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Abstract

The flat plate floor system of reinforced concrete is a common floor construction
type employed in the construction of the building. There are two main advantages of a
flat plate floor system. One is that the larger underfloor spaces and more service areas
without the intervention of beams. The other is that the simple formwork can reduce the
construction period, building materials and manpower, so as to decrease the
construction cost. However, severe stresses concentration around the column will result
in punching failure of flat plates. Therefore, the strength evaluation of flat plate is an
important issue for flat plate floor system.

Currently, there are empirical formulas to evaluate the two-way shear strength of
flat plate in design codes. However, most of them are based on the test data of early
research and empirical formulas are derived by regression methods. Although codes can
provide certain degree of prediction results, there is no consideration of real force
transfer mechanism.

In this study, the flat plate supported by inner column is taken as the research
object. To discuss force transmission and failure mode of two-way flat plate under
gravity load, an analytical model considering the influence of critical parameters for
estimating the strength of flat plates in shear and flexure is proposed. After the test
verification, the proposed analytical model is compared with both ACI 318-19 (2019)
and Eurocode 2 (2004) codes. It was found that the analytical model established in this
study yields reasonable predictions and the proposed model is able to capture ultimate
strength for most specimens (average strength ratio V.. /Vssr 1S close to one). Besides,
it employs the force transfer mechanism and the failure mode into consideration and

provides reasonable estimation results.
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(217)5757 o P IEGF* 2 ¥TH 2 HBY 4 L B B FRAPEM,)E > T 58
PREREMWE) > HE(b) S FEBRFEED)M 2 FERL TRER 2 E(b)E £
o3 RC Lo 4 b pORpF it 2 T 4 38 & (Vpey)’ 2 Yield-line pattern
B 2 BT A AR 2.4 1o o

v _ 8M, £2—+£-b,—b/4
flex—f—bc £+ b, — 2(b, + by)

TR R (Ve 2 3% 6 0 R 7 G 37 5 B K v REIL% (yield line

(2.17)

theory) i® % 3+ & i 45 » 4o : Elstner and Hognestad (1956) - Rankin and Long (1987) -
Guandalini, Burdet and Muttoni (2009) ~ Schmidt, Kueres and Hegger (2019) & -
1Rt itm e AT AR T S R o R RE A RKE o
FRT A METRALTTT SRR A BmR Y AP NI RAES
(vield line theory)z FE4 » 55 % 2R T HHL flicie R 855 A 47> X #3t B gk o

s

?«7 F A RS
223 %A (2021)

A (021)% 4 wdn SRR Y TORGBFHMEFER T BRI 0 TR

SV AR AN A AR R A S TUREE AR e AU -
8
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Hpt hw B2 P8 SE: P ARETA 45 - JouFA2 ¥ 4 46 Sk A
o »Lgﬁgu;%;vﬂﬁﬁc AR Kt R ’#Fﬂ :‘f?iﬁ
- LI R I - I SR I el 0 IRE eB )~ T4 S5 g A B O A TR
R A 4o @) 2.5(a) ~ B 2.5(b)22 B 25(C)# 7 o RS L R A 0 4 2 T ORE
ZHBRBEN BT RBE  RAEY AR RA AR B 26 AT o TP
o HAR T ELE N > A kT fha % & K0 5 26° 0 4oR] 2.7 4T e

oA R T A B2 ToRGER > BT 4 BURES v S PR A 2R
G E o AL AR BESHIT TR 5 R L5 37§ FIBURI
P BRSSP RAURE e B o T BRE R
BT A S TR HAle Bk T fho 4 & s L 26° 0 Flp A A PR A

RS R LRGP HY 4 & B FLS tan 1 (1/2) =26.6° (73 H o
2.3  Hwang and Lee (2002) #x f & 3> 4% #-3)

SRS BT A RRGEL > AR A2 a2 B E BfL: D%
# D %#2 D &g k4 * #(Disturbed)f- 7 i 4 % (Discontinuous) > # i 4 &
g4 Bae i~ F A A RGRES B8 02 86 2 faRirg S Ba

BF A EHE IS T

D RBREI AT AT L RERAL A NI A HE B RREEE
T adFL g 2 Bernoulli Bk o Flt it ot oD REEF LA AL
Foo N ARS PR F L2 RCH® » 4ot JFR 3%~ MR T 4 45 Pl
BEE FHETD RS A ML TREL ARTEY P L2 REE L KE
‘e 7 D RE R A 4o 2.8 4T o

Hwang and Lee (2002)4-%f D %32 RC #i* » 3% 81— i By HF > i3t
ERAIBRERASGE > LA ARSI B AE MR S Navier 2 4 = R

Al 4 T ge(equilibrium) ~ +£4L % = = (constitutive) 2 % A5 {o(compatibility) - ¥ &
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5 el —

JR o T2 TR PR AR 2

fe A R AP 0 ¢ Hwang etal. (2017)ie - % i

15_1—4

BTt R H AR B B e R b

D 5\: %Lme’")g 4 &

Frese B (V) & 5 aRBRERR(C)Z- TR
V, =C,;sin@
He s Q5 RES LB RE\EE LT G2 & & o
MR A& RS R(Cy)23 8 5 54(219) :
Ca=K-Q fo - Aser
Ho

BRE A g K EF s
15 R A FF o

2 R 2 @’}&ﬁ?‘f 5% R 'r

HEBHP S FHEL
KEEF B PEF R RS

g:;;g;;;&_{ ;;;1@3 ;b% ¢ ,)‘gja

o
SERIE

SRR LRS-
K 52 HEW 8 R o Bl Rl

s

s he g (2.18) 5 7

(2.18)

(2.19)

KRR S (5 RS B G Agy 5 SR RN IR G A -

BokEfrdd 4 5T R LR

FRT AP RS AR TR R

i 5824 @ik o 7 A HCHIVRR S B ()P 2 BT 0 A S H AR5

Boedid ~hp Gl
PRE S IRAHERERE AT AR F
Pl 445 7tk igp oh BORRe s > R 5
fo bR W g Ak Sk R R T
R - 2 ERE AARELRS HE A

TSRS E S

HKEH 4ol g rcod 27 LREI AP AEY bk E L PR

B R(K)2 £ & Sk

l‘k]p’ﬁé& %ﬁ-@" i‘éﬁ’;&%i;}’%—d 1-'3‘@*

kT g 55T SR T R o PR R R R R

S RS T TR S F Rt
B A

FREd R R o kT AL
HARPET - S pRRE ¥

Ful

Hwang and Lee (2002)# ) 2. it i B i 4% #5073 » 1% * g 1772 £ RBP4 4p

#(K) PR IR BRI HEE LE

E e 2 0 % Hwang et al. (2017)4% ¢

10

WAENT SRR T fed 0

VRS RK B2 ] 1 4
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i REKE P EARRG f% o AT AR 0 45 % Hwang et al. (2017)

B2 R REREEKEE 28 4ot (2202 4 (2.21)4 7

K = tan0 + cot48 — 1 + 0.14B < 1.64 (2.20)
A=12f—y,ps1’B=30f—y,p31 (2.21)
c c

79(2.20)¢ > Hwang etal. (2017) 12 &t *» ~ &7 Snficdp e KIT MK E 2.4 405 12 SodikA
kirdld MEBREPF L2 ARR - U SBB R Y R ALs b2 B RIEE o @ N
(2.21)7 2 4% 504 (p) "4 & 4 5% KB4 (f,) » RIARRGEL B & R (O)m 2 M 14
e T

