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Abstract

Steel concrete composite structure is a common form of bridge structure, and the
research on its structure identification is of great significance. In this paper, static
load tests, dynamic load tests and substructural modal flexibility identification were
conducted on a laboratory steel concrete composite slab and a real steel-concrete
composite structure bridge based on previous research findings. The specific research
contents are listed in the following:

(1) Two methods to calculate modal flexibility were reviewed, although the
approaches may appear distinct, in reality these two modal flexibility calculation
methods are consistent. By using the characteristic of mutual transformation between
two methods, the mass normalized mode shapes can be got. A method utilizing the
substructural modal test to obtain the global flexibility is proposed. The global
structural mode shapes can be assembled by putting together substructural mass
normalized mode shapes, further the global modal flexibility can be extracted.

(2) Through a numerical test of simply supported reinforced concrete slab and a
laboratory steel concrete composite slab test, it is shown that SISO, SIMO and MIMO
impact tests can all generate reliable modal flexibility coefficients. The proposed
integration strategy can estimate the global modal flexibility within a few percent of
static flexibility. The possibility of utilizing substructural modal tests to get global
modal flexibility has been verified by a real bridge test. Meanwhile, the mass
normalized mode shapes got by the random vibration test was studied. A numerical
test and a laboratory test showed that structural modal flexibility can be extracted
based on lumped mass matrix assumption, and the tested flexibility result is bigger
than the actual flexibility.

(3) Structural damage identification based on the modal flexibility was
researched. Firstly, three damage cases were designed to simulate the damage
situation on real bridge, which are removal of cross diaphragm, changes of boundary
condition, damage of connectors. By comparing modal flexibility information before
and after structural damage, the damage identification of steel concrete composite
slab is easily achieved. Test results show that modal flexibility is a good damage
index and flexibility coefficients are more sensitive to damage than either frequencies

or mode shapes. Secondly, static damage of steel concrete composite slab was made
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by the static load test, and the damage location and damage degree was successfully
identified based on modal flexibility.

(4) Steel concrete composite structure model updating method based on
Strand7-Matlab application programming interface (API) strategy was researched.
Firstly, three different finite element model of steel concrete composite structure was
compared in this paper. The results show that the shell-brick model can well reflect
the real static and dynamic performance of composite structures. Then, sensitivity
analysis for the physical parameters was studied based on the static and dynamic data
of the benchmark model, and four parameters was selected for model updating.
Finally, the concept of Teughels damage function was introduced to model
identification. By comparison of test data and finite element analysis results, the
stiffness degradation distribution of the tested slab has been identified.

Key Words: Structural identification; Modal flexibility; Substructural mode synthesis;
Model updating; Steel concrete composite structure
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B T R I R e g ) T 0 A PR e VR SR A R T R R B AR ]

AR T 1 5T S B T SR R PR 2K, 40 il DAy A b B R R B B AR R
X T AR v TR R A L, BB R T B T A A B R T ) & AT R B, IF
BT RO B R, WA o o R R B T R R R

G 0
mA G

M]==- s | ¢

0 G
Horp, m O Z2HAZmA N B, A SRR IR R

(2.17)

100
000 (2.19)
000
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BT r GRS CR AR AR R P I B ARG 7

X T SUT R R B G0, AT CUR) T bR FOR BEINT SR, Rk X0k -
[M]= | [N"Im,[N]dv (2.20)

Ho, mo B2 HAABUR MR E. W, ST 2aX2b SR AR
i e, 0(2.20) A B 4k X (2.21):

MI=m[" [ [N"][NJxdly (2.21)
b SO SR A AT DU AR vk AT A
2.4 SR B AR B Bk BT BUE IR IR

N T IR PR T A MBS R LR A U H ORI AT AT R, — MR L SR
FRBEAT B 40 7 550 7 B0 ik — ST 10.97m X 2.74m (1) i8] 32 TR &t 1 it
JERE R 0.254m, 1G4 R — 1 8 i B SR8, — TR B SO, AR I A
N 3.448 X 10°MPa, %% N 2.4X10%kg/m®.

