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PHAN MO DAU
1. Sw can thiét ciia dé tai
San phang 16i rdng 1a giai phap cong nghé méi dang rat phd bién duoc ap dung
rong rdi vao cac cong trinh xdy dung dan dung & Viét Nam va trén Thé gidi. San
16i rdng c6 cau tao két cau khong gian 3D véi 161 rdng chen giita san choan chd
phan bé tong ving trung hoa 1am giam trong luong san nhung van giir nguyén do
ctg. Cac vu diém ndi bat co thé ké dén cua san 16i rong nhu kha nang vuot nhip
16n, ting kha ning cac 4m, cach nhiét .... gitp tiét kiém nang luong, giam gia
thanh trong x4y dung phul hop véi trao luu xay dung xanh trén Thé gidi.
Mic du c6 rat nhiéu vu diém so voi giai phap San Dam truyén thdng va cac giai
phap san phing khac nhung giai phap nay con gip cac kho khin nhat dinh dé phat
trién rong rai do mot sd 1y do sau:

- Chua nhiéu nguoi hiéu siu sic vé su 1am viéc cta két cAu san 16i rong, nhiéu
nha thau thiét ké, thi cong, giam sat chua du chuyén mon va kinh nghiém dé dam
bao chat luong cong trinh do chwa c6 nhiéu tai liéu huéng dan tinh toan bang
tiéng Viét;

- Tam ly ngai ap dung cai mdi cua ngudi st dung trong nudc.

Viéc dua ra cac giai phép tinh toan Gng suét trong san phing 15i rong s& giup
cho ngudi ki su ¢6 thém su lua chon phu hop khi ap dung tinh toan thiét ké cong
trinh san phang vuot nhip dam bao chit luong cho cong trinh.

2. Muc dich va nhi¢m vu nghién ctru cia dé tai

- Thu théap dit liéu vé cac bién thé phd bién cua san phang 15i rong & Viét Nam

- Pua ra cac phuong phap tinh toan ng suit trong san phang 15i rong dé ung
dung vao tinh toan thiét ké cong trinh

- Xac dinh phan @ng cta két cau san 15i rdng theo cic phuong phap da néu qua
céc vi du cu thé. Tir d6 nhén xét so sanh vu nhuge diém cua tung phuong phap.

3. Poi tuwgng va pham vi nghién ctru cia dé tai

Doi twong nghién ciru:

Két cau san phang 16i rong.

Pham vi nghién ciru.

- Nghién ctru tng suét ciia san phang 16i rong chiu tai trong thang dimg vudng

gbc vo1 mat san



- Nghién ciru bai toan ubn cia san phang 15i rdng trong mit phang

- Tinh toan Gng suat, chuyén vi theo phuong dung san phiang 15i réng theo
phuong phap phan tir hitu han (sir dung phdn mém Etabs va Ansys)

- So sanh vu diém san rdng véi san truyén thong st dung mot trong cac phuong
phap tinh toan tmg sudt.

4. Phwong phap nghién ciru

- Pua ra cac mo hinh phﬁn to hiru han twong duong dé thuén tién cho viéc khao
sat phan tng cta két cau san phang 15i réng va so sanh qua vi du cu thé.

- So sanh tinh toan thiét ké véi thuc té thir tai cia cong trinh sir dung san 13i rong

da dua vao khai thac.



1.1.

CHUONG 1. TONG QUAN VE SAN PHANG LOI RONG
Gio6i thiéu chung vé san phing 16i réng

Giai phap két ciu cho san nha 13 mot van dé vo cing quan trong trong két ciu
cong trinh, n6 quyét dinh dén gia thanh, tién d6 xay dung va chit luong sir dung
ctia tda nha. Co hai giai phap két cau san duoc st dung phd bién cho cong trinh
dan dung d6 1a San ddm va San phang.

San dam co ciu tric hé ddm cao d& ban san — la hé két cdu quen thudc nén dé
thiét ké va thi cong. San dam c6 nhuoc diém 1a hé dim cao lam mét khong gian
kién trac, kho khan cho thi cong cp pha, M&E anh hudng dén tién do thi cong
cong trinh.

San phéng 12 hé két cAu san chiu lyc dem lai khong gian phéng dep, khéc phuc
dugc cac nhuoe diém cua san dam giip tiét kiém thoi gian thi cong. Tuy nhién,
dé vuot nhip 16n, san phang can ha ndm cao dau cot, str dung két hop cap... viéc
nay lam tang chi phi xdy dung va giam tién do thi cong xay dung cong trinh. D¢

khéc phuc cac nhugc diém trén cua san phéng thong thuong khi vugt nhip, nguoi

ta dd nghién ctru va tng dung rong rai cong nghé san phang 16i réng (Hinh 1.1)

Hinh 1.1. San phdng cé két cau don gian, thi cong nhanh, khéng gian kién tric
rong rdi

San phang 13i rdng 1a san bé tong cdt thép c6 16i réng dang hdp, cau, hinh chop
cut dugc su dung nham muc dich loai bo phﬁn bé tong vung trung hoa it tham gia
chiu lyc gitip giam trong lugng san. Cac khéi tao rdng duoc dinh vi dé sau khi d6
bé tong s& tao thanh hé san suon 1am viéc mot phuong hodc hai phuong, c6 thé
lam rdng duoc san dén 50% thé tich san gitp giam duoc dang ké trong luong ctia
ban san so v&i san phang thong thuong dong thoi cac khdi réng bén trong san

dem lai cong nang uvu viét nhu cach am, cach nhiét rat tot cho cong trinh.



i SAN PHANG VUQT NHIP i

Hinh 1.2. Cdu tao san phang 16i rong bang xop
Trén thé gidi, & cac nudc cod nén xay dung phat trién nhu Y, Ao, My, Han Quéc,
Trung quéc. .. két cdu san 13i rong dugc Gmg dung va phat trién rong rai. Tir nhiéu
thap ky trudc, cac ky su da cb ging tao ra nhitng tim san 15i rong bang cach dit
vao gilra san nhirng khdi vat liéu nhe nhu xép, hop nhya, 6ng PVC... Su ra doi
ctia cac cong nghé san nhu 3D panel, san bong, san Uboot gdp phan tao ra nhiing
khong gian san phang vuot nhip 16n ma van dam bao tinh chiu lyc ciia két cau san

(Hinh 1.3).

Hinh 1.3. San phdng 16i rong sir dung hdp xép S-VRO tao rong ¢ Viét Nam

O Viét Nam, san phang 15i rong da bat dau xuit hién tir nhitng nam 1995 va di
vao tmg dung xay dung thuc té cong trinh dau tién tir nim 1997. Pay 1a giai phap
htra hen s& rat phat trién va phd bién trong twong lai dem lai nhiéu loi ich vé kinh
té va thAm my, dic biét phu hop voi xu hudng phat trién cong nghé xanh, than

thién v&i moi trudong cua Viét Nam va Theé Gioi.



1.2. Céu tao chung san phing 16i rong

1.2.1 San phing 16i réng mt phwong
San 16i rong mdt phuwong c6 ciu tao ving rong la cac khéi hinh try dai. Phan bé
tong tao thanh hé dam I 1am viéc theo mot phuong. P cling cua san theo phuong
dam I 16n hon nhiéu so véi phuong con lai (Hinh 1.4). Loai san nay rat phi hop
v6i cac cong trinh ¢6 nhip dai nhung budc cot ngan (chiéu dai nhip theo hai

phuong khac nhau dang ké).

Hinh 1.4. San mét phwong S-VRO, cdu tao 16i rong bang cdc khéi tru xop dadi

1.2.2 San phing 16i rong hai phuong

San 15i rong hai phuong c6 cdu tao 18i rong 1a cac khéi hinh hop, cau hodc chép cut.
Phéan bé tong sé& tao thanh cac hé dam I tryc giao, d6 cimg theo hai phwong 1a nhu
nhau. San 15i rdng san hai phwong phu hop véi cac cong trinh ¢ chidu dai nhip theo
hai phuong twong dong (Hinh 1.5). Trong dé tai tac gia s& tip chung nghién ctru tinh

toan voi san phang 16i rdng hai phuong.
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1.3. Céac bién th

¢ san bong

A

1.3.1 Cong ngh

6t thép chiu luc thuong duoc

ban san, ¢

0 vung gilra cua

Str dung bong nhya dat

1am tir ludi thép han cuong do cao két hop véi cac thép ting cuong (Hinh 1.6-7).

