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Chuong 1 GIOI THIEU CHUNG
1.1. Khai niém céng trinh ciu bé téng ¢t thép (BTCT):
1.1.1. Céng trinh cau la gi?

Céu 12 mot cong trinh nhén tao dé cho duong giao thong vuot qua
cac chudng ngai vat: song, sudi, khe nui, vuc sau....

Theo tiéu chuén thiét ké cau thi dinh nghia c?u} 1a “Mot két ciu bat
ki vuot khau d§ khong dudi 6100mm tao thanh mdt phan cua con duong”.
1.1.2. Két cAu nhip cau BTCT:

‘ La dang két cau trong do bQ phan chiu lyc chinh cua cau (,dém, hé
dam, gian...) duoc tao thanh tir sy két hop cia vat li¢u bé tong va cot thép.
1.2. Pic diém ciia cAu BTCT:

Cau BTCT c6 thé tao moi hinh dang mot cach dé dang, cau thang,
cau cong, cong trong khong gian. BTCT ¢6 thé thich hop voi nhiéu loai cau,
dbi VOl cdc cau tuong d6i ngan (nho hon 12m), cau ban t6 ra c6 nhiéu uu
diém vé kinh té, dic biét 1a vé thi cong. Dam tiét dién T c6 thé dung co loi
cho nhip dén 20m, hodc co thé dai hon néu dung h¢ lién tyc.

Cau dam BTCTDUL tao kha niang chéng niit, nang cao tudi tho cia
két cau, c6 thé sir dung duoc vat liéu cuong do cao va co thé dat dugc cac
nhip t6i 250m.

BTCT c6 thé thich hop v6i nhiéu loai két cau nhu dam, vom khung
va treo, BTCT, bé tong du tng lyc c6 thé canh tranh dugc vai két cau thép
dac biét vé chong an mon va tinh kinh te.

Nhuoc diém cua bé tong 1a tinh gion, kha ning chiu cit va kéo kém
nén thuong bi nit. Vet nat 1a nguyén nhan tham nhép nudc va khi, lam an
mon cot thép va bé tong, giam tiét dién chiu lyc gidm tuoi tho cau.
1.3.Phan loai cau BTCT:

1.3.1. Phan loai theo so’ dd tinh hoc ciia két cAu chiu lwe chinh:

1.3.1.1. Cau dam:

& AN

Hinh 1.1: Cac loai cAu dim

a) Dam gian don; b) Dam lién tuc; ¢) Dam mut thira nhip deo



1.3.1.2. Cau khung:

Dang két céu, nhip cau khung thuong co cac so d6: khung T dﬁm
deo, khung T c6 chot, khung T lién tuc nhiéu nhip, khung T chan kiéu
chong, chan ki€u xién.

h > / .fa-
Hinh 1.2: Ciu khung lién tuc
1.3.1.3. Cau gian:

Két ciu nhip gian BTCT ngay nay it duoc str dung, két ciu thép to
ra uu thé hon.

Hinh 1.3: Cau gian Serepok Quéc 1§ 14- Pik lik
1.3.1.4. Cdu vom.
Theo hinh dang cau vom duoc chia lam 3 loai: duong xe chay dudi,
duong xe chay gitra va chay trén.
Hoac cling c6 thé phan loai theo dac diém lam viéc gitra vom va
dam, c6 2 so do: vom cung - ddm mém; vom mém - dam cing.



Khi d6, tiét dién dam cling phai thay d01 cho phu hop voi dleu kién lam
viéc cua cac két cAu nay. Dbi v6i két cau bé tong cdt thép thi tiét dién hop
chimg t6 dugc wu thé hon.

Sau day 1a cac loai tiét dién bé tong ¢t thép hay dugc ap dung hién
nay cho két cau nhip cau:

1.5.1. Tiét dién dam chix I, T:

Tiét dién co ban chit I, T hién nay duoc sir dung pho bién cho két
c4u nhip gian don. Tiét dién I, T ap dung cong ngh¢ dy ung lyc cang trude
va cang sau. N6i bac tai khu vuc mién Nam 1a dim duc sén véi tiét dién
dinh hinh 1-33m; 1-24,54m dung cong nghé dy tng luc cing trude. Doi véi
cac cong trinh khu vyc mién nui, do khong thé van chuyén dam duc san thi
c6 thé ap dung tiét dién I, T cong nghé du Gng luc cing sau.

Hinh 1.11: Két cAu nhip gian don tiét dién chit I, T

a) Dam chir I-cang trudc; b) Dﬁrq chir I-cang sau; c)’Dﬁm chir T-cing sau; d) Két
cau nhip da lao 1ap xong dam chu tiét di¢n chir 1.



1.5.2. Tiét dién dam ban rdng lip ghép, T-nguoc:

Hinh 1.12: Két cAu nhip gian don tiét dién ban lip ghép va T-nguec

a) Dam ban lap ghép; b) Dam T-ngugc

Déi v6i dam ban rong 1ap ghép va T-nguogc thi vu diém cua loai tiét
dién nay 1a c¢6 chiéu cao dam thép, nhugc diém chiéu dai vuot khau do
khong 16n. Vi chiéu cao dam thip nén thong thudng ap dung cho nhip ngan
va dung cdng nghé du tng lyc cang trudc. Hai loai tiét dién nay chi phu
hop cho cong trinh cau vugt duong b trong thanh phd, khong phut hop cho
cong trinh cau vugt song.

1.5.3. Tiét dién super-T:

Cong trinh ciu dau tién tai Viét Nam két cAu nhip st dung dam
Super-T 1a cong trinh cau dan My Thuan. Dam Super-T ké thira nhitng wu
diém cua dam bé tong cdt thép du tng luc duc sin, tiét dién 1am viéc nhu
dam mang ho.

Hién nay dam Super-T dugc ap dung rat phé bién va dap ung dugc
hiéu qua kinh té k§ thuat. Dam Super-T c6 tiét dién dang mang ho, néu ap
dung cong nghé cang sau s¢ khd khan trong viéc bao vé cap trong long
dam. Do d6, hién nay dim Super-T hau nhu chi 4p dung coéng nghé dy tng
lyc cang trudce.

Dam Super-T hiéu qua voi kha nang vuot nhip 16p hon dam I, T,
chiéu dai téi vu c6 thé 40m dén 50m. Pic biét dam Super-T duoc cit khic
dam dam, két hop v6i xa mil tru kiéu chit T nguoc tao dugc nét hai hoa my
quan cho két cau tong thé cau.
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Hinh 1.13: C4u tao dAm Super-T cing trudéc

a) B6 tri cap du ung lyc trong dam Super-T cing trudc; b) Tiét dién
Super-T hoan thién véi cat khac dau dam

........

—

Hinh 1.14: Tiét dién dAm hop

a) Tiét dién hop 1 ngan vach dimg; b) Tiét dién hop 1 ngan véch xién; c)
Tiét dién hop nhi€u ngéan (3 ngan) vach xién.



Nhin chung, céc tiét dién dam I, T, Super-T ... ding cho két cau
nhip gian don va ching chi phat huy tac dung voi két cAu c6 chiéu dai vuot
nhip nhé. Bé dam bao cho cong trinh c6 yéu cau nhip 16n thi tiét dién hop 1a
phi hop nhét.

Tiét dién hop c6 mdé men chong xodn 16n, giam d) xoay cua tiét
dién khi chiu luc 1éch tam.

Tiét dién hop thuan tién cho viéc bo tri cap trong long hop, dé thi
cong va sutra chita. Hién nay cong nghé du ung luc ngoai dugc ap dung
trong long hop vira dam bao my quan vira giam kich thuée tiét dién dam
nén trong luong dam chu giam.

Tiét dién hop phu hop cho tit ca cac dang két cau nhip va cong
nghé thi cong hién dai: Két cdu nhip dim lién tuc-céng nghé thi cong duc
hang can bang (Cau Nguyén Tri Phuong-TP.HCM), két cau nhip dam lién
tuc-cong nghé thi cong duc day (Cau Hién Luong-Quang tri), két ciu dam
lién tuc —cong nghé thi cong da gido di dong(Cau Thanh Tri-Ha Noi), Cau
day vang-cong nghé thi cong lap hang (Cau Kién-Hai Phong), ...

Tuy theo bé rong cau co thé chon sé ngin cho phu hop, lua chon
kiéu vach dam thang duang hoac xién, chiéu cao hop co thé thay d6i hoic
khong thay dbi theo chiéu doc cau con phu thudc vao cong nghé thi cong
két cau nhip.

1.6. Xu hwéng phat trién trong linh vire ciu BTCT hién dai:

Trong céc cong trinh giao thong trén dudng 6 t6 thi cau thudc loai
cong trinh phtrc tap nhat vi c¢6 thé st dung nhiéu phuong an két cau, nhiéu
loai vat li€u.

Nhiéu cong nghé xay dung cau khac nhau do dé luén ludn xem xét
nghién ctru dua khoa hoc k¥ thuat gidi quyét cac van dé thuc tién trong
nganh dat ra.

Cau BTCT trong nhitng nim gan dy ndi bat cac hudng phat trién
sau:

Tang cudng do bé tong: nang cao chat luong vat liéu...

Vé mit cbt thép van dé cha yéu 1a chéng an mon. Tao 16p pht mit
ngoai cot thép. Cac 16p phu cd thé 1a ma kém, phu epdcxy. Dung thép
khong gi.

Vé mit két cau, thi két cau lién hgp dam va day trong cau treo, cau
day vang. Cac két cau lién hgp thuong 1a hé siéu tinh nhiéu bac, tao do di
trlr an toan khi chiu tai, tao kha nang di€u chinh theo hudng t61 uvu hoa noi
luec.



Chuwong 2 THIET KE KET CAU BE TONG COT THEP

2.1.Vat liéu bé tong:
2.1.1. Cuwong do chiu nén cia bé tong:

Dé xac dinh cudng d6 chiu nén cua bé téng (f¢) sir dung mau thi
nghiém hinh try kich thuéc Dx L=150mmx300mm, bao dudng va thi
nghiém phu hop vai tiéu chuan Hinh 2.1.

2D
300mm

Ec

L=

Hinh 2.1: MAu thi nghiém cwong d chiu nén ciia bé tong
Cuong do chiu nén clia bé tong can phan biét theo ba trang thai ing
suat: mot truc, hai truc va ba truc.
Trang thai Ung suat mot truc dai dién cho thi nghiém nén chuin
khong kiém ché, dung dé xac dinh cuong dd chiu nén 28 ngay cua bé tong.

Cuong do chiu nén cua bé tong xac dinh theo cong thure:

f;:% (MPa) (2.1)
Trong do6:
P: Luc tac dung 1én mau bi pha hoai (N);
A: Dién tich tiép xtic ciia mau (mm?).

2.1.2. Cwong do chiu kéo cuia bé tong:

2.1.2.1. Cuong do chiu kéo thuan tiy:

Nam trong khoang (8 +15%) cudng do chiu nén:

f, =0,33f, (MPa)
2.1.2.2. Cuong do chiu kéo khi uon:
Dbi véi bé tong ty trong trung binh:

f, =0,63f, (MPa)

(2.2)

(2.3)
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Déi vai bé tong cat ty trong thap:

f, =0,52|/f. (MPa) (2.4)

Déi véi bé tong ty trong thap cac loai:

f,=0,45/f, (MPa) (2.5)
2.1.2.3. Curong do chiu kéo ciia bé téng khi c6 cot thép:

f,= —:% (MPa) (2.6)

Trong do:
e1: Bién dang tuong dbi theo doc truc;
a1: Hé sb xét t6i dac trung dinh két cta cbt thép;
a1=1: Cho c6t thép co go;
a1=0,7: Cho ¢t thép tron;
a1=0: Cho cbt thép khong dinh két;
o2: Hé so xét t6i tai trong thuong xuyén (lap);
az=1: Tai trong ngan han va phan bd déu;
a2=0,7: Tai trong thuong xuyén (1ap).

2.1.3. Cuwong do bé tong theo thoi gian:

Cuong do cua bé tong tang theo thoi gian. Tuy nhién, cuong do cua
bé tbng sau 28 ngay tudi tang cham. Mdi quan hé gitra cuong do cua bé
tong va thoi gian duoc biéu dién qua biéu thic thuc nghiém sau day:

f,= f. (MPa 2.7
AL 27)

Trong do:
Khi bio dudng am: a=4; p=0,85
Khi bio dudng bang hoi nudc: a=1; f=0,95
t: Tudi bé tong (ngay).
2.1.4. M6 dun dan hoi ciia bé tong:
2.1.4.1. Mé dun dan hoi ciia bé tong xdc dinh theo cong thirc sau:

2 10,33
E, =0,0017x K, xwZ x(f;) " (MPa) (2.8)
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Trong do:

K1: Hé sb diéu chinh nguén cdt lidu duoc lfiy bﬁng 1,0 trir khi duoc
xac dinh bang céach kiém tra vat ly, va dugc phé duyét bdi co quan
c6 thdm quyén;

We: Khéi luong riéng bé tong (kg/ m?3) ldy bang 2320 dbi v6i bé tong
thuong véi ¢<35MPa va bang (2240+2,29f¢) véi 35MPa <f*c<35MPa.

f’c: Cuong do chiu nén cua bé tong (MPa).
2.1.4.2. M6 dun dan hoi ciia bé téng theo thoi gian:

2 10,33
E, =0,0017x K, xw? x(f; )" (MPa) (2.9)

f¢i: Cuong do chiu nén cua bé téng tai thoi diém ti (ngay).
2.1.5. Co ngét cuia bé tong:

Khi bé tong ninh két, thi qua trinh bay hoi nudc xay ra lam cho bé
tong bi co ngdt. Co ngdt ciia bé tdng phu thude rat 16n vao ty 16 N/XM va
d6 am. Bién dang do co ngot s =0,0002-0,0007, co ngdt sé& sinh ra cac vét
ntt néu cu kién bi “kiém ché” su co ngodt tu do va s€ sinh ra ing suat phu.

Dé han ché vét niit do co ngdt, c6 thé ap dung cac bién phap sau:
- Sir dung cot lidu khong 6 15 rong.

- Bao dudng cho bé tong.

- Gi6i han dién tich va chiéu dai d6 bé tong.

- Str dung mach ngimg va khe gidn n& dé khdng ché vi tri vét nut.

- Bo sung cbt thép nham giéi han bé rong vét nut. Co thé ding cot
thép phan bo hay ludi thép dé gidm chiéu rong khe nut.

Tinh toan:
’ Dbi véi bé tong du:(jcqbéo du(mg am, cot lidu khong co ngot, ung
bién do co ngot, esh, tai thoi di€m t, c6 thé xac dinh nhu sau:
£g, = —K.KpKik 4 0,48x107° (2.10)
Trong do6:
ks: Hé s6 kich thuéc va duge xac dinh nhu sau:

k, =1,45-0,0051(VV/S) =210 (2.11)

bé danh gia bién dang co ngdt chinh xac hon, h¢ s6 ks duoc xac
dinh chi tiét hon theo thoi gian nhu sau:

13



t
K = 26e00142(VIS) | ¢ {1064—3,7(V/S)}
S t 923
45+t

(2.12)

V61 V/S (mm) la ti 16 gitra thé tich bé tong va dién tich xung quanh;
t (ngay) la tudi cua bé tong tai thoi di€m khao sat;

kns: Hé s xét anh huong d6 am cho co ngot, kns=2,00-0,014H;

H: D6 am tuong d6i (%);

ke: Hé s6 xét anh huong cudng do cua bé tong khi két cau chiu tai

35
7+,

k¢ = (2.13)
Véi fci (MPa) 1a cudng do nén cia bé tong luc truyén luc cap du
ung luc vao dam cho dam Ung suat trude va lac dam chiu tai trong dau tién
cho dam bé tong cot thép thuong. Néu tudi bé tong luc chiu tai trong lan
dau tién khong xac dinh dugc thi ¢ the lay ¢i=0,8fc.
ki: Hé s6 xét dén anh huéng phat trién cuong do bé tong 1én bién
dang co ngot

t

1o 100-0,58f; | (2.14)
0,145f, +20

ktd =

t: Thoi gian xem xét dé tinh co ngot.

Phuong trinh (2.10) dung dé xac dinh bién _dang co ngot cho bé
tong co cdt liéu khong co ngot voi cac ciu kién dtc sin va dac tai chd trong
diéu kién bao dudng am va bio dudng lam bé tong dong cung nhanh.
Phuong trinh nay gia thiét rang bién dang co ngét cuc han 1a 0,00048
mm/mm. Cac hé sd hiéu chinh k 1a xét t6i cac diéu kién khac nhau anh
huong dén bién dang co ngét. Hé sd ks hiéu chinh theo ti s6 V/S 13 xét anh
hudng téc d6 thoat hoi nuéc khac nhau ciia cic cau kién day va mong.
Thong sd nay anh hudng dang ké trong thoi ky dau dong cimg cua bé tong.
HE s6 kns xet dén anh huong d6 am mai truong 1én co ngot, cu thé, trong
mdi trudng am udt thi bién dang co ngdt s& nhé hon trong mdi truong kho
ra0. Khi d6 am mai truong 70% thi kns duge chuan héa bang 1. Hé s6 hiéu
chinh theo cudng d6 bé tong ke s& chiét giam bién dang co ngot theo su gia
tang cuong do bé tong theo thoi gian. Hé s6 nay dugc chuan hoéa bang 1 doi
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1800 mm so voi mit duong va tac dung vao két cau.

Khi gié tic dung trén xe cd khong vudng goc véi két ciu, thanh
phan vudng goc va song song tac dung 1én hoat tai c6 thé 1ay theo quy dinh
trong bang 15 Phan 3 tiéu chudan TCVN11823-17 véi goc chéo lay vuong
gdc v6i bé mit.

Phai dat tai luc gi6 ngang va doc 1én xe ¢ cho tirng trudong hop dat
tai riéng r&, néu thich hop, phai kiém toan két cdu bang hop luc gid co xét
anh huong cua cac goc hudng gio trung gian.

Tai trong gi6 thang ding:

Phai 14y tai trong gi6 thing ding Py tac dung vao trong tAm cua
dién tich thich hgp theo cong thirc:

Py = 0,00045 V2A, (kN) (2.21)

Trong do:

V: Tbc @6 gi6 thiét ké xac dinh theo phuong trinh (2.19) (m/s)

Av: Dién tich phang cua mat ciu hay cdu kién dung dé tinh tai
trong gié thing dung (m?).

Chi tinh tai trong nay cho cac TTGH cuodng do6 III va Sur dung IV
khong lién quan den gi6 1én hoat tai, va chi tinh khi lay hung gi6 vudng gOC
véi truc doc cua cau. Puong luc nay phai dét ¢ diém 1/4 chiéu rong mit ciu
& phia c6 gié cung véi lyc gié nam ngang quy dinh theo Piéu 8.1 Phan 3
tiéu chuan TCVN11823-17.

Co thé dung (2. 21) voi diéu kién goc nghleng cua gio tac dung
vao két cau it hon 5% néu vuot qua 5° hé sé “nang bdc” phai duoc x4c
dinh bang thi nghiém.

2.3.3. Cac trang thai giéi han (TTGH) va hé so tai trong:
2.3.3.1. Trang thai gioi han cuong do:

Trang thai gidi han ndy nham dam bao két cau tranh bi pha hoai do
khéng du cuong do hodc mat 6n dinh trong sudt tudi tho cong trinh. Bao
gém 5 truong hop sau:

TTGH cuong do I: T(f) hop tai trong co ban lién quan dén viéc sir
dung cho xe ti€u chuan cua cau khong xét dén gio.

‘ TTGH cuodng d6 II: T6 hop tai trong lién quan dén viéc str dung
cﬁ}u cho cac loai xe dac biét theo quy dinh Chu dau tu hoac danh gia cau
dé cap phép cho xe dac biét, khong xét dén gid trong ca hai trudong hop.

TTGH cudng d6 III: T hop tai trong lién quan dén cau chiu gio
vO1 van toc vuot qua 25m/s.
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TTGH cuodng d6 IV: T6 hop tai trong lién quan dén cau cé ty 1é
gitta irng luc do tinh tai trén hoat tai rat 16n.

TTGH cuong d6 V: To hop tai trong lién quan dén viéc str dung
xe tiéu chuan cua cau voi gio co van toc 25m/s.

Bang 2.4: Hé s tai trong (y) & TTGH cuong dd

Tai trong DC DW LL,
To hop TTGH | Max | Min | Max | Min | PL
Cuong d6 1 1,25 | 0,90 | 1,50 | 0,65 | 1,75
Cuong do 11 1,25 | 0,90 | 1,50 | 0,65 | 1,35
Cuong do I | 1,25 | 0,90 | 1,50 | 0,65 1,40
CuongdoIV | 1,50 | 0,90 | 1,50 | 0,65
Cuong d6 V 1,25 | 0,90 | 1,50 | 0,65 | 1,35 |0,40 | 1,00

WS | WL

2.3.3.2. Trang thai gioi han sw dung:
Két ciu chua bi phé hoai nhung c6 kha nang khong sir dung duoc.

Hién tugng thong thudng nhu: d6 vong 16n, vét nit 16n gy an mon
cot thép...

TTGH su dung I: T6 hop tai trong lién quan dén khai thac binh th-
uong cua cau voi gi6 ¢d van tbe 25m/s v6i tat ca tai trong lay theo gla tri
danh dinh, str dung kiém soat bé rong vét nirt trong két cdu bé tong cdt thép
thuong, va kiém tra kéo trong phan tich theo chiéu ngang cia dim bé tong
phén doan.

TTGH sir dung II: T hop tai trong dy kién dé kiém soét gi6i han
chdy cua két cau thép va trugt cia moi ndi bu long cudong do cao chiu ma
sat t61 han do hoat tai xe.

TTGH sur dung III: T6 hop tai trong trong phan tich doc lién quan
dén kéo trong két ciu phan trén bé tong cbt thép du tng luc dé kiém soat
nat va lién quan dén Gng suat kéo chi trong ban bung ctia dim bé tong phan
doan.

TTGH st dung IV: T hop tai trong chi lién quan dén kéo trong cot
bé tong du tng luc dé ki€m soat ntt.

Biang 2.5: Hé s tai trong (y) & TTGH sir dung

Tai trong
2 DC DW |LL,PL| WA WS WL
To hop TTGH
Str dung I 1,00 1,00 1,00 1,0 0,30 1,0

Str dyng 11 1,00 1,00 1,30 1,0
Str dyng III 1,00 1,00 0,80 1,0
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Tai trong

- DC | DW |LLPL| WA | WS | WL
Té hgp TTGH

Str dung IV 1,00 1,00 1,0 0,07

2.3.3.3. Trang thai gioi han moi:

Tai trong gy moi la mot xe tai don 3 tryc. Khoang cach gitra 2 tryc
xe sau 9m (Diéu 6.1.4.1 Phan 3 tiéu ch}lén). Céc tai trong khac khong xét.
Trang thai gidi han nay nham han ché vét nuit do tai trong 1ap gay ra.

TTGH moi I: T6 hop tai trong gy moi va dut gay don, voi tudi tho
chiu méi vo6 han.

TTGH moi II: T6 hop tai trong gy moi va dit giy don, véi tudi
tho chiu moi hiru han.

Bang 2.6: Hé so tai trong (y) # TTGH méi

Tai trong
. " LL, IM, CE
To hgp TTGH
Moi I 1,50
Moi 11 0,75

2.3.3.4. Trang thai gioi han ddc biét:

C6 2 t6 hop trang thai gidi han dic biét bao gom:

TTG,H dic biét I: TO hop tai trong cé tai trong dong dat. Hé s tai
trong dong dat yeq duogc xac dinh trén co s& quy dinh cia du an.

