Journal of the Korean Society of Safety, Vol. 30, No. 5, pp. 67-73, October 2015
Copyright@2015 by The Korean Society of Safety (pISSN 1738-3803, eISSN 2383-9953) All right reserved. http://dx.doi.org/10.14346/JKOSOS.2015.30.5.67

PSC HISHTO| SERINCIIT 052 9ot TeSRIADH T o

Lll-_|_7;I ;Q—I**
Aoddjeta BB} - HRee @ e
(2015. 9. 22. F<=/ 2015. 10. 5. =% / 2015. 10. 12. =)

A Study on the Modified Simple Truss Model to Predict the
Punching Shear Strength of PSC Deck Slabs

Woo Jin Park - Hoon Hee Hwang™"

Department of Civil Engineering, Seoil University - *Department of Technical R&D, Korea Road Association
(Received September 22, 2015 / Revised October 5, 2015 / Accepted October 12, 2015)

Abstract : In this paper, the simple truss model was modified to predict the punching shear strength of long-span prestressed concrete
(PSC) deck slabs under wheel load including the effects of transverse prestressing and long span length between girders. The strength of
the compressive zone arounding punching cone was evaluated by the stiffhess of inclined strut which was modified by considering aging
effective modulus. The stiffness of springs which control lateral displacement of the roller supports consists of the steel reinforcement
and prestressing which passed through the punching cone. Initial angle of struts was determined by the experimental observation to
compensate for uncertainties in the complexities of the punching shear. The validity of computed punching shear strength by modified
simple truss model was shown by comparing with experimental results and the experimental results were also compared with existing
punching shear equations to determine level of predictability. The modified simple truss model appeared to better predict the punching
shear strength of PSC deck slabs than other available equations. The punching shear strength, which was determined by snap-through
critical load of modified simple truss model, can be used effectively to examine punching shear strength of long span PSC deck slabs.
Key Words : modified simple truss model, punching shear, prestressed deck slab, arching action
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Table 1. Test specimens and results

Model i ) £ Ultimate strength(kN)
Center Average
FS-1 4.07 47.8 2573 278.6
FS-2 4.07 532 3254 317.1
P1S 2.69 542 316.3 340.8
P2S 1.32 52.0 320.0 301.4
MS 0.67 49.8 216.2 2335

1) Average stress in concrete section(MPa)
De51gn strength of concrete(MPa)

Fig. 6. Points of static test,

Journal of the KOSOS, Val. 30, No. 5, 2015



PSC HISHIIO| SRINERIE 0|52 9|

ShH ZF APAEE v S A|oA FAH
= AAIBIL 45 AR YAoA F HY HRAEE
AAEFY OB & Fig. 604 Hi= Hie} Zho] gk 7jof A
A & F e AuE S5 Bl dtol=
SR NN S8 A Botdbs AREste] AEA
T F e 2agE 85ttt
3.2 7|E} H|m HoA

ZYAEYAZE E=E vigHe] EHAEHEES
ulmE FEA & 4 Qs Ao AR F A

o] %7}Alo] AeE gk,

Graddy 50] male o] Ase| o] welo] U &
3wy AAzte] aw mefghomy Tl
W Z7lol weh FRATREe] 27 Aee v
2 qlon] o] AR 2.

Ve= 2(61+bz+ tsze tai@ J ®
AN 1= 15 VI o

b, @ AlstHEe] A2 ®iel Zo] (mm)
b, : AstAe] 71 ®e] Zo| (mm)

D gao| (mm)

: A2t (deg.)
o Al B He digt 71 ®ie H|

@ < al

>.
&,
u=
2
el
ot
i)
i)
n=
1o
o,

Abgl Aol el SIT9AIR SHalsto] vlwstgley.

