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PHAN TiCH HE SO UNG XU CUA KET CAU NHA CAO TANG
BE TONG COT THEP

ANALYSIS BEHAVIOR FACTOR APPLIED IN REINFORCED CONCRETE
DESIGN OF TALL BUILDING

NGUYEN TRAN TRUNG® va VU NGOC QUANG™?

TOM TAT: Nghién civu ndy tdp trung lam ré gid tri hé s6 iing xir g ciia mét céng trinh 20
tang bang bé tong cot thép véi gidi phdp két cdu cu thé theo yéu cau cia kién tric. Gid tri
q dwoc xdc dinh bang viéc dp dung theo TCVN 9386-2012 va do tdc gid dé xudt dia trén
cong thirc phé phan iing dan héi thiét ké trong TCVN 9386-2012 véi cong cu MS Excel
2016 két hop véi phan mém phdn tich phan tir hitu han Etabs 2016.

Tir khéa: Hé s6 vng xi, thiét ké két cau bé tong cot thép, tdi trong dong dat, két cau nha
cao tdng.

ABSTRACT: This study focuses on clarifying the value of behavior factor g of a 20-storey
building with reinforced concrete (RC) with specific structural solutions at the request of
Architecture. Values of q are determined by applying TCVN 9386-2012 and by the author
based on a formula proposed universal design elastic response of TCVN 9386-2012 with
MS Excel 2016 tools combined with analysis finite element software ETABS 2016.

Key words: Behavior factor in seismic design, reinforced concrete design, structural tall
buildings.

1. PAT VAN DE nang tiéu tan ning lugng hop 1y dé lam han

Nha cao ting xuit hién ¢ nudc ta do
viéc tang dan sd nhanh & thanh phd, thiéu
dat xdy dung va gia thanh cao. Nha cao
tang 1a loai cong trinh x4y dung 16n va
phuc tap, khoéng gidng nhu cac coéng trinh
thap tang khi chiu tac dung chu yéu cia tai
trong dung, cac cong trinh cao ting véi
chiéu cao 16n ngoai tai trong dung, tac
dung cua tai trong ngang nhu gié, dong dat
déu rat nguy hiém cho cong trinh.

Dé giai quyét bai toan tai trong ngang,
doi hoi két cdu phai c6 do déo hay kha

ché anh huong cua cac tac dong trén. Van
dé nay lién quan dén giai phap két cau cho
cac cong trinh cao tang [4] va kha ning tiéu
tan nang lugng cua cac hé két cdu chinh 1a
hé sb tng xir. Miat khac khi noi dén hé sd
nay, trong TCVN 9386-2012 déu 1iy chung
cho cac két cdu bé tong cbt thép mot gia tri
nhat dinh, theo y kién tac gia thi gia tri nay
khong hop 1y tGng voi timg loai mat bang
va giai phap két ciu khac nhau. Giai phap
két ciu xuat phat tir phuong an kién tric va
trén thuc té viéc thay doi kién trac rat kho
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thyc hién va hé sb tmg xir d& xuat khong
thoa man voi mot s6 diéu kién quy dinh khi
thiét 1ap phd phan tmg vdi timg gia tri chu
ky ctua cic dang dao dong. Vi vay viéc
phan tich hé sé ung xi phu hop véi mit
bang va giai phap két cAu ma khong lam
thay ddi phuong an thiét ké kién trac ban
dau 1a su can thiét trong vi€c thyc hanh tinh
toan [5].

