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Fig.1 Exhibition of bridge site
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Fig.2 Investigative and statistical figure of structural
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2.3 MIIFBIMERRIZHER

[IRANZ=PSBUIN TR Sl o9 R N AN VR S5 2 /e
X TRERE AN XAy LA B A AR AR e, %
ERELRGH, FUETEZE: PR B A iAo
B, ARTRRGE .

T T ik 2 3 0 A 1 1 252 I Gk BE T 4
(AT TN ARG N RS ey T TRt TP 27 S
ATRR, 0 TRESE v B P9 e A REA T n B B

24 XKEREXREREESLHRA

TCRE DRI e F AT AR i 0 R, A AR
FE ORAE S BN A SR Sy e, IX e ) T
HUARI IREAR R, PR, B WA
BB 2 BT A B T RS (K 4 1 (AU,
FEVIRITDC SRR LR b, BEXTREACE 2 ke S
Bt 1T M YOI %

Z RN A AR5 0 3R A5 48 T RF Ak
{H, IR AT TR A7 B s I Ta] 2]

(b) ZElm&s i
(even structural planes)



%31

D, G5 SRR SR S R S U R 509

FRAE, BIARFE P s RS . w5 2 AT
ZRI NG 28 P e I () 5 56 1) [ I i ox HLgk
ITSHIr T, ALTHATE SR 58 I8 1] 41 AR
SEWACRURE . 2 EREEA U0, PRI 250k
558 B HT TUSAH

_I TR 2 YAt (specification |_

suggestion value)

ZEa kA

— (experience

ke | 1 it
lue)

(manual suggestion val

Hﬁﬂ] S B ARSI TE
L ﬁ’f (normal and back
analysis result based on
historical stability)

B3 A S HAUI AR 2

Fig.3 Technology plan for soil or rock mass parameters identification
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Tab.1 Triaxial test results of siltized intercalation in tuff

[FH L o3 FREAI Py 1 (P=01f+03/2; =04f-03/2) PN R A I .
(the P and 7 of damage under different surrounding pressure gs) (inner friction Hi% ) (conesion)
o /kPa
Py 41 Py 7] Ps3 Py 7 angle)/(°)
319.1 219.1 458.2 258.2 591.1 291.1 7224 3224 14.8 141.0
432.4 3324 547.4 3474 677.1 377.1 802.2 402.2 11.1 250.6

WA B R 2 25 SR DO (0 TR RS AL, 5%
HEN AN ECR, TREX B I 2 iR

PREEVUEINER 2 PR

F2 BIERERRENE
Tab.2 Proposed strength value of the tuff

55 HEAE PRERARAL R g
) (friction (cohesion) g
(number) (feature) coefficient)f /MPa (note)
LRITHICH, -
LTI, L
S HR R 0.20~0.35 0.01~0.03 (Lijiang
i side)
T2 0.3m~3.0m
(basaltic tuff with TE B
'contmuous clay 0.45~0.55 0.03~0.15 (Huaping
interlayer, local side)
slaking )

4 FFRRRERESHNSH
453 M
41 FisHZE. EH@E. TEERE

R4 4 2 M /K Rl A ) 5% BRE R 1k X 0
HREIRTORL, HEPER T3 BEACH M) R4S kil
RIS, BARKRD M. Z3 i CZK24.
CZK25. ZKH13. ZKH14 PYANET L, hn L Fim,
it 5 A, HAA CZK25 45 FLIR7R T B S 117
i, PRIAGE T3 BEACH W T BEACE d LR 20%,
HRBIA LA . T2 BACH AR, Ik, #E
JAYHTI H I AEfE T2 KA E . PR XA
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Fig.4 Numerical model on slope of Huaping side
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Tab.3 Safety factor of Huaping side slope historical
stability for back analysis

[LEREEN PR (ngati)‘:ﬁ%%e;{i};ﬁ c
(fail mode) (natural state) state)
M -
(combined slip) LSS
i) NI _ 1.00~1.05
(slip in cover layer) . .
%% (note) s P17 (stable) Il R (limit state)

412 BoHT 6 B BULTE B

MG R AR B AL TR 2 . S5 TRIF)
YIS, BB IEX B EaR e 45 0 . MRakAE
WRe RS, o THIHS AU, Wk 4.
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Tab.4 Strength parameter range of inverse analysis results

N RS A iR
(inner friction angle)/(°) (cohesion)/kPa

7 (strata) - -
FE ] W AME W B M

(scope) (average) (initial)  (scope) (average) (initial)

T2 B A
(T2 twff) 21.8~30.9 26.0 28.0
etk T2
B
(T2 tuff
clayed)
IV 2 BEf
ST
(IV steep dip 19.2~35.0  27.0 35.0
structural
plane)

42 BERSH

421 T2 BREZRERIB SN ER
BN A R e Ay B4 R T AR P40 75°

30~200 100 80

11.3~28.8 25.0 23.0 10~150 80 50

20~200 100 150

T EHT SN BOEAE T2 BEACH KEria N, 3T
HAERABUR R AR SR g . [ I efd, R B3
RIS R ESa i shim, ot T2
WA B HERANE b Fros(Lt o o NEEEES).