0=245%p=pn fy =fin (2.22)

0 <45%p=py fy=Fpw (2.23)
PPN F A R(O)X AT E A5 R T PR T S flez 4 Bk 0 i oK
Tgw 550t (pp) R KT S5 2 R (fyn) 5 @ & R ()] 24508 > RIE-E 4k TR
BT g E A S (py) B E A2 REA () o
R I RERQA AR ARRY BRI ZITFEFF 0 FRAIBHL
FIHHEF 2 HNBRREA 3 THREA a3 HA G HERES »2 5
FUR 5 R 47 0 1395 Hwang and Lee (2002);8% & + 4t i* T #c(Q) i 5% (2.24)3+ & ¢

- 5.8 1 __ 09
Jf!(MPa)/1+400s, /1 + 400¢,

(2.24)
B o i ZEHERE S w2 THORE o FEBER AT G BREW M B T
e

& = epte, — &4 (2.25)
Hoe gy~ Beph B n kT ~d8 2 47 4R w2 TIBRE > 4o 2.9 977 o 5

K@ MR EEARY BT LD 5 R B Be, s 00020 @ ey ik

11
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S~ 35 5~-0.001 > 7 Fep2 Bk B 5 0.0050 @ f gt B R~ ;N (2.24)F @2 @4

D5V e AR

AR RAE B I0 L RUR A (Ag) 2 R VL R A G e et M

FEHER L RS SR R koS 220) 57 ¢
Astr = Qs X Dgppyr (2-27)

B oas HEREGOUFRRE C BHEFERINLRA FIFERT M by » BTG T
RRCUFSHEEZFRTREER -

Hwang and Lee (2002)# 1 z_ gt i BRIP4 0 2 RE REFABREKER
Fant R AR TR SRR TR RR L REVEFORT R ARGRE

2,
2.4 Mogili and Hwang (2021) ¥, ¥ 4 gried 35 & 37 #3

ST SRR e R o ¥R L8 4 2 535 » Mogili and Hwang
(2021) 4 & ﬁ%“**%ﬁnﬁiwfw’§¢%5W$?FW“?¢1%1$
oo Al o ASHT A FLEMEY FLANETEG d BRRMKZIE
Padr, MTHRAE 241 2% 242 A BRPHEMGT 4 R B R 2

BimAg o
241 #Higd 4 B

BORAKALED BB ARiEaEY o B B AREHRE SR e+
i%ﬂ%ﬂ’Eﬁ@%%ﬂﬁ%@m@»#%%%ﬁEJ@@%ﬂi%%D
FLIRHEN — AR 5 %R R 4 B o Tt o 4NN SRR T 4 G B IER

IR
(%

Mogili and Hwang (2021)# * dic i B35 1F 5 &~ 4587 o
12
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Bl 210 5 % 2|24 RC #i 4 1 ARR > B Y+ Rl k4 R4 3 k@it
BoEz ARG i AR R L TIRES A S BE AR B 4 S SN
FHE 2R 2 Hhy 545 0 Mogili and Hwang (2021) #-4 w3~ 8 % e S5 & 2 B 4% > 5
B N EFEHEITS R ERBEALELS SPARS ZLFRE
(dominant struts) > 4@ 2.10 * A-A o B > U E DR M2 LA FrERE
(non-dominant struts) > 4-®] 2.10 * B-B 2|5 &% o

FERELE 4 2 it B - R B s A (V) R R A B R
159 & (Cg)2- £ 2 ~ £ » & Hwang and Lee (2002)#& &1 2_ #r it B 45375 258 de

79(2.18) % 54(2.19)#7 :

V, =C4sinf (2.18)
Ca :K'Z'fc"Astr (2-19)
BP0 Q2R 3 RBERE KT fhe &k B3 H 4o58(228)477 5 K 2 BE R4

Boo o R R R 4 0 ARPREREK) S 15 (5 RS i

B BN(226)30 8 5 Agy b ¥R BRIV LR G fE
0 = tan™(£,/p) (2.28)
£, =d—kd/3 (2.29)
HoY Qa4 54 °% worlld sty w2 v pd; £ d%TARY v

KT FESE s kd 2 B4 FRIRRE 0 4o (231417 o

PO AR SRR B A (Agey) $5 8 RCHRI AR > 7 T SR
Agty = bo X kd (2.30)

B oobsf ot P EA  AoB 211 40 0 F BB A RE > BT E 2411 H

Mt E e kd s R RIER > 4o (231)5 7 o

13
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kd = (\/(npf)z + 2npy —npp) X d (2.31)

B m kb MRS R R SRRl v (B L) S pp b AW RN 2 4 5
WA 2R 2 e M SR D by s MY TR -

2411 § sk KR (b,)

d A Ry >R 2 R (TR E 48y 4 £ 72 > Mogili and Hwang (2021)

Fd- FEAS N RTRF AP ER(D) 0 M RRBRBRETL SFHEF AT

<le

BT Ry TR Rk iTh Fp g e PR R (D) TE T 4 T R(D)

T

b

bl TR (b4 E PEL TR - F A Hoie gy TR (b)R b HL A () e 1 3 B
B

4 gt 2 4 55 T30 % R R (d) 0 40t (2.33) 4T -

by = b, +d (2.33)
B ENQR32)3FE ey AP S TR AR RERS RIFER o TG
BAEM R R B AGEIREZ £ THRERS 54 ¢ i ERKD/3

Buv Pl R4 Ejdie TR (b)) AF 12 5T (R ¢ kT) B B4 g

B (bs)™r & i B kd /3R T B2 TR 0 4oi(2.34)47F

by =be+2x2xkd/3 (2.39)
PP EREY LR(b)E T 4 T R(b)IRE  TEF G oA PR R(D,) Rl -

TR R WARD)ILE TBFEE I IAFHRMAR S L
R PELSPTAARETE - R REFABRRNVYE N3 R4 RIE2T
BT AP o BORHCN Bd B R R {E(dominant struts) i 0 H g BV LB E Tk
RLap 0 f FT 4 BURETIBE T > Ry S ARARE 2B SRR

& 4% (non-dominant struts) » P& ;2 2 B 15 B o @ E 4 B > 2 R $r5

14
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PG FREZEHEARE TP FARTUSRRE L Z BRI L
I B R RS R IR U R TR EL A 5 M RRE A R R
NREZT R RS LB T2 T4 s Bt T REERERT 4

B (Vshear) °
242 ¥ thed A

DY BB AREC R Y RRS B 2EHR S Mogili and
Hwang (2021) 3+ 5 # 56 & F% > 4 B 2t R TR (D) 2 R L $ LR T
LR B R REERGRD o BT AES AR R R
A Hcip $0c RC 2 H 4w o 456 0@ 212 “07 0 @ A2 AR - &
RC 2 4pk » & B vt im0 4 B % 0.003 pF - it PG Uk i - 7] £ 44 0
— %5 RC A 4w B PREEL F 4 3R (V) > 405 (235) 577

M,
V = —
mn fh

(2.35)
oo My s R Ee 2 BALEE £y s B E(M,) 2 4 PR R Tie T
Bhth® w2 T RERE o
Flied BRI T R oA 2R A ez 18 4 BT (nondominant load path)
T RITHR 0 Fl R B4 BT A 2 FEd 5e B fpde o T R T AERB A M HE Y
5% B (Vriex) °
AT R DA ERT 4 R Vipear)® 3 58 R (Vrex) 1o 0 2 FHER %