VAan dé hé sb ung xu van 12 mot van dé
con nhiéu tiém niang nghién ctru vi da co rat
nhiéu tac gia, nhém nghién ctru cung véi
cac bai bao dd dugc cong bd trong nhiéu
nim qua, cu thé: Borzi [1, tr. 47 - 61] cho
rang hé s6 hdi quy cua gia toc phd khong
dan hoi da duoc tinh toan bang md hinh
dap ung dan déo ly tuong (EPP — Elastic
Perfectly Plastic) va ting bén mém hoa tré
(HHS — Hysteretic Hardening Softening).
Do déo cua két cdu trong nghién ciru nay
déu dua trén hé sb ung xtr (q hay R) vi n6
cung cap gia tri phan anh duoc mirc do déo
thip nhat va kha ning phan tan ning lugng
cua két cau. Daza chi ra rf?mg su khac biét
gia tri hé s6 mg xir mong mudn va thyc té
tinh toan 1 do hé s6 cudng do (Cg) [3]. Khi
gi4 tri hé s6 cuong do 16n s& dam bao hé sb
R tinh toan vuot qua hé sé R mong mudn.
Hé s6 R dic biét c6 thé dat dugc bang cach
diéu chinh ty 18 d6 déo (u) va hé sb cuong
d6 (Cq). Néi cach khac, c6 vai cach két hop
(1, Cq) dé dat dugc hé sb hiéu chinh dap
rmg nhu nhau. Cac tiéu chuan thiét ké dong
dat trong tuong lai gan, can ra soat lai quy
trinh tinh toan hé s6 hiéu chinh dap tGng, sir
dung mot cach tiép can hop 1y hon. Can
phdi c6 nhiéu nghién ciru vé hé sb du (R,).
Naga Wisva Teja thuc hién nghién ctru anh
hudng chiéu cao cua tuong chiu luc bé tong
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cdt thép co xét dén d6 déo cao [6, tr. 1345 —
1353]. Trong nghién ciru nay, img xu phi
tuyén cua két cdu cong trinh dwoc nghién
ctru bang phwong phap phén tir hitu han véi
cac tAm tudng 13 phan tir v nhiéu 16p véi
tiét dién 1a cac thd, cung véi sy hinh thanh
cac khép déo do thudc tinh cta cac thd bé
tong va cot thép. Trong phan tich phi tuyén
do tai trong dong dat co xét dén vai tham sb
nhu 1a cac dang dao dong chu yéu, hé sb
déo, hé sb cuong do va h¢ $6 dap ung hi¢u
chinh. Cac két qua dat duoc ching to tng
xtr do tai trong dong dat déu théa man, dic
biét 12 dang dao dong xoan trong coéng trinh
Cunha [2] da thuc hién tinh toan d6 déo va
hé sd vuot tai trong thiét ké dong dat cho
két cau bé tong cot thép dé xem lai toan bd
cac phuong phap dugc dé nghi trong céac
tiéu chuan thiét ké dong dat ma déu xem
X6t ca hai thanh phan 1a d6 déo va hé sb
vuot tai, nhitng hé sé anh hudng t6i cudng
d6. Cac khung bé tong cdt thép hodc hé hdn
hop khung va h¢ tuong chiu cat s& duoc
phan tich phi tuyén tinh bang phuong phap
Static Push — over khi chiu tai trong ngang.
Muc dich cudi cung ctia nghién ciru nay 1a
lam rd tdm quan trong ctia hé sb vuot tai
trong thiét ké dong dat.

Trong nghién clru nay, tdc gia phan
tich gia tri hé s6 ung xir q [5] 1a khong hop
1y vi hinh dang mat bang voi cac giai phap
két cau khac nhau s& c6 gid tri q khac nhau.
Phan tich nay dugc thuc hién b:;’mg viéc Xac
dinh chu ky dao dong cia cong trinh bang
phan mém tich hop thiét ké két ciu cong
trinh ETABS phién ban 2016, tir d6 thiét
1ap cac phd phan tng dan hoi Se(Ti) va phd
thiét ké Sy(Ti) co ké dén hé sd tmg xur q
bang phan mém MS EXCEL.
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2. HE SO UNG XU VA TAI TRONG
DO TAC PONG CUA PONG PAT
THEO TCVN 9386-2012

2.1. H¢ s6 vng xir

Theo TCVN 9386-2012, h¢ sb tng xir
ldy theo giai phap cAu tao va phuong an két
cau. Hé sé nay nham xét dén kha ning tiéu
tan niang luong dugc xac dinh cho moi
huéng tac dong cta dong dat.

0=0o-Ky (1)

Trong d6: (o gia tri co ban cua hé sb
ung xu, phu thudc vao cac loai két cAu su
dung va tinh déu dan theo phuong mat
dung cua cong trinh; ky hé sé phan anh
dang két cAu chiém wu thé trong hé két cau
c6 tuong chiu lyuc.

H¢é khung hodc hé khung twong duwong
(hén hop khung - vach) c6 thé xdc dinh gan
diing nhw sau (cdp déo trung binh): q = 3.3
nha mot tang; q = 3.6 nha nhiéu tang,
khung mét nhip; g = 3.9 nha nhiéu tang,
khung nhiéu nhip (hoic két cau hdn hop
khung véach).

