


BEXFELEHFBXE

H B %

N T



nE W T

. WERFZBREBLEFERFEFE ERNEHRER T IFSRAMERRC. AR
CRGER T 31 MR AAW R LB VUM EELEE . IR T IS EESEH
LA B 5 2 B i (5 78 . 42 SCAR B9 S0 IR IR I 22 BT HE (RLELAI B2 SR IR B K (1R, Xk
HRMERSFEAREEMARLFE.

ERIRAHEERERHEIT HEEMBFAR . TEERARSE.

(FOHEF 158 5

MEER YW1 ERIN STK
W Es
i d .
WK 2 AR K
CdE wsm
W4 S B R T ER R
IS RIER R RATRRAT
%

FFAR 787X 1092 1/16  EJFE.14. 25 F¥.338 TF
19924 6 B 1K 19924 6 H45 1 JEIRI
En¥.0001—1600
ISBN 7-302-00999-6/Z « 51
SEHT:10. 80 5T



[l

]

MEERAEREREARBEH LRI NARFERNE LN —THOHEK. ENRARS
FHHIEETHAEF U W REEAANPERRR LR -~ RBEFH. AKE
1985 FRASLE T ERFS UK, EQCRL UM ERS S, HET 45 ML X,
ABART BLARM LI FLNRFTE. LERNEBRRARNEAIFERENF LT
ErWENE, BRHAEENIOLBLEARNETRA CNABETREARE
PEAEE, BUELEAESHEFHRE 2 AULRAES KRFRRX 6K, AH
ARREBTERXEALEAT. AR B X LETRGRFARET FOREAMBE
M HEXFALEHFRXE"RXEAREM LR A RBRARM G — ML, &
HE“BEAFWRLIERERXR"HERLBE - FRIB T EANERI R, RAN
TEARARREFAERRABEO AR EBS - AENLE RS B E L%,

R A6t
3.19



H =

ﬁ’n’é“ D LR T T T L R TR R T A G i)

=t
Shear Transfer Model for Cracked Reinforced Concrete — seeses<e- tesssesseese Baolu Li(1)

MM SRR il oo s SRR AR BAEO)
WEmEEERL - ceencannane vererrnee werensne E AT
FrE8 &ﬁmmﬁfwm*x% ﬁXTﬁ&ﬁm%ﬂ% SRR T [CX)
$ﬁ@%%gmﬁw%5ﬁgﬁ§%%%"mmmmmmmmmmmmm.%*ﬁgn
FERET B I BIRALIRFE wvvererrenremrmmsii e K (43)
I ARG 4 S TR LI B BB L e v reevee oo vrneeessnneecennneninnne 485k (50)
A Result in Invariant Manifold and Singular Perturbation es+ssssessesvecsessie Yang Xiaojin (58)
:ﬁﬁ%ﬁﬁﬁﬁﬁﬁf@ﬁmﬁﬁﬁ&"mmmmmmmmmmmmm.@ (74
B ARFIELBREH LT - seserssenenineneanee G250 AK(84)
%ﬁ%ﬁﬂ%%ﬁi?%ﬁ%ﬁﬁ%e%ﬁﬁ 5 eeseensns 8§ (90)
FEBMEEBRRBREH R ETE - e X - TCL))
B SCR IR GIH VLB R BBIALIR  voreerereermee s s BLE4(108)
n g&ﬁ?@%m%%m%ﬁﬁiﬁﬁf L EB{%(II:S)
MIPS /\:] 32 CZ RISC CPU EI/J *@BF?L RTTET jﬁﬂg%(]zn
INTEL i860(80860) RISC #&Liﬁﬁéﬁ&ﬂ‘ B A - seeee SR (129)
ERE BT cersesseaniaces . - FB T(139)
Significance of The Potential Surfaces in Gas-Surface Collision «+++e+++++e+ Xueying Shen(145)
EXPERT System for Damage Detection in Jacket Structures s+««seessssvessccesee Chen Jian(150)