2.4.1 B RERTDH

ALK SAP2000 A7 B 0 4l 7 — e iR SO AL, SR FH A B e REAT A
Fi Oy T LSRR AT BR TR BRI 43 2 36 ANIX sk, AN DX IR 41 43 i 36 AN LG,
J£ 1296 ANt . TREE AR R O C30, R FE R R g5 R I BT I NI, R
B LA PR CAEAY L DRI A I T g B 2.7 TR . A BRI o A B R
BT ER D13 RS oy BT RN B M IRy A =Rl T

10.9728 m

1 2 3 4 5 6 7 8 9 10 11 12 13

14 |15 |16 (17 |18 (19 |20 |21 |22 |23 |24 |25 |26

7432 m

27 |28 |29 [30 |31 |32 |33 |34 |35 |36 |37 |38 |39

2

J 40 |41 |42 |43 |44 |45 |46 |47 |48 |49 |50 |51 |52
Lpt e BTER: 0.1524 x0.1524 m? FR

a) R 7o K R b A5 0 [ 458 1) 43 M1 A 4
E 2.7 IREYBER TR, XX 450N S%S

2411 BAOoHIA

1M 0L B IAE TR a5 M 1 i 1 R BEFE B, nT DI HAE W B 4 b
KI—NZHELE. ot BEd, IR &S 15~25 & L—AN AL % m )y, If
MR AT & Sy SR i, B UER Sk S5 Tar U A 15~25 B a7 RS (H . BEREAT 1K
WSk g, sl DASRAG S5 M B ) R AR BEA AT 1 81, 0T 11 kiR SRS, v LA
13 31 25 M) 1) 58 #E i J Z2 BEFE FE a1 =8(2.22) s o
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3.567
4.603
5.204 1
5415 1
5.281 1
4.853
4178
3.306
2.287
| 1.168

f

static —

[2.045 3.567

6.643
8.768
0.015
0.484
0.266
9.458
8.158
6.464
4474
2.287

4.603
8.768
12.055
14.047
14.867
14.660
13,571
11.744
9.326
6.464
3.306

2412 WEDHIR

P 7 M T OLI H I AE 13 21 45 0 1 A5 28 00 5 R B 28 Il 2 <5 5

5.204
10.015
14.047
16.907
18.224
18.172
16.946
14.739
11.744

8.158

4.178

5.415
10.484
14.867
18.224
20.212
20.510
19.339
16.946
13.571

9.458

4.853

5.281
10.266
14.660
18.172
20.510
21.379
20.510
18.172
14.660
10.266

5.281

4.853

9.458
13.571
16.946
19.339
20.510
20.212
18.224
14.867
10.484

5.415

4.178

8.158
11.744
14.739
16.946
18.172
18.224
16.907
14.047
10.015

5.204

3.306
6.464
9.326
11.744
13.571
14.660
14.867
14.047
12.055
8.768
4.603

2.287
4.474
6.464
8.158
9.458

10.266

10.484

10.015
8.768
6.643
3.567

1.168]
2.287
3.306
4.178
4.853
5.281
5.415
5.204
4.603
3.567

2.045 |

x107°(mm/ N) (2.22)

oo

SAP2000 17 FR 7t 73 #7 75 21 A R A 4l 28 0 i 0 — A e B, DAL n] Uis I AL 2.2.2
WA G R RIS W RS SR R . M SAP2000 147 45 2 20 BT It
P WA ISR AL SO R AL 1 e, odm KR BB H B0 24,
® 2.3 BESERMMERE

