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Evaluation of Structural Performance and Load Redistribution
Mechanisms of Steel-Concrete Composite Pier Caps with
Permanent Steel Forms and Internal Trusses
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Abstract — This study evaluates the structural performance and post-peak load redistribution of a steel-concrete composite pier
cap comprising permanent steel formwork, an internal steel truss, tie bars, and infill concrete. A nonlinear finite element model
was first validated against a reduced-scale specimen within the available test range. At a displacement of 3.380 mm, the
predicted load was 9,740.0 kN, 8.3 % higher than the measured 8,995.5 kN, while the measured strain trends of the steel
formwork and truss members were reasonably reproduced. The modeling framework was then applied to a full-scale
reinforced-concrete reference model (RC-F), a full-scale composite model with identical external dimensions (SC-F), and a
reduced-section composite model (SC-R). SC-F reached 54,779 kN, 18.7 % above RC-F, and retained 73.2 % of its peak load at
the final displacement, compared with 49.9 % for RC-F. Although SC-R reached a lower peak load of 37,171 kN, it maintained
29,826 kN at 19.78 mm, corresponding to the highest residual-strength ratio of 80.2 %. The results show that sequential
activation of plate membrane and local bending actions, elastic truss force paths, and tie-bar confinement mitigates abrupt
post-peak strength degradation. Further studies should examine weld damage, local buckling, interface slip, and

construction-stage behavior.

Keywords — Steel-concrete composite pier cap, Permanent steel form, Internal steel truss, Tie bar, Nonlinear finite element

analysis
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(c) Steel-concrete composite pier cap

Fig. 1. Structural configuration and components of the proposed steel-concrete composite pier cap

212 5737201 =g A8 Al 2 (FE A203%) 2026 8



2.7 07 33 A AH)

o] Ao At B w2t 1
AR, R84 Ed2, olut L 3
FEAE 1) 4% sfolst 34 A2
YR Efal 288 58 Bgate
e %Pé% &4 @oﬂi A 2R 2s
2 SugthFig (). 37 27

q%e ST 7, A% v

>SE 2 OE
lO rl_ﬂ rlo
Hu [ of
SR
oX |m oy

n:‘.
==
2
i
)

of
ol
ol
26

@ e
d0 o9 fr rlr X oo rl o RO

U )

o
)
0,
o glot
WE,
=
£ X
)
to
ST
o
315
H
H
Hu
i
m
ﬂllﬂl

Eleiesy O]'E]'(Flg 1(b)). EfolHl= = 7}
o7 AZste] ZIYES FPAT
Z Aoz TEol LS T;q

A= 299 Aot AAE(Fig. 1(c)) FJE 7
Xﬁﬂ#—ﬁ ‘Hl"?— EZAT} RS BHdsie ‘:}3 =4
_/J:AC} Al ZF A _9_/\94

o rE_L

—E‘ O->|: mlo
2o I e M
g oL ol

rsh

9 RSO e, 9% RC 23 o Hefe)
ol FAT W AsHE FA T 5= Qich
3.904 nd

31904 i w278 2l

o] Aof| A= Table 13} Zo] Y] 7]9] |3t A H
2 oHIC SCVE a el AEset o

i
N

N
rl
rH
U
i)

m
N
AN
H
i}
o
o
W
O
o]
fr
=
QL
1
kfz
offl I

1o
ofl

(0]
P
fr
>
i

o [ o ofl
QMO EN
L O
fr o
N
i
Ho
e,
fr
>
oo
ot
2»'9,
m o
#
w2
(@)
1
13
)
)

Y7 FAAFAL Y7 E Eﬂ o] daxt
t}. SC-F&} SC-R9| H| I E E3fA= T
= ]lIet Hdiets dast A ‘—r“ 49 AR
IE HESHAH-

