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Torsional Strength and Behavior of Steel Reinforced Concrete
(SRC) Members

Abstract
Keywords: steel reinforced concrete (SRC) member, torsional strength, closed stirrup

This study experimentally investigates the strength, behavior and calculation of
torsional strength of steel reinforced concrete (SRC) members subjected to pure
torsion. Sixteen beam specimens were designed to include design parameters of
structural steel, closed stirrup, and longitudinal reinforcement. Test results indicate
that the SRC beams, enclosed the H-shaped structural steel, reached slightly higher
torsional strength than reinforced concrete beams did due to the low torsional
resistance of the H-shaped structural steel. However, the torque-twist curves for SRC
specimens were different from those for RC specimens. The torsional strength of the
SRC specimens gradually decreased and possessed better toughness after reached the
peak strength as indicated in the torque-twist curves. Increasing the amount of closed
stirrups can enhance the torsional strength of the SRC specimens. Specimens with No.
3@10 cm closed stirrups can develop higher torsional strength than calculated
strength followed the code, while specimens with 2-No. 3@ 10 cm closed stirrups can
not even attain the strength calculated by the code. Specimens enclosed different size
of the structural steel did not achieve consistent test results. In addition, increasing the
amount of longitudinal reinforcement can increase the torsional strength. Nevertheless,
the effect becomes little for specimens with higher amount of closed stirrups. The
structural steel did not yield while the SRC specimens reached the ultimate torsional
strength. Because the negligible contribution to the torsional strength compared with
RC beam, the H-shaped structural steel can be conservatively neglected to calculate

the torsional strength of SRC beam in practical design.
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% 3.1 FH %5

. Transverse Longitudinal
Specimen Steel i .
reinforcement reinforcement
S1-RCrl1el1 H 250x140x9%14 #3@]15 cm 6-#4
S1-RCz2¢1 H 250x140x9%14 #3@10 cm 8-#4
S1-RCz3¢1 H250x140x9%x14 | 2-#3@10 cm 10-#5
S1-RCr1€2 H 250x140%9%14 #3@15 cm 6-#5
S1-RCr2€2 H 250x140%x9%14 #3@10 cm 8-#5
S1-RCz3€2 H 250%x140%9%14 | 2-#3@10 cm 10-#6
S2-RCt1e1 H 450x140x9%14 #3@15 cm 6-#4
S2-RCr2¢1 H 450x140%9%14 #3@10 cm 8-#4
S2-RCt3¢1 H 450x140%9%x14 | 2-#3@10 cm 10-#5
S2-RCt1e2 H 450x140%x9%14 #3@15 cm 6-#5
S2-RCr2€2 H 450x140%x9%x14 #3@10 cm 8-#5
S2-RCz3€2 H 450x140%x9%x14 | 2-#3@10 cm 10-#6
RCz2e1 T #3@10 cm 8-#4
RCzr2¢2 = #3@10 cm 8-#5
S1 H 250x140x9%14 N =
S2 H 450x140x9%14 — -
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g

g

350 mm =
N N NI
_ O a O @
B D O O Q
1 @) QO o) O
\Q Q/ k@

SI-RCt1 s 7|4 48 SI-RCR2 s 7|:# %4 S1-RC3 s 7|4 %4

g

g

350 mm F
= @) c o O

=

é @) G O O
@) @ 0 O
o | ——— | C \QI:IQ}

S2-RCt1 s 7|z4 4 S2-RC2 s 7|:# % S2-RC3 s 71|74

Bl 3.2 FHE% o B
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$2% SRCEHELE®TH
SRC ZigB g ® = < 5 8 Slfez - % IR IFARAR
‘HEREERREFL 2R S22 R A ST R 5 IRAE T
FoRERSEFEEREE B F4pF 4% S1 2+ 32 H250x140x9x 14
d H250x250x9x 14 *» ]2 A4k » S2 = 5 H450x140x9x 14 d
H450x200x 9x 14 *» 2] 2_ 3|4k 4% ¢ 5 ASTM A36 2 4%+t - S1 %

