KET CAU - CONG NGHE XAY DUNG

PHAN TiCH PHI TUYEN KET CAU DAM CAO
BE TONG COT THEP CO KHOET LO RONG

TS. CHU THI BiNH
Trwdng Pai hoc Kién truc Ha Noi

Tém tét: Bai béo trinh bay két qué phén tich két
cdu dédm cao bé téng cét thép c6 khoét 16 réng.
Théng sé duoc khao sét la vj tri 16 khoét. Phdn mém
phén tich phi tuyén két cdu SAFIR duoc si¥ dung.
M6 hinh mé phdéng dédm duoc kiém chirng bang
cach so sanh két qué tinh toan va két quéa thi
nghiém. Két qué khao sat thong sbé cho thay khi vi tri
16 khoét xa duong truyén téi thi khd ndng chiu luc
cla ddm khéng bi gidm so véi ddm khéng khoét 16.

Abtract: This paper presents the results of
structural analysis of reinforced concrete deep
beams with openings. The investigation parameter
is the location of opening. Nonlinear structural
analysis computer code SAFIR is wused in
simulation. Verifying works have been done for
models using SAFIR code. Results from parametric
studies show that when the location of the opening
is far from the load path, the load resistance of the
beam, with opening is similar to that of the solid
beam.

1. Gi&i thiéu chung
Dam dwoc goi la ddm cao (Deep Beam) khi

mang mét trong cac dac diém sau day [1]: ti sb gitra

. L e

Trwong hop 1

nhip théng thdy va chiéu cao ddm bé hon hodc
béng 4; trén dam xuét hién tai trong tap trung trong
khoang bé hon 2 |an chiéu cao dam tinh tr mép gbi
ac.

Dwéi tac dung cla tai trong, trong ddm hinh
thanh cac thanh chéng chiu nén néi gitra vi tri d&t tai
trong va gbi d& (hinh 1). Déi v&i cac clu kién dam
théng thwéong, ching ta thwong st dung gia thiét
bién dang phéng dé 1ap so db (ng suét cho tiét dién
va gidi bai toan tinh toan cét thép dua trén cac so
dd ng suét tai trang thai pha hoai. Tuy nhién, dbi
véi dam cao gia thiét vé bién dang phang trong ly
thuyét uén khong con ding nira. D& tinh toan dam
cao phai st dung phwong phap phan tich véi phan
bb bién dang phi tuyén, hodc quy vé don gian bang
cach st dung moé hinh gian &o (strut-and-tie
method).

Trwong hop 2

Hinh 1. C4c truong hop dinh nghia cta ddm cao

Vé&i cac ddm cao cé khoét 16 cho cac duwdng
6ng ky thuat chay qua, phan bé trng suét bién dang
trong ddm cang tr& nén phlrc tap. Dya trén cac thi
nghiém duoc cong bd tai tai liéu [2], tac gia da st
dung phan mém phan tich phi tuyén két ciu SAFIR
dé md phéng dam coé ké dén tinh phi tuyén cla vat
liéu. K&t qua mod phoéng twong ddi trung khép voi
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két qua thi nghiém. Dung mé hinh vira kiém chirng,
dadm cao bé téng dwoc khdo sat voi cac vi tri 16
khoét thay déi.

2. Mé phéng dadm bang phan mém SAFIR

SAFIR |a phdn mém may tinh dwoc phat trién
tai trwong dai hoc Liége — Vwong quéc Bi véi muc
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dich phan tich phi tuyén két ciu trong diéu kién
chay. D& tinh két cAu trong nhiét d6 thwéng, ta cho
nhiét d6 luén khong déi 1a 20°C. Chi tiét hon xem tai
liéu [3,4]. Phan mém nay da dwoc kiém ching qua
nhiéu nghién clru da dwoc cong bd [5,6,7]. SAFIR

hién dwoc dung trén 120 trwdng dai hoc va trung
tam nghién ctu trén thé gidi. Khoang 70 trung tam
thiét ké ciing dang str dung phan mém nay.