N
31',
o, 38
oot Rooff

‘

Z B of e mo mot RUopo [

l¢°l'

o ek - YR

A5 2

Table 1. Analysis models considered in this study

Type Schematic
f 4250mm ~

1
Reduced-scale

. 1500mm
specimen

SC-V

L]
=~ 1100mm =

RC I 8500mm -

RC-F i
reference cap

3000mm

SC-F F ull-s.cale |
composite cap ~3000mm =

- 8500mm -
i
Reduced-scale

SC-R .
composite cap

2300mm

v

= 2000mm =

modified Kent-Park model""'20]| 7] %38}o] FA5}%
ok SC-Volli= AAYS7 = 50.0 MPa (C50)2}F B4 A
4= 32.3 GPaE A83}%1l, RC-F, SC-F ¥ SC-Rof|=
AL E 40.0 MPa (C40)2F &4 A4 30.0 GPaE
Hgaiot FESL Y FEwo] £k o

3 ARAAH 02 ZHASEE Aol
2aeE0) 29 7 APASE Abaqus] 1A
Hojsterehn, e Ao g

3.00 MPa, C40 Z32]E9] 2.62
MPoZ 4851597, FAMAR Z7l0] wet AR
A Sh(tension softening)

- F Abo| 9] EH B ET}
Ao BaE Eof 44 A%
3 & T} (tension stiffening)E H+& O 2 W3t}

Fig. 2(a)= s Aol 2185 22
o], Abaqus®] Concrete Damaged Plasticity (CDP)
ndo] dgstct. CDP Yol F9 wifjHeE=
Table 29} 201, SC-V ASRdy} AEHdo] &Y
SHA 285t

A= Fig. 2(b)2} Zo] &AL Aue 1Y
B3R RC-FO] dofl= &4 A5 200 GPa2}
7% 400 MPa©] SD400S H-85t9l T, T AR A%
A, Y& EgA 4 Eo]utof = & ]—r 210 GPa®}
BT 355 MPa2] SM3552 83519t} o] s o)A
FE o|F A AsE 7HEst e, A =
SRR & E S REFE P 5HA] gk
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- o — Table 5. Element types
; - -j: Model Component Element type
o e SC-V Cap Solid (C3DSR)
T e ST em e SC-F Permanent steel form Shell (S4R)
(a) Concrete (b) Steel SC-R Internal truss and tie bars Truss (T3D2)
Fig. 2. Constitutive relationships used in the finite RC-F - Cap Solid (C3D8R)
Reinforcement Truss (T3D2)

element models

Table 2. Concrete damaged plasticity parameters

Parameter Value
Dilation angle 31°
Flow potential eccentricity 0.1
Biaxial-to-uniaxial compressive
. . 1.16
yield stress ratio, fyo/fco
Ratio of the second stress invariant, K. 0.67
Viscosity parameter 0
Table 3. Material properties
Mate |Applied| Compo- | Density E v Strength
rial | model nent (kg/m®) | (GPa) (MPa)
C f=50.0
50 SC-V | Concrete | 2,300 | 32.326 | 0.20 £-3.00
RC-F -
Aﬁ) SC-F | Concrete | 2,300 30.0 |0.20 f’f:; 220
SC-R e
SD reinforce- _
400 RC-F ment 7,800 200 | 0.30 | f=400
SM SC-V Form,
355 SC-F truss, 7,800 210 | 0.30 | f,=355
SC-R | tie bars
Table 4. Cross-sectional properties of steel
Component SC-V | RC-F | SC-F | SC-R
Permanent steel form
thickness (mm) 12 o 12 12
Truss strut area (mmz) 1,342 | — | 2,444 | 2,444
Truss tie area (mmz) 2,812 — |4,862 | 4,862
Tie-bar area (mm?®) 1427 | — | 304.6 | 304.6
Longitudinal rein , _ lemal — -
forcement area (mm®)
. Vertical shear , N v -
reinforcement area (mm-)
. Confining , _ |06 | — -
reinforcement area (mm-)

