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Abstract

Radar antennas have played an important role in modern warfare and civil
aviation. With the opening of Chinese new plan of strengthening the army, based on
the modern defense needs of war, the construction of radar antennas and their
protective equipment—radomes gradually increase. The metal frame radome is a
novel structure. It is composed of a metal frame and architectural membrane materials.
The structure has good structural integrity, fast construction speed, and great
development potential. At present, the design of metal frame radome in China is still
at the preliminary stage. The calculation of structural bearing capacity only considers
the frame and ignores the skin effect of the membrane material. This design method
limits the construction of large-span radomes. Therefore, it is imperative to consider
the design of the skin effect of the metal skeleton radome structure. However, due to
the large difference in surface stiffness between the skeleton and the skin, there are
problems of convergence and calculation efficiency in the finite element calculation
of the radome structure. These problems improved the difficulty of the design of the
metal frame radome structure.

Based on the above problems, this paper establishes a numerical simulation
method that can be used to calculate the overall stability performance and local
stability performance of the metal frame radome considering the skin effect, and uses
experiments to verify the method. The mechanism of the skin effect of the metal frame
radome structure is deeply studied, and an empirical formula for the stable bearing
capacity of structural members is proposed. On this basis, a simplified numerical
simulation method considering the skin effect of the metal frame radome structure is
proposed, and it is packaged into the metal frame radome structure analysis software.
The content of the paper can be divided into the following parts:

(1) The static loading test of the double-triangular element of the radome
structure was carried out, and the influence of the skin effect on the stable bearing
capacity of the element was explored. The numerical simulation method of the radome
structure is improved, and the reliability of the numerical simulation method is
verified by combining the static loading test results.

(2) In-depth analysis of the mechanism of the skin effect of the metal frame
radome structure. On the basis of the proposed simplified model of double triangular
elements, the factors affecting the stability of the metal frame radome structure are
analyzed, the simplified model is verified and improved, and the stable bearing
capacity of the metal frame radome structure considering the skin effect is
summarized. Empirical formula of force. Finally, the influence of structural span and
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bar size on the overall stability of the structure is analyzed.

(3) The simplified analysis method of the metal frame radome structure is
explored. First, the analysis process of the double-triangular element of the metal
skeleton radome was simplified. The three proposed simplification methods were
compared, and the two methods with higher accuracy were selected to continue to
simplify the overall radome, and the vertical load , The simplified calculation results
under wind load are compared, and the stable bearing capacity of different span metal
frame radomes obtained by the two simplified methods are compared. Finally, a more
accurate simplified method is given.

(4) Developed the structural analysis software of the metal frame radome. On
the basis of the above research, using Visual Studio 2019, based on Visual Basic
language and ANSYS APDL command stream, developed an analysis software for
the metal skeleton radome structure, considering its skin effect, and applied it in
actual engineering.

Keywords: radome, membrane structure, skin effect, stability, simplified analysis
method, software development
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TN LA SRR TN T TN ST, AH AR I AR A e o R AR A R
GERIINY,  JLSE R PN ) 22 fE P W BE A E AR R AR T . RAEEH =M
HIGHACNBEAR IR R, KRR G SRR, RN KA 2 E .
N T AEER ST IR I R AE SR B 78 4 RAEAE A, A e R FH B0 W E a K
T A5 2RI A0 X 40X 5 R BTN, Bk I R R 5 S A S T ARk
KRSE SRS AR T, TR A RS AT, J7 R S O A
2-1¢) Pron. WA I # AT 2248, Ol B e, T 5 R
I T () ) AR SRR ] E . A T RSB AR A B AT AR A A L, TS
W BN SO, S TS R 2 T SRR, TS BRI R T AR AT
KB A, SRS R AR — RS, AT AR AE
—E TR, TSR 2-1 (d) TR .