TTGH dic biét II: To hop tai trong lién quan dén lyc va cua tau

thuyén (CV) va xe ¢d (CT), li kiém tra va dén mot s6 hién tuong thuy luc
v6i hoat tai da chiét giam ma chinh 1a mot phan cia tai trong xe va Xo.

Bang 2.7: Hé s tai trong (y) @ TTGH dic biét

Tai trong DC DW LL, CV,
- , . EQ
T6 hop TTGH | Max | Min | Max | Min | PL CT
Dic biét I 1,25 | 0,90 | 1,50 | 0,65 YEQ
Dic biét II 1,25 | 0,90 | 1,50 | 0,65 | 0,50 1

Truong hop thiét ké t6 hgp TTGH dic biét 11 cho phan hing ban
meitqcéu, hé sb tai trong v cua tinh tai 1dy bang 1 (Piéu 7.3.5.1 Phan 13 tiéu
chuan).
2.3.3.5. Hiéu ung xung kich (IM):

Tac dong tinh hoc cua xe tai hay xe hai truc thiét ké khong ké luc ly
tam va lgyc ham, phai dugc tang thém mot ty 1€ phan tram duoc quy dinh
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2.4.2.1. Giai doan dan hoi va cau kién chwa co vet nirt:

Ung suit kéo & thé bién nhoé hon do bén chiu kéo khi udn (fr) nén
khong c6 xuat hi¢n vét nut.

2.4.2.2. Giai doan vng sudt dan hoi va tiét dién cé vét nirt:

Ung suat kéo ¢ thd bién 16n hon d6 bén chiu kéo khi udn (f;) nén
xuat hién vet nut.

2.4.2.3. Giai doan pha hoai:

Khi két cdu tién dén trang thai gidi han, biéu d6 Gmg sut nén trong
bé tong c6 dang dudng cong parabol. Khi d6 cic phuong phép tinh voi
trang thai gio1 dan hoi cua vat liéu khong con thich hop.

2.4.3. Tinh toan cwong dd chiu udn cho tiét dién chir nhat:
2.4.3.1. Gia thiét khi tinh toan:

C=0,85fc.ab
I~

T :As.fy
T

Hinh 2.15: Biéu dd wng suit & trang thai giéi han cwong do

Bién dang trong cot thép va bé tong ty 18 thuén voi khoang cach tu
truc trung hoa dén diém xac dinh bién dang va tng suit.

Bién dang cuc han tai mép bi€n vung bé tong chiu nén £.=0,003.
B6 qua kha nang chiu kéo cua vung bé tong chiu kéo.
Ung suit phan b trong viing nén cua bé tong xem 1a hinh chir nhat.

Néu f’c < 70Mpa thi gia tri Gmg suat trung binh cta ving bé tong
chiu nén bang ouf’c voi 01=0,85; va chiéu cao ving nén quy ddi “a” bang
BiC tinh tr mép vung nén.

2.4.3.2. Phuwong phap tinh toan:
Xac dinh ham lwgng cdt thép can bang As, cho bai toan cot don:

Ham luong luong cdt thép can bang dugc thiét 1ap trén co s¢ nham
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kiém soat cac trudng hop pha hoai ctia cdu kién bé tong cdt thép. Trong d6
bién dang trong cot thép ey xay ra dong thoi khi bién dang trong bé tong
vung nén dat: £.=0,003. H¢ s6 quy doi B1 dugc xac dinh nhu sau:

0,85 f_ <28 MPa
B,=] 065 f, >56 MPa (2.24)
0,05 .. ,
0,85-2=2(f. —28)  28<f.< 56MPa
7

£:=0,003 f..=0,85f"
I T o
=)
1]
c <

NI /LTTH S

Asb
-

Hinh 2.16: So' d6 tinh & trang thai pha hoai cin bang

Xéc dinh chiéu cao vung nén c:
Ec

TTH /. d

Ec 8y 1

S (2.25)

€
< c=d,——=d, :
& &, g, +f, 1 Eg

Trong d6: ds 1 khoang cach tir trong tam nhom thép kéo dén mép
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ngoai bé tong chiu nén; As 12 dién tich thép kéo g véi pha hoai can bang.
Vi gia thiét pha hoai can bang nén tng sudt cua cbt thép nim trong

vung chiu kéo dat dén gia tri fy, lac d6 bé tong dat dén d6 mo rong Vet nut
cho phép thi bién dang trong cbt thép e, ~0,002 (duogc 1ay theo cot thép

Grade-60 co fy,=410Mpa va ES—ZOOOOOMpa).
0,003

c=d,—" = 0,6d,
0,003+ 0,002

(2.26)

Tir diéu kién can bang C=T, tinh dugc luong thép 16n nhat Ag nhu
sau.

0,85f ab = A f,
| 2.27
A, = O,51Bldsb:—° (.27)
y

Vay ham luong thép can bang:

.
=051, = (2.28)

s y

Asb
bd

Pp =

Khi d6, néu luong thép bd tri 16n hon luong cot thép can bang thi
dam co6 kha nang pha hoai gion va ngugc lai dam c6 kha nang phé hoai déo.

Mt cit khong ché kéo va khong ché nén:

Xét truong hop mit cat dam dat dén strc khang udn danh dinh va
néu nhu bién dang cua 16p theép chiu keo ngoai cung 16n hon hodc bang
0,005 thi duoc goi 1a mit cit khong ché kéo (TC) C6 nghia 13 bién dang
ctia 10p thép chiu kéo ngoai cuing xap xi bang 2,5 1an bién dang chay ey. T
biéu db bién dang cho mit cit khong ché kéo duge thé hién nhu Hinh 2.18,
chiéu cao ving nén cho trudng hop nay duoc xac dinh ¢=3/8d:=0,375d:. véi
dt 14 khoang céch tir 16p théo kéo ngoai cing dén thd nén cia tiét dién. Dicu
nay cho thay rang néu ¢ < 3/8dk thi bién dang &> 0,005 va day la diéu kién
kiém soat mit cit dim dang lam viéc trong mién khdng ché kéo.

Trong trudng hop tai mit cit dam khao sat co bién dang cua 16p
thép chiu kéo ngoai cing nhé hon hoic bang bién dang chay &,=0,002 thi
duoc goi 1a mat cit khéng ché nén (CC). Tuong tu nhu trén, tir biéu dd bién
dang cho mat cit khéng ché nén duoc thé hién nhu Hinh 2.18, chiéu cao
vung nén cho trudng hop nay dugce xac dinh ¢=3/5d:=0,6d:. Piéu nay cho
thdy rang néu ¢ > 3/5d; thi bién dang & < 0,002 va day la diéu kién kiém
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soat mat cat dam dang lam viéc trong mién khong ché nén.

£=0,003 £=0,003
/ ]C(TCL)
S A c(CCL)
ds
® o — —
£.=0,005 £.=0,002
— @ @ | S ST

Hinh 2.18: Phan b6 bién dang cho mit cit khong ché kéo va nén

Néu tai mit cit c6 bién dang cta 16p thép chiu kéo ngoai ciing nam
trong vung 0,002 < & < 0,005 thi dugc goi la mat cat lam viéc trong vung
chuyén tiep TZ (transition zone).

Mit cit khong ché kéo cho thay kha ning déo dai ctia két cau khi bi
qua tai, vi vay trong truong hop nay hé sb stc khang duoc lay bang 0,9 cho
dam bé tong cot thép thuong va béng 1,0 cho dam BTCT dy tmg luc. Di
Y tiét dién khong ché nén cho thay kha nang xay ra pha hoai gion cua két
cdu nén hé sd suc khang lay bang 0,75. Khu vuc chuyén tiép hé sb stic
khang duoc xac dinh theo cac phuong trinh sau:

- Ddi v6i bé tong cbt thép thudng:

0,15(¢, —
¢=0,75+M=0,65+o,15($—1j (2.29)
€n € c
- Pbi voi bé tong cbt dy ing luc:
0,25(¢, —
=075+ (& —€a) =0,583+0,25(i—1) (2.30)
€u~€a c

et Ung bién kéo thuc trong ct thép chiu kéo ngoai cung & sirc
khéng danh dinh(mm./mm)

gc1: Gi6i han ung bién kiém soat nén trong cbt thép chiu kéo ngoai
cung(mm./mm)

ew: Gi6i han tng bién kiém soat nén trong cdt thép chiu kéo ngoai
cung (mm./mm)

Hé s6 strc khang ¢ duoc biéu dién theo bién dang & nhu Hinh 2.19.
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vs 13 ti s6 giita cuong d6 chay déo va cuong do kéo cyc han cia
thép va lay biang 0,67 dbi véi loai thép AB15 cap 420 (Grade 60 theo phan
loai trong tiéu chudn ASTM), bang 0,75 d6i véi loai thép A706 cap 420 va
bang 1,0 ddi v6i két cAu du tng luc.

2.4.4. Bai toan cot thép don cho tiét dién hinh chir nhat:

2.4.4.1. Xdc dinh luwong thép Ag cho truong hop mat cat khéng ché kéo
hodc chuyén tiép

Biét: b, h, f’c, fy, ds, My=> As=?

Giai:

(¢Rn ZT]Z:’YiQi g ¢Mn 2Tl'\/lu)
Gia sir hé s6 sirc khang: $=0,9.

Lay mo men tai tim c6t thép chiu kéo Asfy:

¢{0,85.f;.a.b(ds —iﬂ M, =a=d, —\/df M, e
2 40,85 b B,

Tinh lai ¢:

0,75< ¢:0,65+0,15(d—cs—1j£0,9

Néu ¢ khac nhiéu so véi gia tri ban dau thi tinh lai a voi ¢ vira tim.

Kiém tra diéu kién c/ds:

1) Néu £ <0,6:
dS
_ 0,85f.ab

S fy

A

Kiém tra ham luong thép tdi thiéu:
min[1,2M;1,33M ]

(I)fy (ds - :j

Chon va bd tri thép. Tinh lai ds. Néu ds khac nhiéu so véi gia tri ban

A, >

du thi thiét ké lai tir dAu véi ds vira tim dugc.

Kiém tra diéu kién c/di: néu c¢/d: < 0,6 thi két thiic bai toan thiét ké.

Néu c/d¢> 0,6 nén tang tiét dién (b,h), ting cudng do bé tong.
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2) Néu di >0,6: nén tang tiét dién (b,h), ting cudng do bé tong,

S
2.4.4.2. Xac dinh kha nang chiu lyc
Biét: b, h, f’c, fy, ds, di, As => M, = ?
Giai: Lay phuong trinh can bang luc

> X=0 < Af, =085fab

Asfy a
a=—2Y = c=—
0,85f.b B,
Tinh ¢: 0,75£¢:0,65+0,15[$—1J£0,9
C

Kiém tra lugng thép tdi thiéu:
min[1,2M;1,33M ]

(I)fy (ds - ;j

Xét cac trudng hop pha hoai cua tiét dién khi t6i han:

A, >

1) Néu di <0,6 thi M, =¢.0,85f, ab(ds —gj

S

2) Néud£>0,6:

S

Tinh lai chiéu cao vung nén ¢ nhu sau:

0,588.103(\/1020051f;bd5ASES +(3AE,) —3ASESj
Byf.b

C=
va a=,C

Tinh ¢: 0,75<¢=0,65+0, 25($—1j <0,9
c

0,003(d, —c a
= M, :¢ESAS%[dS —E)

38



D> X=0<Af, =0,85fab,, +0,85fh; (b; —b,)

4= A,y _0185fclhf (bs —b,,) o= a
0,85f.b,, B,

Tinh ¢: 0,75<$=0,65+0, 25(&—@ <0,9
C

min[1,2M;1,33M ]

of, (ds —:j

Xét cac trudng hop phé hoai cua tiét dién khi t6i han:

Kiém tra lugng thép tbi thidu: A, >

~Néu digo,es thi:

M, = ¢{0,85f;abw (ds —%}Lo,ssfc'(bf ~b,, )h (ds _h_zfﬂ

-Néudi>o,6 thi:

S
Tinh lai chiu cao vung nén ¢ bang cach giai phuong trinh sau:

d,—c

0, 003ASES( j =0,85f B,ch,, +0,85f, (b; —b,, )h; va a=p,c

Tinh ¢: 0,75<¢$=0,65+0, 25[$—1j <0,9
c

L M. —0EA. 0,003(ds—c)(ds_%j
c

2.4.6. Thiét ké theo TTGH sir dung (khong ché vét nirt va bién dang):
Tai trong duogc td hop ¢ trang thai gii han st dung.
So d6 (mg suat trén tiét dién tinh toan: Pan hdi + nit.

Bé rong vét nit do udn trong dam bé tong cdt thép duoc kiém soat
bang cach gioi han khoang cach cua cot thép ¢ 16p ngoai cung chiu kéo
dudi tdc dung cua tai trong ¢ trang thai gidi han st dung nhu sau:

s<[s]

123000y,

—2d, 2.34
B.f, (239
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Trong do:

_dc hay d 1a khoang cach tir trong tam cua 16p thép chiu kéo ngoai
cung dén mép ngoai bé tong chiu kéo;
d

1+—c
s 0,7(h—d,)

Voi:
Ye: hé s xét td1 dicu kién tiép xuc gitra két cau vai moi truong Xung
quanh va dugc xac dinh nhu sau:

Bang 2.9: Hé s6 ye [Piéu 7.3.4 Phin 5 tiéu chuin]

Piéu kién méi truwong Ye Bé rong vét nirt (mm)
Cap 1 1,0 0,432
Cap 2 0,75 0,330

Diéu kién phoi 106 bé mit cap 1 1a bé mit cac két ciu bé tong trong
diéu kién thong thudng, cho phép niit nhiéu do it quan tim dén hinh thic bé
mit. Diéu kién phoi 10 bé mit cép 2 1a truong hop bé mat ban mat cau hodc
bé mit két cau phan dudi ngdm trong nudc; bé mit phoi 16 cip 2 ciing ap
dung cho thiét ké theo phuong ngang cua dam hop bé tong phan doan cho
bat ky loai tai trong tac dung trude khi bé tong dat cuong do danh dinh va ¢
c4c vi tri két cdu can quan tdm dén hinh thirc bé mat bé tong va/hodc an
mon.

h: chiéu day cua cau kién (mm).

fs: tng suét trong thanh thép chiu kéo duoc xac dinh & trang thai
gi61 han sir dung (Mpa). D61 v1 dam co tiet dién chir nhat va bo tri thép
don thi tng suat fs c6 thé x4c dinh nhu sau:

M6 men tinh doi voi truc cach thé trén mot doan x:

5,=0 < bxgznAs(ds—x)

X

< bx® +2nAx—2nAd, =0

o x = NA, 14 2d.b
b nA,

Trong do:
x: Khoang cach tir tryc trung hoa dén thé ngoai cing chiu nén;

n=E,/E,: Ty s6 quy dbi thép vé bé tong.
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Asfs

I fct )
X
M /
hod o j { S
AS
b

, |
Hinh 2.21: So' d6 tinh ing suit fs
M6 men quan tinh cho tiét dién bi nut:

Iy =%bx3 +nA,(d, —x)*

Khi d6, tng suit trong cbt thép duoc xac dinh nhu sau:
M M
fo=—yn=—3(d,—x)n
I cr
Mot cach hiéu qua dé thoa mén diéu kién trén 1a sir dung nhiéu
thanh nh6 ¢ khoang cach vira phai hon la it thanh c6 duong kinh 16n voi
cung dién tich trong duong. Khoang cach lon nhat va nho nhat gitra cac
thanh thép cling dugc quy dinh tai Diéu 10.3.1 va 10.3.2 cua Phan 5.

Déi véi cac dam T va dam hop thi thép chiu luc duoc b tri trong
pham vi bé rong c6 hi¢éu cua ban canh hodc bé rong béng 1/10 chiéu dai
nhip. Néu chiéu rong c6 hiéu vuot qua 1/10 chiéu dai nhip thi nén bd sung
thép doc chiu udn véi dién tich khong nhé hon 0,4% dién tich cua phﬁn
canh nho ra va duoc bé tri trén viing nay.

Dbi v6i cac dam cao, thi cot thép nén phan bd trén mit dimg trong
ving kéo dé kiém soat vét nut trong dam. Néu chiéu cao suon dam hon
900mm thi nén b tri thép phan bé cha yéu trén chiéu cao d/2 gan thép chiu
kéo chinh. Dién tich thép phan bd ndy (As, mm%mm) dugc phan b trén
chiéu cao cho mdi mat bén dam duoc xac dinh nhu sau:

. _ . AS + ADS
Agc = min| 0,001(d, ~760);— (2.35)

Trong do:
Aps 1a dién tich cap dy tng luc va As dién tich thép thuong chiu kéo
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thi cong ban mat cau dugc xac dinh nhu sau:

ey, = -k K K:k,0,48x107

Trong do:
K = e 100-0 58563_9129 =059
1| 100~ 0.58f | 12( et j+(56—1)
0,145f. + 20 0,145x 39,29+ 20
k, =1,45—0,0051V /S =1,45—0,0051.84,84 = 1,02

(. B __ 3
"U74+f, 7+39,29

=0,75

kns=2,00-0,0143H=2,00-0,0143.70=1.00
Thé cac hé sé k vao cong thirc trén, khi d6 bién dang co ngot:
&g, = —K.KpKeK;0,48.107° = ~1,02.1,00.0,75.0,59.0,59.0,48.10°
=-217x10"°
Heé s tir bién tir ltic cang cap dén khi thi cong ban mit cau:
w(tt) =1 9K Kpkekti **° =1,9.1,02.1,00.0,75.0,59.1 %4 =
=0,85
Trong d6: ti=1 ngay;
k. =1,45-0,0051V/S=145-0,0051.84,84 =1,02,
kne = 1,56-0,008H = 1,56-0,008.70 = 1,00.

Thiét ké mot cau dam gian don bé tong cdt thép thuong, danh cho
ngudi di bo véi nhip dai 10000mm, c6 mit cit ngang hinh chir nhat
bxh=300x500mm. Bé tong c6 cuong do chiu nén la 32MPa, yu= 2,50.10
SN/mm3. Thép c6 gii han chay 1a 420Mpa, Es=210000Mpa. Tai trong bd
hanh PL=1,5N/mm. Hg s diéu chinh tai trong n=1,05. Thiét ké cét thép
chiu md men uén.

Giat:

PL
m HM& j ﬁ $MH ﬁ b

@ 10000mm ME;W

Hinh 2.22: So' d tai trong tic dung trén ciu
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Noi lwe tac dung:
Trong luong ban than dam:
DC1=y5t.A¢=2,50.107°.300.500=3,75 N/mm

MO men ¢ trang thai gidi han cuong do I:

DC.L2 PL.L?
I\/Iu = n(VDC j

3 +VpL 3

+1,75

2 2
:1,05.£1,25_M Mj

=9,60.10" N.mm

M6 men ¢ trang thai gigi1 han str dung:

DC.L? PL.L?
M =1n| Ypc 3 +YpL 3

2 2
:1,00.(1,0_M+1,0_M]:

=6,56.10" N.mm
Thiét ké cot thép:

Gia sir hé s6 stc khang $=0,9 va khoang cach tir trong tim nhom
thép chiu kéo dén mép ngoai bé tong kéo as=50mm.

Khoang cach tir thd chiu nén ngoai cing dén trong tim cbt thép
chiu kéo:

s =h—as=500-50=450mm
Xéc dinh hé s Pu:
0,05(32-28)

Bl:0’85_ :0a82

Phuong trinh c4n bang mé men:

a:ds- dg_ﬂ

_450. |4502._2-9:60.10"
©0,85f.b 0,9.0,85.32.300

Khoéng cach tir truc trung hoa dén thé ngoai cling chiu nén:

=30,04mm
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Tinh lai ¢ véi di = ds:

$=0,65+0,15 $—1 =0,65+0,15 ﬂ—1 =2,34>0,9
C 36.63

Chon ¢ = 0,9 va phu hop véi gia tri gia st ban dau.

Kiém tra diéu kién: < 2% =0,08<0,6
d 450

S
Tiét dién khdng ché kéo, nén dién tich thép duoc xac dinh nhu sau:

_0,85f ab _ 0,85x32x30,04x300

S
f, 420

A =583,63 mm?

Kiém tra lugng cot thép toi thiéu:

1 ;
Mg =7173SF, = 1173 [g thJ(O, 63\/E ) =
=1,6.0,67.(%.300.5002}(0,63J3_2 ) —4,77.10’ N.mm

cr

smin — a
(I)fy (ds - 2}

_ min[L,2.4,77.10";1,33.9,60.10]
0,9.420.(450— 3O’O4j

A _Minll2M,;133M,] _

— 348,53< As=583,63 mm?

Thoa man ham luong cbt thép tdi thiéu.

B6 tri 3 thanh thép D16 cach day dam 50mm, khoang cach giita 2
thanh 1a 200mm, dién tich mdi thanh 200,96mm?.

Tong dién tich cdt thép bd tri: As = 3.200,96 = 602,88 mm?

Kiém tra diéu kién ¢/d=36,63/450=0,08 < 0,6 do d6 lugng thép
thiét ké phu hop.

Kiém tra diéu Kkién nirt & trang thai giéi han sit dung
123000y,
B.f

S

Dicu kién: s<[s]= —2d,

S
Trong do:
Tiét dién tinh toan: b = 300mm; h = 500mm;
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Heé s6 xét t6i diéu kién tiép xuc giita két ciu véi moi trudng xung

quanh ye=1,0;

Khoang cach tir trong tim cua 16p thép chiu kéo ngoai cung dén

mép ngoai bé tong chiu kéo dc = 50mm;

N d, 14 50 _
0,7(h—-d,) 0,7(500-50)

Momen & trang thai gigi han st dung: Ms = 6,56.10" Nmm

E. _ 210000 _734
28600

ps=1

S

C

Chiéu day cua bé tong ving nén sau khi nirt:

. NA, 14 2d.b 1l 7,34x 602,88 1+ 2x450x 300 1
b nA 300 7,34x602,88

=101,43mm

S

Mo men quan tinh cua tiét dién nut:

bx? > 300x101,43

Iy == nA, (dsX) +7,34x602,88x(450-101,43)°

=6,42x10% mm*

Ung suat trong cdt thép do tai trong ¢ trang thai gidi han st dung

gay ra la:
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6,56.10".(450-101,43).7,34
fszﬂ(ds-x)n: ( . ) =261,44 N/mm?
| 6,42.10

Khi d6 khoang cach t6i thiéu giita cac thanh thép:

_ 123000y, _,, _123000.10 , . 5_456mm

[s] ‘
B.f, 1,16.261
Vay s = 100mm < [s]: ¢dam bao diéu kién nirt & TTGH sit dung.



Chwong 3 THIET KE LAN CAN VA LE BQ HANH

3.1. Khai niém chung:

Céu tao lan can 18 ngudi di trén cau 6 t6 rt da dang: lip ghép hodc
bé tong do tai cho.

Trén bé mat via he can rai 16p bé tong nhya mong hodc lang vira xi
mang mong 2-2,5cm, véi do doc ngang 1% ve phia xe chay.

Lan can trén cau 6 to nho c6 thé 1am bang gach xay, da xiy hoic
thép, bé tong cdt thép. Cac dang lan can dugc sang tao ra tuy theo quan
diém k¥ thuat an toan st dung cau va vé dep kién tric.

3.2. Ciu tao lan can I¢ b hanh:

Chicu cao 1¢ bo hanh thuong dung 150mm, 16n nhat 200mm (Diéu
7.1.1 Phan 13 TCVN11823-17).

Chiéu cao nho nhat cta lan can dudng nguoi di khong nhoé hon
1070mm tinh ttr mat duong nguoi di bo.