2.2 Table 37} Table 40 UERY ATt
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Displacement loading at RP
(Kinematic coupling)

E = <
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Fig. 3. Finite element models and boundary and
loading conditions
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ong A% Wolk HrjstE o] 59 AskA%o] ofy
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ot 23 E el 3ol A M6 Alo| 2|7t FAl = of 5
G ASFS FHRA B0 nE, M6 H oA
A Qs At

Fig. 40]4 A8 £5¥ Y 3.380 mmo] 3ot 4
¥ ot21} 5 45t2S 747} 8,995.5 kNT} 9,740.0 kN.O.
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g2 A FH QoA stEZ7te} v AE Aol AT o
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4000

0.0 20 40 6.0 80 10,0

Deflection (mm)

Fig. 4. Comparison of experimental and analytical
load—displacement responses of SC-V
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Fig. 5. Comparison of experimental and
analytical local strains of SC-V
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Fig. 6. Load—displacement responses of RC-F, SC-F, and SC-R

Z3YE E YA C1-C5
Efit C12 JE R ZolH o] =5 2|4 gd, C2

A5 S, C4= 75
AEE, C5e ¢EYo] 7]
oJtt. Fig. 7(b)-Fig. 7(d):= 2
E9 TAE Hetdltt

ol
o
o,
fru
ml
=)
i)
r)~
o
rsh

oot o rr e

1e, (o mot

lo i Hz

5.2.1 RC-F

Fig. 7(b)2] RC-Foll A= Xt o}5 46,148 kNOj| T2
St A Clo] FHSHFEC] -2,376 pe= 7HF 37
UEFGTH C2% -1,645 pe& Cl th20 2 & =¥y
S HYP, 3, C4 U C5= ZH2} -716, -594 E 603 pe
At} ol = A dsts FATEA A LI F A5 7|

[T} 4R A5 AESo] 34 SHF5AE W,

HP S dHA 2 A
rAo| S Qu|gtr. 5“41‘413}% o]Fo= Cl13} C2
3-C5=2 HAF g =] ]t
21,296 ¥ -20,933 pe
= Uehila, €2, C3 9 4% ZH7F -12,834, -9,023 &
-14,503 pe7tA] F7FstAth. & RC-Fol A= 3] o
Al A1ZHE dEEAdo] AR AES, 45 SR, o
%‘—éE'ﬂi 4 7] JF Ao R A4H 0= SHity
SHF2 Fig. 69] st 9 SE A

01'1’4- RC-F= .»]Q]O]- o]& 20.0 mmoJ| 4] 23,019
KN7HA| 5F5-0] ZFasto] 27 H] 71 49.9 %ol H&E
Atk AP E 50| C1-C5 A 7oA &2 0
& AotH o]Fol= AT R V|E YF AESS U
Aotz AR StSHEE SA F/d5t7] olH7] 4
2o, 9] FEO = Bt st A S A &H A
o= goEh

2 39
)
o
™
r&
>.
oZ:,

—

o ek - YR

A5 2

o2
e
o—Ca
_C5

(a) Concrete output locations

60000
=—C1 =—(2 =—(C3 —C4 C5
50000

40000

kN)

= 30000
2
5

20000

10000

0
-25000 -20000 -15000 -10000 -5000 0
Strain (ug)

(b) RC-F

60000
=—C1 =—(C2 —(C3 —C4 Cs
50000
40000

30000

Load (kN)

20000

10000

0
=-40000 -35000 -30000 -25000 -20000 -15000 -10000 -5000 0
Strain (ug)

(c) SC-F

=] ===C2 ===C3 ===C4 C5

60000

50000

40000

\
30000 - ,,."

20000

Load (kN)

10000

0
-60000 -50000 -40000 -30000 -20000 -10000 0
Strain (ug)

(d) SC-R
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Fig. 12. Load—axial strain responses of tie bars
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