s P T 50 B [ D] i %

415 16 17 A18 A19 20 21 fi22 23 24 fi2s mpr (H2)
1 0.085 0.165 0.233 0.285 0.318 0.329 0.318 0.285 0.233 0.165 0.085 0.79 3.63
2H -0.164 -0.283 -0.327 -0.283 -0.163 0.000 0.163 0.283 0.327 0.283 0.164 0.82 14.56
3F -0.049 -0.095 -0.135 -0.165 -0.184 -0.191 -0.184 -0.165 -0.135 -0.095 -0.049 0.87 20.88
4Fr 0.230 0.325 0.229 0.000 -0.230 -0.325 -0.230 0.000 0.229 0.325 0.230 0.90 32.85
5 -0.097 -0.167 -0.193 -0.167 -0.097 0.000 0.097 0.167 0.193 0.167 0.097 0.90 43.56
6 0.281 0.280 0.000 -0.280 -0.280 0.000 0.280 0.280 0.000 -0.280 -0.281 0.90 58.50
7¥ 0.140 0.197 0.139 0.000 -0.139 -0.196 -0.139 0.000 0.139 0.197 0.140 0.90 69.64
8 -0.313 -0.160 0.228 0.278 -0.084 -0.322 -0.084 0.278 0.228 -0.160 -0.313 0.94 91.49
9F 0.175 0.173 -0.001 -0.173 -0.173 0.000 0.173 0.173 0.001 -0.173 -0.175 0.94 100.35
10 0.324 -0.001 -0.320 0.003 0.322 0.000 -0.322 -0.003 0.320 0.001 -0.324 0.94 131.76

2.3 Pron ARSI M T OIS AT KR J5 15 20 45/ B AT 10 BB (s B, Wi
P, FUSIER[O LR =S 5 & Hi(Mass Participation Factor, MPF). Ji&ES 5
RBEEHTRIERE IR S 5 AR IR R, K, RS

BT J5 X e 3 23 #r 7 2E

f;=3.63Hz

.

e

fs=58.50Hz

AN
f2:14.56HZ f3:2088HZ

\ -
7 r \\ -
f,=69.64Hz fg=91.49Hz

<

2.8 ARTHE 10 MiREE
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f,=32.85Hz

L O

fa=100.35Hz

Y =
fs=43.56 Hz
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‘\-.

f10=131.76Hz



BT r GRS CR AR AR R P I B ARG 7

K23 HIH B MPF {E AT A BRSIRI S 5 K E0W R e, Haohd L
N, HIT 3 B AL IR AL MPF {43 28 0.79. 0.03 #110.05, S N{E K 0.87, X
R ES, B ES S KRR, M REESREGRES 5 RZER D
S AE TR ) 4 e B AR TS N, 6T LB 2 RS I HERA R BAF U B, A
TG 5 M 19 B A 7 S2 AR ET 10 B 4R L 1 2.8 BTOR .

2413 ZMBTRESHIR

% 100 1 v T A0 S B 5 4 1) ok b e o R SG . EE, 7E AT BR TR A
e AR A, AL ) R DL I R R A, S B — AN K O . 18 AT AR
IR L, 5 SR TE K OB W RS 0 T R e A S, AR S AR 2.2.3 Ay
WL AP H SRR . RSN RS, 4B Je ik e 0.01,
KFEAZ 1000HZ, AHYF%&F 0.001s K8 — AN o5, 6 1R AE 28 5528 20000,

2.9 O SR IR RE 23 Mt T B0 R AT 0 T Mk e A 5 R T W N A S

0.2

600

500

400

300

Jik# F3(N)
n i & g)

200

100

% 002 004 006 008 01 08 0.5 1 1.5 2
A TE] (5) I [AK s )
a) 15 Bkl e N b) s 15~25 119 s m 5 fy

29 ZMRESHIHNBANGLEES

2.4.2 WSS HIRAGE

SRR N A B P A 4 B AT B i Sk . R B A4S 3 454
LRSS TS S HME (S S, S HIEAT SRR BA 0T, 7T LU 3 45 89 1)
RAEZHGER . LRBESS L GG HEER L. hEMREAR. HFH
S SHVONEF B, AT RFE NN TR, HZO0 RSSO . %R
Sy ATk R R BRI S AT 2R, RIS BOR N 43 R AR S 2 E0R i Al
i 4 A 2 2 R . B RS FR 8 B 27 (Complex Mode Indicator Function, CMIF)
7 AR LR g iR 1) — B 2 H B U7k . AT A CMIF SRk AT 52 56 B8 43 A
[ k F2 dn Pl 2.10 P

AT IR BES T2 — P R A RIE T . &/ WA BB E 5 6
HAE S, Ba W B RS AT S BR .