Thong khoang gilta 2 thanh lan can khong qua 150mm. Khi dung
ca hai loai cau kién ngang va thang dimg khoang ho tinh 150mm phai ap
dung do6i voi phan lan can thap hon 685mm va khoang hé tinh phia trén la
200mm.

w w
TW_ TwW KL
N N\
w w
w _ I~ Thanh lan can W /L
£ " g )

g W1 Cotlan can g

=~ : [

S S

A LO A

Mit 1€ di bd Mit 1€ di bd

Hinh 3.1: Quy dinh kich thwéc va tai trong lan can nguoi di b
3.3.So dd tinh cac ciu kién lan can va I& b hanh:
3.3.1. Thanh lan can:
Thanh lan can 1am viéc theo so d6 dam lién tuc véi nhip tinh toan Ia
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kKhoang cach gitra tim hai tru lan can.

Néu tinh toan véi so dd dam gian don thi c6 thé sir dung hé s6 0,5
va 0,7 dé dieéu chinh biéu do momen dé xét tinh 1én tuc két cau.

3.3.1.1. Tai trong tac dung:
Tinh tai: Trong luong thanh lan can.
w =0,37(N/mm)

Hoat tai:
{ P= 890(N)

Trong do:

‘ w: La tai phan bd déu, tic dung 1én ca hai phuong dimg va phuong
nam ngang;

P: La tai trong tap trung tac dung dat tai vi tri bat loi nhat.
3.3.2. Cotlan can:

Cot lan can 1am viéc nhu mot cau kién chiu nén 1éch tam.

Tai trong tac dung:

Tinh tai: Trong lwgng thanh lan can va ¢t lan can.

Hoat tai:

Ttr thanh lan can truyén vao.

Va lyc tap trung P theo hudng ngang tai trong tam ctua bd phan
theo hudng doc; hoac vadi lan can cao hon 1500mm thi tai Vi tri cao hon bé
mat ngudi di bo c6 hoat tai P nhu sau:

PLL=890+0,73L (N)

L: Cy ly c6t lan can (mm)

Chay:

M&t lan can dugc thiét ké cho nhiéu muc dich sir dupg phai duoc
chirng minh du an toan khi va cham véi c6 hodac khong co6 1€ di bd. Viéc
dung lan can két hop xe 6 t6 nguoi di bg thé hién trong Hinh 2 Phan 13
TCVN11823-17 phai dugc han ché ddi véi cac duong an dinh toc do
70km/h hodc nhé hon va can dugc kiém tra ¢ cap thu nghiém 1 hodc cap
thir nghiém 2 Diéu 7.2 Phan 13 TCVN11823-17.

3.3.3. Lé bj hanh:
Lé bo hanh 1am viéc theo so d6 dam gian don.
Tai trong tac dung:
Tinh tai: Trong lugng ban than;
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Cic lyc thiét ké

Cac cép thir nghiém lan can

va ki hi¢u TL-1 | TL-2 | TL-3 | TL4 | TL-5
H chiu cao nho nhat 685| 685| 685| 810| 1070
cua lan can

3.5.2. Sirc khang cia lan can dang twong:

3.5.2.1. Truong hop xe va vao giita twong:

w

T

AN S

Lan can trudc bi€n dang

0 0
Q
My
. /GV
S\ * " S\
. L
. L |
Hinh 3.6: So' @6 tinh khi xe va giira twong
Trong do:

Me: La kha nang chiu luc cta tiét (dién bé tong cot 'thep dung trén
mot don vi chiéu dai theo phuong doc cau (stc khang ubn cuc han cua

tuong ddi véi truc nam ngang (M.mm/mm)).

Muw: La kha nang chiu lyc cta tiét dién bé tong cot thép ngang dugc
tinh trén mot don vi chiéu dung cua lan can (Stc khang uon cuc han cia
tuong dbi voi truc dimg (M.mm/mm)). Céc thong sé khac xem Hinh 3.6.

Tién hanh can bang cong cua ndi luc va ngoai luc.

Cong cua ndi luc:

u=u,+U,
U, =46M H
tgﬁzé
LC
d
U.=BM.L,=—
c B c—¢c H
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(3.1)
(3.2)

(3.3)



3.5.2.2.

_8M,HS ML
L H

U

(3.4)

C

Cong cua ngoai lyc:

22 L 2L

t c c

W:WtQ:%ZFE(E‘HLC_Lt H:E(ZLC—LJ (3.5)

Can bang cong cua ndi lyc va ngoai lyc:

UsW o 8M,, Hb N ML S RS (2L, L)
c H 2L,
N 2L, 8M, H N M.L, (3.6)
(2LC — Lt) L. H
Goi Rw la strc khang cua tuong, khi do:
R, =—2re M McL ) (37)
2L, -L, | L, H

Chiéu dai duong chay L duoc xac dinh bang cach tim cyec tri Rw:

dR
%LC =0

Két qua chiéu dai dudng chay duogc tim thiy nhu sau:

oL, J(L—)w o)
2 2 M

c

Truong hop xe va vao dau tuong:

Strc khéng cua tuong:
2 M L2
=Sl L M, H +T >F (3.9)
t

Tuong tu, ldy dao ham Rw:
drR,, 0
dL

c
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Mp
~—
TRTTTTTT. -

Hinh 3.9: So dé tinh sitc khang ciia cdt lan can

Trong do: Mp dugc xac dinh nhu Mr.

. M
Vay: P, = H—P (3.13)

Cot lan can trudc bién dang
| L | [Thanh lan can tru6c bién dang

Hinh 3.10: So @6 tinh khi xe va tai cot

Strc khang cta hé thanh va cot két hop duogc xac dinh béng cach
can bang cong cta ngoai luc va ndi luc.

Cong cua ngoai lyc:

Rd Fd

W=wQ=——(2L,-L)= 2NL-L 14
t 2LC( .~ L) 2NLC( ) (3.14)
Cong cua ndi luc:
U=Up+Ur (3.15)
Cong ndi lyc cua thanh lan can: Uy = 8TR6

C
Cong nodi luc cua cdt lan can Up dugce phan tich nhu sau:
Xét cot thir i:

57



210 210
Xi:T = Bi=

nHy
Ul =M, 215 :PP@
nHy n
T _22( 2I5j
=4P, §{1+2+ A+

- 4PP.§(E—1) +P 5=
n\ 2 4

Can bang cong cua ngoai luc va ndi luc:

PN8
U:W<:>8MR8+ P Fid (2NL-L,)
L 2  2NL

c

P,NG
2NL(8MR6+ P sztS(ZNL—Lt)
L 2

2
_16Mg +PNL
2NL-L,

Lay dao ham (3.19): (?TR =0

c

1 \/ 2
N Frv PoL+/(PpLe) +64P,M,
NeN
Va N duoc ly gia tri chin.

3.5.3.2. Va tqi giita nhip:

_16M, +(N-1)(N+1)PL
2NL-L, o
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R’w: Kha nang chiu lyc cua tuong, dugc giam dé chiu tai trong cot;
He: Diém dit luc F.

3.6. Vi du:

Cho cong trinh ciu trén dudng 6t6 c6 két cdu nhip gian don dam I

cang trude nhu Hinh 3.14 véi bé rong phan xe chay 10,8m. Bé tri 4 dam
ngang cach nhau 8m. Lan can cap TL-4. Hoat tai xe HL93.

o,

11800
500, 5400 , 5400 300
I | I
— BTN DAY 7CM '
| LGP PHONG NUGC X
1.5% —BETONGBMC DAY 18CM 1.5%

650 | 3x1750=5250 | 3x1750=5250 | 650

11800

Hinh 3.14: Mit ciit ngang ciu tai giita dAm va diu dam 24,54m

Thiét ké mot lan can bé tong cbt thép chdng va xe, cap lan can cip

thir nghiém 4 (TL-4) v&i cac thong s sau:

Kich thudc va bd tri thép trong lan can nhu Hinh 3.15.
Gi61 han chay cua thép f,=420 Mpa.

Cuong dd bé tong lan can: =30 Mpa.

Mo dun dan hoi ciia bé tong: Ec=29440 Mpa.
Mo dun dan hoi ciia thép: Es=210000 Mpa.
Giai:

Céc thong sb thiét ké twong tmg:

- Luc ngang: Fy = 240 kN

- Luc doc: FL.=80 kN

- Lyc dung, huéng xubng: Fy = 80 kN

- Chiéu dai tac dung lyc: Lt va L = 1070 mm
- Chiéu dai tac dung Iyc: Ly = 5500 mm

- Diém dit lyc: He= 810 mm

- Chiéu cao nho nhit lan can: H= 810 mm

- Trong cac cau thong thuong lyc Fv va Fi khong gy nguy hiém

cho lan can nén chi xét tai trong Fr.
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- Chon chiéu cao lan can: H= 810mm

- Dién tich mit cét ngang lan can: Aic= 267000 mm?

200 300 |
50,100 50 243 .57|_
o‘L —\ _Lo i
U] v
Q 2 |2
S s |7
N N
-+

10914 -
€ g g |*
® ® A
N N

214 _ _IFO
o Cot thép chd + = |@
b
= Lép pht

% BMC L

650

Hinh 3.15: B tri c¢6t thép lan can vi du 3.6
Tinh sttc khang ciia twong doi véi truc thiang dirng MyH
Stc khang danh dinh chiu tai trong ngang Rw

R —Lx 8M, +8M H+M L—ZC
Y2l -L, b °H

c
Trong do:

Rw: Tong stic khang ngang cua lan can;

Mp: Strc khang uén cta dam dinh (néu c¢6) (Mp = 0);

Muw: Strc khang uén cia tuong (strc khang ubn cua thép ngang trén

1 don vi chiéu dai);
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Mc: Strc khang ubn ciia tudong hing (sttc khang udn thép ding trén
1 don vi chiéu dai).

Chia lan can thanh 3 doan c6 chiéu dai tuong thay d6i nhu sau:

- Poan | (Trén): chiéu cao 1a 310 mm.

- Poan II (Giira): chiéu cao 13 300 mm.

- Doan III (Du6i): chiéu cao 1a 200 mm.

Kiém toan:

Trong viéc xac dinh momen khang udn cia tuong, phan cbt thép
neén s€ bo qua nén day la bai toan xac dinh kha nang chiu lyc (strc khang
momen td1 han) cho dam bé tong cot thép ti€t dién chir nhat va bd tri thép
don da dugc trinh bay trong Chuong 2.

’ - Poan I: Chiéu day twong h = 200mm, va thép mat bén trai va phai
giong nhau nén strc khang uén duong va dm cua doan | bang nhau.

Bé rong doan I: b = 310 mm.

Cot thép gdm 3 thanh duong kinh 14mm cho mdi phia, As =
153,94 x 3 = 461,81 mm2,

ds = 200-50=150mm; d; = 150mm;

51_085—%@ _28) = oss—g(so 28) = 0,836
Af

_Afy 46181420 o o
0,85f.b 0,85x30x310

_ 8 _2%53 .9 34mm

B, 0,836

Hé s6 suc khang:

(I)=O,65+0,15($—1j 0,65+0,15 ﬂ—1 =127>0,9
c 29,34

Chon ¢ = 0,9 dé tinh toan.

24,53
oM nl:q)Asfy( 2) =0,9x416,81x 420[150—Tj

=2,40x10"Nmm
- Doan II: do d) nghiéng bén phai 16n nén strc khang momen am va
momen duong s€ dugc tinh riéng biét, sau do lay trung binh.

Phan duong (cing thd bén trai):
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Chuwong 4 THIET KE BAN MAT CAU

4.1. Khai niém chung:

Mit cau 1a bd phan truc tiép chiu tai trong giao thong va chu yéu
quyét dinh chit lugng khai thac ctia cau vi vy mit cau can bang phang, dua
d6 nham, dam bao thoat nudce, khai thac thuén tién, it hu hong nhit va an
toan toi da cho cac phuong tién tham gia giao thong.

4.2.Céu tao ban mit cu:

Mit cau gém: Phan duong xe chay, c6 chiéu rong phu thudc vao sb
lan xe thiét k&, mdi lan rong téi thiéu 3600mm (thong thuong tly theo yéu
cau giao thong ma c6 thé thiét ké 1 hay nhiéu lan xe); va chiéu rong duong
xe thd so va duong nguoi di bo.

Chiéu day bé tdng ban mit cau khong ké 16p hao mon khong duge
nho hon 175mm. Ngoai ra, chiéu day ban theo diéu kién chiu luc thuong
liy theo bang 2 Phan 2 TCVN11823-17. Néu khong c6 16p phu phai ting
thém 10mm (theo Piéu 5.2.4 Phan 2 tiéu chuén).

Chiéu day ban mit cau theo kinh nghiém h, = (% +$j$, V6i S 1a

khoang cach gitra hai dam doc.
Cép bé tong tdi thiéu str dung cho ban mit cau 1a 28Mpa.

Khi nhip ctia ban mit ciu nhé hon 4600mm thi hoat tai thiét ké cho
ban mat cau chi xét xe 3 truc (khong xét tai trong lan, xe 2 truc).

4.3.Xac dinh ndi lyc trong ban mit cau:
4.3.1. Xac dinh chiéu dai nhip tinh toan ctia ban mit cau:

D6i v6i ban duc lién khéi va ké trén nhiéu dam doc thi nhip tinh
toan S la kKhoang cach gitra hai tim dam do.

Dbi v6i nhip hang thi chiéu dai dam tinh todn L | chiéu dai canh
hang tinh tir dau ngoai cia ban mit cau dén tim dam bién.
4.3.2. Tinh toan:

Khi c6 ty s6 canh dai trén canh ngin 16n hon 1,5 thi ban duoc xem
nhu lam viéc mot phuong, ké trén hai canh ngan. Néu nguoc lai thi ban mat
cau s¢€ lam viéc theo ban ké 4 canh.

Trong thyc té gin nhu cic cong trinh cau gian don ban mit cau lam
viéc theo phuong ngang (Canh dai la khoang cach 2 dam ngang, canh ngan
khoang cach 2 dam chu, nhip tinh todn la khoang cach 2 dam chu).
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Tai liéu nay chi gidi thiéu phuong phap tinh gan dung cho mot sb
truong hop nhu sau:

4.3.3. Xac dinh noi lye trong bin hing:

Béan hang dugc xem nhu mdt dai ban mgt dau ngam vao dam chu,
mdt dau ty do va cé chi€u rong lam viéc bang SW.

Xac dinh SW nhu sau:
SW=1140+0,833X (4.1)
Trong d6: X 1a khoang cach tir diém dat tai trong téi tim dam chu
ngoai cung.
4.3.3.1. Tdi trong tac dung:
Trong luong lan can: P¢hay DCa.

Trong luong 16p phi: DW=hpwyw 4.2)
Trong lugng ban mit cau: DC’2=hsyc 4.3)

Bé rong cua banh xe 3 truc:

b1=510+2hpw (4.4)
L, a

I |
P
)

(1) ) ;
| 3] hpw
L b ] @ 1 ln
L. ® |

P.(DC'5) p

I O O O Y
NN ENENRNZ.

:[SW
Lox
Hinh 4.1: So @6 tinh bin mit cAu truwong hop ban hing
(1) Lan can, (2) banh xe, (3) Lép phii, (4) Ban mit cau, (5) Dam chu
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Ap Iyc 1én ban mit cau: p=P/(2b,SW) (4.5)
Trong do:

how: Chiéu day 16p phu

he: Chiéu day ban mit cau

Chuy:

Tai trong tac dung 1én ban hang nén xét 2 trudng hop nhu sau:

- Tai trong do tinh tai + hoat tai tac dung theo phuong ding;

- Tai trong do tinh tai + tai trong ngang do xe va vao lan can.

Nghia 14 ban hing can thiét ké theo trang thai gidi han cudng do I

va trang thai gioi1 han dac biét Il. Trang thai gi6i han cuong do 1a dé xét dén
tac dung ctia cac luc thing ding va thudng khong nguy hiém, trir truong
hop c6 doan hing qua dai. Trang thai giéi han dic biét dé xét dén luc ngang
do va cham cila xe ¢ vao lan can va truong hop nay thudng khong ché.

4.3.3.2.

4.3.3.3.
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Céng thirc xdc dinh mé men & cdc trang thdi kiém todn:
Trang thai gi1 han cuong do I:
DW 2 DC,L?
M, = YDCPch"‘VDWT(Lc_Lb) +’YDC% (4.6)
+Yp. 1+ IM).m.p.b;. X

Trang thai gidi han st dung I:

DW

12
M, =P.L, +T(Lc —L, )+ DC,L

+(1+IM)mpb, X (4.7)

Trong do:

Hé s diéu chinh tai trongn =1 ddi véi trang thai gidi han sur dung;
Hé sb lan xe m = 1,2 va hé s xung kich IM =0,33;

Hé s6 tai trong yoc=1,25; yow=1,5; y..=1,75; v,, =1,75.

Chu ¥ ¢6 thé bo qua luc cat khi kiém toan ban mit cau.

Truong hop mét phan banh xe ddt trén dam cirng
: b, -
Chu y vi tri trong tAm vét banh xe X = ?1 nhu Hinh 4.2,

Cong thirc xac dinh m6 men & cac trang thai kiém toan:



M6 men do hoat tai xe gay ra & TTGH cuong do I:

ML =n| vy (1+1M)mpb,X |

(4.8)
=n[ v (1+1M)mp(2X)X]

L, a

0|

Lc

}W

Hinh 4.2: So @b tinh truwong hop banh xe dit ngay trén dinh dam
M6 men do hoat tai xe gay ra & TTGH su dung:

Myt = (L+IM)mpb,X | =[(1+ IM)mp(2X)X ] (4.9)

X

4.3.4. Xac dinh ndi lrc trong bin dam:

Trong truong hop nay, ban mat cau 1am viéc theo so d6 dam lién
tuc trén cac gbi dan hoi 1a cac dam chi, de don gidn trong tinh toan ta tinh

v6i so do dam gian don sau d6 nhan hé sé quy d6i momen 0,5 va 0,7 dé xét
tinh lién tuc cua dam.

4.3.4.1. Tai trong tac dung:
Trong luong 16p phu: DW=hpwypw
Trong lwong ban mit cau: DC’2=heyc
Hoat tai xe: p=P/(2b,) (4.10)
Bé rong vét banh xe: b1=510+2hpw
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b tri ¢t thép ban mat cau s& dugc tinh theo hé khung sau khi quy doi tiét
dién ngang dam hop.

Truong hop ban mit cAu c6 18 bo hanh thi tai trong tac dung 1én ban
mat cau sé€ khac 2 truong hop trén.
4.4.Vidu:

Cho céng trinh cau trén duong 6t6 ¢ két cau nhip gian don dam I
cang trudc nhu Hinh 4.5 véi bé rong phan xe chay 10,8m. BoO tri 4 dam
ngang cach nhau 8m. Lan can cap TL-4. Hoat tai xe HL93.

_ Lop bé tong nhya day 7cm va qow = 0,0019N/mm?. Ban mit cau d6
tai cho day 180mm va qpc2=0,0045N/mm?. Trong lugng ban than cua lan
can quy doi wpcs = 2,45N/mm, vi tri trong tdm lan can cach mép ngoai
190mm.

11800

500i 5400 | 5400 i500
BTN DAY 7CM :
- L(}P lfHONG NUdp '><‘
= 1.5% BE TONG BMC DAY 18CM 1.5%
ET E;"E—MAM
650 | 3x1750=5250 | 3x1750=5250 | 650

11800

Hinh 4.5: Két ciu nhip cau cho vi du 4.4
1. Tim sy truyén lyc cit gitta lan can va ban mit cau.
2. Tinh ndi luc ban mit cau.
Giai:
1. Tim sw truyén liee cdt giiva lan can va ban mdt cau:

Strc khang Rw phai truyen qua mdi ndi boi ma sat cat, biéu d6 phan
tich Iyc truyén tir lan can xudng ban hdng nhu Hinh 4.6.

Gia dinh Ry phat trién theo goc nghiéng 1:1 bat dau tir Lc. Luc cat
tai chan tuong do va cham xe ¢¢ Vcr trd thanh lyc kéo T trén mot don vi
chiéu dai ban hang:

Tov R, 903188

= = =233 N/
“" (L,+2H) (2258+2x810) o

Suc khang cat danh dinh cia mat phang tlep xuc gila lan can voi
ban mat cau phai duoc tinh theo phuwong thic truyén lyc cat tiép xac — ma
sat cat (Diéu 8.4 Phan 5 TCVN11823-17):
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duong kinh 14mm, khodng cach 100mm, A =

can)

thuong)

Vn :CAcv +|“L I:Avf fy +Pc:|

Hinh 4.6: Twong tac giira lan can va bian mat ciu
(1) Lan can; (2) Ban mat cau; (3) Dam chu

Stic khang cat danh dinh dung trong thiét ké khong duoc vuot qua:

V, <0,2f A, hoic V, <55A,,

Trong do:

A : Dién tich bé tong tham gia truyén luc cét (dién tich tiép xtc)

Acv = 500 mm2/mm

Ayt : Dién tich c6t thép chiu cat di qua mit phang cat 3 thanh,

3x153,9
100

Pc: Luc nén tinh thuong xuyén véi mat phang cat

Pc=yAic=24,5%10°%267000=6,54N/mm (trong lugng ban than lan

=4,62 mm?/mm.

Hé s6 dinh bam: ¢=0,52
Heé s6 ma sat: m=0,60.1 =0,60 (1 = 1 d6i v&i bé tong ty trong thong
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Ta cd: Vn =0,52x500 +0,6x [4,62 x 420 + 6,54] = 1428,16N/mm
V, <0,2f A, =0,2x30x500 = 3000N / mm

V, <5,5A,, =5,5x500=2750N/mm

Vay: Vi = 1428,16N/mm > Vcr = 233 N/mm — Dat

Kiém tra ham luong cbt thép:

S 0,35bh,, _ 0,35x500

f, 420

A =0,42mm? (by = 500mm bé rong mat

tiép xiic)
Avt =0,42mm? < As = 4,62 mm? —Pat

2. Tinh ngi lyc bian mat cau: Tinh dii ban theo phwong doc ciu
la b=1mm.

Trong lwgng cac by phan:

Trong lugng ban than ban mit cau:

DC’2 = goc2.b = 0,0045.1 = 4,5.10°N/mm
Trong lugng ban than lan can:

DCs = wpcs.h=2,45.1=2,45 (N).

Trong lugng 16p phu bé tong nhya:

DW = gow.b = 0,0019.1 = 1,90.10°N/mm

DC, ‘
DC, L1 1=460
13=150DW L BC,
=460 [ LIH DG, \
| | L=L=650 | 1=Le=650

Hinh 4.7: So d6 tinh tai tac dung Ién canh hing
H¢ 50 diéu chinh tai trong:

N=NpNeM, = 0,95 ddi voi cac tai trong ding hé s tai trong yi max,

va n= <1 d6i v6i céc tai trong dung hé sb tai trong yi min.

NpNrNy
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Chuwong 5 THIET KE DAM NGANG
5.1. Khai niém chung:

bai véi cac loai cau dam, ké ca don gian va lién tuc, & 2 dau dam
nhat thi€t phai c6 dam ngang dé dam bao 6n dinh ngang va tang cuong cho
dai bién ctia mat cau.

Dam ngang cho két cau lam viéc khong gian tot hon, phan bo tai
trong tot hon.

Dam ngang dam bao d6 cing ngang, cing dim chu tao d6 cing
chéng xoan.

Néu cau khéng c6 dam ngang thi ban mat cau thay dim ngang phan
bb tai trong, nhung vi ban mat cau mong nén hiéu qua kém hon.

