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Experimental Study of Centrally Loaded Column Composed of
Steel Tube, Timber and Grout (part 3)

by
Hiroyuki NAKAHARA¥*, Tathong CHAN*, Mikako SAKAI**

The authors have developed a new hybrid member composed of wood, cement grout and steel tube
(WGFT). This is similar to the concrete filled steel tube (CFT), because the wood occupies the inner
space of steel tube mainly, and WGFT has advantages of its weight against to CFT. Also, WGFT is
made of cement grout which is easy to get and cast than the high flow concrete casted in CFT. WGFT
was developed to use for seismic retrofitting brace for reinforced concrete structure. In the previous
tests, the authors have tested short columns and six long columns under concentric compression. The
main test parameters are shapes of the steel tube and diameter of the inner wood. The axial stiffness
and strength deceased according to the increases of the sectional area of the wood. After the
investigation for the behavior of the short columns of WGFT, centrally loading test was conducted for
the long columns. These specimens failed in buckling and attained the maximum strength. These
results showed that the axial load carrying capacities were estimated by the summation of buckling
strength of each component. The paper shows that the possibility of actual use of WGFT for seismic
retrofit.

Keywords : Composite columns, Seismic retrofit, Brace member, CFT, Axial loading test
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Table 1-1 Material properties of steel tubes
Yield srength Young's modulus
Standard
N/mm? kN/mm?
STK400 328 207
STKR400 356 186

Table 1-2 Material properties of cement grout

Compressive
Placement Age Young's modulus
dat Test date strength
ate
day N/mm? kN/mm?
2019.4.23 [2019.6.17 55 66 27

Table 1-3 Nominal srength and stiffness of wood

Compressive

Tree Young's modulus
. Dividion | Grade strength
species
N/mm? kN/mm?
Class A
Ceder Level 3 18 7
structual

3 14
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Table 2 Test results (short columns)

Depth | Thickness _Depth of . Height Depth of Axial Stiffness Compressive Strength

Test thickness ratio Wood

Specimen D t D/t H d EA oxp EA cu A A Nexp No NeolNo

mm mm — mm mm MN MN kN kN
C3-01 404 1.02 880 111
C3-02 0 293 398 0.74 820 791 1.04
C3-03 414 1.04 887 1.12
C3-51 372 1.04 750 1.08
C3-52 101.6 32 31.75 300 50 308 358 0.86 749 697 1.08
C3-53 379 1.06 764 1.10
C3-71 279 0.87 673 111
C3-72 70 350 320 1.09 671 607 111
C3-73 368 1.15 607 1.00
S3-01 373 0.81 982 0.99
S3-02 0 368 462 0.80 1065 997 1.07
S3-03 374 0.81 1102 111
S3-51 384 0.93 971 111
S3-52 100.0 32 31.25 300 50 646 411 1.57 793 877 0.90
S3-53 465 1.13 919 1.05
S3-71 314 0.87 719 0.94
S3-72 70 379 363 1.04 838 762 1.10
S3-73 357 0.98 839 1.10
Analysis
(- - = Grout —— Steel Wood Proposed method Experiment value
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Fig. 4 Relations between axial force and axial

1200

1000

BOO

axial forceikM)

(R:3 1

12 14

axial strain(%)

(b)S3-51

strain of test and analysis



3.3 [EHaimt 5157 fff
JEfET /ORI, LTFoMXE Az,
No = 40, * gA+ ot LA (€D)
s0; © SEEMETREE, (A : S WERE
g0c = 77U MNEMIRE, ,A: 27T U M
wOe @ RMIEREIREE, A @ AW

RBRAEDOIERPLPE S 2T, JEMBEIT, No i
F o THE LM ARHMEZS TREE 52 %5 . Fig.4 XY,
W 72 88 O R F e S 8L S v, 2 O SR ER R I
Lo THRRMOBRELIZbDLEEZLND.

sA+ goo -

4. RV —XHBRAKER

Table 3 IZEHERBIL SV —XD—E % /R7. XTI,
FEROHRINE & JERERE 2 R CTRT. ZhubiE, %
W D EHRAERE L OBER RSN TS,
41 ME-#HUVTAHER

Fig. 5. a \ZMJ¥, Fig. 5.b IZAEOHME @O &
BRERT. M, WE - BRI & b ISR TR
AMAE LB, PFE ORI G LN AR,
311 e 7 N 7 s R % 7 o =1 I/ LYY T 7 N =
AMIEE LAl >7en 2D EIT/NEL, & HICHRFEY
OFERPFONTZESZD.