B DR NS S AT R . RN B R GRS A T Y B BRI, AT
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RIS BT 77 AR AR, 38 ] AR — AN I8 g 2 15 5 b A 7R B By
(EREPUN £

B DR S S AT I T o 2 O AR e G S A IR R AR AT Y
I 0 D A5 B (15 S B AT AR T AL B . iy b T JRAAAE S kAT AR, S L AT
GER AR, RONIMEE . A T B ER AR R, R S AT I Ab
B hndd URE AR EE A5 B, (HOCVE S AW PR B (0 g . R I ek A A
JE %« Hanning %+ Hamming %« Gauss i F1°F T % 25 o 6 T ik ol 4 5 90038 1) 3
D5, — O G S e o, 6 A 5 e A

55 DU A 2 6 A 5 Bk AT B A L AR 4 (FET) o bR JE il B P 2 8t 2 2 e B i A
o i — Ffobeod S0, VAR W B R D T AL ML AE S ), L RT 4R 2 A
PR AR H % 2N,

55 D RN 5 AT AU 3 o ARSI 0 H R D T BEHLEE A E S
PEAE TP 6 kR R o AR, AT BE S 1 0 A AN I A ) A o vk BOR S BT 2
T RENLIR B, AT DRI i mi NAE 5 20 1 n AN B, a3 et oy BUE 5 AT
e AR e, SRS HEAT U

4 ™\
[ R
’— FRFGRETR

FHRERSEA

| S R & HA |

[BEBH R, RE. EEHS]

BETEAR—0F

%
| &)~
- [ e TR | —
\. J
SR S CMIFRUS RS

2.10 CMIF AR D g i2
SN S HEAT R i N R A T FUHT TSRS I Gk Gurs G 3 Sz 3
AT RR B, n] DA S S 5 A0 10 003 i 1 R 2500 0y 280 RT 42 A e s, ik
A P A R S WA SE L I o K A W N A T DR B LA YA
SE VPR ERER I RETIE 57 S TP R =0 NV LU ) ML R WP A G V1 ey M v
B EEREN AT R E S, NIk EEE 1255, BE% G a1
I RE I A AE T oSG SR IR B I 20 1R Wiy A5 5 1K) B A DG pR K, AR LS 5
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AR R AR RS S S S o AR e, AU A B 3RS ER DL s 2
5 R I L A, R LUAS B 5 ) [ B A i bR R o T A0 R e RO A 2 S I
FLSI I bR A, 38R FR 2 D O A0 % £ (pseudo-FRF)

AW H A YRR RO Has Ho B H A T =007k, e AT i X0 A8 T 6045 5 B
I R A AR B . BOR U, MET DUHT Hy AR, AT Hy A Hp Al ks fin iR
TCAEAE L Hy A5, 6 A S A B D A B AR S Z TR A AT N, SR
SPRRANZE O S T TREE (DNY R U oI ol P Qi PR TR Z 2 LR S A

A R CMIF J7 AT B U o 1% 5 VETE I 53 H Z (VRS B 2 9 A o
255 ey (1 BHLJE R A B A, BLK g 22 AT N PR OR 28 e SRR S iR Y, R SRECE
B RUIFBEAT RS LU 5 o SRR I R 32 2 A I (SR BUX — D ad i, #E 77 S fH
[T £ b PR U6 1 RSB BBV AL, AR e R T R PP U5 | 2 11 5 ik b AT A 2 80 .

2.4.3 T HHEMBIESS BT
2.4.3.1 CMIFZIREESER

7t Sap2000 H gt 37 ] S AR AR A, ek G rp — AN SOk I AKN R = AR TR ik g,
71 W FR B2 8] 2 0.002s, BHLJE HLHCA 1%, K Newmark- B 72 % A 3k 47 28 9 IR
A TWBN I RE AT, 45 B0 454 > H H 0000 36 B2 e B A5 5 DL A o N R
IE5S, BISER T — % SIMO B AR o n X A5 784 v AN ]300 4 0 e on Jik o 7
IER I 2 7 R 23 #4320 0045 5 M B AE S, BESER T — IR MIMO (i il ik
W BRI A5 B ) 5 Fm NAE 5 T, REHATE 590, o H FRF JfiE
ITHEAS B, MRRldMpimER. WSS NER, &G Ry rik—moy
B EEASRE.

