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Filtering effect and implementation into seismic design by rigid frame viaduct structure
with pile foundation considering nonlinearity and whole structural system
during strong earthquake motion

Yudai Hochi

Summary

In recent years, Japan has experienced an increasing number of short-period-dominated, high-
acceleration earthquake motions. These earthquake motions far exceed the standard design response
spectrum for short-period regions. However, only a limited amount of damage to structures founded on
piles and some other types of structures is found to be caused by such earthquake motions. One of the
possible reasons for this is the earthquake motion filtering effect through kinematic interaction. It is well
known that unlike soil’s free field behavior, pile foundations restrict the motion of the surrounding soil
during an earthquake and modify the input earthquake motion for structures. If the filtering effect is taken
into consideration in the seismic design, the structure can be rationalized. Several studies focusing on the
kinematic interactions for pile foundations are available in the literature. These available studies, however,

have various limitations such as:

* apile foundation rigidly connected to a rigid footing is often examined. However, the filtering effect

of a pile foundation, where a pile is connected to elastic beam, is largely unknown.

* geology and stratum are complicated in Japan and soil conditions often change greatly within the
structures. In such cases, seismic motion with a phase lag is input at each point of the structure. Since
each element of the rigid frame is rigidly connected, the rigidity and the three-dimensional motion of
the superstructure affect the motion of the pile foundation. It is necessary to develop a phenomenon
elucidation and evaluation method for filtering effect by rigidity and motion of the whole structure

system.

* most of the studies assume that both the soil and piles behave linearly. This linearity-based approach,
however, cannot be straightforwardly applied to the filtering effect caused by strong earthquake

motions as they essentially involve nonlinearity of both the soil and piles.



* impact of filtering effect on the short-period-dominated earthquake motions is largely unknown.

* past studies evaluates the filtering effect by using a single layer soil model under linear conditions.
This approach, however, cannot be applied to actual soil and structural conditions. Therefore, it is
necessary to develop a simple and general-purpose evaluation method for the filtering effect that can

be applied to the static analysis method, which is the mainstream in seismic design practice.

* there is no research on reduction of element size and reinforcing bar that is possible by considering

filtering effect in seismic design.

In this study, theoretical and analytical studies are conducted on the abovementioned shortcomings of
the available research in the literature. Considering the filtering effect of a rigid frame viaduct structure

founded on piles, the phenomenon elucidation and the implementation in seismic design are examined.

This dissertation consists of a total of 7 chapters. Chapter 1 details the background of research, review
of past researches, and identification of shortcomings in the past researches. Chapters 2 through 6 are
roughly divided into two aspects regarding filtering effect, namely - "clarification of phenomena" and
"implementation for seismic design". Chapters 2, 3, and 4 detail studies on the phenomenon elucidation,
while Chapters 5 and 6 summarize the studies on implementation in seismic design. The outline of the

research contents and results of Chapters 2 to 6 are as follows.

In Chapter 2, the following studies are conducted for a rigid frame viaduct with pile foundations: (1)
characteristics of filtering effect due to pile foundation, (2) validity of filtering effect evaluation by mass

system model, and, (3) filtering effect of pile foundation connected to an elastic beam.

Firstly, the characteristics of filtering effect due to pile foundations are examined. The characteristics
are clarified by performing parametric studies with varying ground and pile foundation specifications
using an analysis method combining the thin layer element method and equivalent beam method. As a
result, the filtering effect due to the pile foundation has a shorter wavelength relative to the pile length
when the frequency is higher, so that the effect of restraining the surrounding ground by the pile becomes
greater and the characteristic of the filtering effect occurs. It is also found that greater the relative rigidity

of the pile foundation to the ground, the greater the filtering effect.

For the verification of the analysis accuracy of the mass system, the validity was carried out next by
comparing the analysis results of the mass system model and the detailed analysis method. Based on the
results, it is clarified that the results from the mass system model and the detailed method are in a good

match; the filtering effect can be evaluated accurately in the mass system model.

The filtering effect of pile foundations connected to flexible beams was examined for four foundation
types: (a) single pile, (b) group pile, (c) 1 column-1 pile type, and (d) pile-vent. The filtering effect was
examined by dynamic analysis using a mass system model. Results show that the filtering effect is larger
in the order of: group pile, 1 column-1 pile type, pile-vent, and single pile. In the group pile, the filtering
effect is the largest due to the constraint effect of the pile head behavior due to the rigid footing. In addition,



in the 1 column-1 pile type and pile- vent structure, the filtering effect is caused by resisting the ground
motion due to the frame structure of the pile and the beam, and it is clear that the filtering effect can be

expected as in the group pile.

In Chapter 3, effects of the non-linearity of the soil and the pile foundation on the filtering effect are
examined. Parametric studies were performed by changing the elasto-plasticity of each element of the soil
and pile foundation, and the effect of nonlinearity on the filtering effect was evaluated. Results indicate
that as the degree of nonlinearity of the soil increases, the rigidity of the pile with respect to the soil
becomes relatively high and the filtering effect increases. On the other hand, it is also clarified that the
nonlinearity of the pile makes the rigidity of the pile relatively small with respect to the soil and reduces

the filtering effect. However, the effect is smaller than when the soil is nonlinear.

In Chapter 4, the filtering effect generated from the whole structure system is examined. Dynamic
analyses were carried out using a two-dimensional and three-dimensional model for a 1 column-1 pile
type rigid frame viaduct. The filtering effect mechanism of the entire structure from the response results
of the 3D model was examined. As a result, it became clear that the filtering effect due to the behavior of
the whole structure system is caused by the horizontal rigidity of the pile foundation and the whole

structure system.

In addition, to evaluate the filtering effect of the whole structure system, results of the 2D model and
the 3D model were compared. Comparison reveals that at the center cross section of the structure, a larger
filtering effect is generated by considering the pile and horizontal rigidity, compared to the filtering effect
(two-dimensional model) generated from the pile foundation. On the other hand, at the edge of the
structure, it is found that the filtering effect considering the pile foundation and horizontal rigidity is
smaller than the filtering effect of the pile foundation (two-dimensional model). This is because of the

rotational movement of the structure.

In Chapter 5, methods for implementing the filtering effect of pile foundation structures in the static
analysis method, which is the mainstream in seismic design, are examined. In addition, effect of filtering
effect on short-period-dominated earthquake motion is also examined. Firstly, a method for evaluating the
filtering effect was developed. The filtering effect due to the pile foundation was calculated by the seismic
deformation method and the effect due to the superstructure was assumed to be that the ground motion
was obliquely input on the foundation (superstructure), and the theoretical solution of the foundation
motion was derived. The filtering effect of the whole structure was evaluated by superposing the pile
foundation and superstructure. The validity of the evaluation method was then verified by comparing the

results of the evaluation method and the dynamic analysis method.

Next, a method for easily reflecting the filtering effect in the nonlinear response spectrum used in the
static analysis method was investigated. The method is a means of correcting the spectrum by calculating
the response spectrum ratio using random vibration theory. The validity of the evaluation method was then
verified by comparing the nonlinear response spectrum calculated from the evaluation method and the

iterated integral method.



The effect of the filtering effect on the short-period-dominated earthquake motions was investigated.
Based on the observed earthquakes in the Tohoku Earthquake, the nonlinear spectra of the structure
considering the filtering effect of both the pile foundation and the whole structural system were calculated.
It is clarified that the reduction of the structure response becomes remarkable in the short period region

due to the filtering effect in the earthquake motion containing many short period components.

In Chapter 6, the effect of filtering effect on the response values and verification values of the structure
and the rationalization of the structure are examined by conducting a trial design considering the filtering
effect for a rigid frame viaduct with pile foundation. The study was carried out by the static analysis
method according to the seismic design standard of railways. In the examination, response values and
verification values were compared. In addition, changes in the amount of reinforcing bar and element
dimensions due to the filtering effect were compared. Results show that the inertial force acting on the
structure is reduced by the filtering effect. Consequentially, the cross-sectional force generated by each
element decreases and the design margin increases. In addition, the element size and reinforcing bar can
be reduced by considering the filtering effect. From this, it became clear that the structure could be

significantly rationalized by considering the filtering effect in the seismic design.

Finally, in Chapter 7, the summary of the current study is presented followed by future direction of the

current work.
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WHDOD, V=100 m/s DA ITIFHRNEWIE EATRIGHEN R E bl d 5.

2.3.3.4 MIALKDREBD L

Casel (4 AHT : [X]2.3.4 (a)), Case5 (9 AHT : [X]2.3.4 (e)), Case6 (16 AHL :[X2.3.4 () B
FOFE 232 LT 5 Z & T, MIAOZBEIZONTHIT 5. RRFERLD 4 Rfre 9 AL
BHARD &, 9 RRO TN ATHERDRITRKEZ WD, FURIZH RS E AR L 2/ 13/ &
W 2B, 16 AU 9 AROEE LRRETH S,

2.3.3.5 AR RODB L

AFHESE, IREEE < 72D EHMEICH L CHRESHERMICELS 25 Z LD, IOTHES
FEOFEENNINARZENE L, TOMEL U ThUIEI O Z 2R L, Znd Fbs
HEo LB ZEITEY, ATTBEEDROFRENEL D, DF 0, OO NNEE, @
FIREDBREWVIZE, OFENEWIZE, ONABNZVNEE, - 2 FUEiE O 72
RIIPEITHIN U, HUERE O T DS MR D 268h 2 ) K9~ 2 R 3 K & < F8E SN A TR ZI RN K
L RO LR TE S, B, ZHhbDEEICHOW TR EDOFFER R [11,[2],[3]17° L & E
L7ZbDEoTWND., — T, PN IE AR CEIE LRV BB T, 2@ e
AW OEEE NS <, MREMNITHABIE LT WE B DD, D), BEEROA
THRIIEOFEIZIE, ERO~@ODOFEMRLT L HEH TE R WalREEN H 5.
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PRI & 2 AR R DR

231 M7 A—H
T AT
4 N " EEs A . .
L./ L. = L. | 53 AN N =]
g’ﬁ G L] P jﬂﬁ ﬁ%ﬁ% A | a e | T M }’;%J;
(m)| s (m) (m)| E, (kN/m) V. (mls) V. (mis) Vg (m)
Casel | 1.0 3.0 2x2 | 15 2.5x10’ 0.45 15
Case2 | 1.5 | 4.5 2x2 | 15 2.5x107 0.45 15
Case3 | 1.0 | 3.0 | 2x2 | 10 | 2.5x107 270 200 0.45 10
200 150
Cased | 1.0 3.0 2x2 30 2.5%10’ 130 100 0.45 30
Case5| 1.0 | 3.0 2x2 | 15 2.5%107 0.45 15
Case6 | 1.0 3.0 2x2 | 15 2.5x10’ 0.45 15
1000~ 10%
o S
= 500F- §A102
- (7]
o) C
S OF - 5510
15} = =R
< 500 3 10°
- LL
~1000bbi b b b b b Bl 107
0 5 10 15 20 25 30 35 40 10" 10° 10!

Time [s] Frequency [Hz]

233 ANNROBEZBEEREE L O 7 — U o fEiEA2~<27 kL (KOB i)
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1.5 1.5
[ e—\/s=200m/s #1f% :1.0m [ e—\/s=200m/s 1% :1.5m
[ —— Vs=150m/s #1A%k: 2x2 [ —— Vs=150m/s HiK# : 2x2
[ ----Vs=100m/s #if : 15m ~ [ ~---Vs=100m/s #if :15m
S 1 f 1
E@_; - \\ iy L
R T \ '5 -
%o_s_ \ R 0.5
e[ eor
O-I L1l l Ll 1 1 l Ll 1 1 l Ll 1 1 l O-I L1l l Ll 1 1 l LA 1 1 l Ll 1 1 l
0 5 10 15 20 0 5 10 15 20
Frequency[Hz] Frequency[Hz]
(a) Casel (b) Case2
1.5~ 1.5~
[ e )\/s=200m/s F1fZ : 1.0m [ =\/s=200m/s i#¥ :1.0m
[ —— Vs=150m/s HiA%L : 2% 2 - —— Vs=150m/s HiA$ : 2x2
[ ----Vs=100m/s i : 10m [ ----Vs=100m/s #if :30m
s 4k = 1k
R T 5 i
2t |
T [ LI
0- 0-|||||||||||||||||||
0 5 10 15 20 0 5 10 15 20
Frequency[HZz] Frequency[HZz]
(c) Case3 (d) Case4d
1.5~ 1.5~
- em\/s=200m/s #1fE : 1.0m [ e—)\/s=200m/s F1fZ :1.0m
- —— Vs=150m/s *J:T_.Z'K%Z :3%3 [ —— Vs=150m/s A%k : 4x4
[ ----Vs=100m/s ik :15m [ ----Vs=100m/s #if : 15m
s 1 S 1
g I % I
R [ 5[
=05 =osk
= i iR N
L e [
i ¥ i
0 L 1 1 l 1l l,l l Ll 1 1 l Ll 1 1 l 0 L 1 1 l 1l l'l l L 1 1 l Ll 1 1 l
5 10 15 20 0 5 10 15 20

o

Frequency[HZz]

(e) Case5

Frequency[HZz]

(f) Case6

234 WIEESEIZ L DAy ONTHEIGNR) ORHt
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# 232 B —AOANTHEIZNROLE (RTE : [ n(w)do (rads))

V. (m/s) Casel Case2 Case3 Case4 Case5 Case6
200 1.74 1.62 1.75 1.76 1.74 1.76
150 1.61 1.29 1.55 1.60 1.54 1.55
100 1.00 0.73 0.93 1.05 0.90 0.86
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24 HBHRZFETIVIZESAHELDOIHE

2.4.1 IILHIZ

HUER IS B FEAT I Ml O RE O IR 2 B BT 5 Tk & U CREMAEIRIZ I 2 BIRFE Y
ENRE Z BND . BRFEIEC X0 HR-FUEHE-AE E Y R OB 2 E) & fi# < 775 & LT, Penzien
T [ISNCREEND L) RESRETIVCE D FELEAREREICL D FERDH . AR
BHEEL, BEBICHERAIAEAITHZEICLY, FREAERTLIENARETHS. -
L, ZO%E, WREEIC X DA LB L 22 0 HHEAMPEL R D LWV I KA D
L. —F, BrRCRETVTENINNT 2L ) BREEBE CROHVONAFIETH Y, SHEDOME
FEVE (13 CIREIITIEZ W DG E OIT FlE L LTERRET VEEARE LTS, —F
T, KX DO BWO— DT ANBIDROMBEXFTEHB~ORKMTH Y, FHFEB TELEHA
SO FEZRFT THWD Z & T, R FERICB T 5EMZRTZENTE L. 2070,
ARET CIYERRET VE AW CANBL R ZFHMET2 2 & & L.