B (Vogr) 2 B3R5 > #d 8 RELMZ 38 P 237

Vssr = min{Vshear ’ Vflex} (2.36)

15
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¥R SREI TRBRITEHE

AFHEFAMNHBLERP RCI 44 2 dufq) > 29 ¢ 34l
BHREN DN R 328 M5 AET oA ERRPEIE L ST ABR

BrEE R 0 TSNS 321 HrE 322 &4 WEP EmA B e o
31 RC T4 § @584

GHRFRIFEETH LS D REFEE B RE D REL RS
(Disturbed) = # i@ 4 {+ (Discontinuous) 2. & 3 » 4o @ 4 & 4o fle~ L KF 4 e B
et Rl I D RPN RS AT mRZ T T L REG oA D RS
YLk 2 RIS B B B RBP4 A 05 > i2g B4 SR kg
B &V vk R -

PPk Y42 RCTRfEE» § P EACTRBET > LT ¥ BT
gﬂ@’?\iiiﬁfazﬁﬁi B AR A TFAEZF kR A2 DR TRE

WP R wE S TEIFEV RS (a/d>2)2 2 FtEREe 3

=1

B O
B

R S
{

T e d 0 B REER Y Rk RIS FIRE B
F25 0 i AR GRS RS IR TR AR o

B4 B F LS (2021)2 %L % 0 AT ST RBURHCN A L
TOREIZE e B o T RAUR G ¥ RN RIUT 4 R PR R BRI
AL A ALY EF SRR R 4 TR o d St de
SR 2 TRGRHE R TR AR s ed it B DR e 4 .
TR b s LA R R G d s (5A R ad 2 RS 1 R
BWEF L o 4oB 3L A o @ e BURR S Bt M2 R R 2 R % 0.003
Arig S 2R S Rl o AR T YA R ® 0 %4 Mogili and Hwang (2021)

B PR o TSR R R S BB £ 9T RC B 0 IR TERG A 4T o
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32 RC A #H#7

\t
ﬁ

i
¥

CE P PE TR P B SR IR > B R e Bt
FoiT4rz B4R 3% & 2L E (nodal zone) i+ % @ 2b T PR Hif % o 4o 3.2 90% 5 @
B BEOR GRS B BRE%E 0003 2 Hraa o B 5l $Te poM il e T
A BARE 2 TR e R T A AP 0 4o @) 3.3 #5oT o
BT ORGR GRS BB T A Y AR RPE S NIEY TRA ¥ L 2 BN RS
FREkA)ERTIF - BFRF > B BRE SN 5 fFFR K€ TR TR
Frdre 2 RS RIFER(d)ED ¢ Bk AL BR P FRREHI A G H
FRT G kd 0 X IEGERRE L L FURG R o (L F A a0 KA R e
SR B HEd TR UTH 2 R RIFR GBS IcE o AT ORI LT 4G
Hrodeflz PEAIN R AP B TR 9o 2 RS FIFRRCcE A2
IR R RERIN B G FIERRDE o FAFT Y Mkd BTG TR 2 TR
B @ CcEIR TR Y R
AP E > AT ERZ APTHCAIRR T 4 RAR BT R R X
ARG 2T 4 R o TR S 2 HY R o KBRS o B
o A E A AR AR AN A RPN P REAR(V) 0
A F TR R RATHREZ T A SRR (V) Bl isP] @ 5 RC T
WA 4758 B (Vssp) o & & e Bl & BERE T 4 58 R (Vonear) 2 BEREHEY 58 & (Vrien)

2R AR o
321 RCEIRY 4 5HRIY

PSP R wE C TEIFCRA LR BEFE 2 DREE B RS
4ol - % (a/h>2)~ - 4ti(a/h>2) 2 TR(a/d > 2)E 5 d b S Er 2_ps

BERCA  FIR R f A R R @R D g

-n\¢

& -i(internal support) » £ d p 3%
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A ARFHEA B PAE o AT RT 4 BRI 0 A S RS A Bl
4 FReR2. T R o (shear compression failure) 2 2 3R X2 B 20 B P B
(shear tension failure) » 4@ 3.4 #777 o Ra Rypiesh 4 (2021)2 7 3 > HFEk S5
A A AT S TR S e A BT S TR R T4 BURET
ETRAE AATRIRAGEERPTA GO UK ERANAK BT PRA
WARESY 0 XA A FEURESY o T AT 2T 4 AP WY R T RAUE
e R o

3D R ZBRETRBRAE Y SA,RERSE > A Bl ke ko 57
R g fY R AR HR 0 Fla A2 RS RIS A B RE A
BB RPUER P EATRA & NIRRT o SR

2B R RN My EZRZT A A% ¢ 0 1 Hwang and Lee (2002) 4k i+ & -

g,h'i

Al

BRI A BRERR(C)LLTE A E 0 AoV (3L)HT -

=

’f&‘jl’iﬁ‘ﬁﬁ_l— b R :E&ﬁi\“i%’ﬁ‘fﬂé’ii @%&ﬁ&*ﬁﬁﬁ)ﬁ(Vn)

la

V, = Cy4siné (3.1)
He 05 mEmE L RREE KT g2 &4 RE%EE (2021)2 77 > HiERk i %
BTG AT A L TR A Bk T iha 4 & F G 5260 Ft A
Py imh iRt R AR (O)PF > B3R & R B F LA tanT1(1/2) =26.6°
MRS A BERERR(C)-3E F58@2):
Ca=K-Q fo - Aser (3.2)
AP KGR QARG g0l Glies YRR FRBR S Agy 2 M AR
B2 KR G AE o
BRPEREEKE S F s SR g 1T A7 B kT el B A BT R 2

;IFmHIJ 53)";—){—( FlF+ o «bi——r’\ﬁﬁa g4 A 35 2 —Iﬁi"l‘#l—— > ﬁ"l]/&',,}.{—l i3 3 ui’i—i‘}fii
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RATE R HRRBRIRKES 15 $0] R Y 4 A5 TR > KER

#* Hwangetal. (2017)4% d12_ f§ it 543+ 5 > 4058 (3.3) 2 4(3.4) %777 ¢

K = tan®8 + cot?0 — 1 + 0.14B < 1.64 (3.3)
A_12fyt <1’B=30fy,t,0t<1 (3.4)

7
Hooof, s F 4 45 Rk i # B ACI 318-19 (2019)4L 45 # + *TiE 3 414 MPa ;

pt‘%‘ ;auw 3 %g-ﬁ Loy ‘H ;3{-&(»3\(35)

pe=7 (3.5)

slab S
2P A, 5 7 »eik F (effective slab width)ph 2 5 4 4% 55 & > 4c B 3.5 #77F 5 bggp &
TORGERE 2 GO BN TR E eI [ sh T 4 S EE

d TR R ESEERE P T4 R 2 PR Y BB P R
B e &g 2RT 2808 T30 F8T 2 832 o Fpt &5ty 552 35D
# B > ~# 3 139 Hwang and Moehle (2000)#% ) 7 »< 5 % (effective slab width) 2_ %
A TARBEY HHET A %w?‘f‘%? Mgt o @ AR ALK R4 2

AP CTRBE A BRI X 2 e e 0 B UK T ket (36) ¢

BeLy = 2b., + %Lx (3.6)
"Ber FRRE B Ly R BT R X P e fidr BEE TG R4 (ER
ToXP oA REE B2 L BTy P e R beys X
2R iR R K AR 3.6 4T o
Ra oo AT AE G 5w 80E 2 K (roller support)z. T ARiEEE 0 R TR A K
R A F oA g P A KT AR AR 306 U £ pF > £ o gh(inflection point)#-
WYL/ AeB 3T7(@) T 0 B LG TR F BT G P e e 7
POBK H - TRz X ORESEE(E,) > £3Y 2~ %A R o Bhz gEH(L/4)4p 4 o
Wlyx = Le/2 ~Lqy =Ly/2 0 4B 3.7(b) 77 » 3 % » £(3.6)7 FH - T RzEE2