25 1 380 10 B T M IR R B B SRR T ov e vvevvvrevesessnrsestmsenessineennn 8 47(160)
B FE RIS TR BB B oo e e e vmvmsnmnnmnn ettt e PMEAE(167)
éim@ﬁgﬁwmwmgﬁgm%%"mmMWWWWMNWWMmm.g £5(175)
Visco-Elasto-Plasticity Analysis of Tunne] «-:-e-«ses.. +ssseceeeese Du Shikai(186)
u%%ﬁ%%ﬁ&*EXTfﬁﬁ?E%%fﬁ%*Eﬁ#’é&&ﬁ?ﬂﬁﬁ’]%ﬁﬂl‘] ------ 2 FEQ93)
CHBRGTERTVE LB E S - & OBR(200)
*?E%E‘Fﬁﬁtiﬂj‘%ﬁ%ﬁ&ﬁﬁ—%%%%ﬁ&wﬂ*}&"@ - 5 Byeon
TR R WE R - sevesreriresneea MG’FT(ZIG)




SHEAR TRANSFER MODEL FOR CRACKED
REINFORCED CONCRETE
Baolu Li

Laboratory of Building Materials

Department of Civil Engineering, Tsinghua University
ABSTRACT

A method for calculating the ultimate shear strength and deformational behavior along cracks in rein-
forced concrete is proposed by combining shear transfer model for crack in plain concrete and bond-slip-
strain model, taking into account of the bond deterioration due to separation and crushing of concrete
around reinforcing bar. Results of a series of experiments show that such a consideration holds well for

specimens with different reinforcement ratios, bar diameters and concrete compressive strengths.
1. INTRODUCTION

Shear transfer problem across cracks in reinforced concrete can arise inevitably because of
shrinkage , tensile stress ot some other unforeseen reasons. Such a situation may frequently occur
in the design of precast concrete connection, corbels, brackets and beamcolumn connection. The
deformational behavior and ultimate strength of reinforced concrete structure may be considerably
affected by the occurrence of one or more cracks. On the other hand, RC shear Wall, RC con-
tainments and shell structures are usually subjected to sectional forces which may be caused by
earthquake, inner pressure and other mechanical loads. Finite element method is frequently used
for the analysis of these structures. However, the mechanical behavior can be predicted only
when the behavior of theit component element, i.e. RC element is known well. .

Experimental studies on shear transfer were performed by many investigators, factors in-
cluding the characteristics of shear plane, the characteristics of reinforcement, concrete compres-
sive strength and direct stress acting patallel or transverse to the shear plane have been discussed
[1,2] In the present paper, the shear transfer model derived from so-called contact density

function for plain concrete is extrapolated to the case of reinforced concrete where reinforcing
bars intersects the crack plane in concrete.



2.  SHEAR TRANSFER MODEL AND
BOND-SLIP-STRAIN MODEL

2.1 Shear Transfer Model for Plain Concrete

A unit area of concrete crack surface was modeled as a set of infinite potential contact planes
with different directional angle 6, which is described by a probability density function cos(d). A
simple formula for shear transfer behavior across cracks under monotonic loading was obtained by
using rigid-plastic model to represent the relationship between contact stress and deformations in
crack plane[3].

62

1=m——~——62+w2

—m[—”——tan_lg— LI :] (D
o= 2 é 8 + o

= 3. 826 fc'!/*(MPa).
where fc’ is the compressive strength of cylindrical specimen, = and o are shear and compressive

stress in MPa, ¢ and w are shear displacement and crack opening in millimeter respectively.
2.2 Bond-Slip-Strain Relationship for Reinforcing Bar in Concrete

Shima[ 4] etc. have experimentally derived a bond-slip-strain relation from pull-out tests,
which gives precise prediction when deformed bar is pulled out of massive concrete body. The
bond-slip-strain relation was formulated as,

Ty _ ln3(1+5‘¢)
f’c—0'73 T+ - 10° 2

where §=% + 1000 (non-dimension)

7, ; bond stress (MPa)

f¢' : concrete cylindrical compressive strength (MPa)

s slip between reinforcement and concrete (mm)

D ; bar diameter used as reinforcement (mm)

e : strain of reinforcement at the concerned position
At position z, which is the distance from the free end of specimen along the reinforcement, the
following equations are valid,

7:(2) = 7,(s(2),e(x)) (from Eq. (2)) €)

s(r) = s +Je(x)dx D
0

g.,(x) = E e(x) (0 ~— ¢ relation of steel before yielding) (5



7%(z) = % d———”;iz)

where s is slip at free end of teinforcement (z==0) and o,(z) the tensile stress of reinforcement

(equilibrium equation) 6

at point z. By solving these simultaneous equations(3,4,5,6), ¢, 7, and s can be calculated at

any position of the reinforcement for a given stress ¢,.