B RRET M LD ATHRRINEDOZ S PEDRRGEEX, UT4 Di Laora et al. [16] 73252 L 7t
EEBREERE (7], 1T X DR LT 22 TITH. —FH T, 2D OfIr RiEOMIC
A AAEM 2 RBUATRER FiE L L THIRERIEIC L T AB A b, ZOFEIL, M
- FUESHE R OBENIFE BAEF DR MR T L AT 2 BRI BB S L 2 F5303, 7
IBIZIZZ < DIERPMETH 0 FRNTE T VEIRD/NT A — 2B TEITR S TR, E£iz, fif
HricZ < ORfZ0EEE L, 5O RRMITER OBl 2 0ER N H 5.
Z DI, ek, Mk & ATELEE O BAOF /R RIREIC 13 Di Laora O FERCHEE EF LD X 9 (12,
JE BRI K DT FIEDS W AV, 2 Eom EARGNATE . £ 2T, A
CIEFHFNERICE L, Wl & AU OB A ER 2B EUCRHM T 2 2 b O FE A /GEA
DFRFTFIEE LT, 708, 20 OFEITEREBEEIRICEB T 2METH D 2 & BRRIESRMED
A CH Y, FEROUBITHIZSRMEICE N TITo TN 5.

242 BEZRETILOHME

ARFTCTHWDINTE T VL, B HHER & FORE-EY RN — R & e o T fiffTE T L %
WD, ZOMET MIHRD [IBIMERLIZET A LAETHY, HEHAETR & S-S
EWR M EERIERTHEE LT L TH D, 16K, BARETT /M I 0 B AER Z5F
i3 2R FM 72Tk L LT, Penzienetal. [15]15°06% 8% « . [19]23RFHI AW = FIED A < W
HNTEZ. 2D OFEIL, HEY ORI H HHE R & HEEEAEEY RO 2 DO %D
LIRS NIZET L TH Y, FITT S OHEEDETE N HIAR IR Z N L THEEMRICATT SN
4L CEINHEMERARBTA2ETFTLTHD. ZOEF/L, HHHER & PR HSEY R
DBES TN D Z & C, MUEBEAEEY R ~D AT & U THIR ORI ST D IR, B,
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BN % B I R OIS EFATIC L > THEANCEET 20ERH 0, FAEERIERZI LTk
EREEYRIZZRAATITHMEN D DH. £io, RimSUTHRET 5 L5 ITHAEMERIZROIER
EMEZZBTH5AI100E, 20X 27T XA TIEHEOLEENEWGEEN L. £ 2
T, ARETCIE—RET VAT 2 2 & T, iUEHEEYR~D AT & L THEEOR RS D
IGHEE, SHEE, BNLZ2RERRET 2 MBI/, —IRET /WA 24T 5 2 & TH Bk
RDISEDNEEAEEY R~ B SN D, £72, T EORFREOIERNE L #ET 5.
— 5T, BODETNVTIHIINEEEZET VLT HI LT, 42 E—X U AORMEUKFEZ
IR EB L THWDDIZR LT, AP THWSET L CIEMIMEEEZZE L TR0, =

AL, o3 S>OFEEICE D, OFAT [20]12 L 2 BRI, fRHTHORRG B L7 X 92t
NIVE B B IS R O B A REHEEICITE IS SPBUE Ty, O EERIZROREK
RAFMEE, SR L 72 5. — 5T, AR CHEE T 2 HUERREEY Ot RN 2 Al
5Ol —fKAIC SHz £ COIEBIEGEIR CTH 2 Z L s, TOEBI NSV EEZ NS, O
FHEEMTRORBEIEGEEZ ZE LW & T, IThEROEEIIFEOEERIC LD 2 &
NTE, BEIMHT DI ~DRENES THDH. TORE, AimSCOWFFEED—
DOTH D IO R EE EHEIFMECE 5. £70, BARET MIEBW THAEERIZ RO
IRENHURAT & FERIBME 2 [RIRHC B BT 2 1B OV, BIED E ZAMNL LTV D LITE X
720, LLEOFIRIC K ARG SCOME T, WEW%imw%@ﬁ%T ITEELARNET L
L Lz B, KETNAOZYBMHICHOWNTIIE IR TR,

ARG CRIGEE T HMTET VAR 241 [ TRT. RET VL, gL fEEmE—RE Lz
FRETET V&7 o TR, BT NVERICHETZ AT 5ET LV ER>TND. BT /VOFERM
ZULFIORT. K241 RS KD N7 /WIT H AR SR DR S TR Y,
TNENPHEMERAIZREZN L CHEE SN TWD. HEMRIT, #EMOISEDRELEZ T
W E TRV A S RICET b Lz, BRMICE, S6EOmMERE [13) CHtshn
LHECRY, 7—=F 7 HED 100 (5Ll LOFEEEETMMELTWD. —JF, WEWRIT
R EAEH O 9 5 Kinematic fH AAEH OEBO A ZHH T 572012, WEE—7—F 7D
HEETIMELTE, MBI O —F U 713 ORERZTET VL, TOEEIZOWTITE
FLTWD.  Fiz, BEEBIIEMTOSIAHEZ T L CEBAWCEEERIF LAY Z L
T, Hpte BR o BRMHEIRZ RTHIIREZ AT 52 DAL TS, ZORFEIRIX
HEMLR O 1 KOPINERT 5 & BIIHRIC 2N EL, thomaE ARS8 5 2 & THALIZH
NNSRATERSEDLZENTE D, ZORIL, HillE, MARIZ > TR, Bk
BED LTINS U KNS M O BEAEIZRORIMERE IR E L TEESND. —FT,
FEHUD SR ITEN R R E T DM EER R H 0, $riE S sl 2 HEEEHIZ X 2810k
S EIAHR ARG T 5 2 & CHENG A TERT 5. 2 O ENG TIE, ShuUIBiET oo 2
BT HZ LIS, MR EAEAICE L C, Makris and Gazetas [21]1XE)A) Winkler &7 /L1
K DIENTEORET 24TV, U AAER X B R AL BB L OO ZEIC L > TAEL S Z
RGN L. £z, HBLO Kinematic JG& & i3 5 Z & T AEERIZ AR LR
BRI B L 522N B BN LTZ. ZHUZB LT, Fanetal. [2], Dobry and Gazetas [22],
Di Laora et al. [16]DHF4E S AR DfEGRZ 1 TN D. EDT0, KRBT CIIMNTE T V2SS
% ECHMMEERZEE L TRV, —F T, fhl L2K RO AERIZROBIVEIZIX
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VIR EZBE L TS, 61, MTHEICBT 2~ MY v 7 AOREL, $hE DG
FEHE [IBICHESE L—U —EEZHWTRE L TW5D. ARET /UL Kinematic FH A 1EH % 5
THEDIEEDETEREL LTS Z 0D, HRMO®T— RREMIZRD. £, &%
FHEEES CHY 5 AEEY OIRENVECET L 10Hz FRIEE E TOFPEHTH 5 Z &b, I ORI
IZEB LT, BEMED 1K, 3 KE— RICHIST 2IEEKICE O CTREETEE 3% & L TRE
L.

FIEAERIZRD 5 B TIREL ka1, BPER EOBROHEERICHE-S & Vesic [23]12M2%
L7z 24.1) ZBA LML WD, i, HBoOBRLEIL, OFHr UL, SHERE
72 EITHER LU CR—HMEN T H 2 OMENE LT 5. D70, $E [24)100EE [25]DHEHETIL,
INHOTH LR NBIREOREZIY R 72D, MUNOTALLTIERL, HHRE
JEDOTHMAE U7 IRRED SR AT L 0 MR O IARK 23l L T\ 5. — 5T, ik
EF LT D EEEFZERLHRIRT S Di Laora DOF T /L TIIMUNOT I L~UL O HBE D ZE A%
BEROE D 120, BNOTHL~LOHBEDOER 2 E L= 24.1) ZHW=.

4
k, =0.65 E; 12 E D (2.4.1)
(1-v)D VEP'IP

ZZIZ, DIINUHE, E3OY 7R, LIIMOWHE “RE—A b, Esl3HROY 73,
v I THBEDRT YV e TH D, Fio, AKFEHIE IR ko (ZITFA IR 2 B R LTz

2.4.3 BRIHZAWAETILOHEE

2.4.3.1 Di Laora |[ZLAfEMNTET /L

DiLaoraetal. [16]1%, X 2.4.2 |23 3 X 5 IZWE F 7213 EIROHARIZHL O IA F 7 ALk R A
H OBNTEEE ) S 3 LT, FERTOEME L O O#EWEFIFT 5 2 & T, FEEHRE S
NIEFMOBEDATIRIE n 2155 FEZRE L. KAET /U, BARTTVRBEICHR O
I AAERZ BB L T WD, SIS ) #BETE HDRENH L. KRET NV E
KEEE T T 5I2H 720, BbL, B OmTOEMAIMEE n ZHEL, X F~v—7
EWETHZ L TETNOZYMAREELT-.

WIDIZ, BPLZ XIS E T LV OMGEEZIT 9. MEEE, Di Laora et al. [16]DfEHTE7 /L &
Anoyatis et al. [65)1C & 2 BN B3 B ALK 7 M138 L ONBIEE ST [0 O A A TR n & g
T 52 & TIT D . X 243 [TARITHRE S O HLl 27 7. Anoyatis etal. | & 5 B i Tl Ey/E~1000,
10000 D JFIZINT, PLEHEE & HtEHE HOBEMOFLEC L Vil S L TW 5. EYE=10000
Tl Anoyatis Ofii & Di Laora DT ET L OFERITHO TR ENHEBND. ZOFEEDE
%, U477 —RMARE S OMIZER LT d EHE % HiLd. Anoyatis © DOFENTCIX, J=1.2
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~3.0 O TEAZISHETWADIZxT LT, Di Laora OfEMFEF /L DR TIX 6 DIEIZEHY
AR LTS, ZOfEOEZBIET 572, X243 121% Fanetal. [27) D5 22 60
TR 7. DiLaora OfEATET /L & Fanetal OFERIZ L < —F L T 5.

I, BT Z RIS & UTITE T VORRGEEAT 5  BEMO A I A1y 251 R T 272012,
Anoyatis [65] D 72 fiflEN G EE LTEMEBADINE Z A E LTHERA L. &51Z, 1995 0
Mylonakis [28]1Z & % BAFE A 2 FHVC, BALOHEEA B — & A8 L OO Al X 3D
MAFHI L7=. X 2.4.4 |2 DiLaoraetal. [16]1Z L D5 I & Dl 2779, 2x2 DOREHLODO K
FIDENATIRE n DFERIZL, s/d=5 UL EOGEIZ BRI —Ba T2, s/d=3 DA TiX
MRICERNRLND. 2L, BDRD 6 DIEDOEWICER LT\ &E 2 5%, DiLaora D
fEMTET M K DR OKEE ZRFET D 72012, 4x4 ORLORERST B OB WA RS 5 25
& L, Di Laora [16]iC & % 5% 72 FEM #& % & Kaynia and Kausel [29]1C & 2 #if 5 & Fb L 7= 5,
ZOMEITBANC—E L. Zhic kY, BAEHDOET /L Tédh % DiLaora DFENTET /L DY
DSREB] S Tz,

2.4.3.2 HEERZLEETT L

HEEREIC L AT ET T, AR U7z 231 IRTIEY, A EEESREE, bl
EHGEZ L > TET ML LT, 20, 7 VoEIT23.1 0@ ThHD.

2.4.4 FRENTEH

R CHHR O M, MoK 23R 241 (ORT. PUEHIE— BRI OIA E N, FEEEEN
T—=F U TIHIRE ST 4 K (2x2) OEFHFIbA R T A Em & Lo, BUsHE Ot
FUEEDS 1.0m, HiEd 15.0m, #HibEZ 3.0m & LCW5. £7o, MRS g2 8 L
WA ABTERGERE Vo 25 100 m/s, 150 m/s, 200 m/s D& & HE LT,

HERET NVERWERITIZB O TE, mUA b A X ElREORE» S AL, B
IR 24T o 72, ISEME & LT DAL B R 3 H s I OMTHE SR o e e DIa B o B 21 iR
Wz 7— ) 2B L, WEFEDART MV L > TEIAIME Sy 2EE L=, £71-, e
TRIETTCBO T, ERERERIC W CRIE S5 B i 3 J OBEER OJn &
EONSHEMT 5. BARET ML D ATEIIROZLEORGEL, RHRIZ L > THEH
L= TIR S y 2 il d 5 2 & TI7 9.

245 BRARETILOZAM
245 \ZE FSRET VE L O Di Laora OffT ik, HREERIEICE D ROTZHHATIHRE

n 2T T TREOEWVICEK ST, Sl & LT, ARIATIRE n OIRRIE Vo =100
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m/s, 150m/s, 200m/s DNEIASIRENEL TR L, AJHBEEE N KRS V. ZhuE, 233 TRL
T-MEEHED AR ORE L —8T 5.

