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Hybrid test of multi-story RC frames under combined excitation
of horizontal and vertical earthquakes
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2. Key Lab of Building Safety and Energy Conservation ( Hunan University ) , Ministry of Education, Changsha 410082, China)

Abstract: Most existing hybrid test methods for building structures only consider the horizontal earthquake
excitation. For further application, a hybrid test method of multi-story reinforced concrete (RC) frames under the
combined excitation of horizontal and vertical earthquakes was developed. In this method, the frame structure
calculation model and substructure boundary conditions were reasonably simplified. The horizontal and vertical
vibrations of frame structure were simulated by series mass system model and series-parallel multi-mass system
model respectively. Then, a complete set of hybrid test program was developed based on the proposed method. In
the program, Matlab was adopted to form a motion equation solving module, OpenSees was used to simulate the
numerical substructure, and loading equipment HNU-MUST was combined to develop a hybrid test control program.
For verifying the proposed method and program, a full-scale RC frame column was designed and fabricated as the
test substructure, and a seven-story three-bay RC frame was used as the overall structure for hybrid test. The
smooth progress of the test and the stable test control effect verified the feasibility and effectiveness of the method.
Test results show that the axial force of the RC frame column varied drastically under the combined excitation of
horizontal and vertical earthquakes. The variation of axial force made the force and failure morphology of the
specimen more complicated, and could reduce the strength and ductility of the specimen, which eventually resulted
in an asymmetry and a certain “pinch” effect of hysteresis curve.

Keywords: hybrid test; horizontal and vertical earthquake excitations; full-scale reinforced concrete column;
substructure
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Fig.2 Schematic of hybrid test of RC frame under combined excitation of horizontal and vertical earthquakes
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Fig.6 Loading condition and installation of specimen

FEARYGR I, B ARMEZR 2549 2 1 o A il o
39 kKN/m, 35 AR R #28 o 198,75 kN, 5 S 4
FRECR 240 kN, XFRH S L PR S A5 BT 2
BN TEBFNIE L, W EERIR BT 2 BRI k. 1%
MESR 145 s B i Ry 32,22 t, Wy s B i Ry 48. 37 t,

TR b 7= I B B El-Centro i /K S 1% BH A&,
MR A 15 s I TARKREZEHZ &
R B AR SCIR A1 7 ik AR A I R 5, DY e e o
R E PRI (E BN bR I . BRI T iR e, i)
Z R Hh B A TR RS N 2 ey 2k S A A R A
FaE B AETEAR MR, 4n R e B 58 Ty 2k Ak
ISR I IR, e A B S Sr B2 ki . R
F T A MR /0N IR B 7 B WA L3 /)N, e
TS8R AD TSRS B 1R 1 B0 A 2 XA 4 3 s
Wo FRRIE T AR P it J5 |, A7 ] 4k 2 A 7t
TERIE I TR 7 i AT S M, A B 0 i R
PLFEAT B SR AR5, 9T RCAE B 7 7K S % 1)
HUFRAE T MBESRERAE Ay 2 b E o B0 FP AR Fiiiak
PRSI, K- HUZ P WEAE N 70 em/s” 3B i 2
200,800 .1 100 .1 500 cm/s”, " [a] Hf1 72 ) 04 {8 B Ny
KAE 273, 2 K A UK F M RE U I E R
1500 em/s” B P2 B BEIR , LS5 A5

4 RCAEZRREGRARERE SN

4.1 MK K G IRTFE

BRI 43 B AR 70 em/s” Fi1 200 em/s” [
El-Centro i A7) A5 56 E 32k 56 s AR 1) B iE Pk
TEIX T £ AR Il in 2 72 o, 300 34 45 AR A 16
TP B Mz | B 45 o B AR, BHR AL B AR H



- 40 - LS S N AP NI

855 &

B, LR Iy A3 A R g R AR U R, N
70 em/s” (T KRS IEE AL Ky 4. 29 mm , il
TR BE RIS M RIS A T s R S . gk s
FUE IR ] 4%, 1M 200 em/s® ()
T KBS WEAE S 12,26 mm il 7 25 {1
KK, F1 - 1B B LR AP0 B4R M AAT A T sk
RFS, 70 em/s™ 1200 em/s” TN #4595, it
PRIEHRH L5 24/ NKF-244%

FERAIEIR 0 A PR e PRI B El-Centro 7 I {H
HTFZE 800 em/s*, 800 em/s” Tt hn#k4s G, A
TOUS RIS 5 12 1 A 7K - S 4 R/ i 1 o) 4 4
FETHHT Y BLL 14 Z5KOF- 24458 0 4 2502 ) 2448 4
JESH T B2 18 Sk - 2445 1 7 48 1) 445 , [R] i
TERTI LACT B AR a8 i — 2D Rk S it f . 4
JIETRAEATARFE 20 em P H TR BE HRIVE LS,
U ) AL AR TP BEAE AR BRI T, R R R
I BUAS TR ™ 8 . Horp gy a1 (4 N A S i
o BKFE 4% TRl NS T A A AR A 8 TR
LR % ;W A E TR K244 A N RIS T 42 fifi 7

BRI T

ok, HA/INR A SLE AR, I H WAL E TR
PUIREE+ HIVE IS .

1100 em/s® THeNEREs oG , i 25 i i IR A
JEE BN B, A TR RS K - 2448 K B, TG
BB 8 SR K V4%, ISR B T 4K 4k
Hodr N RS K- 2 4% KR B R ) 44k it —
A AR R A TOUS R S TR R bt i — 20 R
¥ N HS TR 3 R T B b A TR B 1 RS B
HjeE,

e 1500 em/s® T hnak s e il fh 2 i
INERFE TP o R % T TR O 1 K TR
BT ARERZ) 20 em i F N A3 2R EE + 3L A
PRSI R, BT IE 5 gk i AN X Bk
IE TN B BRI 580 NW AR NE £135
WA Ay P B, FL RO X TR 3 A Wi e, 4 475 I
B P RS h Bk T A R R A I
%, T RV IR TR = RVE IS 4 A R IR
8 HARRTE N AR 2 IR BE + SLAS 540 4 T

FVg o I RABIPIEEILIE 7,

AW X 7 e
L Wi e ARG

@ 7 ol » £ ;
bé ) @a; G’W: " \. i
‘ @ & "% .' - By
s - | N
B 1 | { =
= S
(b) FEJEHS S T (o) HEJHB W I (d) FEJEHS N 1
e I —— . T
- 7 B . )
e | ol g
o ,@ e
e (i [ AR
b A < 4T e
o . » 6)(“ ® \ N
% ) ! &
| 2
o= E S w @
(e) FETTHE E 1 () HETHHS S T () FETTHR W 1] (h) A TR N i
B7 REREHARER

Fig.7 Final damaged photos of specimen
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Tab.3 Extreme value of axial force and axial compressive

ratio under different working conditions
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