(a) FHILEELH I (b) H ik BB 54 i 58

(c) JTHIE
H2-1 Rk L T B B



W IRV Tb K T2 A e X
222 BWEmMBEEENAFER

IR AR M R Dk KA PR Wl = 34T, R MTS ildalinak. 5K 7
VI 52 B AR AR AT B FIUSE 7 o 156 om0 S8R B R 0 23 G B e,
MRAE I B R S EETE R AR, ARSI By 8kN, —Ikor Hgm
BURRHENT 80 AR BIARER BT, O 1 SRAFAE RS B0 BB o B, R A R
B 2kN, R 52 R 28 B 38 S vl L AT 0 32 1 0 e 4 L a8 O 2 1 D 4
RN I NAL, A2 5 Sy B -

I L AR R AR R G B AT AR R AS: RE EAS EATE 3 A AR
e, BERAEAT BRI NS 12 Fro S BRI NARTEAT B AE = 2000 o, alid
FLAS B (¥ R AR $HE T A B SR 2 1 Mises B 77, JRIRAESE R I22 K. 5
IVl s S/ I

01 Ef& + €9

{O-ZZE[ 1—[,1, i1+MX\/(80+€90)2+2(845_80_890)2 (2-1)
o =\/l[(0 —03)2 + 62 + o2 (2-2)
x o 1\01 2 2 1

b EREM IR E, B 626.8MPa, u NHFALL, HL 0.3, ¢ NMNAR
8, oyfo, NENT.

TR ST, 8T VRN T AT 0 BT i SR I R 2, A5 BAT R
Bl 5 B AR A TE A AR AR I B T el e A A N . R R
R AT B 2-2 B I AT A R R AR EH AT DA ST BT A2 1) i S
[ Ehei e = M = /NS W

&y + &gz — 2¢ &gy T+ Eyp — 2¢
( Nx — Ebh ( ul (;2 T) — Ebh ( dl 122 T)
M —E.b_hg.l.(gul_gT)_(‘sdl_gT)_E_b_h?’_l_(guz—fT)—(gdz—fT)
17T 2y 2 ARV 2 (2-3)
M .b_m.l.(gul_gT)_(guZ_gT): _b_hS_l_(edl_eT)_(edz_gT)
: 12y 2 12y 2

b, ENEA SRR, B 58966.5 MPa, b A#iH %, HX 0.009m,
h DN THI =, BX 0.065m, y Sy 87 A8 - HhCs B mh o Al 1) B 25, 44 A B A DL 0.0275m,
euts euz 70 RN P AR By REARAE, a1~ edz 439 7R AP A e W AR
B, et FonilaEAME Fr RARAE

S BB AE RS Dy 3X2mm, R R %L 2.08+1%, FHFH 120+0.2
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Q. FHREM BRI AN, A E IR AME T, X ERE SAUBERE 7 TR R R b
R, 1A EEAMEE Py A2 1 HEEE o NARR AR R ] DH3816 i 45 M A2 R AR AX
PG, BG 60IE, NAZFRA 14 i ANREAC.

() FFAFMAE Fy A

L

(c) ATAFRLAE Fr (d) 5¢BRNAEAE
K2-2  FRIA LG T R AT BN T %

PR E R M LVDT S22 tH i # e R i A St . SR £k 1A 1 i A
B =g R, Il R KA E 5 NI AT R T A AL
ATE 3 AN, WEAT AR, STt 8 MBI . S5O A& R A 5
ATE WP 2-3 P 56 Al i 35 SO A A0 SRR ] E 22 s AL AR I AR
W I B ALy 20 mm NAR AL RS AR s, AT B il 1A A2 % 5
THI 2 B8 o 437 B SR A [R) B K F DH3816 45 AR R A, REFMIZR 12 YK /min.
FE BI85 P BRI A A% B AT A 5 LB/ T A2 A8 T 4 17 2R [ R 22 A
PR T A AT A Z 77 AR IR 22, TR R AR SO AR {5 5 3 58
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(a) THILELE I TR AL B (b) FHIE L R ITALAL U E Ty 2
&2-3  HHIA RGBT N AR T 5

Wb A3 R A s P A WK 0 I B R R I BT B TR 7. IR K TR Y
JEHE AR AT I R TR 22 E, UL B A2 T, MR PE N DRI TR
R E L2 WK 5K 70 AE A FH I 5 Z0RE 5K TG I3 i B3R AR, W5
JBAEM L L2 W b, ARk Fy vk el LA AR B R B s, Feshi), KK
BLER B e RS, AN R BT A e, S B Al A S Rk Ty A

I Tk B T 5 R TN I, I = AR S b B K b S AT I
I B A5 B ) K 7~ BB 9 B E R T S TN T

L)
'

