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Chuong I
KET CAU BE TONG UNG SUAT TRUGC

I.1  Khai niém chung vé bé tong ing suat trudc:

Bé tong ung luc trude (BT ULT) la bé tong, trong d6 thong qua luc nén trude
dé tao ra va phan b6 mot luong ting suat bén trong phut hgp nhim can bang véi mot
lugng mong mudn tng sudt do tai trong ngoai gay ra. Véi cac cau kién BT ULT, ting
suat thuong duogc tao ra bang cach kéo thép cuong do cao.

Bé tong thuong cé cuong do chiu kéo rat nho so véi cuong do chiu nén. D6
1a nhan t6 dan dén viéc xuat hién mot loai vat liéu hén hop 1a “bé tong cot thép”
(BTCT).

Viéc xuét hién sém cua cac vét nit trong BTCT do bién dang khong tuong
thich giita thép va bé tong la diém khdi ddu cho viéc xuat hién mot loai vat liéu méi
la “bé tong ung suat trudc”. Viéc tao ra mot ng sudt nén c6 dinh cho mot vat liéu
chiu nén t6t nhung chiu kéo kém nhu bé tong sé& lam ting ddng ké kha ning chiu
kéo vi tng suat kéo xay ra sau khi ting suat nén da bi vo hiéu. Su khac nhau co ban
gitta BTCT va bé tong ULT 1a & chd trong khi BTCT chi 1a su két hgp don thuan
gifta bé tong va cot thép dé ching cling lam viéc mot cach bi dong thi bé tong ULT
la su két hop mot cach tich cuc, c¢6 cha y gilta bé tong cuong do cao va cot thép
cuong do cao. Trong cdu kién bé tong ULT, nguoi ta dat vao mot luc nén trude tao
bdi viec kéo cot thép, nho tinh dan hoéi, cot thép ¢ xu hudng co lai va s€ tao nén luc
nén trudc, luc nén trudc nay gay nén ung suat nén trudc trong bé tong va sé triét tiéu
hay lam giam tng suat kéo do tai trong st dung gy ra, do vay lam tang kha nang
chiu kéo ctia bé tong va 1am han ch€ su phat trién ciia vét niit. Su két hop rat hiéu
qua d6 da tan dung duoc céc tinh chit dac thu cua hai loai vat liéu, d6 1a trong khi
thép ¢6 tinh dan hoi va cudong do chiu kéo cao thi bé tong la vat lieu don va cé
cuong do chiu kéo rat nho so véi cuong do chiu nén cua nd. Nhu vay ung luc trude
chinh 1a viéc tao ra cho két cdu mot cach c¢6 chu y cédc ing suét tam thoi nham tang

cuong su lam viéc cta vat liéu trong céc diéu kién st dung khac nhau. Chinh vi vay
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bé tong ULT da tré thanh mot su két hop 1y tudng gitra hai loai vat liéu hién dai c6
cuong do cao.

So v6i BTCT thudng, BTCT ting suét trudc ¢é cac wu diém co ban sau:

- Can thi€t va c6 thé dung dugc thép cudng do cao.

Ung suét trong thép thong thudng giam tir 100 dén 240Mpa , nhu vay, dé
phan tng suét bi mat di chi 1a mot phan nhd ctia Gng sudt ban dau thi tng suét ban
ddu ctia thép phai rét cao, vao khoang 1200 dén 2000Mpa. Dé dat dugc diéu nay thi
viéc st dung thép cuong do cao la thich hgp nhat.

Can phai sur dung bé tong cuong do cao trong BTCT ULT vi loai vat liéu nay

¢6 kha nang chiu kéo, chiu cit, chiu uén cao va stic chiu tai cao. Bé tong cudng do
cao it xay ra vét nit do co ngét, c6 mo dun dan hoi cao hon, bién dang do tur bién it
hon, do d6 tng suit trudc trong thép sé bi mat it hon. Viéc sit dung bé tong cuong
do cao s€ lam giam kich thudc ti€t dién ngang cua ciu kién. Viéc giam trong luong
ctia cdu kién, vuot nhip 16n hon s€ lam tang hiéu qua kinh t€ va ky thuét.
- (6 kha nang chong nut cao hon (do dé kha nang chong tham t6t hon). Dung
BTCT ULT, nguoi ta c6 thé tao ra cdc cau kién khong xudt hién céc khe nit trong
viing bé tong chiu kéo hodc han ché su phét trién bé rong ctia khe nit khi chiu tai
trong st dung.

- C6 do ciing 16n hon (do d6 c¢6 do vong va bién dang bé hon).

I.2  Cac phuong phap gay tng suat truéce:
I.2.1 Phuong phap cang trudc:

Phuong phdp nay thuong st dung cho quy trinh san xuét cic cdu kién dic
san. Cot thép ULT dugc neo mot dau c6 dinh vao bé con dau kia duogc kéo ra véi luc
kéo N. Duéi tac dung ctia luc N, c6t thép duoc kéo trong gidi han dan hdi va s€ gian
dai ra mot doan, tuong Gng vGi cac Gng sudt xuat hién trong co6t thép. Khi do, dau
con lai ctia c6t thép dugc c6 dinh nét vao bé. Do bé tong, doi cho bé tong dong ciing
va dat cuong do can thiét thi buong c6t thép. Nhu mot 10 so bi kéo cang, cac cot thép
nay c¢6 xu hudng co ngén lai va thong qua luc dinh giita thép va bé tong, cau kién s&

bi nén vdi gid tri bang luc N da dung khi kéo c6t thép. Uu diém cua phuong phdp
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ciang truc 1a c¢6 thé phan bo luc nén déu dan trong cau kién. Nhuoc diém clia

phuong phap nay 1a phai 1ap dat bé ty phiic tap.

a) |

S

b) ﬁ/‘

Hinh I.1: So d6 phuong phép cang trudc
a- Trude khi budng cot thép ULT; b- Sau khi buong cot thép ULT
1- Cot thép ULT; 2 - Bé cang; 3 - Van khuon;
4 - Thiét bi kéo thép; 5 - Thiét bi c6 dinh thép.
[.2.2 Phuong phap cang sau:

Phuong phdp nay thudng st dung cho két ciu bé tong d6 tai chd. Trudc hét
dat thép ULT va c6t thép thong thudng r6i d6 bé tong. Khi bé tong dat dén cudong do
nhat dinh thi tién hanh cang c6t thép véi tng suat quy dinh. Sau khi cang xong, cot
thép ULT dugc neo chat vao dau cdu kién, thong qua cac neo dd, cau kién sé bi nén
bang luc da dung khi kéo cang cot thép. Trong phuong phap cing sau, két cdu BTCT
ULT duoc chia lam 2 loai: két cau bé tong ULT dung cap dinh két va két cau bé
tong ULT dung cap khong dinh két. Loai két cdu bé tong ULT dung cap dinh két,
khi thi cong phai dat sdn ong gen dé luén cdp, sau khi kéo cang cot thép, tién hanh
bom phut vita xi miang mac cao dé cheén 14p khe h& gitta cdp thép va ong gen. Dau
cap thép duoc neo chit bing ném vao bé tong va trg thanh cac diém tua truyén luc
nén vao bé tong.

Uu diém cuia phuong phdp cang sau 1a khong can bé ty riéng, c6 thé dé dang
thi cong kéo cang thép tai vi tri két cau tai cong trinh nhu than xi 16, 6ng khai, dam,

san...
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b)

Hinh 1.2: So d6 phuong phép cang sau
a - Trong qué trinh cang; b- Sau khi cang
1- Cot thép ULT; 2 - C4u kién BTCT; 3 - 6ng ranh;
4 - Thiét bi kich; 5 - Neo.
1.2.3 Mot so cong nghé khac tao iing suat trudc:

Ngoai 2 phuong phdp cang trude va cang sau, trong BTCT ting sudt truéc con
str dung mot s6 phuong phap sau:
1.2.3.1 Sit dung xi mdng nd tao ting sudt trudc trong bé tong:

Theo phuong phdp nay, trong qua trinh ninh két va phat trién cudong do, xi
mang nd 1am tang thé tich, cdc cot thép trong bé tong s€ ngin can su dan nd cla xi
mang, két qua la trong bé tong c6 mot luc nén khoang 600-700Mpa.

