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Recovery and Application of Stress Field in Statically Indeterminate
Frame Under Uneven Settlement of Foundation
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(National Center for Quality Supervision and Test of Building Engineering, China Academy of
Building Research, Beijing 100013, China)

Abstract: Aiming at the problem of stress field recovery of statically indeterminate frame
structure with uneven settlement of foundation, the calculation principle of stress field recovery
of statically indeterminate steel frame structure system based on matrix displacement method of
structural mechanics was presented. Based on the static equilibrium condition and deformation
compatibility condition of the whole statically indeterminate structure system with upper steel
frame, independent foundation and multi-dimensional elastic foundation support, the finite
element calculation model of statically indeterminate structure was established. Taking a practical
monitoring project as an example, the stress field of the whole statically indeterminate structure
with upper frame, foundation and base spring support under the second equilibrium state was
calculated and restored by MIDAS/Gen finite element software. The elastic stiffness in all
directions of the base spring support was calculated from the measured displacement of the
column foot of the steel frame column, and the stiffness matrix and displacement matrix under

the second equilibrium state of the whole statically indeterminate structure were obtained, so as
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to obtain the internal force calculation values of each member of the statically indeterminate steel

frame structure at the initial and final stages of monitoring. Finally, the theoretical calculation

increment and monitoring increment of internal forces of steel frame members were compared.

The results show that the relative error between theoretical calculation increment and monitoring

increment is not more than 40% . and the theoretical value of internal force is consistent with the

incremental change direction of monitoring increment. The rationality and feasibility of stress

field recovery method for statically indeterminate frame structures based on matrix displacement

method are verified.

Key words: statically indeterminate steel frame; uneven settlement of foundation; matrix dis-

placement method; strain monitoring; recovery calculation of stress field

0 3

b KL 249 2] TR K 5 L 0 A SR R 2R
ARIE S IE TS S A A A0 1 e A N T E R A L TR TP
I PAL 3 9 78 A SRS 52 W 245 R £ T B (8 0 B AR A FRE
ARERE J) L AR 0 [ A BRS B9 N T S B
Y A MR Y S TR 7 AR B T AR R
Wz EREN

I BT 0T 3 3 AN 35 S TR I _E SR 45 4 10 7 37 Y
THE ), 32 A7 LR RS0 R X 45 4R D TR
i AR Ay P S8 1 A R TT A3 BT 5 B SR A
Mo EETTRRE T B 1R B - AE SR AT T 56 0F 50 [ i
PEATA BRIT BT 45 1 1 O R DT R BEARE TR B4
Ha 7 A 0 B P T A 5 AR T B AN
SYULRRE X b R4S K 52 Wi Y = 4 5 SR o BTk L OF
18 3 S AN PSR IR T O AR S B . LT
(9 A9F 52 2 LR L I TT R A S (37 3% £ 008 o 22 )L 285
ey Bl 2ok 1] R S AR 5 P SR BT XS EE 4G T M
BT XT LS5 K 3 2 SOR A IR JT ik
PRI LR AT LA R Y B ) A A HL A AL 45
M b B RO

Hfr i = B A AR T R T
PRI F AL R AN ST TR . AR T B
AR M I A GE I o A AEZRAT AL T A s AT RS
e Ao 4 00 35 i SR M D00 1) 2% A A7 R A 4 A A AL
B J0k A D B N RS . O PR I AR Y
LA T B A S A B 7 24 A R R )
By A T L T LA e e B R S R R
RS BB 45 R AT BIBR A IE . AT 0L, o B
H 5 TR I 2R G 2R BE T T7 5 RO IR 45 4
S ER IS 7 3 B R PR I ) R b

AR SCHE T4 4 7 2 v (0 B L B 1 R f
B0 10 LT T b B B Al o B B 50 L A T

i

S 5T 0 2 A 2 8090 97 010 B S T
R ST B 2 245 AT 25 24 0 SR B 5
HORL . 35 R 3450 U TR 0 ST S 1
A SO (23] [ 24 M8 b 3088 4% 7 160
B R MIDAS) Gen A1 BRG0P £ 57 = 4 70 f
BEARTIEE o B B i 4 505 P AR 1
R R SR A UL I 2 48 1 1 P9 0 0 BT 5 3
T bR T HE A 0 ) B S R U
930 A B 05 TR A 0 AR (L
X AT S6AIE T 1% 1 4 168 57 1 9 4 BRI
Titk.