WIS, fEMTFEDE DI OWTH S, BEEZRET /L L DiLaora DT FIEOREREIT L —#
LCW5. —F, BRRET ML DA 1, HDIREED S HEFRITH DT 5 DI
X LUTC, BEEREICLAIMETIE, DESETHRB LR T 2HARSH 5. Ziux, #HE
PRETIHA BV ADFEEKGEEBE L TWADIZR LT, BARET LV TIEER
BURTFEEZ BB L TV 2N Z EWCERLTWD EEXLND. LL, —REEY OIRE)
BULSHz FRETH D Z & &, AATIRE y DMK T LI DIEEECO N 2@ mig, mia &
HEL—HLTRY, BARETNAZHANTH ANBELDRZMREYICEH TE, T LD
2 PSRRI S A7z
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. Structure system Soil system
FOOUI{%’ (Free Fild)

Ground Surface
(G.L=0m) 73

241 EEZRETILOHE

w
s
(a) (b) (c)
kinematic loading kinematic loading external
on the pile group on single loads
with a rigid cap free-head piles

242 DiLaora DfEMTET L [16]
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2%

Lateral Interaction

Lateral Interaction

PRI & 2 AR R DR

1.5

0.5

1.5

0.5

0
0

0
0

I~ Ep/Es=1000

r Validation model

B Anoyatis et al(2013)

— A Fanetal(1991)

- Ep/Es=10000

I =—Validation model
Anoyatis et al(2013)

® Fan etal(1991)

01 02 03
a,=wd/V,

243

single pile

- ——Free-head Validation model
I B Free-head Di Laora et al(2017)
| =—=Fixd-head Validation model

A Fixd-head Di Laora et al(2017)
- group pile 2x 2
I ----s/d=3.0 Validation model

s/d=3.0 Di Laora et al(2017)
= =s/d=5.0 Validation model
- e s/d=5|.0 Di Laora|1 et al(2017?

1 1 1

0.1 0.2 0.3
a,=wd/V,

(a) Single Pile,Group Pile 2 X2

Rotational Interaction

04 T I T | T | T | T
c | Ep/Es=1000 i
o —Validation model
- | B Anoyatis et al(2013) |
8 0.3 — 4 Fanetal(1991)
o | Ep/Eg=10000
e Validation model 4
= Anoyatis et al(2013)
- 0.2 - o Fanetal(1991) = -
8 L
g=] A
© 01
o
o o P
0.: 1_}“ | 1
0 0.1 0.2 0.3 0.4 0.5
a,=wd/V

0.05

0.04

0.03

0.02

0.01

HAOAN AT RS (BUSHE B, BT H )

T | T | T | T | T
I group pile 2x 2
—s/d=3.0 Validation model
B s/d=3.0 Di Laora et al(2017)
s/d=3.0 Di Laora et al FEM (2017)
A 5/d=3.0 Kaynia and Kausel BEM(1991)

f h.Iq
So-0—218
A'/’A A

-

0.2 0.3
a,=wd/V,

(b) Group Pile 4 X4

2.4.4 FERLOA AR T o B )
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#24.1 TS

Hil i

Cases | OBFEAWGRSE | K7 Vb | R | b | bombe | | bie | SR
Vo (/s) v, H (m) D (m) s (m) A I(m) | E, (kN/m?)

Casel 100

Case2 150 0.45 15 1.0 3.0 2x2 15 2.5x107

Case3 200

BMANEREN

=| umped mass model O DiLaora et al ===Thin layer element model

1-5 -_I T 1 T T T 1T I T 1 T I__ 15 __I T 1 T I LI B B | I T 1 T I__ 15 __I T 17 I L I T 17 I__

: 1 1E 1 1F .

05F 4 o5F 4 o5f .

i i i \ .| i s -

0-|||||||||||||| 0_|||||||||||\~|'r|_ 0_|||||||||||||~|’
0 5 10 15 0 5 10 15 0 5 10 15

Frequency[HZ] Frequency[HZ] Frequency[HZ]
(a) Case 1 (Vs=100m/s) (b) Case 2 (Vso=150m/s) (c) Case 3 (Vs=200m/s)

245 BEIANTMRE n O g
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2.5  FHPITIEGSNDOMERED A HEKL

2.5.1 IFILHIZ

T, FRARBRITER SO NERED ATRRIZONT, TDOAD =X L ENREMAT
D, KRB LT HEMEEAT, 7—F 7P 3 g BB R SAE Y B O BT, l7e
T —F U TG DRURRE, A AT S - BRI D 1A L B KUV A v
N ERRET D, ThD, VERORRSEMN, HBRER SN D 7 —F > 7RO EM )
R DHETAD ATHERNR 2 T 5 2 & T, ANRKOFIEM & 2 ORREZ 5N
1 5.

2.5.2 NEEEVDOHE

TSR E LTI EME A K 251 BLOK 2,51 (TR 7. *GHEEwIL, H
B, BEFL, 1AELHL, SA AR D 4O5THD. FFANCEmT D LT, 7—F 7,
PR OWERSMEIE BT, K, REsHmEBBmSEEE L, fUEEE, PR D % 1.0m, FiE !
% 21.0m, HUCIRITCEBITRAN L2 5b & Uiz, RIS, BERUIRRET, AR 9 A (3X3),
PUERE s 12 3.0m & LCW5. Fiz, WEBEITMZR 7 —F > ZIZilifET 25804 Uiz, 18 1L
%, Pt s 2 5.0m & U, AuBHIFHIHRICHE SV TWDHEEE LTnD. —F T, PRI
& 750mm, 5 S 1400mm O RC #i64 & U CERMIMEZZE L T D, /A2 ME, TR
ERIBRIC, FLMRRZ 5.0m & UHE R & Fisi 2 Mk & LRFS#EGEE LTnd. 22T, i
15 & 850mm, & 850mm DAEFZWIIE, EIEARRIIE 750mm, & & 1100mm O RC Hkf & LT
Mt EZZE L TWb. £7o, HEise FEREOBAMITANR S LRFEESEE L5,

2.5.3 fRITEM

ARRFT TR & T DT T VIT 2.4 ERBRIZ 2 IROCDE R RET VE R W=, fRETET LV
ITHE R EHEY R I, ENERORBPHAEMRIXRE S L CEE S TWA. FHESE
HiZo 56, AKREHmOIEREFEA 24.1) Z@H L, EALSMNIEREORRFHENE 2411235
T LTz, #ERIE, K252 1R T K ) IcZ @iy (BE +, Mkt oREH) & —
JEHAE (Vo=150m/s) @ 2 FEEOHMERERRZTEE L=, £, T /MBICY 7> TlE, #iEy
DRBEZZT 20K D TRV A T T /bt G & LT 5. BEEWROET MARIZBL
T, HHL, BN, LA LRUL, B, T—F o, iR, oS vy MR, B A, BEERE
ET L LTS, T2, FEMERIIBIE TET MELT 5 & L b, BYEOMRAEERZ 5
THOICEEELE LTS, TS, EAERTE AT A N A e 5RO KRS A
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Case3 Non-Linear Non-Linear
Cased Linear Linear
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Case6 Non-Linear Non-Linear
Case7 Linear Linear
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3.6 HufE MIDIERRAEAATHEKRIZEZ H57E

3.6.1 HEEDOIEERIEDFE
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TALT 5 Z EIC LD ATTEE~DREL, HBEOIERIALIZ L 2B~ NSV EF 2 5.
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% (3535

8% 3.1 BERRETNVICEIOBAHERLAHEEXDLE

Mucciacciaro and Sica [35]1%, HE, FIOIEMIEIELZ B E L7z FEM ST L H/3F A R U v
7 f#ftZ417\>, Di Laora and Rovithis [36], Rovithis et al. [37]232R 3 25 HEX ((F3.1.1
X)) 1T, MR SO S OIFHIEEZBE L, L AWML L OREE W5 Z & T
IR Z B LI B DAy M CEH L &R AL, £2TC, ZIZ Tk, AET
Rt L2 SR T LV OfNTRESE & Di Laora and Rovithis [36], Rovithis et al. [37]232 %3 5 il
5742 Mucciacciaro and Sica [35]D FiEE W CTHEE LA WA RS n 2 ki35 2 & C, i
DRI X DIERIE & B 8 L 7= ARGl O 42 MG 5.

I, :[H%ajﬂ} ((REVER Y

Z 2T, awl TR TTLIREE ST A =2 ThH S.

Di Laora and Rovithis [36], Rovithisetal. [37] CH#t& STV 5 & 51, MHAEHBSIXE A O
KT awr ((F03.12) ICk-oTar be—LEnTn5.

(0]

1V sav (133.1.2)

deff =

Z 2T, o lZMIREENL, w IHIOARNE LSBT 5 A (2 2 TiE ) O3 (Mylonakis [38]
3 L O Rovithis et al. [39]), Vi [SMOBENE L D53 DE SITKHET DIES ETOVEEA
Wi Ch D, u, Vew ODREIER [36],[37]%13.1.3), MHXGB1HRT. £, AHE L
Id Karatzia and Mylonakis [40](Z L AUTH(3.1.5) TR INS.

444 4 4tn
e (ad) ¥ -(ad L aL,) (5 3.13)
d4L,(4+n)(a-1)

L
75 ) (a-1)(n-2)
Vs,av: sd (4d) 1-n/2 (’H‘it 3.14)

[a+(1—a) ﬁ] -aln/2

4
174+n

1| o4 5 7 Ep\! ‘
L | Il aZ8) | . 203,15
L=dy 2 * g ed a)<2 Esd> a (H3.3.15)
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Z 2T, alF(Gu/Gs) M TR SN, n ITEERGTCAELREL, d IZHETH D, GoldHiRE (2=0)
O AVBIMEREL, GulIHiR d DIRE (=d) BT D AWERE e R, £z, E 13t
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RLTWS., 22T, fiGHEERDERICONT, (T 3.1.1 [ ZTHEDEIE A2 el LT
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X312 BXOMH 313 TlE, aBEXOnDF#ERT7 4 v T 4 7 %4TH 12O, IROFIA
%47 7-=. ODi Laora and Rovithis [36]35 J. O’ Mucciacciaro and Sica [35]IZ/R &5 zp Z HIE L,
7=0 D5 7=z D XN BT D AWIIELREL G (2) 23R TS, 22T, zewr (ELJ2) 1FHLO
L2 72 T IZF 5T 2 HN 2 HIEDORES TH Y, MIOBEE L.OY-0ThH EHAEL T
5. @QaBIOnlE, BARET NI > THRE SN AWHMERE G, (z) & DilLaoraand
Rovithis [36[IZ R SNARNOLHEESID G (2) OWMFITK LT, B ENR/INE 72 D510
TRE LT,

ARG B & Rovithis et al. [37]Df8 5 U &k » TRIE SN AIATMRE y i+ 5. X
3.1.1 (b)) TIE, fMTHE R &G ROFERICENAE T TWD. 2T, SR T, 28 15m
HIEIZ 10m OFLAFRE SN TWDEMIT/>TE Y, FUFMROEE RN R D CaREIciR
ANDIRNEE) ZENFRKTHD EBZHND. —T, TOMDOERIZ, BE, HERFIC
B & RS 5 & Rovithis et al. [37]0ff 5 ROFERIZRIFIC—H L TWD. ZOFEND,
BIER L OIEIESIHIC BT DM AAEHBIRIT oD RT A—H agllX > TERILTE 52
EMBAGMNE 7o T Fio, IERESEITHIT 2 AHERRIL, Hils, FtoRPEkic k- T
ST X, ORI IERIERNT Y — L Bl T, RIS A — % 2 sk
HZlicky, fifbsn=BERIC L > CTHEERABSZ TRITE 5. 221, filglbsh
RENIC IV FHET 5720120, ERITTOAREELRE a B X O n 2 Mo ABRIE & Fio
AL T E— A M IV EUICxF vV 7T L—2a VT H0ERD S.
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— A VAR RESE D AR R
3411 Kl — A OB AT 5
Case2-2 (ffif - BRZEMI)

EAE—F | IE8%MHz) | FMsec) | HEE | ARVEER | W5
1 1.136 0.880 3.00E+03 0.792
2 1.136 0.880 3.42E-03 0.000
3 1.138 0.879 -3.16E-07 0.000 | Huf 1Yk
4 1.138 0.879 -1.36E-07 0.000
5 1.138 0.879 7.34E-08 0.000
6 3.402 0.294 9.99E+02 0.088
7 3.402 0.294 6.27E-04 0.000
8 3.403 0.294 -8.72E-04 0.000 | Huf2 Yk
9 3.403 0.294 -3.29E-03 0.000
10 3.403 0.294 -8.11E-03 0.000

Case2-5  (HEZ21.01% - BEZ2MI)

EAE—F | IE8%MHz) | FHMisec) | HERE | ARVEER | W5
1 1.136 0.880 3.00E+03 0.792
2 1.136 0.880 -1.96E-02 0.000
3 1.137 0.879 1.94E-05 0.000 | i/ 17k
4 1.138 0.879 8.84E-05 0.000
5 1.138 0.879 -8.27E-05 0.000
6 3.402 0.294| -9.99E+02 0.088
7 3.402 0.294 4.29E-03 0.000
8 3.403 0.294 8.29E-06 0.000 | H#E2 VK
9 3.403 0.294 -4.45E-05 0.000
10 3.403 0.294 4.35E-05 0.000

Case2-6 (- Fi%21.01%)

EAT—F | IE8%MHz) | FMisec) | HEE | ARVEER | W5
1 1.136 0.880 3.00E+03 0.792
2 1.136 0.880 3.05E-06 0.000
3 1.137 0.879 1.69E-07 0.000 | A1k
4 1.138 0.879 -4.32E-08 0.000
5 1.138 0.879 -2.45E-08 0.000
6 3.402 0.294 9.99E+02 0.088
7 3.402 0.294 -1.74E-06 0.000
8 3.402 0.294| -1.89E-06 0.000 | H#E2VR
9 3.403 0.294 -7.75E-06 0.000
10 3.403 0.294 8.83E-06 0.000
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i/, 1.0 ISR T A EMOZENZILD AT SMIVEEODIEZFEAT SRR Z & &
OGN LTz. 2 LT, ZORMEEZFIA L THMEINEEISE AT MLVORIESTEZRE L.
AUV R LS AR Y N A~O BT LT, R, TR [3)1E, MR EEER IS
< KAEHR O I AT B OB ZE S & LI, IWEEMERE O CIERIE A b LB~
DOEANTIEERE L. L L, WUIREE RIS LB ORIl TR, k> — @i
e 2 R A RHE & L QD 728, FEERO Mo & S~ A rTRE 22 LA ) 72 Rl B D
BARBMLETHS.