Ngudi ta ¢6 thé str dung loai xi mang dic biét cho su truong nd nay. Song,
thuc t€ cling c6 thé bién xi ming Pooclang thong thudng thanh loai xi mang dic biét
nay bang cdch tron thém phu gia aluminat va thach cao. Loai xi mang truong no tu
tao ng suat trudc nay dung dé ché tao cac két cau nhu bé chita, cau tau, coc, dam,
panen mai che cho nha cong nghiép. Phuong phdp nay con goi la phuong phap hoa
hoc dé tao ULT.
1.2.3.2 Dung kich ép ngoai dé tao ting sudt trudc:

Khac v6i 2 phuong phap cang trudc va cang sau, kich dat & 2 dau két cau
khong dung dé kéo cang cot thép ra ma dung dé ép chat cau kién bé tong lai, cdp
hoac cot thép dugc neo vao cac goi tua. Sau khi bo kich ra, tao ra truong ULT ludn

dugc duy tri trong két cau.
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Hinh 1.3: So d6 tao ULT bang kich ép ngoai
1 - C4u kién BTCT ULT; 2 - Kich; 3 - Bé ty

I.3  Vatliéu sir dung cho bé tong ting suat trudc:
I.3.1 Beé tong cuong do cao:

Bé tong tng suat trudc yéu cau st dung bé tong dat cuong do chiu nén cao
trong thoi gian ngan v6i cudng do chiu kéo tuong d6i cao hon so véi bé tong thong
thuong, do co ngdt thap, tinh tir bién thap nhat va gid tri moé dun dan hoi 16n. Theo
tieu chudn An Do IS:1343-1980, cuong do chiu nén cua khoi 1ap phuong tai 28 ngay
tudi 1a 40Mpa d6i véi cau kién cang truée va 30Mpa d6i voi cau kién cang sau. Theo
tieu chuan ACI318, bé tong dat cudng do chiu nén tai 28 ngay tudi tir 27.58 dén
68.95 Mpa.
1.3.1.1 Ung sudt cho phép trong bé tong theo tiéu chudn ACI 318-2002:

Ung sudt cho phép trong beé tong duoc quy dinh va khéng ché tuy theo timg
tieu chudn. Theo tiéu chuan ACI 318-2002 duoc quy dinh nhu sau:
1.3.1.1.1 Ung suat trong bé tong ngay sau khi truyén luc tng sudt trudc (truéc khi
xdy ra ton hao ing suat) khong dugc vuot qud céc gia tri sau:

+ Ung sudt nén 16n nhét: 0.60f,, .
+ Ung suat kéo tai 2 ddu miit ctia cu kién c6 g6i tua don gian: 0.5/ f,
+ Ung sudt kéo tai cdc vi tri khdc: 0.254/ f

Néu tng suat kéo vuot qua cac gia tri trén thi can bo tri thém thép chiu kéo
(thép thudng hoic thép tng suat trudc) vao viing chiu kéo dé chiu téng Iuc kéo trong
bé tong duoc tinh todn véi gia thiét tiét dién khong bi niit.
1.3.1.1.2 Ung suit tng v6i tai trong 1am viéc (sau khi di xay ra tén hao tng suét):

+ Ung sudt nén 16n nhat do tai trong dai han: 0.45f.".
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+ Ung sudt nén 16n nhit do téng tai trong: 0.60f. .
+ Ung suat kéo 16n nhat véi tiét dien khong cho phép nit: 0.5 f,
+ Ung suat kéo 16n nhat véi tiét dien cho phép niit: 4/ f,

Ung suit c6 thé vuot qué tng suat cho phép néu phan tich va kiém tra ching
to dugc két cau khong bi hu hong.
1.3.1.2 M6 dun dan hoi cuia bé tong:

Dac trung tng suit - bi€n dang ctia bé tong khi chiu nén khong phai la tuyén
tinh nhung véi tai trong khong vugt qua 30% cudng do pha hoai thi c6 thé gia thiét
bién dang la tuyén tinh. Can xac dinh dac tinh bién dang cla bé tong dudi tic dung
clia tai trong ngén han va tai trong dai han dé xéac dinh cudng do chiu uén va mo dun
dan hoi, tir d6 tinh toan do vong cua cau kién tng suét trudc. Mo dun dan hoi cta bé
tong tang l1én cung véi cuong do chiu nén trung binh cta bé tong nhung véi téc do

cham hon. Theo tiéu chuin ACI 318-2002, m6 dun dan héi ctha bé tong:

E.=4730,/f. (Mpa).
1.3.2 Thép cuong do cao:

Thép tng suit trudc co thé 1a soi, cdp hodc thanh thép hop kim.
- Thép sai st dung cho bé tong ULT noéi chung tuan theo tiéu chuan ASTM A-
421. Soi thép duoc quén thanh cudn va duoc cat va lap & nha mdy hay tai hién
truong. Trudc khi thi cong, soi thép cin dugc vé sinh bé mit dé tang luc dinh két véi
bé tong.
- C4p ting sudt trudc phd bién nhat 12 loai cdp 7 soi, c6 cudng do chiu kéo t6i han
f,, 1a 1720Mpa va 1860Mpa, két dinh hodc khong két dinh.

Hién nay, ngoai loai cdp don 7 sgi con ¢6 loai cdp bao gébm nhiéu cap don két
hop véi nhau . Loai cdp nay ¢6 wu diém 12 mong, nhe va déo.
- Thép thanh st dung cho bé tong ULT tuén theo tiéu chudn ASTM A-322 va A-
29, v6i yéu cau c6 tng suit pha hoai dat t6i 90% cuong do gii han. Mac du cuong
do gi6i han thuc t€ thuong dat t6i 1100 MPa, nhung gid tri tiéu chuin nho nhat

thudong 14y 12 1000 MPa. Hau hét cdc tiéu chuin thudong dua ra giGi han chdy nho

PGS Phan Quang Minh(HUCE) - Thiét ké'san bé tong iing luc truoc



nhat 1a 896 MPa mac du gia tri thuc t&€ con cao hon. Do gidn dai nho nhat tai lic pha

hoai & vi tri chiéu dai bang 20 l1an duong kinh 1a 4%, v6i do giam nhd nhat cua tiét

dién tai lic phd hoai l1a 25%.

Thép cuong d0 cao dugc san xudt tir hop kim bao gom mangan, silic,

cacbon,...bang phuong phdp cdn nguoi hodc bang phuong phdp cdn néng va dugc

to1, lam cho cung.
a)

Permanent comosion

/in" bitng coating
Plastic sheath ira"d

Hinh 1.4: Céc loai cap tng suat trudc

a-Cap 7 soi(cap don)

b)

b-Cép det

Ung sudt kéo cho phép trong thép theo ACI:

c)

el siesl g

— piEshc ducl

c-Cép nhiéu sgi

SeiTeEnt  grim
Baira
sirards

+ Ung sudt 16n nhat do cang thép (true khi truyén tng sudt) khong duoc vuot qua
s6 nho hon cua: 0.80f,, va 0.94f

+ Ung suit kéo 16n nhat ngay sau khi truyén luc tng suét truéc khong duoc vuot qua

s6 nho hon cua: 0.74f, va 0.82f

+ Ung sudt 16n nhat trong thép cang sau tai viing neo ngay sau khi neo thép: 0.70f,,

Bang 1.1 Mot s6 dac tinh cua cap ung suat trude

13mm 15mm

Loai cap EN318 hoac |ASTM A416| EN318 hoac | ASTM A416

BS 5896 super| Grade 270 [ BS 5896 super| Grade 270
Puong kinh danh dinh mm 12.9 12.7 15.7 15.2
Dién tich danh dinh mm’ 100 98.7 150 140
Khoi luong danh dinh kg/m 0.785 0.775 1.18 1.1
Cudng do chiu cat Mpa 1580 1670 1500 1670
Cuong do chiu kéo Mpa 1860 1860 1770 1860
Tai trong phd hoai nho nhit kN 186 183.7 265 260.7
Mo dun dan hoi GPa 195
Do dan dai % I6n nhat 2.5
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I.3.3 Cac vat liéu khac:

Ngoai 2 vat liéu chinh 1a bé tong cudong do cao va thép cudng do cao con co
mot sO vat liéu khac:
1.2.3.1 OA/ng gen:

Dai véi bé tong ULT cang sau dinh két thi can dat san 6ng gen trong bé tong.
C6 2 loai 6ng gen thuong dung:
- Loai bing ton mong 0.2 - 0.3mm c6 pha chi d€ 1am gidm ma sat cudén mép va
cu6n theo ki€u xoan rudt g.
- 6ng gen bang cac loai dng kim loai, 6ng tron tron ¢6 bé day 2 - 4mm.

Yéu cdu 6ng gen 1a phai chong tham t6t dé giit cho nuéec xi mang khong tham
vao ong trong qud trinh d6 bé tong va bao vé cdp, 6ng phai bén khong bi hu hong
bién dang trong qud trinh thi cong. Tuy nhién, 6ng lai phdi mém dé dat cong theo

thi€t k& va ma sat gitta 6ng gen v6i cap khong dugce qua 16n.

>

77
7 "///,’)
/>

Hinh L.5: C4u tao 6ng gen
1-6ng gen; 2- bo cap; 3- 16 phut vita
1.2.3.2 Vita phut:
Sau khi cang cép va neo, can 1dp day k& ho trong 6ng gen bang vita xi mang.
Vita dugc phut vao ong gen dudi ap luc khoang 6atm. Cuong do cua vita sau 7 ngay
it nhat phai dat 2000Mpa.

I.4  Thiét bi st dung tao ing suat trudc:
I1.4.1 Phuong phap cang trudc:

Heé thong tao ULT bao gom hai khéi neo dat cach nhau mot khoang céach nao
do, thép ULT duoc cang giita hai kh6i neo nay trudc khi dé bé tong, luc cing duoc

tao boi cac kich thuy luc hoac kich vit 16n.
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I[.4.1 Phuong phap cang sau:

C4c thiét bi can thiét d6i véi phuong phap cang sau bao gom:
- Bom va kich tao ULT
- Neo
- May ludn cép
- Thiét bi cat cap
- Hoén hop vita va bom vita

M4y luén cép va thiét bi dé bom vita chi can thi€t doi vdi cdu kién bé tong
ULT st dung cép dinh két. Cap c6 thé duoc ludn vao 6ng dan trudc khi diat 6ng dan
vao vi tri hoac sau khi dat 6ng dan vao vi tri . Néu cdp ngén thi khong can st dung
may ludn cép.