’); e
20
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1
Belqy = bex + §€q‘x (3.7)

BRI E Y ekt fRE R AR S 0 28 R et (3.8)%F

T .
1
Belqx = bcy + 5{’(“, (3.8)

He b, by 3w HiFod AT 2 AR L R T Xy A3 %
5 (be) ~ A 734&%}%'({)(1) EotApRe o by = bey = bc,y ) fq = ‘gq,x = &I.y I

FET) - FEH R T

1

bsiap = .Befq =b. +
N (3B)Z T A a5 (p) 0 T A
4y

Pe=""7 "
(be +344)"s

(3.10)

Fikd NB6) I NEBY)EF W BRI G R K (bgap)2 TEA 0 Park et al.
(2011)+2 4% Fraser (1983)£ Allen and Darvall (1977)% % 2 # 7 % % 4 i 4p b 223K »
ALY L 0 SR LIOH P L2 PRI RE TR T (Dsiap)
FLE)

R gl GO A B ARG R 24T F TS > BRED FURR AR
(f))% B > 1945 Hwang and Lee (2002)#% 12 f§ 5 258 73+ 5 > 4058 (3.11)

3.35

Vfd(MPa)
RN A TN I E (GIOLE S AR L R S S R

FHRC TR ET T NP Y

Ager = b, X kd (3.12)
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e by s oot PR A 0 Bl 38 G 0 BB A AT . #a0E 3211 Smp
P A P A  kd s B4 RER 0 B O #atH 3211 &rik o

3.2.1.1 3 #c4e " F R (effective loading width)

Bgh SSRGS TR d o 4 R 1R Rt 20 Bk P ik Bl
Rt FIX PP A Sed TR o g4 B2 5 A R A fE o T
oo @R TR XFZREI TLREFRTALA EIL ) Ra E EHEF LT 2R
AL BB RAE R o g A7 7 & Mogili and Hwang (2021)#% 1 5 »24e §* 5 & (b,)
2L Bt Y RBLNRTEG GO LR NPT RAPN 2R L
g g ‘E/“%@Jf&m}i PR TR M F 2 R TSR G RE R
7oAt % & (b,)7r # & Elstner and Hognestad (1956)#7# 1) % #-9 4 {7 5 27 &4

-y R2ZILA -

TRV A L e 75 5 R IF® > F] Mogili and Hwang (2021) #-7 e ¢
R (be) T 5 ¥4 WR(b)EHY TROb)PFFZTR 27 T4 TREFY 7
B2 7 R Bl4o®) 3.9 95 o Foocde L R (be) B R BB R E > B 3.10 5 i
FER o H A T EAIEY WR(Dy) 0 BB F AR (D) T T REE 0
Ao de el KR (be) R T R (be)*r b 3% 4 BT i 2 4k 55 T 305 2R R (d) -

4o (3.13) 4

by = b +d (3.13)

3

R
=N

FOUERG BN WA T HE S BTG FES AF E aR

A B 2 BHERY RIFR(kd) > FE SN0

kd = (\/(npf)2 + 2npy —nps) X d (3.14)
pr = As/bsd (3.15)
22
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HBPoon gy SRR R R D B R v B (ES/EL) S pp s FEE R P 24k 5
WS Ag s TR R (bggp) M - HEW SR S b Y BR S ds S T e ST

G R 4 R R R (kd) o 2t it H S5 %28 o Hwang et al. (2017) %3 i@ #
BERPEGEERE RFGESRRIGOTF]Y Tl ko g3 ARE ST

E ~
BAFFRF LR B KRG i (Aery) € R) 0 T SRR

3«\

Ea AT RBRA SR TA BRI B A ERARE o FIP A
,‘Eﬁi“" L”’T%%Erg—;—a—ff}?"‘_ﬂfﬁ%°

BRERET S TRD) o 585 B AEPIFE BT B A G IREZ &

FTAERA &4 P R R kd/3Re ¥ 1345 Mogili and Hwang (2021) 3% !
Bk o T4 B e TR ()M AF 12 % T (2 1 RT) > T4 TR (b)

2T AW L wiFRkd/3A T EZ KR 0 403t (3.16) 47T

b =b,+2x2xkd/3 (3.16)

ERCE RN R S RS PR I i O LRSS AR S A
B R AR 2 TR R B o AR 2 BET S B Ao

Flpt o ARG AFRAIS 4R B4 A 12 5T @iha A 0 v r L

=

LA ok T)ie A o # A BlAc B 3L A7 o 2 R ARE A 4 KPR

T4 5 R (b2 TEEH 0 wosNBAT) T
bs =b, +2x1xkd/3 (3.17)

H0A R T4 BERF  AF T RA NPT R RRE R F o R A
BR2 LB o m i TANENT S TR (b)E e TR (D) L ET
SRR (D) S BRMBARE B ETE G e PR R () 0 R R B F
Pl M Y TRB)EL SEFRR  EHA FTARME L -
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FPpiE N EE G s ?‘ B R (De)fe o Heb, w3V (3.12)F (7 & B AR L IVKE

‘3'7}%( str)\ B T ’Z:JP\'(32)\1 -ﬁ/ a ‘Q@’E‘%&(Cd) » BH - A UK IR

L3 BV PE o TEE - R REREEAW) ) b AN E T

Agtr = b, X kd (3.12)
Ca=K-C- fc’ " Agtr (3-2)
(3.1)

V, =C4sinf

~

AR R 2 TR L AT Bt e B T A~ (8
Lotm R R RS BB S TR AT S 5 A (Vonear) ¥ 5
wf R R R ()2 B 2 FIHE . S A EET Xy B S e
S o FI T AT 4 55 B (Voper) B 1 5 TR

Vshear = 4 XV (3.18)

HE P NEBLINEI8) TR TR 4 5B 2 A A 0 B3 E i iedeF] 3.12

T o
322 RC Tixied gty

BT R R 2 Rk 0 RIS - Ak RS ek B RAR S U
GO PAET Borh 2 RS BB 0.003 FF 0 AT 2 R L FRAELE AL S
e B PTG ¢ EHRIUREG A BB DY R A o d 20 F TRERUE
WO RPE O R A AR R e Rk 2 4 R e % v
BE o FIP AT L o HEW S THCAI R Y 2R T2 MR Sl Y Rt it
PR AT R B o B R AR MR R R TR A

R AL 345 (yield line theory)z ¥4 » B*h e 5 37 5 ¢ i¢ * ' RARTD 2 E K 5
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A& > 4 @ Elstner and Hognestad (1956) ~ Rankin and Long (1987) ~ Guandalini, Burdet
and Muttoni (2009) & » wc"f R 5 AT L AT AR EE M o
AT R R AP TR RS e B ERCE Bk
WA B 4o B] 313 o 0 @ B - 22k RC B2 AL E(M,)T @ g A {7
FR o BET G PTG B RILEEG S TR AR 0 2 AW
Pd B TIRA() T ERPEM,) 0 3 et BT o f & R
Bew R4 FRIFR()FERE - T R R (Whitney)<Ba) 4 B3t B R4 ®IRE
2 R(C) A EGRES K2 BB L085f G Liaxbhr & B4 RRED 5 AC)
SIS EE
C. = 0.85f x a x b = 0.85f; X ¢ x £, (3.19)
He sqi B4 A GEEEVHZFR > 77 A IB e fri £ RRAB T FIF
BURG Y PR ARG M B M %N 4r8(3.20) ~ 5N (3.21)4 s o P dwE Bt
RBRIZEE > THed B FIFR DA EH IR TR 4 AR * 2R
T2 M SR T E o FNRES BA KL TREHL L KEBIE(G,) -
f) < 28(MPa); B, = 0.85 (3.20)

