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EXPERIMENTAL STUDY ON RESTORING FORCE CHARACTERISTICS OF STEEL
EXPOSED COLUMN BASE CONSIDERING CONCRETE FAILURE

Takao TAKAMATSU, Hiroyuki TAMAI and Teruaki YAMANISHI

Abstract

(Received Sep. 10, 2004)

Experimental study on steel exposed column bases with a steel foundation has been carried

out, and restoring force characteristics of the column bases are shown to be slip-type models.

The column bases are usually constructed on concrete foundation so that the failure of concrete

must affect the restoring force characteristics of the column bases. Therefore, two types of

concrete foundations are employed to examine the effect of the failure on the characteristics of

the column bases under monotonic or cyclic horizontal loading. The experiments are carried

out and the following conclusions are drawn.

1) The models of cyclic characteristics are in good agreement with the experimental results

of column bases with the steel foundation and with 50mm mortar on the concrete

foundation.

2) In case of 150mm unreinforced concrete on the concrete foundation, the experimental

result shows to be lower than the model because of the failure of concrete.

3) The failure of concrete at RC column to steel roof beam connection caused by 2001 Geiyo

Earthquake can be considered to be similar with the failure of concrete foundation

destroyed by the base plate of column base.

Key Words: Exposed column base, Steel foundation, Concrete foundation, Restoring force

characteristics
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Loading type
M : Monotonic loading
C : Cyclic loading

Base type
SB : Steel base
CB50 : Concrete base h=50
CB150 : Concrete base h=150

Fig. 1 Example of test code
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Vertical
jack Pantograph
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N
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0%e ?ﬁ Horizontal
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Fig. 2 Loading apparatus

ZIEEL72D 0 (Type-CBI50) @ 2f L35, Type-
CB50 REAIIEEFASIATVLIBEERERNTH Y,
Type-CB150 BERAII L EITEHIZBNTT ¥ A —KV o
MENCRRSES 2 BB L TR WEREN TS 5,

2. E BR

21 EBBE
REBRTRIBFBRNEHLERENLHV2, A L
Tia, WBERE, 2l oa v, ) — FERBO S HE
5o BWMHEL LTI, HRB IR LB Z T,
a6 RORBRIZ OV TERRE T . Fig 1 IC&REE
LR ERT, WA (TypeSB) i, ENMF VMBI
YoU— MRS EMTE S, WEkAEHETH L, 2HH
DAYy — MEBEOENL, Ivr ) — PEBRIIER
50mm DEIHEEN I N ER—-RELF N E LTIRL
723 ® (Type-CB50) &, ®E 150mm OEHI 7Y —
FEHBELZL® (Type-CB150) THbH. 7272L, HH
RBHIIN—ZATL—bEar sy — B ORIZKEE
BELHHEIE, ZOBRBICEVI V- P EEAT
5T LI MR E L RARICIED TV S,

22 HEAE

Fig. 2 \TR 3 iM% E L A L TR ERE1T ).
AERTIE, SHEMEREGF L 2. T2, 7 —FK
MZIZFIHRA & UCBRRM A1 D30%TH 5 2256kN
%52 %, Fig 3 R TEMMBE T2 7T 212X ) KFER
HELTI o

100 T —T— ‘.

T~
~

A I

Y= AT AR
ey

VMOV AT

{
gt
(=}

Displacement of pin: é

—Cyclic
— Monotonic

{
—
<
(=

2 4 6 8 10
Cycle

(=

Fig. 3 Loading program
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(a) Base plate (b) Anchor bolt