Nghién ctru nay mé phéng dam véi cac 16 khoét
¢6 kich thwdc nhuw hinh 2.
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Hinh 2. Céc kich thudc cla dadm

Cac dam déu co tiét dién 160x600 mm, dai
2.4m, khoang cach gita hai gbi twa don la
2.1m. Cét doc trong dam la 3 thanh dwdng
kinh 19mm. P& nghién cru anh hwéng cla cac

16 khoét, cbt dai khong dwoc bb tri trong doan

dam cé lwc cat, chi cé hai cbt dai @ mdi dau
dam.
Cacthong sé: ka, ma, k,h , m)h , f. vaa

thay dbi nhw trong bang 1 trong d6 fc la cwong dd
chiu nén mau tru cla bé téng.

Bang 1. Céc théng sé cda céc méu thi nghiém

Tén mAu thi nghiém kla m,a kzh mzh fy fc' a

mm mm mm mm MPa MPa mm

UHSF1 75 150 270 60 420 80.4 300
UHSF2 75 150 240 120 420 80.4 300
UHSF3 75 150 210 180 420 80.4 300
H5F1 75 150 270 60 420 52.9 300
H5F2 75 150 240 120 420 52.9 300
H5F3 75 150 210 180 420 52.9 300
L5F3C 75 150 210 180 420 23.5 300
H10T3 225 150 210 180 420 52.9 600
UH10T3 225 150 210 180 420 80.4 600
UHI15F3 225 450 210 180 420 80.4 900

Cac dam chi dwoc mé phdng mét niva nhip do
tinh chat ddi x(rng ctia ddm (hinh 3). Cac ban thép
kich thuwéc 160*100*10 mm duwoc dat tai cac géi twa
va vi tri dat tai dé tranh (ng suét tap trung. Trong
mé phdéng, tai trong va diém dat gdi twa ciing dwoc
dan déu thanh 3 diém véi khodng cach gira cac
diém la 50 mm.

Tap chi KHCN Xay dung — sb 3/2017

Tai lieu [2] khong néu rd loai cbt doc phia trén
va cbt dai dau dam. Trong md phdéng tam lay cbt
doc phia trén Ia 2612 va cét dai a 2 dai 66 mdi dau
dam. P& danh gia anh huwéng cla hai loai cbt thép
nay t&i kha ndng chiu lwc ctia ddm, cac md phéng
da dwoc tién hanh véi sw thay dbi cudrng d6 ciia cot
doc phia trén va cét dai. K&t qua md phéng cho thay
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anh hwéng cla chung la khong dang ké do (ng
suat & hai loai cét thép nay con rat nhd khi dam bi
pha hoai.

Mb hinh trng suét- bién dang clia bé tong va cbt
thép la phi tuyén theo tiéu chuan Eurocodes [8,9].
Quan hé trng suét - bién dang cla vat liéu chju kéo,
nén mot truc cé dang nhw hinh 3.

Trong phan t& shell, mé hinh vat liéu chiu nén
hoac kéo 2 truc dwgc chon sao cho twong thich voi
dwong ng suét - bién dang mét truc gidi thiéu
trong tiéu chuén chau Au (hinh 3a). Cac (ng suét

va bién dang theo 2 truc dwoc quy déi thanh tng
suét quy déi o, va bién dang quy déi ¢, . Quan
hé gitra (rng suét va bién dang quy ddi nhw sau:

2 6
e, e, -1 o
pl.eq cl + eq — 0 (1)
1.0004 -

Trong d6 &, la bién dang tai dinh va f, la
cwong dé cla bé tdng khi chiu nén mét truc (hinh
3a). Tiéu chuan chdy déo Von Mises dwoc dung
cho nhanh chiu nén. Nhanh chiu kéo dung tiéu
chuan Rankine cut off. Chi tiet xem tai liéu [7].