Hé vach citng hodc vach cing ¢6 16: q
= 3.6 hé két cau hdn hop tuong duwong vach
cting, hoac hé vach cang c6 16 (hé tuong co
dam lién két) nha mot tang; q = 3.0kw hé
tuong vach cang chi cé hai twong vach
cang; q = 3.1kw cac hé vach cting khong
phai 1a vach cting ¢6 16. Trong do:

05<k, =17 % <1(2)
o, :Z_:\m(?»)

Vé6i: hwi chiéu cao tuong thir i; lwi
chiéu dai doan tudng thi i,
2.2. Tai trong do tic dong cia dong dat
2.2.1. Phé phan iing dan hoi theo phwong
ngang
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V6i cac thanh phan nim ngang cua tac
dong dong dat, phd phan tng dan hdi Se(T)
dugc x4c dinh bang cong thirc (4) dén (7)

0<T <T,:S,(T) =4, .s-[1+TT~(77-2,5—1)}(4)
5)

T, <T<T,:S,(T)=a, -s.n.z,s.[TTC} (6)

T, <T<T.:S,(T)=a,-S-7-25

T, <T<4s:5,(T)=a, .s.n.z,s-[TCT'ZTD} ()

Trong d6: Se(T) phd phan tng dan hoi;
T: 1a chu ky dao dong cua hé tuyén tinh
mot bac tu do; ag: 1a gia tbc nén thiét ké
trén nén loai A (ag = y1.agr); Tg : 1a gidi han
dudi cua chu ky, img voi doan nam ngang
ctia phd phan tng gia tdc; Te : 13 gidi han
trén ctia chu ky, ung voi doan nim ngang
ctia phd phan tng gia toc; Tp : 13 gia tri xac
dinh diém bat dau cua phan phan tmg dich
chuyén khong d6i trong phd phan tng; S :
1a hé sb nén; n:1a hé s6 diéu chinh d6 can
v6i gid tri tham chiéu # = 1 ddi véi do can
nhdt 5%.

Gia tri ctia chu ky Tg, Tc, Tp va hé sb
(Error! Reference source not
found.) mé ta dang phd phan tmg dan hoi

nén S

phu thudc vao loai nén dat, néu khong xét
dén dia chit ting sau (xem 3.1.2(1) [5].
Bang 1. Gia tri cua cac tham s mo ta cac

phd phan tng dan hoi
Loz'ét”e” s | Ts(s) | Te(®) | To(s)
A 1,00| 0,25 | 0,40 | 2,30
B 1,20 | 0,25 | 0,50 | 2,00
C 1,15 0,20 | 0,60 | 2,00
D 1,35 0,20 | 0,80 | 2,00
E 1,40 0,15 | 0,50 | 2,00
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Heé s6 diéu chinh d6 can 5 c6 thé xac dinh
bang biéu thirc
10
=58> >0.55

Trong d6: & ty s6 can nhét cua két ciu,
tinh bang phan tram.
2.2.2. Phé thiét ké diing cho phan tich din
hoi

Déi v6i cac thanh phan nam ngang cua
tac dong dong dat, phd thiét ké S¢(T) duoc
xéac dinh bang cach biéu thuc (9) dén (12)

0<T <T,:5,(T)=a,S- B {;(255_5]}(9)

25
° = q (10)
:ag.S.g.Tic
T, <T<Ty:S,(T q T
=/ay (12)
25 T.-T,
=a,-S- =L
T, <T:S,(T q T

Trong do6: ag, S, Tc va Tp da dugc dinh
nghia trong muc 2.2.1 (TCVN 9386-2012,
2012); S4(T) 1a pho thiét ké; q 1a hé s6 tng
xtr; B hé sd tmg voi can dudi ctia phd thiét
ké theo phurong nam ngang, 5 = 0.2.

3. NGHIEN CUU BANG SO
3.1. S6 liéu hinh hoc

~ Cong trinh s dung trong nghién ctu
s0, khung ket hop véi vach 16i bang vat liéu
bé tong cot thép, cong trinh thude khoi van
phong. ’Cf)ng trinh gébm 20 tang véi mat
bang doi xang. Mat bang kich thuéc L x B
=24 x 30 (m).. Chiéu cao tinh chung cho

céc tang 1a 3.2 (m). Kich thudc cac céu
kién (Hinh 1, Hinh 2).