Chiéu cao dim ngang khoang 2/3 chiéu cao dam chu.
Khoang cach giita cac dam ngang nén bd tri tir 3000mm-8000mm.
5.2. Cu tao dim ngang:

a)

(Z27277772777777 7777777777777 7 7777777777 777777777
NS 1 NS 1
Nnd N d ]
- —
'
— H H < P I~
P-4 ' AN

'

' ' '

) et == —
== T T —

Hinh 5.1: Cac dang dAm ngang co ban

a) Cau khong co dam ngang; b) Dam ngang dtic sin voi dam chu, lién két bang
cap; ¢) Dam ngang duoc noi bang cac ban thép cho sén; d) Dam ngang cua dam I
duoc thi cong bang bé tong cot thép thuong tai hién truong; e) Dam ngang cua
dam T duoc ndi bang bé tong cbt thép thuong ngoai hién truong

86



5.4. Vi du:

Cho cbng trinh cau trén duong 6t6 ¢ két ciu nhip gian don dam I

cang trudc nhu Hinh 5.11 voi bé rong phan xe chay 10,8m. B tri 4 dam
ngang cach nhau 8m.

tai cho

Lép bé tong nhya day 7em va gow = 0,0019N/mm? Ban mit cau do
day 18cm va qpc2=0,0045N/mm?. Dam ngang c6 kich thuédc

200mx72crp, trong lugng wpc+2=3,6N/mm. Trong lugng ban than cua lan
can quy doi wpcs= 2,45N/mm, vi tri trong tdm lan can cach mép ngoai
19cm. Hoat tai HL93.

11800

’500i 5400 | 5400 isoo
o BTN DAY 7CM

- L(jP gHONG NUdp '><‘

= 1.5% BE TONG BMC DAY 18CM 1.5%

’ MQAM
650 | 3x1750=5250 | 3x1750=5250 | 650

11800
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Hinh 5.11: Két cAu nhip cau cho vi du 5.4
Tinh toan ndi lyc dAm ngang tai vi tri dam chu s6 3 (M3 va VP13),
Giai:
Két cau nhip 1a mang dam don gian, nén tinh toan theo so do:
Phwong doc cu:
St dung so do tinh Hinh 5.4 cho dang mang dam don gian:
s° 1750°

Giatri £ £=0,5x———=0,5 =0,0052
1538 3 +s° 8000° +1750°

Dién tich dwong anh hwong:
Q= 2x(0,5x%x&,+0,5x%x(l+&_,)j =

= 2x(0,5x 4000 0,0052 +0,5x 4000 x (1+ 0,0052) )= 4041,60

Ap liec tinh tdi truyén lén dam ngang:
L&p phu bé tong nhya DW:
DW =qp,, x€2=0,0019x4041,60 =7,679N / mm




Tai trong phan bd

I T T T T Y Y O T O Y Y O

|
L Xe 3 truc

Xe 2 truc

Y31

Y21 Y22=Y32
1

| 8000 | 8000

Hinh 5.12: Hi¢u trng tai trong trén phuwong doc

Tinh tai ban mit cu:

DC', =Qpc, x€2=0,0045x4041,60 =18,187N/ mm

Tinh tai dAm ngang:

DC", =3,60N/mm

Tinh tai ban mat cau va ddm ngang DCa:

DC, =DC',+DC", =18,187 +3,60=21,787N/ mm

Tinh tai lan can DCas:

DC; =Wy xQ=2,45x4041,60 =9901,920N
Ap liee hoat tdi 1én dam ngang:

Hoat tai xe:

Noi suy gia tri duong anh hudéng cho xe 3 truc va 2 truc:
y31=0,005; y3,=1; y33=0,005;

y21=0,702; y20=1

Pss =0,5> Py; =0,5.(0,005x 35 +1x145+0,005x145).10°

=72950N
P, =0, 52 Py; =0,5.(0,702x110 +1><110).1O3 =93610N
Ap luc 1én dam do 1 diy banh xe giy ra 1a max(P'os, P'o2): (Chon
hiéu tng do xe 2 truc gay ra 16n hon).

P'0=93,610N
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Tai trong lan:
w, =3 =939 4041 60-12,53N/mm
3000 3000

Phwong ngang cau:
Gid tri dwong anh hwéng phdn e goi:

Tinh toan phan bé tai trong theo phwong phap nén léch tim. Tién
hanh v€ duong anh huong R1, R, va Rs. Cac gia tri duong anh huong theo
cong thirc trong Bang 5.1 ta dugc bang két qua:

Bang 5.4: Két qua tinh gia tri dwdng anh hwéng cac Ri

Noi lwe yil;n
y1_3+ a’ 1, 105007 _
©ono2)al 7 237(35007 +7000° +105007)
= 0,464
R1
gl a; 1 10500° _
"ono2)af 7 2)(3500% +7000% +10500° )
=-0,179
ooty 1 7000x 10500 _
©ono2)al 7 2)(3500° +7000° +105007)
R, =0,357
oot 1 700010500 _
"ono2yal 7 2)(3500%+ 7000 +105007)
=-0,071
ol ad 1, 3500x 10500 _
©ono2)a) 7 2)(35007+70007 +10500° )
R; =0,250
ot 1 3500x 10500 B
"ono2)af 7 2)7(3500% +7000% +10500° )
=0,036
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Puong anh hwéng trén phirong ngang cau:

Cén ctr gia tri duong anh huong Ri, Rz, va Rs tir Bang 5.4. Tinh gia
tri duong anh huong theo cong thire (5.4), (5.5), dugc bang két qua:

Béng 5.5: Bang tinh tung d§ duwong anh huwéng M3, VP3:

Noi lue Zi

z, =y1.25+Yy;.S=(0,464.2.1750 + 0,357.1.1750) = 2249
M3

z, =y.2S+y2.15=-0,190.2.175-0,071.1.1750 = ~751

Z, =Yyi+Yy> +ys=0,464+0,357 +0,250 =1,071
VPN

z, =y +y2 +y? =-0,179-0,071+0,036 = 0,214

Tir bang gia tri z tién hanh vé dudng anh hudong M va V va xép
hoat tai HL93 1én duong nhu Hinh 5.13, Hinh 5.14:

Truong hop nay bb tri 2 1an xe trén ciu s& cho ndi luc 16n nhat.

Tung d6 duong anh huong tai dau mut thira dugc xac dinh theo ty
1€ duong thang (xem Hinh 5.13, Hinh 5.14).

Cg“ln ¢t trén so dd xép tai, tién hanh tinh toan noi luc do ndi luc tao
ra trong dam ngang nhu sau.

Noi lyc tinh toan:

L&p phu:

MBw = (YB\EX/( DW.0p_pw +YDw-DW.0p o ) =
=1,5%x7,679x3822565+0,65x 7,679 x (—2394042)
=3,21x10" N.mm

MW = (yg\i/?l'DW'O)Jl:/I—DW +7vow -DW.0y_pw ) =
=0,65x7,679%x 3822565 +1,5% 7,679 x (—2394042)
=-8,45x10°N.mm

Miw = DW.( 0 pw + Oy _pw ) = 7,679 x (3822565 — 2394042)
=1,10%x10" N.mm

Vo = (B DW.00y o + B DW.00y oy ) =
~15x7,679x1721+0,65x 7,679 x (—742)=1,61x10* N
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Hinh 5.13: Tinh tai tac dung lén dwong anh hwéng Ms, V3

Vow = (Yan{/r\]/-DW-OJT/—DW +Vow 'DW'(D\_/—DW) =

=0,65%7,679x1721+1,25x7,679x (~742)=0,04x10°N
Tai trong DCo:
Mpcs

(Ygéx .DC;.0p_pc2 + ¥oe -DCo-0y_pes ) =

=1,25x21,787x3822565+0,9x 21,787 x (—3595069)
=3,36x10" N.mm
Mpe, = (Ygg] DC;. 04 pc2 + Yo -DC -(’JKA—DCZ) =
= 0,9x 21,787 x 3822565 + 1, 25x 21, 787 x (~3595069)
=-2,30x10" N.mm
Mbe, = DCZ'(OJK/I—DCZ + COK/l—Dcz) =
= 21,787 x (3822565 — 3595069) = 4,96 x10° N.mm
Vocz = (Ygéx DC,.0Y_pes + b6 DCo0y pes ) =

=1,25% 21,787 x1781+0,9x 21,787 x (~874)=3,14x10* N



Chwong 6 THIET KE DAM BE TONG COT THEP DU’
UNG LUC NHIP GIAN PON

6.1. Khai niém chung:
6.1.1. Tac dung cta dw wng luec:

Dic diém co hoc cta bé téng 12 chiu nén tbt va chiu kéo kém; thép
thi vira chiu nén va chiu kéo tot. Do do bé tong va thép dugc két hop tao
thanh bé tong cot thép trong do6 thép chiu kéo va bé tong chiu nén.

Mot han ché 16n nhit trong bé tong cbt thép thudong do6 13 xuét hién
vét nit trong bé tong ving chiu kéo rat som trong khi tng suit chiu kéo
trong cot thép rat nho (chi méi bang 15-20% gidi han chay cia cdt thép
thuong). Diéu nay c6 nghia la khong tan dung hét kha nang chiu lyc cua cot
thép. Vi vdy bang cach nao do xay dung phuong an thiét ké 1a lam cho bé
tong viing kéo khong xuat hién vét niit qua som dé tan dung toi da kha ning
chiu luc bé tong vung nén d6 la phuong phép tao du tng luc trong bé tong.

Muc dich cua viée tao du ing lyc la dé triét tiéu ung suat kéo trong
bé tong, bang cach tao (mg suit nén nhén tao va nhu vay dam bao dugc 6n
dinh chdng nut cho dam duéi tac dung tng suat phéap trén tiét dién thang
g6c v6i truc dam do mo men udn gay ra.

Mot trong nhirng kho khan trong thiét ké 1a phai khic phuc cac ing
suét trong dam cau trén cung mot tiét dién voi md men va lyc cat co thé co
nhiéu tri s6 khac nhau do c6 hodc khong co hoat tai tac dung. Ngoai ra, ndi
Iyc con thay doi kha nhiéu theo chiéu dai dam. Vi vay, triét tiéu hodc giam
bot tmg suat trong mot tiét dién nao do cua dam, hay trong mot tho nao do
clia tiét dién, ciling co thé giy ra cac to hop tng suat bat lgi trén nhitng tiét
dién hodc nhiing thd khac. Do d0, khi tinh toan phai xét cac biéu d6 Mmax
V& Mmin, va phai luu y dén cach 1am viéc cta nhimng thd trén, cling nhu thg
dudi cta céc tiét dién dam.

6.1.2. Cac phwong phap tao dw irng lwe cho dim bé tong cbt thép:

Nguyén tic chung dy tng luc 1 bang cach kéo ciang cbt thép cuong
d6 cao va khi d6 do ma sat ciia cbt thép cudng do cao voi bé tong va cac
neo cap nén luc kéo nay dugc truyén vao trong bé téng lam cho bé tong
duge dy Gmg luc nén. Co nhiéu phuong phép kéo cang cdt thép nhu bang
bién phap nhiét hoac bé“mg bién phap co khi. Mot s6 trinh tyu thi cong bé
tong va cdt thép du tng luc nhu sau:

6.1.2.1. Phurong phdp cdng cot thép trén bé trude khi dé bé tong:

Cbt thép duoc kéo cang trén bé cd dinh nho kich hoic ding phuong
phap nhiét di¢n va dugc neo vao bé cang thong qua cac neo ngoai tam thoi.
Sau d6 tien hanh d6 bé tong dam. Khi bé tong dat cuong do thi thdo bd cac
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cot thép & gan mdi nodi, chong xam thye va &n mon, ...

Céac nguyén tic vé& bd tri ¢t thép du tmg lyc nhu khoang cach ho
giita cac cdt thép dy tmg luc, chiéu day 16p bé tong bao ho, ban kinh ubn
cong ctia cac ¢t thép dy tng luc, diém chuyén hudng cdt thép du tng luc
phai tuén theo cac quy dinh cua quy trinh va tinh todn dua ra.

Tat ca cac cbt thép du tng luc trong cac dam cau duong sit déu
phai c6 neo. Trong cac cau duong 6 t6 cho phép khong lam mau cot thép du
ung luc (do1 voi dam kéo trude) khi:

- C6t thép du tng luc 13 cap xodn hay cbt thép soi day dan.

- C6t thép tron cd gd ¢< 32 va da duoc kiém toén.

Céc neo dy tng lyc ctia cac cdt thép udn cong duoc neo trong ving
chiu nén ctia mat cat. Trong truong hop phdi dat neo vao vung chiu kéo
phai tuan theo cac quy dinh cua quy trinh.

Khi cbt thép dy tmg luc khong kéo dai sudt dam thi can phai kéo
dai qua diém két thuc theo tinh toan it nhat la 15d.
6.1.3.2. Cdc so do bo tri cot thép du iing luc:

Dam du ng lwe kéo trwée:

Mot sb so dd bb tri cap thuong gip nhu sau:

So d6 a (Hinh 6.4): Pay 1a dang don gian nhat, c6t thép du ung luc
dugc dat thang trong vung chiu kéo cua dam. Hang dudi dugc kéo thang
sudt chiéu dai dam, hang bén trén dugc kéo trén mdt doan gitra dam. Muc
dich nham han ché ing suat & dau dam. Loai nay c6 cau tao va thi cong don
gian thich hop véi cau ban cé chiéu cao thap va dat cac cot thép du ing luc
khong can mau neo. Phuong phap nay ciing c¢6 thé ap dung doi véi cau dam
cO suon.

b)

5 \ /

Hinh 6.4: So' d6 cap dw @ng luc kéo truéce

So d6 b: cot thép dy tng lyc dat thém vao ving chiu nén dé giam
bt ting suat kéo thd trén do dy ung luc gay ra. Thong thuong ham luong
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cot thép dy tmg luc tho trén: A’ps=10-15% tong luong cot thép du tng luc
cho toan dam.

So db ¢: Duogc dung phé bién nhat, trong do cac cot thép du img
luc dugc udn nghiéng. S6 lugng cac diém uén nghiéng nén bang 2 ncu
chiéu dai dam L<18m va >4 néu L>18m. Thong thuong diém udn dau tién

cach dau dam khoang (0,2-0,4)L va diém udn tht 2 cach diém udn thir nhat
khoang 2-3m.

Dam du vng lwe kéo sau: Thuong cé cac so dd bd tri cap sau:

) \ /

\\

@ \

Hinh 6.5: So' d6 cap dw irng lwe kéo sau

So dd a: Pay 1a so d6 thong dung nhat. Trong dam dit 2 loai cbt
thép du tng luyc: mot loai theo so d6 thang va moét loai theo so dd cong.
Hang c6t thép du tng lyc thang nén dat & dudi va cot thép du tng luc cong
dat ¢ bén trén. S6 b6 ¢t thép udn cong 1én thuong 1ay tir 1/4-1/5 tong s6 bo
cot thép. Thuong bat dau tir chd cach dau dam la (0,3-0.4)L. Loai nay ap
dung khi s0 bo cot thép khong nhiéu nhung trong mdi bé cé nhiéu soi va
luc cang mdi bo 16n > 40 Tan.

So d6 b: Gom cbt thép du ung luc dat thang va cbt thép du tmg luc
dat cong. Trong dé c6 mdt sO bd neo ¢ mat trén cia dam. N6 phu hop voi
biéu d6 quy dao ung suat kéo trong dam, do do6 tri¢t ti€u trng suat tot hon so
do a. Thuong ap dung khi dam c6 nhiéu bd, sb sgi trong mdt bo it. Luc kéo
du ung luc nhé (8-20T). Loai nay thi cong kho khan hon loai a.

So d6 ¢: Tiét kiém vat liéu hon so do b. Trong do6 céc cbt thép udn
cong dugc neo vao dam ngang hoac cac suon dam ngang.

So d6 d: Pay 1a so do tao hiéu qua du ung luc nén va triét tiéu tng
suat kéo va ung suat kéo chu tot nhat. Nhung it &p dung trong thuc té vi cau
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tao van khudén dam phirc tap va kho thi cong.

6.1.3.3. Hiéu ung trong dam dw ung luc do DUL tao ra theo so do bo tri
cap thang:

Pé triét tiéu g suat kéo trong cac thd dudi ctia dim cb thé bd tri
cot thép thang & ddy dam. Do do, tai cac tiét dién ctia dam s& xuat hién lyc
nén va mé men 4m do DUL tao ra. Trén toan b chiéu dai cua thd dudi va
thd trén s& xuét hién cc Gmg suét:

P. P;e
fi=—"F+1%y >0 (Kéo
¢ AT Yy (K€o)

P P:e
fP:——f—f— <0 Nén
b A | Yo ( )

Dudi tdc dung ciia m6 men 16n nhat do ngoai luc gy ra, cac Uing
suat kéo nguy hiém s¢& xuat hién thé dudi:

fl :—¥yt <0  (Nén)
f- :+¥yb >0 (Kéo)

Trong do:

ML: M6 men do tai trong tao ra;

Ps: Luc nén do DUL;

f: Ung suét thé trén;

fo: Ung sudt thé dudi;

I: M6 men quén tinh cua tiét dién.

Do d6, diéu kién dé cac thd dudi khong ¢ tng suét kéo sé la:
—%—$Yb +TLyb <0

Thong thuong lua chon gia tri Pr sao cho cac thd dudi khong cod
ung suat kéo.

Nhu vdy néu cbt thép DUL trong dam chi b tri theo so do thing
thi trong thé trén khu vuc gan goi khong thé tranh khoi co tng suat kéo
xuat hién Hinh 6.6b.

Mubdn khic phuc nhuoc diém nay thi ngoai phuong an b tri cbt
thép DUL thang con c6 thé dung cic phuong an khac hiéu qua hon. Udn
xién cap ¢ khu vyc dau dam, thudng ding cho dam I, T (giam d6 léch tam
cap e 1am cho md men &m Ms =Ps.e giam). Boc cap ¢ ddu dam, thudng dung
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cho dam Super T, dam ban lap ghép (giam luc P khu vuc dau dam dan dén
Mt cting giam theo). Ca 2 phuong an nay déu giam duoc tng sut kéo do
DUL tao ra tai khu vuc dau dam.

Py Py e

I I
., ! W’ @

b)w \%@

Hinh 6.6: Biéu dd wing suit trong dam khi tao DUL theo so' d6 thang

a) Ung suét thd dudi; b) Ung suit thd trén
6.2. Vat tw va thiét bi cho dim duv ing lwe:
6.2.1. Cac loai cot thép dw rng luc:

Soi don cuong dd cao: cac soi cbt thép cudong do cao tron nhan
hodc c6 go duong kinh 3-5Smm dugc dit phan bo déu trong két cau nhip
dam dy Ung luc.

Tao cap hay bo cac soi xodn cuong do cao: gdm cac soi xodn lai
thanh b, co6 loai 7 hodc nhiéu sgi. Loai bo xodn 7 s¢i dugc ding rong rai
nhat (con c6 tén goi 13 tao cap 7 soi xoan) Mbi tao cap c6 mot sgi 16i thang

0 gitra, cac sgi ngoai c6 duong kinh giong nhau xép thanh hang mot hay hai
16p. Puong kinh soi ngoai bang 1,5-5mm, riéng soi 161 c6 duong kinh lon

hon 10%.
e

Hinh 6.7: C4u tao tao xoin 7 soi

B0 cac sg1 song song cuong do cao: trudc nhimg nam 1990, ¢ mién
Bic nudc ta thuong dung loai bé co 20-24 soi cdt thép tron Smm xép song
song thanh mét 16p bao quanh moi 16i thép kiéu 10 xo da udn san tir sgi thép
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RE, RP : Phan luc tai gdi i khi P=1 dit tai dim bién 0 va dam tha n
(tra theo Phu luc 1:);

Ri'\él : Ri'\r/]I : Phan lyc tai géi 1 khi momen béng 1 dat tai dam bién 0
va dam thi n;

drRY , dRM: Tri s6 dugc tra theo Phu luc 2:. Vi tinh chét ddi ximg,

nén dai luong dRi'\,qI duogc tra theo dai lugng dRz\,’]'_i)0 .

V& duong anh hudng theo cac tung d6 da tra va da tinh Hinh 6.17.
Xép tai trén dudng anh hudng va tinh hé s6 phan bd ngang.
6.3.4.4. Uu, khuyét diém:
Uu diém: Tinh toan twong ddi don gian vi tra bang.
Khuyét diém: Puong anh huong 13 duong cong nén viée xac dinh
cac tung do ung dudi cac tai trong phuc tap, kém chinh xac.
6.3.4.5. Pham vi ap dung:
Ap dung khi B/L>0,5 hoic a > 0,005;
Két ciu nhip khong c6 dam ngang.
6.3.5. Phwong phap luc cho ciu dim ban dang panel lip ghép:

Cac dam duoc lién két voi nhau thong qua ban mét cau va cac khoa
chong cit. Do d6, cac dam dugc xem 1a lién két khop voi nhau, truyen luc
cit theo phuong dang va trong pham vi mot panel dam, trén mit cat ngang
dugc xem 1a tuyét dbi cling.

Céc khop dugce ky hiéu tir 1 dén n va cac dam tir 1 dén (n+1). Thay
cac khop bang cac an lyc Xi tuong ng. Can bang chuyén vi tai nat, hé
phuong trinh chinh tac dugc xay dung nhu sau:

(8, Oy O e 5, 1 (X, ] |Ar] (0
Oy Oy Opg e Oy | [ X, Agp 0
By Ogp Ogg v Ogy |4 Xg r 43 Agp + =40 (6.26)

811 8z Bpg e Sn | 1 Xn)  |An| (O

Trong do: djj va Aip la chuyén vi tai khop 1 do luc P=1 va luc P dat
tai khop j gy ra trén hé co ban.

(13441

Dé xé4c dinh cac hé sd cua phuong trinh trén, xét 1 panel thir “i
nhu Hinh 6.18.
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Khi P=1 dat bén mép phai dam tao ra mot thanh phﬁn chuyén vi di
xudng & va goc xoan dam ¢ tuong ung véi chuyén vi m= g(p v6i b 1a bé
rong dam doc nhu duoc thé hién chi tiét trén Hinh 6.18.

Chuyén vi € dugc xac dinh theo chuyén vi ddm gian don c6 P=1 dat
L3

itta nhip, do do: &= .
gitra nhip, do d6: & 28E]

. 2 . e A : b b, . .. :
Goc xo0an ¢ twong ung voi mo men xoan M, :PE = Etal gilta nhip

A A < . A M J J < . .~ . \
dam, tao m0 men xoan hai dauTk, do d6 goc xoan tai gitra nhip la:

Q= ML , trong do:

k
L: Chiéu dai nhip dim chu.

EI: P cling chdng udn

Glk: B§ cting chong xodn

11x1000(mm)

Hinh 6.18: So @6 tinh ap lwc cho cic panel dim bén

Céc gia tri 8jj , Aip duge xac dinh theo cong thirc tong quat sau:
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2(6+m) Khii=]j
8 =1—(&—m) khi Ji-j=1 (6.27)
0 khii#j, i1

1311
1

Néu lyc P dit bén phai nit
0 1
—(E+m)| i

el =P ) [ 41 (6.28)

& |2
S s
n\yn
X I P ——— : >
=~ A O 0 9 o o o wuoun
- 2 = = &8 o & o o o o
S 8 S S S S oo S S S o

0.66
0.68

E 0:72

0.14 0.28
0.12 0.24

0.18
0.17

0.08 0.0
0.07 0.17
0.06 0.14
0.05 012 H
H0.05 011 H
1005 0.10 -
0.05 0.10 N
Uo.0s 000 L

|

||NH
1

" n

8

)
.1
.1
.0

0.08
0.08
0.08
0.09
0.10
0.12
2

0
0.09
0.08
0.08

0
0
0

Hinh 6.19: Pwong anh huwéng Xi va Ni

1331
1

Néu luc P dit bén trai nat
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tham gia 1am viéc véi dam chu:

S
b, = Min412t, +b?f (6.2.6.1) Phan 4 tiéu chuan (6.31)
Lo
4

Dé don gian trong tinh toan, cic phan vat cua tiét dién co thé quy
do1 vé hinh chir nhat twuong duong trén nguyén tac dién tich khong thay dou.

b, —b,, (6.32)

Trong d6: A 1a dién phan vat quy doi.