\

(a) “FWisk it (b) 5% e WO g Pl for B
l2-4 52 BTN 3K
B EIR DA S 5 SCRRAT AT Z 5 A s, Inaad #2  73 l4E 30 kN 5
40 kN I RFA7 5 min,  fJa £ DL 200 A A2 WY R e il AT I s 4, IR D sk ki
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FE o B RS F B . AR R 5 4 IR B R .
223 MIGER

RN N AR, RIS B BR 17 8 (43KND HI 1A 2 LB il 55
2 1 B BB PR AT BB I I, G5 R R B RAR M AR TG K, AT A K 7 [ AR TR
UL R R AL, AT B RO R i, R AERE S A B AR
AR AL AR BN . B 2-5 (b s 2 Al n s a6 &

E | \‘.\

(a) B PR Ay 80T AR A (T (b) e PR ar B Bk A (R DD
B2-5 Bl BR iy 28 H ik ER R Tl

MR FE A & AN B W AL % Bl A g 2R A0 il 26 B 2-6, W] BLE B AE i
B RME N 43.7kN, X BIRBR g 5, fardr B th 2 th BT BB, AR X iz
eI, HDGSMRAE T RER . HTHM X MM A0, fivh, il
FEAF B i ERAEAE Z W), AW, Z TR N E, o B
W) Z Aok, SN 5.28mm, {HZEAFA AR s AE Z w2847 32 2
PASEMEAR T 9 3, %07 Al far 2 0 72 M 2600 HH BT B B

FEAT A (407 AL 7% ih 28 o mT DU 21 il 22 0 R 225 OB R84k, AR S
26 REZ AR, AT LUK A A R far 28 1T 38 2 KRB0 = B fEFF IR INET
BT 58 sk J1 B, 25 R RTAE NI BE RO, B AT R AR TR il SR TR
T o B R S A A0 1) 57 % %) — 00 JBEAA AR A o, 4 ) 1000 6 A D91 55t A — ik
A, BRI AL RS 3G K, 2 5 R TR [ 457 20 SR B A T AR AR K, s
5 RS HEE A — e m, SEEHBENRIER —Em. XN
& BB ACTERTF AR X AL # o e N WTEE,  ER T 58 3 A A4 H P T 7 190 9 29 R
N, BTUARFE Z T AR R B e/ o R4k, BARFFRE X H RS Z s
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BORHIAL A, ABRAE N3 72 vh R W BT R IR

0 50
v’/f :
40 ¥
W
P
30
K
a
20
—eo— X5
—u— X4
10 i X3
—a— 73 ; X2
—.— 72 — — X1
0 T T T T T 0 T T T T
0 1 2 3 4 5 0.0 0.5 1.0 1.5 2.0
U,/mm U,/mm
(a) M1FIRLS Z 2 (b) Al X A%

K2-6  Hik AT R E

H1& 2-7 WP DLE NS R o, ul R S =M, o, T
BRI, R AL E AT A KR . AR AT S R L
WK, FEAEBIANRAT S, M2 M T BB, I AR T A T 1k 4F
Beg, BIUCMISSH R A 1 R e i

50 T T T T 50

30
£
o
o/ |
. —n— M,1
I —a— M1 —o— M,2
10 M,3 —A— M,3
—v— M4 My4
M;5 M5
0 T T T T 0 T T T T P
0 240 180 pNm 720 960 1200 0 100 200 g INm300 400 500
(a) AT R0 A T 25 4 M, (b) T PF R 56 1 25 46 M

&l2-7 Ik T AR A A X (e
Xt 52 K 1 B AR AR KA HEAT A B R AR B AR I R i Mises 77, H
WLLE R, FEAEMBE RS BTN B MR, Bl ExE
PRI 55 R A FAR KRR o« ARG 1] 2-8, kit FE, FEA R D) s RAE AN
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2MPa, /T HATRGREE, BRiliZk BS Ab, R0 E K52 RN ) # 2R R R
BAZ, AT RUN O SR B AE AN I RS P DR IR S

50 T T T T 1.4
1.2
40
1.0
301 S
=z g 0.8
=
< S
o =
20 % 0.6 T_wl'lo._ml-
1 g
0.4
101 L
® I
y 0.2
“
0 T T T T 0.0
0. 00 0.32 0. 64 0. 96 1.28 1. 60 ' M A5 A6 B4 55 56
Mises/¥. /7/MPa 5 B2 S
(a) D R v 52 g 7 ) (b) HRRR A7 40 F 52 i R )