Hinh 1.6. Cdu tao san bong
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Hinh 1.7. So do iing sudt ciia san bong
Nhung can luu ¥ mot s nhuge diém cua san bong:

+ Béng hinh tron khé khin trong viée dinh vi, trong qua trinh thi cong d6 va
dam bé tong bong dé bi dich chuyén khong tao dugc hé két cdu chiu luc gidng
nhu ¥ do thiét ké;

+ Nhiéu vj tri c6t thép chiu luc chinh ti truc tiép vao qua bong vi vay khong
duogc bao boc bdi bé tong lam cho kha nang lam viéc gitra thép va bé tong khong
duoc tét (hinh 1.7);

+ L6p phu bé tong chd day mong khac nhau do bong ndi 1én chiém chd dé gay
vO trong qua trinh st dung (Hinh 1.8);

+ Vi tri suon chd giap 2 qua bong rat mong (Hinh 1.8), vi tri nay dé bi tap trung
g suit gdy moi va v trong gy vdng san theo thoi gian;

+ Néu chat lugng khong t6t bong c6 thé vd trong qua trinh thi cong dan dén
chtra nude bén trong va gay kho chiu trong qua trinh st dung sau nay;

+ Thép luédi 16p dudi 6m sat qua bong nén xa mit dudi bé tong cia tran nén dé
xay ra hién tuong trin niit dim hon;

SAN BONG

Tiét dién bé réng dim I thay @5i nhiéu, ché méng nhit
chwa dén 2cm, chd day nhit hon 15cm

Hinh 1.8. Cdu tao hé swon cia san bong



Cong nghé San bong c6 thé 1a cong nghé san 161 rdng do tai chd dau tién duoc
ung dung ¢ Viét Nam. Thyc té da ghi nhan thanh cong trong mot sb cong trinh
trén khrflp ca nudc, tuy nhién do chua vuot qua dugc mot sb han ché mang tinh
ban chét ciia cong nghé nhu néu trén nén c6 mot s6 cong trinh co chit luong xau.
Chinh vi vay dé phat huy hét uu diém ctia san bong va tranh dugc cac sy ¢6 dang
tiéc thi phai lua chon dugc cac nha thau co kinh nghiém trong thiét ké va thi
cong, cac san phdm bong co chat lugng that tot.
1.3.2 Cong nghé san Cobiax
Cobiax 12 mot hudng khac rat phat trién cua san 13i rdng, thay vi cau tao thanh

tig phén nhu san bong, cac khéi réng dugc ¢d dinh bang cac 16ng thép tai xuong

va mang ra lap dit ngay tai hién truong.

Hinh 1.10. Lap dat khoi rong Cobiax va thi cong do bé tong
Giai phap cta Cobiax 12 mot giai phap cai tién ctia san bong. Hinh dang cua khdi
rong ciing nhu phuong phap dinh vi bang 1ong thép khac phuc duge mot sé nhugce
diém cua san bong, trong d6 dang ké nhat 1a chiéu day 16p bé tong luén dong déu

va cdt thép duogc dat dung & vi tri chiu lyc (Hinh 1.9-10).



1.3.3 Giai phap tao rong bang hop nhwa (san Uboot, Nevo)
Mot giai phap cong nghé do hiang Deliform ciia ITALIA phat trién. Cong nghé U-
BOOT khéng ding khéi tao rdng hinh cau nhu San bong va San Cobiax ma st
dung khdi rong dang chop cut. Nho céac khdi U-BOOT, san duge ciu tao thanh hé
dam chir [ giao thoa kha mach lac, tiét dién déu, day 1a mot uu diém r5 rét so voi

céc khdi tao rdng hinh cau (Hinh 1.11).

Hinh 1.11. San 16i réng céng nghé Uboot

CAu tao cua khbi U-BOOT cho phép xép chong 1én nhau vi véy tiét kiém duoc
dang ké khéi luong van chuyén. Tuy nhién ddy 13 giai phap co gia thanh tuong
d6i cao do phai nhap cac khéi U-BOOT va tén nhiéu cong lap dit tai hién truong

vi thép 16p trén, 16p dudi, thép ziczac chong cat cho san va hop nhuya 1a rdi rac



khong lam thanh panel san bi ting thém thoi gian thi cong tai hién truong, kéo dai
tién do thi cong.

Bén canh d6, c6 mot thue té cho théy 1a két cau s dung san U-BOOT duoc thiét
ké kha nang do di¢n tich day hop nhua rong (525 x 525) nén can chan hop cao (tu
6-8cm) dé tao khoang céch cho bé tong chui sau vao kin dugc mat dudi cua hdp,
chua ké vi mat dudi hop rdng nén bé tong c6 thé dang 1én mat dudi hop thém 2-
3cm dan dén tong chiéu day bé tong 16p dudi cia san tir 8-11cm lam cho san ¢o
ty 1& d6 rong khong cao tén bé tong ngoai du kién va can cbt thép 16n, dan dén chi

phi cho m2 san Uboot cao dan dén tinh canh tranh khé khian hon néu xét vé mat

kinh té cua du an.

SAN HOP NHUA

Hinh 1.12. Mat ddy bé téng khéng dong déu cia céng nghé san uboot
Dic biét, khi thi cong do bé tong san Uboot 1 phan bé tong dudi mit hop cé thé
khong dong déu, néu dam k¥ thi bé tong dang cao 1én vao trong phan rdng cua
mat dudi hop gdy ning san, nhung néu dam it thi phan bé tong nay mong hon
thiét ké gay yéu san va khong dua chiu luc treo thiét bi dudi trin. Phan bé tong 16p
dudi mat day hop nhya nay cling khong duoc ddm mit nén d6 dic chic cling
khong cao nhu yéu cau thiét ké (Hinh 1.12).
1.3.4 San 16i rong cong nghé S-VRO

La san pham doc quyén cia Cong ty C6 phan Xay dung VRO, dugc nghién ciru
va hoan thién boi cac chuyén gia ctia Cong ty cb phan xdy dung VRO 1a tién s,

thac sy dang 1a giang vién giang day tai Truong Pai hoc xdy dung c6 nhiéu nim
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kinh nghiém trong linh vuc thiét ké va thi cong cac cong trinh sir dung san 13i xp

va tuong 161 x0p.

= F=% B=¢

T L.

—
L W XN

Hinh 1.13. San 16i rong cong nghé S-VRO

San bé tong phang 15i réng S-VRO tao rong bang cac khdi xép EPS chéng chay
dang tru dai hoac khoi vuong dugc dinh vi chic chin béng cac khung thép khong
gian. Sau khi d6 bé tong sé& tao thanh hé két ciu dam chir I giao thoa dong mirc
v6i hai 16p san trén va dudi cing chiu luc thong qua hé thanh ziczac hinh sin ndi
hai 10p thép trén dudi véi nhau (Hinh 1.13). Giai phap san nay st dung kha phd
bién & Viét Nam khéc phuc dugc nhitng mat han ché cua cong nghé san phéng
noi trén:

+Pinh vi khdi rOng chic chin, khong cho phép khdi rdng bi ddy ndi hodc xé
dich khi ddm bé tong, gitp tao duoc hé két cau nhu ¥ d6 thiét ké véi day du 16p
bé tong bao vé cbt thép;

+Kha ning chiu luc cat tot do cac hé dam du kich thudc ciu tao va co du cac

cdt thép chiu cit dang dai hoac dang ziczac hinh sin;

11



+Khéi rng duoc lam tir vat lieu EPS khong chay nhu nhwa tai ché cia qua
bong hay hop nhya nén khong lo van dé chay nd khi thi cong va khi sir dung;

+Kich thudc khdi xbp linh hoat c¢6 thé cit got khi thi cong nén dam bao linh
hoat vé chiéu dai 6 nhip san hay bé day san thay doi;

+Khéi rong béing xép khdi dac EPS dic chiu luc nén tét, khong vo, khong thAm
nude, nén dam bao viée diAm thoai mai dé dam bao do dic chic bé tong ca 16p
trén va 16p dudi khi dam, dam bao do ddng déu cac 16p bé tong dung thiét ké,
dam bao luong bé tong chuan dung thiét ké khong bi hao hut (Hinh 1.14). San
bong (bubble deck) hay san hop nhua (uboot) phia trong déu rdng nén cé thé bi
tang bé tong do vd bong hay v& hop nhya lam bé tong chui vao bén trong hay bé
tong khong dugc dam & mat ho phia dudi hop nhyua (hdp rong 520x520), mat dudi
hop nhwa ho chi o khong khi khong di chiu ap Iuc nén khi dam nén bé tong c6 thé
dang cao 1én vao bén trong hop gy niang san va nang cho cong trinh khi dim, hodc
néu dam khong k¥ thi bé tong vao day hop it thi bé tong lai mong khong dic chic

1am yéu san va khong da day dé treo thiét bi co dién phia dudi tran

AN VRO
HE DAM TRUC GLAC TIET i BEU

T Dafw ol MAT DU, BUNG siCH
THUGO. BE TONG BAC CHAC

Hinh 1.14. Mat bé téng va swon dong déu ciia cong nghé san S-VRO

+X0p c6 gia thanh ré hon kha nhiéu so véi nhya tai ché, hat x5p nguyén chét
khong phai san pham tai ché nén khong lo van dé& nhiém cac chat doc hai cua
nhwa di qua st dung tai ché nhu san bong hay san hop nhua.

