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Study of Shear strength of Shear Keys by reinforcing with Shear Reinforcement and Steel

Plates at the joints of Precast Concrete Box Girder Bridge Segments
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Abstract

Shear keys at the joints of precast box girder bridges are
critical components because they are subjected to shear forces
and are potential points of structural failure. The failure mode
is typically sudden. Therefore, an effective shear key must be
strong and durable against shear forces and have a long service
life. This research aims to enhance the shear capacity of joints
in box girder bridges by doing experiments of the simulated web
section of precast concrete bridges with multiple shear keys.
Three types of shear keys were examined: standard concrete
shear keys, reinforced shear keys with additional shear
reinforcement, and steel plate-reinforced shear keys with dowel

bars. Each type consists of different geometric shapes:

trapezoidal, triangular, and semi-circular. From test results, the
steel plate-reinforced shear keys with dowel bars provided the
highest shear capacity, followed by reinforced shear keys with
additional shear reinforcement, and standard concrete shear
keys, respectively. Additionally, the geometry of the shear keys
also influenced the shear capacity, with the semi-circular shape
providing the highest strength, followed by the triangular and

trapezoidal shapes, respectively.

Keywords: Shear keys, Shear strength, Dry joint, Segmental
bridges.
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SREABLUUWRS (dry joint) Lﬂuiawiawlmmaﬂwams LATUNTD
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S avihiindnuesadnfuusadeudemsiuusaidouluuuiiwuar
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0.833-MPa uag 1.267-MPa tsmedeuiievnindsiuusadougean
INMIVAEUNUT W3y Shear Key adnifiauazadnnausuuuy
a3 snanliidefuusadougeganusisadngUamiva suuas
Andsumamymudisy

600
800
PEPPTFYTTs

50 . 4350 450 o450 450 . as0

600 o
)

| 2R |
60

() ()
450 iy 450 o 450 Il I 450 e 450 i 450 -
#
8 1 g i
C) (@)

5UM 1 Uuvuainduusadouluuipgiuasiuunguuesadngudmaeuans
ny adngUaumdsy uazadngUnsenau
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sUuuU Ae 1 lifadnfuusadou 2. adnFunsudounoundamiladn
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venIniudafimainudusaamezgaiiadnuuuasnldmnias
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Ibrahim, I. S., et al. [4] la¥inn1SANEIE UL VRIFANT UL

Bouiifisuuuuiiunnsneiuilemeanuaninsalumsiuusadougan
adwnyaegliuumMuaniIvessesseadnuazinuave N1 3UR
TnsdnunzgUuuvadnivhnsinuiussneulude sUasmdes
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wazihnafliannsnageunseuLiguiu
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NAnegeunuainfuLsadeukuuainmnauiiauaisaly

N - oy oA vy <
n13fuusudougeaaviniu 62.9 kN daunsaladniuusudousy
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MIUANATY na1IABLTBYYRAANTULTLRBUYTEU 45 B9
ANYIIVDITOUANUUULIURDU (Shear Crack) dAranas Lagwa
n3A@nw1asudn adngudmdeunnavy Ay 30 uay 45 a3muay
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V= A JF,(1+02050,) + (0.64500,) (1)
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&
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DB12 mm. ; — wiin Dowel DB12 mm
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\ /
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U7 11 Multiple Shear Key adniaSuuNumanmi 2 uul. waziasu
Dowel goaiutos adngUanmmaon mieduliadiums)

. wfin Dowel DB12 mm

Plate wénmmn 2 mm. — L =120 mm
N 450 N 450 i 450 N

T | 17 T

I
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3.1.3 FULUUAI0E190FOUYIAAN SULTUADULU VA A T2UAN )
WanmY 2 13, uay Dowel

{— Dowel DB12 mm
UsE W 2 i — f
450 mm— | (o

450 mm S mm—

5Uit 9 Fheeeguiuu Multiple Shear Key adniaSuusiumén
U 2 13, WAzl Dowel

. wén Dowel DB12 mm
Plate wanuu1r 2 mm L =120 mm

L 450 L 450 N 450 L
T T 1 T

U7 12 Multiple Shear Key adnidSuuNumanyiu 2 uul. waziasu
Dowel y)nos adngUamdsueoy mbhedufiadiuns)

19197 1 uusedreildlunsvegeu

[ . P

U 10 Multiple Shear Key adniaSuusiindnmin 2 uy. waziesu
Dowel foiugos adngUamdsumay (mheduliaduns)