Kl2-8 HHIAEEEE R MisesR /)

23 BTEEEWBERMEE
231 BIREEMNRGHBERLURIE

IS A EER L S BB E KRR, BRSSP DL AT R A
RIS, AR5 X Hdb AT 7 3805 2R AR AR N, £ Ik 2 )5 W] BAELRRIEAT I T3 00
Bro W1 T ER AR ER A MIAT PR AT A0 HL S BB, PR A B LA R 2R
P, T AR R E MR R DL el R o E . f BB IEMRHEELE S L
AR IR )G, Wid ANSYS Ja b3 7 Rt AT ab 28, 13
A BORSE AR B« RS T B 2L e AR A A5 A SR T L HEAT b . AR
X 32 B 5 ) Y BB 400 9 i 3R ] 7 45 ) R R R T R IT 45 AR R 2
A BB A MRS e AR TN 7T, IR B A M BUE AR U R AR 0 1 2-9 B

X TR KBS ,  JUAT R 2 T B R N W 4R BRI T R 45 KA TR T
RKFRE, WU ERRE 70 A1 B 30 HoAz AR B A BRI X 45 A 25 /) 4] 46
BRIE )25 8 T BT =Pk “BENLBRIE A ASTR Y. RSB REAR T, ¢ B
SRIGIEZASE” BT, T “BENLBR RIS 17 X SR AR BRI 43 A AT 2 IR
AL, TFEBONE S, P LASERR st Al H R R P o A KR AR 92 A X
FIAG SRR BN R ] “ FRAESR PRSI 7, AT “ — Sk AR, “ R ik ok
B AR Y R BT — O E AR R M 5, BRI A B M AR
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e 7R R 2 L2 e 2 A 18 3

WS 22 . THRBON R A%, “RFESRIE R ASTR” AT DRI B TE ST, 32
BRI T S B, X 8 B A M R B A aE

SEETES
i
Y
RIEESIE
FHA S
REHEE S
TIEERIEHENN
Y
EEESE
HHF (A5 > EeERES
HHESE )
) Y )
BEARS “ﬁgﬁ REES
EABRIENANT
&%

&2-9  Hik RS BEBRE

232 DHBHIKE

(D MEZHmkE

FERE Y S5 10 A i B b, A RLE 1 SR A MR 30 15 I 25 5 XHER A S AT
Jii 5 B EX 256.3 MPa. BRBR 3R EHL 277.9 MPa. JAAALLEL 0.315, $5& S HIH
BEHEZ MR F W& MR 2 s A, RIAEFT 1R B 7738 248 5€ 1 i iR SR B R, #
BEI N Ay AR gh Zemh 2 B BL s e &, B e IR 2 )5, ARG KR
IR RIAR, I R ) AR T AR R PR B VI A R, AL E RN
AR, BIUI&R RN 0. Ba et HaimFE SR, BN
9mmx65mm, A [EAFFH 18mm*65mm.
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Oy g Use KEYOPT(3) = 0 for out—of-plane bending

o /AET

» g
E
........... 4
— = Use KEYOPT(3) = 2 fo
stffener (in-plane) modeling
(a) MU 1ERE B 5m AL B 7 AR i 2% (b) SHELL181 H 7t 4 ik A 43 15 &

K|2-10 ANSYS it A K41

SERMIKF DI N PVDF B, S5 SR U 1 R 383915 7 2 1 g 140)
BREZHI, STEM ZRHATHE TR, AT CAAS 5 RE A 1) 25 26 1) i A 1tk R 1 22
S FEUIBEMA 6 S 25 B o AR T I B R 5 g o R A R R 4 SR, H B
H R JE FEE 0.7mm . YA A LLEL 0.3 BRI IR St S5 TH R AR, ly
ZE A% RSF 15 B ON[0.2m, 0.4m]. 5% 5 A% R~) 1% B H[0.02 m?, 0.09 m*]. thAkiE
T B2 SR B (TN g RO, R B B TN 9 38 i w46 R g 3 04 75 2 n
TEREF H R H INISTATE #r & i i, BT INSTATE iy 4 s & Ak A4 k& A 3
2%, T CALE B AN 5 R AL 1 B A5k . FEs b, 7R S5 EE 0 ko0 45
R CLE B, M BAR SN T SR IG52 1, AR R ARG, ARk #]
iR R 58