Neo dugc thiét k&€ d€ c6 dinh cap & cd hai ddu cdp. Dadi véi cdp khong dai 1am
(dudi 30m), 6 thé bo tri mot ddu neo ¢6 dinh va mot ddu neo cong tdc. Khi cdp qua
dai thi bo tri neo cong tdc tao ULT & ca hai dau dé tranh t6n hao tng suit do ma sét.
Cau tao neo don gian, cdp can phai dai qua dau neo mot doan va s& duoc cit ngan
sau khi truyén luc tng suét. Hién nay neo cong tdc duoc st dung pho bién nhat 1a hé
neo Freyssinet dung ném hinh con dé kep chit soi cap. Neo bao gém ban dém bang
thép c6 16 dé cdp ludn qua, ném hinh con va 10 xo d€ tranh Gng suét cuc bo trong bé
tong viing neo. Ném hinh con s& tu dong dich chuyén vé phia ban dém dé khod cap
va ¢6 tic dung nhu mot bo phan truyén tng suit tv dong. Neo dugc ché tao dé thuan
loi cho viéc do do dan dai ctia cap va gia tai ULT.

C6 4 dang thiét bi cang thép
- Cang bang thiét bi co khi: thiét bi nay thudong bao gém céc khéi niang cé hoac
khong c6 bo truyén luc don bdy, bo truyén luc banh ring két hop vé6i khoi rong roc
c6 hoidc khong c6 banh rang va mdy cuén soi. Thiét bi nay dugc sir dung chu yéu dé
san xuat cdc thanh pham bé tong ULT trong nha mdy véi quy mo 16n.
- Cang bang thiét bi thuy luc: day la thiét bi don gian nhat dé tao ra luc ULT I6n,
dugc str dung rong rai. Cac kich thuy luc thong dung ¢6 luc cang tir 5-100 tan. Cac
kich thuy luc 16n c6 luc cang tir 200-600 tan. Khi sir dung kich thuy luc, quan trong

nhat 1a phai do chinh xac luc cang trong sudt qua trinh cang.
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- Cang bang nguyén 1y dién hoc: phuong phdp nay tao luc ULT bing cdch nung
noéng cap bing dong dién, cap dugc neo trudc khi dé bé tong. Thép duoc nung néng
& nhiét do 300-400°C trong vong 3-5 phiit. Thép s& gidn dai ra khoang 0.4-0.5%. Sau
khi nguoi, thép s€ co ngan lai nhung bi neo céan trd. Thoi gian thép nguoi khoang 12-
15 phiit. Phuong phdp nay c6 thé tao ra ting suat cang ban dau tir 500-600 Mpa.

- Cing bang phuong phap hod hoc: sit dung xi méang truong nd dé tao ULT, do

gian nd duoc diéu chinh bang phuong phéap bao dudng.

b)

Hinh 1.6: Cau tao neo

a- Neo cong tic;  b- Neo c6 dinh
1-Cép ; 2- dai xoan; 3- ban thép dém; 4- neo;
5- vita xi mang bit 16 neo; 6- ciu kién bé tong.
I.5 Toén hao tng suat:

Ung suét ban ddu trong bé tong s& giam theo thoi gian tir khi truyén ting suat
do nhiéu nguyén nhan. Hién tuong nay duoc goi 1a “tén hao ting suat”. Viéc xac
dinh chinh xdc do 16n cla ton hao tUng sudt rdt can thiét khi thi€t k€. C6 nhiéu
nguyén nhan gay ton hao ting suit. C6 loai hao ing suat xdy ra ngay sau khi truyén

ung sudt, cé loai hao ting suit xay ra theo thoi gian.
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Bang 1.2 1a mot s6 loai hao tng suat trong bé tong ULT st dung phuong phap
cang trudc va cang sau.

Bang 1.2 Cac loai hao ing suat

STT [Cang truéc STT |Cang sau
1 {Do bién dang dan hoi 1 [N€&u cac sgi cap dugc cang
ctia bétong dong thoi thi khong xay ra

hao ting suat do bién dang dan
hoi.Néu cac sgi cap dugc cang
lan luot thi s€ xay ra hao tng

suét do bién dang dan hoéi cua

bé tong
2| Do chung tng suit trong 2|Do chung tng suat trong
thép thép

Do co ngdt cuia bé tong
Do tir bién ctia bé tong
Do ma sit

3|Do co ng6t cuia bé tong
4|Do tlt bi€n cua bé tong

(@)W A9, 3 IFSNg (O]

Do bién dang neo

Toén hao ng suit tong cong cho phép trong thiét ké:

Khi thiét k€ cdc cau kién bé tong ULT, ngudi ta thudng gia thiét tong tén hao
ing suat bang mot ty 1€ phan tram cta dGng suét ban dau. Vi hao ing suat phu thuoc
vao nhi€u yéu t6 nhu tinh chat ctia bé tong va thép, phuong phdp bao dudng, do 16n
clia tng sudt truéc va phuong phdp ULT nén rat khé x4c dinh chinh xéc téng t6n
hao tng suat. C6 thé dua ra mot ty 1¢ dién hinh clia t6ng tén hao ting suat trong diéu
kién lam viéc binh thudng nhu sau:

Bang 1.7 Ty 1¢é hao ting suat

Loai hao ting suét Ty 1¢ hao tng sudt (%)
Cang truéec | Cang sau

Co ngd6t dan hoi va udén cua bé tong 4 1

Tir bi€n clia bé tong 6 5

Co ngot cua bé tong 7 6

Chung tng suat cua thép 8 8

Téng cong 25 20
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Chuong 11
CAC PHUONG PHAP TINH TOAN SAN BE TONG UNG LUC TRUGC

II.1  Cac quan niém phan tich két cau bé tong itng luc trudce:

Hién nay, viéc phan tich ciu kién bé tong ULT dua trén ba quan niém co ban
sau:

I1.1.1 Quan niém thit nhat:

Quan niém nay coi bé tong ULT nhu vat liéu dan hoi, tinh toan theo Gng suat
cho phép.

Bé tong la vat liéu chiu nén tot, chiu kéo kém. Néu khong phai chiu ting suit
kéo do da dugc nén trudc thong qua viéc kéo trude cot thép, trong bé tong sé khong
bi xuat hién vét nit, nhu vay c6 thé xem nhu bé tong ULT la vat liéu dan héi. Véi
quan niém nay, khi bé tong dat vao trang thai chiu luc thi Gng suat kéo gay ra do tai
trong ngoai sé bi triét tiéu bdi ing sudt nén trudc, nhd vay sé han ché€ dugc bé rong
vét nit va khi vét nit chua xuét hién thi ¢6 thé st dung cdc phuong phdp cua ly
thuyét dan héi dé tinh todn.

I1.1.2 Quan niém thir hai:

Quan niém nay coi bé tong ULT lam viéc nhu BTCT thudng véi su két hgp
gilra bé tong va thép cuong do cao, bé tong chiu nén va thép chiu kéo va gay ra mot
cap ngau luc khang lai mé men do tai trong ngoai gay ra. Néu st dung thép cuong
do cao don thuan nhu thép thuong thi khi bé tong xuat hién vét nit, thép van chua
dat dén cuong do. Néu thép duoc kéo trude va neo vao bé tong thi s€ c6 dugc su bién
dang va tng suat phu hgp véi ca hai loai vat liéu.

I1.1.3 Quan niém thir ba:

Quan niém nay coi ULT nhu mot thanh phan can bang v6i mot phén tai trong
tdc dung 1én cdu kién trong qua trinh sir dung, tinh todn theo phuong phap can bang
tai trong. Pay 1a phuong phdp kha don gian va dé sir dung dé tinh todn, phan tich
céu kién BT ULT. Céap ULT duogc thay thé bang cdc luc twong duong tic dung vao

bé tong. Cap tao ra mot tai trong nguoc 1én, néu chon hinh dang cap va luc ULT phu
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hop s& can bang dugc cac tai trong tic dung lén san, do d6 do vong cua san tai moi

diém déu bang 0.
I1.1.3.1 Cdc hinh dang cdp va tdi trong cdn bang:
Tai trong . .
Hinh dang cap . So do tai can bang Do vong
can bang
| | M=Pe ML2
P = s 2 8El
| L L | L |
I — w2 = T¥ 2 wL?
P ———————="7F L T S 48E|
L L [ L L L
4
N 1______ L, | w=2 | A e oWl
| | L | Y | 384El
| b2 ] ur | " ‘
_Pe a(3-4a?)WL®
P | — —=="F W_al_ & T".'p' 'I"IIT & 24E|
o | o] =

11.1.3.2 Quy trinh tinh todn theo quan niém thir 3:

1- Tinh todn so bo tiét dién cot va chiéu day san, loai vat liéu sir dung. Kiém tra
choc thiing san do luc cit.

2- Xdc dinh tai trong can bang (chu yéu phu thuoc diéu kién kinh t€). Thong
thudng, tai trong can bing thudng 1ay vao khoang 0.8 - 1 1an trong luong ban than
san.

3- Xdc dinh hinh dang cép, tinh toan luc ULT yéu cau.

4- Phan tich san v6i céc tai trong: hoat tai, tinh tai, tdi ULT (sau khi da ké dén cac
hao tng suat).

5- Tinh todn tng sudt, kiém tra cdc giai doan lam viéc cta san, kiém tra do vong

va kha nang chiu luc.
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6- Tuy thuoc vao két qua ctia budc 5, c6 thé diéu chinh chiéu day san va luc ULT.
C6 thé b6 sung cot thép thudng dé han ché vét niit va tang kha nang chiu cat, luong
thép nay thuong bd tri qua dau cot hodc nhip bién.