Fig. 4 Test specimen
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Table 1 List of dimensions for test specimens
Base t Col (mm) Base plate (mm) Anchor bolt
ase type olumn (mm ase plate (mm
¢ {(mm) wA (mm?) wl (mm)
Steel base
H-375%175x9x9 400 % 200 % 22 19.5 299 512
Concrete base
¢ . Diameter of anchor bolt «»A - Area of anchor bolt ) « Effective length of anchor bolt
Table 2 Mechanical properties of specimen
. E Ey Oy Ou 05/ 0u Eu
Blement Material | e/mme) | Gowmmd | Wmm®) | O/mm?) (%) (%)
Anchor bolt ABR-400 205 294 316 490 65.0 23.0
Flange 205 331 236 380 62.1 27.0
Column
Web 205 2.89 233 365 63.8 29.0
E . Young’s modulus E,; . Strain-hardening modulus o, . Yield stress
o, - Maximum strength o,/ o, . Yield ratio &, . Elongation
A, —
B " Stub F |
2 ¥ 2 BH-460 % 420 X 50 % 24
Type-CB50 8[ <
” 4 — Pin i I ——
| 4(30 ) 2 ]7 | / Horizontal load islacement of pin
B Mr . ”
- _\ ! Tr T\ Stirrup D13@100 /ﬂ - _; o — D. G No. 2 _
e 2 o Elongation of anchor: AL
Type CB150 | §|: : S5 |l D. G. No. 1
N L 400 ) 1.000 | 2 L'] | | Rotation of base plate : ¢
1,000 . $f o %
| | Plane view L : fn
o
Type-SB 9>|: I‘_"H [DD[IDEI] g I~ sB. CB50 or CBISOZ Dm 7’
—_— |
L420 | | 1,060 ] ' Load cell]]
Side view Front view S | Tension of anchor bolt : T
A Shril}kage{ompensating_ mortar 50mm “ | \UBH-500 x 400 x 35 x 22
B : Unreinforced concrete 150mm N B e |
Tr : Top reinforcement 3-D19 Unit (mm) Side view Front view

Br : Bottom reinforcement 3-D19
Mr : Main reinforcement of column 4-D19

H: D10@100 Unit (mm)

Fig. 5 Details of steel and concrete bases

Table 3 Mechanical properties of concrete

Test code Concrete (N/mm?) | Mortar (N/mm?)
CB50-M 313 51.3
CB50-C 277 484
CB150-M 305
CB150-C 315
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Fig. 6 Measurement system and setup of specimen

M : Bending moment

Yy ‘ ‘ (G«

Tz Tl Tl ! TZ

e ldey € C dtldty
de dc

T), T, . Tension of anchor bolt
C : Compression

(+) side P (—) side

Fig. 7 Resistance mechanism of exposed column bases under

seismic loading
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Fig. 8 Models of restoring force characteristics under cyclic
loading
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Fig.9 Models of restoring force characteristics under
monotonic loading
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MRERICEBE IR T OAMICERE L2, H it
FUb EBICE D CRT, Table 4 121X, =M, :
Fig. 12 {2779 General yield point method {Z X D 3RD 5
N7-FEBIZL LB (2721, #RLBEFOSAIR
AHMBHOMEHV5.), M, BRI OBRE,
EM e - EBRIZ L VRO OSNT=BRAW I, M, /M, 2R T,

HIEMRE T, MBI VA REBR IR IC RE
X, @TO7 v H =R FFEIHITHENT 5 & LT6),
6 & D RDFETFHEETFT NV TRIFICHEETE S, 2
Y] — MEBEE AR EAR Type-CB50 3 & U Type-
CBI150 DW§FRIZBWTH, 27— PEEFELS
KT 357208, BERHFEETVEHERL TKE
DL b, 5512, REBIR Type-CB150 Zfthd 2 kK
BARICHAR TRV TAEETH 5.

Rk LBATRE T, W oRBRIZ BV T L8
BIZ&To7 v h—F N FBFERIN T 272012, T: 5
Ty A—=FRN FOARPHIFELT A E LTOAL Y RD7
BT 7 VICHARTRHIIEML T b R EATH
DBICBWTHET ST VL, S & Bk
Type-CB50 OEERAERICBRIEIIHIGL T b, HABAE
Type-CB150 (2B Cid, HFASMEEL Aikicar 7y —
MEEIC L ZIMETAEETH 5720 CERERIE, &

1

T T T
100 | ,
— Monotonic L]
.
- —-- Cyclic S
A IS N ININ
50 i /”‘ i ; I'I‘ ry /'I /
1
Wil 7 Frytegr
5 S LA
e 0 r
Ry s rsimirar eyl
/ II”, ',' ll’/ I,’ i .,’l / '7""’"
,l '/’ ’/’ 1" I” \ i ":’ :i’?
=50 [ttt /"’ f-t bt
L bt
—100
- 100 =50 0 50 100
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(b) CB50-M and CB50 - C

Fig. 10 Horizontal load versus horizontal displacement relationships
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~— 154 —