' — 28
f! > 28(MPa); ; = 0.85 — 0.05 x (fc—7) > 0.65 (3.21)

BEFVFERS SRR (T)EE? T R(Ty) 5% A 2850 3%
VU4 4 4o3N(3.22) ~ 34 (3.23) M T

Te = Asc X fsc (3.22)

Ty = Agt X for (3.23)

B A A A B RS2 G B R A A S G n MT T Y AT

Ao AEHE S P EEFEFS T > TR L KBNS G M fio s B4

A AR (B24) G fu B A2 4 4o (3.25)5 A o
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fie = Es X &5 (3.24)

fse = Es X &g (3.25)
SRR T A= SRRV SR TN T EERR L e L
PEO L ST AR R R R R B (g o 4T

d —c
& = min {0.003 X ( . ) ' &y} (3.26)

£, = min {0.003 X (d C) ) (3.27)
BP o d'ARAGSTHEGURER AR EA M TIOG NIRRT s N ERE
o A RSty g SR I(f, /E) 2 0 12 3 B ACI 318-19 (2019)4
B0 A 5 E RS () UE S 689 MPa -
R AERARTT RERS FRE BR(C) RS RS RE(T)EES T4
55 R (T) > o »0 4G § s Tge, Flptdhe 64 5 F 0 T
ZF=T5+TC—CC=0 (3.28)
PPE S FETR £4 B F o REARR VEERY R FFRA(T RS RIE
F & 2 H0.56,0)3 B RAL (M) 0 403t (3.29)97 1 o B R o Hd R R 4
FEA(FEFEAEE BRI £ ENE L o
M, =T.x (d"—0.58,c) + Ts X (d — 0.58;¢) (3.29)
REETGR 2 Hd SRR (S S E - B RC R 2 el BRI L T4 R
B (Vi) * 4038 (3.30) %757

Vi = =2 (3.30)

B My i RETR 2 AR O s RS E(M,) TR A R R > e 3

ARE w2 ARTEEYE S 4o ] 3.14 T o AT Y BT ORHE R R A e B 222 RC E
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Mew B TR ST 2 Y 8B ()t T 5 Y 5 B (V) 0 2 FlTE 5

%g’_-r" X Yy 3o o f ¥ AR R 5§§(Vflex) ?E? (AR
Vitex = 4 X Vinn St)
FE T ER(319)T #(33L) T T gk 55 A2 A HTHEI] > B 3 H izl 315

AT o

3.23 ).

<iF

% 320 & ¥ 322 8 452 AT R NIRRT 5B Vopear) *
Heu 55 (Voo 15 0 2 BASHRE T 45 E 2 55 % (Voor) 82 BLAHERS > #0552 i

Z_ 38 P Ay

Vssr = min{Vshear ’ Vflex} (3.32)
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Sr ¥ GHHREITERERLSFEINZIHRE

”~

AR E2ZPALHRESTEI L EREELEY P RE @?]*M{a ACI 318-19
(2019) % %+ 44~ Eurocode 2 (2004)i& {71- iz o zo3t % 4.1 & 4 4 5 T ARG TR
Bzazz o TREFHEZFMEFTE W8 42 8%F 178 % 0 8305 43

R = PR SRR
41 RCETRFHB2zE>

B EREA TR FH PR AT FER D BT 6 T - B

P R R R BN - ha SR GED TR B T

-

g
T
5y

P16 @Y A ST RS Qe TS TR Y 411 e Y 412 §4

B A SR o
411 YA 482 TRFTPE

AELEEE T A WAL TETHE P LR v 126 iRa o H 2
PrhmEm fdcded AL St 0 S FEBARRA S 2ETAR(L =
700~3000mm) ~ T 4% £ KEFEE(S, = 640~2500mm) ~ 4 & (h = 45.5~320mm) -
4 5 3 2R R (d = 35~275mm)~ 41 % (b, = 100~355.6mm)~i% 5%+ Fik 35 & (f) =
12.8~119MPa) ~ #4 4 1+ (p, = 0.39~7.38%) ~ /B 4 4k 55 1L (p) = 0~2.17%) ~ 4
55 R4 (f, = 294~695MPa) ¥ 325 35 B & (Viese) * 8 ¥ 4 55 381 H8c(E5) I 5
200000(MPa) » @ %3+ % € R > BRI B HH(E)P4700,/f; (MPa):* & -
Bh o RO Rk (T AR B RIGEE LR E A
ATAHSTRTHE? 22WB 0T A
1. REe T 5 A 40 9f 4 2 TR FE A A _-Flkz A o

2. WEAF A FIAEAEAALET S AT IS g

29

doi:10.6342/NTU202201109



TRz Bin e 4 F 53R Ty A e Cdipk o FA 848352 Lok

BT L AE L ERR

eSS A FAIG S B B TR TREY -

RGP R PR A R 2 T RE T g

FR 2 PR (a/d)F 420 20 d AP EE (a/d) ] ¥~ E T 2 2 e
H-D%¥F 5773 BRF FINF arEmyeRp 3 35y
FORLR ? 2 EH > BRI R E T 4 B He RO -

ARAINZ L w iR L k(roller support)z. T AR > TR w f LAt K

o 4L AT o B AR KD AR 8 gy

4.1.2 "ﬁiﬁi ﬂ&ﬁii-‘fﬁ'ﬁiﬁff}i}i

E 4
9

l“‘b

1\] f""‘;‘f}a‘a"’lﬁﬁiﬂv7l’iﬁp‘}'}§- P\53%?}§%T}19‘9F$"§¥"

B2 kiR it flcde & 42977 o A SRR 0 BT S G S TORTOR A A E

2 IE P ek e R4 4y 5 e % AN (distribution type) ~ B 4 4k 55 (o) ~ T4 4w 6

RS (fye) 2 T4 a5 R EE(s) B ¢ T 4 4 8531 Hd(E) 7 5 200000(MPa) ©

il

Leb o TR Rk (T K A AR T R LRI LR A DR

FEPAGSTRTHE? 230 HEERM A REAT A O TRFTHRE

2 AR BT S B2 A R BERE T RA

2.

3.