P=r1. [2(a+20a,7, )ax,+20b+202,),,] (9)

max m*¥'m mm

+f, 2(a+2a,,d,)c,+2(b+20,d,+4c,)c,]

+f, [npm 2¢,,2¢,, + ndedeQde]
OI7)A] 7,0 = 0.252f,, —0.0002461 ;> (kgflem’)
f,= 0.583f,7° (kgflem’)
a: AsAS] 71 ¥ (cm)
b AshES] B ¥ (em)
sy T B AT T 9EFA (em)

eH=eRN s3] K|, MI30H H|5=, 20154

Bt i ERARY JHM @17

npm: npd . }_’l__’ HHaiE-]—E.L T:/]_:Eﬂ?,] Z_]_XO]‘XH ‘{[\—_
2]

Coms Cpa - AZIAR}F Ao (cm)
a,, =1/tand,,
a,= 1/tand,

0, = (1/2)tan™" (27,./f 0.
0,= (1/2)tan™" (27,./f,0.0)

Ter = 1005/ fi+ fife (kgf/em®)
Fromt THH] GEYESY (kgflem’)
Freqt HNEIHH ] S EE-SE (kgflom)

&3t
de wEA e yist uby|Ho] Paze Ly
AEF A0 T3]0 wE diE FFS YeERHA] ot
AL 20° ~ 24°%2 HEEQPEZ chhEgAndolA
A BAe 2774 gy FARY] Habgrl 22°
5 g3kt

ARG dS3S 7 UERd Fig. 7oA
o A7t b 950 Aoz ACRHEE v
BT AE TeERARYe Auxog
9] d& AFS Agstes A2 & 5+ ok
B Y] ARE ol Aok EE] 7
HEoA= FAEe] &S $Igt A
kot AL FAjer Axe] Hajo] 7hd
FAoflA] FHL o] u|s| ujAg
v d R T e] Vo= s 1#sA|
of FAZFE] A5 Aol Uehd A og AlRHr: ®
S AHAE dEEYARYS BE Ail= 25% 22k

2 E 4r

5.
©,
Im
oo

o r_>F..

= it
e > ¢

%

& d>

N

i
b3
o

Mo Horlr s e X R OAT

2

¥

pacy
§2 0%
%0 Mo
N
— ™ oo

=)

350

z 300
X
= / Q0
2 250 OB e
7 /:}/ O % N
o
£ 200 g - na
5 [
et g\’b - -
o N » Graddy
150 & :
{& e < O Matzui
Q¢ 7X@ -
,:f,,’oe o Modified truss model
100 -

100 150 200 250 300 350
Experimental strength (kN)
Fig. 7. Experimental and predicted strength,

71



average

Omaximum

.

Error (%)

Matzui

Modified truss model

A ohe Qolo] RaHug wnd g9 o% 4
F& AT Ak A®cl 2t Graddy 59 7
A YT oS A e gout g 913
=9 Aok oAl TASHARE 25%2] eAE de 9
oo ExE: F97h WEE A9 wEs
Matzui 52 H7H]2 QHAZ9] #U3%E oS FES
RO graom eA7E 2 A A4 4 Sk

oapgo] vlaE o)oK maximum)e} BT}

(average) = ?zo}cﬂ Fig. 8o Yepqlct. Xt e2}=
Zy Agkel dial AskE eape] Adighe] 7Y & 4
Solw, ex}o] dojghe] BagheS HHFear= g ost
At Hidoaks MAE SeEgArd, Graddy 5,
Matzui 50| A|QFst H7FAl 07 737k 13%, 18% 2
23%EA B35 HFHATA S E4S et o v
nA Aegt 2o A& AuE AFSal s Ae
2 Heltk Heat= A OoRE o] vl
A e 919 AR ZH2F 23%, 28% 2 35%
2 A= QI Zdjexf= APkl vl & A&
= AolA BAENe R R PSS s
Agstd, /HAE deEgArdo] ZASAN Y
gt A E A B AL o 4 ok