Type of Shape of Name of Number
Test samples . . Stress .
Joint Shear Keys | Specimen of Specimen
Multiple NZ-1 1.26 MPa 1
Trapezoid
Key NZ-2 1.26 MPa 1
Multiple NT-1 1.26 MPa 1
Normal Triangle
Key NT-2 1.26 MPa 1
Multiple NC-1 1.26 MPa 1
Semi-circle
Key NC-2 1.26 MPa 1
Multiple Rz-1 1.26 MPa 1
Trapezoid
Key RZ-2 1.26 MPa 1
Shear Multiple RT-1 1.26 MPa 1
Triangle
reinforcement Key RT-2 1.26 MPa 1
Multiple RC-1 1.26 MPa 1
Semi-circle
Key RC-2 | 1.26 MPa 1
Multiple SZ-1/2 1.26 MPa 1
Trapezoid
Key SZ-2/2 1.26 MPa 1
Steel plate | Multiple . SZ-1 1.26 MPa 1
Trapezoid
and dowel Key SZ-2 1.26 MPa 1
Multiple ST-1/2 1.26 MPa 1
Triangle
Key ST-2/2 1.26 MPa 1
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wwdszneulufouiursunindiiagy 3 Su wiazduasdoun nhs
450 1. g4 600 13, wALNU 100 N, wdhFIog9MAdDY 3 Ty
vauaazgUuuuysznauiulagldusadnain Prestressing Tendon
ﬁm%uﬁ'aasmtfﬁmﬁu Ima‘l‘ﬁ'mwum 1.26 MPa. 1feganaday
Lﬂmmsawmaamm mmmaﬂﬂsmmmmma 9 Tunsandunis
NAFDUTRLLIINTHTRINA19w T UNLILT I MAZBULAA NS
F¥Rauluarunsonaasudeld dinai ldveausagguuuumn
Wiguwguaranuaiuisalun1ssuusudougeanvesadnusiay
sUuuy mllenesienudiiusseninsusadeunazmaidoulaaly
wnfwessessie MsllaeilnunvessITR uazTouisunary
AT q swfahmausadougegaiusuiisuiuaunisma
wmsgIudu 9

Applied Load

Load Cell Displacement Transducer

(Vertical Slip)
Joint

—

Displacement Transducer
(Horizotal Slip)

—

support

U 13 sULUURRdsREmazey

JUN 14 msinawiegmaaeuivies §iRnns

4. JATIINANINATIU
4.1 MAITULTUADUFIGAYNTANTULTUAOULAAL FULUY

Tuiddeilldvinnsnwanuaunsatumsiuidewuesadnus
avguuuulaen1sausiudng 1.267 MPa winthdunulunaaey
Taensliusaneauduniddd dmsvadnfussadewiilumduadn

AoURAIINHANINAdU U adn FuLsadouguaiarenan A
Fuusadeugeanagil 240 kN uag 248 kN sy TndlAssiuadn
sUmumdssliidsuusadeusyi 206 kN waradngudimasunna
wyflyidssuusadoutiosiignagil 209 kN uaz 232 kN asds

dmsvaduiuusadouiivinmsldminiaiuaeuninfiodioLiia
anansalumssuusadeuesadnasssossotudiuiioganans
Tiuhadnguesnenauiiadumaniadulimdssuusadougadign
o7 299 kN uaz 294 kN pad1fu vaie?l adngudimdsum vy
idumdniasunduliimasfunsadousnnnhadnsuammasu iy
wmanTeegil 267 kN uazadnguanuimasnegil 255 kN wag 256 kN

wagdmivadniuusadouiiaduuiuminmn 2 uu. wasiady
Dowel win DB12 8713 12 wal. idlanuunnsneiuanuguuuufe adn
sUAmRsumanyiiiedu Dowel uuumiiumfuiedunnm uazadn
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Type of Shape of Name of
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Multiple NZ-1 419 209
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Multiple NT-1 - -
Normal P Triangle
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Multiple NC-1 497 248
Semi-circle
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Shape of Shear Force | AASHTO
Name of
Test samples Shear . From Test
Specimen
Keys (kN) (kN)
NZ-1 209 268
Trapezoid
NZ-2 232 268
NT-1 - -
Normal Triangle
NT-2 246 268
Semi- NC-1 248 268
circle NC-2 240 268
Rz-1 267 268
Trapezoid
Rz-2 - -
Shear RT-1 255 268
Triangle
reinforcement RT-2 256 268
Semi- RC-1 299 268
circle RC-2 294 268
SZ-1/2 272 268
Trapezoid
SZ -2/2 259 268
Steel plate ) SZ-1 324 268
Trapezoid
and dowel SZ-2 311 268
ST-1/2 251 268
Triangle
ST-2/2 230 268
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