hodc nhoé hon néu os dugc gidi han bai gia tri
Ung suat quy dinh trong bang 7.3 cla tiéu chuén.

ke=0.4 cho truéng hop khéng tng suat kéo doc truc.

k=1.0 cho bung dam c6 h < 300mm hoac bé rong canh dam <
300 mm, ldy k=0.65 cho bung dam c6 h = 800 mm hoac bé réong
canh dam > 800 mm, cac gia trj trung gian dugc xac dinh bang
cach ndi suy.

fetef=fctm h0AC fem(t) Néu tinh nut cho bé tong dudi 28 ngay.

Aa=b(h-x,)= dién tich clia bé t6ng vlung kéo trudc khi hinh thanh
vét nut dau tién (c6 thé 1dy bang bh/2 trong hau hét cac trudng hgp).

Trong Vi du c6t thép dat cudng doé tai Mgy, sau do
Asmin=0.4x0.825x3.02x(300x550/2)/500=165 mm?. Gia tri nay nho
hon tinh ti cong thic 5.3 Asmin=0.26x3.02x300x488/500=230 mm?
(di€u d6 thé hién rang Asmin tinh tir biéu thiic 7.1 ¢6 thé tuong ting
V@i trang thai tGi han khi ma tiét dién dugc dat thép qua nhiéu -
nghia la Ung suat trong thép nhé hon cudng dé thép os<fy).

Cach thu 2 1a sir dung bang. Phuong phap thiét ké nay dugc
trinh bay & muc 7.3.4 clia EN 1992-1-1. Viéc tinh toan bé réng vét
nut dugc tién hanh bang cach si dung bang 7.2 va 7.3 (la bang 3
trong tai liéu nay) theo dé sé quy dinh gidi han dudng kinh c6t
thép, khodng cach gilta cac thanh thép nhu la mot cach don gidn
hoa trong thuc hanh thiét ké. Trong dé muc 7.3.2 quy dinh véi c6t
thép t&i thi€u thi bé réng vét nit sé khdng vugt qua quy dinh néu

Béng 3: Khoang cach cac thanh téi da dé kiém soat vét niit

Khodang cach thanh t6i da (mm) cho chiéu
Ung xuat thép Q-P réng vét nit
st dung hoat tai wk =0.3mm wi = 0.2mm (g suat
(N/mm?) gia co truéc

160 300 200
200 250 150
240 200 100
280 150 50
320 100 -

360 50 -

o D3i vai vét nut do lién két bién (ngam), kich thudc cot thép
dugc cho trong Bang 7.2 khong dugc vugt qua tai vi tri Ung suat
thép la gia tri thu dugc ngay sau khi nit (Ia gia tri s trong biéu
thiic 7.1 clia tiéu chuan).

e DOi vai V&t nit chd yéu do tai trong, thi phai tuan theo cac
gié tri dugc cho trong Bang 7.2 hodc 7.3. Ung suat thép o phai
dugc tinh dua trén tiét dién nut dudi cac t6 hop tac dong phu hop,
dd la tinh tai cdng phan dai han cda hoat tai.

Ung suat thép dugc tinh béng cach sit dung thanh phan do
ciing uén nit duge quy dinh & muc 7.4.3(3) trong EN 1992-1-1. Cac
cau kién khéng bi chat qua tai (& muc tai lam ung suat trong bé
tong vugt qua cudng dd chiu kéo) thi dugc coi la khong nut. Cac
cau kién bi coi la nit mét phan sé (ng x{ theo cach & gilia diéu
kién khong nut va ndt hoan toan, déi vai cau kién cha yéu chiu
udn, du doan day da cdia ing xtr dugc cho trong biéu thic 7.18 clia
tiéu chuan:

7.18 a:(:a,, +(1—§)0!, (39)

Trong do6

a la ‘tham s&’ bién dang dugc xem xét, cai nay co thé la bién
dang, dudng cong, hodc gdc xoay

a va an 1a cac gia trj ctia ‘tham s6’ cho diéu kién khong nut va
diéu kién nit hoan toan.

Trong d6 Cla hé s6 phan bé (cho phép doi véi su cang clng tai
mot mat cat), (=1-B(0«/0s)?, Osr la Uing suat tai vét nat dau tién va os
la ing suat giai doan st dung.

P3Gi véi Ung sudt chiu udn va nut, cong thic (39) c6 thé don
gidn hon va viéc tinh toan dugc thé hién théng qua dé cing uén
Ker=Ecefl va m6 men nidit M- va mo men tac dung Mk nhu sau:

K, =K,+[(K,-K,) (M, | M,)]<K, (40)

Trong do6

Do ciing ubn, khi khong niit Ki=Eceflu

Do ciing udn, khi ntit Ko=Ecedler

E

cm

1+o(1,1,)

Trong do6

@(t,to) la hé s6 tir bién

B=0.5 cho tai trong dai han khi tiét dién bi nit do udn, hoac
B=1.0 cho tai trong ngan han

Me 1a m6 men nut clia stic khang = Wfeim

W la mé dun dan héi cua tiét dién tai mat kéo = lu/(h-xu)

Mk la mé men u6n & giai doan st dung

Vi vay, Ket a d6 cling nut Kz cong thém phan khac biét giira K -
K2 phu thuéc vao ty s tinh ti phan vugt qua ctia mé men My so
vGi mé men nut Mc. S6 hang Iy thira 2 goi y rdng méi quan hé mé
nen va dé cong M - 1/r la dang parabol (bac 2) sau khi nut, va tat
nhién la tuyén tinh trudc khi nat khi do Ke=Ki. D6i véi dam chirl co
ban bung hep, m&i quan hé M - 1/r c6 thé lily thita bac 5 hodc 6
tuy theo su phat trién clia cac vét nit doc theo ban bung.

Do néi dung bai bdo da kha dai nén mot s6 ndi dung lién quan
téi tinh toan tiét dién nut, tinh toan phan chan dam (Boot) cling vi
du lién quan cac tac gia xin trinh bay & cong bé tiép theo.

c.ef

4, KET LUAN

Pic diém két cau va vat liéu ctia dam 13p ghép dugc trinh bay
c6 dong. Dua vao dic diém lam viéc dam 13p ghép dugc chia
thanh hai loai: Dam phia trong cé tiét dién déi xtiing va chiu tai doi
xung va Dam phia ngoai chiu tai khéng ddi xiing nén bi xoan, muc
5.9 trong EN 1992-1-1 c6 cac yéu cau cac gidi han vé chiéu cao h va
bé réng bw clia dam dé dam béao cho dam khi lam viéc chiu xoan.

Cac budc tinh toan thiét ké dam |ap ghép theo tiéu chuan chau
Au dugc trinh bay chi tiét bdo gém ca vi du tinh toan. Day sé la cac
thong tin hitu ich cho cac ky su thiét ké két cdu bé tong lap ghép
theo dinh hudng mdi, hién dai va than thién véi méi truong - két
cau bé téng 1ap ghép.
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