I1.1.4 Nhan xét:

Viéc thiét k& san bé tong ULT déu c6 thé sir dung cac quan niém phan tich &
trén. M6i phuong phap déu c6 cdc wu nhuge diém riéng. Vi vay, van dé dat ra doi
v6i nguoi thiét k& 12 lua chon quan niém nao dé€ don gian ho4 viéc phan tich va tinh
toan, phtt hgp vé6i cong cu thiét k&€ hién c.

Két cau BTCT néi chung va két cau bé tong ULT néi riéng dugc tinh toan
theo hai trang thai gi6i han:

- Trang théi giGi han thi nhat: vé kha nang chiu luc.
- Trang thdi gidi han thd hai: vé di€u kién stt dung binh thuong (di€u kién vé bién
dang vong va nut)

Khi tinh toan két cau bé tong ULT, tuy theo tiing quan niém tinh todn c6 thé
xuat phdt tir trang thai giGi han thi nhat hodc thit hai réi kiém tra két cau véi trang
thai con lai.

Quan niém thd nhét va thi ba dé dang danh gid su 1a viéc clia céu kién trong
giai doan st dung nhung khong tinh toan dugc truc ti€p kha nang chiu lyc. Véi quan
niém thit hai thi viéc kiém tra trang thdi gidi han thit 2 phic tap hon.

Phuong phdp can bang tai trong cho phép nguoi thiét k€ du dodn dugc dé
dang do vong cua céu kién ngay tir khi chon tai trong can bang, nhat 1a déi v6i he
két cau siéu tinh.

Ung véi céc giai doan 1am viéc clia san c6 cdc trudng hop kiém tra nhu sau:

- Kiém tra lic buong neo:

Lic buong neo, san chiu tac dung cta cac luc: luc ULT, trong luong ban than

san.
- Kiém tra trong giai doan st dung:
V6i céc tai trong: luc ULT, tinh tai tiéu chudn va hoat tai tiéu chuan.

- Kiém tra kha nang chiu luc ctia san:
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Khé nang chiu tai ctia san bao gém kha nang chiu cét va chiu uon. Lic nay,
cu kién lam viéc cau kién chiu uén BTCT thuong. Tai trong tinh todn bao gdm tinh
tai tinh todn va hoat tai tinh toan.

- Kiém tra do vong, niit:

Do vong cuia san bao gdm do vong tiic thoi do hoat tai va do vong téng cong
do tai trong thuong xuyén. Do luc ULT sé€ gay ra do vong trong ciu kién nén mot
phan do vong do tai trong ban than cua san duoc khang lai bdi do vong do luc ULT.
Do vong tir bién do tai trong dai han duge tinh gan ding bang cédch 18y do vong do

tai trong dai han nhan véi hé so tir bién.

II.2 Cac phuong phap tinh toan néi luc trong san phang:

Dé phan tich san, tinh todn noi luc, Gng suat trong san c6 thé st dung nhiéu
cach khéac nhau. Du6i day gidi thiéu 3 phuong phap thong dung hién nay.
I1.2.1 Phuong phap phan phéi truc tiép:

Trong tinh toan ban san theo phuong phap phan phéi truc ti€p, mémen udn
M, cua timg 6 ban dugc phan phdi cho cic mién moémen am va moéomen duong dua
trén bang tra cac hé s6 dugc 1ap san. Phuong phap phan phoi truc ti€p mang tinh ting
dung cao, dé str dung va don gian. Tuy nhién pham vi sir dung hoi bi han ché.

Phuong phdp phdn phoi truc tiép theo tiéu chudn ACI:

Dé dam bao kha niang chiu uén cua san & trang thai gidi han du dé chiu duoc
mo men Am va mo men duong do tai trong bat loi nhat gay ra, tieu chuan ACI dua ra
cac diéu kién sau:

- Phai c6 it nhit 3 nhip lién tuc theo moi phuong.

- Céc nhip phai déu nhau. Theo timg phuong, cac nhip ké nhau khong dugc chénh
nhau qua 1/3 chiéu dai nhip 16n hon.

- Tat ca cdc tai trong déu la tai trong ding, hoat tai phai la tai trong phan bé déu
va nhd hon 2 1an tinh tai.

- Céc 0 san phai 1a hinh chit nhat, ty 1& nhip dai va nhip ngan khong dugc vuot

qua 2.
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- Cot khong dugc 1éch vi tri qua 10% khoang céach giita cac duong tim cot cua cac
cot k& ti€p nhau theo mdi phuong.

Quy trinh tinh todn theo phuong phdp phdn phoi truc tiép:
11.2.1.1 Xdc dinh mé men tong cong:

M6 men téng cong do tai trong tinh todn M,

AR
M. =—u2n II.1
0= g (L1)
Trong d6:  w,: tai trong phan bo

l,: bé rong dim - ban.

1,: chiéu dai thong thuy ctia nhip, dugc tinh 1a khoang cédch giita
2 mat trong cua goi tua (cot, mi cot, hoac vach) nhung khong dugc nhod hon 0.65],
(I, 1a khoang cach tam 2 g6i tua).
I11.2.1.2 Phdn phoi mé men cho cdc 6 bdn:

boi véi cac nhip trong, mé men M,, duoc phan phdi 65% cho m6 men am va
35% cho mo men duong. Gia tri nay xap xi nhu ddm ngam 2 dau chiu tai trong
phan bo dua trén gia thiét géc xoay ctia cdc di€ém lién két phia trong 12 khong dang
ké. Tiét dién t6i han doi v6i moé men am 1a ti€t dién tai vi tri mat goi tua (cot, tuong,
mii cOt) cua ban san. V&i cot tron, tiét dién t6i han d6i véi mo men Am nam tai vi tri
canh hinh vuodng tuong duong.

Dai v6i cac cot bién, luc chi tic dung 1én cot & mot phia nén sé gay ra mo
men khong can bang. Géc xoay s€ lam gidam mo men am va ting mo6 men duong &
gitta nhip va & goi trong dau tién. Do 16n géc xoay cua cot bién phu thudc vao do
cting cua cot tuong duong. Néu do ciing clia cot 16n so v6i do cing cua dam - ban,
cot s€ ngan can géc xoay cua bién ngoai ctua san va dong vai tro nhu mot lién két
ngam, ty 1é phan phdi mé men M, sé tuong tu nhu cac nhip trong (65% tai goi va
35% tai nhip). Nguoc lai, n€u do cing cua cot khong du 16n, cot dong vai tro nhu
mot g6i ¢6 dinh. Lic nay, mo men tai g6i ngoai s& bang 0, mo6 men giita nhip la
0.63M,, moO men tai goi trong diu tién bang 0.75M,. Néu san khong ¢6 dim bién, ty
1¢ phan phdi lan lugt cho cac tiét dién trén sé 1a 0.26M,, 0.50M,, 0.70M,. Néu san
c6 dam bién: 0.30M,, 0.50M,, 0.70M,,
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I1.2.1.3 Phdn phoi mé men cho cdc ddi nhip va ddi cot:

Sau khi phan ph6i moé men cho cac 6 ban, can phan phoi mo men cho céc dai

nhip va dai cot cua 6 ban.

dai nhip dai nhip

1aai cot] ] daicof  |daicof

N

&7

hal cot]
\."x
\
l\:

dai nhip
Wi
7

7

L2

T cof
N
-

dai nhip
7

Tdéi CQT
N

22
%5
RS /é

_

L2/|'4\l L!2/4 @

N
=1

\

N\
L1 L

Li<L'1 L2<L2

Hinh IL1. So d6 dai cot va dai nhip

Su phan ph6i m6 men am va moé men duong cho céc dai cot phu thudc vao ty

sO 1,/1, va al,/l,, v6i san khong dam a=0. Sau khi phan ph6i mé men cho dai cot,

luong mo6 men con lai s€ phan phdi cho dai nhip.
- Da6i v6i mo men duong, 60% s€ phan phoi cho dai

- Poi v6i mo men am:

cot.

Doi v6i nhip giita, 75% mo6 men am phan phai cho dai cot.

Doi véi nhip bién, sy phan phéi moé men phu thudc 1,/1,, aly/l;, d6 cing chéng

xo0an ctia dim bién g,.

_ E,C
2E.|,

JA

Trong d6:  E_ va E,: mo dun dan hoi cua bé tong dam va bé tong san

I;: m6 men quén tinh ctia dam ban

C: hing s6 lién quan dén do ciing chong xodn clia dam bién

X, X’y
C= 1-0.63—)—
2 ( y) 3
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vGi x 1a canh ngén, y 1a canh dai cua ti€t dién chit nhat thanh
phan trong tiét dién ngang chiu xoin trong pham vi chiéu cao tiét dién cot.
Néu g, rat nho, gan bang 0, 100% mo6 men am sé& phan phéi cho dai cot. Néu
B, >2.5 thi 75% mo6 men am s€ phan bo cho dai cot.

I1.2.2 Phuong phap khung tuong duong:

Vi luc cit va mo men udn trong san 1 do tai trong thang ding tic dung lén
ting san nén c6 thé phan tich doc lap timg san. Phuong phdp khung tuong duong
duoc dung dé x4c dinh noi luc cho san, s6 nhip bat ky, nhip c6 thé 1a déu hoic
khong déu nhau. Theo phuong phdp nay, tudng tugng cat toan bo san doc theo
duong tim cua san, tao thanh khung theo ca 2 phuong, goi la khung tuong duong.