6.4.2. DAm nguyén khdi cing truwéc (dim dién hinh 1a T cing truéc):

by
- -
Iy
bw Vg
h dps 1 1

Hinh 6.21: M3t cit ngang chiu lxc ciia dim nguyén khoi cing truéce
Dién tich tiét dién dam:

A, = (b¢-by)he +hbyy, +(b; —byy)hy +nA (6.33)
Mo men tinh d6i véi truc x-X qua day tiét dién:

h h h
k., =(b,—-b,)h;| h——L|+hb, —+(b,—b, )h, =2
XX (f w) f{ 2) w2 (1 w)l2

(6.34)
+NA(h—dy)
Toa do trong tam:
= Ypg = L (6.35)

Aq
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M6 men quan tinh cua tiét dién dam:

(b, —b,,)h? h, ¥ (b —b,)h3
'ngTf+(bf_bW)hf ytg_?f +T
b, —b,)h -1 420, W

+ I’]’A‘s (dps - ytg)2

Trong do: n 1a ty s6 mo dun dan hoi cua cap du tng luc va mé dun

Eps

dan hoi ctua bé tong dam chu n =
c

6.4.3. Dam lién hop cing trudc (dam dién hinh 1a I cing trudéc):

’ Giai doan 1: Tiét dién dim dic nhu didm nguyén khdi cing trude
(giong muc 6.4.2).

L b2 |
__h2
. bf Ih?_ 1
by Ve Ytc
I { a
h dps 1 (’3 1 L

Hinh 6.22: Mit cit ngang chiu lwe ciia dim lién hop cing trudc
Giai doan 2: Tiét dién lién hop v6i ban mat cau.
Dién tich tiét dién dam lién hop:
A, =A,+n'byh, (6.37)

Trong do:

E 0 A A \ A 5 A LA Py - A \ A
n'=—%<1: Ty s0O m6 dun dan hoi ctia bé tong ban mat cau va mo
c
dun dan hoi ctia dam chu.
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AC Ybe = h— Yic

M6 men quan tinh cia tiét dién lién hop:

c -’
oK {y‘ Vg (6.52)

2
I =1, +Agc'2+n'l:$b2h§ +b2h2(h—22+ytcj } (6.53)

= S

bw Yo ytg

Yvo ybg

Hinh 6.24: Mit ciit ngang chiu lc ctia dim lién hop cing sau
6.5. Tinh toan ciAc mit mat wng:
6.5.1. Cac loai mAt mat &ng suit:
Déi v6i dam cang trude:
Afpr=Afpes+AfpLT (6.54)
Déi v6i dam cang sau:
Afpr= Afpa +Afpest+ Afpr +AfpLT (6.55)
Trong do:
AfoL: tong mat mat (mg suat theo thoi gian;
Afpa: mit mat ing suét do ép sit neo (truot thép trong neo);
Afpes: méat mat ing suat do co ngan dan hoi cia bé tong;
Afoe: mat mat (mg suat do ma sat.
6.5.2. Cac mat mat tirc thoi:
6.5.2.1. Mdt mdt do ma sat Afpe:

Phén tich lyc gay ra Afor cho mot dam cing sau nhu Hinh 6.25.
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ds/R =

1 |dl

Hinh 6.25: Mat mat @ng suit do ma sat ¢ doan cong

MAit mat ing sudt do ma sat duoc xét trong két ciu dam cing sau.

Khi cang cap du umg luc, ching ¢6 khuynh hudng dudi thang va tao ma sat
doc theo vach dng gen sinh ra mat mat do ma sat trong cap du ing luc.
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Xét mot phan t6 chiéu dai ds ciia doan cap cong nhu hinh trén:

Do chénh léch giita P1 va P2 12 do thanh phan ma sat dP,:

P,—P, =dP, v6i dP, =.N (6.56)

YY=0 < Plsind%+(Pl—dP1)sind7a—N:O (6.57)

Vi da rat nho — sin d7oc ~ d7oc phuong trinh (6.57) tré thanh:

da da d da
N=P.—+(P,—dP,)—=2P +dP,— 6.58
5 H(P=dR) === 2P == +dR = (6.58)

dot, dP, rat nho —>dP1.d7a ~ 0 thay vao cong thirc (6.58):

N = Pda (6:59)
dP, = P,uda
Xét téi su 1éch cuc bd cua 6ng gen, méat mat cuc bo 1a:
dP, = P,.k.dx (6.60)
Két hop cong thire (6.59), (6.60):

dP, = Puda + P.k.dx (6.61)

Trong do6:

p: HE sO ma sat;



k: Hé sb ma sat lic.
Bién ddi cong thirc (6.61) dé xac dinh Afp:

dPl _ P, dpl . a X
F1_uo|m+k.o|x =N jpl ?l_jo udoc+jo kdx

< InP, EZZ(},LOL+I(X);P2<Pl—)|nP2—|nPl:—(},lOL+kX)

1

o P, =P b (6.62)

< AP =P, —P, =P, - Ple_(“wrkx) =P, [1— e_(“(”kx)}

A. A
ps e (6.63)

hay Af, =T, [1_ e*(uowkx)}

= A_P — i[l_ e(“a+kx):|

Viy mat mat ang suit do ma sat giita bo thép du tng luc va dng

gen dugc xac dinh nhu sau:

(mm);

—(po+kx
My =fy[1-e 0 | (6.64)

Trong do:
fpi: Ung suét trong thép du tng luc khi kich (Mpa);
x: Do dai bo thép du tmg luc tir dau kich dén diém bat ky dang xét

k: Hé sO ma sat lac;
u: HE s0 ma sat;

a: Tong gia tri tuyét ddi cua cac goc chuyén hudng duong cap du

g lyc tir dau kich dén diém dang xét (radian). Néu cang 2 dau cap thi tinh
tr dau cang gan nhat.

Bang 6.2: Hé s6 ma st cho cac bo thép kéo sau

Loai thép | Cic dng boc K 1]
Ong thép ma
cing hay ntra 6,6 x 1077 0,15- 0,25
S¢i hay tao cung
Vit liéu 6,6 x 1077 0,23
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Loai thép | Cac dng boc K L
Polyethylene
Cac (Amg‘ chuyén
hudng bang thép 7
cimg cho b6 thep| 00 X 10 0.25
ngoai
Thanh _
cuong do | Ong thép ma 6,6 x 1077 0,30
cao

6.5.2.2. Mdt mdt do ép sit neo Afpa:

Mat mat tng suat do ép sit neo cd thé duogc tinh toan hoic lay theo
kién nghi ciia nha san xuat. Du¢i day néu ra mét so truong hop tinh toan
clia mat mat nay.

Truong hop cang cap mot dau: Bo cap du ung luc chiu mat mat
ung suat do ma sat tang dan theo chiéu dai cap tinh tir diém cang kéo.

x |
Af (Af Af

1 L | 1

PA
1
LpF

Hinh 6.26: So dd tinh truwong hop cing mdt dau.
Sau khi nha kich, bo cap du ung luc sé& trugt do ép sit neo dau dam
nhung do cang vao trong nhip méat mat ma sat Afpe cang 16n nén dén mot vi
tri nao do no s€ dung lai va d6 chinh la chi€u dai anh hudng ép sit neo Lpa

nhu thé hién chi tiét trén Hinh 6.26.

Tinh do tut neo cua cap :
LpA A £ X
A - I AFLA dx—AprLpA
A= -

E A 2E

0

(6.65)
Gia thiét do bién thién ctua Afpa bang voi do bién thién cua Afpr:

AfL12) L
(46 2) L, (6.66)
Afy Ly
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Eps: M0 dun dan hoi cta thép dy tng luc(MPa);

Eci: M6 dun dan hoi cua bé tong lac truyén luc (MPa)
Déi v6i dim cing sau:

N-1 Eps

AprS_ 2N E cgp

(6.74)

Khi cang kéo cac bé cap khong dong thoi thi cac bd cang kéo cang
vé sau s& anh huéng t6i dién bién tng suit va bién dang cua céc bo kéo
trude do.

Cong thirc trén co thé duge dién giai nhu sau: sau khi cing xong N
lan thi bién dang ctia dam 1a €. Gid st cac bod cép cbd cac ddc trung giong
nhau, khi d6 bién dang trung binh ctia dam sau moi lan cang 1a &/N.

Bién dang cac bo cap dugc xac dinh mot cach chi tiét nhu sau:

B6 cép thudc 1an céing tht nhit b bién dang mot luong: %( N-1);
B6 cap thudc 1an cang thir hai bi bién dang mot luong : %( N-2);
B6 cap thudc 1an cang thir i bi bién dang mot luong: %( N-i);

B6 cap thudc 1an cang thir (N-1) bi bién dang mot luong: % ;
Céc bo cap thudc 1an cang thir N khong bi bién dang.
Vay bién dang trung binh ctia 1 b6 cp sau N lan cing:
e =—| S(N-1)+ E(N=2)+..4 £ 40 (6.75)
N[N N N

Eay :%[1+2+...+(N—2)+(N—1)]

e (N-))N  N-1
—_= — = 6.76
Fav N2 2 ¢ 2N (6.76)

ES ~ N
E., 2N E, P 2N E,

(6.77)
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Trong do:
N: s6 lan cang cap c6 cac dac trung hoan toan giong nhau cang tai
cac thoi diém khac nhau lam cho dam bién dang.

fegp: Ung suét bé tong o trong tadm cac bd thép dy ung luc do luc du
ung luc sau khi nha kich va trong lugng cia dam cho dam céang sau:

P Pi(dps_yto)z Mpey

fcgp:_A_o_ Io + Io (dps_yto)

Dé tranh giai lap khi xac dinh Afpes, bang cach thé cong thirc (6.73)
vao (6.70) va (6.71):

Doi véi dam cang truéece:

_ Apsfpj[lg + (dps _ytg)ZAg] B (dps _ytg)MDClAg

f =
PES E, 6.78
ALl +(dy —ytg)zAg]+E—C'Aglg (6.78)
ps
P6i voi dAm cing sau:
N-1
Ahes =N
y A (fpj _Apr _Apr)“o + (dps - Yto)on] _(dps ~Yi0)MpciAg
E, (6.79)

Anslly +(dpg _yto)ZAo] + E Aoly

ps

Viéc xac dinh mat mat ung suét theo thoi gian, ti€u chuan dua ra 2
phuong phap tinh toan nhu sau: phuong phap tinh xap xi va phuong phap
tinh chi tiét tung phan.

6.5.3. Tinh mat mat vng suat theo thi gian bang phwong phap xap xi:

Déi v6i loai dam cing trude dic san, chiu tac dung cia tai trong va
di€u kién moi truong binh thuong, cu thé nhu sau:

- Dam duoc ché tao tir bé tong nang thong thudng;

- Bé tong dugc bao dudng bang hoi nuéc hoic bao dudng am;

- Dy tng luc c6 thé bang thép thanh hoic cap co d6 chung thap;

- Piéu kién méi truong binh thuong.

Khi d6, mat mat ing suit dai han do tir bién, co ngoét cua bé tong va

chung nhéo cua cap dy tmg luc duoc xac dinh bing cong thic don gian nhu

137



Sau:
fiAs
Afor =10-2—F A Yhyst+83YhYst+Af (6.80)

Trong do:
Hé sd hiéu chinh xét téi do Am tuong ddi cua moi trudong
v, =1,7-0,01H;

Hé s6 xét anh huong cudng do bé tong khi truyén liwc Yo = % ;
T
Mat mat ting suét’do chung nhio Afr duoc 1y bang 17MPa ddi
v&i tao cap c¢6 do chung thap.

Viéc x4c dinh tong mat mat (g suat theo thoi gian bang cong thirc
(6.80) kha don gian. Tuy nhi€n, cong thirc nay da st dung rat nhiéu gia thlet
dé tinh xap xi cac mat mat Gng suét trong muc 6.5.4, cu thé nhu: ung suat
c6 hiéu cua cap duoc 14y bang 80% cua Gmg suét cap ban dau; hé s6 ks ludn
ldy bang 1 v&i bat ky ti s6 V/S; cac hé sb chuyén ddi mit cat Kig va Kar 12
khac nhau va bién d6i theo hinh dang mit cat va tudi cia bé tong theo cac
giai doan thi cong duoc trinh bay chi tiét trong muc trong muc 6.5.4, tuy
nhién chung duoc 13y bang hing s6 0,8 ...

Doi vai cac loai dam thi cong theo phuong phap phén doan thi cong
thirc (6.80) c6 thé dugc sir dung d¢ tinh toan so bd.

6.5.4. Tinh cac mat mat wng suit theo thoi gian bang phwong phap
tinh chi tiet tirng phan:

Xet truong hop dam c6 tiét dién lién hop du tng luc cang trudc,
tong mat mat (mg suat theo thoi gian dugc xac dinh bang tong cua céac mat
mat (mg suit ting phan, gdm: do tir bién, co ngdt va ching nhio. Cac mat
mat (mg suat ndy duoc chia ra thanh 2 giai doan dé phén tich. Giai doan 1
tinh tir lac cang cap dén khi thi cong ban mat cau va giai doan 2 tinh tir khi
ban mit cau duoc lién hop cho dén cubi thoi ky khai thac. Khi d6, tong méat
mat ing suit theo thoi gian cho dam lién hop cing trude duoc xac dinh nhu
Sau:

Afyir = (Afpsg + Ay + Ay ).

(6.81)
+(Afpsp + Afep + A, — Afis)

Trong do6:
Afpsr mat mat ing suat do co ngét ciia bé tong dam giai doan 1;

Afpcr mat mat Gmg suat do tir bién ctia bé tong dam giai doan 1;
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Afpr1 mat mét tmg sut do chiing nhio xay ra giai doan 1;

Afpsp mat mat ing suit do co ngot cua bé tong dam giai doan 2;

Afpco mat mat ing suat do tir bién cua bé tong dim giai doan 2;

Afpre mat mét tmg sut do chiing nhio xay ra giai doan 2;

Afpss d0 gia ting Gmg sudt trong cap do co ngdt ctia ban mit cau.
6.5.4.1. Mdt mat itng sudt do co ngot xdy ra trong giai doan 1 (Afpsr)

Hién tugng co ngodt cta bé tong 1am mat mat Gng suét trong cap du
g luc bién ddi theo thoi gian va phu thudc vao: phuong phap bao dudng
bé tong, ti 1& giita thé tich/dién tich bé mat (V/S), lugng nudce khi tron bé
tong, cuong do bé tong khi truyen luc va d6 Am cua méi trudng. Bién dang
tong cong do co ngot thuong nam trong khoang 0,01 mm/mm dén 0,02
mm/mm va xay ra khoang 90% & nim dau tién.

Sy co ngdn cta bé tong do co ngdt giy ra mat mat Gmg suit trong
cac tao cap du tng luc trong giai doan 1 dugc xac dinh nhu sau:

Afjsr = 4igEpsKig (6.82)

Trong do:

Kid 1a hé s6 mit cit chuyén d6i dung dé xét thoi gian tuong tac giira
bé tong va cdp dinh bam xay ra trong giai doan 1. Hé s0 nay dugc xac dinh
nhu sau:

1

E_A A (. —v, )
1+ Aps(u o psl Yig) J[1+0,7wb(tf,ti)] (6.83)
g g

Kid =

E

ci

evid 12 bién dang co ngot cua bé tong dam xay ra tir lac cang cap dén
khi thi cong ban mat cau va dugc xac dinh nhu trong Chuong 2.

Wp(tr,ti) 1a hé s tir bién ciia dam cho tai trong giai doan 1 (gom luc
cap va trong lugng ban than) va dugc xét tir thoi diém cang cap ti (ngay)
dén cuoi thoi ky khai thac tr (ngay).

Trong phu:qng trinh (6.83), Vjéc Xac dinp hé s6 Kig ¢6 sir dung dai
luong modun dan hoi c6 hi¢u duoc di€u chinh tudi bé tong nhu sau:

E .

> 6.84
1+xwy (tf’ti) (6.84)

E. =

Ci
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Trong d6: y 14 hé sé xét dén sy thay doi cuong do bé tong dam va
thuong ldy bang bang 0,7. Bang cach sir dung modun E;i , bién dang dan
hoi va tir bién c6 thé duoc két hop lai va xem nhu bién dang dan hoi cho
don gidn trong qua trinh tinh toan.

Phuong trinh x4c dinh mat mat tmg suét do co ngdt (6.82) duogc xay
dung bang cach cin bang su thay doi bién dang trong cap Agp va trong bé
tong tai trong tam cap du ng luc Aec do bién d01 luc cap tuong ting APp
tinh tir lac truyén luc dén luc thi céng ban mit cau:

Ag, =Ag,
2

AP, . AP, AP, (dy ~yy)

, - .
ApsEps EciAg Eci Ig
hay
AP E A A . -y )

A PO P = &4igEps (6.85)

Aps ci’g Ig

~ Bang cach thé (6.84) vao (6.85) va lay x=0,7 khi d6 mat mat img
suat do co ngot dugc xac dinh nhu sau:

AF _APp_ SbidEps
pSR — - 2
A E.A A, (d -
ps 14— Psops|q g( ps ytg) |:1+0,7Wb(tf’ti):|
:8bidEpsKid

Pay la két qua ctia phuong trinh (6.82).
6.5.4.2. Mdt mat iing sudt do tir bién xay ra trong giai doan 1 (Afycr)

Bién dang tir bién do tai trong dai han c6 thé gy ra mot lugng mat
mat ing suat dang ké va tham chi bién dang nay c6 thé 16n gap doi bién
dang dan hoi ¢ thoi diém tai trong tac dung. Mat mat ung suat do tir bién
xay ra tir lic truyén luc cap dén khi thi cong ban mat ciu c6 thé duoc xac
dinh nhu sau:

E
Af o = E—ps

ci

fcgp‘\Vb (td’ti)Kid (6.86)

Trong do:

Wy (tg. ;) 1a he s tlr bién ciia dam tinh t6i thoi diém thi cong ban
mit cau va tq 12 tudi bé tong khi thi cong ban mat cau.
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AP, E
Af . =—P_"P
PROAL Egy

ps ci

fcgp

W (tasti ) Kig (6.92)

6.5.4.3. Mdt mdt iing sudt do ching nhéo trong giai doan 1 (Afpr1)

Day ciing 1a mot trong cic mat mat tng suat theo thoi gian tir luc
truyen luc cap vao dam dén luc thi cong ban mat cau va dugc xac dinh nhu
sau.

Af, thiﬁ-o 55] (6.93)
p ? :
K,y

Trong do:
fpj 14 g suat trong cap sau khi truyén lyc;
foy cuong d6 chay déo cua cap du ung luc;

KL 14y bang 30 cho cap du tng luc c6 do ching thap va bang 7 cho
céq loai cép du tng lyc khac trir khi ¢6 dir liéu chinh x4c hon do nha san
Xuat cung cap.

o Mét mat ng suat do chung nhio xay ra trong giai doan 1 (Afpri1) €O
thé lay bang 8MPa cho tao cap c6 do chung thap.

Phuong trinh (6.93) chi phit hgp cho viing nhiét d trung binh. Mat
mat ng suat do chung nhao s€ gia tdng cung véi sy gia tdng cda nhiét do
(C5.9.5.4.2¢).
6.5.4.4. Mdt mdt irng sudt do co ngot xdy ra trén tiét dién lién hop (giai
doan 2) (Afpsp)

Mit mat tng suit do co ngdt ciia dim bé tong tinh tir luc tiét dién
duoc lién hop dén cudi thoi ky khai thac (Afpsp) duoc xac dinh nhu sau:

Afpsp = et EpsKos (6.94)
1
Mar = E A A e’ 6.95
1+ P2 P 1 2P 1140, 7, (1) ] (6.95)
Eci Ac Ic
Trong do:

gygr bién dang co ngodt ciia dam tinh tir luc tiét dién dugc lién hop
dén cudi thoi ky khai théc;

Ky hé s mat cit chuyén doi dung dé xét thoi gian tuong tac giira
bé tong va cap dinh bam trén mat cit xdy ra trong giai doan 2;
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€pc = s — Yy 12 d0 16ch tam gitra trong tam chung cua nhom cép dy
g lyc dén trong tm cua tiét dién lién hop;

A, 1. dién tich va momen quan tinh cua tiét dién lién hop.

Phuong trinh (6.94) duoc x4c dinh bang cach can bang sy thay doi
bién dang trong cap du tng lyc va trén bé tong tai trong tam cua cap do co

ngot cua dam xay ra tir lac thi cong ban mit cau dén cudi thoi ky khai thac,
cu thé nhu sau:

Asp = Ag, (6.96)
AP AP AP g2

A Ep T +_-p% (6.97)
ps—ps Eci'A‘c Eci c

Nhan 2 vé ctia phuong trinh trén cho Eps va sip xép lai nhu sau:

AP E.A A e2
p [1+ ps ps (1+ cCpe J] = &4 s (6.98)

Aps Eci Ac Ic

~ Bang cach thé (6.84) vao (6.98) va lay x=0,7 khi d6 mat mat {mg
suat do co ngot xay ra trong giai doan 2 dugc xac dinh nhu sau:

AfpSD:iPp: E,. A AgbdeEps
e
ps ps ps cepc
1+ 1+ 1+0, 7%, (t;,t.
3 Ac( . J[ o(to )] (6.99)
:gbdepstf

6.5.4.5. Mdt mdt irng sudt do tir bién xdy ra trén tiét dién lién hop (giai
doan 2) (Afpep)

MAit mat Gng suit do tir bién ctia dim bé tong tinh tir lac tiét dién
dugc lién hop dén cuoi thoi ky khai thac (Afpep) dugce xac dinh nhu sau:

E
AprD = E_pS fcgp [‘Pb (tf s ) - le (td o4 )] de

- “ (6.100)
Ci
Trong do:
Af, 1a do thay d6i ing suat trén bé tong tai trong tam cap dy g
luc do trong lugng ban than ban mat cau (DC:) va tinh tai giai doan 3
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(DC3+DW):

M Moo + M
Af Z%(dps ~Yig) + 22— (s — Vi) (6.101)

9 IC

Céc thanh phan momen Mpcz, Mpcs VA Mpw ¢6 xu huéng 1am giam
mg sut nén clia bé tong tai trong tam cap du ung luc va lam tang Gng suét
trong cac tao cap. Ngoai ra, cac mAt mat ung sut xdy ra trong giai doan 1
gom: Afpsr, Afpcr VA Afpri cling 1am giam tng suit nén trén bé tong tai vi tri
nay. Vi vay, cong thirc (6.101) c6 thé dugc hiéu chinh nhu sau:

M M +M
Afcd = %(dps - ytg) + M(dps - ytc)
g o
6.102
APS Ageég ( )
+(AfpSR + AprR + Aprl) A 1+
g g

Hé s6 tir bién W (t;,ty) duoc tinh tir e thi cong ban mit cau dén
cuoi thoi ky khai thac.

Diéu kién khong am cua phuong trinh (6.100) 1a can thiét boi vi
thanh phan tht 2 cia phuong trinh c6 thé lam cho AprD c6 gid tri am. Tuy
nhién, thanh phan mat mat ing sut Af cp khong nén lay gi4 tri am.

Mat mét Gng suat do tir bién ctia ddm bé tong tinh tir lic tiét dién
duogc lién hop dén cubi thoi ky khai thac (Afeep) duge thiét 1ap bang cach
chia tai trong dai han thanh 2 nhom: (1) luc cép (Pi) va trong lugng ban than
dam (DC1); va (2) trong lugng ban than ban mit cau (DC3) va tinh tai giai
doan hai (DCs+DW). Khi d6, bién dang tir bién trén bé tong tai trong tim
cap du ung luc do nhém tai trong thir nhét duoc tinh xép xi nhu sau:

fC
9p
oo == [ Vo (1) = ¥y (0.t (6.103)
ci

Trong do:

Wy (tg,t;) va Wy (t;,t;) 1a cac he s6 tir bién cua dam tinh tir lac
cang cap t6i thoi diém thi cong ban mit cau va cudi thoi ky khai thac.