1.30
1.25
é 1.20 —-p=22°
& —a—(=23°
gl —— =24
{3
5 1.10 / e p35°
=05 —*—=0=26"
L ——=27°
ﬁlf« 1.00 ——0=08°
095 _(/):290
0.90 4

50 70 90 110 130 150 170
$ 82 J1(cohesion)/kPa
(@) [%k% M+ (natural condition)

1.10
= 1.05
S ——=22°
Q
€1.00 = (=23"
2z —A—(=24°
&
% 0.95 ——(p=25°
& —*—(=26°
¥ 0.90 ——=27°
fg;‘ ——0=28"
0.85 —(=29°
0.50 + T T T T T ]
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% J1(cohesion)/kPa
(b) Ms7= 41t (seismic condition)
5 ANFETH T T2 BACH US> 2k
Fig.5 Curve of sensitivity on T2 tuff under different conditions
HIE 5 ATRUEH, 2 T2 BEACE S HUR N
1 29° L KGZKE ) 90KPa I, RSk A AR E K
R BRI A E IR K
4.2.2 T2 BEE RALH KBBENHTER
BT AR AN [ e AME RN 5 5 T2 Bt A
Vel ST SRS TR I B A 5
A . 1E 4.2.0 Tl E 1 T2 BEKCESHI LR,
BOE T2 BEACHEAAFPUTSR L A EERE A 28° K
%71 30kPa(ii e By Gt IRE A 4.2.1 WERAT
5E)s BBEAFEE A, R A S8 RSy X
THREBSERH AN, ST T2 BACEIE, 4
R 5 s
5 ML T2 BERE RIS BB TSR

Tab.5 Sensitivity analysis of T2 tuff siltized intercalation
at the bridge site

P EEHE A ik ) et %45 F ¥ (safety factor)
(inner friction ~ (cohesion)/ (clay ratio)/ EEN Hh
angle)/(°) kPa (%) (nature) (seismic)
26 70 20 1.452 1.168
25 60 40 1.399 1.125
24 50 60 1.308 1.049
23 40 80 1.234 0.988
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2 5 WTUUE L, 24 T2 B E IR LS50
W EERE A 24° . K5ER J7 50kPa. etk 60%Ih, B
IR E AT & g AR e RSk
423 HTREBESHEE

R 4 22 M 7K FiL 3l 7 LK 201 DR AR Rk [X
BTSRRI AR B 9 T BT 55 2 Fiog AT 4
JEAE IR TAERT 1, H XUk 25 s B g W PR 4
AT 52.7° ~64.0° Z[a], YK 58.6° ; UE{EA
B HAT 9.2MPa~13.2MPa 2 |i], )1tk 10.0MPa.
AL % A B R N R A AT 41.0° ~43.0°
2 I0), B4 39.8° 5 WEMERIER 1T 2.7MPa~3.1MPa
Z I, ¥MH% 3.3MPa.

G5 K6 THT R 2L B 10 A7 AE 3 808 PR JE — ez /)
TP A (WU TR RN
GB50330-2002) HVAI 72 5 44 N JEE 4 A AR HEAEL P e
PR B R AR A RS BT AS 2, X T
SERIR AR, AR ECR 0.75~0.80. HRIEILIZIHE
i, TREX L 2 A MR, ik 6 gy
TR S, LA AR BRI A 4y 49.8° ~B2.7°

6 INWEKREEERITE RN

Tab.6 Reduction factor of internal friction
angle for slope rock mass

T3 5 AP (rock feature)
HERKE

HEAREH

(fissure (fissure R Lt
oorl relativel (fissure (cataclastic
poorly Y developed) texture)
developed)  developed)
W EEE AT
(reduction 595095  0.85-090  0.80~0.85  0.75-0.80

coefficient of
inner friction
coefficient)

TREX A XA Z A TR A AR 93 2 0 T2, AR i
(T RES AR P kr v GBT50218-2014) #isE, &
BOLE 7. N FEAARIIIEAE HT BT 55 8 ol P R A
39° ~50° , % Jj 0.7MPa~1.5MPa.