Khung tuong duong cé phan tir cot bao gom 2 cot & tang trén va tang dudi ké
ti€p nhau ctia san va phan tor dim cé chiéu rong tinh tir tam 2 nhip k€ ti€p nhau,

chiéu cao bang chiéu day san. Cot dugc gia thiét 1a ngam 2 dau.

L1

Hinh II.2. So d6 khung tuong duong
11.2.2.1 Mo men qudn tinh cia dam - bdn:
Mo men quén tinh ctia ddm - ban thay déi doc theo truc dim - ban do anh

hudng cua kich thudce cac b phan két cau cot, mii cot va ban mi cot (néu co).
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Do ciing clia ban san tai vi tri cot hodc trong pham vi mil ¢t c6 thé xem nhu
cliing tuyét doi, tai gan vi tri v6i mi cot hoac cot, do ciing ctia dam - ban nho hon.
Tir tim coOt dé€n mat cot hodc mép mil cOt, md men qudn tinh ciia dim - ban 14y bang
mo men qudn tinh tai mat cot hodc tai mat mi cot chia cho (1 - ¢,/1,)?, trong d6 ¢, 1a
kich thudée cua cot hoac mil cdt, 1, 1a kich thudc nhip theo phuong dang xét.
11.2.2.2 Cot tuong duong:

Trong khung tuong duong, d6i véi san khong dam, toan bo phan moé men
trong san gifta cac canh cot va dim - ban s& truyén thong qua luc xoin. Dé mo ta
phan ting clia két cdu d6i v6i su truyén mo men gitta san va cot do uén va xodan, gia
thiét rang cot c6 canh tay don vé 2 phia ctia cot. Canh tay don nay s€ truyén mo men
tlr san vao cot thong qua xoan. Cot phia trén va cot phia dudi san cling véi canh tay

don nay duoc coi nhu mot cau kién, dugce goi 1a cot tuong duong.

cénh tay don |,

0s

‘ bé rong dam - ban \‘

d a1

Hinh IL.3. Cot tuong duong
Do ciing cua cot tuong duong duoc tinh nhu sau:

1 1 1 (IL.4)
K K. K,

e
Trong d6: K.: do cung cua cot tuong duong
z K. : téng do cing cua cot phia trén va phia dudi san
Do ciing cua cot: K =k El/I,
Vi cot ¢6 tiét dién khong doi: k=4
1. : chiéu dai cua cot duge tinh tir tam san ting dudi dén tam san
tang trén.

K,: do cting chong xoédn clia canh tay don
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9 C
ZI ,(1-c,/1,)° (1)

E_: mo6 dun dan hoi cua bé tong san

C,: bé rong cot

1,: bé rong cua dam - ban

C: m6 men chéng xoan cla céanh tay don.

Véi tiét dién hinh chit nhat:
c=% @-0632 X3y (IL6)
y

vGi x 1a canh ngén, y 1a canh dai cua ti€t dién chit nhat thanh
phan trong tiét dién ngang chiu xoan trong pham vi chiéu cao tiét dién cot.

Néu c6 dam theo phuong vuong géc v6i phuong tinh toan chay qua cot thi K,
nén tang lén I, /I, v6i 1,12 mo6 men quén tinh clia ban khong ké dén than dam, I 1a
mo men quan tinh dong thoi ctia ban va dam.

Lic do, cong thuc (I1.4) tré thanh:

11 1
Ke DK, KA 0)

11.2.2.3 Tinh toan moé men trong khung tuong duong:

(IL.7)

C6 thé st dung mdy tinh véi cdc chuong trinh tinh todn theo phuong phép
phan tir hitu han dé€ xdc dinh mo6 men trong khung tuong duong.
I1.2.3 Phuong phap phan tir hiru han:

Hién nay, v6i su phat trién ctia cong nghé thong tin va cdc phdn mém tinh
toan theo phuong phap phan t hitu han (PTHH), viéc tinh todn ngay cang trd nén
thuan tién va chinh x4c. Phuong phdp PTHH 12 mot cong cu c6 hiéu luc dé giai cac
bai toan tir don gian dén phiic tap trong nhiéu linh vuc. Thuc chat cia phuong phép
nay 1a chia vat thé bién dang thanh nhiéu phan tir ¢6 kich thudc hitu han goi 1a phan
tlr hitu han. C4c phan tlr nay duoc lién két v6i nhau bang cdc diém goi 1a nit. Céc
phan tir nay van la cac phan tu lién tuc trong pham vi cua né, nhung do c6 hinh dang
don gian nén cho phép nghién ctru dé dang hon dua trén co s& cia mot s6 quy luat

vé su phan bo chuyén vi va ndi Iuc. Két cdu lién tuc dugc chia thanh mot s6 hitu han
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cdc mién hodc cdc két ciu con c6 kich thudc cang nho cang tot nhung phai hitu han.
Céc mién hoic céc két ciu con dugc goi 1a cdc PTHH, ching c6 thé c6 dang hinh
hoc va kich thudc khdc nhau, tinh chat vat liéu dugc gia thiét khong thay déi trong
moi phan tlir nhung c6 thé thay déi tir phan tir nay sang phan tir khac.

Kich thudc hinh hoc va s6 lugng cac phan t khong nhitng phu thudc vao
hinh ddng hinh hoc va tinh chat chiu luc clia két ciu (bai todn phing hay bai todn
khong gian, hé thanh hay hé tdm vo...) ma con phu thudc vao yéu cau vé mic do
chinh xac ctia bai toan dat ra. Luéi PTHH cang mau, nghia la s6 lugng phan tlr cang
nhiéu hay kich thudc ctia phan tlir cang nho thi mitc do chinh xdc cta két qua tinh
toan cang tang, ty 1é thuan véi so phuong trinh phai giai.

Cic dac trung ctia cdc PTHH dugc phéi hop v6i nhau dé dua dén mot 101 giai
tong thé cho toan hé. Phuong trinh can bang cua toan hé két cau dugc suy ra bang
cach phéi hop céc phuong trinh can bang ctia cdac PTHH riéng ré sao cho van dam
bao duoc tinh lién tuc cua toan bo két cdu. Cudi cung, can ci vao diéu kién bién,
gidi hé phuong trinh can bing tong thé dé xac dinh gid tri cla cac thanh phén

chuyén vi. C4c thanh phan nay duoc dung dé tinh tng suit va bién dang.

IL3 Thiét ké san bé tong ting suat trudc voi ludi cot déu dan:

Céac phuong phap thiét ké: phan phoi truc ti€p, khung tuong duong va PTHH
déu c6 thé slr dung trong thiét k& san bé tong ULT va déu dua trén quan niém bé
tong ULT la vat liéu dan hoi. Phuong phéap phan phéi truc ti€p c¢6 pham vi dp dung
hep hon 2 phuong phap con lai va khé khan trong viéc tinh toan ban san theo trang
thai gi6i han thit 2 (kiém tra vong va niit). Phuong phdp khung tuong duong c6 pham
vi 4p dung rong rai hon, ¢ thé xac dinh dugc tai trong & cdc giai doan lam viéc va
cho phép nguoi thi€t k€ danh gia dugc do vong cua san mot cach truc quan thong
qua viéc ap dung cac chuong trinh mdy tinh.

Hién nay, phuong phdp phé bién va hiéu qua dé thiét k& san bé tong ULT la
phuong phdp can bang tai trong, stt dung khung tuong duong dé phan phdi mo men

do luc ULT va do cac tai trong tac dung 1én san.
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Quy trinh thiét ké:

1- So bo chon chiéu day san.

Bang I1.1 Do day téi thiéu cta san bé tong ULT

Tai trong Ty 1é nhip/chiéu day san
Nhe 40-48
Trung binh 34-42
Nang 28 - 36

Trong ty 1 nhip/chiéu day san thi nhip 1a nhip dai cta 6 san.

2- X4c dinh tai trong can bang w.

3- Chon hinh dang cdp va tinh toan luc ULT yéu cau.

Hinh dang cép cang gan véi biéu d6 mo men do tai trong ngoai gay ra cang tot.

- D6i vdi san lién tuc chiu tai phan bo déu, cap c6 thé bo tri nhu sau:

Hinh I1.4. So d6 cap doi véi san lién tuc

2
Luc ULT yéu cau: Pe = V\E;L (I1.8)
S

Do vong s trong cong thitc trén c6 thé 1a s, hoic s,.

- Dai v6i ban cong xon:

Hinh IL.5. So d6 cap doi v6i ban cong xon

2
Luc ULT yéu cau: P.= wiL

I1.9
yc 2s ( )
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4- Tinh toan c4c hao ULT:
Chon ting suit cang ban dau: f, <0.8f, (I1.10)
Tinh cac hao ULT:
- Hao do ma sit.
- Hao do bién dang neo.
- Hao do cdc nguyén nhan khac: do co ngét cuia bétong, do tir bién ctia bétong, do
su chling tng suat trong thép...
Sau khi tinh toan cac hao ULT Af , tinh dugc ULT hiéu qua:

fo=f, - Af (IL11)
5- Tinh s6 luong cap va bo tri cap.
Luc ULT ctia mot cap: Pep = T XA (IL.12)
Luc cang yéu cau cho ddm - ban rong 1:
P=P, x| (IL13)
S6 luong cap can thiét:
n= PP (IL.14)
Icap

Cap ULT qua cOt hoac xung quanh mép cot gép phan 16n hon vao kha nang
chiu tai so véi thép ULT & xa cot. Vi vay nén bo tri khoang 65-75% cép cho dai cot,
con lai bo tri cho dai giira.