—7C, AR, FEHMS R S RN < BAL TR Y, 2011 FICFEA LRI
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IR TlE,  S%IBOR S O FPENNE T I A7 VS ELJE AT 10000gal (2K AT
W5, ZOX I RHEBICHEDL T, SHECEKOHEED OHKIIREN ThHo72. D
K D—2IZ ATJBRERNE 2 i, FRW S EEN 2 AR O, 41%
DOMEHRFHIB T2 —2DOETH 5.

F T, RETIIMERET — A V@GO AT IR 2 MR FHIEET 5 7O OFHE T
EEBRET 2. P10, 52 THHBMEDOMER G TELE 72> TV D FRIIEITIEIC AR
RaEd 2 ECOEEARICT S, RIZ, 52 O EEZEE 2, 53 TIIhURIIC L DA
R OFMFIEE, 5.4 TIIHE, ok ivd EEEMIC X 5 ATTHEIIEL LU
PUERE, BIHSEm OmE OREOENRE DI L - T, MESERD AL B4 314
LFREERRE L, BIRITORER E AIATMRE y 2035 2 & C, FHliFED 4L KR
AET 5. FLC, 5.5 TiX 53, 5.4 TR LMl TEIC L » TEE SN AR ED R 25
HIFEMTIE CTHW D IFIBICE AT MVICKT 5/ 5 72 FIEZ B U, #H-MFE & B FES
EIZE > THRE LEEIEREIGE AT MV E T 5 2 L TR TEDO R YU EE RGET 5.

EBIZ, 5.6 TIHLFL <AL T H A M BRSNS 4 5 ARRDR OB 2 M
RS BEHE, PR KO EEEY & O IS 2RO ARy 2 HEL, A
THBRDREBE LIZGE & LIRWEE OIERIDISE AT ML &y 5 2 & T, mEAH
B RN 64 2 AR R 2 ERANCRHET 5.
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52 AIMERETERETEERSBET 5 L THRE

ATHRIIREE AT 5 LTI, BHEOMERGHERZ o8 R L, AN H 2 Fik%
BT HUENDHD. &1 FE TR LIS, EAEEYOMERTCR T D BT
1%, BWAOMRATIE & BTSRRI &, THERGHI AR ZBET H121E, 202 20fif
HrikZ &SI AL B 2 DN D 5. BIRITIEIY, HlE - R OB AR 2%
BT 5 HR - BSE AR O ET VA2 WD Z & T, BIRRAEVERIC X5 AR E
FHBRICKR SN D, ZOFIEL, EHE L EREE A R TX DM, srErEirE I3 E
IFNTIC RIS 5 2 < OMFRCRBRAER SN D & & big, BRI E TR nns. £z,
FRIECIE S CERA S 5 E2REOB R T B 2 R, IREfE— R onZ o, EX
BRORAEH/ T MR E, Bkt 22 BE 2R E, BT — ISR 3 £
XAV LR, b9 —FOFIETH HEIMRNTEIL, MBI X 2582 8Os 28
EVO TR EICE S AT, IWEEEARETHZ L5, HlZIE, $E 4l T
IITEEAREE A7 hL GEREIRE AT FV) WD Z LT, S OIERIEIS A
EEELTWAD. F£7z, B [SICTIEEMEIEESE AT ML ez ——F I EAHE
HZETHMEINEMEREL TS, WINL, TO5XONERFISEALT MBI
BMEFELTRY, ZOX ) RENTEL, 1| RE— ROEBT 5 X 9 7 iy Bl 7ok
EWNZHOWTHEAMERE. 207, EIITEY, BEORGFEBICBWTERE R - T
BV, $hEN %fiﬂaﬁﬁ%%ﬁhﬁ&FxA&hw LVEFEL, FOMEETS Yo .
T R AT B ZENEIZ L DFRITIZ 7 4 — RNy 795 2 & TEEM OIS L~ 05
WOREL NV EBELTND.

DX D RERIITIE A AR & LTeGEHAR OIS, ATBREDRZBEAT H7-0120F, ]
IO LRPLETH Y, BAEIZIE, LITD2 575»4%9: 5.

O ADAIRE g % R ERIE L TR OBIOARET AATHTNT, BT O R 20
THETRELT D

@ LROTHEESNIEAIATRE g ZIIVISEART FITRKBREE 2

ZIT, AETE, B2 AzSBIC ANBRREMERGHI M S (2B BT it b Rk %
D,
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5.3 MEHEZKDASHEISHEDEHE

5.3.1 FHEFEZDHE

HERF O HAE - HUESRER O BRI BAEH C % % Kinematictl AL/EFIE, BRI DOIRENC L 5
s EWUESEE O BAER E MRS 2 Z LN TE 5. 22T, AARMBEOSE— ROBEAMEN D
BONDEAT— NN LRI L, EEEEMIER S ¥ 5 2 & TH LD SO AL
&ML DL D AHBREZFHMECE D & B 272, TOBICIE, “IEENE 2@+ 52
LT D INEEME [611F, HUMRANL & FEERSE I ERI R S CEERE O LW T
%R B EIITIED1OTH Y, SREREY OMER B WL, PRy — ) ki
72 EORWIEEORRE T, AN TEE L TR ORAS WS, £, KFETE
BIZIR ST, TR - BEOBKFEBICBNTH LADH L FIETHS.

REFEOFMRFIHTITROLIBY THY, TOWMELK53.1 (TR,

Stepl : H iz ZE7 AL L, EAEMEN T 285 2 & T, FF— FIREICBT 5 EA
REEDS LOREAE— MERZREET 5.

Step2 : INEENLIEIZBWT, EAMEARNT O R L& EA T — IR ERIE - SMiE
S, MR L U CHEEMICHER &85 2 & T, A EM OB E 2 H
HT 5. ZOW, FEAE— FORIEORKE 1.0 & L TERHEES.

Step3 : A ZENLIED BB U 72 SLAEHEE) OREANLE T O AN 2 /EH S B 7z A g O 28
L TR Z & T, &% — FREOEAIREEI ST 282N g 2H 5.

Step4 : £5 [ A IRENE TG O VI A DA IERE y ZERHA L, IREVEGEIC B0 B2
Ik 2 RES 5.

728, Stepl TITH EAMMAHNT TIL 3 KE— RETHEHETIUZ IV, Zhid, SGEOMEH
3[4 CTHER 5 HEEY OIRBEERIE 10Hz £ TE2RRE LTEY, AL &I
MRS THIUE, 3 RE— RETHMATIURE n #HET 5 2 & CHERIEE Tk 2 EiE T
5. £, ZHICEY, ERETERWVEARE, 3RE— R TELNEAENAINEE 22—
&L 10Hz £CHTIUE IV, Zhud, 52 BOHM R EREOMITREER (X23.4) 2
oD LA IRE n 1%, Z OEDMER L & o 7= LUE O @ REh AR CTld— & OV VE
T ETFTAEMNAH Y, P HD EEE —E L BT ZENTELHOTHS.
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5.3.2 FHMEFEDENMEDIRE

ARRFITIE, 52 % 2.5 OMFT THWERSEEY O 5 6, X 5.3.2 [T EpUER O 5L
E AR, BETIEOFMEEZRRET 5. SEEEDIT, 9 &R 3X3) DREEXFHTH
v, BMEAIZ 7 —F U ZITHFE SN TWDERIEE Uiz, £/, ST, #EW L RRRICHE 2
2.5 ORFTCHWZHE 23R & LT 5. Y, ShEOmEHRFHIBIT 5 G3 Hk

EEHE) FHY O Type A Mty (ZfEHivix) 35 KONG4 Hily (@ ~#R55 %) FH2 @ Type B
Mg (—JEHR) o 2 FEOHBRAEE Lz, X 533 [T Lzl o HEHRIXK R X O
HIAE ORI AW IR Vo B DOTRE A5 & s . 70k, T4 Cd 2 BhifighT <l
EERRET LY B B EED OET M EITo 7. F, HAEERIZRGE 2 E~F
4 E[FRERIZ, AKFTHE Vesic [71232R L7oXNAE vy, ShiE GO, fuilbmoldialdshd
DFEHE BIICHESETHEEL TV,

Type A , Type B HUIZ ISV TR D Stepl, Step2 (2L W FHH L7z 1~3 KE— KD H H ik
CEEEY) (BEE) OB EK 53412, RETIER X OB DR Lz A ity %
X 5.3.5 1~ 7. X534 X0 AJHREIT, HIEOEAITH L CRBOEAINBE L L 25 2
ETAHETU TR, HEEHEATITOHEEIER S 23 Type A HAER Tl Z OBENFFE IR TN D.
ZAUE, 52 BT X9 ITHE ORI T A FLOMITE SRR R E < R o lo 2 Tl
KLTWD., 207, K535 TAHMATIRE 71X, TypeB (ZH~ Type A O 5 MEHRHE)
TR TIRR L, L0 RERAIBEDENEL TS, £, BEOWENEL R 5 ERE—
RIFE, OB L CHIEBNEE L35 2D 2 L THIME O NI e~ DO Z2AT
DN 720, ZEORER, BWATIRE g MR L TV 5.

Wiz, X535 MO ETIEEHAOCTEE LIEAIATIRE 1 1L, TypeA, TypeB D fijiiisic

BT, BIRRHTORR E R BT L TR Y, ARl FEZ W TORBE R AHEE
P TE D Z LR TE S,
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54 MEHES— AL SEBEESARO ATHERD G55 HE

B4 EORTNCE Y, HOREMERE UERAITHS, Rk e LTORME 515
LT, LU RE B SHIARBER SIS = A b T © DRERHRIC L DA
IHRIR T BT 351 SIS OIS AR BT 5 2 & ¢, G E LIl
RARICAR S, 20T, =2 THHBERIRICHT 5 AHENRE TS ICFHET 5 Tk
REL, TORLMERHT 5.

5.4.1 FHEFZDHME

FABEOHRFNOHA LR LI, HEEMROANBRIL, Mg - HULHESR O=HIMH A AE
X BB INDEE (CUF, WAL D08 LFES) iR i, 5, &
JEGE DN ST ARG RS BNk L C— R & 7> THEENT 5 2 L TRELS DR (LLUT,
[ EEREEIC L D8R LIES) O 2 SOMEE T TE 5. A&, 54 ZORFO D
BAGHH G 7 DR L EEETHIBEDO %2 T T Ml L7z Casel DFERDEYTDH. 7o, AiE
& B DNRE G VTEATTRKIL, B AEORE D 5 BIGHT 22OV T HE 7 /LK L7z Case2
& Cased3 %495, Lo T, %FHIT Case2 721 Case3 DN & Casel DRIRDZE S E V2
L9, FZT, KEEFETIEN 541 1R T X0 ITHEERRRDO AT IN R 2 I X
LN mi(w) & FEREEMIC L 290% n(o)DERGDOEIC L VRIS 5. BARIZIE, bk
(= & % Kinematic FHAAEH ORI R %5 A TEAIATIE Z(0)- 1, (0) DVEEDIRWHIMED 72 2 8 L
= EEAEEMIC AR SND Z LT, EEEEMIC L DENRIEIND EEZDE, 200%)
ROBEBREDOEOMIT, FIEEEE CHE< 2 & THMEOBICL > TRDDLZENTED. £z,
TNENDIFEOEEIZHONWT, FEBICL DR THD n(o)lE, 5.3 TRE LIISEENE
PRV L > THET A ZENTE S, 207, DBETIT ETHEEMIC L2908 TH
D m(oZERB L, ORI TFEZRRS.

5.4.2 EEMEEYIZKDEDOFEM

5.4.2.1 3=

FHIC BT~ C, T2 ClEREIT gzt Lz, £7-, #2507 B dEm e
TR DR 2 5 2 | 7 2 Sﬁ%fﬁﬂfﬁf% HEMREL, ¥ 542 17T & ICHIEEED 0 DA
T“TJ\%T?“ZD EEBERT B, T2 TCOREDZLBEIZHOWTIIHZIRT D 5.44 THEEEZIT .

T, A i%gif%éf_&)iﬂ S A ST T BRICIE MR BN e <, F B X I o) X
_iﬁaéhé. Z T, HEEEOREIHENVEN E OENR /NS RD I ICEEHTLEEX
%2 ENTE, Iguchi [9IFRD X 51T/ 2 BT L 0 B O fREZ R LTz,
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22, AMMEOMRENE (=0) TOEMZU, £T5.