(8)
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B 0ém chinh: 0.3 x 0.6 im)

I Dém phu: 0.25 x 045 (m)

I L0 nook 326203 )

trong 1822203 {m

Hinh 1. Kich thuéc hinh hoc cua dim va
16

= > ¥

S XA RN

Hinh 3. Cong trinh dugc khao sat dudi
dang mé hinh phan ti hitu han trong
ETABS 2016
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3.2. Vat li¢u sir dung

Bé tong st dung cip d6 bén B20
(M250), cét thép sir dung nhém CI cho san,
ClI cho céc cau kién dam, cot, vach va 16i;
nhém CIII cho méng. Két cau dugc thiét ké
theo cp déo trung binh.
3.3. Tai trong

Tir nhirng hé sb tra bang tiy thudc vao
chic nang cong trinh da dugc quy dinh
trong TCVN 9386-2012, ta dinh nghia
dugc Mass Source sir dung trong phan tich
dong dét trong cong trinh trén (Hinh 4).

Mare Multiplisre tor Losad Pattarne

Load Pattern
Crzad 1

[T
Ll

Multiglier
—r—
| Fludity |

Hinh 4. Dinh nghia Mass Soucre cho cong
trinh khi phan tich bai toan tac dong dong
dat 1&n cong trinh

3.4. Két qua va thao luan
3.4.1. Chu ky dao dong

Duya vao (Bang 2) va diéu kién tong
cac khoi luong hiru hi¢u cua cac dang dao
dong duoc xét chiém it nhat 90% tong khoi
lugng cua két cau, tir do6 ta xét duogc cac
dang dao dong é&nh hudng theo tung
phuong.

Béang 2. Gia tri chu ky dao dong tng
voi tung dang dao dong

TH | Pne
v dao | T(s)| UX uy
tai R
dong

Modal 1 3.465 | 0.6746 0
Modal 2 2.651 0 0.6565
Modal 3 2.300 0 0
Modal 4 1.048 | 0.1571 0
Modal 5 0.708 0 0.1847
Modal 6 0.638 0 0

50

Modal 0.478 | 0.0612 0
Modal 0.311 0 0.0661
Modal 0.285 0 0
Modal 10 0.275 | 0.0325 0
Modal 11 0.184 0 0.0328
Modal 12 0.180 | 0.0200 0

3.4.2. Thiét ldp phé phén ting
Bang 3. Gia tri phd Sy(T;) duoc thiét lap tur
gia tri chu ky theo hai phuong

PHO THEO PHUONG X
Ti (s) Su(Ti) 2 B.ag
0.000 0.80 OK

T 0.150 0.77 OK
0.478 0.77 OK

Tc 0500 0.77 OK
1.048 0.37 OK

T, 2.000 0.19 NOT OK
3.465 0.06 NOT OK
4.000 0.05 NOT OK

1.0

0.8 \

0.5

0.3

0.0

00 05 10 15 20 25 30 3.5 40

PHO THEO PHUONG Y
Ti(s)  Sd(Ti) > f.a,
0.000 0.80 OK

T 0.150 0.77 OK

Tc 0500 0.77 OK
0.708 0.54 OK

T,  2.000 0.19 NOT OK
2.651 0.11 NOT OK
4.000 0.05 NOT OK

1.0

0.8

0.5

0.3

0.0

00 05 10 15 20 25 3.0 35 4.0
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Bang 4. Phd thiét ké voi hé sé ung xir q =

15
PHO THEO PHUONG X
Ti (s) Sq(Ti) > B.ag
0.000 0.80 OK
Ts  0.150 2.00 OK
0.478 2.00 OK
Tc  0.500 2.00 OK
1.048 0.95 OK
To  2.000 0.50 OK
3.465 0.17 NOT OK
4.000 0.13 NOT OK
2.4
2.0
1.6
1.2
0.8
0.4
0.0

Ts
Tc

To

2.4
2.0
1.6
1.2
0.8
0.4

0.0

00 05 10 15 20 25 3.0 35 40

PHO THEO PHUONG Y

Ti (3) Sq(T) > B.ag
0.000 0.80 OK
0.150 2.00 OK
0.500 2.00 OK
0.708 1.41 OK
2.000 0.50 OK
2.651 0.28 OK
4.000 0.13 NOT OK