TS REANEe Fiodio 222 ok B AfE 0 2B A G
BRTw2 m3 el > woBl 42 BA3 AT @ e el A5 R0 g o
TORGEAR 2T e § - AL & 5N s g i U 31 8 (stinmup) -
dofl 4.4 #6750 F AT 4 gr(shear stud) Rl 3¢ 0 & AR A dr a2 TR U7
TR

FHT S S N AT EY RT A e S L ﬁi%i"ﬂk CF A

T2 FM R AR RPN
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42 A HFEIZHEBERSE

421 ¥4 s K

FHET MmO TRTAHEY 126 23 % AF 7 AT AL B %40
#4397 c AR EFRASGETRERALEL FHEFRE > - EINL L AT
BECRABLTIUAF DL 2T B2 T4 5B Vepear 1) ~ 3 NAK 12 %
T BE2 T A 8K (Venear 1:2) © #7547 2 BB 58 B (Vpiey) > 14 2 BRI (shear=
T4 R~ flexure=3d BURK) > A B fd - 304 5 BB R (Vies) 2 A 17803 A F250
B (Vost)2- v 8 0 F o BV 8 (Vigse/Vssr) ¥ L > Tt 2 B G% 2 2175 % 4p
£ LB BREIE D EVLEAN LFEOREATHERLEEREET S F2 0 E
W L PE s Bl AT IERIEERA R o

G ST HCAEE > FALE N AR IR R TORB M Vs Vesr 2o B 0 % T 4 1
A1l T @R T1HEAVE):E 1055 @ $ B HH(COV)E 0.22; 44
A 12T BUERE > THE(AVG): 098 @ $ B HH(COV)E 022 =7
T4 @A S BAERLE % 4 B4cB] 4.5(0) ~ Bl 4.5(0) 7 o Bl YK 0 5 AR Bk
Ggh G o B AR R B (Viest/Vssr) > 7 AR HCN = % BELE T % %] @ F]AFERIBE &
FAFLIPFT A BUR2Z# M 2 4 FFRIBA LA F 12T 4 pUR2 3248 2
AGFEPIBE N A B UK 2 Y o

Wi rr  HEFTPEZFHSEHLEFFER > ¢ ZRRIARRAR
(f) = 12.8~119MPa) ~ Hew 4 & v (pp = 0.39~7.38%) ~ L % & § »iF B - @
(b./d = 0.7~3.2)22 % piF v (a/d = 2.6~10.6) » 25 2 A HA PV H B LT
ZARREE D MRS E G R - R2ABS o L0t AR 45()° 0 F 89
AR G T4 pUR 37 AR S B B 0 H ¢ 5 05 kR 2 SRR BUR O B
2Bk ERME A LR 450)F 0 F 81 AiEH i T 4 UK 45 AR L e B
B BY 5 87 Rd M PRIBURHG SR L BRGHFPE o Flp o TRERR R
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P4 OBEAF L1 R 2 AT AR R B B THE(AVE) KR T s T
BB 2 SRR { REiTESRS R o d T R AR S R BEE G -
T2 ARBERE B BEE AFUE e T R SRR g R R
BUOh ST RFEHAIRE AR M £ FTHREY T TRFHI R
¥ 2% gk 3 I Tomaszewicz (1993) 5 4% id % 16 2 T TG A LR o s
Beipgl o T2 AFT Y B 2 B YR & R (T4 o B 4.6 5 Tomaszewicz (1993):%
WA A4 e B ﬁi@?‘/g%iftf—%iﬁé PV RE LA NG RT ph2 &4
Bl e 5 2201 27° >/ £126.6°493T o Flpt o ms@*’?%&% RO RV ORRRRA
A AR AL A B 2 R L RS R E L ST KT ¢h > ACI 318-19
(2019)4 45 "~ A% & R 7T £ REKT bz A& B30 2 25° R
FREZZA O LT EAL GPT e o FIREGEEPAE VY L Ar5IE 27 e
AR 2R & B266°0 54 R
E¥iEd S A GAES FY 2@ TR X5 54 & 4 5 Elstner and
Hognestad (1956)z. A-9 ~ A-10 T =248 (% 4.3 ¢ No.17 ~ 18) » 11 2 Regan (1986)
2. WL~ 13~ 1/5 TRz a8 (% 43 ¢ N0.26~28~30) ~ 478 % 4rdk 4.4 #7577 o d 3
AT oA Y B Y 4 SRR @ % 5 iR B (effective slab width) 2
PEEHE o Flot > $0 e A S o BRI G R Y 233 TS ERIERE RS
MY A 47 A F1 T MR SR B AR X e SR R

1 Regan (1986)-T sz I/1 5 6] » $ 44 malx 1l » T @yipr > H3p 5

58 B (Vshear 1:1) = 264.2KN~He ' 38 B (Viey) = 28LAKN 725 38 & (Viesr) » 194.0kN
AOYPRERE 12 2 FE BT 4 3R 5 218.5KN ~ 4 55 B (Vi) 5 270.9KN ~ 325 55 B
(Veest) » 176.0kN » & 2R 2 SRR U A ¢ F4 4y« R 1R S » A F T
R AIEE 20% 0 A GRmREEAT o O S A GRS B LR 4

W BT HS 10% - BEAR P A AT B BT > EIRpAES R Y
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SARF o @ FHIT T b R RO FERNRILR R D B A P FIEZ 45t o M (4s)
o R IERR R RAPT 0 P E SRR R AP 2 AR o

44t Elstner and Hognestad (1956) - Regan (1986)#% o © 3w 4% 55 & ¢ $3b4p 2
FEVARALRY T 2% AL RG RHERMZ AR -FT 8
MR R L A SR 2 B e A AR R AR BB T

AR ZFEPRIEE BRARILPPEIE G ERA T o wi EESE SR Y 2 4B .
422 VA MBLTR

g PA S TORTREEY O BEM o Y A AT Bk
45 t7 o AR LA LEPFEHRL LR RHE KT L LA LAY
Boodmd ATHCAIEE o TR 4 SRR TOREM Vs /Vesr 2 B 0§ T4 1
AEx Ll e T B THEAVGE) S 1020 7 $ B H#(COV) 5 0.07; % T4 1
Ak 125 T B TEAVG)S 0910 @ $ B %#(COV) 5 0.07 - =R 7 F
T4 @A > HIEREE A BicB 4.7() - B 47(0)#7w e

PR EET 7 T4 DA S L1 @I TR R RPETRRE > B T

R

E(AVG)ET 11 @ $5 % 8 BH(COV) » &7 b BibA 5T 5 Fip % o 2

m\

0.Lepteh s TR 2 9 BT Udil > F2RBEE LT 5T s #AY
BT Rl 2 B Ap B o g AR L A A AL TR R 2 BRI
AT A ST D 2 R F P A > B A (2021)F B4 4 8 TR
BPL(E45°¢ No7)z b 44 uaAF Lle ™ @i HIp e T 4 58 & Vinear 1.1)
% 870.3kKN = Bri {5 4p K ie 5 1.16 > P & T 4 4 553248 P2(% 4.3 ¥ No.126)
B d 4 558 5 757.2KN o @ 3248 PL 2 3%8% & (Viese) & 1005.3KN ~ 3248 P2 2 2%
B 18 (Viese) » 823.7KN » & ¥ X g 5 20% » 92 R4 4% 3p K (& #74% = 2 FE R F
5 3 £ 16%4piT - 7~ 22 Lips, Fernandez Ruiz and Muttoni (2012)#& 41 5 4 4 5% 4

ST T T BAT R PN RRB RS xR R REP S EK
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Y AT R A MK B T35 1130 P 5 R 8 (Vigs Vesr) 9 B

-~

s

BREp > TEFRPELHEKELFOERT A SRS 2R T RELDE

B
43 AHFHEIEHE IR

AT A HCA] 0 & £ B ACTH318-19 (2019) ~ g # 4~ Eurocode 2 (2004)
FRZ A ST RBFTRRASET A e AR E AT RE T
- AR T AR ERERTHEFMLHRFLE 0 NF 431 Fig- Ao
ACI 318-19 (2019)*.4= 2 Eurocode 2 (2004)#. 4 2_ & 17 5 % & {7 vt g » 330 % 4.3.2