>

g

u
U,=1v (5.4.1)
w

—7, BEHEOAKEEMN B L RSN 2 FNFhU, & LT 5.

u, ,
U={ut, o =lg (5.4.2)
u* (0;

w = {ul - yol)-uloy)faa
[ A+ x07) = v(xy)f aa (54.3)

[l + v0l = 30} )= iy ) aa

ERDOLTZENTED. 22T AIXERRECH Y PR CHEN-BEEEE Lz (X542
DHH b, c DFIFH) . 2(5.4.3)DALF 1 TIX x HFAINCEET 5 5 & HBhO LA 220D 2 Fefi %,
B2, FHIETy FMB Iz HFMOEMAED 2 FMEZRLTWD., 22T, BT 555
IZBWTHEL 2D y OB LD 0. OB LT W /L7 D5 H 5% 201 - [[BERE 51

DWW 2175 . £, y HRIZOWTEB IR &,

ow 0
o (5.4.4)
LU, R(5ANTRGA)ERAT D &
« 1
:ZJ‘Av(x,y)dA (5.4.5)

&%, —7, oAl LTHREBRICIRK 2170 &,

2 =m~ [ bevla)-y-u(xy)ad (5.4.6)

LB,
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>~ >
— —

AT, BRPERAS U2 & OIS E 25 2 5. ZIUTBT 2BEEF5E [10], [11], [12]1EW
KOMHDHN, ZIZTIE, K543 17T X7 SH EXEIDO AT LA EMETS.
T, AN OBE, KEFHO BT ORFERE Vi,

V=22 (5.4.7)

Eien. Zolks, ARMBOMER (=0) (BT 5y FREAIT,

2T
v(x,y) =V, -exp (_ZTXJ (5.4.8)

ERDIND. T, wIIAFEOEELZRT. £72, KR AL

V
/1—?—27[; (5.4.9)
Thoizd, (5.4.8)3K(54.10)L705.
. 2z o Lo
VQJO_%'“pﬂﬂﬂﬂVﬁﬂxJ_% %P(IVXJ (5.4.10)
wiz, R54100CKG4ANERAT D L,
v(x y)=v -exp —iLx =V, -exp —iMx (5.4.11)
2 0 VS 0 VS e
siné

0%, (G541 SHEICEIT S y FroE 2R L0, XG4 G41)ER
AT HZ LT, y AN 2 EBEANENK(G4.12) 725, T2, K546 (5411 %1%
ATHZET, 0. FNTET HEMEANENK(G54.13)D X H kO BILD.

« 1 . sind
uy = ZJ‘A Vo * exp[—l 7 xj dA (5412)

N

. 1 .wsinf
. =W-vo -Lx-exp(—z % deA (5.4.13)
A
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H(5.4.12), RGANCHOWTHDEEITT DL, vy HIAl, o FIAOEHANBNTR(5.4.14), =
(5.4.15)[9]1& 725

. sin (a,siné
u, =v, L) (5.4.14)
a,sin@
. 6¢ cos(aosinH) sin(aosine)
(O . - 5.4.15
® 0 (b2 +cz) { 610511’149 (aosin9)2 ( )
2T, al FESOUEIREE TH » A (54.16)TRDOIND.
dy = (5.4.16)
2V

s

F72, R(G54A15D o HEEDTITEENEEN TS, U, y FRpks T s & R
TEET DD LT, o FAIEHENE 22 2R TR TS Z EEERL TV 5.
Z LT, K(5.4.14), (54150 0FE S D EEEA 18 &2 AFHE OIRIE CTER3 2 & T, Ltk
BN LD (o)L, R(5.417)E705.

9.

Vo

Cuyt
My =

.xi

(54.17)

ZZC, I E S, x XEEERL E 2 AW (T — A U EAEEDS 4 BREIO%E I 3, 6
PR OLAE I 4) 225 ny 2 RET 2 Yiklrim £ COREZRDT. X(54.17)TlE, [RlEZEE
YW E COMBEZ R LD 2 & CTREFMOFENIELL L TND I ERNbnd. 72721,
[ElHEHLCd D Wikl X BEEEDS 0 TH D 7= ORI BN Z L &7 D,

F72, RGA1POHEESND EIEEDIC L 22058 LRI X 298 0 EREbE 2K
(5418)THRELT S Z L T, MERERO AR REZFAMT 5.

(@)= () 1, (e) (5.4.18)

5.4.3 FHMEFEDZLMHEDIREE

T ITE, 542 TIRELEFECLY BEEDIC L 2R 2H/E L, £ OREEMBT 5.
o, B4 ETIToR 3 RCETAIR & i 5 2 L C, REFIEOREELZHEET 2.
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5.4.3.1 EFIEICIDATEIGEOHEE

22T, ERoRERNS y HE QFE) BEL O e Hif (BlEx) OEANEZEET S
LT, REREEMIC XA ATENRICOWTIEIT 5. ok, HEEOREY O SET,
%4 BOFEME AWV TREZ1To T\ 5. HEEWOREZILE 4 EORX 4.2.2(a), HIFEBIO AST
TR 421, £ 422, T —AFFR 423 2RIV, B, BEICBONOL, ERE
LT —AVEREORR L L, 54 5 CORGEERM: & [FIERIZ Case2 (4 £E[#]) DF51339.130m,
Case3 (6 £E[H]) DAL 59.130m Z W CTW5A. F7=, FEEE b 12>\ TiX, ks & L
50m & LTCWN5.

HK(5.4.14), K(5.4.15) %V HE LT IEBEATIENE y HIIZOW T 54412, ¢ FEIZOW
13 545, X 5.4.6 (g, RTINS IAEA 8 2 ASREOIRIE TR L2, 37205
HHIANEE y (g mpe) ZFE L, BEENCIEBIEL & B OTALIRBIEL a0 |2 sind 2 3% U240 2
DO ERLTWVWD. ZZ T, aosind X asinf=cwsind/QV) T 5D Z &b, aesind OHIANIHRE
B f=w2r OHEMEFRD LTS, 17, MEEMEICIST 2 BT OB REG@=Vf sind) Ok
YEFRPLTND. &I, al B8k %E Fol2r, MFEENEIZBT D AN O =V/fsind
T HUE, aosinf=nc/h TEDOTZLENTXSL., LEN-ST, asind [ ZRDTORE L L FEE
EMOES ¢ LOWIZET ARG A= LEZHZLRTES.

MIDIZ, K544 £V y FANZDOWTHTHD &, HERED VoS S MRS B WIEE,
HUBEBN O AIARKEWEE, R ¢ PREWIE ERIREIFEEIZ W) T oy ORI R E <A
TR DBRE V. £, IREEEB L WP aosind DRE L RDHIZHONT MBI L TS, Z
UL, EIREEICR DIC oM T B MEEY OR S ¢ ICx LT, MBEIOE R 20 BEE
M X A HENZ R T DR PKEL 2D, ZO/RRE, AHBIIRDPKRELS o7 FEXDL
b, EBIT, aosing IZ X > TIERBMET 2 2 & THARSRA:, AKA 0, iR clciod g%
P CE 5 Z D005, £72, aosing TIEFE LIZBITIX 7 ORFECT np OfEH 0 & 72> T
5. UL, aosinf=rc/h D OB, ci=1, 2, 3..ORETHS. LR -T, 547 TR T &
BY EHEEYOR S o 123t U THIERIENEIZISIT 2 BT OWE 105 c DfEFEE > Tnd
ZEERDLTEY, ME)OEMEA THE S EEEEM D EINRVIREEAZEIR L TV 5.

WIZ, K545, K546 700 . FENZDOWTHRTHD E, #HIFEHED V3 /S < HBENZ 60
WIEE, EEEHLLN D OIFEE x AR E VT — A U EZBIREOWTHIZ L, AHA 0 N REWVIZ
CIERIREHC BN T . DR E L 72D, ATHBIED /NS F72, y i & [FIEEIZ aosind
IZE > TIEH LT 2D 2 & THUESAE, AN 6, iR c Ick by, i c& 5 2 L 3boe
5. BT, e HANZET D 5, DE—7 X apsinf~=2 DFFZAEL TS, 2, X548 (TR
T LD ITHIRE O BT D A D EEREEY DR S ¢ DK 1.57(x2)(E DG EITHY T 5 IRETH
D, ZOLE, g T I3 BEEFTELTWDIENDLND. £, 5280 £725 L&D apsind
X mtal2, 2x+m/2... & y HIIZEBWT 5 OED 0 £ 725 agsind 28 © DfEETH > 7= DITxF L
T, @2 PR TINTWD. ZhE, WK L 7 D REBIC BV RS A U
TELT, T & T FHEREEE) S Fl 3 D RABIC B W TIFERENIAE U TR 2 & 25
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LTWa., I, AR LG4 FIEENEENTWD I D H005.
5.4.3.2 B TIEOZYBIEORGE

542 THRE LM TEO L2 KEET 272012, 5 4 T CTEH O L= BT & X(5.4.18)
NGO EIANMRE n 2T 5. 7ok, 22T, 4, 6 BREIT—AVEEEDO L
V=100m/s DFE OFERZRTD, MOMEHr — A THOMRFEIT o 72fER, [FEEOMBR 23S 5
DI EEMRELTND,

AT I K OR(5.4.18)0 B B AVIZ A WA IR n D 2K 5.4.9~[X] 5.4.12 [T~
BV IATIERE L K B2 o & EEEEmIC X D80y (K(5.4.17) OFERZOFETRT. 72
B, mlZonTiE, &4 ZOMPHNTEBIT S Casel-1 OFEER (K 4.4.1, X 44228 #HWT
W5, X549~ 5412 XV, IBEFIENOEE LEEIATIMEE 1%, 1Hz fHIE CldZzo
72 < HFRICHER 5. £ LT, 1Hz K VKRS AE YD 6Hz £ THRMITHED L, 6Hz LA
FOERESEE CIHMEVMEZ MR LTS, £, npicEBT5LMm 1 T 1.0 282 5
ZRLTWD. ZhuE, F4ETRA LB Wim 1 IEEmSmSCcH Y, BEEHLTH 5 W
1] (Case2 : Wrifi 3, Case3 : Wiifi 4) 2> O OEEEN K X < [FHRIC K D AKCEEEE ML O Wi 2 b
RELRDZLITERLTWD., ZD72®d, FEEEH.LNDOFRENRRE 25 &, Wi
e ~R[EHER S DRBEN LN 2 D L B2 5. —F7 T, [FHEZEE D B2 52 1) 72\ 3 T,
WIERRROANERNEERT 23, n (EEEEMIC L 20HK) OFBIZLY g (DR
IZX D) &2 TFEoTn 5.
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. B HARHCHT O M SOAR & BR SR ), R 3R D O BB IR 8RE FLUE [101I2HD =470,

FOWERAEE 636, 637177, F63.6 ITTTIHD I L, HLACHOSNE R IREIT,
K (6.3.3) L VEARIF ), KRTFNFK (63.5) BLORK (63.6) nHROTNS.

K= ktv 'At (633)

ZIT, ABHUEEROER (m?), kyiZPUCmOSMEMIEN IR T, RATERELND.
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ky=14 = py * Eq D4 (6.3.4)

ZIT, poulZHEERRENCET 2 HRE RS (=1.0), D3AE (m) THD. KIS, #
Seb DSREHIR N ) DR IR ), #IRSFFNFRAL D RO 7.

Rty = Paty X R (6.3.5)

Ru = Petu X R (6.3.6)

Z ZIT, Ryl 3HUSesmOEHAE T DORRF S (KN), Ro I 3HUIEIROSRIE AR S ) DRI
F571 (kN), 0 gy (35600 (BAR) ICRE9 2 HERE IEAREL (0.6), 0 g 135000 CFFS) (FE)R)
(ZRE9 o HARE IEAREL (1.4) . Ra 1 3EEHEE SR ) (kN) TRADN B3RO 5.

Rk = gtk X At (6.3.7)
T ITC, qulTIEYES SRR E (\MN/m?) TIRAUIC LS.
60N = 7500 (b

1) (6.3.8)

WRAZ, BLJE T O SRTEH AW R I RIS, X (6.3.9) L 0 BRR3CRET), #& 53R 1320 (6.3.11)
BLO (6.3.12) oRDTNS.

Kiv=kn+ U=~ Al (6.3.9)

Z 2T UMD AR (m), ANFAUE E OEEE AW TR ER 2 JET 5 XKMOE S (m),
ke AT DS ELE AWTHIAR S AR %L T, IRAATRELND.

k=02 * py By (6.3.10)

ZIT, palFHMRRODAREIC R4 2 fRE IEAREL (=1.0), DIIHE (m) TH5.
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72, VUREOMIEE AW ) DRSR ), #JRSRIERAL D k7.

Rty = pety X Rix (6.3.11)

Riu = penu X Rix (6.3.12)

Z ZIZ, Ry i 3HUATE OFEAR AW AR ) DRI (KN), R (IATE I O $niEE A/ Wi
RAOD#KIRZFFS (KN), o i3deimxRi ) (BIK) (ICBET 2 HREIEAREL (1.2), poen 35000
XFF (&JR) ICBIT S HUMRE EREL (1.4). Re IEEEYEXRG SR 1 (kN) TIRADNHRD 5.

R =y xU x Al (6.3.13)

ZIZT, U A E 3.69) CEEETHD. F, g IFETORUER L NE (KN/mM?)

THY R TROLND.

3N=3500 (WE+F7-i13mH
W5 i (6.3.14)

6N=7500  CH:MET)
51T, # 6.3.7 OATEHIER R E0E, X (6.3.15) L0 BREE S, &R E 1130 (6.3.17)

NHROTNA.
(6.3.15)

Ko=kn+ D+ Al

ZIT, ANFHAEOKFHERITRER 2 FET DX OR S (n), k(AU 0O K

ROeET, WA TERELND.
ky=3.6 * py * Eq* D4 (6.3.16)

T, pu (TSR EAC BT D HE IEAR S (=1.0), DIIHEE (m) THDH. £7=, HifE
[ DK EHAE I DRAR TR ), R NFIRA LV EE SN2 AR HEE P L LT

W5,
Pe= pexDx /I (6.3.17)
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P(z)=on*y.*z* Ke  (WVETL) 63.18
Pe(z)=(1+2z/2D)(ye * z+2¢)=9¢  CHittE+t) (6.3.18)
Z 2T, P)IBAREIT RIS I (KN/m?),  an (ZHTATE OIRERE (=3.0), 7. (3R z £
TOVHHENAEERZ KN/M?), 2 XA HER I EZ RO DS (m), Keldz@h+
B2 TH 5.