Can bang su thay doi bién dang trong cap du ung luc Ag,va trong
bé tong tai trong tadm cap dy Ung luc Ag,, do luc cap va trong luong ban
than dam:

Ae, = Aeyy (6.104)
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6.5.4.7. Ung sudt gia ting trong cdp dw vmg lyc do co ngdt ciia ban mdt
cau (Afpss) [9.5.4.3.4 Phan 5 TCVN11823-17]

Do gia ting Ung suit trong cap du ung luc do co ngdt cua ban mit
cau dugc xac dinh theo muc [A5.9.5.4.3d] nhu sau:

E
Af 55 = E_pfAfcdf Kt [1+ 0,7y, (tf Ly )] (6.116)

Cl

Trong d6: Do thay d6i Gmg suat trén bé tong tai trong tdm céap du
ung luc do co ngot ctia ban mit cau Af 4 la:

e .
Af oy = oo Ao (__1 + 2 dJ (6.117)
(140, 7w, (tr 1) [ A Lo

€ddf 1a bien dang co ngot cua ban mat cau xay ra trong giai doan 2;

Aq 12 dién tich c6 hiéu ctia ban mit cau lién hop voi dam doc;

Eca 1a modun dan hoi cta bé tong ban mit cau;

ed la khoang cach tir trong tAm ban mit cau dén trong tim ctia dam
lién hop va lay gia tri duong;

yq(te.tg) 1ahé s6 tir bién clia bé tong ban mit cau.

Phuong trinh (6.116) duoc thiét 1ap dua trén luc co ngét Psq dit tai
trong tdm ban mat cau do bién dang co ngdt eq¢r tao ra va dugc xac dinh
nhu sau:

p __ EdirPdEe
4140, 7Ty y(te 1)

(6.118)

Ung suit trén bé tong tai trong tdm cap du ung luc do luc co ngot
ban mat cau:

Py  Py€
Afoy = _Aid'k Sld d Cpc (6.119)
c c
Thanh phan tng suét Afcdf tao ra bién dang dan hoi va tir bién trén
bé tong tai trong tdm cép du ung lyc nhu sau:
Afﬁ:df _ Afiy
E.o E.

A&y = [140,7wy(ts,tg) ] (6.120)

Can bang thay d6i bién dang cta bé téng va cap du Gng luc c6 thé
xac dinh d6 thay doi luc trong cap:
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Ag, = Agg

AP.  Af AP, AP, e}
P _Zadf 140, 7y, (b)) ]-| —2—+ 2P| (6.121)
AiEp  Ec [ ] EqiAc Eg L

Bang cach thé (6.84) vao (6.121) va nhan 2 vé cho Ep:

2
APy |, EpAps(, Acch
Ax | EgAc

Cl

I

[1+0, 7y (1 ,ti)]}
(6.122)

E

c
Khi d6, d6 gia tang ng suét trong cap du tng luc do co ngdt ciia bé
tong ban mat cau dugc xac dinh nhu phuong trinh (6.116).

Doi voi cac loai ddm nguyén khéi, ddm cing sau ... cic cong thirc
trén nén duogc diéu chinh theo céc giai doan phat trién tmg suit va dic trung
hinh hoc tuwong tng nhu huéng dan trong Diéu 9.5.4.4 va 9.5.4.5 Phan 5
TCVN11823-17.

6.6. Kiém tra dim trong giai doan truyén lwec:
6.6.1. Céc gi6i han \ng suat (5.9.4.1.1):

Ung suat nén: 0,6f; Mpa;

Ung suit kéo: 0,25\/ES1, 38 Mpa.

Véi f'ei: Cuong d6 chiu nén bé tong thoi diém dang xét.
6.6.2. Cac tai trong tiac dung:

Trong lwong ban than dim (ypc=1).

Luc cang cap: Pi=fpi.Aps (6.123)
n .
Néu cap xién: P = pri.Aés.Cos Qo (6.124)
-1
Trong do:

n: SO tao cap trong dam cang trude hodc s6 bo cap dam cing sau.
0j: Goc ngiéng cua bd hodc tao cap tuong ung so voi phuong
ngang.
Dam cing trudc: fpi = foj — Afpes (6.125)
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Dam cing sau: fpi =fpj —~Afpa—Afor — Afpes

foi: Ung suét cua cap du tng luc chwa mat mat.

6.6.3. Tinh toan wng suit do tii trong gay ra:
6.6.3.1. Ddam nguyén khéi cang trude:

Ung suat thé trén:

P. I:)i (dps _ytg) _M

fi=—">-+ tg Yig
Aq lg lg
Ung suat thg dudi:
f __i_Pi(dps_ytg) +MDC1
N T Yhg . Yhg
g g g

6.6.3.2. Ddm lién hop cdng truée:

Ung suat thé trén:

f :_i+Pi(dPS_yt9)y _MDCly
t A, | tg | tg

Ung suét thg dudi:

Pi I::.i (dps - ytg) MDCl
A et
g g g

fb == ybg

6.6.3.3. Ddam nguyén khoi cang sau, lién hop cang sau:

Ung suat thé trén:

t A I t0 I
0 0 0

Yio
Ung suét thg dudi:
Pi I:)i (dps - ytO) M DC1
N
0 0 0
6.7.Kiém tra dim é TTGH sir dung:
6.7.1. Cac gi6i han tng suat:

Ung suat nén: 0,45 Mpa;

Yo

Ung suét kéo: 0,5\/E Mpa.

(6.126)

(6.127)

(6.128)

(6.129)

(6.130)

(6.131)

(6.132)
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P Pr(des— Vi Mpe + M
v.f =7, —A_f_yybg + Moct | DC2 Yog
’ ’ g (6.155)

+MDC3+MDW+M
I

bc
c

6.9.2.3. Dam nguyén khéi cang sau:
M, =Mpe, + Mpe, +Mpes + Mgy, +M

i_Pf (dps_yto)y N Mper MDcz

vaf =7v2| - b y y
r Ao Io 0 Io b0 g bg
(6.156)
My + Mo +M
+ Vbcs ; DW Y'og
6.9.2.4. Ddm lién hop cing sau:
Mg =Mpey +Mpe, +Mpes +Mpy, +M
P. Pr{dps—Yio M M
=7, _A_f _(+)Ybo IDC1 Ypo + 22 Yhg
0 0 0 g
(6.157)

N Mpcs +Mpy +M
I

bc
c

6.10. Kiém tra dim ¢ trang thai giéi han méi:

Moi 1a thudc tinh cua vat liéu ma cac hu hong cua nd cé thé duoc
tich luy dan duéi tai trong ldp va khi do su pha hoai c6 thé Xay ra ¢ muc
g suét nho hon tng sudt tic dung tinh. Trong trudng hop thiét ké cau trén
duong cao tdc, tai trong lap gay pha hoai moi 1a tai trong xe 3 truc duoc t6
hop & trang thai pha hoai moi nhu duoc dé cap trong Chuong 2.

Khong can kiém toan moi cho ban mit ciu bé tong trong cic cu
kién nhi€u dam.
Trong vung chiu nén do tai trong thuong xuyén va dy tmg lyc trong

cac két cau BTCT va BTCT DUL chi kiém toan moi néu tng sudt nén nho
hon tng suit kéo 16n nhit gy ra do hoat tai to hop tai trong tinh moi L.

Khong can kiém toan moi cua cbt thép trong truong hop cau kién
bé tong du tng liuc toan phan dugc thiét ké dam bao cho tGng suat kéo & tho
ngoai cung theo trang thai gi6i han sit dung III khong vuot qua (mg suat
kéo quy dinh trong bang 4 Phan 5 TCVN11823-17.
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6.12. Thiét ké Iwc cit theo trdng nén cai tién:

6.12.1. Ly thuyét tinh toan:

. o IM=0
Xeét mat cat tar go1
V=0

Tién hanh phan tich luc va thé hién chi tiét nhu Hinh 6.30, trong d6
f1, 2 1a cac thanh phan tng suat chinh cia vach dam; 0 1a gbc nghién cua
vét nat; S 1a khoang cach thép dai, dv 12 khoang cach tir thép kéo dén thép
nén; Ny va Avfuy 12 luc kéo trong cdt thép doc va trong thép dai.

1 2
el T b

/ / /
0 " /
2 % /Z
fy
/ NN
7 R 7
TV 1 2
Ay .
S e a— a— g Y,
/ / 05Ny f 2 A, ‘9&
dv TV /| <f2 Cot
; i 05N dai o5\,
/ 05Ny 9
N A4 & S
N4 2.2

I-1
Hinh 6.30: Cac diéu kién cin bing ciia Iy thuyét trwong nén cai tién

Céc phuong trinh can bang luc:

>Y, ,=0=V=fd, cos0.b,.sin0+
D 2 " (6.167)
+f,d,sin6.b,.cosO
>Y, n=0=Af . =f.Ssin0.b,.sin0
(=2) Vw2 " (6.168)

—f,ScosO.b,,.cosO

Af,, +fcos’6Sh, i
Tu (6.168)= f, = - thay vao (6.167):
? sin0.Sb
Shb,,
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A f 3
V= "S"ydvcotge+fl%bwdv—fldvsine.bw.cose
Af, cos’e .
= d,cotgb+f,.b,.d —sin6.cos6
g v V(sinf) ]
Vny
= d,cotgb + f.b,.d,.cotgb
VC
VS
V=V, + V, (6.169)
Trong d6: V, =f,b,,.d, .cotgo ~ éﬁ\/F b, d, (6.170)
Véi p=f [szJ (6.171)
C
vav= Yy 6.172
25,4, (6:172)

V 14 tmg suét tiép trung binh trén mit cit ngang;

ex 12 bién dang doc trung binh ctia suon dam do tong tai trong tac
dung, tri s0 nay cd thé dugc lay bang 2 bién dang tai trong tam cua cot thép
chiu kéo. Co thé xac dinh &x bang cach gan dung nhu sau:

Xét tai mit cit gdbm cac nodi luc My, Vi, Nu.
M, tac dung 18n ¢t thép chiu kéo mét Iyc doc M, /d,;

Ny tac dung 1én cot thép chiu kéo mdt luc doc 0,5Ny. Xét Vy:

Z F[theo phuong f;,(1-1)] =0

_ _ (6.173)
< -V, cos0+f .d, sin6.b, +N,sin6=0

< N, =V, cotgo-f d, b,
<0,5N, =0,5V, cotgb-0,5f,.d,.b, =0,5V, cotgd (6.174)

Tinh duoc bién dang tai trong tam thép chiu kéo & va suon dam ex:
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Sau khi x4c dinh 0, tra tiép Bang 6.3 tim p.
Buoc 5:

Xéc dinh kha ning chiu cit clia bé tong:

1 ;
V., =EB\/E.bW.dV

Kha ning chiu cit cua ct thép dai:
V
V, :KU_VC_VIO (6.187)
Buorc 6:
Tinh khoang cach cac budc dai:
Af,d, cotgd

S =
- (6.188)

S

Av: tong dién tich cac nhanh dai.

Buoc 7:

Kiém tra budc dai theo diéu kién ciu tao:
Avay

0,083/, b,

s <Min< Min(0,8d,;600mm) néu Vo <0,125 (6.189)
beWdV
. » V,
Min(0,4.d,;300mm) néu — >0,125
beWdV

Buwoc 8:

Kiém tra c6t thép doc:

A f +Af M, +0’5l\I (V

e ody b b,
6.13. Tinh lwc cit theo mé hinh giing chong (mé hinh gian ao):
6.13.1. Tong quat:

Thiét ké két cdu bé tong cot thép theo md hinh giang chéng la
phuong phap thiét ké linh hoat va dugc st dung kha pho bién dé thiét ke
nhiing vung két cau phirc tap vé tng suét va bién dang. Sy khong lién tuc

vé két cau va tai trong tao ra cac phan b bién dang phi tuyén. Vi vay gia
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thiét Vé bién dang phang dang duoc sir dung trong hau hét cac phuong phap
thiét k& hién nay khong con phu hop va do d6 mé hinh hé giang chong la
mot giai phap dé phan tich cac vung khong lién tuc nay.

Vi¢c thay thé mot két ciu hay mot bo phan két cau bé tong cdt thép
bang hé giang chong thure chat 1a viéc di tim mot trang thai noi luc trong két
ciu sao cho so do gidng chéng théa man diéu kién céan bang va diéu kién
cuong do. Nhu vay, kha nang chiu luc cua két cAu bé tong cot thép s€ duoc
khang dinh thong qua viéc kiém tra kha nang chiu luc cta hé gidng chéng
hay hé gian 0. Hé gidng chdng thudng c6 ciu tao don gian va tinh dinh nén
giai bai toan tim ndi luc hé thanh kha don gian. Viéc kiém toan kha nang
chiu Iyc cta hé thong qua kiém toan cic phan tir ciia hé thanh gém thanh
kéo, thanh nén va nit gian. Nhu vay tinh toan kha niang chiu luc cta két cdu
da dugc don gian hoa béng cach sir dung mdt hé thanh.

6.13.2. Vung khong lién tuc va vung lién tuc

Hinh 6.32 thé hién cac duong dong ing suat trén dam do tai _trong
tap trung P tac dung va phan lyc cac goi tya. Ung suét tai cac ving gan luc
tap trung tac dung c6 phén b khong mém mai va kha phuc tap. Pay la
nhitng ving D dién hinh cta dam.

1

0.29P d ., 3d ‘ d ‘ d _‘_ d _,ll0.71P

Ving D Viing B VingD  VingD | Ving D

Hinh 6.32: Cac dwong dong ing suit cho ving B va ving D

Vung B thuong Xuét hién gitta cac vung D va ciing dugc thé hién
nhu Hinh 6.32. Gia thlet vé tiét dién phang duogc chap nhan trong vung nay,
nghia Ia sy phan bd Ve bién dang 13 tuyen tinh trén subt chiéu cao dam.
Viéc thiét ké chiu udn cua ving B, Gmg sudt nén dugc thé hién bing cac
duong dong Gmg suat lién tuc va thuong thé hién 1a mot khdi ing suat phan
bb hinh chir nhat, trong khi dé g suat kéo twong tng véi cic dudng nét
khuét thuong duoc thiét ké cho cdt thép doc.

Su phan bd bién dang trén ving D 14 phi tuyén. Do d6, phuong
phap thiét ké theo mit cat khong thé ap dung trén ving nay. Theo nguyén ly
Saint-Venant, ving phi tuyén nay kéo dai khoang tir 1 dén 2 1an kich thudc
dic trung cua ciu kién. Do do, trén Hinh 6.32, cac vung D c¢6 kich thudc
bang chiéu cao c6 hiéu ctia dam tinh tir vi tri dat luc tap trung.
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gidng, db 12 duong kinh thép va dc 1a chiéu day bé tong bao vé dén mép cot
thép trong thanh gidng; Wt max dugc xac dinh nhu sau:
F

W _ Mt
e = (6.192)

Fnt : 14 luc danh dinh cta thanh giang chiu kéo

feerr : cuong do nén c6 hiéu cia nat va bs 1a chiéu rong tinh toan cua
thanh chong.
Thanh chéng lang tru

Thanh chéng cé chai
~—

Ving kéo trong :
thanh chong W

T
Don gian thanh thanh
chéng lang try

Hinh 6.37: Céc thanh chéng trong két cau dam cao

Nut glan cac nat trong mo hinh glang chéng 1a cac giao diém cua
cac thanh chong va thanh gidng. Khai niém vé nut thuc té da duoc don gian
hoa: mot nit bidu dién su thay doi dot ngdt phwong cua cac luc. Tuy nhién,
khuynh huéng trong thuc té khong xdy ra dot ngdt ma thuong dan dan. Co
2 loai nut:

Thanh chéng

w,cosf /\
6~

Hinh 6.38: Kich thwéc hinh hoc cia nut CCT
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NUt tap trung: néu mot trong nhiing thanh chdng hay thanh giang
dai dién mot trudng ing suat tap trung, khuynh hudng 1a tap trung cuc bo.

Nt phan tan: cac trudng ng suit bé tong rong ndi véi nhau hay
v6i1 cac thanh giang kéo ma bao gom nhiéu thanh phéan bo sit nhau.

EERRRRRERRE

Nut A

(a) (b)
Hinh 6.39: NGt trong mé hinh giing chdng
Trong thyc t&, ddi v4i nut tip trung c6 thé ¢6 3 dang nit nhu sau:
- NUt CCC: nén-nén-nén gap nhau tai mot nut.
- NGt CCT: nén-nén-kéo gap nhau tai mot nut.
- NGt CTT: nén-kéo-kéo gap nhau tai mot nat.
Loai nut TTT (kéo-kéo-kéo) gan nhu khong cé trong thuc té.

a2 Pl _cecc Node
i

s Vs ’ s *- -@ ~
’ ’ s s ’ ~ ~
’ s s ’ ’ ~ ~
’ ’ s s -~ ~ ~
”, Vs - . - ~ ~
- ’ s - ’ ~
- - I s -
&

. A
— CTT Node” V~ §
CCT Node

D.ZQPH 0.71Pﬂ

Hinh 6.40: CA&c loai nut co ban

55
']
S,

Gia tri goc nghiéng trong mo hinh giang chéng 1a goc tao bai 2
thanh nén hoac kéo vdi nhau va dugce quy dinh nhu sau:

Theo tiéu chuan Thuy Si (Swiss code): 26° <0< 64°
Theo tiéu chuan Chau Au (European code): 31°<0< 59°
Theo tiéu chuan My (ACI 2002): 25°<0< 65°
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Hinh 6.41: Géc nghiéng trong mé hinh giing chéng
6.13.4. Cac phwong phap xiay dung hé gian ao

Trong xdy dung so d6 hé gian 4o, cac phwong phap phd bién hién
nay la: phuong phap dong luc, phuong phap dua trén trudng ung suit dan
héi, phuong phap dya trén so d6 ung suat thanh mau va phuong phéap dua
trén t6i wu Topology.

Phwong phap dong luc

Theo phuong phap dong luc hay phuong phap duong tai trong,
budc dau tién 1a xac dinh tat ca cac luc tac dung 1én ving D nhiam dam bao
su can bang trén mit ngoai cia ving D. Trén Hinh 6.42, ving D chiu ung
suat khong ddi xtimg . Biéu d6 ng sudt dugc phan chia theo cach ma hop
tai trong bén trén cia két ciu dugc can bang véi phan luc & mat doi dién.
Céac duong cong thu duoc khi v& mot duong ndi gifra cac luc nguoc chiéu
nhau dugc goi 1a dong luc.

Céc dong luc khong giao nhau. Chung bat dau va két thuc ¢ trong
tam cua biéu dd Gng suit twong Ung va cd phuong cia tai trong tac dung
hodc ctia phan lyc. Chung c¢6 khuynh huéng 1a con dudng ngin nhat co thé
& giita cac luc tac dung. P9 cong ciia dong luc gy ra luc chuyén huéng C
biéu dién nim ngang.Cudi cing cac dong luc duoc thay thé bang cac dudng
gay khiic ma diém giy cua ching 1a diém giao voi cac lyc chuyén hudng.

a[-

q|- qr-

dong e |

T
9]
AL

(o]

n/’

-

S —

a) b) c)

~Hinh 6.42: Phuong phép dong luc
(a)Keét cau va tai trong; (b) Dong luc ; (¢) Hé gian ao

Mo hinh dé xay dung ¢ phia trén phan anh dong luc chinh va minh
hoa tmg xur chiu lyc cua két cau. Cac thanh chiu kéo va chiu nén la dai dién
tiéu biéu cho cua truong ung sudt cong hai chiéu va ba chiéu v6i dong
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chinh cta Gng suit hu-ong theo dudng truc cta chung. Cac nit cua céac
thanh khong phai 1a nut thyc ma la cadc ving noi ma cac noi luc (ing suat)
dugc chuyén hudng hodc di vao trong (dugc neo).

Phwong phdp truwong irng sudt dan hoi

—1‘- b/4 —»|L b/4 -‘r b/4 vl-— b/4 ar—p

Hinh 6.43: Phan bo g suit dan hoi va so' dd hé thanh thay thé

Trong truong hop trinh bay & trén, vi tri vat 1y caa diém gy cua to
hop tai trong hodc twong duong vi tri cua luc chuyén hudng da duge chon
hoac quyet dinh cin cr vao d6 cong cua dong luc. Néu biét dugc phan bd
{mg suét cia mot ving D d3 cho, vi du bang phén tich phan tir hitu han nhu
Hinh 6.43 thi diéu nay co6 thé dugc st dung trong viéc md hinh hoa bang
viéc dinh huéng dong luc doc theo phuong cua g suat chinh bang viéc
Xac dinh vi tri cua hop luc chuyén hudng tir sy phan bd tng suit trong timg
mit cit.

Céch tiép can nay cho phép xac dinh khoang cach t61 mép dudi ciu
kién z; cua luc nén nam ngang C nhu Hlnh 6.43 tur trong tdm cua dién tich
biéu d6 ng suit nén trong mot mit cit thang dung x = 1/2. Khoang cach
tuong Umg z, cua hop lyc keéo nam ngang T co thé duoc xac dinh twong tu.
Phai cha y rang, su thay d6i mat cat thang dung s& lam thay doi vi tri cua
hop luc. Tir @6 dan dén, s& c6 mot s6 kha ning cho nguoi thiét ké dé lua
chon cach bd tri cac thanh nén va thanh kéo trong so do gian d0. Mot
truong hop khac cling st dung phuong phéap truong ung suat dan hoi dé xay
dung h¢ gian do nhu Hinh 6. 44. Dua vao truong ung suat thu dugc tir phan
mém ForcePAD, céc thanh gidng va chdng duogc dit trong cic truong tng
sudt kéo va nén tuong tng.
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Hinh 6.44: Phan b6 ng suit dan hoi (ForcePAD) ciia dim xa mii va
dau dam SuperT

Phwong phdp dwa trén cdc so do méu

Trong qua trinh nghién ctru xay dung m6 hinh glang chéng, cé4c tac
gia déu nhan xét rang, mot s6 mo hinh tiéu biéu xuét hién lap di lap lai
trong nhiéu truong hop va to hop khac nhau, tham chi trong nhimng két cau
rat khac biét. Nguyen nhan cua hién tuong trén la do trong thuc té, c6 mot
sO lwong rat han ché cac ving khong lién tuc c6 dong g suat thuc su khac
nhau. Sy hinh dung va hiéu 6 cac dic diém thuong gap cua két cau 1a diéu
c0 y nghia cong cy quan trong d6i v6i k¥ su thiét ke Duya trén nhimg hleu
biét ndy, nguoi thiét ké s& mo ta cac truong hop rat khac biét vé coi ngudn
thong thuong clia chiing va sé ¢ thé han ché dugc sai 1am.