7| SRC ;#5882 45 F v 5 3.1% > S2 5 5| SRC :##8 2 4 F ¢ 5 4.0% o

SRC 482 RCHEMWA Sz - s e dzd & FRR KXY
PEEY S e EY ERENT o Freohd 8% 543 Gr. 40 4
50 Fe ¥ 3 #3@IS em (¢l k7 M) ~ #3@10 cm (12 % 7)) & R
#3@10 cm (13 % 7 (;788) o ¢1 i 7R E K w2 4 S5 B 3t RC 3¢
WER A wsn B (T,) % 2 Fie(1l cm)  FH F 420 L 2R 4
2RISR K ANEML e SFEER T, TR LR
ATRMRI Y ERH3@I0 cm K e i 4 8 AR T‘ T e 2

4§59 SRC 2Rl B A 2 B o

R R G Az = e A s 2% RC j;ﬂi%}i%ﬂé&g FlEw
ENEES 3 RO AR CEC R R SR AR b R S
# Byp RCRPARF BB 2 oz d B3 oriF(at 201 &2

N 23) s Fla Gk A B F FAHEE (T AT 2 S o BB € kA
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GEHERAIFERERREF Y

e

B2 e LB ENAT S LS ERR 2P G as

fie B

5 T KBS B> el 4B 3.2 A o

Zhif4 RCHR#E M 3 82 358 7 BakiR st B4 & R 0=45
PR TIFEE)ED ST B O kA2 R R o e
Q2 i 52 ER P S e 2 S 3B 1995 Hsu (1990)2. 233+ 5 0 &

(23926 2 258 2.10) » 32 424055 & #5023 2

%32 LM ER R E B L R4 E K ACI318-89 &7 ACI
318-95 g3t B ME MY RCINA 2 248% B » ¥ ® 4945 Hsu (1990)
wriE 22 AT HEA] 0 RIRE D R B e A 82 A E 0 RC
W2 e U242 288 ¥ PBER A - FH SI-RCR2E

22 S1-RCR€2 2_ 4= %53 R 3 & b3k > ¥4 B o
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$2% SRCEHE2LEEY%

%32 ML RS 2 AR

RC Steel
ACI 318-95
specimen | ACI 318-89 Hsu
0=45°
T, (kN-m) T, (kN-m) 0 T, (kN-m) T, (kN-m)
S1-RCr1e1 43.17 26.62 45.12 26.51 5.10
S1-RCr2€1 52.91 39.93 46.46 37.94 5.10
S1-RCr3¢e1 82.11 79.85 45.92 77.33 5.10
S1-RCt1e2 43.17 26.62 38.63 33.31 5.10
S1-RCr2e2 52.91 39.93 39.90 47.75 5.10
S1-RCr3e2 82.11 79.85 34.14 117.78 5.10
S2-RCt1e1 43.17 26.62 45.12 26.51 6.26
S2-RCz2€1 5291 39.93 46.46 37.94 6.26
S2-RCz3€1 82.11 79.85 45.92 77.33 6.26
S2-RCr1e2 43.17 26.62 38.63 33.31 6.26
S2-RCr262 52.91 39.93 39.90 47.75 6.26
S2-RCz3€2 82.11 79.85 34.14 117.78 6.26
RCr2¢1 52.91 39.93 46.46 37.94 -
RCr202 52.91 39.93 39.90 47.75 —

S1 ~ — — F~ 5.10
S2 < B 7 n 6.26

3.3#FMpEix

B TARS 4o

| T ® s LB s et B

()
DM

ERER %3 o

3. 8l ies a6
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GEHERAIFERERREF Y

4, B v e EH R o
5. R EEAES o
6. ITHEFMMEE o

ERAMELTY R BRI R S T H AL T RS o S
PARKZ MRS BT 2 EFEEEUBRE RS ERE
S4vd 33977 0 RAEBR I FEFRADS FEERARER  F

Rz R B RAcd 340

%33%%?%ﬁﬁﬂﬁg$$%%

G B 214w 5 R % kg B (MPa) &3 B (Mpa)
2] 4 ¥ 317 446
H 450x140x9x14 | "i4x 326 459
2 4 ¥ 384 480
H 250x200x9x14 | L4 334 465
#6 514 630
Hedrd 8 #5 533 753
#4 425 640
Fogad s #3 404 570
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$2% SRCEHE2LEEY%