G E R BT RS R B
431 HueHA2LSHE%

4311 ¥ RREL £ § 44 ACI 318-19 (2019)

4R T A4 G S TOREMTRE > & % ACI 318-19 (2019)4R 45 4 1713 2
Bk Ak 4.6 4T 0 55 B B Ves/Viaci2 T 3E(AVG) & 1.53> @ % B 4 #(COV)
» 025 HAgplg % 4c® 4.8 “1m o BlY Hpho A BE o ShL B RPRVE
(Veest/Vanacr)’ * B RAERAE e % Q7 H W+ FIERIBEN £ T 4 gk 2 3348
= OAFE P BRI A e PR 2 A o

WO AR 2 e 0 B 48 ¢ F 114 AEe S T 4 BR - 12 AEE S e
B 2P 5 116 REMZ RIS R LSRR EHEREEE
BEAPIT o A 0 19958 % B > ACI 318-19 (2019)2h. = KR 9F iR] B2 iR > T
E(AVG)F * g At & 0530 B ¥ 55 Bt & (Viese/Viac))2 B B8 3 B i
2.86 - @ ACI 318-19 (2019)*R =¥t T 4 4w S5 2 T ow » BRI T4 55 R ()2

P AR e AR 211§ 2 2 (21)1 £ (24)4 7
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V.1 = (0.334,24\/f!)bod 2.1)
V., = [0.17 (1 + 3) Asxl\/ﬁ] b,d 2.2)
),1 yNIA ] b,d (2.3)

Ve = min (Vc,lf Vc,Z' VC,3) (2-4)

Ves = [0083(

FEHTHEY LR P4 EIRA 2 R 2% SNQDEH T A .
Fph o G (Q20) ¢ AP T g ACH 318-10 (2019)4 5 3R 1 4k iR 5T

WY 4 AP LR

’“*L—g

oG RAIFRBERE() F R (A)E RS Yo ¥ £
(bo) » H° Tl #75 % LRI T (be)3 F AR (d)ApM o @ $203d 1 £ 2 F
1}% »ACI 318-19 (2019)R §& & A #-p¢ Sl » 4 8 03 5 2 7.8 % B30 1F = 2 k%

PORHT S F LAY FAARL AR R 2RI R REFE AR A

ST EERET = REES E Y ST AN LR A

ﬂ\

B(kd)2 376 > ddpd S R T - B4 g 2 EEF b PR AR (b)L
TEHEERREASRGEFS o T EE L B fracth i L R
Tk 4G T4 gy 2 TR TR > @ % ACI 318-19 (2019)4 45 A 17
WAl 2 5 dodk 47 957 o AW EViee/Vaac THE(AVG): 148 & % 3 1
#(COV) 3 0.16° H 37 iR 5 % 4o ] 4.9 4777 o 30 BUR Y 2 377 » ACI 318-19 (2019)
RAPAG TR BB FFRIRE G EFLRBHREEAAN KA A HTES

B o A58 B 8 (Vigse/Vnacr) 7 X383 5 80 A B A 471031 2 T 351 (AVG)

~

s 5a ¥ FREBCOV) g EA B2 F o

Aoyt BT 4 4 5 fF P ACI318-19 (2019)R.4° 1@ * TR YL F- BT 4 4
5 % e - Bl SR I G EE AN S il 2 e HAEp
B R e ors 3ok A (2021)T 43R P5(4 4.7 ¢ No.9) & 6] ACI 318-19 (2019)
Hodp 2 % R Viest/Viacr » 1710 @ 2 F 3 2 5% B & Viese/Vost 11 &

Viest/Vssr_1:2% % & 1.05 £ 0.94 > 4p+t 2.7 » ACI 318-19 (2019)4. 4% 7p ip] € 24 % 17
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SO EBEEREFFERR AP T T A ATHA] 0 # % § ok B (effective slab
width)Pe 4 » T s s 52T 4 12 F 2B i - SEK > P 303 b T 4
GEFREINT R FHELFRIEE -

# b > ACI 318-19 (2019) 445 %120 F fe b T 4 4 58 2 B fi 4t > 2 T 4 4y 3
IR T s R ()2 R dev e A S 2011 &0 i o md e
i ot XA NS WAY L RRES TS Ry DR WS S EEL D
Ghad o F ARl FRPTE oA s TS e RS
TARBRITHETAYERES v H - LR RIFEIAAGL RIPRER
EHREEE T VEIRE AL AP AT ERETESEFLT

FHF ETA S22 TRBEW PR REEROSITESE -
4.3.1.2 w44 Eurocode 2 (2004)

S E T4 S 2 TRBEM TR > @ % Eurocode 2 (2004)3. 5 A 47 o] 2.
Sdod 4.6 977 o B @ Vs Vg THE(AVG): 139 @ # R 2 #(COV)
5021 HAFRIE S4B 410 17 o BlY K dh i R Bl b R ARIFRDE
(Veest/Vnecz)’ # FAIRHEN e % B ELETH W SLIERIEL R £ T 4 s 2 348
= 2530 P L 1N & e BLHR 2 ZEAH o

RN 2 0 B 410 ¢ 5 121 AR S T4 Bk - 5 R EAE G e
B #0905 121 Bz RRIEREN SR RR SR E 0 FNERSE S
AP > B 2 AT BRTE o A > 13955 % B > Eurocode 2 (2004)
Wi MR E AP RS > THE(AVG)F * L85 A v i 0.39 - » Eurocode 2
(2004)%%%%?@‘—@ R SR éli)i(vn,Ecz)%‘LE A *Végk?}éﬁ%ﬁ

2.1.2 ¥ 2§ (214)55 7

18
k(lOOpng')lﬁ] wd = Vi = [0.035k3/2 £/ uyd (2.14)

Cc

Vn,Ecz =
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FG4(2.14) % 2w g% gy Eurocode 2 (2004) 3R 4 ™ i 4k 85 iR 58 2 TRy
FAARAP AL RFREE T RRL FRR A G RFA(D)SE TRA e ¥
Eo(ug)z oo ¥R 4y 5 F 2 ¥ j*(p) > Eurocode 2 (2004) . = gt S h x4 E o
F¢ ACI 318-19 (2019) R 4= 5m 58 4pvt » ¥ RRLZ DA < 7 2 fwe ¥ - BRE
Eurocode 2 (2004)*. 4~ %4 & 7 #ed 24 4 55 2 ?‘}*k F 2. ACI 318-19 (2019) 4 1

Rt SRR S F DB TRAEG PR TR A RPTRA U ¥ R
PRyRer i 5 (bo) R pciF R (d)4p B 0 iz Eurocode 2 (2004) 45 2 it #7 6 % £ ALix
%&Ev&? %% % b 2dre; @ ACI 318-19 (2019)R 4= 2 Tkt ¥7 6 ¥ & R fi*‘v?ft&&;g“
B ¥R A 2k B FFERAPLA S -

AT F S gk 5@ Eurocode 2 (2004)R = B8 TR R B v AR ik = o et ACH
318-19 (2019)*R. 4% 2 FF ikl % B Fx o 28 @ » Eurocode 2 (2004)3 45 = 54 7= & v i3 %
By Thdf o TEEwFRENDLR AN P4 BRI P
R - R BEEEAL o AR 2T o AP RFES B BB ES