6- Kiém tra céc giai doan lam viéc ctia san,kha ning chiu luc, vong, nit:
Str dung khung twong duong dé tinh toan, kiém tra san.
- Kiém tra céc giai doan lam viéc clia san:

San duoc kiém tra ldc buong neo va trong giai doan stt dung. Trong cdc giai
doan lam viéc cla san, ng suat trong bé tong khong dugc vugt qua gia tri cho phép
trong phan 1.3.1.1.

. , P M
Ung sudt trong bé tong: f=-t— I1.15

g g g AT W ( )
Trong d6: M: mo6 men do cac truong hop tai tng véi ting giai doan

lam viéc cua san gay ra.
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W:  mo6 men khdang udén cua dam - ban.
Luc ULT P sé gay ra tai trong can bang:
8sP
W=

(11.16)

0.4L | 04l 0.1L" ] 0.1L 0.1 | 0.1L

Hinh I1.6. Tai trong can bang
- Kiém tra kha nang chiu luc cta san:
+ Kha nang chiu uon:
Coi vat liéu lam viéc trong giai doan dan ho6i, mé men do tai trong tinh toan
gay ra khong duoc vuot qua mo men gidi han.
M, <M, (I1.17)
b

0.85f'c

o <
— (o)
[an]
© Il
o
[=7
o)
© P P
Ape Ape e
— O =
B O A‘ O =
° Aty

Hinh I1.7. Kha nang chiu uén cua tiét dién chit nhat
7o hé s6 phu thuodc vao loai cap ULT, c6 cac gia tri
=0.55 néu (f,/f,,) > 0.80
=0.40 néu (f, /f,) > 0.85
=0.28 néu (f, /f,,) > 0.90
[, hé s6 phu thuoc vao cuong do chiu nén cua bé tong:

B, =0.85—(f'.~30)0.008

_A _A _ A
S ™ R
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Doi voi cdp dinh két:

/4 f.. d ,
fo=full-"2{p, (" )+d—(a)—a))}] >0.50f,, (11.18)

ﬁl fc p

f
)+ (0-0)> 017 W d'<0.15d,

p

Néu ké dén thép chiu nén (@'>0) thi ;_p{ P,
1

Ham luong thép phai thoa man cac diéu kién sau:

, <0.364,

w, +di(a) -') <0.364,

p
Néu tiét dién thoa man di€u kién trén thi cuong do chiu uén giéi han dugc
xac dinh nhu sau:

e Tiét dién chi c6 thép chiu kéo (cap dinh két):

a a
M, 20-9[Apefpe(dp—§)+Asfy(d—§)] (I.19)
Vi a Apfet+ At
0.85f'.b

e Tiét dién hinh chit nhat c6 thép chiu nén:

A f +Af —A_f '
New el 7AYo geep (4800
bd d’'600- f,
N a a 1 a 1
thi M, =09 A, fou(d, —2)+ AT, (A= 2)+ A, 1,0 -] (I1.20)
i Al Al AT AL,
0.85f" b
: Af +AFf —A_f d' 600 . .
Néu e PY 5 Y0858 f (— , Ung suat trong thép chiu
b by C(d)(GOO—fy) g g thép chi

nén nho hon £, c6 thé bé qua hiéu qua clia thép chiu nén va c6 thé xdc dinh mé men

nut theo (11.19).
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Doi voi cdp khong dinh két:

Néu ty 1& (nhip/chiéu cao tiét dién)<35, ting suit pha hoai trong cép:

fC
fo="fe+70+

1005, (IL.21)
nhung khong dugc 16n hon £, va (f.+400)
Néu ty 1é (nhip/chiéu cao tiét dién)>35, ting suat pha hoai trong cap:
foo=f,+70+ 3og;p (11.22)
nhung khong dugc 16n hon £, va (f,.+200)
Néu ham luong thép vuogt qua 0.36 S, mo men gidi han:
M, = 0.9f', bd?(0.363, — 0.083%) (I1.23)
+ Kha nang chiu cat:
e Diéu kién chiu cat:
v, = % + % < v, (I1.24)
Trong d6:  V:luc cit
A.: dién tich ti€t dién giGi han bao quanh cot.
J.: m6 men quan tinh cuia ti€t dién giGi han bao quanh cot
M: téng mo men truyén vao cot
o : hé s6 truyén mo men do ting suét cat
a=1-—s 1 (IL25)
1+§\/(cl +d)/(c, +d)

c: khoang céch tir truc trung hoa cta tiét dién giéi han dén diém

tinh Gng suat.
¢=0.75: hé s0 an toan.

v, : Uing sudt cét t6i han.

Y
vy =BT +03f +—L (I1.26)

byd
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. 10.29
£, =min
P {0.265asd /b, +0.4
a,: 40 doi véi cot gilta

30 doi v6i cot bién
20 doi v6i cot goc
b,: chu vi cua tiét dién gidi han
f,.: ing suat nén do lyc ULT hiéu qua gay ra & tam ti€t dién
V,: thanh phén thang ding cta ULT hiéu qua.
e Dic trung cua tiét dién chiu cét:
Tiét dién chiu cat dugc tinh 1a phan tiét dién md rong ra mot khoang d/2 tinh

tir mép cot.

$ %,D
e e
T P

4 .
| /
TN e
Lo—_7 8 k\ /)

. N —

N— —

Hinh IL.8. So d6 xédc dinh tiét dién gi6i han

Xét cot ti€t dién hinh chit nhat:

= Cot gitra:
—t A =2d(c, +c, + 2d) (I1.27)
U ol 3 3 3 2
// j“’ 5. = d(c,+d)° | (e +d)d®  d(c, +d)(c, +d) (11.28)
6 6 2
cl
cl+d
=  Cot bién:

truc trong tam
cula tiét dién giGi han

d,,
trucwl\ ,\.L* c= (C;+ 2) (1129)
N Z///@ 2(c, + E) +(c, +d)

cl A. =2d(c, +%) +(c, +d)d (I1.30)

c2
c2+d

PGS Phan Quang Minh(HUCE) - Thiét ké'san bé tong iing luc truoc



28

2

A+ @+ o+
J = + +2d(c, +— —c| +(c, +d)dc?
Cc 6 6 ( 1 2) ( 2 )
= Cot gbc:
A d 2
o 1t B BB (c, + E)

truc trong tam cot C Cc=
_ ] Mﬁ%

cl

d d
2(c, + E) +(c, + E)

2
c2+d/2

A = d(cl+%)+d(c2 +d)

c1+4d/2
d., d. . d
d(01+§) (C1+E)d d Cl+§ d
J. = + +d(c, +—) —c| +(c, +—)dc?
12 12 2 2

- Kiém tra do vong:

(IL31)

(I11.32)

(IL.33)

(IL.34)

Do vong duoc xac dinh tir khung tuong duong va bo qua anh huéng cua goc

xoay vi kha nho. Dai véi san 1am viéc theo 2 phuong, dd vong tai giita 6 san s€ la

téng do vong theo tiing phuong.

Ay do vong do tong tai trong theo phuong 1.

Ao do vong do téng tai trong theo phuong I,.

A=A, +HA o tong do vong do tong tai trong.

Agni: do vong do phan tinh tai khong dugc can bang boi luc
ULT theo phuong 1,.

Ao do vong do phan finh tai khong dugc can bang boi luc

ULT hoat tai theo phuong 1.

Agy=A g1 +A42:  tong do vong do phan tinh tai khong dugc can bang boi

luc ULT.
Do vong téng cong: A=AA+FA,

F: hé s6 do vong dai han
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II.4 Mo hinh cap trong phuong phap can bang tai trong:

Nhu da trinh bay 6 I1.1.3.1, tai trong can biang thu thuoc vao quy dao bo tri
cap.

Vi truong hop can bang tai trong cho dam lién tuc, tai trong can bang dugc
trinh  bay o hinh IL.9.

| IS

®

@'ﬂ'rfT'T_T'T_TTTﬁEiST_T'T_T'TTﬁ

Wb1 ! Wb2

| L | L/2
@ W, = 8?2 P

Hinh I1.9. M6 hinh cdp va tai trong can bang trong tinh todn

Tuy nhién, trong thuc t€, cdp khong thé b tri tai goi B nhu mo hinh tinh to4n
trén hinh I1.9 ma phai nhu hinh I1.10. Do do, tai trong can bang c6 su sai s6 gilta mo

hinh tinh toan va mo hinh thuc té.

Wb3
ZST'T_T'T_TT'T_T'T_TLUZEH'H'TT

Wb1 0.1L | 0.1 Wb?2
L L'/2
® ®
8s,P 8e,P 8s,P
W =72 Yo = 0aL +0.1L7)2 oz =72
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Hinh I1.10. M6 hinh cép trong thuc t€

Phuong phdp PTHH c6 thé dé dang mo hinh duoc tai trong can bing tuong
tng theo quy dao cap.

IL5 Thiét ké san bé tong tng suat trude voi ludi cot ngau nhién:

D6i v6i mit biang san c6 ludi cot ngau nhién thi khong thé d4p dung phuong
phap phan phoi truc ti€p va phuong phap khung tuong duong. Trong trudng hop nay,
can xét dén su lam viéc téng thé ciia toan bo san va 4p dung phuong phap PTHH véi
su hd trg clia cdc phan mém thiét k€& d€ tinh toan.

Do viéc mo hinh hod cédp trong phuong phap PTHH la rat khé khan, nhat la
viéc tinh todn, phan tich phai trai qua cac giai doan lam viéc khac nhau ctua két cau
nén luan vin st dung phuong phédp can bang tai trong nhu di trinh bay trong I1.4.