#*24 ARILATESEERBELER

T N R i R B 2 R %/ (mm « N
T.% 1 SISO 16 16 6.743%10"°
T.% 2 SIMO 16 3, 16, 29, 42 6.571%10°
T.% 3 SIMO 16 14~26 3L 13 A~ 6.400%10°
T.% 4 MIMO 16, 17 15~18, 29, 42 6.571%10°
T4 5 MIMO 15~18, 29, 42 15~18, 29, 42 6.628%10

Wil T 5 Fhah JJ IR T Wk 2.4 fion, X T4 7 & SISO, SIMO
A MIMO 5B, THEAEE 16 MRS RE REWE 2.4 Jin, SRS HE
RECR N &5 RIEAABL . AE oM S TR0, 77 A Hods 2 il 1) 3 2 R R A
SER MBS S O R, WOl SRR R A TR AT R b, T A B Y
Ko
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SR AE (mm/N)

00 150

0 50 1
Wi (Hz)

2.11 CMIF I {E 1R EX &

h T B R CMIF VAR IS S B v 51k, W AR 1) 1 — 4% Tl 4 ik
77— MIMO MK, A58 7 45 MR i — AN 228 0k SR ik ) e o Vi s 1
B, i KO 15,17,19,21,23,25 3X 6 N L, FAHR AN 15~25 X 11 A, BIA 2 S
2 N K e T I . R CMIF VAT I (E S B an ¥ 2.11 Pron. K 2.11
FEMAF RN &5/ AT 10 B s, FNAT BR oo 7 B 45 SRR b3k 2.5 s .tk 2.5 7]
LA, A CMIF 53R 0015 21 145 & 00 2 5 4 BR 0 5AT 23 B 493 210 10 400 28 A1 22 15
0.1%LA AN, {HBHJE by 22 M LB R, 3Kt TR 20 i o B v xd D0 45 5 A
JEAG S JEAT T g, BRI DR 45 21 1R BHJE B 23 B S B 1 22K

#* 25 HI10MIEBESHOIER
CMIF SAP 2000
PiE(Hz) BHJELL(%) ME(Hz) PFHJE k(%)
3.6276 3.5734 3.6288 1.0000
145592  1.6196 14.5601 1.0000

b £

1

2

3 208816  1.3337  20.8772  1.0000

4 328482  1.2758  32.8503  1.0000

5  43.5622  1.1378 43,5593  1.0000

6 584997 11579 585036  1.0000

7 69.6560  1.0667  69.6370  1.0000

8  91.4803  1.1058  91.4887  1.0000

9  100.3806  1.0074  100.3509  1.0000

10 131.7344  1.0773 1317563  1.0000

KM CMIF B2 90 M1 U5 VA5 B 45 A OB A 4 2L, R 2.3.1 35 20 1) I Y it

H—J5ik, RBEARBBEAT 0 —, HAH 2.2.2 WRBESRE S5k, TR
Bl AERRIEMME. B4, R 2.2.3 W7k, A ISR —AMEE R
B o P VA4 B 5 R 5 0 00 M A9 B0 2R SR PR REAT X B P 2.12 o
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=
wn

[,

K
®
oo
-~

s
"
i
0. 05
g

=

a) Ji vk B A R IR % b) J7 ¥ A A A T I i 22
QR ESEEEBNIENHEITIRE

B 2,02 37 Wt S e H vk — R ik B R A SR 0 2R R AR R R
25, PIRP T RS B I R AR 2 AR L5% AN . 5k T R S R LTI
AR AR — R BT VS, B LR JC 95 B A A B 1 AR A 2R B R
fif, LR R 2L v AR S I AR TR 2 . T v A A R e e B A il 2k 1 AR
PR FTH R G M RS 2R R, s i Ui vk — ek bris e . FIJT
R AL, TR A AR A AR I T U AT 10 BB, v B AR A 1 %
I FEGZE . A, S ek O 2 G DL BIE S BOR S B e s e A —
iR 2, X RZ Ik ik — R ZE R KR A
2432 EESRENFBITLL