+Tam panel duoc san xuit sin tai xudng nén giam rat nhidu thoi gian thi cong
lép dat tai hién truong rut nga"ln tién dd thi cong, giam chi phi nhan cong va chi
phi can by quan 1y, sébm dua cong trinh vao khai thac nén bai toan kinh doanh
hiéu qua cao hon.

+Gia thanh canh tranh do 100% cac khau tir thiét ké dén san xuit ché tao duoc

thyc hién trong nudc.

12



Mic du san S-VRO c¢6 rat nhiéu wu viét hon so v&i cac san 15i rong trén, tuy
nhién khi thi cong san can c6 cac bién phap chéng ndi chdng bénh bang cach gim
tam S-VRO lai.
Tom lai, hop xOp, qua bong, hay hop nhua chi dong vai tro cdp pha trong tao rong
cho qua trinh d6 bé tong, néu cbp pha trong khong tot thi bé tong s& khong dic
chic va dong déu dugc nhu thiét ké ké;

1.3.5 Mt s6 giai phap san khac
- Gidi phap tam EVG 3D — Cong nghé do (Nha may thé ky méi)

Hinh 1.15. Cdu tao tdm EVG 3D
Tam san EVG 3D chi ¢ thé thi cong theo mét phuong phap phun ngugc 1én tran

- Gidi phdp tam 3D do céng tv M2 ciia ¥ san xudt

Tam nay c6 161 x0p gon song va co6 cau tao co the tang cuong dam chiu lyc dé dang

Hinh 1.16. Cdu tao tam 3D ciia cong ty M2

13



CHUONG 2. TINH TOAN UNG SUAT & PQ VONG TRONG
SAN PHANG LOI RONG
2.1. Tinh toan g suit va do véng san 16i rong theo phwong phap giai tich
2.1.1 Co s& 1y thuyét vé ndi lue, ing suit ciia mot vat thé
Khi c6 tac dung cua ngoai luc 1én vat thé s& 1am xuét hién ndi luc gitra cac phﬁn tr két
cAu trong vat thé do chéng lai cac bién dang do ngoai lyc gay ra (Hinh 2.1). Mat do

ndi lyc trong vat thé d6 trén mot mat cit chinh la ung sut trong vat thé do.

Hinh 2.1. Noi luc phdn bé trén mat cdt vt thé khi ¢ ngogi luc F1, F2

Xét cac phan td 1ap phuong vo cing bé duoc tach ra tir vat thé thé ludn ton tai cac
thanh phan g suét ton tai trén bé mat ctia mdi phéan td. Cac Ung suat vudng goc
v6i bé mit cua phén t6 1a cic ing suat chinh duoc goi 13 ing suit phap, cic ing

sudt ngay trén bé mat phan t6 dugc goi 14 ung suat tiép (Hinh 2.2).

Hinh 2.2. Phdn 6 ldp phwong dwoc tach ra tir vt thé

14



2.1.2 Tinh todn {rng suit, bién dang san 16i réng bing phwong phap giai tich
San 151 réng c¢6 ciu tao rong tai ving giita, ving c6 tng suit twong d6i nho khi

san chiu uon. Phan bé tong con lai c6 theé dugc tinh toan giong nhu cac dam chir 1

—

xép lién tiép, lién két voi nhau tai ban canh (Hinh 2.3).

H
hl h2 hl

H
hi h2 hl

bl/2| bl |b12

T

B

Hinh 2.3. San phdng 16i rong sir dung hdp xdp lam cop pha tao rong
Trong do:
+ H,B 14 chiéu day va bé rong hiéu dung dam
+hl, h2 chiéu day 16p hai 16p bé tong 16p dudi va 16p trén
+ bl bé rong suon, b2 bé rong 16 rong
P6i v6i san chiu tai trong don gian (san c6 ludi cot déu dian, tai trong trén san
phan b déu), ta c6 thé tach ra cac cau kién dam chit I hinh chiu udn ngang phéang
(Hinh 2.4) va str dung cac cong thuc stic bén vat liéu dé tinh toan ra cac thanh

phan ung suat va bién dang cua san phang 161 rong:

=
=

x=TTH

.
-

‘ B=Bc ‘

Hinh 2.4. MGt cdt ngang dam chir I chiu uén ngang phang

M, @1
O-z - Ix Yy
0.5 2.2)
T =—
7 bec

Trong do:

o.,t., lan lugt la mg suét phap va ang suat ti€p cua tai mat cat ngang dam

M, Q, lan luot 14 ndi luc moment va lyc cat tai mat cat san

15



I, 1a moment quéan tinh clia mat cat ngang véi truc X
B la chiéu rong mat cét ngang tai diém tinh tng suét
S 1a moment tinh ctia mat cat

Tinh toan do vong:

¢)(z)=I—Z" dz+C (2:3)
2.4
¥(2) =IU—Z" dz+dez+D @4)

Trong do:
o(2), ¥(z) 1an luot 1a d6 vong va goc xoay ciia dam
C, D 1a hai hang s6 tich phan dugc xac dinh theo diéu kién bién chuyén vi
Tuy nhién trong thuc té cong trinh thudng c6 két ciu ludi cot phirc tap, tai trong
tap trung hodc phan bd khong déu. Can dung cac phuong phap phan tir hiru han
dé tinh toan s& c6 két qua chinh xéac va tiét kiém thoi gian.
2.2. Tinh toan ung suat va do vong san 16i rong theo phuwong phap phan tir
hiru han
2.2.1 M6 hinh dang toan khdi solid
DPé mo hinh dang toan khdi solid mé hinh hé san phéng 15i réng bang cac phan tir
solid str dung phdn mém phan tir hitu han Ansys 2019R 1.

Mo hinh san 16i rong trong ansys:

SYS
2019 Ri

(22 Pt Prvaew b Repoe Presisn,

Hinh 2.5. M6 hinh tong thé san rong trong ansys

16
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Hinh 2.6. Mt cdt san rong mé hinh bang phan tir solid trong Ansys

2.2.2 M6 hinh dang hé khong gian bing phin tir shell

O mo hinh tinh toan nay, Hé san phang 18i rdng gdm phan san rdng va phan nam
dau cot dugc md hinh bang cic phan tir shell lién két khong gian chia lam ban
suon va ban canh. Ban suon duoc md phong bang phan tir shell, ban canh mo

phong 13 phan tir slab lién két v6i nhau qua phan tir nat (Hinh 2.7).

(1
ly |

B L

T
Hinh 2.7. M6 hinh san réng bang phan tir shell trong etabs

M0 hinh héa gan dung trén co so dap Gmg duoc yéu cau do cung cua tiét dién quy

d6i va tiét dién thyc té 1a bang nhau. M6 hinh twong duwong c6 mé men quan tinh

Ix va trong luong P twong dwong voi mé hinh thuc té.

Quy doi san rong

17




MO HINH SAN RONG THU'C TE

| =
B B B
Hinh 2.8. Mé hinh san phang 16i rong thuc té
SAN RONG SAN QUY BOI
- = JU - S | bs/2
B B
Hinh 2.9. M6 hinh quy déi twong dwong theo phan tir shell
Trong do:

H, B: 1a chiéu cao va chiéu rong san rong thuc té
hr: 1a chiéu cao cdp pha rong

ht: 13 chiéu cao ban trén

hd: 1a chiéu cao ban duéi

bs: 14 chiéu rong suon

Hqd: 1a chiéu cao ban phang quy doi.

a, b kich thudc cuc bo ban canh va suon

Tinh toan twong dwong Ix

3 3 3 3 2 2 2 (2.5)
Iszhd +Bh’ +bsh’ +4bi+Bhd L) + Bh, " A +2ab " _a
36 2 2 2 2 2 3

12 12 12

1 :th +Bh’3 +b5h’? + Bh (E—h—dJZ+Bh (E—EJZ (29)
12 12 12 “\2 2 '

Trong do:
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I.,1": 1a md men quan tinh ciia phan tir thyc thuc té va quy déi
Tur (2.1) va (2.2) cho 7, = I tir d6 tim ra chiéu cao suon quy doi H,, .