1 ETHEEMRERERSENERM

xRt EIRE

M B AN E ST YR I o 78 HHE B AE S SR TE N sy s
240,40, +0. Z 1) A7 BRI B 4 pAc 93 3 50 L DL i 3
BRAULAF 7 e J2 R b 2 A B A S D e R ) 22 2
PSRBT . AR A Winkler 514 i {2 62
B RRA M i L ERACY EA 3 AR ENA
FIR D 32 - A s g SR8 L HL SO o SRR RO EL A
K Bl Bl AR N 1] SR Y A5 AR 2 R IE
JEA BEAY . D BEHHE B AL SE R o BT 10] OK PO Y
W 2 K CHlu K - S PR R O O ko2 T 1) (CBEED
(¥ DI 2 0 b B T 1 B PR R ) O ke, 5y il
e NI R BN ey JEWI R EFE R v K F T
T W2 2R 00 58 o = Bl B £ W R R B S OO T
75 K

8 b AR ANAE A A R A S ) )4
0 5Ll £ R i A A AR LA T ] I L
FIASFE I 5 Hy b 3k = A8 73 20 B B0 8 1A i 495 4 A
FW R LRI MR . DR R A i E 4
K AL T 07 S BRSO 2 — PR A

SR FH W 60 A% 32 SR e o 5 5 S A S AT AE I



% 3

BFREFMARYGRBHBHTAERE NG HERE SR 119

FRF 465 it o B 240 TR ) R A AR 2 e A A TG A ) 2%
I BEAGE MY TR 25 38 T 40 S T AR AL Ay oo A,
SEE AT . T RO 2 b - A i SR Fo~F,
AT 0, D) e A 9 5 25 0 1) R I O B 1 B AR Ty
(Vs
Fi=kn A FkpA,++k,A,+F,=0
F2=k2]A1+/e22A2+-~-+k2,,A,,+F2p=OL 0

F,=kyA +kyAy++k,A,+F,, =0 {
ki skry e sy, A BREIN 2 SR 1 AL 3% B2 1 25 AT 1F
FEAFESR 1,2, o) W BE R SRR 5 1,2,
AN BRI 2 B4 77 A g B A5 RS ke A, HL A 2 3R
Ab H RN O B T BEAEES 1A B £ o) A it i i)
TV R sk s vee s, FITFEB LY SR n b 7 432 1)
BAF PSR S 1,2, o) BRI BE BB, /R ER 1,
25 mee o BRI HR A 7 A 1) B N R RS A HLH
M2y s A B R EE S O B T BEAESS n AS B 2 B ik
I S8 I HE 5 By s Fopoee o oy ESAES 1,2, 00,
n A BRI 2 S AL i A g Cili g 5 s D

W =X (D) Fe 3k U BEIE 20, |

[F, F, F,]"=KA+F,=0 (2)
2 Ky R 6 0 25 R B — ST A R S 1 A T R A
B 5 A A A 68 55— S A R S B 454 1 8 6
Wi s F, AR A AR Z2 189 A1 g i 2800 B

2 M R AR DU R B A AR IR i TR e B TR
B R 0 5 R R R AR SR MR ) L TS AL T
FIHBRRAS R 58 RS . S5 R A —
RS T A8 JER IR A R 0 R I 0 1k S AR )y
FE A%

[F, F, F,I'"=KA +F,=0 (3
X P F,=F, s S5 W B R W B B K—~K Kyl #
SE S AR B AR S T R A I B R 5 25 6 B
MEA—>A L A Sy SR G5 K 55 S MR 25 B 45 A0
1L B% 3 BE

H it T 2 | AU AT 4 R A B I 4 DR 3R 1
W, SR JE B 6 0 36 453 s A B S B AL, TP B 4
SCAE A Ay PRI A3 B 38 5 G 00 K A5 AR BT s A s =
i (R 06 8% L BRI AL P R B . 45 4 b
BEWIBE B ks ke s g B BT — D BUE L I35 — - fi
ARZSTT BRI S B K, B0, 38 5 50 (3) B ] SR 45
LEANT SRS B AL, B AR RO . AR A S
LRSI 2 H B Z IR L ko sk kg 1 MBE (H

A BRCIERIT L e SRS 55 P AR A i g
S A,

X AR Ay DEAT IR T A5 4% 5% S A 1 1
AR e, H A A8 B AT SR A5 K 24 B 1) 6 = Ee, » # 1
Bift E=2.05X10" MPa, f 2 52 3 8 14 45 44 1 1
Yt I . oy A R A B A0 B A A B AT SR A 3
ARG FY 5 RS A R il T NGB VL
M, .

B # 5 HE 48 rp i — 85 Ry SEAC T3 200, U RE
5 V158 B 045 AT R B 05 0 5 o 3 S e
M BRI 1,2 BRI T —
A — - f 0R 25 0 KB SRR BE ks ki k (4), (5)
FiR .