BEAT R T SHELL181 HIGHEATERL, ZH o v P3R4t T A S E A 2
it P ) R B8 BT FBE A G 3T, HL B T JBEA I BEAR ), s i NI R AE TH B L AT
DLZBE AN, A5 2 AT PR 2 ot O R U 25 5 3 0T R B B AW 8, B BAE T
PR M S N M AR PERE, R4 ANSYS A FM
M, SnshFe i se i, IR 1 B 0 R s VDU 0 48 DR 43 41

() FELHETHESHNRE

T 88 B A JUM AR e i, AE it B 7R B B AT I R BT I
Ko THIA B BARFAEAE JE 23 B SR FH M i B B SR R A%, 4% Block Lanczos 3K
ik, PEECLAT 5 B AE AR AT . ENEEIE IS YL, Block Lanczos
EIERMERTT, RERBGEMEAG R, — B R EU X T ANSYS, 12
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M IR TV R T 2 18 5L
FPAS R WA BT, 52 BB 9 U e T FF KA T 4 £ 5, 7B
AR W 5B 20, X5 M3 A7— Uk R T B B 75, TR 4
A G TS A 3 0 50 5 0 8 57

*2-1 S HE

MR JIEA ZH
AL (R PR B 58966.5 MPa
e i iR 256.3 MPa
2 PR i 52 277.9 MPa
THRAEE 0.315
=] 9mm>65mm
WX A RT [0.2m, 0.4m]
AL (5 SR A 686MPa
JE P 0.7mm
THRAEE 0.3
ER YN [0.02 m?, 0.09 m?]
AR MK A W46 Rk L/100
SR AT 1 IR IE
WK 42 [0.001, 5]
kAR [500,2000]

T ARG M A R SR, T LRI 25 A B R Gt 5 LT R 2 . ARHEZR
PRI a0 2 BT RTIAR, LT HE 2R 1 7 ZE R I 25 FE KR T 500 aa s a1 N . 4R
I AR LH 2 1T I 9 S T R IA BB S M S I S BT AR BB RO . 1R A
B FRRRE AT R, A 2 R 45 AL I D4R TR SO E R (JGT 7-2010 =5 [A] A% &5
PR AR ) IR E — M 1/300 #5532, XPE B EAE ), S 1 T R ) S R 4
P ARER T PR @ 42 = B 1/100 B51E . JEZR SR g T v R KLY, Z 07
SR BRRE 5, TS R 1 JE i e R BT AR . 7R SEBR B R AT
b, BTIMKERH A EN R, HESERSHIER SR M, R
T A -7 # 1 28 o 0 Dk B SR G, A4 45 2R ST FE PRI, 3k — il — A AT DA
T O A A M B 7 SO AT AR, T KR EMEUVE G 55, AR ST
ST IA BB A5 KA AT 4E K 2 42 YE L [0.001, 5]+ Fi7 2% 7 25 $0 L [500,2000] . IE4F,
ST “ BB AR, RS WEHER R, B TAE E R ih 5
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Ae, AILLE RS E N R A A — /014 Newton-Raphson 77 4R A 8
P PR AT 3 XM 7V AT DR S v SR AR, ik S KT B AN YR sl s R .

233 FBESBRTHEEMUSHKE

TE X W = M T8 Bt RS AR AT TF R, SRS 2.3.1 [FIFE I SUE A L
WA, HEHS SR E KB R SRR L REAE, 7 EARE R
TR ) B ARG S AT S ok, BRI R o

(1) HIah ok e

X T A, W16 RRG 2 som Anid FR AR e T M S R SF R AR, N T e
PERTAE GRRA I B, AR TR AR SR B X AR A B S 24T 1 20 #ir, 3 AT ik B
WILH BRI N 45 MY BRA2 1 1/1000, 1/700. 1/500. 1/300 556 Sk FE A A HEAT T 5% HE
GIAT s HIGE SRR R Tt I0 R FH AR AE SR PR AR AV