Tinh toan twong dwong trong lwong

P=(Bh,+Bh,+bh +2ab)y (2.7)
E,dZ(BXBth+BXB><ht)7+2bqud7qd (2.8)
Trong do:

P, P 1a trong luong phan tir san rong thyc té va trong luong quy doi
7,7, 1a trong luong ban than bé tong va trong lwong quy do6i
Tur (2.7) va (2.8) cho P=P,, tir d6 tim trong luong y,, quy doi.

- Quy doi nam dic dau cot:

NAM DAU COT NAM QUY DOI
_ ' ' & brigd/2
B B
Hinh 2.10. Quy déi nam dau cét
Tinh todn twong dwong Ix
BH’ (2.9)
Ix=
12
2 2
I“ = Bl + Bl + i +Bh Ho By +Bh Hy b (2.10)
1212 12 ¢ 2 2
Trong do:
1,112 md men quan tinh cia phan tir thuc thuc té va quy ddi
Tir (2.9) va (2.10) cho 7, =" tir d6 tim ra chiéu rong suon ndm quy déi b,,,
Tinh toan twong dwong trong luwong
P=(BxBxH)y (2.11)
])‘]d:(BxBxhd+BxBxht)7/+2bnquqd7/nqd (2'12)
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Trong do:
P, P“: 1a trong luong phan tir san rong thyc té va trong luong quy doi
7,7, 1a trong luong ban than bé tong va trong lwong quy do6i

Tu (2.11) va (2.12) cho P=P,, tir d6 tim trong luong 7, quy doi.

2.2.3 M6 hinh dang phén tir thanh

D =

Hinh 2.11. Mé hinh quy d6i twong dirong dang thanh trong etabs

Hé san phang 156i rdng duoc md hinh bang hé dam chit I tryc giao thong qua phan
tir frame lién két tai nat. M6 hinh nay cho khing ning mé hinh twong ddi nhanh,
phan anh twong ddi chinh xac d6 ctng téng thé cho cong trinh. Tuy nhién,
Phuong phéap niy chi co tinh todn tng suat san phang & khu vuc réng thong qua
noi luc phﬁn tr thanh.

2.2.4 M6 hinh dang quy ddi ban phang quy ddi

Hinh 2.12. Mé hinh quy déi twong dwong dang ban phdng trong etabs
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O dang mé hinh nay, hé san phang 15i rdng dugc quy doi twong duong vé san dic
¢ cung trong luong va do cing khang uén (Hinh 2.7). M6 hinh héa gan dung
trén co s¢ dap ung duoc yéu cau do cing cua tiét dién quy dd va tiét dién thuc té
1a bang nhau. M6 hinh tuong dwong c6 mé men quan tinh Ix va trong lwong P

tuong dwong v6i md hinh thuc té.

SAN RONG SAN QUY DO
SRS EYINEL i
| = ﬁ%bs ' ' %
B B

Hinh 2.13. Mé hinh tinh todn quy déi twong drong san 16i rong sang ban phang
gitr nguyén do cung san

Tinh toan twong dwong Ix

3 3 3 3 2 2 2 (2.13)
Ix:Bhd +Bh’ +b5h" +4bi+Bhd (E—h—dj + Bh, (E—ﬁj +2ab(£—£j
1212 12 36 2 2 2 2 2 3
« BH), (2.14)
SR

Trong do:

1,112 md men quan tinh cia phan tir thyc thuc t& va quy doi

Tur (2.13) va (2.14) cho 7, =1 tir @6 tim ra chiéu cao ban phang quy doi H,, .

Tinh toan twong dwong trong lwong

P=(Bh, +Bh +bh +2ab)y (2.15)
P, =(Bqu)7/qd (2.16)
Trong do:

P, P : 1a trong luong phan tir san rong thyc té va trong luong quy doi

757, 12 trong luong ban than bé tong va trong luong quy do6i
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CHUONG 3. ViDU TiNH TOAN VA UNG DUNG VAO BO TRIi
THEP CHO SAN PHANG LOI RONG.

3.1. Thong so diu vao:

- Lya chon thong s0 san

Budc Hsan | Hnim Budc H san H nim
nhip rong (mm) nhip rong (mm)
(m) (mm) (m) (mm)
6 250 250 10 390 390
7 290 290 11 420 420
8 320 320 12 460 460
9 360 360
- Vit liéu
Vit liéu Cuong do Cuwong do Cuong do E (Mpa)
kéo (Mpa) nén (Mpa) | cat (Mpa)
Bé tong B22.5 1.05 13 29000
Thép CB300V 280 280 225 210000
Thép CB400V 365 365 290 200000
- Tai trong tac dung
Tinh tai (kg/m2) 120
Hoat tai (kg/m2) 150
Tuong (kg/m2) 400
-Quy d6i twong duong trong Etabs
Kich thuéc san thuc té Kich thuéc quy doi trong Etabs
. Quy dbi san Quy dbi dang
. Quy doi dang Shell hi f
Nh!p I‘_I Hr B bs phang rame
san
mm mm mm
mm Hqd | yqd | bqd | ynqd | Hqd | yqd | Hqd vqd
mm | kg/m3 | mm | kg/m3 | mm | kg/m3 | mm kg/m3
6m | 250 | 140 | 500 | 90 191 | 2150 | 233 | 1970 | 239 | 1760 | 252 1550
7m | 290 | 170 | 500 | 90 | 226 | 2080 | 240 | 1960 | 275 | 1710 | 292 1560
8m | 320 | 200 | 500 | 90 | 255 | 2110 | 269 | 1830 | 300 | 1650 | 323 1580
9m | 360 | 230 | 500 | 90 | 290 | 2100 | 272 | 1825 | 335 | 1626 | 364 1580
10m | 390 | 260 | 500 | 90 | 319 | 2120 | 293 | 1740 | 352 | 1620 | 394 1600
11m | 420 | 290 | 500 | 90 | 349 | 2130 | 306 | 1700 | 372 | 1600 | 425 1620
12m | 460 | 320 | 500 | 90 | 383 | 2120 | 310 | 1685 | 407 | 1585 | 465 1620
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3.2. Ung suit va chuyén vi san phing 16i rdng theo mé hinh phén tir solid

3.2.1 Ung suit trong mé hinh Ansys:

Hinh 3.1. Ung sudt S11 theo phwong X mdt trén san

L]
e a0

Frviea] - 1

Hinh 3.2. Ung sudt S22 theo phwong Y mdt trén san

Hinh 3.3. Ung sudt S11 theo phwong X mdt duéi san
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| Gommetsy [Fiin Piemewh Repert Preden]

Hinh 3.4. Ung sudt S22 theo phwong Y mdt dwéi san

0500 1500

Hinh 3.5. Ung sudt S11 swon

5o 1.500

Hinh 3.6. Ung sudt S22 swon
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Két qud irng sudt theo mé hinh Ansys:

Bang 3.1. Ung sudt mdt dwéi san rong tai giiva nhip

Tai gitra nhip
e S22sandudi | Sllswon | S tinh toan }
: . S11 S22 S11 tt
nhip(m) | Vitritt | S22top | S22bot | S11top bot  san uom
kg/cm? | kg/em? | kg/cm? | kg/cm? kg kg kg
6 Truc 1-B 25.82 | 47.24| -372 36.1 | 10046 1528 | 11574
Truc 2-B 18.32 | 33.32| -21.5 20.1 | 7100.5 835 | 7935
7 Truc 1-B 28.82 | 49.95 -42.3 | 41.53| 11816 2092 | 13908
Truc 2-B 20.18 | 36.75 -23.2 21.6 | 8539.5 1059 | 9599
3 Truc 1-B 36.32 57.5 | -49.21 47.51 14073 2677 | 16750
Truc 2-B 2592 | 4212 -27.7 26.6 | 11057 1495 | 12552
9 Truc 1-B 3432 53.35( -47.32( 46.21| 14246 29791 17226
Truc 2-B 2432 38.22| -26.5 27.11 10163 1788 | 11951
10 Truc 1-B 3521 | 57.22| -50.32 48.1 1 15020 3375 | 18394
Truc 2-B 2512 39.59| -253 27.11 10515 2012 | 12527
1 Truc 1-B 4121 | 59.34( -5591 | 52.32] 16339 3972 | 20312
Truc 2-B 3021 4232 -32.2 31.3 [ 11786 2423 | 14209
12 Truc 1-B 4421 6332 -6091 | 5536| 18818 4543 | 23361
Truc 2-B 32,12 | 45.65| -339 32.1 13610 2691 | 16301
Bdng 3.2. Ung sudt mdt trén san rong tai goi
Tai gbi
e S22 san trén SlIswon | S tinh toan .
: o S11 S22 S11 tt
nhip(m) | Vitritt | S22top | S22bot | S11top bot  sin suon
kg/cm? | kg/em? | kg/cm? | kg/em® kg kg kg
6 Truc 1-C 50325 2232 47.32] -48.96 | 9988.7 5175 | 15164
Truc 2-C -3.2 -4.7 3.5 -3.9] -1086 142 | -944
7 Truc 1-C 54.33 26.5 | 5232 -51.32| 12125 7163 | 19288
Truc 2-C -3.5 -4.8 4.4 -4.65 | -1245 218 | -1027
g Truc 1-C 56.325 | 36.32| 53.45] -55.32| 13897 9008 | 22905
Truc 2-C -4.3 -5.3 4.62 -4.92 1 -1440 257 | -1183
9 Truc 1-C 53.492 | 25.63 52.1| -54.32| 12857 10060 | 22917
Truc 2-C -4.23 -4.8 4.52 -4.23 | -1467 305 | -1163
10 Truc 1-C 57.336 | 37.25| 55.23| -57.32| 15370 12666 | 28036
Truc 2-C -4.536 -4.7 4.62 -4.59 1 -1501 333 | -1168
1 Truc 1-C 70.32 | 46.25| 6832 -69.62 | 18943 18069 | 37011
Truc 2-C -4.5 -4.95 4.89 471 -1536 391 | -1144
12 Truc 1-C 68.392 | 4432 | 6721 -69.99| 19725 19545 | 39270
Truc 2-C 49| -4.65 5.01 485 -1671 439 | -1233
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Bang 3.3. Ung sudt cdt san rong