Phwong phdp dwa trén t6i wu Topology

Mo hinh giang chéng thé hién co cu truyén luc cta két ciu bé tong
cot thép ¢ trang thai gidi han cudng dj, nghia la két cau bi nirt hodc chay
déo. Do d6, myc tiéu chinh cua bai toan toi wu Topology 1a xac dinh co ciu
nay dé gia cuong dam bao ket cdu du kha nang chiu luc.Thuc té, mot sb
vung trong két cau bé tong cot thép khong hiéu qua dé khang tai trong. Khi
do, hé truyen luc chinh c6 thé dugc xac dinh bang cach loai bo nhitng viung
nay. Nghia la bai toan thiét 1ap h¢ gian o co thé duoc xem nhu bai toan tdi
vu hinh hoc két cdu hay t6i wu Topology va duogc chi tiét nhu sau:

Bai toan tdi uu Topology cho mdt vat thé bién dang c6 thé tich Q
dudi tac dung cia lyc khoi f va lyc mat t trén phan mat bién It co cac dicu
kién bién trén phan bién Qp dugc dinh nghia nhu sau:
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min 1(p,u)
st a,(uv)=I(pu) VvvelU
pe{0,1 (6.193)
[pda=V<yv,
Q
Trong do:
I(p,u) = [fTudQ+ [ tTuds
Q

rt
ou; oV
a,(u,v) = Ipa—'Eijkl 8_de
o X X
Vva u 13 truong chuyén vi cta vat thé bién dang, v trudng chuyén vi
kha di ao, U la tap cua cac chuyén vi kha di, V la thé tich giéi han, Vo la
tong thé tich mién khao sat va y 1a hé so thé tich.
Biéu dién cac tinh chat vat liéu nhu 13 ham sé mat do p véi iy thtra

p: E(p,):ppEo, trong do Eo I§1 modun dan héi Young cta vat liéu. Khi d6, bai
toan toi uu (6.193) duogc viét lai nhu sau:

min I(p,u)
st a,(uv)=I(p,u) VveU
0<5£p£p_) (6.194)

[pd0 =V <V,
Q

Vi pva placéan trén va can dudi cua mat do vat liéu.

Sau khi roi rac héa bai toan bang thu tuc phén tich phan tir hitu han,
bai toan toi uu (6.194) duoc viet dudi dang roi rac nhu sau:

N
min J(p) = UTKU = 3" (p,)Pus KU,

e=1

N
st.o Y (pe)’Keu, =F
=1

(6.195)
O<p<p,<p

X Ll

Zpe e ='YV0

=1

Trong d6: pla vector bién thiét ké; J(p) 1a ham muc tiéu; U la
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vector chuyén vi tong thé; K 1a ma tran do cing tong thé; ue va Ke I vector
chuyén vi va ma tran do cirng cua phan tir thir e; p, 1a mat do phan tir thir e;
N 14 tong s6 phan tir duge roi rac tir mién Q; Ve 1a thé tich ctia phan tir va F
la vector tai tong theé.

Dé tim gia tri nho nhét theo phuong phép tiém cin gradient, do
nhay cua ham muc tiéu dugc xac dinh nhu sau:

oJ 1 oK a7
—=-U" —U=-p(p;,)" u; Ky (6.196)
op; op;
_ Bai toan t6i wu Topology trong phuong trinh (6.195) c6 thé dugc
giai bang nhi€u cach khac nhau. Trong tai liéu nay sé& trinh bay phuong
phap OC (Optimality Criteria). Bicn thi¢t ké p, dugc cap nhat nhu sau:

max(B,pe—m) if pe(Be)“Smax(B,pe—m)

new

pe™ ={pe(B,)" if max(p,p, —m)<p,(B,)" <max(p,p,+m) (6.197)

min(g,pe+m) if pe(Be)“Zmax(E,pe+m)

Trong d6: pp®™1a mat d6 phan tir thir e dugc cap nhat; p, 1a mat do
phﬁn tir da duoc loc; m la gi(’yi’han dich chuyén ctia bién mat do; Be c6 thé
duoc xac dinh tir dieu kién toi wu thong qua do nhay 0J/0p, va hé¢ so
Lagrange nhu sau:

0J

g __ e (6.198)
,=——t
AV,
Dé bai toan (6.195) c6 kha ning hoi tu, Sigmund di hiéu chinh do
nhdy cua ham muc ti€u nhu sau:

0J 1 N 0J
i 2 Hipy 6.199
P, P. z H; = ops ( )
f=1

Trong dé: trong s6 Hr =r_. —dist(e,f), {f € N|dist(e,f) < rmin}lé
khoang cach giira trong tAm phan tir e va phan tir f.

Khi d6, giai bai toan tdi wu (6.195) két hop cac diéu kién rang budc,
mo hinh gidng chong c6 thé duogc xéac dinh.
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6.13.5. Trinh tw thiét ké mé hinh giing chdng

Dé thiét ké bé tong cbt thép ving D theo mé hinh gidng chéng,
Williams da dé xuat cac budc nhu sau:

- Phén biét ving B va ving D trén két cau thiét ké.
- Xac dinh truong hop tai trong.

- Phan tich diéu kién bién cta ving D.

- Kiém tra so bo kich thudc cac thanh phan két cau.

- Phat trién mo hinh giang chéng : vi tri cia thanh giang va chong
sao cho dai dién cho cac dong luc. Xac dinh ndi luc hé giang
chong.

- X&c dinh ¢t thép cho cac thanh giing.
- Kiém tra cudng d6 cho cac nut gian.

- Kiém tra cudng d6 cho thanh chéng.
Phan biét vang B va vang D

Budc dau tién trong tién trinh thiét ké 13 sir dung nguyén 1y Sant
Venant chia két cdu thanh cac ving B va ving D. Ving B ding phuong
phap mit cit va ving D dung phuong phap hé gian 4o. Chi tiét chia ving da
duoc trinh bay trong muc 6.13.2.

Xdc dinh tdi trong tac dung

Céc tai trong dugc to hop & trang thai giéi han cuong d6 va duge
quy ddi thanh luc tip trung tac dung tai cac nat gian. M6 hinh gian c6 thé
thay ddi theo cac truong hop tai trong khac nhau. Mot sé goi ¥ dé 1am don
gian céc tai trong tdc dung lén hé gian:

- Thanh phan tai trong momen c6 thé dugc thay thé bang mot cip
ngau luc tuong duong tac tdc dung tai cac nuat gian.

- Céc luc tip trung gin nhau nén gdp thanh mot luc dé don gian
trong viéc xay dung hé gian.

- Céc lyc phan bd va ké ca trong luong ban than nén quy d6i thanh
cac lyc tap tung tac dung tai nit gian.

Phan tich diéu kién bién ving D

Céc lyuc tac dung tai bién ving D hay cac phan Iyc can phai dugc
xac dinh dé phat trién so d6 hinh hoc h¢ gian va ndi luc cho cac thanh gian.
Néu két cau c6 ca vung B va vung D, thi viéc xét tuong tac voi vung B sé
duoc thay bang mdt hé luc tuong duong vdi cac ndi lyc tai mat cat phan
chia gitra vung B va vung D.
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Kiém tra so bé kich thuwéc cdc thanh phén két ciu

Céc kich thudce so b cta két cdu nén dugc chon dé han ché xuét
hién cac vét niit dudi tac dung tai trong & trang thai giéi han st dung. Muyc
dich cua viéc kiém tra trong budc nay de danh gia kha nang xuat hién vét
nut xién trong vung D. Kha nang chiu cat ciia ving D khi cac vét nat bat
dau xuit hién, Ve, duoc xac dinh theo phuong trinh:

Vi —0083{65 3( ﬂ\/_cbwd(N)

véi 0.166,f,b,d <V, <0415,/ b,,d

Trong do: a la chi€u dai nhip chiu cat (mm); d va bw chiu cao va
chi€u rdng chiu cat c6 hi¢u (mm) ; ¢ cuong dd chiu nén ctia bé tong.

(6.200)

Kha nang chiu cit Ver duoc so sanh voi luc cét do tai trong dugc td
hgp ¢ trang thai gidi han st dung Vs. Néu Ve < Vs thi cac vét nirt xién co
kha ning xay ra. Khi do, tdng kich thudc thiét dién hoac cuong do bé tong.

Xay dung mé hinh giing chong

(@) * % (b) |

Hinh 6.45: Hai mé hinh gian cho mgt viung D

bay la budc quan trong va co nhiéu thach thirc cho nguoi thiét ké.
Céac phuong phap phd bién hién nay nhu da trinh bay ¢ trén la: phuong
phap dong luc, phuong phap dua trén truong ung suat dan hoi va phuong
phap dua trén so d6 ng suat thanh mau Déi v6i mot ving D cing mot hé
tai trong cho trude, thi cé thé c6 vo sb hé gian ao dai di¢n cho dong luc cua
két ciu. Theo Schlaich, mot mé hinh tét nhat néu s6 thanh kéo it nhét va

N

chiéu dai ngén nhét. Nghia 1a chi s6 H= ZTI L, dat gia tr1 nho nhét, trong
i=1

do: N 1a so thanh gidng chiu kéo, Ti va Li 1a lyc kéo va chicu dai cta thanh

giang thtr i. Biéu thirc trén phu hgp vdi nguyén ly nang luong bién dang

nho nhat cho tng xtr dan hoi nhung dugc stra doi cho bé tong cot thép da
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nit. Chi s6 ndy nay cé y nghia trg gitp trong loai bo cac m6 hinh kem hop
ly, vi du nhu Hinh 6.45: m6 hinh gian (a) cho thay so luwgng thang giang it
hon va phu hop vadi dong luc tac dung hon moé hinh gian (b).

X&c dinh cot thép cho thanh giing

Bang cach giai hé gian dudi tac dung cia tai trong O trai thai gioi
han cuong d6, ndi luc cua cac thanh gian cé thé dugc xac dinh. Trong
truong hop hé gian la siéu tinh, thi noi luc cua cac thanh dugce giai theo
phuong phap 1dp do kich thudce cua cac thanh chua dugce xac dinh.

‘Dién tich thep can thiét trong cac thanh gidng sao cho ung suét
trong cot thép khong vuot qua cuong do chay déo, khi do:

F
Ag=—- (6.201)
of,
Trong do,

Fu luc trong thanh gian do tai trong ¢ hé s6;

fy cuong do chday deo cua thép; hé s6 strc khang ¢ = 0,9 theo
A.5.6.3.4.1 cua ti€u chuan.

Truong hop co cap du tng luc, cong thirc (6.201) dugce hi¢u chinh
nhu sau:

F= ¢|:Astfy + Aps (fpe + 1:y )] (6.202)

Véi Aps Va foe 12 dién tich va (mg suat co hiéu trong cap du tng luc.
Kiém tra cwong dp cho cdc niit gian

Céc nat gian duoc kiém tra dé dam bao khong bi pha hoai dudi tac
dung tai trong. No6i chung, tmg suat trong nit gian thuong kha 16n do noi
quy tu cac thanh gian trong khi thé tich bé tong cta nit gian kha nho. Kich
thudc hinh hoc cta nut ¢6 thé duoc xac dinh nhu sau:

Xéc dinh kich thudc ntt gian:
Nut gian logi CCT

Loai nut nay hay gap ¢ khu vuc dau dam c6 gbi hodc noi dit luc tap
trung & cac ddm cao. V& mit chiu luc nit ndy c6 2 thanh nén va 1 thanh
kéo. Chiéu rong nat theo thanh chéng ws dugc xac dinh nhu sau:

w, =1,sin6+w, coso (6.203)

Trong d6: wi duoc xac dinh nhu phuong trinh (6.191); I, bé rong
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tam gdi va O goc nghiéng ciia thanh chéng.

Nut gian logi CCC

Kich thudc hinh hoc cua nit duge thé hién nhu Hinh 6.46. Thong
thuong nut nay dugc chia 1am 2 phan theo ti 1€ lyc nén ctia cac thanh chong

truyén vao nut. Phan nut bén trai trén Hinh 6.46 c6 kich thudc 0.291p va bén
phai 0.711p vi ti 1€ lyc nén ctia thanh chong bén trai 1a 29% va bén phai la

71%.
\16'29!: @0.7119
b N

0209, 0.7

_ A A

Hinh 6.46: Kich thwée nit CCC
Chiéu cao a dugc 1ay bang chiéu cao chiu nén quy doi cia khdi Gng
suat hinh chir nhat va dugc xac dinh nhu sau:

Asfs - Asfs
8= 085D, (6.204)
* cTwW

Trong do: Asfs va As'fs’ tong luc doc trong thép chiu kéo va thép
nén; bw chiéu rong cé hiéu; f’c cuong do chiu nén cua bé tong (MPa).

Chiéu rong nut theo thanh chéng ws duoc xac dinh nhu sau:

w, =1, sin0+acosO (6.205)
Trong d6: a dugc xac dinh nhu phuong trinh (6.204) ; I bé rong
tdm gdi va 0 goc nghiéng cua thanh chéng.
Nut gian logi CTT

Loai nat ndy dugc xép vao loai niit phan tan va vi vay né khong co
kich thudc hinh hoc r6 rang nhu loai nut CCT va CCC. Luc nén cua thanh
chong truyén vao nut thuong bi phat tdn trén mat thé tich bé tong kha 16n
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I3=(Lw/2+a)-L2=(33500/2+300)-13544=3506 mm
Chiéu dai b6 cap tir dau neo dén mit cit 1/2Ly:
X3= 1+ l>+ 13=6689+6884+3506=17079mm

Mt mdt do ma sdt.
. —(pa+kx)
My =fy [ 1- 0|

Vé6i: p=0,2; k=6,6.10"7
fp=0,74.1,,=0,74.1860=1376 Mpa
Tinh tai mat cit gbi:

o=0 (rad ), x=301(mm)

=0,27 Mpa

+6,6.10”.
Apr = fpj |:1_ e(l»J-OH'kX):| — 1376 |:1_ e(O,Z.O 6,6.10 301):|

Tinh tai mat cat Y nhip:
a=0,024 (rad ), x=8707 (mm)

Ay = Ty 1€ 04 | =1376{1— e

0,2.0,024+6,6.1O7.8675) :|
p

=14,35Mpa
Tinh tai mit cat 1/2 nhip:
a=0,081 (rad ), x=17050(mm)

+ . 7.
Af e =f, [1_ e_(HOL+kX)j| _1376 [l_ e(o,z.o,081 6,6.10 17050)}

= 37,26 Mpa
Vidu 2:

Thiét ké mot dam bé tong cot thép du ung luc cang trudc tiét dién

chit I ¢6 chiéu dai 24,54m va chiéu dai nhip 24,24m cho mgt cong trinh cu
trén duong 6t6 v4i bé rong phan xe chay 10,8m (xem Hinh 6.48, Hinh 6.49,
Hinh 6.50). Ban mit cau d6 tai chd day 18cm. B6 tri 4 dam ngang cach
nhau 8m.

Tai trong cia ban mat cau va dam ngang tac dung lén dam chu co

dang lyc phan b woce=9,315N/mm. Lép bé tong nhya day 7cm va wow =
3,375N/mm. Trong lugng ban than cua lan can quy doi wocs = 2,45N/mm.
Trong lugng ban than dam chi wpc1 = 9,67N/mm.
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11800

§0QI 5400 5400 |§0Q
BTN DAY 7CM '\|<‘
R LGP PHONG NUGC
b~ 1.5% |BETONGBMC DAY 18CM 1.5%
f ) S sty B PG S S R " M CRT P S S PR -
E——M g /) M
650 | 3x1750=5250 | 3x1750=5250 | 650

11800

Hinh 6.48: Két cAu nhip ciu cho vi du 2 ciia 6.14

410 410
EEn! [1.0] =
: o
| >
<+ NE m—
q =
d li6]178] 116 o
o o 0 on| N o
) I = A
=) = 190] 190 = =R
8 74| 410 |74 | o
- B o 9
o0 ool $ [ —
= = < N
2 5
558 558 " 6 69 $x4%x %xﬂs 69

Hinh 6.49: Céu tao miit cit ngang va bo tri caip DUL dam 24,54m
Cic tinh chit vt liéu nhw sau:
Bé tong cua dam du ung luc:

- Cuong do nen cua bé tong 28 ngay, mau 15x30: f.=42Mpa;
modun dan hoi twong tmg: Ec= 0,0017.(2336)2.(42)%% = 3,19.10* Mpa;

‘ - Cuodng d6 nén cua bé tong khi cat cap: f=38Mpa; modun dan
hoi twong ing: Eci = 3,08.10* Mpa;

- Bé tong cua ban mit cau: £:=30Mpa; modun dan hdi twong tng:
Eq=2,81.10* Mpa.

Cép du tng lyc:

‘ -‘B(A’) tri 32 tao cap loai 12,7mm c6 do chung thap; chuyén hudng
1én dau dam 8 tao va diém chuyén hudng cach dau dam 9220mm;

- Dién tich tiét dién 1 tao cap: 98,71mm?;

- Cac th@ng Sé) CIICYng dé Cép fpu:1860Mpa, fpyzo,gfpu; fpj:0,75fpu;
Eps:197000Mpa

Cot thép dai sir dung thép c6 duong kinh 14mm va f,=280MPa.
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Hé s6 diéu chinh tai trong: n=n1. no. nr=1.1.1=1>0,95

Trong do:

mi: Hé sb xét dén muc d6 quan trong ctia cong trinh va ldy bang 1;
np: Hé sb xét dén tinh chat déo cta vat liéu va lay bang 1;

nr: Hé sd xét dén murc do du thira lién két cua cong trinh va ldy
bang 1.

H¢é s6 phan b tai trong cho dim giira:
Kiém tra diéu kién sir dung phuong phap dam don:
- S6 luong dam 7 > 4 (thoa);

- Khoang cach gilra cac dam doc S = 1750mm théa: 1100mm<S <
4900mm;

- Nhip céc dam doc L = 24240mm thoa; 6000mm<S< 73000mm:;
- Bé rong mit cau khong doi;
- Phan hang S(hang) = 750 (mm) <910 (mm).

Tham s6 d6 cung doc:

Ky =n(1g+Ase5)

Trong do:

Eg  0,0017x2343% x (45

0,33
Ee )
Ep  0,0017x 23207 x(30

)0‘33 =118

Khoang cach giita trong tim dam va ban mat cau xét cho tiét dién
gitra nhip:

€40 = Vg +h—22 = 647,8+% =737,8mm

= K, =118x(5,56x10" +380710x 737,8”) = 3,11x 10" (mm*)

Heé s6 phan bd tai trong cho momen dam khi 1 1an xe chét tai:

04 0,3 01
, K
mgﬁﬂ':o,oa{ij o 2| o e :
4300 L, L, xt3

1750\°* (1750 \** [ 311x10" )
20,06+ =) | [ IR [ 9D
4300 24240 24240%180

=0,403
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- Hé s6 phan b tai trong cho mémen dam khi nhiéu lan xe chat tai:

0,6 0,2 K 01
mgpy, =0,075+ S ) (2] « e
2900 L L xt;

0.6 0.2 11 :
20’075{1750) X( 1750 ) y 3,11x10 | o547
2900 24240 24240x180

Hé s6 phan bd tai trong cho mémen cua hoat tai thiét ké:

mg,, = max(mgpy,;mgh ) = 0,547
Hé s6 phan b tai trong cho luc cit khi xép 1 1an xe chat tai:
mgy :0,36+i:0,36+@:0,590
7600 7600
Hé s6 phan bd tai trong cho luc cat khi xép nhiéu lan xe chét tai:

2
1750 _( 1750 j — 0,659

mgy' =0,2+ +
3600 (10700

s (.S YV _,
3600 \ 10700 ’
Hé sb phan b tai trong cho luc cit cua hoat tai thiét ké:
mg,, = max(mgy;mg\') = 0,659

Tién hanh xép hoat tai HL-93 va tinh tai 1én duong anh huong dé
xac dinh noi luc cua dam chu.

Momen va lyc cit tai cac mit cat do tinh tai va hoat tai to hop ¢
trang thai gi61 han st dung va cuong d§ dugc tong hop nhu sau:

TTGH st dung I TTGH cuong
Miit cit dol
Mbc1 | Mbc2 Mbcs Mbw ML My Vu
x=L/2 |710,16 | 684,16 | 179,94 | 247,88 | 1526 |5010,4| 223,4
x=0,0 0,0 0,0 0,0 0,0 0,0 0,0 | 956,4
Ghi chti: don vi cia momen 1a KN.m va cua luc cét 1a KN.

Tinh toan c4c mit mat ng suit:
Mt mdt teng sudt tikc thoi:

MAat mat ung sudt do nén dan hodi duge xac dinh tai mit cét gitra
nhip:
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Apsfpj[lg + (dps _ytg)zAg] _(dps _ytg)MDC1Ag _

E.
Aps[lg +(dps _ytg)zAg]+ ECI

Aglg
ps

_ 3158,71395[5,56.10" +380,5%.3,8.10°] - 380,5.710,16.10°.3,8.10°

4
3158,7[5,56.10™ +380,5.3,8.10°] + 31110 3,8.10°.5,56.10%
197000

=104,064Mpa

Xac dinh cAc mat mat &ng suit dai han theo phwong phap tirng
phan:

Gia str tudi bé tong dam khi bat dau chiu tai 1a t=1 ngay va thi cong
ban mdt cau la t=56 ngay, d0 &m modi trudong noi cong trinh H=75%, ti 1€
V/S=127,6mm.

Bién dang co ngét ciia dam tir luc truyén luc cap dy ung luc 1én
dam dén khi thi cong ban mat cau dugc xac dinh nhu sau:

gbid = kSkhSkf ktd 0, 48 X 10_3

Trong do6:
Ka=—7100 05568_138 = 0,585
12| =2 IOX0 I 5p g
0,145x 38+ 20
k, =1,45—0,0051V /S =1,45—0,0051.127,6 = 0,799
K, = B _ B 5778
7+f; 7+38

kns=2,00-0,0143H=2,00-0,0143.75=0,927

Thé cac hé s6 k vao cong thirc trén, khi d6 bién dang co ngot:
Epiq = KKK K 40,48x1073 =

=0,799x0,927 x0,778x0,58x0,48x10° =162 x10°°

Tuong tu, bién dang co ngot cua dam va cta ban mit cau tinh tur
lac thi cong ban mat cau cho dén cudi thoi ky khai thac: enar =114x10° va
€adr =436%1076,

H¢ sO0 tir bién cta dam tur luc cang cap dén Kkhi thi cong ban mat
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Wy (tg,t) =P o =1 9Kk Kkt 8 =
=1,9x0,799% 0,96 x0,778x0,585x1 '8 = 0, 664
Trong do: ti=1 ngay
k, =1,45-0,0051V /S =1,45-0,0051x127,6 = 0,799
kne=1,56-0,008H=1,56-0,008x75=0,96

Tuong tu, hé sb tir bién cua dam tinh tir lac truyén luc cho dén cudi
thoi ky khai thac: Wa(tr,ti)=Whir =1,134; va tinh tir lac thi cong ban mat cu
cho dén cuoi thoi ky khai thac: Wp(tr,ta)=Wndar =0,705; hé so tir bién cta ban
mat cau tinh dén cuoi thoi ky khai thac: Wa(tr,ta)=Paer =1,788.