G5 R AE 35 A Aaf B AE F R B9 AL 8% AR T2 3l H Bk ULS(Uniform Load Surface) {H
AE T LA TR 5 B A g R e . AR RTINS AR, e
A B 74 BOR A S8 A ety 8, BRI VR 0 Ol LI AT B AL A AR Ak, AR
JIK/NA 10KN, Ja 4T B8 o] 15 B g5 i fE B A 4R v i AEH AL RS . [, A
R b5 49 21 1 52 B R R afe LA ) B, AR ] DA 31 & AN S A B A

0 —— FILHY ----- HRHY
2N . B R 711X
-4+ e HBRY e R
6 wo BRI ---ee- A8

—— 9K ----- HI10HY
8 s SAPAMIT

£ (mm)

.18 1 1 1 1 1 1 1 1 1 1 1 1 1
14 15 16 17 18 19 20 21 22 23 24 25 26

D i (n)

E 213 EMRSARBENRSEEMR
N T WSR2 B BOR B SR M 5, R 2 5 RS SR iR B AT 1 By
ZEHT 10 Fro 2B A 1By 2 Br & 10 Brde 8L, R RLAR A5 2 10 AN R 2R S
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B o 3K LS AN [R] (R 2R BE AR B 5 D J R A 3, T ml LA 20 45 K AN TR (A2 RS A, L &5
Rp 213 Prow e S5 RRW], 8B U I S 225 100 10 A2 42 48 -5 47 BR 70 20 8 1)
WEBITE 1%L N . BB 2.3 WFHL, 55 1 AR ) A5 2 32 A6 % P 1) &5 SR 52 i)
R, HoTiREIL 2] 98% LA F, iy i B A 24 A 2 SR L AR AF e AR/, R
LA . R, FEREATRA  Mr R, ARE RS B N B A LR

2.4.4 FTHERIGREETSREXILE

AT IR IS T A RS SR A BB T SRR, it i8] 2.14 B i 1 S 25
T Lo, R A ERA RIS 2 T EH, TER L0 O 28 s, 5
28~33 i, THIM 2 N 34 N, 2 34~38 sifai i .

0 50 100 150 0 50 100 150
A (Hz) Fi% (Hz)

a) T4 1 b) T 45 # 2
[E 2.15 CMIF R 7SI (& 1 B [E
P2ty 1 FF S5 2 4y 34T A RO ik b i <5 3 0 o i, R I 3G
SUATEAS T, A BB AT B 2.15(a) AT 2.15(b) BT s . SR HL CMIF 1%
B2 B 5 R AT AR S5m0, AR 15 30 B HT 10 B AL A A 2 R BEL e BE G 3k
2.6 s, A F Sap2000 kAT 4 4 45 F A3 4 A 15 2 i A e 7E 58 1 41
FIH T 451 SIMO IR A MBS Z 5, BAH T4 M L6 15 6% 1
ZERM IR B BATER G, R 9 B BIAS W& 2.16 Fros, w1 & a] W 43 Bl 56 10 45
PN, S5IFERERM 8 o] WA ks .
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T TSRS

SR T AR SR ) RS R SR B 5

#*x 2.6 ®HI10MESHTIER
T Hi ) — T HiH Sap2000
i %t Freq(Hz) Damp(%) Freq(Hz) Damp(%) Freq(Hz) Damp(%)
1 3.6278 3.5881 3.6276 3.5767 3.6288 1.0000
2 14.5593 1.6028 14.5565 1.5270 14.5601 1.0000
3 20.8796 0.9972 20.8793 1.2158 20.8772 1.0000
4 32.8473 1.2793 32.8477 1.3081 32.8503 1.0000
5  43.5787  1.0182  43.5703  1.0836  43.5593 1 5000
6 58.4960 1.1669 58.5003 1.1412 58.5036 1.0000
7 69.7198 0.9453 69.6641 1.0211 69.6370 1.0000
8  91.4560  1.1236  91.4700  1.1982  91.4887 1 5000
9 100.5421  0.9107 100.4034  0.9912 100.3509  1.0000
10 131.5892 1.1249 131.6803 1.0945 131.7563 1.0000
015 015 0.00
or 0101 . paptigtr 002 o Jaes
2 oo g o . S Foou N SAPHL
R b o
““““““ 015