6 Nam 7.92
Ria nAm 152  0.5198 0.95
; Ném, 8.25
Ria nAm 1.64 | 0.7961 1.21
o Ném, 10.51
Ria nAm 1.92 0.859 1.31
9 Ném’ 11.25
Ria nam 2.52 0.96 1.39
10 Ném, 15.32
Ria nAm 3.55| 09119 1.42
¥ Ném’ 19.63
Ria nam 3.92 1.4282 1.89
b Ném’ 28.32
Ria nAm 422 1.577 2.05

3.2.2 Chuyén vi trong mé hinh Ansys:

try APard Poawiee  Ragon Frowen] 1

Hinh 3.7. Chuyén vi theo phirong Z ciia san 16i rong
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3.3. Ung suit va chuyén vi san phéng 16i réng theo mé hinh phéan tir Shell
3.3.1 Ung suét phan tir shell trong mé hinh Etabs:

* Axis 2
A v A
a it E
/ i :
/1 %J : H) s
—J.J’_—JA .
¥ Axs 3

a. Examples of membrane direct stresses, $11

Hinh 3.8. Ung sudt S22 theo phwong 1-1 ciia phan tir shell

M Axis 2

(AN AN AN WA
NN N NS

AXxis 1
x\ﬁ“&
Axis 3

Hinh 3.9. Ung sudt S11 theo phwong 2-2 ciia phan tir shell

ri e
A1
Yok 1
.\\ ’ e oo ——
512 / -

\ 51 V

\

\ 512

) 513 ]i Mota:
\\ 521=5812 Shell element stresses are reported
»\ 573 at the four comer points of the
\ s'f approprate face of the element
\ . Axis 3 / ".
i j2

Hinh 3.10. Céc thanh phan ing sudt ciia phan tir shell trong etabs
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Hinh 3.11. Ung sudt S11 cua I6p ban san duwdi (Story 1-1)

12725, V-5 12 R ik o ry Sl St o g o <[> [aoe <[

Hinh 3.12. Ung sudt S22 ciia 16p ban san duwéi (Story 1-1)

Hinh 3.13. Ung sudt S11 ciia I6p ban san trén(Story 1-2)
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T GOUE 30, R O 0 Figh ik o oy Shel Emet o detied o <l Toosa <o =

Hinh 3.14. Ung sudt S11 ciia I6p bdn san trén(Story 1-2)

-200. -100. a. 1000

Hinh 3.15. Ung sudt S11 ciia ban suwon

-0.90 -0.45 0.00 0.45

Hinh 3.16. Ung sudt S22 ciia ban swon

3.3.2 Chuyén vi trong mé hinh etabs:

4y Point Displacements

Poirt Obisct 853 StoruLevel MAT DUOI

% v z
0.000000  0.210478  -7.648006
Ron  0.001661  0.000000  0.000000

i (EEE 7

Hinh 3.17. Chuyén vi theo phwong Z ciia san 16i rong theo mé hinh shell
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Két qud irng sudt theo mé hinh Shell:

Bang 3.4. Ung sudt mdt dwéi san rong tai giiva nhip

Tai gitta nhip
Chiéu
dai nhip S22 san dudi S11 suon S tinh toan S
(m) Vitritt | S22top | S22bot | Slltop | SI1bot S22san |Sllsuwon |
kg/cm? | kg/em? | kg/em? | kg/em? kg kg kg
6 Truc 1-B 26.9 50.6 -38.7 37.7 | 10656 1599 | 12255
Truc 2-B 19.5 36.3 -22.3 20.6 | 7672.5 850 | 8523
. Truc 1-B 30.8 54.8 -44.5 43.5] 12840 2187 | 15027
Truc 2-B 22.2 39.2 -24.5 22.6 9210 1103 | 10313
Truc 1-B 37.7 60.9 -51.5 49.5 1 14790 2784 | 17574
8 Truc 2-B 27.5 45.2 -29.8 28.8 11814 1624 | 13438
9 Truc 1-B 36.7 59.8 -49.5 48.8 | 15681 3162 | 18843
Truc 2-B 26.8 43.3 -28.7 27.51 11391 1756 | 13147
10 Truc 1-B 39.5 61.4 -55.5 49.1 16396 3309 | 19705
Truc 2-B 28.9 44.7 -29.3 30.5( 11960 2233 | 14193
1 Truc 1-B 46.5| 65.35 -61.7 56.9 18176 4287 | 22463
Truc 2-B 342 48.2 -35.3 33.9( 13390 2608 [ 15998
Truc 1-B 48.3 | 69.32 -64 59.8 1 20584 4978 | 25562
12 Truc 2-B 354 51.32 -36.4 345 15176 2893 [ 18069
Bdng 3.5. Ung sudt mdt trén san rong tai goi
. Tai gbi
Chicu
dai nhip S22 san trén S11 suon S tinh toan S
(m) Vitritt | S22top | S22bot | Slltop | S11bot S22san | SIlswon |
kg/em? | kg/em? | kg/em? | kg/em? kg kg kg
6 Truc 1-C 52.54 2432 48.18( -50.12 10568 5255 | 15823
Truc 2-C -4.05 -4.7 4 -3.7 -1203 179 | -1025
7 Truc 1-C 56.92 | 28.352 54.2 -52.6 12791 7460 | 20250
Truc 2-C -4.49 -4.8 5.2 -4.7 -1394 278 | -1116
2 Truc 1-C 59.32 | 33.32| 55.32| -57.21 13896 9327 | 23223
Truc 2-C -5.19 -5.3 5.54 -5.21 -1574 328 | -1246
9 Truc 1-C | 56.325 | 31.32| 54.24| -56.32 14242 10495 | 24737
Truc 2-C -4.86 -4.8 491 -4.72 -1570 327 | -1243
10 Truc 1-C 65.35| 42.62| 60.35( -62.23 17545 13886 | 31431
Truc 2-C -5.45 -4.7 5.92 -5.12 -1649 456 | -1194
1 Truc 1-C 78.65| 52.61| 7535 -77.36( 21330 19853 | 41182
Truc 2-C -5.52 54 5.56 -5.29 -1775 447 -1327
12 Truc 1-C 76.62 52.1 75.62 | -76.32 22526 22342 | 44868
Truc 2-C -5.52 -5.62 5.63 -5.32 -1950 499 | -1451
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Bang 3.6. Ung sudt cdt san rong

‘ Ung sudt cét
Chiéu
dai . ,
: . S22 suon S23 ban | S23td
nhip(m) | v trf tt
kg/cm? kg/em? | kg/cm?
6 Nam ’ 16.21 2.9054 9.53
Ria nam 1.72 0.7527 1.31
7 Nam ’ 18.98 2.5784 10.23
Ria nam 1.85 0.9346 1.41
g Nam 22.32 2.5301 12.3
Ria ndm 2.53 0.986 1.55
9 Nam ’ 30.25 0.1955 13.32
Ria nam 3.82 0.9914 1.61
10 Nam ’ 40.32 1.0003 20.12
Ria nam 4.26 1.3125 1.92
1 Nam ’ 51.2 0.2059 25.92
Ria nam 492 1.7684 2.35
12 Nam ’ 65.3 1.7753 34.95
Ria nam 5.93 2.4477 3.09

3.4. Ung suit va chuyén vi san phing 16i rong trong mé hinh ban phang
3.4.1 Ung suit theo md hinh bén phfmg trong etabs

D61 voi mo hinh ban phang quy do6i ban suon va ban canh san rong da dugc quy

d6i trong duong thanh san dic. Vi vay, Ung suét trong san phang 13i rdng duoc

i
it — F21= F12

' V23

tinh toan thong qua ndi lyc:

Mote: All forces are

forces per unit length
a3 ] 4" acting on the mid-

4-"'""—--

— 1 surface of the shell
F21 = F12 element. ETABS only
repors the value of
F22 \ these forcesatthe

' shel element cormer
points.