00 05 10 15 20 25 3.0 35 40

51

Tur nhimg két qua phan tich trén, tac
gia da dé xudt gia tri q cho phd thiét ké
Su(Ti) thoa man diéu kién > B.agva gia trj q
cho két qua Sy(Ti) = Se(Ti) ung voi mit
bang kién tric va phuong an két ciu dé
xuit; (Error! Reference source not
found.), (Hinh 6) cho thiy phd thiét ké voi
hé s6 tmg xir 1ay theo hé két cAu dugc quy
dinh trong (TCVN 9386-2012, 2012) la gi&
tri thap nhét, chénh léch rit nhidu véi phd
dan hoi trén 80%. Con hai phd thiét ké c6
hé sb tmg xu twong tmg q = 1.5 va q =
0.93 chénh léch trén 60% va 40% phd dan
hoi.

Pho thiét ké véi hé sé ing xtr phi hop
cho hé két cAu nay chinh 13 q = 0.51 vi gia
tri pho thiét ké rat gan voi phd dan hoi.

Hinh 5. So sanh gia tri pho dan hoi
Se(Ti) va pho thiét ké Sy(Ti) twong tng véi
hé s6 ung xur q theo phuong X
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6.0
----- PDH
48 |9 % e PTK(q=39)
PTK(q=093)

3.6

= = = PTK(q=15)

PTK(q = 051)

2.4

1.2

0o R LTy P I

00 05 10 15 2.0 25 3.0 35 40

Hinh 6. So sanh gia tri pho dan hoi Se(Ti)
va pho thiét ké Sq(Ti) twong (ng véi hé sé
ung Xu q theo phuong Y
3.4.3. Ngi luc dam B25 cia tang 10 va gia

tri lwec cdt tang

Pé tién theo doi, ndi lyc trong cong
trinh nay s€ QUQ’C thé hién qua khung truc B
voi cac tén dam va cot (- ‘

Hinh 7). Trong d6 cau kién dam B25
cua tz‘ing 10 duge chon dé phan tich ndi lyc.

Blory20
= Ba o pun o Ro o Ppow n
5 &) 15 15 L Blory10
= Do o Dan v e o poaz »
&) o I8 &) 0O mory1e
= Bat o pan o BRe o poz n
o o w0 &) O moy1?
o Ba o pan o 2o a2 o
O o « (£} QO Bloryia
= B o Bas o ] naa oAz "
O I o 0 @ moryts
= o an « Pl o ¥
w o “ &) D sy
= o man [ I T o paz ¥
O o o o O sory1a
= B o pas 2 B o Baz w
o (=] (&) « Y Mory 12
- B o pas o Bsan o 1sa2 v
) w w W O gty 1
- B o Bas 2 pas AR 1]
O e} 15 I © flory10
= 31 o nan 2 han oz F 4
W w o w 2 Bloryd
= B o Ban [T 1T o Boaz2 0
o O 0 %) L Bloryd
= B s Bas ] 126 o Baz w
) O o w O Bloryr
o Bat ™ nan o nan AR e
w ' 0 I8 { Borya
Ll (K1) o an oo hao ooz ]
(] [&] (%] [&] [ ftorys
= O o Dan R L] ooz b
W o W o O Bloyd
- Bay -] Ban j+] han bl e ) N
w0 o &) o O Moy
= I ) P LEL 3oz b
O &) (&) “ O Blory2
= By N B2s 40 Ban > po2 E)
A Q et - & soryt
= b o0 pan o Dbao oo w
) o o O O fBate

th th (RS} oK. chy th

Hinh 7. Céc tén dam, cot trong khung truc B
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Do chénh léch cua cac gia tri phd
(Error! Reference source not found.) va
(Hinh 6) s& anh hudng rit 16n dén tac dong
cua dong dat vé luc cét tﬁng, ndi lyc trong
khung. Dién hinh 1a cdu kién dam B25 tang
10. C4c do chénh léch déu duge thé hién
dudi dang cac dd thi so sanh.