=7 BRYEHFSHE

Tab.7 Physical and mechanical parameters of rock mass

}42 Ef‘—;iﬁ PUBYKTI&{E 51 J&F (peak strength of shearing resist)
TR ) —
(quality Wﬁﬁﬁ WES AR R
gradekof (gravity)ilzN-m'?’ friction (cohesion)/ (deformation (Passion’s
rocl . MPa  modulus)/GPa  ratio)y
mass) angle)/(°)
1 >26.5 >60 >2.1 >33 <0.2
1I >26.5 60~50 2.1~15 33~20 0.2~0.25
I 26.5~24.5 50~39 15~0.7 20~6 0.25~0.3
v 24.5~225 39~27 0.7~0.2 6~1.3 0.3~0.35
\Y% <225 <27 <0.2 <1.3 >0.35

SHERMP TR ZIE, Wk 8 Jron. BRE
ety MR, ZRCE R i 2257

R, AT A 2 A M R P I — A K30
Filo Lrn K R S A AL X R AR AT A IR 2 A 1
PUBTSRESHON: W 53° . RN 1 600kPa;
R B LA P BY SR IE S 80 . N EERE A
54° ~60° , Ki%E S 2MPa. A THREX X its KA L
FER MK R AL X 2 i AR i, LB BY S
VA%
%8 KEIEMZRENTBERBER

Tab.8 Shear strength test results of basalt in water
resources and hydropower engineering

. PUSSRRE(Strengt) gy g 3
ik FEBRAREL KR (engineer site and its
(rock mass) (friction  (cohesion)/ test method)
coefficient) MPa

MK, B
(Ertan hydropower
station)
PAALT — 2 B,
P (Yili river first
grade power sation,
indoor)
MK, B
(Ertan hydropower

ARLAI R LA
(amygdaloidal basalt) 133 600

ful

E G o
(pycno-basalt) 0.55

ok, B

(cryptocrystalline 1.38~1.73 2000

basalt) station field test)

AL UL X i = e

(weak weathering 1.66 1600 R
(triaxial test)

basalt)

o EhoKE, W5

I L

giﬁi%iiiﬁﬁ 0.72 20 (Yanshui groove
field test)

AR Xl W

(alteration basalt) 065 30 (Ertan)

BT XA T

(tuffaceous basalt) 0.7 213 (Tongjiezi)

BT X 123 o T, W

(tuffaceous basalt) (Tongjiezi field test)

SR RSOV AR . A
TR, R TR X g5 A AL
FRIE, FET Iz AR, UK e S E0 ARG
i, BV A AR BB SR S5Ok - N EEE A 36°
Hi2% 77 600kPa.

424 |V BLEME RSB SHER

IR B E e Ja . ARG T S5 R AT
IV O BEMEs M 25, s Bk, &
PN E] IV BEMSS M BBy SRS HCh . W
A 35° . A 150kPa.
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Tab.9 Proposed strength parameters of soil or rock mass
for Huaping side slope

MRS A

. e iR )
Hh 2 (strta) (inner friction .
angle)/(°) (cohesion)/ MPa
T2 BEAE VAT
(T2 tuff clayed) 2 50
S R T
(unloading fissure 29 100
Zone)
T2 B
(T2 tuff) 29 %
IV % B 25 M T
(IV steep dip 35 150

structural plane)

5 fERPEIUBRE VIO

W2 4 TPTEZ 4, A Slide #1F, KA
sl AR I, T ARSI AT
N BRI 1 TREAT HIR R E M, BRT AR
gy ARG DL, ARSI AR 55 T iR fe
BN AK, Wl 6 Pis, 4iRfauihs) 13 10,

/ 1.784

" i

(2) A% (natural slope)

»

867.00kN/m
n
l\ H//

(b) 5 e Sk 23k (slope with the support reaction)

Kl 6 Mihlk s S e Wi T
Fig.6 Critical failure surface of bank slope on bridge site

F10 HMIRIRENRERBLCER
Tab.10 Minimum safety factor of different working

condition on bridge site
RARI % R 3L 2 (slope

N bridge base load
Be
(i :sL?(Jip (natural slope) considered)
surface) EES Hoiz HA HusE
(nature)  (seismic) (nature) (seismic)
T2 RIRGIZ 60 1.342 1.603 1315

(T2 tuff)