Hinh 3.18. Cdc thanh phan ngi lec ciia phan ti shell trong etabs
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Hinh 3.19. Moment M11 ciia san rong quy déi

S

<ol e

Hinh 3.21. Luc cat V13 ciia san réng quy doi

v gy — Y

B

Hinh 3.22. Luec cdt V23 cia san rong quy déi gitk nguyén do ciing san
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Ké&t qua (rng suét san rdng theo md hinh ban phing:

Bdng 3.7. Ung sudt san rong tai giiva nhip

Bang 3.8. Ung sudt san rong tai goi

Chidu Tai gitia nhip Chidu Tai gbi
i o S22top | S22bot Stt dai - S22top | S22bot | Stt
. Vi tri tt . Vi tri tt
nhip(m) kg/em® | kg/em? kg nhip(m) kg/em?® | kg/em? | kg
6 Truc 1-B -50.62 | 50.792 | 12147 . Truc 1-C 54.12 29 | 16826
Truc 2-B -37.12 | 36.936 | 8796.3 Truc 2-C -4.19 6| -822.7
. Truc 1-B -57.75 | 56.122 | 15628 ; Truc 1-C 57.32 -35| 20108
Truc 2-B 43.11 | 42221 11803 Tryc 2-C -4.62 8| -955.6
o Truc 1-B -61.62 | 61.321 | 19498 g Truc 1-C | 60.952 | -54.3 | 20550
Truc 2-B 452 | 44.899 | 14264 Tryc 2-C -5.52 8.2 | -1416
9 Truc 1-B -61.4 60.8 | 21932 0 Truc 1-C 59.32 -65 | 20521
Truc 2-B 452 41.8 | 14560 Truc 2-C 5.6 7.4 -1749
0 Truc 1-B -66.3 65.8 | 26138 0 Tryc 1-C 72.9 =73 | 29049
Truc 2-B -49.9 489 | 19302 Tryc 2-C -6.53 6.8 | -2551
" Truc 1-B -74.7 73.9 | 32065 " Truc 1-C 847 -86.8 | 36498
Truc 2-B -55.5 54.8 | 23755 Tryc 2-C -6.72 71 -2872
0 Truc 1-B 755 747 35572 . Truc 1-C 81.32 | -83.2| 38487
Truc 2-B -56.3 555 26380 Tryc 2-C -6.65 6.3 | -3270

Bang 3.9. Ung sudt cdt san rong

Chidu Ung suat cat

dai o S23
nhip(m) Vit kg/cm?
Nam 10.1
6 Ria ndm 1.52
Nam 11.5
! Ria nAim 1.59
Nam 13.9
8 Ria nAim 1.48
Nam 16.2
? Ria nAim 1.91
Nam 25.32
10 Ria nim 2.42
Nam 33.32
i Ria ndm 2.89
Nam 40.52
12 Ria ndm 3.63
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3.4.2 Chuyén vi trong mé hinh etabs

4k Point Displacements

Foint Object 47 StoryLevel MAT DUOI

X z
0.000855  0.000308  -7.897546

Fon  -0.000701  0.001712  0.000000

f Caisral s 1

Hinh 3.23. Chuyén vi theo phwong Z ciia san 16i rong theo mé hinh shell

3.5. Ung suit va chuyén vi san rdng theo mé hinh phan thanh frame
Ciing nhu md hinh ban phang, Ung suat trong mé hinh nay duoc thé hién thong
qua noi lyc cua phén tor thanh (Frame) ddi voi khu vuc san 16i rong va nodi luc

phan tur slabs doi véi khu vue nam dac dau cot:

TR

Colnpression face

Axis 3

b. Posillive Moment and Shearin the 1-2 Flane c. Positive Mameni and Shearin the 1-3 Plang

Hinh 3.24. Cdc thanh phan néi lyc ciia phan tir frame trong etabs

T T “ﬂ
HﬁiL e
] i \

Hinh 3.25. Moment 3-3 phan tir thanh khu san rong
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ik onany Lelo taeddogan RIB) Cs |

M1l M22

Hinh 3.27. Moment khu san nam déic dau cot

V13 V23

Hinh 3.28. Luc cdt khu san nam dau cot
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Ké&t qua Urng suit san rdng theo mod hinh phan tir thanh (Frame):

Bang 3.10. Ung sudt san rong tai giiva nhip

Bang 3.11. Ung sudt san rong tai goi

Chidu Tai gitta nhip Chidu Tai gbi
dai M3-3 Ix | S22bot | |dai M3-3 Ix | S22bot
nhip(m) | Vit tt nhip(m) | Vi tr tt
kg.cm cm4 | kg/em? kg.cm cm4 | kg/em?
6 Truc 1-B | 229324 | 56896 | 50.785 6 Truc 1-B 277344 | 65104 53.25
Truc 2-B 165952 56896 [ 36.751 Truc 2-B -21458 65104 -4.12
; Truc 1-B | 327873 86352 | 55.435 ; Truc 1-B 403119 | 101621 57.52
Truc2-B | 253829 86352 | 42916 Truc 2-B -31748 | 101621 -4.53
g Truc 1-B 433122 | 111828 | 62.551 g Truc 1-B 523264 | 136533 61.32
Truc 2-B 323864 | 111828 | 46.772 Truc 2-B -46353 | 136533 -5.432
9 Truc 1-B | 522986 | 157175 | 60.559 9 Truc 1-B 651510 | 194400 | 60.325
Truc2-B | 350457 | 157175 | 40.581 Truc 2-B -59724 | 194400 -5.53
10 Truc 1-B | 637773 | 191980 | 65.445 10 Truc 1-B 902587 | 247163 71.21
Truc 2-B 460080 | 191980 | 47.211 Truc 2-B -80106 | 247163 -6.32
1 Truc 1-B 785691 | 232143 | 71.921 1 Truc 1-B 1E+06 | 308700 83.32
Truc 2-B 566090 | 232143 | 51.819 Truc 2-B -96873 | 308700 -6.59
1 Truc 1-B 935096 | 301648 | 72.074 b Truc 1-B 1E+06 | 405567 | 80.325
Truc 2-B 703366 | 301648 | 54.213 Truc 2-B -114440 | 405567 -6.49
Badng 3.12. Ung sudt cdt san rong
) Ung sudt cét
Chidu dai
U T T Q22 | Sxsuon |Ixsuon | Sxban | Ix ban 23
nhip (m) | Vi trf tt -
kg cm3 cmé4 cm3 cmé4 kg/cm
6 Nam 9.89
Ria nam 1117.8 882 2147.466 3905 31478.35 1.35
7 Nam 10.5
Ria nam 1451.5 1300.5 3816.336 5160 48902.25 1.49
g Nam 12.1
Ria nam 1684.3 1800 6274.07 6090 65129.63 1.53
9 Nam 15.01
Rianam | 2277.3 | 2380.5 9609.678 7605 92395.16 1.82
10 Nam 23.95
Rianam | 3249.7 3042 13799.81 8580 116681.3 2.32
1 Nam 32.5
Ria nam 4277 3784.5 19254.28 | 9587.5 | 144722.9 2.75
12 Nam 39.59
Rianim | 6053.8 4608 25746.09 | 11375 189910.3 3.52
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3.6. Tong hop két qua tng suit va chuyén vi trong san rong

S22 bot vj tri 1B

u1522 {kﬁ/cmzlm
= & &

8

o
&

6 7 8 g 10 1n 12

Nhip {m)
—a—Solid —e—Wal "—s—Frame —e—Shb

§22 bot vi tri 2B

w
=

B
=

522 (kgfem2)
bof

w
o

w
a

Nhip (m}

—eo—50iid —e—Wall —s—Frame —e—5kb

$23 tri tri nam
45.00

s

523 (kgfcm2)
i
2

15.00

Nhip (m)

—a—50lid —a—Wall —s—Frame —e—S5lab

$22 bot vi tri 2B

522 (kgfem2)
i

Nhip (m)

—o—5olid —e—Wall —e—Frame —e—5kb

$22 top vi tri 2C

=

o
in

522 (kgfem)

Nhip {m)

—g—50lid —s=Wall —#—Frame -—a=—5lab
$23 vj tri swon canh nam (ria ndm)
40
350
300
250

o
w200
2 150
100
050

0.00
[ T B 9 10 1 12

Nhip (m)

—a—50lid —g—Wall —g—Frame —g—Skb

Hinh 3.29. So sanh itng sudt san réng theo cdc mé hinh khdc nhau

Chuyén vi twong doi lén nhat

[
2
=)
=]

B8 vang trang déi {mm)

Nhip {m}

—a—50lid —e—Wall —a—Frame —e—Skb

Hinh 3.30. So sanh chuyén vi san rong theo cdc mé hinh
Nhin xét: Thong qua két qua tinh toan trén, nhan thdy tir nhip 9m bét dau xuat
hién sai s 16n (5-15%) mé hinh solid cho ra két qua mg suit, chuyén vi nho

nhat, mo hinh ban phing va fame cho ra két qua gan gidng nhau va 16n nhat.
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3.7. Ung dung bd tri thép cho san rdng va so sanh véi hé san truyén théng.