34 FHW2ZRETI RAE

Specimen f.'(MPa)
S1-RCr1€1 28.73
S1-RCr2€1 30.69
S1-RCz3€1 30.11
S1-RCr1e2 27.75
S1-RCr2¢2 30.69
S1-RC3e2 30.11
S2-RCr1€1 26.48
S2-RCr2€1 30.20
S2-RCi3€1 30.69
S2-RCr1e2 27.26
S2-RCr2¢2 29.13
S2-RCr3¢2 28.24

RCr2€1 31.19
RC2€2 25.60

347F%FKE

-3‘.%

A F R EKE SR BT Y > RN S 4eB 33 2B 34 %77 o
FBHRKBERP AT o AL FHEIFEM 2 A o s Bk B3l R

PG A L o L FFRA LK P eh G @ SRC B A SR #Tg 2 ¢

e e A Bt o RFE A R R o 2 R FE R BT
WA AR RUSRT A D R TKE G £~ (Load Cell) ! £ 7]
WA AT A4 o W RRE BN AN 4 B RBFW B EiE o

PR E Z RS ACR 3.5 Ao o
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ST

B 3.4 F% K E ot R
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Gl SRR R R ERR Y TR

B35 FRKERT

2

3.5 ;{‘i iElj I:‘*‘ ‘-Lb

N

SRC ¢85 B & &

=5
=N
=
an!
|
=
i
-

ETTRS

SRR

i

2R LR

BAEEF T4 AGHRARI R > 57 f8 SRC MY af L hiE

Ed

22

T THRA S FZF 0t S AR RS o N A
SARREER O NP EFENM L B Ged B2 BRI e 4
SARREE R B E TR A4 2 PR o BEIT AT

BAoW 3.6 2 B 3100303 SRR R LR R R € i R

% kR (Tiltmeter) 7 B RIS LB F% 2 p i d o L3RBT
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4o 3.11 0 ZE K 4@ 3.12 22 313 -

$2% SRCEHE2LEEY%

)4

‘;lm}if VB Ap 2 — ¢
B PR BB AR AN O °
Xz HB o dRANE 074572 1357 FHmk ¥
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Gk SRR R R R F B

Strain gauge

700 mm 1800 mm 700 mm

South = = h North

3200 mm

Bl 3.6 =M1 % FIH v 2 5o 4 5 B B
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$=% SRCEHE2pEYH

Strain gauge

700 mm 1800 mm / 700 mm

l

T
South & : ¢

3200 mm

North

N

Bl 3.7 :#M2 kFIH e B SRR B
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Strain gauge

1800 mmA

North

700 mm

700 mm

3200 mm

South

e

R
AU/
AV
AV
AV
NV i iy
Naan

b
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$=F SRCEHE2ZEET%

Strain gauge

/.

| Steel

= Transverse
e e | R e
#%ﬂ/

reinforcement

Strain gauge

B 3.9S1 i 7884 F %t fe & B
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GEHERAIFERERREF Y

Strain gauge

Y/

Il
I
| Steel
= = Transverse
e L LT T e L S
oS =0 Dj\*“%ﬂ/ reinforcement
| Strain gauge

B 3.10 S2 % 7| %04 F %2 pe B B
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> # 3+ (n Gauge)

& & 3+ (Tiltmeter)
| /Al
YA
(1] X1 i
// \\
4 ™

B 3.12 =4 (mw Gauge) Xk & fiz & B
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B 3.13 & &+ (Tiltmeter) % % fe % B

3.6 % ALE
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PRS- PR IERES: { SRR S+ 1

IR 2 T0%PF g & i < pF oo BBk 285 o
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PR HREEEHG