Mt mat vmg sudt do co ngét xdy ra trong giai doan 1 (Afsr):

1

Eps Aps Ag (dps _Ytg)2

id — =
1+ £ A [1+ | ][1+0.7Wb(tf,ti)]

g

1

19700 3158 3,8x10° x 380,52
4 5 1+ 10
3,11x10* 3,8x10 5,56x10

=0,842

J[1+ 0,7x1,133]

Af sr = 85igEpsKig = 162x107° x 197000 0,842 = 26,88Mpa

Mat mat vmg sudt do tir bién xay ra trong giai doan 1 (Afycr)
Luc cap sau khi chiét giam mat mat ing suét tirc thoi:

Pi:fpiAps:(fpj'AprS)Aps:(1395'104,06)3158,7:4077. 103N

Pi I:)i (dps - ytg )2 M DC1

fop =—1~ + (dps_ytg):

Ag Ig IQ

4077x10% 4077 x10°x380,5° 710,16.10°
__ - = + 5 380,5=
3,8.10 5,56.10 5,56.10

=-16,46Mpa

E 19700

_ ps _ _

AprR = E—CI fcgp Yy (td s ti ) Kid = mlG, 46 x 0, 664 x 0,842 =
=58,17Mpa

Mt mat vng sudt do chiing nhdo trong giai doan 1 (Afori)
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fo(f
AprrK—”[ﬂ-O,SSJ = @ﬁ@-@%j =13,17Mpa

L fy 30 \1674

Mat mat iing sudt do co ngdt xdy ra trén tiét dién lién hop (giai
doan 2) (Afesp)

1

E A Ag B
1+ P lq477¢" 1140,7%, (t,,t.
JrEci ACL " I, }[ T b(f I)}

de =

1

19700 3158 6,46 x10° x 6842
1+ : 1+ 1
31166 6,46 x10 1.41x10

=0,852

J[1+ 0,7x1,134]

Af sp = &gt EpsKgr =114x107° x197000x 0,85 =19, 26Mpa

Mat mat iing sudt do tir bién xdy ra trén tiét dién lién hop (giai
doan 2) (Afpcep)

M Mpes +M
Ade — DC2 (dps _ytg) + DC3I Dw

lg

(dps - ytc) =

c

6 6 6
_ 08410" 3905, 17994107+ 247107 5 15 _ g 36Mpa
5,56.10 1,14.10
E s Eps
Afpep = . fcgp‘[‘Pb (tf e ) -¥ (td 4 )] K = EAfcd\Pb (tf L ) Kar
ci Cl
1970915 46[1,134-0,664]0,852 - 22720 8 360,705 % 0,852 =
31166 31166
=9,91Mpa

Mt mat g sudt do ching nhéo xady ra trén tiét dién lién hop (giai
doan 2) (Afor2)

Af Ry = Afry =13 17Mpa
Ung sudt gia tang trong cdp du g luc do co ngdt ciia ban mdt
cau (Afpss)

Do thay ddi tmg sudt trén bé tong tai trong tim cap du Gng luc do
co ngot ciia ban mat cau Af 4 la:
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A E 1 eyt
Af . = €ddf NdEcd I o I
- [1+0,7\|/d(tf,td)}( A j

C c

Af . _436.10°x315000x27691( 1 684x434)_
o [1+0,7x1,788] 6,46.10° 1,14.10"
=0,93Mpa
058 = 19709 ,93x0,852[1+0,7x0,705] = 7, 495Mpa
31166

Tong mat mat ing suit theo thoi gian:
Afy g = (Afygp +Afcq + Aprl)id +(Afysp + Afyop + Af g, — Afgg )df
=(26,88+58,17+13,17)+(19,26 +9,91+13,17 - 7,49) =
=133,08Mpa

X4c dinh mat mat wng suat dai han theo phwong phap xp xi:

FoiAps
Af, =10 TnYst +83VpYs + Afpr
Ag

Trong d6: Hé sb hiéu chinh xét téi do 4m twong d6i cia méi trudng
v, =17-0,01H=17-0,01x75=0,95;
Hé sb xét anh hudng cudong do bé tong khi truyén luc

_ 3% 3 0778
7+f', 7+38

Yst

Mat mat Gng suat do ching nhdo Afyr dugce liy bang 17MPa doi
véi tao cap ¢6 do chung thap.

Do d6, tong mat mét tng suét theo thdi gian duge xac dinh bang
cach xap xi nhu sau:

fijps
Af = 10A—YhYst +83yyq +Af R =

g
_10 1395x 3158, 7

3,8.10°
=163,8Mpa

0,95x0,778+83x0,95x0,778+17

Két qua cho thiy phuwong phap xap xi cho mat mat (mg suat dai han
16n hon khoang 18% so voi phwong phép tinh chi tiét timg phan. Trong vi
du ndy, gia tri Af,7=133,08Mpa tir phuong phap timg phan s& duoc sir
dung trong céc kiém toan tiép theo.
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—P. I:)i ><(dps _ytg) I\/lDC

fi=—"m+ XYig = XYy =
Aq lg lg
_ 6 6 6
- 4,07.1(2 N 4,07.10 ><3£O,50 «647.80— 710,16.10 « 64780
3,80.10 5,56.10 5,56.10"
=-0,918 Mpa

Gia trj Ung suat 4m c6 nghia 13 thd dang xét chiu nén nén so sénh
v6i ing suat nén cho phép. Nhu 0 trén da tinh, Ung suat nén cho phép la
22,8Mpa va thoa diéu kién tmg suét cho phép.

- Ung suét thé dudi:

_p. Pix(d -y, M
A i i ( :)S g) Xybg + IDCl Xybg
g g g

_ 6 6
_ 4,07.1(; - 4,07.10 ><31§O,50 « 495,19 +
3,80.10 5,56.10

710 16.10°
5 56.10°

f, =

x 495,19 =-18,197 Mpa

Ung suat nén cho phép 1a 22,8Mpa.
—Thoa diéu kién trong giai doan truyén luc cua thd dudi.
Mat cat tai géi:
- Ung suit céap trong giai doan truyén lyc 1a:
fi =, — Af s =1395-104,06 =1290,9 Mpa
- Luc cap:

P, =f, xZA coso,; =1290,9x3155,7 = 4,07.10°N

- Ung suét thé trén:
_p. P x(d M
fo= AP' + l - V), XY =Yy
g g g

_ —4,07.10° 4,07.10°x 218,69

=+ 5 x 609,3 -
5,19.10 5,85.10
—ﬁx 609,3=1,437Mpa

Tri s6 Gmg suat duong co nghia la thd dang xét chiu kéo nén so
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sanh voi ung suat kéo cho phép. Nhu ¢ trén da tinh, ing suat kéo cho phép
la 1,38Mpa nén khong thoa diéu kién tng suét cho phép. Tuy nhién, do
chénh léch rat bé khoang 3% nén két qua c6 thé chap nhan dugc.

- Ung suét thé dudi:

_p. Px(d,-Yy, Mpe
R Pl a) Moy,
g g g

_ 6 6
_ 4,07.1(: ~4,07.10 X211'8’69><533,69
5,19.10 5,85.10

=+ Llo x 533,69 = -15,97Mpa
5,85.10

f, =

Ung suat nén cho phép la 22,8Mpa.

—=Thoa diéu kién trong giai doan truyén luc ctia thd dudi.

Kiém toan & trang thai giéi han sir dung:

- Ung suét kéo cho phép ciia bé tong:

[f]=0,5%/f', =0,5x/42 = 3,24Mpa

- Ung suét nén cho phép ciia bé tong:

[f.]=0,6xf' =18,9Mpa

MGt cdt gitka nhip:

- Ung suit cap trong giai doan truyén lyc 1a:
fe =f,; —Af,; =1395-327,15 =1157,8 Mpa
- Luc cap:

P =f; xZA cosa; =1157,8x3158,7 =3,65.10°N

- Ung suét thé trén:

_ P x(d . — My +M
ft:APf+ f ( Ips ytg)xytg_( Dc1I Dcz)xytg
g g g
Mpc, + Mpy + M
- XY =
IC
6 6
f _ 36510 +3,65.10 X380’50x647,80

3,80.10° 5,56.10°
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VP M, +0,5Nu +(ﬁ—0,5VS—Vp]COtge=

Tod, b

Vv

8 3
8,.210°7 TI67.107 ) 5 486.10° - 344.10° |cotg22,3 = 2489.10°N
1050 | 0,9
Vay:

VP =2489.10°N < VT = A f  =7921.10°N

Thoa diéu kién Iyc kéo trong thép doc.

Vidu 4:
900 870
P2¢ PB‘
—
S I
- l
E N — ’
: -
& e ——
3501 500 ]
850 920

Hinh 6.51: Pau dam cé mit cit khac
Khao sat bai toan dam bé tong ct thép voi cuong do bé tong
fo’=40MPa va c6 céc kich thudc khu vuc dau dam nhu Hinh 6.51. Chiéu
rong trung binh cua sudn dam tai khu vuc dau dam 1a 810 mm. Sau khi t6
hop tai trong ¢ trang thai gidi han cuong do, phan luc tai géi dam 1a
P1=1560 KN. Cac tai trong truc, tai trong lan va trong lugng ban than duoc
quy d6i thanh céc luc tap trung P2=267KN va P3=44,7KN.

Hé giang chéng duoc thiét 1ap Hinh 6.52 va ndi luc nhu Bang 6.4.
Béang 6.4: Noi lwc trong hé gian

GoOc nghiéng
Nhoém | Tén thanh gian | Lwe doc (KN) (do)
792,33
Thanh BC %0
giang EF 440,78 90
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Goc nghiéng

Nhém | Tén thanh gian | Lwe doc (KN) (do)
CE 428,65 0
AD 370,55 0
HF 1138,47 45
AH -1603,40 81
CD -900,85 62
DE _

Thanh 557,42 62

chong BE -068,43 0
BD -366,25 56
HB -1397,12 29

Hinh 6.52: Thiét 1ap mé hinh giang chéng
Du’a trén két qua ndi luc trong Bang 6.4, dién tich thép cua céc
thanh giang dugc xac dinh nhu sau:
Thanh giang HF
Véi ;=420 MPa va ¢=0,9, dién tich thép yéu cau:
Dién tich thép yéu cau:
F, 1138470

_ u

=L = =3011,8mm?
of,  0,9x420
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Chwong 7 LIEN TUC HOA CAC DAM GIAN PON

7.1. Muc dich lién tuc héa:
Uu diém két cdu nhip gian don:
- D& dang co gidi hoa va tiéu chuan héa dan dén giam gia thanh.
- Lao ldp van chuyén dé dang phu hop trinh do cac don vi thi cong.
Nhuoc diém két ciu nhip gian don:

- Khe co dan thuong bi bong bat tao xung kich 1én cho xe va duy tu
bao dudng.

- Phan phdi ndi luc khong déu.
- Kho ¢6 kha niang vuot khau do 1on.

Muc dich cua viéc lién tuc héa: St dung cac phuong phap lién tuc
hoa dé tan dung cac uu diém trong qua trinh thi cong cua két cau nhip gian
don, nhung sau khi 1ién tyc ho4 thi két cau s& 1am viéc t6t hon két cau gian
don.

7.2.Cac bién phap lién tuc:
7.2.1. Lién tuc nhiét:

Puoc tao ra tir cac chudi két cau nhip dam hodc diam ban gian don
nd1 véi nhau & murc ban mat cau, sau do dudi tac dung cua lyc doc va nhiét
do thi cau lam viéc nhu h¢é dam lién tuc, con dudi tdc dung thang ding hé
lam viéc nhu hé dam gian don (tuc 1a khi tinh dam thi tinh nhu ddm khong
co tac dyng cua ban mat cau, con khi tinh ban lién tuc thi c6 su tham gia
cua dam).

Bao dam lién tuc cac 16p 4o duong, tao €ém thuan khi Iuu thong.

Khong gy can tré cac bién dang von ¢ cia dam gian don.

Thi cong dé dang.

7.2.2. Lién tuc hoa:

La két cdu dam duge ndi lién tuc tir cac dam gian don thanh dam
lién tuc thuan tuy dudi tac dung khi ndi, nhu luc doc, nhiét do, tinh tai giai
doan 2, hoat tai, cac tai trong thir cap va cau lam viéc nhu dam lién tuc.

Khai thac dugc nhiing wu diém cia dam lién tuc khi dua vao khai
thac.

Cho phép giam tir 5-15% cdt thép du tng luc so voi thiét ké dam
gian don.
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7.3. Ban lién tuc nhiét:
7.3.1. Giai phap ciu tao:
Chd nbi két cau nhip goi 1a lién két chot.
Phan ban dé ndi két cau nhip goi 1a ban nbi.
Chiéu dai ban ndi con goi la chiéu dai ban lién tuc nhiét.
‘ Mot nhém dam gian don (’iuqc ndi lai véi nha}l goi la cklu(:)i, con
chiéu dai cac dam gian don dugc no1 vo1 nhau goi 1a chiéu dai chudi.
Ban lién tuc nhiét thuong sir dung trong dam c6 tiét dién lién hop.
7.3.1.1. Cdu tao chudi hop Iy:
Chuyén vi do nhiét do xay ra tinh 2 phia ké tir tim chudi.
St dung t6i da kha ning két ciu cua khe bién dang.

Bo tri goi tya cho cadc dam gian don trong mot chudi.

Chydj rdi =% 'HT %, diphai_
G— D
S ST R

Hinh 7.1: Cau tao chudi lién tuc nhiét

B tri cau chu yéu lam nhip 1¢ nén khi dat lién tuc nhiét ta chi can
dat mat cat gifra c6 dinh 1a du.

| Mit cit khong chuyén vi
1% 1%

Gdi cao su ‘

Hinh 7.2: Lién tuc nhiét khi ciu doc vé 2 phia

1% 1% 1%

G6i cao su
Hinh 7.3: Lién tuc nhiét khi ciu déc vé mot phia
7.3.1.2. Cdu tao ban lién tuc nhiét trong dam c6 tiét dién lién hop:
Chiéu dai ban lién tuc nhiét L, thong thuong tir 1,8 = 2,2m.
Chiéu dai ban mit cau véi chiéu dai ban lién tuc nhiét tbi thicu
L,+30d.
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Chuong 8 THIET KE CAU THEO CONG NGHE PUC
HANG CAN BANG

8.1. Gidi thiéu cong nghé:

Phuong phép thi cong hang noi chung va phuong phép thi cdng duc
hang can bang noi riéng thuong dung dé thi cong céc loai cau dam lién tuc,
cau khung... Trong phuong phap duc hang can bang, két cau nhip duoc
chia thanh nhiéu dbt dbi xtmg nhau qua mit cit dinh tru. Dbt dinh tru duoc
duc dau tién trén da gido mé rong tru dung dé lam mit bang 1ap thiét ké bi
duc (xe duc hay van khuén treo). Sau khi c¢6 xe duc cac ddt tiép theo s&
dugc duc ¢ trén xe diic vé 2 phia cia dinh try duc hang ddi xing.

Du so d6 tinh hoc ciia cdu c6 dang nao di nita thi trong qua trinh
dac hing can bang ludn luén 1am viée nhu mot cong son (c6 md men 4m tai
mit cat dinh tru). Trong luong cac d6t dam thi cong tiép theo, ké ca van
khuon da giao s& dugce dd boi cac d6t dam trude d6. Tung dot dam s& duoc
lién két véi phan da thi cong trude d6 bang cac bo cap Gng suat trudc ngay
khi ban than dét dam d6 da du cudong d6 theo du kién thiét ké.

Céu duc hing n6i chung va cau dic hang can bang noi riéng do cd
ddc diém 1a hé da giao phﬁn 16n duge treo trén dam va luan chuyén nén tao
ra nhitng wu diém co ban sau: giam dang ké khdi lugng van khudn da gido,
co gidi hoa thi cong, cho phép trién khai dong thoi nhiéu mii thi cong, ting
nang suat lao dong, khong can tré giao thong dudng thuy, duong bo phia
dudi cau trong thoi gian thi cong. Két cau nay rat thich hop khi phai xay
dung tru rat cao vuot qua thung ling siu.

8.2. Céu tao két cAu nhip:
C6 ba dang co ban: nhip lién tuc, cdu khung va khung dam lién tuc.

Dam lién tuc: Dam nhip lién tuc so v0i dang c6 khop tai gitra nhip
thi khong tao gy goc tai gitra nhip, mat cdu ém thuan, bién dang thing
dung tai gitta nhip do co ngot tir bién nho hon. Dam c¢6 kha ning co gian
theo phuong doc dudi tic dung cua bién thién nhiét do, co ngdt, tir bién.
N6i chung khi chiéu cao tru md thip. Cong tac duy tu bao dudng gdi so véi
cau khung phirc tap hon.

Cau khung: Dang két cau nay thich hop khi tru cao, cé thé giam
chiéu cao dam so véi phuong an dam lién tuc, khong gdy goc tai nhip giita,
mit cau ém thuén, d& duy tu bao dudng. Phat sinh ndi luc si€u tinh khi chiu
tac dung cua bién thién nhiét d9, co ngét, tir bién Tuy nhién do dam ngém
vao try kha nang chiu luc ngang do dong dat t6t, dong thoi do khong co gbi
nén chi phi xdy dung co thé giam so voi dam lién tuc. Dleu dac biét quan
trong 14 khi c6 mot phan két cau dat dén trang thai chay van c6 sy phan b
luc va chua dan dén pha hoai cong trinh.
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Dang két cau khung dam lién tuc 1a giai phap ket ciu trung gian
gitra hai dang ket ciu néu trén (c6 mot sd try ngam, mot s6 tru dit gdi) do
d6 s& co mot s6 uu diém cua ca hai loai két cAu nay.

8.3. C4c ndi dung thiét ké:
8.3.1. Tinh dic trung hinh hoc tiét dién theo cac giai doan thi cong:

DPuong cong day dam thudng dugc xac dinh theo phuong trinh béc
hai: y=ax?+bx+c

Thong qua toa do cua 2 diém tai mat cit dinh try va mat cat gitra
nhip, 14y diém tai mat cét gitra nhip 1am dinh parabol, bé qua doan hop long
giita vi doan nay nim ngang.

Buong cong ban day dam hop xac dinh tuong ty tur toa d cac diém
thudc ban day tai mat cat dinh try va mat cat gitra nhip, lay diém tai mat E:Elt
gitta nhip lam dinh parabol, b6 qua doan hgp long gitra vi doan ndy nam
ngang.
8.3.1.1. Céng thirc xdc dinh ddc trung hinh hoc cia tiét dién nguyén:

Gia sur ¢6 mot ti€t dién dam nhu sau:

2 111 10
Hinh 8.1: Tiét dién dam dién hinh dwoc danh sb tai cac diém
Dién tich mat cat ngang:
1 o
A= EZ(XM =X )(yi + Yi+1)

i=1

-2.= Z i1 = X)) (Vi + Yis)

|21

(8.1)

M6 men tinh cua dam doi véi truc x-X:
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1 10
Sy == 2 (X =X )(yi2 TYiaYit yi2+l)

64
'1‘128 (8.2)
_25 2 (X=X )(yi2 HYiaYi t yi2+1)
i-21
M6 men quan tinh dbi véi truc x-X:

oL N B 3,2 2,3
=752 (Xia Xi)(yi TYiaYi tYiaYi +Yi+1)

12 (8.3)

1 28
_2'5 2 (X=X )(Yi3 +YiaYi +YiaYi + yi3+l)
i=21
Trong do:
i, i+1... 1a cac diém gap khuc tao nén dam hop.
Nhéan xét:

Cach danh sd trén thuan tién cho viéc 1ap trinh tinh toan tuy dong
Khi tinh déc trung hinh hoc cua tiét dién, hon nita don gian va cho két qua
chinh xac hon cach chia nho ra dé tinh.
8.3.1.2. Bdc trung hinh hoc tiét dién nguyén cé xét dén giam yéu:

Vi qué trinh thi céng ciu dic hing bao gom nhiéu giai doan nén
dac trung hinh hoc bi thay doi lién tuc trong céc giai doan thi cong, & moi
tho1 diém cang cap thi dac trung hinh hoc lai thay déi va dac trung hinh hoc
lai b1 giam y€u bd1 ong gen cap du ing luc.

Dién tich tiét dién tai mat cit bat ky (i-i) c6 xét dén giam yéu:
_ capam capHLB capHLG
Aifi =A- ZAgen - ZAgen - ZAgen (84)

Trong do:
Ai.i: Dién tich tiét dién nguyén c6 xét dén giam yéu do dng gen tai
mat cat dang xét (i-1);

A : Dién tich tiét dién nguyén tai mat cit dang xét (i-i);

Agiﬁam : Dién tich 6ng gen cua cap dy tng luc chju md men 4m tai
mit cat dang xét (i-i);

capHLB
Agen :

tai mat cat dang xét (i-i);

Dién tich éng gen cua cap du tmg luc hop long bién(HLB)
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cong thic sau tong quat bang cach 1ay tich phan trong pham vi timg dét:

] M'pj.M' -

— 1kj
o= f s (8.35)
i=1 |j ci'i
ij
q
t +—t —t t +—t —t
N KO K1 K2 .. Kno e Kj N KO K1 K2 .. Kno e Kj
P=1 My
N KO K1 K2 ... Kn - Kj N KO K1 K2 ... Kn - Kj
a) | L | 1, [ Im [ - li | b) | L | 1, [ -] Im [ - 1i |

Hinh 8.15: Tai trong ban than va md men do cic dot dic
a) Tai trong ban than; b) Biéu d6 mé men
Trong do:
’ Miy;: Biéu d6 m6 men do tai trong ban than khéi Kj tic dung trong
doan dot K; ;
Milkj: Biéu ¢ m6 men don vi do tai trong P = 1 don vi dat tai dau
dot Km trong pham vi dot K ;
E.: M0 dun dan hoi cua d6t Ki vao thoi diém tai trong khoi K; tac
dung
li: M6 men quén tinh trung binh trong doan d6t Ki vao thoi diém tai
trong khoir K j tac dung;
li: Chiéu dai dot Ki.
Bién dang tir bién do tdi trong bdn thin cdc dot diic hang:
o Tai trong ]:)én than ctia cac d6t dic hing gdy ra mot bién dang tur
bién do1 vai cac dot khac.
Goi a" 14 bién dang tlr bién tai mat cat dau dét Ki vao thoi diém
bat dau cang cap cho dot hop long bién.

9
cr cr __cr cr cr cr
o = zaij = Qjp T 0z +...F Qg + Ajg (8.36)
=
Trong do6:

o : Bién dang tir bién tai dau dt Ki do tai trong ban than ddt K;
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Chwong 9 GIOI THIEU CAU VOM ONG THEP NHOI
BE TONG VA CAU TREO DAY VANG

9.1. Gi6i thiéu chung vé ciu vom dng thép nhoi bé tong:
9.1.1. Gio6i thiéu chung:

Cau vom 6ng thép nhoi bé tong da duoc xdy dung tai Lién X0 tir
nhirng nim 1930 véi 2 cau khau do 140m qua séng Ixet va 101m qua song
Neva. Trong thoi gian tur nam 1990 dén nay, cau vom dng thép nhoi bé téng
d3 duogc phat trién manh mé ¢ Trung Quoc v6i nhiéu loai hinh két cau nhip
vom chay trén, chay dudi, chay gita, két cau co hodc khong c6 thanh cang.
Véi cac tiét dién to hop tir 3 ong thép tro 1én, cau vom 6ng thép nhdi bé
tong c6 thé vuot nhip 1én t6i 360m. Hién nay, cac nudc khac trén thé giéi
con st dung két ciu dng thép nhdi bé tong trong linh vuc xdy dung. Nga,
Phéap, My, Cannada, va nhiéu nuéc khac ciing da quan tim dén két cau nay.

Tai Viét Nam ciing dé xay dung xong 3 cau vom ong theép nhoi trén
duong Nguyen Vién Linh — thanh pho Ho Chi Minh do tu van nudc ngoai
thiét ké. O phia Béc cling c6 mot s6 cau duoc thiét ké nhu cau Han, cau
bong Tru ... do cac chuyén gia va k¥ su Viét Nam chu tri.

9.1.2. Cac loai két cAu dng thép nhoi bé tong:

Cot thep bé tong lién hop dugc dinh nghia nhu la két cau chiu nén
hodc c6 thé thép duge boc trong bé tong hodc bé tong nhoi trong 6ng thép.
Tuy thude cac chung loai va hinh dang c6 thé chia ra 1am 3 loai ¢4t lién hop
thuong dung trong xay dung nhu sau:

7 5 5

77 -

/] 74
a) b)

w
N

N\

he

NN

4.

Hinh 9.1: Cac dang két cAu 6ng thép nhdi bé tong
Loai 1: Thép két ciu (cét cung) dugc boc bé‘mg bé tong (hinh a, b,
c). bap ung day du cac yéu cau ky thuat vé phong chay, don gian khi can
tang cuong do bang cach thém cot thép & 16p bé tong ngoai. Tuy nhién viéc
kiém tra va xu 1y két cau thép bén trong khong thé thuc hién. Chung loai
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