o) stress
fy ------- d
! Eai E strain
€4 Eon % -
a) Bé téng b) Cét thép

Hinh 3. Quan hé (ing suét - bién dang cta vat liéu bé téng va cét thép

Qua mé phéng co phan bd (rng suét trong ddm nhuw
hinh 4. Trong méi phan & shell co hién thi phwong clia
(ng suét chinh tai 4 diém. 'ng sudt mau dam (xanh) la
(ng suét nén chinh, mau nhat (d) la &ng suét kéo
chinh. V&t niit trong dadm hinh thanh do (ng suét kéo

vuot qua cudng dd nén vét nirt co phuong vudng goc
v&i phuong clia (rng suat kéo chinh. Két qua mé phdng
cho thay phuong clia (rng suét kéo chinh (nét mau dé
trong hinh 5 va hinh 6) twong déi phu hop véi hinh anh
céc vét nirt do dworc (hinh 7).

Diamond 2012.a.0 for SAFIR
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Hinh 4. Hinh dnh mé phéng ddm UH5F2
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Diamond 2012.a.0 for SAFIR

FILE: UH5F2
NODES: 450
BEAMS: 0
TRUSSES: 0
SHELLS: 408
SOILS: 0
SOLIDS: 0

NODES PLOT

SHELLS PLOT

IMPOSED DOF PLOT
POINTLOADS PLOT

Structure Not Displaced selected
N1-N2 MEMBRANE FORCE PLOT

TIME: 20 sec

I - Vembrane Force
I + Membrane Force

Hinh 5. Ung suét chinh trong ddm UH5F2
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Diamond 2012.a.0 for SAFIR

FILE: UH5F3
NODES: 450
BEAMS: 0
TRUSSES: 0
SHELLS: 408
SOILS: 0
SOLIDS: 0

NODES PLOT

SHELLS PLOT

IMPOSED DOF PLOT
POINTLOADS PLOT

Structure Not Displaced selected
N1-N2 MEMBRANE FORCE PLOT

TIME: 15 sec

I - Vembrane Force
I + Vembrane Force

Hinh 6. Ung suét chinh tai cac diém quanh 16 khoét cia ddm UH5F3

UH5FI

TiHH

LIHSF2

LHSF3

oz TAHE

T gl s G

T 2 31T

Hinh 7. Hinh dnh céc vét nit & dadm thi nghiém [2]
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3. So sanh két qua md phéng sé va két qua thi
nghiém

Do thi nghiém khéng xac dinh cwong dé chiju
kéo cla bé téng ( f,,) nén md phéng dung lién hé
gilra cwdng do chju kéo va chju nén theo tiéu chuan

chau Au @é xac dinh f,,. Trong bang 2: V, ,, 1a luc

tinh toan gay pha hoai ddm khéng c6 16 khoét; V

open

14 lwe tinh toan gay pha hoai dam c6 16 khoét, V.

la Iyc pha hoai xac dinh trong thi nghiém voi dam
c6 10 khoét.

Bang 2. So sanh két qud mé phdng va thi nghiém

Tén mau thi nghiém Két qua mo phong (KN) [ Két qua thi nghiém (KN) Tilé
cho dim dic | cho ddm c6 15 cho dém ¢6 15 Vnpen IV solia Vopen / Vex,o
Vsolid V0P€n Vex,a
UHS5FI 402 381 514.5 95% 74%
UH5F2 402 348 419.4 87% 83%
UH5F3 402 276 339.1 69% 81%
H5F1 357 318 466.3 89% 68%
H5F2 357 297 347.9 83% 85%
H5F3 357 237 288.6 66% 82%
L5F3C 306 153 233.2 50% 66%
HI10T3 183 168 163.2 92% 103%
UHI10T3 243 192 185 79% 104%
UHI15F3 168 93 94.8 55% 98%

Do sb liéu thi nghiém ctia nghién ctru khac cung
cép han ché nén nghién ctru nay chi so sanh duoc
ddm mé phéng va dam thi nghiém & trang thai gioi
han, khéng c6 sb liéu thi nghiém trong qua trinh gia
tai. Két qua & bang 2 cho thay két qua tinh toan
bang md phoéng sé twong déi phu hop véi két qua
thwc nghiém, chirng t6 mé hinh md phdng sb 13 tin
cay duoc.