\

3
=
i
)

e S e
4.1 F17 3

WAL B AL AR IR RN R S B
HBR G 2 dp o 3% % A e b9 32 g " 10 cmx10 cm 2

GRUFIBEH T FREARY U L NREE A G 2 ko

4.1.1 SRC,: 7|iE %
SRC FH £ b pitd HF 5 A RPF > Bl E-2E LT R
Bl4r@ 4.1 AB: e BB FEHIRIR e CE:&'izE
MR DEES RSB o AB R 2 UM F S o P EFRHIR R £
BowAASHE PR ERRET B B R A5 R4 A
4o WA FE BEFEA 2 BOEN A5 A MM RS R

FlREMAR Ae BHBSRT S -

A B4 0 Y BC R HEPEE S R R 2
213 G2 B AR BEA)  X) 45T IR EUR B o § 6 4o ABIR BrRT C Bk

PEo e IIRBCE L B AW TR BT komm e

CD K:iFHIdmipEr i 75 » 2 CD Kzm L » 32
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G W RR R F ]
WA RHET RS 10mm MRS 2651 R YA
Hwm | Bk o CD B2 (52 > 2y

20mm > FaE W T IERBEPN IR o B @ R R

4=
R
=1
F
\_
A
Wt
&
T
o3
N
g

BT o

5 Torque

Angle of twist per unit length

B 4.1 SRCHEM -2 & & 7 7. B



e BmEReus

S S

y7AR

/ /

B 42 SRC k7| A L2 <X Bt & B
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CEE ALY SR ALY E R Yy

44

B 4.3 ;#HSI-RC202 2 4 45" 3%

B 4.4 2HS1-RCAL 25 % & 45° 13 % ek 5



S g RREREEH

B 4.5 #4S1-RCR22 3 &% & £ 10 mm

B 4.6 :FHS1-RC3E1 5 B W ¥ 25 o] B W



GEHERAIFERERREF Y

Bl 4.7 :#48S1-RC3E1 i &) szt @ 3 2 p 2K

B 4.8 #HS2-RCr201 2 4 22 45" 2 A 2%
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Y d HhEroB

4.1.2 RC i 7|38
RC FHX Wi Eicr H @b - 47 £ BB 49 77 >
RC 4 7] 4% AB 22 SRC 47338 L 272 < > 3t ABE &0
Bt Eo A BHEEDR TS o BC £977 » B 22 SRC #4827
PRt BC B s S » Pl B 0 & 4 X 45785 )k

e > A BB MEFFLE o

RC % 548> CD fxpFer SRC 4 73R40 3 e 0 R Bl Wdd i
WAoo AW e FFa72 €247 5w H FIRC k73
AR AW I3 G Y T ms Tt e AR R
TR S CDERE-EABZ Y R THERL LR A A

=% F Bl4c® 4.10 #7571 o RC #R etk 2 BB 7 4B 4.11 1 4.13 #7517 ©

> Torque

Angle of twist per unit length

B 49 RCHEM P F-2 8 & 7 7 B
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48

e

Bl 4.10RC k7288 M L2 =X B 1 X Bl




Y d HhEroB

Bl 4.11 :#8RCRL0 A 4 45" B

Bl 4.12 EERCQL 3 2 4252 & 45° 37 %8 i &
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B 4.13 FHRCR2E A 2 4 kg phdg 2 57

42 p L FL
421 £ #EL3E

WARBEES L RPTERLTRE - B TR
Bk Rp@e JEe0 Bl iherr THE L RR BN

l’,/f': o =21 B

AR AT e

_(91_92) T
= 180 (4D

0,-0,= £ 28Rl & & o

L =#%%2ZLE o

50



e g RREEEEH
O = BXhipitr T 5E =L R2 i (radm) -

422 #FHEE-RE LTS

241 BT L ENT 2B AL TR RS R U R 2 H 42
Eid  BHEERAH R E B AEZE (0, )T 5 0.002
rad/me § % e P EER 2 4B U ER R(T)F > k2 5 2z
(O )R 4F S O RBFHAECEREE & (), ) B 4r 94ZE 10 B - &
BRaEERY g P EER N ERA(T,)w 0 d FH s
AN AR(R 414 3 427)7 > 7 3 3R SRC 22 RC M B A % » 4p
FRTMRPE2ZFL o SRCEER A B "EF B L2 84 255
SRR B EEE g > PR RC R G wt B H B4 pUR (T L o 3R
%% kT SRCFHP 2 4 F ¥ A" ik » &% SRC iy M fds ¥ 24
Flah F 5 (R JaplE B F)F 4 F] SRC #M A 4 By i @5 Ry