3. SHEAR STRENGTH OF INITIALLY CRACKED
REINFORCED CONCRETE

3.1 Aggregate Interlock and Dowel Action

Aggregate interlock and dowel action are two main mechanisms to resist shear stress along
crack. However, shear transfer characteristics may hardly be represented as a simple algebraic
summation of aggregate intetlock and dowel effect because they are interdependent and not easy
to separate. Their propottions may change with reinforcement ratio, stirrup content, covering
thickness of reinforced bar, surface asperities of bar, bond effect between steel bar and concrete
around, et al.

Irrespective of the difficulties to evaluate the contribution of aggregate interlock and dowel
actjon separately, many researchers have recognized that dowel action plays a minor role com-

pared to aggregate interlock [ 5], and may be ignored in most situations in reinforced concrete
members.

3.2 Shear Strength of Cracked Reinforced Concrete

The relation between shear and compressive stresses along cracked concrete can be derived
from Eq. (1), ‘

v =7(0)
P Shear
or ¢ =o(r) Reinforcement
m 1/2 . 1)i/2 .
=m[l —tan®_ T = (_”‘/_T__l_)__:' (7 |
2 7 m/v
) . —
where m is a function of concrete compressive strength only, _—-
shear strength can be calculated easily if confining stress o is L - - ‘ﬂ
given,
Mattock etc. have carried out a series of experiments to g\ S
hear
study the shear strength of precracked concrete using push-off l plane

type specimen(Fig. 1).
Fig. 2(a) is the comparison between Mattock’s experimen- P'
tal results and the calculated values using Eq. (7), the average

) ) Fig. | Push-off Specimen
ratio of tested strengths to calculated ones 7 is 0. 93 and the co- & pecing

3



efficient of variation C. V. is 14%. ‘

In RC structure, external compressive or tensile forces may also be applied in the direction
normal to a crack plane. The reinforcement is usually in tension and concrete in compression. In
Fig. 2(b), where positive sign of normal stress corresponds to compression and negative one to
tension, the experimental results for both external compression and tension cases were predicted
well by Eq. (7), with =0.98 and C. V. =7. 47%.

v 4

Tomees T T n=0.98y
V.. . Analysis  C.V.=7.47%
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=
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o Mattock's test
3 — Analysis . - ¢ RC+Compression
¢ ¢ Mattock's test ® RC-tension
] 1 1 1 i 1

0 2 4 0 2 4
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() (b

Fig. 2(a) Push-off Test (b) Push-off with External Force Acting on Shear Plane
Eq. (7) concerns only interlock effect of aggregate, consequently the effect of dowel action

caused by the presence of reinforcement on ultimate shear strength of concrete crack plane can

obviously be neglected compared with interlock shear resistance.

4. DEFORMATIONAL BEHAVIOR OF CRACKED
REINFORCED CONCRETE

4.1 Experimental Outline

Shear force l P

To study the deformational behavior of initial-
Deformed bars

ly cracked reinforced concrete, reinforced concrete

beams were used, test set-up and loading arrange-

ment are shown in Fig. 3.

Specimens with different reinforcement ratio,
0.70% and 1. 88%, were cast. Properties of all

reinforced concrete test set up of specimens are Fig.3 Test Set-up of Reinforced
shown in Table 1. Concrete

Aggregate having 15mm maximum size was
supplied for all specimens. The deformed bar with screw-shaped texture was used as reinforce-

ment. Varjous sections were to provide sufficient concrete covering thickness for the reinforce-
I ‘



ment having different bar diameters. Relatively long specimens were provided to ensure that there

was apparently no slip and no strain at the free end of the embedded bars. Crack was introduced
by splitting load prior to testing.

Table 1 Properties of Reinforced Concrete Specimens

Specimens Reinforcement Concrete
section L p D number fy’ E fc'
No- mm x mm mm % MPa 10°MPa MPa
RC-1 150x300 600 0.71 D19 1 . 389 1.92 41.3
RC-2 150x300 900 0.71 D10 4 429 2.05 32.8
RC-3 200x300 1500 1.88 D25 2 456 1. 91 28.0

4.2 Combination of Shear Transfer and Bond-Slip Behavior

In prior sections, the contribution of dowel action to ultimate shear strength was discussed
and generally its effect may be ignored if compared with aggregate interlock effect. It can be as-
sumed that the role of reinforcement perpendicular to crack plane is to supply compression to con-
crete in the direction normal to the crack surface, the compressive stress in turn increase the shear
capacity along crack, which is as “shear friction”. Consequently the reinforcement has no direct-
ly significant influence on carrying shear stress.