Céc tai trong can bing dugc quy vé tai phan bo trén 1m? cia san. San dugc
chia thanh céc dai c6 be rong tuy thudc vao quy dinh ctia ngudi thiét k&. Tuy thuoc
vao hinh dang cap, luc ULT s€ gy ra tai trong can bang tic dung lén san huéng

xuéng hoac huéng lén, tai can bang c6 gia tri:

Tai nhip, luc hung lén: W= 8|j P; S (kG/m?) (I1.36)
XDy
e , ~ 8xPxe, 2
Tai dau cot, luc huéng xuong: w= W(kG/ m-) (I1.37)
X

d
P: luc ULT

s: do 1éch tam cta cap & nhip

e,: d0 vong cua cap tai dau cot

by: bé rong dai

1: khoang céch gitta 2 di€ém udn cua cap.

o4L [ 04l 011" | 0.1L 0.1 | 0.1L
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Hinh I1.12. Tai trong can bang trong san do luc ULT gay ra

Quy trinh thiét ké:

Quy trinh thiét k€ vé€ co ban van theo cdc budc ctia phuong phép can bang tai
trong va dugc bé sung thém mot s6 budc dé phit hop véi viéc tinh toan theo phuong
phap PTHH.

1- Tinh todn so bo chiéu day san, loai vat liéu st dung, c6 thé tham khéo theo bang
II.1

2- X4c dinh tai trong can bang. Tai trong can bang thuong chon vao khoang 0.8-1
lan trong luong ban than san.

3- Tinh todn cic hao tng suat.

4- Xac dinh hinh dang cap, tinh toan luc ULT yéu cau, tinh s6 lugng cdp can thiét.

Coi tai trong can bang 1a tai trong huéng Ién, phan bé trén 1m? clia san. Tai
trong nay s€ gay ra md men M trong cac dai san. Viéc xac dinh cic mod men nay
duoc thuc hién bing cach sir dung cdc phan mém tinh todn san. Can ctt vao biéu d6
mo men dé bo tri cap. Vi luGi cot ngau nhién, viéc bo tri cdp ¢6 thé phai tién hanh

nhiéu 14n dé tim ra céch bo tri thich hop.

Luc ULT yéu cau cho dai: P.=— (I1.38)
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Khi ¢6 tron cot trong luGi cot kha déu dan, van ton tai cac dai trén cot va dai

gitta nhip. M 12 mo6 men do tai can bang gay ra trén cac dai san.

S6 luong cép can thiét: n=—2= (I1.39)

5- Vao so do tinh todn vdi cdc tai trong: hoat tai, tinh tai, tdi ULT (sau khi da ké
dén céc hao ting sudt). Cic tai trong dugc quy vé tai phan bo trén m?.Tai trong can
bang do luc ULT gay ra dugc tinh theo cong thite (I1.36) va (I1.37)

6- Phan tich san vdi céc tai trong (st dung phan mém tinh todn san).

7- Kiém tra san tng véi cdc giai doan lam viéc, ki€ém tra kha nang chiu luc va do
vong. Str dung cac cong thic tinh toan tr (I1.15) dén (11.35)

- Tai cac giai doan lam viéc cua san:

Ung suat trong bé tong:

Trong do:

M:  mo6 men do cac truong hop tai ting véi ting giai doan lam viéc clia san
gay ra.

Mo men nay duoc tinh tai vi trf mép cot. Ung véi giai doan buong neo thi M
la mo6 men do luc ULT sau khi hao ma sat va buong neo va trong luong ban than san
gay ra. Ung véi giai doan str dung thi M 12 mo6 men do luc ULT hiéu qué sau khi hao
ting sudt va céc tai trong tinh tai, hoat tai gay ra.

P: luc ULT tng v6i tung giai doan lam viéc cua san.

- Kiém tra kha nang chiu luc:
+ Kha nang chiu uén: M, <M,
M;: m6 men tai mép cOt hodc mo6 men tai gitta nhip.

M,: m6 men giGi han dugc tinh theo cac cong thiic tir (I1.18) dén (11.23)

+ Kha nang chiu cat: v, < gy,
v, : ting sudt cat tai mép cot
vV, :ung sudt cat tGi han
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v, va v, dugc tinh todn theo cac cong thic tir (11.24) dén (11.34)

- Kiém tra do vong:
A=A+FA,,

A.: d6 vong tic thoi do tong tai trong gay ra.
Agy: d0 vOng tic thoi do tai trong dai han gay ra 1a do vong do phan tinh tai khong
duoc can bang boi luc ULT gay ra.
F: hé s6 do vong dai han
Vi két cau BT ULT, luc nén trudc anh hudng dén ca ndi luc tinh todn, do vay quy

trinh thi€t ké thuong phai thuc hién theo mdt quy trinh lap.
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Chuong 111
THI DU TINH TOAN

IIL1. Thi du:
San phang bé tong ULT cang sau véi mat bing nhu trén hinh II1.1, thiét ké
theo tiéu chuan ACI 318-2002.

® ® © 0 ©

35000
9000 . 8500 . 8500 9000

I 8500

7
|
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____I_____+._.
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9000 |

8500 I

I
|
-
|
|
|
©

Hinh III.1: Mat bang san.

III.1.1 Tinh theo phuong phap PTHH:
1. Vat liéu:
-Bétong M350 — f’ =22.75MPa.
-Cap ULT khong két dinh loai T15, duong kinh d=15.24mm, dat trong 6ng nhua
$20.

f,.=1860Mpa A,=140mm* E =2.10° Mpa.
-Thép thuong AIIL: f,=400MPa
2 Tiét dién cac cau kién:
Chicu day san S, = 330mm.
Kich thuéc cot 1.2x1.2 (m)
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Kich thuéc mii cot 1.4x1.4x0.15 (m)
Kich thudc dam bién 30x70 (cm)

3 Tai trong tac dung lén san:
Chiéu day g TT tiéu chuén
Cac 16p san
(mm) (kG/m?) (kG/m?)

|Gach CERAMIC 300x300 loai 1 10 1800 18
LGp vita 16t XM 50# 40 1800 72
San BTCT 330 2500 825
L6p vita trat tran XM 504 15 1800 27
Téng tinh tai 942
Hoat tai 200

Tdi ULT can bang: w=0.9TLBT san=0.9 x 825=743kG/m>.

4 Tinh hao ng suat:

Chon ting suat cang ban dau: f, <0.8f , =0.8x1860 = 1483(Mpa)
f, <094f  =0.94x1670 = 1570(Mpa)

Lay f,, =0.75x f,, =0.75x 1860 = 1395(MPa)

-Hao US do ma sat: Ung sudt trung binh sau khi hao ma sit:

f, =1333.97(MPa)

-Hao US do bién dang neo:
Sau khi tha neo, cho phép neo bién dang 6mm: Af =34.35(MPa)

Ung sudt trung binh sau khi hao ma sit va bién dang neo:

f, = f,—Af =1333.97 - 34.35=1299.62(MPa)

Hao ting suét do cac nguyén nhan khac 1ay bang :18%f,=18% x 1299.62=234(MPa)

PGS Phan Quang Minh(HUCE) - Thiét ké'san bé tong iing luc truoc



36
- Ung sudt hiéu qua: f=f,-18%1f,=1299.62-234=1065.62(MPa)
5 Hinh dang cap:

Cin ctt vao biéu d6 mo men do tai trong can bang gay ra dé bo tri cap. Viéc

xéc dinh mo men nay dugc thuc hién bang chuong trinh SAFE 8.08

9000 8500 8500 9000

e.
|82

1700 1700 900
9000 8500 8500 9000

Hinh II1.4: Hinh dang cap dai CSX3
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le1

850 | 900 900 | 900 900 | 850
8500 9000 9000 8500
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Hinh II1.5: Hinh dang cap dai CSY1, CSY5
| | | |
e S R P

! 1750 1750 l
8500 9000 9000 8500

8500

8500

®

Hinh III.7: Hinh dang cap dai CSY3

-L6p bao vé: 30mm.

-Cap uodn cach tam cot 0.1L

Dai v6i nhip 9m:
Doi v6i nhip 8.5m:
Doi v6i nhip 17.5m:

Doi v6i nhip 17m:

0.1x9=0.9 (m)
0.1x8.5=0.85 (m)
0.1x17.5=1.75 (m)
0.1x17=1.7 (m)

-Céap léch tam 16n nhat tai gitta nhip.