6.3.4 EHEHEH

REHERIE, KAMER, ZEEM, BRIEREZEEBLEELL. 2055, KAIERIL, -
FE« 2T TEHOREEY OSCME, PuEEOMNIMEMELZZEL T\ 5. £z, MiEwmTic
BEET 2 7 NS MO E & AR & BE L T\WD. —H T, @ OIERENE Tl ﬁﬁ
DAERT HAVK 40m 12 1 EATEE ORIME T, BAENHE SN BARF CIIEKTH &L
7o WIS, BEhfrEIIAEMEAZETE L. £72, WEERIL, SGEOmELNE BlIcik3X
WEBORELRE L. MERERETIE, X621 -7 X912, L1 HiES L L2 #EHHD 2 5
OHEE 2 AW CTHESEMORELZ T T 52 L1225 TW5D. 20955, LI #IEEII OV T
etk GEfTRAeM) OREICHWONLIHERTHY, 63.5 Th5 L0 ARFTCIILE
P (EITRAEN) 2B T2 LMD EE LWL, — 5T, L2 i8Il e L Teett
GEITREN) #R<, HEMOLEMELZRETS27-00ME# L LT, ZoMEHLHES
LHRMENRD D, L2 MEBHOREEX, OF—AY b~ =F 22— K M=70 L0 &KX 728K
DR RGP R SN DS, O F b HlEm L 0 GO HIE R & O 8 L - THl
BEIOE LWEENMEE SN HGE, OWFEIXELL—HITEY T 25481201k, HmES)
TRFECESEHGRFEHES & LCHRET S, 72720, EiO, OIZEY LaWEAITiX
5 7e L L LT, MEEMEIR S HIEHER R L2 HEEEhH & FE S 7 Mgk i sk 2 5 1
BELOZ UK L7 HEIEHE RS AT MVIZESEHEET HZ LN TE L. ARG
ET DA TIEO, @OIZZ4 Laene L, SR TECEIY L2 MESZEETH L L
L7z, 77, L2 EIIIHENOMBAZE LAY MLT EANEENEIC LD ELZEE
LA MVII D2 OOMEBEIHZEE L TWD. 2D 9L, A7 hL T O IEE &
AT MUE, AT FVITICE > THE STV D0, AT ML HEHEEE) OGRS
FEW2w, IRMeiEh ofEiEm O X 512, B K UA/ERIC X - THEEOHEITHNIEE
INDHAEITIL, A7 MVTICKDMELAT O LERH DH. ARETIE, HEORIRIbITT
AL EE L, L2 #EENE, X 6.3.3 12857 G3 Mz R mINEE R I L O R ek
SR BB OB NGRS AT ML E AW THERERZRD 5. 728, $hEOEER
SR, REHAEOE AW T, 1S S HBFERNICS U THRESN TV D, R CHRE
LTV DO R EHAEDOE A T, 135 634 (8T EBY T,70491 B THH=H, G3 H
AL TS,
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W6 ANKEEIE LIS OR
6.3.5 et r—RA

ARRFFCIE, 2 638 1R T X912, WS oW Cl 3 X O EY H O O Wik C3 %
R, ANSIHEKEEE LRV Casel, HUEREIC LD AHEIAEE LT- Case2, L& LitErE
DO, bbb, MEEERDOANTHEINE A EE LTz Case3 D 3 DOREFET7— A % i3
5L 0 ANBEEEOREL BT D, £, K7 —ATBWTHIEROEM ) 0 #E
BIUOHBREN ORED 2 THE IR L CRELZEET 5. 7ok, Wit e A 7 6 & xt
HLLTW5D.

6.3.6 BEIER LEEIEE

ARRETO BRI, SREEBICATEIRZEH T2 Z & T, MEWOINE, GEb~DR
BERNTL22LTHD. TORD, ZIZTHE, £ 621 (RTHERFOERMERED - bE4e
PE(BEE) B X OMEIRME (GBI ([CBET2EZITWANBEORE BT 5. 2tk )
HLAEITRZENVEIC OV TE, HERIZE WO CTEMABARZE S fHEMEZ T 272K T 5729
OMERETH Y, Dp< &b L1 MEENCx L CHEEM OB & E1T4 2 EEE 5 — EEUNIC
BMOLMERETHD Z 0D, AMBFCIIRELZEK TS 2L & Lz, HEIRMEICE L CidfaE
S5 HIEREN % L CAif] CHEBEIRITE C X DIRIEICHEIEM A R OMERETH 0, WIHIEH &t
BHREAERREDOMEREZRET S, ZOEIBMEOMEREIX, FEERICHGE 25 9 5 # s AR
YA OE L, HEZ OB IRFHECE MRS 2B E 2 RE L, —clE, ZaefEnsd
FEEDLMEREIVEVERENRESND. TD®), KRHTIE, £6391RTEBY, 224
DOL~v% 13, HIEEOMERL LV E 2] IZRET H.

MEOHFEZA (63.19) 0@y &L, Z4et () (2T 5MEEL~ L 3 &3 5.

yi* Ira/Ira =1.0 (6.3.19)

TS, plIEERE AR T 1.0 ZHWTWD. E£77, kel TRGHEEE, Lol T%EHR
SMETH 5. £, HREL Tk 2 AR A % 6.3.10 127, RIRIR @D 220 (i
) TIE, L2 HEEENIX L CHEEM IR R REE L 722D OMERE L L, T X TOEHM D kE
LWz &, 3hbb, MMM AION SISE LR EEBET 5. ki, #EIRE (8 <
IIAEE R KA BE 22 T 72, E3Z T BB ITHERERIE RN R ATA D 2 L 2T
%, BARINZIE, SO MARICELR2WZ EZ2BET S, 20 L 51, EIRMEITHERIC
& DR & 22 ~NEE L IR 25 2 & T, #dE o R RIE 2 ZRk 4 2 MERET
b, DD, HIAEZMET 5 Z & TEEMENmEIND Z b, AT, HUERr
DOEIBPEICONWTORBEEITH . 7ok, MR L OE IR CIIMERF O ILHOZER IO
FEMEDFREEN 2 AT 2 Z & THIR ORECHEEY OB 2 RET D2 L Lo TVDHD,
AREICIIER T2 & LT

174



&t

2Lz
AX [

i

AR EEE L SEEEY D

56 &

XM — QAT £ 2% 19X
§ - & ___F I
r S
i g B S98L ko
Fy m m w.
5 “
i ¥ T m
00007 3% L
06661
¥ I ¥ -
B0 HAHNY
mja ﬂj - = -
00012=7 8~o_h . = 3_m, ﬁﬂ oo«m&n& 8%:
Wi -664CG 1Y 1-044CG 1Y =Y 1-06LCG 1Y
| — : 1 : ] :
“ LE t&m iLE iLE 7 7
k14
E L E m o i ﬁ%ﬁ L E
= | = 1
091 % Wiz | 0912 % 09iC | 00007 - G956 ﬂ.rﬂ
¢0 10 ¥
EED B
001/1=S

K8 —

175



%6 =

ATHBREBE L SGE S O R’

631 HBEM O FFESFE (Casel)
= 2R 2GR AT
A — - — -
5 & (mm) & (mm) i & (mm) & (mm)
\ 1200 1200
A WJ‘
RJEER (1600) 750 (1600) 730
- ERig 1500 850 1100 750
e 1400 750 1400 750
R 1400 850 1400 750
F 850 850 850 850
L 1000 1000 1000 1000
x () Wi, N IFEHOREREREFTOSHEEZ R T

# 632 MEEO =7V — MiE TSR 2 il TAEIEREL pe 35 I OMEIBEREL

R i TAE TEAREK pe o AT R AR
T HIAZ I TR . B2 AR
Mo | g |omkotm | s | b | 2770 | o
LE# BT | T OUEIGRE | BRI | o, | EAMT
‘ TASERLAE TR | Ve DARTRR SR
F =V
;j}%i —> T L 0.7 0.6 0.8 09
Tk
# 633 ERAMEIORR G
_— BIHRIRE OREVERE | 75 AREMROR R O REE Yo Rk
fouk (N/rnrnz) foyk (N/rnrnz) E; (KN/mm?)
SD345 490 345 200
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# 6%

ARz B8 LI B sy O aG

# 634 MRS L ORREFCTHW D B
I A |1 EAL B A (HIBOLE| oy
G| | s | MR R [ v o (B |RE (PSHR ;ﬁjgfﬁg?
No. | (m) X 4y HE Vo Vi Hvg %G J&) Ees |7 [; af =
ms) | (N/m) Ny | v | O
0 0.90 | b+ 70.00 18.00 0.476 9000 26568 2657 | +#kv
1 1.00 | wWE + 70.00 18.00 0.476 9000 26568 2657 U
2 1.00 | ChEME £ 80.00 16.00 0.476 10449 30845 3085 | #i Lo
3 1.00 | ChEE £ 180.00 16.00 0.476 52898 156155 15615
4 1.00 | ChEME £ 160.00 16.00 0.476 41796 123382 12338
5 1.00| 8 1 160.00 18.00 0.472 47020 138428 13843
6 1.00 | #E + 220.00 18.00 0.472 88898 261716 26172
7 1.00| W&+ 210.00 18.00 0.472 81000 238464 23846
8 1.00| 8 1 240.00 18.00 0.472| 105796 311463 31146
9 1.00 | #E + 230.00 18.00 0.472 97163 286049 28605
10 | 1.00| ket 220.00 16.00 0.475 79020 233110 23311
11 1.00 | k54t 280.00 16.00 0.475| 128000 377600 37760
12| 1.00] ket 260.00 16.00 0.475| 110367 325584 32558
13| 1.00] ket 270.00 16.00 0.475| 119020 351110 35111
14 | 1.00| A%+ 250.00 16.00 0.475| 102041 301020 30102
15| 1.00| ket 230.00 16.00 0.475 86367 254784 25478
16 | 1.00| A5+ 250.00 16.00 0.475| 102041 301020 30102
17 | 1.00| %+ 270.00 16.00 0.475| 119020 351110 35111
18 | 1.00| ket 280.00 16.00 0.480 | 128000 378880 37888
19 [ 1.00] A+ 350.00 16.00 0.480 | 200000 592000 59200
20 | 1.00| ket 290.00 16.00 0.480 | 137306 406426 40643
21 1.00 | ChEME £ 310.00 16.00 0.480 | 156898 464418 46442
2| 1.00] wW 400.00 20.00 0.479| 326531 965878 96588 | JEAZ
HOME DA JEH Tos) 0.491 G3 %
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R
R R
S N R g
a . % P,
5 i | R 5
= B =
R S 1 o g
12 e |A tan'K, 0.1D 2 A tan” K,
G e
1% SNE SRE T

(a) HLAESHOSAEHAEIGT (b)) FUE RO ABHAEIRET (o) AUE i O K- T

X 6.3.2 45 HEHHL O IERR I RRE:

# 635 HEEK T ORFE

Hit AR T oD F AR D DT A3 Y s F 7213 FERAE
A oy A N E S WA
*ﬂ%lﬁ@%ﬂlﬁi&ﬂ%*&ﬁ ?’ﬁ%}%’f‘ﬁﬁ%ﬁ%“j}
= [E] J\ o Igd&:ﬁ()gl ﬁjit%‘:jj
*ﬂ@ﬁ@ﬁulﬁﬁ/\/[ﬁﬁi&ﬂ%?ﬁﬁ %@%}%ﬁi%‘j}
B i D K S it AR T AP E T
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AR EEE L SEEEY D

# 6.3.6  HUCHROEnIE ARG IS K OWUHE 1 D SRiE AR T

1488 25 B
R e g Ru Ry (kN S
s i WRy(N)  |ERER| Re R (N)
Kuw, K5 (KN/m) (kN/m)
T T ] o
-3.0 3963.5 77.3 77.3 160.1 90.2 90.2
-4.0 12570.9 169.6 169.6 326.9 197.9 197.9
-5.0 15713.6 169.6 169.6 317.0 197.9 197.9
-6.0 17276.5 169.6 169.6 313.5 197.9 197.9
-7.0 18771.4 197.9 197.9 368.7 230.9 230.9
-8.0 16309.9 226.2 226.2 437.7 263.9 263.9
-9.0 19186.0 226.2 226.2 427.4 263.9 263.9
-10.0 22091.2 226.2 226.2 420.0 263.9 263.9
-11.0 21259.0 226.2 226.2 421.9 263.9 263.9
-12.0 20487.3 226.2 226.2 423.8 263.9 263.9
-13.0 17461.1 226.2 226.2 433.1 263.9 263.9
-14.0 17461.1 226.2 226.2 433.1 263.9 263.9
-15.0 20487.3 339.3 339.3 677.7 395.8 395.8
-16.0 22933.3 452.4 452.4 939.3 527.8 527.8
-17.0 30501.1 452.4 452.4 885.3 527.8 527.8
-18.0 31366.5 452.4 452.4 881.1 527.8 527.8
-19.0 27358.4 508.9 508.9 1042.1 593.8 593.8
-20.0 14590.1 282.7 282.7 584.5 329.9 329.9
-21.0 106203.8 1979 1979 32433.7 4618 4618
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# 6.3.7  HUE M O KA