By combining the so-called bond-strain-slip relation with shear transfer model for monotonic
loading and assuming that the amount of pull-out of reinforcement from concrete body be the
same with average crack width, 7-¢ and -6 relations of any initially cracked reinforced concrete

can be obtained. At crack plane,

s =g +J. e(z)dx 1¢:))
0
L' =L/2 €))
o, = po, (equilibrium equation (10)
between reinforcing bar and concrete)
0, =0,(w,0) (from Eq. (1)) : 1y
7, =7,(®,d) (from Eq. (1)) ' (12)
© =2s as

where L is the specimen length, L’ is the embedded length of reinforcement, subscript ¢ refers to
concrete and p is the reinforcement ratio.

One example is shown in Fig. 4(a,b) by dashed lines, experimental result is also plotted in
the same figure for comparison. As can be seen from these figures, predicted shear stiffness is
relatively higher by the method explained above. The authors recognized that the test conditions
between pull-out specimen used for deriving bond-slip-strain model and shear transfer specimen

e 5
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Fig. 4 RC-1 (a) 7-6 Relation (b) w6 Relation

used in the present study are not exactly the

same. The stress states of the reinforcement are ?on
ailured

different between the two tests. It carry pure , one
. | embedded zone L , 8
tension only in pull-out test but carry tension, Q’m T

shear and perhaps bending in shear transfer test

(Fig. 5). The concrete close to reinforcement at

separated

crack surface may be split or crushed seriously
that no more bond stress can be carried. Taking
this into account, more accurate shear stiffness

was obtained as shown in the same figure illus-

trated by solid line (Fig. 4), by assuming that
the bond stress 7, near the crack (xr=1L/2) is ze- ' Q

ro in the shear transfer test. Eq. (9, 13) are Fig.5 Mechanism of Shear Transfer

rewritten and more are added in the modified

model.
L=%2—q 9)
o=2[s+a(z=L/2)] 13”)
a=a D 14
a=2 (15

“a” refers to the range in L/2 near crack where no bond stress exists between reinforcement and
concrete, which is due to the bond deterioration caused by crushing of concrete and the testing
conditions. Herein “a” is taken to be proportional to the diameter of the reinforcement D. ¢ (z=
L/2) is the strain of reinforcement at crack, and « is bond deterioration coefficient determined
empirically.

Such an assumption can also give reasonable prediction to the deformational path as the solid

G .



line in Fig. 4(b).
For other two experiments, RC-2 had same reinforcement ratio but different bar diameter,

RC-3 had different reinforcement ratio and different bar diameter, their shear deformational be-
haviors were simulated well as shown in Fig. 6 and Fig. 7 respectively.

10. 0 - - T T T 1.0 -r Y - T T
«  Experiment
8 0k Yielding paint 0. 8f p— i
§ of reinforcement ] N === Analysis
F> 6' 0 rﬂ .“. E D 6 -
3 .
4.0 E 0.4 A Yielding point 4
fo'=33 " of reinforcement
p=0.7% . . 4
2.0 D=10mm 0.2
A k. - o A I i 1 L 1
0 02 0.4 0.6 0.8 1.0 L2 0 0.2 0.4 0.6 0.8 1.O L2
5 (mm) 8(mm)
(€)] ®
Fig.6 RC-2 (a) 7-6 Relation (4) -6 Relation
10. 0
8.0 oon > il 1
0o ! .
4- 0 fc'=28 - -
p=1.88%
2.0 D=25mm : ]
' A A j — 4 L A A
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
5(mm) 8(mm)
(e) @)

Fig.7 RC-3 (a) 17-6 Relation (b) o -6 Relation

So far, the mechanism of dowel action can be concluded, namely, concrete away from the
crack surface can carry bond stress with reinforcement, while the area close to crack surface and
around reinforcement will be partly crushed due to bearing effect of the reinforcing bar. This pos-

sibly results in reduction of dowel action contribution to shear transfer along cracks.