Restoring force characteristics



EFEa ) - MEEREE L HEENEROBETHEEICE Y 2 R

Table 4 Calculated and Observed bending resistance

Table 5 Elastic rotational stiffness

M, aM, EM max ks eKe
Test code (kNm) (kNm) M,/ M, (kNm) Test code (kN m/rad) | (kN m/rad) Ko/ sk
SB-M 63.3 62.3 1.02 918 SB-M 10400 10400 1.00
SB-C 583 57.2 1.02 79.1 SB-C 10400 11000 1.06
CB50-M 559 62.3 0.90 85.1 CB50-M 10400
CB50-C 59.1 572 1.03 777 B CB50-C 10400 10000 0.96
CB150-M 62.4 62.3 1.00 718 CB150-M 10400 10100 097
CB150-C 54.8 572 0.96 63.5 CB150-C 10400 10800 1.04
eM, . Experimental yield strength CB50-M 10400 9000 0.87
aM, © Analytical yield strength CB50-C 10400 9200 0.88
. . . A
EMmax © Experimental maximum strength CB150-M 10400 8000 077
CB150-C 10400 8700 0.84
A P B : Before crack
P A . After crack
/ . — 4Ky - Analytical Rotational stiffness
:]ll_y ___________ =K, © Experimental Rotational stiffness
E
E .~ My : Yield moment A
E 5 K : Intial stiffness M -
‘ Ki/25 s
- E 06M,
0 (rad) E ________________________________
Fig. 12 General yield point method = K
b
. . N A 02M, 4 __
TR EEFVEEBRLTALEEOEEZ R L TV 5,
Table 4 I2BWT, gM,/.M,=102~090TH 1, Ktk >
S ; = f (rad
RIS EBREEE S BRI R BRI T X 2. (rad)
Fig. 13 Elastic rotational stiffness
4.3 EERERIE
" . _ " . - M-T,-d,+1-d,
Table 5 12, BEPERMEMIME %R T BEMLEHEINE OB d ="kt st (®)
174y
flix, GIRIZX DRDz, EBEIZOWTIE, Fig 11 12 MoT d
RY IR LY, Fig 13 RYFECL D RDZ. B do=—p— e ()
2

AT T, LRI & R O ARL, 2R
LTI, BRI & it A 7 v ORRAT
HAEIC L DR 7-, Table 5 BL U Fig 11 3R T X
I, SMEEBOLAIIIHEREIERE R RIFCHEE
LTwa, LeLads, ar7)— MEEOHEIZIE,
EPZOUENAA S T TIIHERMEICITTE L WEERL
7295, DUEINBIZBVTIE, oKo/aK,=087~077L 71
VR E SRR PSR T L2z

44 HHEEHDRAE

"IN 7V oYk EERRE B & ORI % ko
DA, EMENENMBEN—R -7 L — FORIGE
s Lize LAALARAS, ERIZIEI V7Y — MO TE
NERITILIZE D EREGH A EEIRET 5,30/ 8)
X0, HBICERETA2E— XY M5, LD SERE
NEMNEETORME . 2RI YRD D,

72720, ROENIHFEA, KOTEELBHTH 5.

ST, MIBHE—AYN T, Ty &R 7 =K
VREN, d RO S T T A7 =RV FTO
HETH D,

Fig.14 12(8)9) & V) KO 22 R0A & BRI S A iE %
TOWH d. 27T, MEERL2SEREDAMES T
DR d., SR RES 0 TH b WREROES
W2, do RO SN—2 T L — bR T TORES%T
22— L b, BRG] AL E A RINES S & TNEIC
BELTHEDIE, R—ATL— MNIEBEEIE L2
HrEZONS, V7Y — MEBOBEIZIZ, VCUER
AU CIES B & MRS EM A T MBI R—X T L —}
BIMEL B, R=AT L — FRAMREEIZT Y 2 ) — b
VUENDRET DL, ZOMBETR—-AT L= 250
D XFHFTERL L B201, EMaH MBI~
ATV — MRLHENBET 5. LG EMETN—
TU— MRIMEPONEANCRBEI T 8128 ), HEof
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Fig. 14 dc versus rotation relationships
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fa} Type-CB50

(b} Type-CB150

Photo1, 2 Failure of concrete
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