4. Nghién ctru anh hwéng cua vi tri 16 khoét

Dung phan mém SAFIR, nghién ctu nay mo
phdng thém nhiéu ddm dé khao sat anh huéng cla
vi tri 16 khoét dén kha nang chiu tai clia dam cao.
Cac ddm mé phéng c6 clu tao gibng dam thi
nghiém trinh bay & phan 3 nhung kich thwéc 16
khoét khong thay déi (200mm*160mm). Vi tri 16

16

khoét thay dbi ttr 100mm dén 750mm tinh tir gbi twa
dén mép 16 (xem hinh 2 va bang 3). Nhw vay cac
trwdng hop (TH) 1, 2 14 c6 16 khoét cat qua dwong
ndi gitra tai trong va gbi twa. Ty TH 3 dén TH 6 16
khoét cach dwong ndi tai trong va gbi tua theo
khoadng cach xa dan. Cac mau nay khong co két
qué thi nghiém nén d&t tén dam theo cach thirc
khac v6&i cac phan trén. Hinh anh phan bb &ng suét
chinh trong ddm xem t hinh 8 dén 10. C6 thé nhan
thdy rang & TH 1 va 2 16 khoét cat qua dwong ndi
tai trong va gbi twa (thanh chdng trong mé hinh dan
4o cla dam dac) thi cac vi tri quanh 16 khoét lai tao
thanh cac thanh chéng khac ciing cé xu hwéng nbi
tr tai trong dén gbi twa. Nhw vay viéc 4p dung moé

hinh gian 4o trong thiét k& ddm cao 13 hop ly.

Tap chi KHCN Xay dung — sb 3/2017
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trong gi¢i han cia dam dac (TH 1 va TH 2). Khi
16 khoét d& nam ngoai dwdng ndi tai trong va gébi
twa nhwng van gan diém dat tai thi kha nang

chiu lwc cia ddm van anh hwéng boi 16 khoét
(TH 3 va TH 4) nhwng anh hwéng it (gidam kha
nang chiu lwc duéi 10%).

Bang 3. Céc thong sé ctia cac mau lam mé phdng sé va két qua tinh toén

Tén mau thi nghiém k,a moal| kyh | m,h Tai trong giGi han (KN)
mm mm mm mm | cho dam dic | cho dim c6 16 Vopen IV i
Vsolid Vopen
TH 1 100 200 240 160 297 225 76%
TH?2 150 200 240 160 297 258 87%
TH 3 350 200 240 160 297 273 92%
TH 4 450 200] 240 160 297 291 98%
TH5 600 200 240 160 297 297 100%
TH 6 750 200 240 160 297 297 100%
5. Két luan sur les structures. Thése d'agrégation, Univ. of Liege,

- Co thé dung phdn mém SAFIR dé lam thyc
nghiém sb nghién cru anh hwéng clia cac thong
sb dén (rng xt clia dAm cao bé tong cbt thép co
khoét 16. Day 1a goi y cho cac nghién ctwu tiép
theo vé anh hwéng clia cudng d6 chiu kéo cla
bé téng, anh hudng cla cbt doc cbt dai, cach
chon mé hinh dan &o (strut and tie) trong thiét
ké...

- Vi tri 16 khoét &nh huéng ré rét dén sw phan bd
trng suét trong ddm dan dén anh hwéng dén kha
nang chiu tai. Khi 16 khoét cat qua duwdng néi tai
trong va gbi twa thi tai trong gidi han ctia dam
giam so véi ddm dic. Mirc d6 gidm phu thudc
vao vj tri 16 khoét va kich thuwéc 16 khoét;

- Khi 16 khoét da nam ngoai dwdng nbi tai trong

va gdi twa nhwng van gan diém dét tai thi kha nang

chiu lwc cGia ddm van anh hwéng bdi 16 khoét (TH 3

va TH 4) nhwng anh hwéng it;

- Khi 16 khoét & cach xa vi tri dat tai trong (TH 5

va TH 6) thi kha nang chiu lwc clia ddm khéng gidm

so v&i dam dac. Nhan xét nay phu hop véi cac cong

bb & tai liéu [10].
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