¢ P 42 SRCEEM Y w B G 4o B2 2k o

B 428 "77F LAREXRE S1 22 S2 2 2 4m-f2 8 & B 14 o Fod R
BB TR U4 H Al BT R 0] 2 ik 0 ek a i g T 4
2 1"V B o

WEHREERT FFENIEEUER R () RC k7% AR

THREEEEL ¢ RaT AL FME e g AN R - T
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BRI 5P FRBRERE RN ER R R 2 E LY R
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B SRR R R ER A LAY

100

80 I~

Torque (kN-m)

0 1 I 1 I 1 I 1
0 0.02 0.04 0.06 0.08
Angle of twist per unit length (rad/m)

B 4.14 F8S1-RCr1€ =22 3 4 & B % ]

100

80—

Torque (kN-m)

0 1 I 1 I 1 I 1

0 0.02 0.04 0.06 0.08
Angle of twist per unit length (rad/m)

B 4.15 F#F%8ES1-RC20 = &2 3 4 & B % R
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Torque (kN-m)

Torque (kN-m)

100

S 3

R R R

0.02 0.04 0.06
Angle of twist per unit length (rad/m)

0.08

B 4.16 #%4S1-RC3E = 22 3 4 & B 07 B

100

80—

60 —

40 |-

20

0

0

0.02 0.04 0.06
Angle of twist per unit length (rad/m)

0.08

B 4.17 #F8S1-RCAE2 = &2 3 4 & B (7 B
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56

100

Torque (kN-m)

0.02 0.04 0.06 0.08

Angle of twist per unit length (rad/m)

B 4.18 #FHYS1-RCR202 = 22 3 & & B % ]

100

80

=2
=]

Torque (kN-m)
=

20

0.02 0.04 0.06 0.08
Angle of twist per unit length (rad/m)

B 4.19 #F%8ES1-RC3L2 = &2 3 4 & B (7 R



Torque (kN-m)

Torque (kN-m)

100

S 3

AR

80—

60 —

40

20

0.02

0.04

0.06

Angle of twist per unit length (rad/m)

0.08

B 4.20 :#%8S2-RCr101 f2 &2 = & & B % B

100

80 —

60 -

40 -

20

0

0

0.02

0.04

0.06

Angle of twist per unit length (rad/m)
Bl 4.21 #48S2-RC2L1 2 4E22 32 i & B (% )

0.08
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100

60 -

40

Torque (kN-m)

20

0 1

0.02

0.04

0.06

Angle of twist per unit length (rad/m)

0.08

B 4.22 #44S2-RC3E = 22 3 f& & B % ]

100

Torque (kN-m)

0 1

0.02

0.04

0.06

Angle of twist per unit length (rad/m)

0.08

B 4.23 FHYS2-RCH1E2 = &2 o4& & B % ]
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Torque (kN-m)

Torque (kN-m)

100

S 3

AR

60 -

40

20

0

0

100

0.02

0.04

0.06

Angle of twist per unit length (rad/m)
Bl 4.24 F48S2-RCRE2 12 +E22 12 i & B (2 )

0.08

80—

0.02
Angle of twist per unit length (rad/m)

0.04

0.06

0.08

B 4.25 #44S2-RCA3E2 = &2 o & & B % ]
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100

80—

Torque (kN-m)

0 1 I 1 I 1 I 1

0 0.02 0.04 0.06 0.08
Angle of twist per unit length (rad/m)

B 4.26 FHRCR20 2512 # 4 B 2B

100

80 -

60 -

40

Torque (kN-m)

20

0 1 I 1 I 1 I 1
0 0.02 0.04 0.06 0.08
Angle of twist per unit length (rad/m)