45.9

x'zi/’__- : ' e

] :’/‘
4
42.5 - ('7

17/

I*I

40.8 ,,
4
39. 1 ,"
| 4
/

#HP/KN

fuf

—— WIGHRIE1/300
- WG ERE1/500
- WIGRERFE1/700

oA / — - = WG 1/1000
1/ VUG ERFEO
0. 002 0. 004 0. 006 0. 008 0.010
fr#dim

BI2-11  AS[FI 90 48 e e 153 30 10 47 o7 6 B 2%

ME] 2-11 7] LA 3], o ik e B 6 ) B BR fr 45 45.01kN, )46 Bk [ 2 1/1000.
1/700. 1/500+ 1/300 2 22 45 F4 BRAT 1 5 70 B BR 17 2193 701 9 44.92KN . 44.89kN
44.84kN. 44.65kN 5 JCH RS IR L, R 22 N PR Aar 553 Il N BRI T 0.20% .
0.27%. 0.38%-. 0.8%, BAI%f bk e % 2 BR i 210 TH SR 45 SRS i . B RE 21
TR BRI, S5 B 22 25 00 22 /N TRk e 1), BB T 3 A B e il AR I )
GRERFEEL 1/500 IS B L5 HERE .
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(2) FHA 3R 3 H

RIS, WA =M It A A B B g e fLadk T e %,
Z AN B O I ) JE I B e TS TR AL, Y SR AT I, & T
WE 2-12 Fiow

K2-12  FEISET R A ERE
AR T, HER =ML HE B R AT ST m L B SR, T R
FFAfE 58 e IR W AFAF T 1 A Ee s, BT B S Z M A A AR T RS, P
CAAF PR SR AL T LUK AT N 2, [R5 18 2RSS (K TJ B R B L, fE
X = A1 BT RS E 7R B M B E R AT S b, RSO BB N AT S

2.4 HUEHEITGAE

BRI 7 VR T LLOR S5 R 8 E o Bt B Ve PR AU B A4 L L AT 1) UHE
{E2 T AR 5 X R, B RS 3 Bk B o S MR R I IE A, AR AEXS
Ft AT SR E T 2R U i iR ae, B LR EEUE LT R B . AR
& FHAVE AR AT S8 W 2 R0, B 5 VR IO RO AT IR

N T B R CAR A 50 T AR A S, A IR u s RS I g BT
TR, ARG AL B E 0 AT, $% 2.3.1 T HR MR AT T AL A
BT

MR TG AR 78 2= B ] BUE BIFF AR K 5 A BN AL, TRARE I N
Zy kiR, TR, EERE AN EE THABEOR 10 5258 A
FRTCARAE 1 8 ) 2= B W] DU 31 58 B2 B FE AR R AT BRES TR 1 Mises N J L),
R KRAERE 1.15MPa, 58N 7l & 45 REARMFE . B 2-13 ¢) K5 FAAL 2
MO EUE RS RIS AE XS P g5 B, ] DL B B AR 0L A A 1 B PR e R
44 8kN, T7ERIEH, WAEAE 43.7kN B R AR T B R e il RO BUE B 2 1
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FEAF R PR AT 808 43.7kN. I 45 R S EEBEMEE RIIREN 3.6%, REED.
Bl 2-13 &) AR 5 R4 B AE A SR ff BORAS T 000 s AL Fe{l, wTLUE 2R
TR W S AR, Bl RIE Z MM KT X AL
FIRFIE . BEASE R 5 R Ie 45 R W& B, UEM 7 BUE B aE R e m e, 23
ERAU TV AT AR AR 5 Wi 2%

NODAL SOLUTION AN%"T% NoD Urion AN§1V750
| e - : s
. . : t>
>
- N
0 .004927 009854 .014781 019707 62340.3 303083 543825 784568 103E+07
.002463 .00739 .012317 017244 022171 182712 423454 664197 904939 L115E407
(a) MO = & (b) M=
50 T T T T T T T 6
— X3 4
— 2% 1 €
- e | &
~ - Zzﬁm
S s 2
7 1
0 T T T T T T
6 3 10 1‘2 14 72 73 X1 . X2 X3 X4 X5
d/mm D=
(o) HFAHAr B AL AL ith 2kt (d) FHAFARBRARAS A7 7 X B