5. CONCLUSIONS

Shear strength simulation of cracked concrete derived for plain concrete under monotonic
loading path can easily be extended to be used in the case of initially cracked teinforced concrete
plane with reinforcement embedded in the direction normal to the crack plane, including the case
where external compressive or tensile force acts transversely to the crack plane before and during

‘7.



shear loading. The ultimate shear transfer stress will be achieved atfer yielding of reinforcement.

Deformational behavior of cracked reinforced concrete plane can be simulated appropriately
by combining the bond-slip-strain model with the shear transfer model, taking account of the
bond deterioration near crack surface in shear transfer test. Such a consideration holds well for
specimens with different reinforcement ratios, bar diameters and concrete compressive strengths.
However, further work is necessary for collecting additional data to prove the validity of the em-
pirical hypothesis which ignored the bond effect between concrete and reinforcement near crack

sutface in the range a=aD, and more modification may be needed.

REFERENCES

(1] Mattock A. H. and Howkins N. M. , “Shear Transfer in Reinforced Concrete Recent Research,” PCI Jour-
nal, Mar. -Apr. 1972.

[2] Hofbeck J. A. , Ibrahin L. O. and Mattock A.H., “Shear Transfer in Reinforced Concrete,” ACI Journal,
Vol. 66, No. 2, Feb. 1969.

[3] Li B. L. and Maekawa K., “Contact Density Model for Cracks in Concrete, ” IABSE Colloquium, Delft
1987.

[4] Shima H., Chou L. L. and Okamura H. , “Bond-Slip-Strain Relationship of Deformed Bars Embedded in
Massive Concrete,” Concrete Library of JSCE, No. 10, Dec. 1987.

[5] Walraven J. C. and Reinhardt H. W. , “Theory and Experiments on The Mechanical Behavior of Crack in
Plain and Reinforced Concrete Subjected to Shear Loading,” HERON, Vol. 26, No. 1A,1981.



BE A AR - L5 B EE Y A

ILE W¥E AXRF
(A ENRIAER)

A SR B AR AT T S8 &1 PR R R (2 FE A0 7 Rk
RO E-RRE . 3T 2R B FE- 38 B B AE 2~ 8 (5.2 1], XT T F ARG B B - 38 B
HAURAT LOWMARE. S —4RMBFRRET LR R E- R E ey 205
R,

—, 3l

MRt (N R EEERRN B AR E LB D RBAERTE M X %608
HEFBREBRRNAEER, FOEERFHL-EO. AAEMEE-IBEL S 12
N, B BB R E-HSRBE L O 7. 1 D A SR F T LR B B SN-220 LA
E455%BX % , 183 SN-220 9 FE-BIaR B H 2 20 £,

RE A6 60 58 BE LI T 1109 S 0 S s . — ARt DK B B R A A PR 26« T B
AR ARBRBE . 22 T ik B T PR E AL, ARG B T I L B EORRAE . U 4TH)
FE3 4 IR T ks AR M KT B Ay M 78 ER- TSR B LU AE 3~ 8 fE 2 (Bl 4 T MM ARt
- L3R BE LU0 SRR R » A5 SOV P 250K R 2K RU B Y FE- B3R HUAE T 404, B i iR
PO - DR BE B PT AR KT 1. 9 AEAT{E .

T PEERRGR S I 5R B4

RREYED KL R 72 B I BORBRBE , T8RS I R ERAR R B 38 H il T R E
A 1&g 7 aX R — A RE,

i

1+4

—
>

a—b
m =

T a+b

6 =

8o

4 m—0, By B
4 m—>1, B G
E 1 ':P A ;éiil:é‘lﬁ‘z;‘] G EIUEWES]:



1 — m? + 2mecos2a — 2c082(a + 0) — &, (1 — 3m? 4 2mcos29) — e, 4msin26,
- (1)
1 4+ m* — 2mcos26

K =L
(=t
T, 0) R a0 0 WORML, TER 7Ca,ORIRIE.
Ehg—:;=0 18 ; sin28cos2a-+ (cos28—m)sin2a=10 (2a)
HE]%=O 8. A+ Beos2a+tCsin2a=0 (2b)
A=m(1—m?) (1 —2¢,)sin20— 2me,[ 2m— (1-+m?)cos20 ]
Ko, {BZ—(I—mZ)SinZO
C=2m— (1+m?)cos20
i (2a) 18
g m — cos26
cos2a =+ ———— (3a)
111711 & 77
Y sin26
sin2a =+ (3b)
TR
B GRRA (2B,
4)

‘ D + sin20 V. = 0
X g, D= (1—m?) (1~ 2e,)sin20— 2¢,[ 2m
— (14-m?)cos20]
Fa=1-4m?—2mcos26
BOXHTBIES. BAORRADS.