—ri Laqﬂ 5=

A ol sk 3
o) e 2o o xl%ohf%
sk A4k HAle AR o

ARFSlEA S Tefah fanky

S REg = ATk

72

M9lY PARRE mZosEdse) T
PYEE sl Teasd o] o3 4
Zof AT vs) A2 B el
27g0] Fa3 GFS v QY W) olAolx
o mEpt EshE S0 ekt ol 4
ot A EE Folck

A eERAREe] 254
HlE AT A RE Brhao] AN
o2 A wslonl, 13 ~ 296 Yol 3

IR (. (o2

o rlo o mot
R o =
rz mlm

dl27t el ietae) HH A 74594 RETRES
gtk mE unA e oS AnE Agshs
oz AmE.

o]AFO 2 HE] 7H/§j$]_ JLEEHATT S 3i]_o_];go
2 e AA SYAT] 23EE AFS 23199
S A= EJ ool e g?om =z
SE 20 molof] e J¥E FEH R Rigste]

HlEA el FU S ANE ARt Hom

FetEch
ZAR] 2 o] =Ee Addistn wudtH](2015
W)9] YL dlo} ZHAE|9joma oo ZRA= T

References

A.K. Azad, M. H. Baluch, M. S. A. Abbasi and K. Kareem,
“Punching Capacity of Deck Slabs in Girder-Slab
Bridges”, ACI Structural Journal, Vol. 91, No. 6, pp.
656-662, 1994.

S. Marshe and F. G. Mark, “Punching Behavior of
Composite Bridge Decks Transversely Prestressed with

1)

2)

Carbon Fibre Reinforced Polymer Tendons”, Canadian
Journal of Civil Engineering, Vol. 26, pp. 618-630, 1999.
0. S. Khanna, A. A. Mufti and B. Bakht, “Experimental
Investigation of the Role of Reinforcement in the Strength
of Concrete Deck Slabs”, Canadian Journal of Civil
Engineering, Vol. 27, pp. 475-480, 2000.

J. C. Graddy, J. B. Kim, J. H. Whitt, N. H. Burns and R. E.
Klingner, “Punching Shear Behavior of Bridge Decks
under Fatigue Loading”, ACI Structural Journal, Vol. 99,
No. 3, pp. 257-266, 2002.

Matzui,
improvement of Durability, Construction Simplication”,
Bridge and Foundation, Vol. 31, No. 8, pp. 84-94, 1997.
M. F. Petrou and P. C. Perdikaris, “Punching shear failure

3)

4)

5) “Technical Development of Deck Slabs -

6)

Journal of the KOSCS, Vol. 30, No. 5, 2015



PSC HISHTIO| SRINEIIE 0|52 9/3t B2 ARE JiH 917

in Concrete Decks as Snap-through Instability”, Journal of 9) M. P. Collins and D. Mitchell, “Prestressed Concrete

Structural Engineering, Vol. 122, No. 9, pp. 998-1005, Structure”, Prentice Hall, pp. 67-72, 1991.

1996. 10) H. H. Hwang, C. B. Joh, B. S. Kim and Y. W. Lee, “Static
7) H. H. Hwang and Y. W. Lee, “Punching Shear Strength in Behavior of CIP PSC Deck Slabs for Composite

RC Slabs as Snap-through Model”, Journal of the Korean Two-Girder Bridges”, Journal of the Korean Society of

Society of Civil Engineers, Vol. 24, No. 5, pp. 551-555, Civil Engineers, Vol. 27, No. 3, pp. 291-302, 2007.

2004. 11) W. J. Park and H. H. Hwang, “Minimum Thickness of
8) Y. W. Lee and H. H. Hwang, “Punching Shear Strength of Long Span RC Deck Slabs for Composite 2-girder Bridges

RC Slabs by Simple Truss Model”, Journal of the Korean Designed by KL-510 Load Model”, Journal of the Korean

Society of Civil Engineers, Vol. 28, No. 2, pp. 187-196, Society of Safety, Vol. 29, No. 3, pp. 72-78, 2014.

2008.

BH=OkR 85| x|, K30 K53, 20154 73