B 427 FHRCRO 2EL 18 4 1 T F
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5
S1
N S2
4
_
2 3
2]
S
s
S 2
[
1
0 1 I 1 I 1 I 1 I 1
0 0.02 0.04 0.06 0.08 0.1

Angle of twist per unit length (rad/m)

B] 428 S1 22182 2 4= 4F-f2 i & 1" B
43 EENEERREF S 2P
Hik 4 52 BB

4o 429 1 435t 0 TV G A SN R ERREE S

NN

; B
Z_ R

i

Mo AR 2 p 15 Q Rl T A ErRa KB > 2%

752 ABF P L kX RAPR o

G g BENAEL LB R AL BE 1l fIIER
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R R RSN AR Y R Y oy

Qz2fl > BERAEEBZRGLIHEY UAfpREZ 128 8 2 555
2 1.06 B > WP Afs AXF ZFRT o Hedr 4 B2 PLBAR] o3 13
AR o Gehk A B2 BB X Aol 431 fr o A B
S2-RC3E1 &4 %E55 & % >+ 3248 S2-RCr3€2 > 22 :#48 S1-RCrlel % >+

SI-RCAHE2 > 7 FIlEMR R BT g > PFLESA4 B2 P

oo
Hed 4 522 FEAL)

S EEe A B3t L 7L 2 BESHETE 436 1
439 s enfi ez 4 S BN e R B o £ 2 H F 437 &2
438 > P EEREE 3 4 PR w4 5 2-#3 @10 cm)F B 4 R
PAERRE 2 2 AFEFERFE A SH3 @10 cm)aig U AER R B
Wl kP EREE e 2 SH43 @15cm) °
i F 2. 32 38)

B 440 % 445 917 52 P4 ¥ TEABZ e L L 1B o %
S1-RCr1€2 £2 S2-RCt1€2 s 3|2 &40 %t » 7 S2 4k F (i~ 44 )2 SRC
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100
S1-RCr1l1
- mem=——- S1-RCrle2
80 I~
=
1
@e? NNt mn -
é - N N St o S,
) S =
=
=p
P
=
H
] ! | 1 ] 1
0.02 0.04 0.06 0.08

Angle of twist per unit length (rad/m)
Bl 4.29 FE4 %HESI-RCrl % 72 = 4F-F= 3 & +C §i2 [§]

100

S1-RCr21
= [ e — S1-RCre2

Torque (kN-m)

0 1 I 1 I 1 I 1

0 0.02 0.04 0.06 0.08
Angle of twist per unit length (rad/m)

B 430 FER%HSI-RCR % 72 2 4E-42 #& & ¢ $2 [
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100

i RREFEHG

80

60

40

Torque (kN-m)

20

N Kon M X

S1-RCr1
S1-RCr3e2

N -

0 0.02 0.04 0.06

0.08

Angle of twist per unit length (rad/m)

Bl 431 #FR%FSI-RCA k72 2 4E-2 # & ¢ $ [

100
S2-RCr1e1
w4 A S2-RCr1E2
80 I~
,l——\\~§~_-~-\__--r‘-~-
60 % \ ~v»"

Torque (kN-m)

ob—o 1

0 0.02 0.04 0.06

0.08

Angle of twist per unit length (rad/m)

B 432 FER%E.S2-RCr1 % 72 2 4B-4 & & ¢ $2 (@]
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100
S2-RCr201

- mm——— S2-RCr2€2

80 —

Torque (kN-m)

| N | I | N
0 0.02 0.04 0.06 0.08
Angle of twist per unit length (rad/m)

B 4.33 FEH%E.S2-RC2 % 72 2 4B-F #& & ' $ [

100
S2-RCra

- [ e S2-RCre2

Torque (kN-m)

0 0.02 0.04 0.06 0.08
Angle of twist per unit length (rad/m)

B 4.34 FER%H.S2-RCA3 4 72 2 4B-2 #& & v* $2[§]

66



Torque (kN-m)

100

S RHSREHH

RCz2¢1
----- RCz202

0 0.02 0.04
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