75 iR
Ve i M 5 ﬁﬁ%ﬁi?ﬁ&
(m) K1 (kKN/m) :
=0 i
0.0
-1.0 33660 155.4 197.5
2.0 50317 197.5 239.6
-3.0 47126 239.6 366.3
-4.0 72026 366.3 460.2
-5.0 90032 460.2 554.1
-6.0 98987 554.1 648.0
-7.0 107552 648.0 741.9
-8.0 93449 741.9 562.5
-9.0 109928 562.5 562.5
-10.0 126573 562.5 562.5
-11.0 121805 562.5 562.5
-12.0 117384 562.5 562.5
-13.0 100045 562.5 562.5
-14.0 100045 562.5 562.5
-15.0 117384 562.5 562.5
-16.0 131398 562.5 1125.0
-17.0 174758 1125.0 1125.0
-18.0 179717 1125.0 1125.0
-19.0 156752 1125.0 1125.0
-20.0 257453 1125.0 1980.4
-21.0 173858 1980.4 2101.1
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638 Matr—A LREHA B LOANBEIDROREE

. R A 1A ANBEDED E &
case | WE THEHE | WRERE | oo | WEREOBE
L8 Lt | ZE L o (Fi+ A )
Casel-1 Cl1 O - -
Casel-2 Cl - O -
Casel-3 C3 O - -
Casel-4 C3 - O - -
Case2-1 C1 O - O -
Case2-2 C1 - O O -
Case2-3 C3 O - O -
Case2-4 C3 - O O -
Case3-1 C1 O - O
Case3-2 C1 - O O
Case3-3 C3 O - O
Case3-4 C3 - O O
#£ 639 HEEWHOTRIEREICHT AEEEZE OB L~
T 3 W o B R 1 BE WIRME | 24 rE
ERER ;
MEEFEOEE L L PR
F 2 3
#63.10 AMERETEH O RA e
S + M b
— %E%@%QEE A Tng BEIRRE 1.
BT R — A v b Mg [REFHTRRIRIT S My
e b (@%@) BREAN S Ve RAHE AN Ve
BN 04, ¢4 BN Orq, @rd
- AT — A v b Mg [REFHT IR My
18 A1 (ﬁ%%) REAEAWS vy A AW S Ve
%{i Hd, ? d 25& Hrd) Prd
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64 AHEHIENMEBEMONEHE BEERIFTIZE

6.4.1 BNANZRBDERE

AR A EB[ET 5D Case2, Case3 THWODHAMAIMRE n ORIEX, HEOIEHREIEEE
BLEEZITH. ZIC, HBOIEREHEIIMELLE BlIrREnND THERFOOTH L1
(2 & B MR OMIMRBIRE ap (=0.5) | 258 LI MmiE %2 V5. £72, fEEEROAS
HEDFICBOTHRBRIC a 25T 50, Z 2Tl ap &R L723R8 2RO %A A
WIPEIRGEHE Vg 2 AW CIERIEMEZ BB 25 & & bz, HESNT 30°0 £ B CHEEM I A S
INDHEBELE. 228, FUBMIZOWTIESEMEE LTna. Zius, 3 BEORFNDH
FLOIEFRIAL DN AR G 2 D BN/ S N L L, IWEEMEIC L D FRIOMFHNZ LD,
i 0y ZBE LIS ICB O THERICE S TIMPIE TH L Z L 2B L TW\WDH T
DTHD.

FE LIEBAIATMEE n 2K 6.4.1 12T, [FRD 5 HK 6.4.1(a)l IHEEREC X D ATIHE R
EmThY, FSTHEIORLIIGEEMNIBEZLVEEL TS, 228, P OPriusiLskE
D 1 W~3 WE— RIS T D EARE T L T OBROREWM N & RN O E R LTV 5.
F72, K 6.4.10b)F LUK 6.4.1(c)E EEAEEIC LD ATBIDE g 2 5B LI-EEERRDO AN
THRFARE g (pxp) T D, K 6.410)DANATIRE n 1%, K 6.4.1@) DO~ 0~
1.5Hz OFPAT g DR 2< 1.0 2z T D, 2, 5 4 3Tl 7= 0BG ¢
I EEAEEY OREREEB ORI LY g OB KREL DO THS. —FHT, #EmH.OT
o5 C3 W OFER (K 6.4.1(c)) TIL, MOHBDOFEATRE n1 IZH~ n OIREDMESRE)E
WMTAELTEY, ANBRDENKE V. 2, EEEEmIC I D ATHRER 5 0BT
BH5.

6.4.2 IEBMWARINIVEIZLBRBENDEE

ZITE, Ty va s AT LY, [K6.2.2 (1R TIE Y AEEY) O FME A JE ] T 35
IOV [ A R HN R I U T2 BB ke 2R L, L2 HIEEE) (A7 VI 1% DHEEM O
B B FTEEIRBEE AT MUZ K> TRD D, 7B, FTEBIREE AT hUik, ik
W DFARERE Kinys & FEBEREEY) O FBRERE Knye 2 I L TN S W ORBEMIZKTT 5 & O &l
M5 &L i, MR I ORGHHEERZ IR ET L2 LI 5. ARFTTClE, &7 —
AT Kigs =Kyt & 722 72720 6.42 12779 G3 HRIZEBIT 5 B EY (RC) OFTEEINERE
AT KV (AT RV W 7ol IWEEORER SO, s 5 mo
179, 12720, ANHEEEZEE LRV Casel (IZOWTIE, HUERLSNOREZ ST XTO
EZmE LTS Z A2 FRIIHER L TN D.
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T N RATIZ K o TRE L7287 — ADINEEE L OWEEY) O KRR - 247
BRI %22 6.4.1 35 LUK 6.4.3~[X 6.4.5 1277, £ 64.11TR-T B0 ATHERIREZBEL
T2 AT v R 1%, Case2 OHUIEREIC X HMEIT 0.93 F2E, Case3 ORREEMRIZ L DML
Case3-1 23\ T 1.00, Case3-3 |23V T 0.839 Toh - 7=. Case3-1 Tlx LIS D EEERZEH) D
BIZX, AT RV R DEMN 1.00 TH o772 2 Z TOMGBHIENE L=,

# 641 BLOK 643~X 645 NHH BN X 51, AHERNFEBE LT- Case2, Case3
1%, Casel ITEEAFRRBEE, FMPREN, HERISEBEMET LTS E & BIZ, EiEA
JEH, IREBMEENEIML TWA. Ziud, AJHBREBET S Z & CHERIERMER L7272
D, FEEMOTE, BB EOREYLEXY, TORE, #EWERRORMENMET LZZ &I
ERLTWD. ZHUZDOWTHE, 6.5 ICBWCGEHlZIRRD. 72k, T XTOr— R 2B\ TH)
HIRRIRAR, BB A, HEEICBWTA T TV

6.4.3 ICBELELLEICKBLCEENDETE

JSE BRI X DIGBAEOEETIX, 18 & RN 2 M AE b - EERZ V5.
ZZTC, EBHIIORET 642 ITBWTIHRIBILE AT MIZ L o> TROTZRRIGERICK
T ORKICEREEZR VD, ERICEBRENRKREERZBZ TCVWDLHETIE, RRKEEZH
WDRERH DN, KRS CIE TR TOr— A TIRREE SEZB 2 TOIRD - T2 O KIGE
BEZANTWS.

WA, HARZE A3 3R i s o [ A JE s L OE A IREE — RICESWTHEE Lz, #kE O
EAYE 3 CITHIERE O MR O IERIENE 2 5 18 U 7= MUl O RIPEAISEREL o, 238 A LSRR
[CHEEZENI 2 HE L TS, ARFHIB W TS o 50 LHE AN 25 E LR EZ K 645
(2R,

B OMEELAE 31 CITNENES) & MR ZEN OEH O U el G hotlE, =86 [5], =5 -
VERE [6]DOWFTEZ KB L7-3%FHEZ D AN TEY, K (64.1), KX (6.4.2) (T/RTIEMES %
e Lzdket (R (64.1) LN 2L L Lzkdt R (6.4.2) o2 FEHOZR 21T
LB, ENENOHRFHIB W T, 1B & N O G DOE DT DO IERER v %
HALTWD., FIEMRE v X, BN X 0 BAET R OWN ) & AR XV BAET D
EREOWE DT HWH LA D Z & Z BT 572010, MHERE v O FIRME vy & TERE v 25
E LN WIS Z T ET 5. 70k, RO EIRE v & TRRAIE v i, Hilg &A%
EYMOEARPIC L > TEET D, 72720, MEMRIRDRE - 207 RSB /2 Pk
DRERLTEY, FPIEEART MVIEL D RE D RNSEEENDYIIBIREE 2 2 T
WADGEIZIE, BEAEBOI/INIBER S HERED EIRMEwZ 1.0 &35, 20780, K
SCIE, OEMS - ML 2l & LEEREHIB W T w 2 WSS, OEM a2 E L
TRREHZBWT w2 HWTzGE, O 2l & L7EREHIBWT v Z W56 08
37— RAEXMBICHFHOEEERET S.
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e ANEKREZEE L SEMEY DR

R=1.0xR+vx f(2) (6.4.1)

R =vxRa+1.0x f(2) (6.4.2)
ZZT, RIFBET HHEEM, RATEMES), A2l TR THS.

Ko — AT DIEM ) & BN A G D D 72D O EREE R 642 12, INEEN
EE AW THRE L7 fkiE %@KIEF—WQ%MI%I6M~I64H;ﬁﬁ.ﬂl;m
Casel~Case3 DT D/ — A THIEIN ZHhily & UT2iREFD 9 B IEAEIZ TIRE v 2 v
75 a8 T, HED OB ERETHEFEIRN TIGE L TWD Z R0 hD. E0Mmosr
— AT BRI B W TR L TV 5D

6.4.4 BEYMDREE

6.4.2, 6.4.3 THRIE LT — A DHEIEW)ISEME 2 AW TERMEREZTHE L TnD 2 L 2l
T5. Ik, BEIIEMORKICERZHWTIRELZIT) 2 & L35, HIRMECKHT 2 RE
FERAER 643, £ 644 18T, 7o, RFRIITEERE, fE HPRE, Hooh, &LMR
AR DL LU %%%mbﬂﬁﬂ_mf.it,mazu%®%%m6A3f£mbk3&
—AD ) B b WAED B LVEMET) - HERZEAL (vy) OfEREZRT. FRNPBFEIZOWNWTIE
%% FUZOWTIIHEEN 2 TOr — A TR b E LWBEE L /e o7z, &7 — ADWRIEr — A

, EYERGHC X DM TR E - TR Y, BAEMEN 090 # 2 TW\W5. F£7z, AJEEE
%Ff L7z Case2, Case3 DIEBICBWTHREETH D, L, LIBED 6.5 TiR~2 K 5 12H:Hr
DG E R -7 TH 5. £z, Cl Wi O A CIINEZENIEIC X 5 BAEIZB VT
WrR S RE LTV D. T, BN 2t 2SN 2 B 83D 2 & CHIEES BT %Gt %
B2 HHFE— A ]\ﬁi‘%%éE L7272 TH 5. F7-, Casel (2~ Case2, Case3 TiE, 1FEA

EORAEIZINT @R, PR, MoOREEMET LEFHERE L Tnsd. Zhix
Aﬁﬁ%%%ﬁ#é ETTHURIEA, 7200, BEINKRT T2 & &b, HFmoGE L

ﬁmﬁkﬁﬁ SN L, TORER, KM OREREAINMET L2 dTH D, AfEt

ETOFr—AZBWTHEIBEOHRE L~V TH LG L~V 2 iR 2 A I3 A L e
okk@,%ﬁ%ﬁ%bfwk.
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He T ANEKREZEE L BIEMEY OREBG!

RN

0.1 ' 0,5 1 5
A N (F)

X642 FrEERERE AL b (A2 bV I #UES), RC _LEHEEY, G3 #i%) [3]

#6.4.1 HEHIELART SNAAERIC X DREEY OB

b A e 1) G3

MATE R A7 S 1L £ 7 1)

1% 5 Case Casel-1 | Casel-3 | Case2-1 | Case2-3 | Case3-1 | Case3-3

R Cl C3 Cl1 C3 Cl C3
B AR 22 B kny 0.477 0.470 0.417 0.397 — 0.361
EMPEREEE ke 0.560 0.568 0.492 0.466 — 0.423
7N/ A Oy (mm) 54.0 49.0 49.0 45.0 — 45.0
EMPEIRZENL eq (mm) 63.4 59.2 57.8 52.9 — 52.7
FAME A Te (s) 0.673 0.646 0.686 0.674 — 0.706
IR MR 4.94 4.94 5.33 5.67 — 5.62
BRIGEEN 1 deq (mm) 313.2 292.4 308.1 299.9 — 296.2
RKRIGERE ki 0.645 0.668 0.567 0.537 — 0.486
AT bV R — — 0.930 0.927 1.000 0.839
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OMHIRAR ARKEER oHBEYMORRLER
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56 &

ATHEREBE U gham sy o6

642 £ Case DA EARHE v

¥ 5 Case Casel-2 | Casel-4 | Case2-2 | Case2-4 | Case3-2 | Case3-4

T &t W i Cl C3 Cl C3 Cl1 C3
s OBEA R T (s)| 0673 0.646 0.686 0.674 — 0.706
Hit A o> [ A JE 19 Ty (s)| 0362 0.362 0.362 0.362 — 0.362
A JE o 0.930 0.892 0.948 0.931 — 0.975
MIEAR S D BRI vy 1.00 1.00 1.00 1.00 — 1.00
HIECRE D TRRIE v -0.36 -0.28 -0.40 -0.36 — -0.45
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(a) 1EM) - MOBRARAL Al & U72RET (RERRE - BRRAE w)
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(b) MBEMENZFLE LIzkEr (iEARE . TIRIE v
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(c) MR Z L& U7-a%a (MEARE « FIRAE v
6.4.10 Case2-4 (C3 Wrm) OAKVEE - 2A7E6%
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#* 643 ClBrim (FEE

ERTTRSY

Vi H

e ANEKREZEE L SEMEY DR

) O IRMED AR R

Casel (CI1W7iA)