9

(i~ a

@

6

AN

el 3 ®| 12
@2—> 10 1

B1 mEiTERTES

Fig.1 Numbers of Calculation Unit Before Settlement

® ARL?L

B2 mMERHTHEETERS
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Tab.1 Detection Values of Initial Settlement in

z-direction of Foundation Top mm
Ty - 1 2 3 4
—17.6 —19.0 —12.8 —12.4
C —32.5 —38.3 —29.5 —22.8
B —36.2 —52.4 —50.0 —42.0
A —72.6 —68.4 —58.0
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Tab.2 x-Directional Initial Lateral Displacement

Detection Values of Components mm
= 1 2 3 4
D 20.4 22.8 34.6 46.2
C 21.6 36.2
B 10. 2 22.5 32.6
A 18.4 24.2 28.3
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Tab.3 Detection Values of y-direction Initial Lateral

Displacement of Components mm
= 1 2 3 4
D 0.4 1.0 0.9 1.2
C 0.4 1.0
B 0.8 1.0 0.8
A 1.4 1.0 1.2
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Tab. 4 Initial Inclination Detection Values of

Components Around y Axis 1073
LiiRe 1 2 3 4
D 1. 40 1. 50 2.20 3.16
C 1.52 2.48
B 0.70 1. 56 2.24
A 1. 20 1. 60 1. 96

B7 #HREXEEZTHEREEREE
Fig.7 Fixation of Vibrating String Strain

Gauge on Steel Column
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Tab.5 Elevation Increment of Foundation

Settlement of the First Stage mm
= 1 2 3 4
D —1.5 —1.8 —1.0 —0.6
C —1.2 —0.8 —0.5 —0.7
B —2.2 —0.5 —1.6 —1.2
A —0.8 —0.5 —2.1
x6 F2HEMMEREEE
Tab. 6 Elevation Increment of Foundation
Settlement of the Second Stage mm
LiilRe 1 2 3 4
D —1.1 —1.2 —0.7 —0.4
C —1.0 —1.4 —0.7 —0.8
B —1.4 —1.0 —1.2 —0.6
A —0.4 —0.6 —1.2
x7 FE3BMEMAESEES
Tab.7 Elevation Increment of Foundation
Settlement of the Third Stage
iy 1 2 3 4
D —1.5 —1.8 —1.0 —0.6
C —1.2 —0.8 —0.5 —0.7
B —2.2 —0.5 —1.6 —1.2
A —0.8 —0.5 —2.1
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Tab.8 Measured Values of Internal Force Increment

- [3RES ShE 1/ YT PN S R/ RSN A/
’ A kN (kN + m) (kN + m)
4A —13. 40 —0.37 —0.62
1B —22.00 —3.78 —1.68
51
2B —16. 00 2.00 1.24
1C 24. 60 3.16 —1.87
4A —38. 40 —5.05 —0.78
1B —10. 70 —2.80 —1.82
52
2B —28.50 0. 28 0.63
1C 18. 20 2.32 —1.42
4A 6. 84 1.08 —0.52
1B 11.32 0.94 —1.41
53
2B 20. 25 0.15 0.41
1C —16.50 —0. 64 —0.89
A 1A 3
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Tab.9 Theoretical Calculation Values of Internal Forces

in Initial and Final Stages of Components

N J LEoReE WS/ - TH N S B/ T A A/
IR A B kN (kN + m) (kN + m)
1A —296.10 18. 60 —18.00
1B —182.20 24.70 —15.70
RG]
2B —237.20 28. 60 —33.20
1C —596. 30 30. 50 —16. 80
1A —267.90 15.78 —15. 46
1B —166.00 20.97 —12.35
84S
2B 218.90 32.34 —31.46
1C 615.02 33. 86 —20. 06
373.838
285.129
196.420
107.711
0
—69.706
—158.415
—247.124
—335.833
—424.542
—513.251
—601.959

B9 #MBBEHENFMELE(RAM:KN)

Fig. 9 [Initial Vertical Axial Pressure Contour (Unit:kN)
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Fig. 10  Initial In-plane Bending Moment

Contour (Unit:kN « m)
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Tab. 10 Comparison Between Internal Force Theoretical and Measured Increment Values of Components
7 il i a8 S| ﬂ%: N2 a‘_'f,’:/» 7 z%:r 7 ;%:p
#’J{iF - B A /KN @H:JMHXJ ST P S R/ ?ﬁ\lﬁ\] bzl PRI ES A/ :Fﬁ‘ﬂ‘ il
A ET R/ % (kN + m) xR 22/ % (kN » m) AR 2/ %
BLERTR ] —28.20 —2.82 —2.54
4A 37 34.55 24
W I A —44.96 —4. 34 —1.92
BLERTR ] —16. 20 —3.73 —3.35
1B 24 33.86 32
W I —21.38 —5. 64 —4.91
HigfH —18. 30 L74 1.74
2B 25 35.03 24
W AE —24.25 .43 2.28
gl 18.72 .26 —3.26
1C 29 32. 64 22
WA 26. 30 .84 —4.18
PN T R ER e 5 W D 2 8] A7 7E — 8 1Y 1R 22, 1T
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