M1 10 WTLAF Y, MRAr Sl i i /e 4l 00
A RAI B, A AL TR E P 2K

6 4

28 X A N e 2 e D TR e 4 45 T
ENRLTIRI Vi Yy AR PSR Vb RUE IS
ACRDK TR A T MR TRESERHAE, 5 A
SRS BUE RO, SR5E T xR I E RS EL
FRHEPH T AR PP RIS, it
LERWT .
1) AWmESEGE S R aR . TRRE . HE
SOOI HTARGE S ER 15, TR I i 230 L 3t A g 5L
{SVEINE
2) RBRRIRA RIS HO S 29° R
%KJ) 90kPa, i LREZHIMUAIEE LA Hrkd
iR S HOI W EEER ) 24° . K2R 50kPa,
JeAs 60%; LaUA SRS BN A 36° | AR
) 600kPa, £7KAIK HL T AR AT IHIERF (i .2
Ws IV BEMEITH SR S BN A 357 L AR
71 150kPa, BAFE A AR LR . S
i e TR mJ 2% B
3) EPFRMURI, e Sk BENE T (2 1 2 it
W) GMUREICH IR RIS 4 T BY Hh AL £
AR, T2 BEACH SR P R AR B i 25 i A
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Analysis of flutter characteristics of composite wing with store system
Xiao Yanping™® Yang Yiren?

(1 Civil Aviation Flight University of China, 618307, Guanghan, China;

2 School of Mechanics and Engineering, Southwest Jiaotong University , 610031, Chengdu ,China)

Abstract: The aeroelastic equations of composite wing with store system under unsteady aerodynamic forces are
established by applying the Hamilton’s principle. The material coupling and geometrical coupling are considered.
The system dynamics is numerically simulated by use of differential quadrature method(DQM). Results show that
it is feasible to use DQM for solving the flutter characteristics of composite wing. On the other hand, it is shown
that the critical flutter speed presents two peak values with the increase of material coupling rigidity. However, for
the composite wing with store system, the critical flutter speed presents complex variation which relates to the
setting of store parameters.

Keywords: composite, wing, store, flutter.

Comprehensive study on strength parameters of the tuff at
Jinshajiang grand bridge site on Huali freeway

. 1 - - 2 2 .1
Fang Jian~ Yin Xiaotao® Zhou Lei“ Yan Fei
(1 National Engineering Laboratory for Surface Transportation Weather Impacts Prevention, Broadvision Engineering Consultants, 650041, Kunming, China;

2 State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,

Chinese Academy of Sciences, 430071, Wuhan, China)

Abstract: Tuff is a typical kind of pyroclastic rock, whose distribution is often localized, with disintegration when
wet, and there exists difficulty in sampling and sample preparation. So it is hard to accurately estimate its strength
in practice. The study in the paper relies on the project of Jinshajiang grand bridge in Huali highway. According to
field investigation and survey, Lijiang bank slope is an intilted one, whose failure mode is a combined one in
which the steep dip structural plane or unloading fissure zone entered and decantation structural plane cut out, its
scale is limit. Huali bank slope is a bedding one, whose fail mode is controlled by trailing edge steep dip structural
plane or entering of unloading fissure zone, tuff is the main sliding surface and leading edge decantation structural
plane cut out, its scale is large. T2 and T2 tuff are the controlled and key strata, whose strength has a great effect
on the slopes’ stability. Aiming to these, a comprehensive identification method combined experience, test and
numerical back analysis of rock mass strength is built. Using it and based on specification, parameters manual of
rock mechanics, indoor & outdoor test and numerical back analysis, the internal friction angle of siltized
intercalation tuff is determined to be 24°, cohesion 50kPa and sliming ratio 60% within empirical value; the
internal friction angle of tuff is 29° and cohesion 90kPa meeting to practical engineering experience; the internal
friction angle of basalt is 36° and cohesion 600kPa within scope of value suggested by manual; the internal
friction angle of IV steep dip structural plane is 35° and cohesion 150kPa conforming to empirical value of general
structural plane. After computing and checking stability of Huaping bank slope, it is concluded that the safety
factor of T2 tuff with deep depth and continuous distribution is lower than that leaded by T3 tuff with shallow
depth and localized distribution. Safety factor under T2 tuff condition is lessened about 0.33~0.48, with magnitude
being 21%. Although safety factor under worst case condition is large than 1.30, it needs to pay attention to the
potential sliding in T2 tuff in practice.

Keywords: bank slope on bridge site, tuff, strength, stability.