17

4.2 RMDEE

Fig. 6.1 \[CARM OF I X 2% B S, Fig. 6.2 ICAKH
DODERICL2EREOELE, MERBRE L AFRBRAK
TR, 77 7ANOEREIE, C17-71 & C17-72
DOEBREDO VI - T-ETHD. WGFT D —F
FUNBPAMICERINLTWSZ LIk, MERER
I, ARRBRAER L HIZ20%EREZHDSELILNT
ETWVWA., FRICHESITOHOEELTHED E, HF
HEBRIETIX 8% L, ARBRIKTIZ 2% ML Tw»
5. FERBERALL DN, BB
LW, RBIEPRICRME AND Z &I XKD
O T2, AEBRO X 51T/ &V 2 & 3HERET & g,
#20% D EEWAD NI DWDOT AV » S EHEET 57
», WGFT OERIT+AARETHLEEZLND.
4.3 EhREIHEETE

Table 3 (/"9 REROMMEL, 4.1 BT S ME—
SO BR B, KO 2/3 £ TOBNRICE
J ORI/ ZRIEIC L DEURERRTH D, FHE O EhE] M
W, B ERE TN ZE N ORI Table 1 IZF & D7=F
VIOBBERCCNFELELOTHD. IRbIE, M
HTRLNEZE I REL S E LML, EBRE L FHHE
BEORIGITRIFTHD.

Table 3 Test results (long columns)

. Depth of . Depth of e . .
Axial Stiffi C S Strength
Test Depth | Thickness thickness ratio Height Wood Xia ness ompressive Streng Weight
i D t D/t H d EA EA N N
Specimen o " EA o EA o f— ~— NewNe | ke
mm mm — mm mm MN MN kN kN
C17-01 0 368 398 0.93 499 529 0.94 48
C17-71P 101.6 32 31.75 1700 332 1.04 474 1.14 39
70 320 415
C17-72P 332 1.04 446 1.07 39
S17-01 0 464 462 1.00 698 737 0.95 57
S17-71P 100.0 32 31.25 1700 391 1.08 722 1.31 46
70 363 553
S17-72P 355 0.98 706 1.28 46
800 800
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700 —c17-01 ——517-01 =
__ 600 __ 600 N - .
£ 500 caz-yip £ 500 =
3 . & S17-72p
5400 C17-72P £400 -
3300 <300
m 4
200 200
100 100 /
0 0
0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15 0.2 0.25
axial strain(%) axialstrain (%)
(a)Circular (b) Square

Fig. 5 Relations between axial force and axis strain



4.4 [EHEM 5 ERAME
WGFT EAE ORI Wi, BBk iz
R EERQ2) P VY 2B L CERMREEBSRT
5. )T, MRERORINERERENLRHIND.
Z 2T, AMITEERENEETEDIEENIND
T, ZOMA%E0ERELT, BT LD —T%FHFEL
7.
Ne =
N+ AN Jef fif H
-+ S O JEE i Ay B
;2 770 bR E
wiNer + KEEDPEIRATE (N =0)

sNer + Ncr + whNer @)

sN,

Q

N,

Q
Q

BT LH—T % Fig. 7. a, b 1T L, M EICHEBRRE
BE 7oy hLTW5S. Z 2T, AMEORRIKEZ GFT
ERL TS, AR EZHRER T -MERNT
FTREBEL ER->TW5. UL, EERBREICBY
T, AMoFE, RBREOBRICELL T, AME
DIRE L AMAOBREDOMIZ T2y hEIhTnb. Al
H, SRIOERTIZ, BHECEWNT, KM OHENH
HNORNETHEN NS NENZ D, EREFHEOME
W, WIPEREME D b REL RoTWA. ZhE, B
mﬁ ¥, RBAEZTOLONREBE TRV LR, ZATE

B 2EEERIODL TNt BIND 720D
f%é._mioﬁ*#f%of%,mg7fﬁh&,
FAERBR IR O EBAE R, BMBERREICLY, KE
BLFCcCETCWD ENRD.

200 800 Wup
700 700
Z 600 8% Down Z o0
£ s00 : £ 300
% 200 E 200
g 300 E‘ 300
3 3
2 200 3 200
100 100
o L]
c17-01 Average $17-01 Average
(a)Circular (b) Square
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Fig. 7 Comparisons between experiments and calculations
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