My —2 Casel-1 Casel-2
AR PR TR W ZENLIE ABVES) - OB (v )
HRA M ARG | R GEE) | R | b (BEd) | R | A (R | PR | b (bR
B [EIHR A - 6 o(rad) -0.0019 | -0.0501 | -0.0022 | -0.0047 | -0.0017 | -0.0057 | -0.0024 | -0.0067
FEL A~V 1HIBRAE 0 (rad)| -0.0033 | -0.0044 | -0.0038 | -0.0051 | -0.0032 | -0.0046 | -0.0038 | -0.0050
HIEL LI RAE : 0 2(rad) | -0.0346 | -0.0510 | -0.0295 | -0.0611 | -0.0346 | -0.0513 | -0.0295 | -0.0615
e GV A~V 3HIBRAE : 0 5(rad)| -0.0401 | -0.0651 | -0.0347 | -0.0611 | -0.0401 | -0.0681 | -0.0347 | -0.0615
L/;jj/ ; 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
DA 20040, 0.576 - 0.583 0.927 0.526 1.248 0.621 1.327
7100 462 0.054 0.982 0.075 0.077 0.049 0.111 0.080 0.108
71004/65 0.047 0.769 0.006 0.077 0.042 0.083 0.068 0.108
gL~ L 1 2 1 1 1 2 1 2
L~V DOHfilRR
Case2 (C1Mrif)
M —= Case2-1 Case2-2
FRATIE H TEME S % INEENTIE BT - MR AT (v )
FRAT M R BRGE | AE ) | R | b (BiEe) | HJE RO | AR D) | M PR | B (isE)
BB TEHE A £ 0 y(rad) -0.0016 | -0.0506 | -0.0019 | -0.0034 | -0.0016 | -0.0443 | -0.0023 | -0.0067
GV~ L 1HIBRAE 0 (rad)| -0.0033 | -0.0043 | -0.0038 | -0.0053 | -0.0033 | -0.0043 | -0.0038 | -0.0051
PG~V 2B : 0o(rad)| -0.0346 | -0.0508 | -0.0295 | -0.0382 | -0.0346 | -0.0508 | -0.0295 | -0.0382
e HEL L 3HIRAE : 0 5(rad)| -0.0401 | -0.0664 | -0.0347 | -0.0586 | -0.0401 | -0.0663 | -0.0347 | -0.0603
L;;f; i 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
DA 20040, 0.502 9.999 0.494 0.642 0.501 9.999 0.608 1.305
7100462 0.047 0.995 0.063 0.089 0.047 0.871 0.078 0.176
7100405 0.041 0.762 0.054 0.058 0.041 0.668 0.066 0.111
gL~ L 1 2 1 1 1 2 1 2
HBGL L Dl RR 2
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W6 T ASHRKE B LI PREM ) 0 Mak i

#6.4.4 C3 W (FE&EwHh.L) OE B BTSSR

Casel (C3¥rif)
M —2 Casel-3 Casel-4
MRAIE TS RRE W IERDIE B - HARZENE (v )
TRAT R R ARG | GEER) | AR gE | b (begd) | BJEARgE | A GEER) | AR g: | bt (busl)
B B © 0 o(rad) -0.0024 | -0.0457 | -0.0018 | -0.0025 | -0.0024 | -0.0415 | -0.0023 | -0.0055
HBEL L THIFRE: 0 (rad)| -0.0036 | -0.0040 | -0.0037 | -0.0056 | -0.0036 | -0.0040 | -0.0037 | -0.0055
L ~L2HIFRAE : 0 5(rad)| -0.0260 | -0.0500 | -0.0301 | -0.0382 | -0.0260 | -0.0500 | -0.0301 | -0.0382
e L ~L3HIRAE : 0 5(rad)| -0.0325 | -0.0673 | -0.0356 | -0.0560 | -0.0325 | -0.0673 | -0.0356 | -0.0574
U 3,1 7i 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
DR 704/ 0.666 9.999 0.481 0.437 0.665 9.999 0.624 0.997
yi*04/02 0.093 0.915 0.059 0.065 0.093 0.831 0.077 0.143
yi*04/03 0.074 0.679 0.050 0.044 0.074 0.617 0.065 0.095
HEFEL L 1 2 1 1 1 2 1 1
L~V DR 2 2
Case2 (C3Wri)
M — Case2-3 Case2-4
A H EE TR ISERNTIE BT - M AT (vy)
TR R ARG | A GEER) | AR | At (bes) | FJEARgE | A GEER) | AR g: | At (Busd)
BB TEHE A < 6 o(rad) -0.0020 | -0.0497 | -0.0013 | -0.0013 | -0.0020 | -0.0450 | -0.0020 | -0.0052
PGV A~V 1HIBRAE : 0 1(rad)| -0.0036 | -0.0043 | -0.0037 | -0.0059 | -0.0036 | -0.0043 | -0.0037 | -0.0057
B~V 2HIBRAE : 0 5(rad)| -0.0260 | -0.0508 | -0.0301 | -0.0382 | 0.0260 | -0.0508 | -0.0301 | -0.0382
e PEL L 3HIBRAE : 05(rad)| -0.0325 | -0.0639 | -0.0356 | -0.0542 | -0.0325 | -0.0639 | -0.0356 | -0.0556
VASJ» i 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
O |vit0d/01 0.560 9.999 0.351 0.219 0.559 9.999 0.543 0.908
0402 0.078 0.979 0.043 0.034 0.078 0.884 0.067 0.136
0405 0.063 0.778 0.036 0.024 0.063 0.703 0.056 0.093
BiEL~L 1 2 1 1 1 2 1 1
L~V OHFIIR 2 2
Case3  (C3¥rif)
M —2 Case2-3 Case2-4
M IE B M SERE WEIERTIE B - HIARZENE (v )
TRA A ARG | A GEER) | AR gE | b (beel) | BJeARgE | A GEER) | i ARg: | dic (bus)
B 1B © 0 o(rad) -0.0018 | -0.0501 | -0.0011 | -0.0008 | -0.0018 | -0.0460 | -0.0019 | -0.0051
B~V IHIFRRAE : 0 (rad)| -0.0036 | -0.0048 | -0.0037 | -0.0061 | -0.0036 | -0.0048 | -0.0037 | -0.0058
L~V 2HIFRAE : 0 5(rad)| -0.0260 | -0.0521 | -0.0301 | -0.0382 | -0.0260 | -0.0521 | -0.0301 | -0.0382
e L~V 3HIRAE : 0 5(rad)| -0.0325 | -0.0652 | -0.0356 | -0.0535 | -0.0325 | -0.0652 | -0.0356 | -0.0550
U 3,1 i 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
DO |vin0d/01 0.508 9.999 0.298 0.139 0.508 9.621 0.503 0.873
7i*04/0> 0.071 0.962 0.037 0.022 0.071 0.883 0.062 0.133
yi*04/03 0.057 0.768 0.031 0.016 0.057 0.705 0.052 0.092
AL ~L 1 2 1 1 1 2 1 1
L~V DR 2 2
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FomE AJEKEZEREL-EEMED ORKRE
6.5 ANEREEEL-HEEYMD S DT

INFET, AHBEEDIREZEZET D ET, TOMENPEEY OISE, REMICHG 2 5%
BERR LT, TORE, ANHEKEZZBET S 2 & CEMEIDMRL, £ I3845 2 Wk
TN T 5 Z & THEHRENET Z ENHL N E o7, Z OFERE OB T, ZRIMERE
e T H I & EFITRICATERDRIC L > TR L= EBER O L &, M ~HESCHH D
KHAIT S 2 & THEEMOSHILZK > TE 1z, Z0), ZZTiE, ANBERERDEEZEEL
7RI OFEEE (Casel) & ATNBRIREZBE UEED O G BYLE K - 12355 O E OfEY)
LB X O THEOHZ1T) Z LT, ANVHEKEEZBE TS Z L THREL 2o ToEm DA
HALORE 2 E &SI 5. 72k, ARG CIEEERBEETAHTM THEL TS 2
EMb, E%E@AEM%IoTwé(M4;T¢&%@mﬁﬁuowfiﬁﬁmﬁu%%ﬂ
DL ODOIEMEEYBRE LT-5HEIE, BRAEET 2 LIEFICREECcH Y, EIRME
ORI SEEEE > TR0,

B —AIBIT DREHR RN DGO NTAAWE OZ(L A K 6.5.1, K 652117, HIDICK
6.5.1 \ R &R o> C1 Wikl TIZ AR A ZRE L7 Casel-1, Casel-2 (ZH, AUHEHE
IZ XD AR EBE LT Case2-1, Case2-2 TIFHF MR (8L OAELD 2 AIEKMR L T
BY, WEREHRRE T 5% EEBL TV, E6IT, £ 652 ITRTHEyH.LO C3 ik T
X, HhFRERAL S Casel-3, Casel-4 (Zhb-X, Case2-3, Case2-4, Case3-3, Case3-4 Tl 2 A& (Br
[HARHARL © 15%08), #1528, Case2-3, Case2-4 Tl 800mmx=800mm (Wi : 12%J8), Case3-
3, Case3-4 TiE 750mmx750mm (WriifE : 23%780) (23 LT 2. C3 Wil Tldbio A%k
HRITINZ, FEERIRD AT RIREEZBRET 5 Z & C, SRS, HWrm ~HE RIigE 2 b
LTCWDZ Emmghnd. £, HEE2A8YET 5 Z & C, M3 E T 2t ) b LT s,
70d3, W OMEEYRR G CIE IS ERFHI B W THMHE LR E SN D Z e RN &
MB, ARFO 9 B AT RN R % E[E LT- Case2, Case3 TIEMEREDAHAEZIT>TWND. —
T, HRFOMAEIZ L > THMFE T HNIRET 5 A REEN H 5 FICHENLETH D.
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B 6% ATHRREEE LSS ORRE

#*6.5.1

ATHBRZ E R LTeBGHT L D EME e Z L C1 Wikl (154

Casel-1,Casel-2 (CI1Hrifi) Case2-1,Case2-2 (CI1/¥ri)
ANERIEEE ANBEER FLOH) B
850 850
8Q.17517080 80] 345345180
7r T
% (@]
o=} 5-@— / ’ \ o Nm—& / ) \
S — S —
S =
D19) D19 D19 D19
by _ (m) 0.85 bw _ (m) 0.85
As  (mm) D32-14=11119 As  (mm) D32-12=9530
Ay (mm) D19-2=1573.0 Ay (mm) D19-2=573.0
Co (mm) 0.85x0.85=0.723 Co (mm) 0.85x0.85=0.723
M. (kN-m) 120.9 M. (kN-m) 117.9
M, (kN-m) 1095.4 M, (kN-m) 917.7
M (kN-m) 1365.9 M (kN*m) 1177.8
M, (kN-m) 1095.4 M, (kN-m) 917.7
0. (rad) 0.000082 . (rad) 0.000082
0y (rad) 0.004357 0y  (rad) 0.004255
Om _ (rad) 0.051000 Om _ (rad) 0.050853
On  (rad) 0.067446 6n  (rad) 0.069189
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He T ANEKREZEE L BIEMEY OREBG!

652 ANBREBE LRGN L 25MEEco2t C3 Wi (& o)

Casel-3,Casel-4 (C3Wrifi) Case2-3.Case2-4 (C3If ifi) Case3-3,Case3-4 (C3Wfrihi)
ANBRIEEE ALK BLOH) EE ANEER (HEEE) BB
850 800 750
80170 17080 80.520320/80 8029580
5 9
& & S
< v O]
3 S 2 3 % (3 3 [y
2 = 2
D19 D19 D19 D19 D19 D19
by (m) 0.85 by _ (m) 0.80 by (m) 0.75
As (mmz) D32-10=7942 A (mmz) D32-8=6354 A, (mmz) D32-8-6354
Ay (mm) D19-2=573.0 Aw  (mm’) D19-2=573.0 Av  (mm) D19-2=573.0
Co (mm) 0.85x0.85=0.723 Co (mm’) 0.80x0.80=0.640 Co  (mm) 0.75x0.75=0.563
M. (kN-m) 114.9 M. (kN-m) 98.0 M. (kN-m) 83.3
M, (KN m) 740.0 M, (kN-m) 602.0 M,  (kN-m) 555.3
Mn (KN-m) 989.8 Mu (KN-m) 745.4 Mu  (kN-m) 687.8
M, (KN-m) 740.0 M, (kN-m) 602.0 M, (kKN-m) 555.3
0. (rad) 0.000082 . (rad) 0.000089 0. (rad) 0.000097
0y  (rad) 0.003994 0y  (rad) 0.004223 0y (rad) 0.004638
Om _ (rad) 0.050005 Om  (rad) 0.050872 0w (rad) 0.052168
On  (rad) 0.070955 0n  (rad) 0.067002 On (rad) 0.068463
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HemE ANBEEAETEZREL-SEREYORKE
6.6 FEOEDFELED

6 FETIE, SREWIEY CTERANSWIULRE T — A 2 @246 2 X ST HAIRITIA I K DTE
REHEAT 9 2 LT, ATHRRARDHEE Y OISERLEMIN I KT8 2 E BT 5
&L big, MEMOGEMEIZE L TEMEE COZLZRHE L7z, BEhd, BUTOSEREYE (3]
(ZHIY 7y 3 as A= S—RHTIC K D FRAOARITIEIC L 0 IIEM O IERRICE 2 5E L, PEREM
HEFEMT D& T, ABRIREZEBE LIZGE & LRWIGE OREHEERC FRAE D Hig
wiToTe. e, ABEROREZERT 2 L THEEULZ K S THMICE L T, SHE0mg
SHEDZALZ LT 5 2 LT, WEMOSHYEORRE 23l L7z, KEDOKFITH L Lol
FLTFD LB THD.

1. ATHBRBVR DS O)SEAE, FRAEIC KT

o M, WEEKROATEEDREFTE LR, MEEROEEGRETH D A7 b
JVHCRIE, 0.84~0.93 TH Y, AJHBEKNREEET HZ & TRKAT 16%HERF DI
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