/////0/// ;=e,+(1—m2)(1—28,,)§c2/ﬁ—4me,sin20

1G]

A1 HARRER AR
HBB o 0 PBE R E . 0°<a<I0° R — 90°<C6
<90°, A4 sin2a K7 K TARRE EHE B sin202>0, BF LA (3) , (O F (B)RX P IE i SR

% sin26>0, IE S 2 sin26<<0, M5 Y sin20=0, ERSHEH.
BRESH OXNBITREEEY, TEIHRHHHRL T (ORH%.

(—) B RE T ER
MBI L 0=~ BKH  ERR FREAREM ., Bt o =e,=0, 1 (HR T

A
(1 — m?)sin20 & sin20 +/f,, = 0 (6)

1. OXHE—-ITE.

c10e

sin28 = 0 (@ =086 =90



cos28 =+ 1
By (3)78, sin2a=0, cos2a=+1(a=0 B a=90°)
B LRBARNGIRE:
or ?1’1”‘ (a = 0,0 =+ 90°) (T
oy = 3™ (4= 90°,0 = 0) R
1—m

os =0l =— 1 (a=0°,0=0%a=90°60=1 90°) (7¢)

2. O)RME_-/RE
1—m*+ /f, =0

B m?<1, .20, A ER RBBEBMAE.
(1 —m?)? =1+ m? — 2mcos28
0« cos2g= 1 Fm = (A =mb)?

2m
RS
0 == 7 _1 — 70
AT LB % o RERTS] o BEFLIH BRI S) b= 00, %4 o BN
H— o, BT BRI o= Tmsoee BRKBR A BIRAEI 24 b= 0 B
B B R o
R (8)
4 im0, B, BB R o7
g = (1 — m¥)oy (85
T B R R
—_—(—7——(1+m)(3+m) €D

B (ORAT LA E] %4 m—>0, BRI L, R =324 m— 1, BRBE HBULL, R~8,
() BRERTE M
s o= AR B ER T BRI T A 5\ — MR AR =L T 2R
RE— R LB, B E FTRERS BB S0, B SR <1, BM]R 1<
0 M EHAL L IR o, =0. 5 BB . 1 (ORE,
D: + sin20 vFr = 0 ' (10)
He: Di=—9[2m— (1+m?)cos26]
B0 RAQOK, BHEHE.
2meos?20—[ (1 +m?) 4+ (1+m?) %y Jeos? 20+ 2m[ 2(1+m?) o2 -—1]cos20
+LA4+m?) ~4m?*p?]=0 an
1 —90°<I<O0HH B L A F M BB S RN GIR BRI R E R B v
e 11 ¢



MEREERAY O THE-NRELL R, B 24T RHEAEL. hOXME 2 T4,
Xt F ARG - DR B L R TR 2~8 Z1H],

5

R -

0 01 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 100

B2 E-SsmBEL R AL

= FrRiER I B 5 S AT

WS R R EH L FRBE. H 3 A E T X —MEs— A,
FESME o YRR T . TE BRI = A N SRR F KO 0
SERRREE

K5 .
I\‘-" K% = %KosinZﬁ 12b)
Q__1°

Pﬁ y AT Hw, Ky=0 v7a
2 Ko>0 B hfl, B AT . Y Ko<<O B Y ESE,
. P

a RNEUAE, EHAP £ EMEN P M 0. BRI L R
Y BT K WHE. XEY BRI BEMABS K2 RIE . B
BEEMBH P RN HBEEF K5 K RIER, B,

HHHH K| =& K" (13a)

K% = —;—Ko(l — cos2f) (12a)

o RO LN EMBH ORE FEEINGFETELN, 4R
HEN KM FEMERAE A LS FHaY. Bivs
CREMES SL v Ki =e K5 (135)
BRI BRER THEL A SN HEERTF,
K: =K — K| =%K0(1—81)(1~cos2ﬂ) (14a)
K. =K% — K| :%KO(I—s.)sinZﬁ (145)

RRH MR 1
12 .