3.7.1 Ung dung tinh toan cdt thép cho 1 6 san réng va san truyén théng

Bdng 3.13. Tinh todn bé tri cot thép san réng tai vi tri gitka nhip

N S22 san \ , Tén
Gl | 0| Ggemy [Sin | T mow | mep
. Vi tri tt (kg/cm?2) toan ; thép thiét
nhip hop toan £
) S11 | s11| s22 | s22| (kg (cm2) (cm2) ke
top | bot | top | bot (cm2)
6 Truc 1-B | TH1 | 26.9 | 50.6 | -38.7 | 37.7 | 12255 | 3.36 (6| ¢ | 10 | 4.71
Truc 2-B | TH1 | 19.5 | 36.3 | -22.3 | 20.6 | 8523 | 2.33 |4 | ¢ | 10| 3.14
7 Truc 1-B | TH1 | 30.8 | 54.8 | -44.5 | 43.5| 15027 | 4.12 |7 |¢ | 10 | 5.50
Truc 2-B | THI | 22.2 [ 39.2 | -24.5 | 22.6 [ 10313 | 2.83 |5|¢ | 10| 3.93
2 Truc 1-B | TH1 | 37.7 1 60.9 | -51.5 {49.5| 17574 | 481 |6|¢ | 12| 6.78
Truc 2-B | TH1 | 27.5 | 45.2/| -29.8 | 28.8 | 13438 | 3.68 |4 | ¢ | 12| 4.52
9 Truc 1-B | TH1 | 36.7 | 59.8 | -49.5 | 48.8 | 18843 | 5.16 (6| ¢ | 12 | 6.78
Truc 2-B | TH1 | 26.8 | 43.3 | -28.7 | 27.5| 13147 | 3.60 |4 | ¢ | 12| 4.52
10 Truc 1-B | TH1 | 39.5 | 61.4 | -55.5 | 49.1 | 19705 | 540 (6| ¢ |12 | 6.78
Truc 2-B | TH1 | 28.9 | 44.7 | -29.3 | 30.5| 14193 | 389 |4 | ¢ | 12| 4.52
1 Truc 1-B | TH1 | 46.5 | 65.4 | -61.7 | 56.9 | 22463 | 6.15 (7| ¢ |12 | 7.91
Truc 2-B | TH1 | 34.2 | 48.2 | -35.3 | 33.9 | 15998 | 438 |5|¢ | 12| 5.65
12 Truc 1-B | THI1 | 48.3 | 69.3 | -64.0 | 59.8 [ 25562 | 7.00 |6 | ¢ | 14| 9.23
Truc 2-B | TH1 | 35.4 | 51.3 | -36.4 | 34.5] 18069 | 495 |4|¢| 14| 6.15
Bdng 3.14. Tinh todn bé tri cot thép san rong tai vi tri goi
Chidu Siif,?n S11 suon .| Thep Tong
dai : TS (kgem2) | SO}t B ri thep | DCP
: Vi tri tt (kg/cm2) toan , Pl thiét
nhip hop toan (cm2) £
(m) i1 |s11| s22 | 822 | (k&) | ooy ke
top | bot | top bot (cm2)
6 Truc 1-B | TH1 | 52.5 {243 | 482 | -50.1 | 15823 | 434 (5| ¢ | 12 | 5.65
Truc 2-B | TH1 | 4.1 | 4.7 | 4.0 -3.7 | -1025 41|55 095
7 Truc 1-B | THI | 56.9 | 28.4 | 54.2 | -52.6 {20250 | 5.55 |5|¢| 14 | 7.69
Truc2-B | TH1 | 4.5 | 4.8 | 5.2 -4.7 | -1116 416 355] 095
g Truc 1-B | TH1 | 59.3 | 333 | 553 | -57.2 123223 6.36 |4 |¢| 16 | 8.04
Truc2-B | TH1 | -5.2 | -53 | 5.5 -5.2 | -1246 416|355 095
9 Truc 1-B | TH1 | 56.3 | 31.3 | 54.2 | -56.3 | 24737 | 6.78 [5| ¢ | 16 | 10.05
Truc2-B | TH1 | -4.9 | 4.8 | 49 -4.7 | -1243 41|55 095
10 Truc 1-B | THI | 65.4 | 42.6 | 60.4 | -62.2 (31431 | 8.61 |5|¢| 18 | 12.72
Truc2-B | TH1 | -55 | 47| 59 | -5.1 | -1194 41¢|55] 095
1 Truc 1-B | THI | 78.7 | 52.6 | 75.4 | -77.4 (411821128 |5|¢ | 20 | 15.70
Truc 2-B | THI | -5.5 | -54 | 5.6 -5.3 | -1327 41¢[55] 095
1 Truc 1-B [ TH1 | 76.6 | 52.1 | 75.6 | -76.3 | 44868 | 1229 | 5| ¢ | 20 | 15.70
Truc 2-B | THI | -5.5 | -5.6 | 5.6 -5.3 | -1451 416 55] 095

38




Bang 3.15. Tinh todn bé tri cot thép san truyén thong

Chidu o Fa g
d?‘ Vitri | M | men ho Om 4 tm’h B tri thép thlf t
nhip (Tm) (cm) todn ke
(m) (cm’) (cm’)
Bung [ M+ | 0.45 [ 8.50 [ 0.048 | 0.975 | 1.49 [ ¢ | 8 |a | 200 | 2.51
6
Gbi | M- | 042 |8.50]0.045|0.977 | 1.39 o|8]a|200| 251
Bung | M+ | 0.47 | 8.50 [ 0.050 | 0.974 | 1.55 | ¢ [ 8 | a | 200 | 2.51
7
Gbi | M- | 0.44 | 8.50|0.047 | 0.976 | 1.45 o|8]a|200| 251
Bung [ M+ | 0.52 [ 8.50 [ 0.055 0972 1.73 [ ¢ | 8 |a | 200 | 2.51
8
G&i | M- |0.49 | 8.50|0.0520.973 | 1.62 | ¢ | 8| a]|200 | 2.51
Bung [ M+ | 0.65 | 8.50 | 0.069 | 0.964 | 2.17 | ¢ | 8 | a [ 200 | 2.51
9
Gbi | M- | 0.45|8.50]0.048 | 0.975 | 1.49 o |8]a|200| 251
Bung | M+ | 0.67 | 8.50 [ 0.071 | 0.963 | 2.24 | ¢ [ 8 | a | 200 | 2.51
10
Gbi | M- |0.48 | 8.50]0.051 | 0.974 | 1.59 ¢ |8]a|200| 251
Bung [ M+ | 0.55 [ 8.50 [ 0.059 | 0970 | 1.83 [ ¢ | 8 | a | 200 | 2.51
11
G&i | M- | 0.47 | 8.50 | 0.050 | 0.974 | 1.55 [ ¢ | 8 | a | 200 | 2.51
Bung | M+ 0.57 | 8.50 [ 0.061 [ 0.969 | 1.90 [ ¢ | 8 | a [ 200 | 2.51
12
Goi | M- [ 0.50 | 8.50 [ 0.053|0.973 | 1.66 | ¢ | 8 |a|200 | 2.51
Bang 3.16. Tinh todn néi lwc dam phwong dn san truyén thong
Nhip (m) 6 7 8 9 10 11 12
\ M+ 7.74 [ 9.961 | 13.59 [ 18.45 | 25.39 | 38.32 | 52.99
Dam chinh
M- | 3.14 | 4294 | 8.65 | 15.33 | 18.32 | 26.32 | 36.82
X M+ 4.51 69971092 [ 1232 | 14.63 | 19.96 | 29.48
Dam phu
M- | 1.12 | 1.21 1.28 | 1.36 2.25 2.98 3.7