0.00
15 16 17 18 19 20 21 22 23 24 25 26 27
AL ()

Dt (n)

Sope 1A /57 A
a)sh 1k b) i 2 I
015 —— TS 010 e
0101 »7 ™\ ... SAPFLIT 0.05 TG
'E”—]j 0.05 = 'E”—]j e B SAPHRIT @
EE 0.00 EE 0.00 / =
1 -0.05 = ]
B o I 005 . ,
015+ o+ o Y 010w
15 16 17 18 19 20 21 22 23 24 25 26 27 15 16 17 18 19 20 21 22 23 24 25 26 27
TS (n) TS (n)
St A 45 A
d)i 4 B )4 5
0.09 e PR 015 —— TEE
0.06 e, oo SAPR L ool X SAPH +
m 0.03 /. ] 0'05 ]
£ o000 = 0,00 E
7-1 -0.03 2 -0.05 EE
5 0,06 p 1 010 . -
0oL+ v oY 015 Y I A N
15 16 17 18 19 20 21 22 23 24 25 26 27 15 16 17 18 19 20 21 22 23 24 25 26 27
MRS (n) MRS (n)
Sope A St A
9)# 7 Wi h)Z 8 B

& 2.16 TLEMIERKET 9 MRS

0.10
15 16 17 18 19 20 21 22 23 24 25 26 27
WA ()

o A
c)F 3
0.12
0.08
0.04 SAPHHIY
0.00
0.04
0.08
-0.12 — __
1516 17 18 19 20 21 22 23 24 25 26 27
MG (n)
Varand A\
)2 6 B
0.09 —— T
09 L SAPAHTH
0.06 L
0.03
0.00
0.03
0.06 g )
009+ v Y o T
1516 17 18 19 20 21 22 23 24 25 26 27
Mg (n)
-\ AL A
i) 9 B

A 73 7 g R e U ) e BB A5 B R E5 M (iR B, PRI 2.2.2 7Y
JIT I T3 5 A 3 45 A6 (1 2 A 2 R R B X (2.15) 7 o K 12 R B R 5 AT BR oo B A A
B (3 RUAE BEREAT XS b, HR 2= 2,17 FioR . MR ZE 0B ol LUE BT 2% R
HAETCWE TGO T R ZE A 2% AW, Wy ke Bie ERgnl4r e,

I ORS8O FE 5K ik R
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[2.04
3.60
4.65
5.26
5.48
5.35
4.92

total —

3.60
6.68
8.85
10.13
10.61
10.40
9.60

4.65

8.85
12.15
14.19
15.04
14.84
13.76

5.26
10.13
14.19
17.06
18.42
18.39
17.16

5.48
10.61
15.04
18.42
20.41
20.74
19.57

4.24

8.29
11.92
14.94
17.15
18.38
18.41
17.05

4.92

9.60
13.76
17.16
19.57
20.74
20.41

3.37
6.57
9.47
11.91
13.74
14.82
15.02
14.18

2.33
4.55
6.57
8.28
9.58
10.38
10.59
10.11

1.19]

2.33
3.36
4.24
4.92
5.35
5.47
5.24

x107°(mm/ N)

(2.15)

11.92
9.47
6.57
3.36

14.94
11.91
8.28
4.24

17.15
13.74
9.58
4.92

18.41
15.02
10.59

5.47

4.24
3.37
2.33

119

8.29
6.57
4.55
2.33

14.18
10.11
5.24

12.14
8.84
4.64

8.84
6.67
3.60

4.64
3.60
2,03

Al AR 2 (%)

217 FHEMEABRSRESHNRENENIR
N BE— WA B AR R A, AL BR I S Al b, BEAT T IR AL 1 P
PR S50 o AR 2 A BEAT Bk b B A 1K SIMO K, BEvh i ] 2.18 P i) 1 45
WZEG TH, K @5 WU B R m R 5> 2 A T4k, 7854 1 53l b 55 31 s,
Hofl 28 A marthh, A 2 N 24 N, oAb 24 i .

(D234 89 —10—11—1213)
i T LT L LD
(14—15—1617) 210222324256
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