®
r )

—— DD

- =@ == PTK_q=39

PTK_q=15

@ PTK_ = 0.93

- @ == PTK_q=051

Chiéu cao tang (m)
N
P © =0~ 0 —0- 9-0 90 0—0 -0-0 -
l L

©
o=

0 20000 40000 60000 80000 100000 120000 140000 160000 180000 200000
VX (kN)

Hinh 8. Biéu d6 so sanh lyc cat tang
theo phuong X

—— 1) [
= =@ ==PTK q=39

PTK_q=15

Y
- -0-0-0-

@ PTK_(| = 0.93

- @ == PTK_ =051

W
N}

Chiéu cao tang (m)
N} w
S &

2oe e e N
S w o © N

n
3
o= —0- 0= 00
P
-0

o

w
[ 3

0 30000 60000 90000 120000 150000 180000 210000 240000 270000 300000
VY (kN)

Hinh 9. Biéu db so sanh lc cat ting
theo phuong Y
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PDH

PTK_q=3.9

PTK_g=15

PTK_q=0.93

= e = PTK_g=051

0 as
0.30.60.91.21.51.82.12.42.73.03.33.63.94.24.54.85.15.45.76.06.36.66.97.27.57.88.18.48.7

Vi tri mat cit dam B25

Hinh 10. So sanh md men M3 dam
B25 tang 10 theo phuong X

PDH

......... PTK_g=3.9
PTK_g=15
PTK_q=0.93

= = e PTK_g=051

M& men M3 (KN.m)
@
3

0.30.60.91.21.51.82.12.42.73.03.33.63.94.24.54.85.15.45.76.06.36.66.97.27.57.88.18.48.7
Vi tri mit cit dim B25

Hinh 11. So sanh md men M3 dam
B25 tang 10 theo phuong Y

Tu céc bang so sanh trén, khi su dung
pho thiét ké co hé sé tng xu g theo hé két
cau duoc quy dinh trong TCVN 9386-2012,
d6 chénh léch vé céc gia tri luc cat day, luc
cat tang va noi luc trong khung chénh léch
véi cac gia tri trén khi phan tich bang phd
dan hoi 1a kha Ion (tir 80% - 90%). Mt
khéc khi phan tich pho thiét ké voi hé sb
g xir q thoa diéu kién khi phan tich theo
phd ngang, gia tri q > 1.5 va diéu kién gia
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tri phé thiét ké khi chu ky nam trong
khoang Tc (s) dén 4 (s), Sa(Ti) > B.ag, dé
dam bao cac diéu kién nay, céc gié tri phan
tich theo phé thiét ké van con kha Ién nam
trong khoang 40% dén 70%. Déi voi hé két
CAu cua cong trinh dugc phan tich, hé sé
tng xt q lay theo TCVN 9386-2012 va
duogc hiéu chinh dé dam bao diéu kién phd
theo phuong ngang va gia tri phd thiét ké
trong khoang chu ky Tc (s) dén 4(s) 1a chua
hop 1y d6i v6i phuong an két cau nay, ma
hé s6 ang xur hop 1y cho phuong 4n két cau
nay chinh Ia gia tri q = 0.51, cho ta céc gia
tri phan tich va so sanh rat gan véi phan
tich tac dong dong dat theo pho dan hoi
dudi 1.2 %.

4. KET LUAN ,

D¢ tranh phai phan tich truc ti€p cac
két ciu khong dan hdi, nguoi ta ké dén kha
nang tiéu tan nang luong chu yéu théng qua
ung xur déo cua cac cAu kién hoidc cac co
cau khac bang cach phan tich dan hoi dua
trén phd phan tmg thiét ké dugc chiét giam
tir pho phan tmg dan hoi, viéc chiét giam
nay thong qua hé sé tmg xir q. Nhung néu
ldy hé sd nay theo quy dinh cia TCVN
9386-2012 lai chénh 1éch qua nhiéu so véi
viéc phan tich bang phd phan tmg dan hoi.
Mit khac lai khong dam bao vai diéu kién
trong tiéu chuin da quy dinh, cu thé 1a diéu
kién q > 1.5 va gia tri pho Sy¢(Ti) khi chu ky
nam trong khoang Tc (s) dén 4 (s) phai >
B.ag. Dua vao cach phan tich nay, tmg véi
timg dang phuong an két ciu s& cho ta
khoang hé s6 g xir q phtt hop ding trong
phan tich tac dong dong dat bang phuong
phap phd phan tng.
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