3.7.2 So sanh hiéu qua kinh té giira san réng va san truyén thong
Céc chi tiéu so sanh: Cung mot muc nhip san, cung chiu tai trong twong duong, cé

chuyén vi, d6 vong ctia san twong duwong nhau: Khdi luong bé tong, cdp thép, cdp pha

Bdng 3.17. Bang so sanh khoi lwong bé tong cho Im2 san xdy dwng

Khéi lwong bé tong
Nhip 6 7 8 9 10 11 12
San Rong 0.17 | 020 | 021 | 024 | 025 | 026 | 0.29
San BTCT 0.20 | 022 | 025 | 028 | 032 | 035 | 0.39
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Kh&i lwrgng bé tong

5 7 ] g 10 11 12
Nhip (m)
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wn

—e—5anRong —e—San BTCT

Bdng 3.18. Bang so sanh khoi lwong cop pha cho Im2 san xdy dung

San Rong 1.17 | 1.17 1.16 1.16 | 1.16 | 1.15 1.15
San BTCT 1.93 | 2,16 | 229 | 231 | 233 | 245 | 247

Khai lwong cdp pha

2.40 y
T 220
2 2.00
g L
o 180
'8
= 160
2 140 4
w L
S 120 o . Q . . . . .
100
& 7 8 b ] 10 11 5
Hhip (m)

—e—SanRng —e— San BTCT

Bang 3.19. Bang so sanh khéi lwong cot thép cho Im2 san xdy dung

San Rong 19.83 | 23.48 | 25.61 | 29.50 | 36.41 | 39.63 | 42.72
San BTCT 23.54 | 29.76 | 35.57 | 40.55 | 47.00 | 50.92 | 56.56

Khai lvgng cot thép

? 8 ] 10 11 12
nhip {m)

—e—SanRdng —e—Sin BTCT
Nhén xét: Tir két qua tinh toan trén, ta nhan thdy khéi luong bé tong, cbt thép,
cdp pha cua san rdng & nhip nhé hon 8m chénh 1éch véi san thudong khong quéa

nhiéu (tir 2-5%), bit du tir nhip 8m tr& di sy chénh léch rat dang ké (tir 15-30%)
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3.8. Vi du irng dung trong céng trinh thuc té Nha may Vinsmart — Hoa Lac

(Str dung cong nghé san réng S-VRO)

3.8.1 Thong sé dau vao (khu day truyén san xuit sir dung san 1i rong)

Quy mo cong trinh: 2 san rong ~80000m2 budc, nhip cot 12.5mx9m va 1 san

mai thép, cao 20.8m

- Vat liéu:
Vat liéu Cuong do Cuong d6 Qu(mg do E (Mpa)
kéo (Mpa) | nén (Mpa) | cat(Mpa)

Bé tong B25 1.05 14.5 30000
Thép CB300V 280 280 225 210000
Thép CB500V 420 420 420 190000

- Tai trong tac dung (khu xudng san xuat):
Tinh tai (kg/m2) 55
Hoat tai (kg/m2) 1500

Két qua thir tai cho ra vét nit san va chuyén vi dé so sanh vdi vét nat va chuyén

vi cho phép.

3.8.2 Két qua tinh toan

Phuong 4n két cau cong trinh str dung san 15i rong S-VRO day 500, 156i x6p day 350,

nam bién cao 900, nim giita cao 750. Trong tinh toan thiét ké sir dung phwong phéap

ban phing quy d6i cho viing san st dung 15i rdng bang xdp.

Vi tri tinh toan tuong ung véi thur tai [4]:

| @V |
’20' \@“ ® /
| @ G_L\:. |
—}—@‘/i @ ® \
@ —
‘ 2 @““‘*63 ) @‘
& | —~ e |
® / @ o © %
Z _ @ 2)\@ |
(_/' i @ \<2| 26 ':28 i
i i

Hinh 3.31. Vi tri vét mirt khu vuee thir tdi san tc?ng 3 truc Y3Y4-X19X20
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Hinh 3.32. So do bé tri hé thong dong ho do chuyén vi san ting 3

Bdng 3.20. Vét mitt theo tinh todn va thir tdi ciia san 16i rong

* Vitri V1, V9 ndm & ranh gidi thu tai

Nhin xét: V§i phuong phap mo hinh dang ban phing quy doi, két qua vét nit va do

vong thiét ké so véi thuc té do dat nho hon tir 15% véi phuwong nhip 9m va 20% véi

phuong nhip 12.5m => Phu hop véi két qua dé tai nghién ctru.
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Fa
acr
Vi Hs 822 bot a < . O tinh | acrl )
i Phuong (cm) | (kg/em2) | (cm) Dat thép theo thiet ke todn | (mm) thff’
(cm?) tai
14 M2 44.69 38.13 38 [ |12]a|200 |+ | |16|a|400 | 4.86 |0.229| 0.200
23 M2 44.69 42.70 38 | ¢|12]a|200 |+ |¢|16]a]|200 | 7.78 |0.230 | 0.200
9 Ml 44.69 67.31 25 | ¢|12]a|200 |+|d|16|a|200 | 6.64 |0.189 | 0.150
18 M1 44.69 70.57 25 [ ¢|12]a|200 |+|¢|L16]a| 100 | 7.83 |0.101 | 0.080
Bang 3.21. Chuyén vi theo tinh todn va thir tai ciia san 16i rong
Vi tri Do Ifong thiet | Do Kong thw Vi tri Do Iﬁong thiet | Do 71./0ng thw
* ké (mm) tdai (mm) : ké (mm) tai (mm)
Vi 6.912 1.98 Vé6 0.36 0.27
V2 4.249 3.41 vi7 0.17 0.12
V3 7.553 6.1 \%: 5.95 4.33
V4 4.305 3.31 V9 591 0.74
V5 7.239 5.57




KET LUAN
Giai phap két ciu san 18i rdng mang lai nhiéu loi ich vé kinh té va thAm my so véi
san bé tong cdt thép truyén théng (tir 10-20%), dic biét néu két hop lwa chon
phuong phap tinh toan phu hgp s€ lam tang thém hi€u qua cta cong nghé san
rong 1én rat nhiéu, giam thiéu sai sé trong thiét ké tir d6 van dam bao chét luong
va tudi tho cho cong trinh ma khong gay 1ing phi.

Nhén xét wu nhuwoe diém cdac mé hinh tinh:

Phwong phap mé hinh dang solid

Uu diém: La dang m6 hinh mé phong chinh xac nhit cac phan tng cua két cau
san rong so véi thyc té

Nhuoc diém: Tde do va cong cu hd trg mo hinh con han ché, vi vay kha nang
md hinh tinh nhitng céng trinh quy mé 16n rat kho khan va ton thoi gian

Mo hinh nay chi thich hop cho nghién ctru hodc tinh toan moé phong céc chi tiét
nhd hoat dong doc 1ap

Phwong phap mé hinh dang Shell

Uu diém: La dang m6 hinh mo phong gan sat nhat voi dang solid, co thé Gng
dung md hinh dé dang

Nhuoc diém: M hinh van con nang, chi thich hop cho céc cong trinh dan dung
c6 quy mo nhé hodc dé nghién ctru tinh toan thir nghiém

Phwong phdp mé hinh dang Frame, Bdan phang (slabs)

Uu diém: La dang mé hinh quen thudc, d& 1am, téc d6 mo hinh nhanh, c6 thé sir

dung cho cac cong trinh c6 quy mé 16n.

Nhuge diém: Cho ra sai s6 16n nhat trong 4 dang mé hinh, tng suat phai tinh

toan bang phuong phap giai tich thong qua ndi luc

KIEN NGHI

Céac mé hinh tinh toan trong dé tai déu c6 thé dé dang tinh toan dugc Ung suit va
chuyén vi ciia san rdng. Tuy nhién, van xuat hién sai s6 nhat dinh giita cac
phuong phap nhu & cac nhip nho 6-8m cac két qua ung suat va chuyén vi c6 do
sai s6 nho tir 1-5%, tir 9m bat dau xuat hién cac sai s6 nhiéu ¢ phuong phap mo
hinh bang frame va md hinh dang ban phang quy ddi (tir 5-15%). Cac k¥ su khi
tinh toan tng suat, chuyén vi cia san 13i rdng c6 thé luu y ké dén cac sai s6 ma

tac gia da néu.
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PHU LUC 1

Két qua do chuyén vi, vét nirt
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PHU LUC 2

Hinh dnh qua trinh thi nghiém
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