K2-13  H{E IS

N T RIS BN < AR A B A R B AR BUSE R, AN S B AR
IR GE R BEAT REE ARSI T2+ 0 A7 L R (H 25 8 B IA S A M AT
I S A B, HLR SR A B B AT IR O B BT A B SR 45
RAT BUERA 5, SRR AT BEAMISS AT,

o oxt Al B SR o 52 R A O RR AL e 2R AT B, A 2-14 R RAE B,
7 B5E AT ) BT = B e il O 5 R A AR, S SRR ANAT S AT RAIA DY I A 4
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HE R RFALE Jet ol 5 SRS AR VE r T S B VRN o ASTR) T 52 5 B T IR RRALE it 45
R, AE IR THREE P S SR ETH R RE MBI A —, LR
NEEMRF AR 255 . AT LR B, 20E 22 5o i) e it 2R B0 S AT A T A
RAE, PHILAT R 17K B, R Re Ak b A s R BN 22 R A

(a) s B — I J b A 2 (b) i i 5T e A A (c) 7 MR LT =it e S 2

P12-14 7 5 F i X0 = A T2 5T iR S

sssss
gl

07228 218938 JE1398 503458 850518 ! 006216 583 095048 T 14208 A Llaen A 55745 ! 0373 e 11830 1Be06E i 26089 o 330018
(DB RBAITT T E MRS o) AE R n —H A ) AUE R s = e RS

K2-15 1 ZTE A B = A 80 S

W 2-15 fros, B3R o g 0 B8 R AR, A4 B A0 PR 47 2%
N 5.13kNo AR A 1) 52 43 25 AF 5 R AIE i il 25 S 0 W Hh A 8 55 Bk o e 2 AR R
F, R AR A Dy BRI B SRR, T AR BRI A2 AT AR Y, IR i As Y
K WL T 2 A B e 7 047 1 5

Por = nZElz (2-4)
(ul)

HrPEAM RS AR & T AT B 55 il 07 e BBV AR s AT K R
B BBV =MEWAAAAE — € R CHEER, KERBEI 0.5, DK
JE, B 2.061m. 7 AiHEAF A Im 5t /1y 5.8kN, 25 & R F 4 B4 46 6
HAEZ M, BEEE IR 5. 13kN AE ARG S 1 S0 . B S8 e i i 32 2R A
FEFTAEARTE 77 A 1) [ B8
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H &l 2-16 1] LG 3175 1 5 R 8 k5 4l i 3 e it e o f it 2, 56
B 3L A AE R KR & T S5 M B e 7, TR S AL A 0 ¢4 kL 5 AT
17 58 J S5 A0 (1) 7 A X 43.TKIN, 2By BRGS0 (R A PR AR 8 AR 3T B 5.13kN . 5 78
SR RN = RN, RIE R
N = e/ Fer g (2-5)

SO By BSB89 6 R 28
R ARK, I L T (352 MO B MO =7.8 B e O R i
XU T H TR RO RS PE A ORI

44.8

=
b =
~

/ ~~

38447 S—=

Z
X
[ — REEE G
guu | — - HRBEHN -

0.00 0.01 0.02 0.03 0. 04 0. 05 0. 06 0.07

fr#d/m
K2-16 5 B il 5 B 2R fr #4775 it 48 %) Lk

25 KRE/NG

A ENS A A E IS BAE MR AR E AR B AT TR, iR G R
BRE B RN = AR eHAT 7 s, Ik T R S
AR KA o Xt 2 RS T T B A A SR BN I BB AR AU 5 iR HEAT 7T, R RAT IR
TeRE R R SEPEREAT 1 BE o 30X AN 5 8 52 B RN ) R R T AT T BB AR AL
I T 52 AT T XS b . AR E SRR

(1) APRTTHA 516 45 R A0S LU R BT, 25 8 1k B5 45 7 52 B 20 ) B
BAD I VER BUF I HER T, A IR TR A 556 A 0 R S A — 8L Bl
25 AT B BFT AR IR AR BT 5 e 45 R R Z 0N 3.6%.

(2) XTSRRI EIE R R, BB HIE RS AN, e mirrrm
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Joit it 2 25 32 Ot AMICRIT i, AN RE S B R IR U 2 D T P
(3) 5 Be N3 ik B I AR € AR B DA AR KT, iy s F e s e AR 7
eI 7.8 fi .
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Varay

FI3E BEERKMNENIESAITEREMS

w

3.1 5|5

FESLPR N TR BT, &)Ea REEBEHNIME S S S B R
Rt R G A R R AR, RSS2 R E R E LR
HIREAR RS E 5 R A AR E Ik RE P AE R, S RO S5 R 1 52 AU . 2% FE B
BB RITHAT R IR f AR KRNI 7y, AR B AR L
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