Theo phuong X:
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-Do léch tam cua cép tai nhip: e = 3—? -30- 2—20 — 20 =105(mm)
-Do¢ léch tam clia cap 6 dau cot: e, = 3—20 -30- 2—20 =125(mm)

-b¢ léch tam tuong duong cua cép:
s =167.5(mm)
S, = 230(mm)

Theo phuong Y :

-b¢ léch tam cuia cép tai nhip: e = 3—20 -30- 2—20 =125(mm)

-Do léch tam clia cap G dau cot: e, = 3—20 -30- 2—20 — 20 = 105(mm)

-bo 1éch tam tuong duong cua cap:

s =177.5(mm)
S, = 230(mm)
Luc ULT yéu cau cho dai:
M
P =—
e~ g

M: M6 men do tai can bang gay ra

Luc ULT cta 1 céap:

P = fu X _ 065,62 22 = 149.2(kN)
1000 1000
S6 lugng cap can thiét:
P
n=—2>%
Pleap

Két qua lap thanh bang.
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Bang IIL.1 Tinh toan so luong cap can thiét

Tén dai Do léch tam | M do tai | Bé rong dai P, Psp | SOcdp
clacdp | canbang
(mm) (kGm) (m) (kN) (kN)

[CSX2 va CSX4 167.5 64956.25| 4.375 3877.99 149.2 38
|CSX3 167.5 55218.15 4.5 3296.61] 149.2 42
lcsxi1 va csxs 230 16207,  2.125 704.65] 149.2 5
MSX2 va MSX3 167.5 5636 4.5 336.48 149.2 3
MSX1 va MSX4 167.5 20505 4.25 1224.18 149.2 8
[CSY1 va CSY5 177.5 13741 2.25 774140 149.2 5
MSY1 va MSY4 177.5 23066, 4.5 1299.49 149.2 8
[CSY2 va CSY4 177.5 68688.5] 4.375 3869.77 149.2 38
lcsy3 177.5 33795.5 4.25 1903.97 149.2 42
MSY?2 va MSY3 177.5 5325 4.25 300.00 149.2 3

6. Kiém tra iing suit trong san:
6.1. Liic budng neo:

Lic buong neo, san chiu tac dung cua cac luc: luc ULT, trong luong ban than san.

-Luc ULT: P=nA_,f,
n S6 cap
A ,p=140mm’ Dién tich 1 cdp

£,=1299.62MPa Ung suit sau khi hao ma sét va buong neo
Tuy thuoc vao hinh dang cép, luc ULT s€ gay ra tai trong can bang tic dung

lén san huéng xuong hoac hudng 1én, tai can bang cé gia tri:

Tai nhip, luc huéng lén: _ 8|’2‘ P; S (kG/m?)
XDy
Tai dau cot, luc huéng xuong: w= SIXZP—:)eZ(kG/ m?)
X Dy

by: bé rong dai
1: khoang céch gitta 2 di€ém udn cta cap.

Gia tri cua tai can bang dugc 1ap thanh bang.
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Bang II1.2 Tai trong can bang do luc ULT sau khi buong neo gay ra

Tén dai S6 cap F by Vi tri 1 w
(kN) (m) (m) | (kG/m’)
CSX2 va CSX4 38 691398 | 4375 mnhipAC,CE| 17.5 691.48
truc C 3.5 12209.24
CSX3 42 7641.77 4.5 nhip AB, DE 9 2809.32
nhip BD 17 1081.19
truc B, D 2.6 | 24039.67
CSX1 va CSX5 5 909.73 2.125 nnhip AB, DE 9 708.23
nhip BC,CD | 8.5 1090.27
truc B, D 1.75 | 13270.87
truc C 1.7 13723.23
MSX?2 va MSX3 3 545.84 45 nhipACCE | 175 53.07
truc C 3.5 937.11
MSX1 va MSX4 8 1455.57 425 mnhipAC,CE| 17.5 149.86
truc C 3.5 2645.97
CSY1 va CSY5 5 909.73 2.25 nhip 12,45 8.5 794.66
nhip 23, 34 9 918.47
truc 2, 4 1.75 | 1029543
truc 3 1.8 9564.06
MSY1 va MSY4 8 1455.57 4.5 nhip 13,35 17.5 149.98
truc 3 3.5 2068.04
CSY2 va CSY4 38 6913.98 | 4.375 nhip 13,35 17.5 949.49
truc 3 3.5 0887.11
CSY3 42 7641.77 4.25 mhip 12,45 8.5 3533.91
nhip 24 18 1021.12
truc 2, 4 2.65 | 20486.50
MSY?2 va MSY3 3 545.84 4.25 mnhip 13,35 17.5 59.55
truc 3 3.5 821.13
Ung sudt cho phép:

+ Ung sudt nén: 0.6f,
lic budng neo, cuong do bétong: {°;=0.81".=0.8x22.75=18.2(MPa)
—0.6f’;=0.6x18.2=10.92 (MPa)

+ Ung sut kéo: tai dau cot: 0.5\/f_'ci = 0.5x+/18.2 = 2.13(MPa)

tai nhip: 0.25,/f', =0.25x+/18.2 =1.01(MPa)
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Ung sudt trong bé tong:

6.2. Trong giai doan sir dung:

Trong giai doan st dung, san chiu tic dung cua cac luc: luc ULT, tinh tai, hoat tai.

-Luc ULT: P=nA_,f
n S6 cap
A.,,=140mm’ Dién tich 1 cdp

f.=1065.62 MPa  Ung suit hiéu qua sau khi hao tng suat
Tuy thudc vao hinh dang cép, luc ULT s& gay ra tai trong can bang tic dung

lén san huéng xudng hodc hudng 1én, tai can bang c6 gia tri:

Tai nhip, luc hudng Ién: W= 8|>2< P; S (kG/m?)
X By
Tai dau cot, luc huéng xudng: w= BIXZP—ZeZ(kG/ m*)
XDy

by: bé rong dai
1: khodng cdch giita 2 diém u6n cua cép.

Gid tri cua tai can bang dugc 1ap thanh bang.

Ung sudt cho phép:
+ Ung sudt nén 16n nhit: 0.6f,’=0.6x22.75=13.65 (Mpa)
+ Ung suat kéo: tai dau cot: 0.5,/ f', =0.5x+/22.75 = 2.38(MPa)

tai nhip: /', =/22.75 = 4.77(MPa)
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Bang II1.3 Tai trong can bang do luc ULT gay ra

Tén dai S6 cap F by Vi tri 1 w
(kN) (m) (m) | (kG/m?)

CSX2 va CSX4 38 5669.10 | 4.375 pnhip AC,CE | 17.5 566.98
truc C 3.5 10010.93

CSX3 42 6265.85 4.5 nhip AB, DE 9 2303.49
nhip BD 17 886.52
truc B, D 2.6 19711.27

CSX1 va CSX5 5 745.93 | 2.125 mhip AB, DE 9 580.71
nhip BC, CD 8.5 893.97
truc B, D 1.75 10881.42
truc C 1.7 11252.32)

MSX2 va

MSX3 3 447.56 4.5 nhip AC,CE 17.5 43.52
truc C 3.5 768.38

MSX1 va

MSX4 8 119349 | 425 phipAC,CE | 17.5 122.87
truc C 3.5 2169.55

CSY1 va CSY5 5 745.93 2.25 nhip 12,45 8.5 651.58
nhip 23, 34 9 753.10
truc 2, 4 1.75 8441.71
truc 3 1.8 7842.03

MSY1 va

MSY4 8 1193.49 4.5 nhip 13,35 17.5 122.98
truc 3 3.5 1695.68

CSY2 va CSY4 38 5669.10 | 4.375 nhip 13, 35 17.5 778.53
truc 3 3.5 8106.91

CSY3 42 6265.85 | 4.25 |nhip 12,45 8.5 2897.62
nhip 24 18 837.27
truc 2, 4 2.65 16797.85

MSY?2 va

MSY3 3 447.56 4.25 nhip 13,35 17.5 48.83
truc 3 3.5 673.29
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6.3. Dat cot thép thuong:

Vé6i nhiing vi tri ¢6 Gng suat vugt qua tng suét cho phép can dat thém thép thuong:

fe f.: ting suat nén
f: ing suat kéo
.7 o =0, : doi véi tiet dién giita nhip.
LN =
RN 0=0,+6,. :doivditiétdién trén cot.
ft
S : chiéu day mii cot.
< 1
Luc kéo: T:Ex foxy
o o A T
Dién tich thép yéu cau: A = Y72

6.4. Kiém tra kha nang chiu luc:

Tai trong tac dung: tinh tai va hoat tai tinh toan. Theo ACI 318 — 2002, hé s6
vuot tai cua tinh tai la 1.2, ctia hoat tai 1a 1.6.

- Kiém tra kha nang chiu uén:

D6i v6i nhip 6 ty 1é (nhip/chiéu cao tiét dién)<35, (ng sudt pha hoai trong

cap:
foe=Tfe+70+ e
00p,

nhung khong duoc 16n hon f, =1670Mpa va (f,.+400)=1065.62+400=1465.62 (MPa)

Dai v6i nhip ¢6 ty 1& (nhip/chiéu cao tiét dién)>35, ting suat pha hoai trong

7,

cap:

fro="fe+70+ e
3000,

nhung khong dugc 16n hon f,,=1670MPa va (f,+200)=1065.62+200=1265.62(MPa)

biéu kién chiu uon: M, <M,

M;: m6 men tai mép cOt hoac mo men tai gitta nhip.
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Mo men gidi han:
a a
M, = 09 A, fo(d, —2)+ A, (d =)

A_f +Apfy

v6i a=—"—2F
0.85f"_b,
- Kiém tra kha nang chiu cit:

V aMc

Diéu kién chiu cit: v, = A + 3. <gv,
Céc dac trung cua tiét dién chiu cit duge tinh theo cong thic tir (I1.29) dén (I1.36)
+ Cot goc: c=0.4467m; A=0.7896 m?; J=0.1522 m*
+ Cot bién: c=0.4316m; A =1.1648 m* J.=0.2262 m*
+ Cot giita: c=0.74 m; A.=1.6576 m?; J=0.6105 m*
+ Cot gitta biéen:  ¢=0.74 m; A.=1.1648 m? J=0.4915 m*

Két qua dugc 1ap thanh bang (xem phu luc).
6.5. Kiém tra d¢ vong:
Do vong dai han: A=A_+FA, véi F=2
A = 4.5(cm) < [A] Thoa man.
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