ZE22 PR R EHE TR IR TR EEEON TS o
432 LR FHEHFPRARZEE

PR AFE T E N2 A58 28T 4 5B E4%R AL R % 0 7

7

“~

\\?{y

PRI FRBAE()CRE LR

|
kg

Boo g b o RS B f N R P

RSN KRG i (Aser) > ™ TR S0 (pp)2 § BB TIRE S RS T (kd)
R OF A S (o) E - ER Bl b LT (b) ~ T4 BEE(a) $ 0 ¥
EHTER TR AL BE T AT S ME R SHA S RES FURBAF)
TR S (p) BB AER Y B (b /d)1 R T EIEY (a/d) X R AT E
P4 ACI 318-19 (2019)# & i 4 Eurocode 2 (2004)z #-2) A 474 % 453 £ 71

B EeE R ST MBI o
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4321 Rz FRRER(fL)

ALl ZREIFBRERE()H AT A4S TR RPRE2 R L -R® &
T AT AR BEAH T R AR ' A HhT A A LI AR 12w
Tl PR BRELE Y T SRS D E gjaACI 318-19 (2019)¥
4~ Eurocode 2 (2004)7F fz 5 % Rl 5 = 2 FF4ge gt oh > TR FME Y R AR

A AR 2 AP R A E TR A on AP R P R R ()

W REEBBRRPEL 2 FL 0 T RAIEE { e AR

BA412 2R FBRBER()H T P4 S T Ra RIFREZHFE-RY 7P
PO D 0 AR A AN S AR T R RR G 2 % T RS
5 T30 (AVO) s £z vt > B AB(COV) B it » EERETRIpABE . 2 FR

# ACI 318-19 (2019) fc i -
4322 TR $(py)

Bl 413 5 T St (pp) e g 5 4 s 5 TR RAIERIE2 5B ¢ &or o
LR R G R 2 A 3 AT SRR 0L Mt ) 0.8%FF > 4 R4 RS 2 RLH R
e R BUREFLEREEIT ) D ATERE S RTRDAEEFERFIN o R
foo AR A St 2 248 > ACI 318-19 (2019)*R. 4= &2 Eurocode 2 (2004)*. 4 2 4 4
R FiEWET > H R T 5 ACI 318-19 (2019) 445 i R H-A 85 b hor g o 3t 2
TR ESF AR A TS R L 4T 2 T ; Eurocode 2 (2004) 4R # 822X
it g a2 Y E o Ra HH Bt LiE(pp < 2%) 0 FlEHT R AL
SR FEMZ B RER 0 vy - U] o AP RG] 0 A R EIT L SR
Ea=1 1A BRAMEHECY ST B A AP AT ECR FIA G A 2 b
P R AR A SN RE o ARG ORGSR BRI R g R o

Bl 4.14 5 T 500 (o) ¥ 5 4 a5 TR RIERI 2 BBl 7 P
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241 a3 o TRTHRE

WA EEERSS

No. Spec. ID £ tq h d b, fl pe | pr B d Vet

(mm) | (mm) | (mm) | (mm) | (mm) | (MPa) | (%) | (%) |(MPa)| (kN)

Elstner and Hognestad (1956)
1 A-la 1829 | 1778 | 152 | 118 | 254 | 14.1 | 1.20 | 059 | 332 | 302.5
2 A-1b 1829 | 1778 | 152 | 118 | 254 | 25.2 | 1.20 | 0.59 | 332 | 364.8
3 A-1c 1829 | 1778 | 152 | 118 | 254 | 29.0 | 1.20 | 0.59 | 332 | 355.9
4 A-1d 1829 | 1778 | 152 | 118 | 254 | 36.8 | 1.20 | 0.59 | 332 | 3514
5 A-le 1829 | 1778 | 152 | 118 | 254 | 20.3 | 1.20 | 0.59 | 332 | 355.9
6 A-2a 1829 | 1778 | 152 | 114 | 254 | 13.7 | 241 | 1.10 | 321 | 333.6
7 A-2b 1829 | 1778 | 152 | 114 | 254 | 195 | 2.41 | 1.10 | 321 | 400.3
8 A-2c 1829 | 1778 | 152 | 114 | 254 | 374 | 2.41|1.10 | 321 | 467.1
9 A-7b 1829 | 1778 | 152 | 114 | 254 | 279 | 2.41|1.10| 321 | 5115
10 A-3a 1829 | 1778 | 152 | 114 | 254 | 128 | 3.76 | 1.10 | 321 | 355.9
11 A-3b 1829 | 1778 | 152 | 114 | 254 | 22.6 | 3.76 | 1.10 | 321 | 444.8
12 A-3c 1829 | 1778 | 152 | 114 | 254 | 26.5 | 3.76 | 1.10 | 321 | 533.8
13 A-3d 1829 | 1778 | 152 | 114 | 254 | 345 | 3.76 | 1.10 | 321 | 547.1
14 A-4 1829 | 1778 | 152 | 118 | 356 | 26.1 | 1.20 | 0.59 | 332 | 400.3
15 A-5 1829 | 1778 | 152 | 114 | 356 | 27.8 | 241 | 1.10 | 321 | 533.8
16 A-6 1829 | 1778 | 152 | 114 | 356 | 25.0 | 3.76 | 1.10 | 321 | 498.2
*17 A-9 1829 | 1778 | 152 | 114 | 254 | 29.9 | 2.15 | 1.10 | 321 | 444.8
*18 A-10 1829 | 1778 | 152 | 114 | 356 | 29.7 | 2.15|1.10 | 321 | 489.3
19 A-13 1829 | 1778 | 152 | 121 | 356 | 26.2 | 0.57 | 0.29 | 294 | 235.8
20 B-1 1829 | 1778 | 152 | 114 | 254 | 142 [ 048 | - 324 | 178.4
21 B-2 1829 | 1778 | 152 | 114 | 254 | 476 [ 048 | - 321 | 200.2
22 B-4 1829 | 1778 | 152 | 114 | 254 | 47.7 [ 095 | - 303 | 333.6
23 B-9 1829 | 1778 | 152 | 114 | 254 | 439 [2.04| - 341 | 504.9
24 B-11 1829 | 1778 | 152 | 114 | 254 | 135 [2.95| - 409 | 329.2
25 B-14 1829 | 1778 | 152 | 114 | 254 | 50.5 | 2.95 - 325 | 578.3
Regan (1986)
*26 I/1 2000 (1830 | 100 | 77 | 200 | 25.8 | 1.20 | - 500 | 194.0
27 1/2 2000 (1830 | 100 | 77 | 200 | 234 | 120 | - 500 | 176.0
*28 I/3 2000 (1830 | 100 | 77 | 200 | 274 | 092 | - 500 | 194.0
29 1/4 2000 (1830 | 100 | 77 | 200 | 32.3 | 092 | - 500 | 194.0
*30 1/5 2000 (1830 | 100 | 79 | 200 | 28.2 | 0.75| - 480 | 165.0
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3041 BT BT R FORE(H)

WA EEERSS
No. Spec. ID £ tq h d b, fl pe | pr B d Vet
(mm) | (mm) | (mm) | (mm) | (mm) | (MPa) | (%) | (%) |(MPa)| (kN)
Regan (1986)

31 1/6 2000 (1830 | 100 | 79 | 200 | 21.9 | 0.75| - 480 | 165.0
32 V/4 1600 | 1500 | 150 | 118 | 102 | 36.2 [ 0.78 | - 628 | 285.0
Rankin and Long (1987)

33 1 700 | 640 | 51 | 41 | 100 | 30.7 | 050 | - 530 | 36.4
34 2 700 | 640 | 51 | 41 | 100 | 30.7 |0.70 | - 530 | 49.1
35 3 700 | 640 | 51 | 41 | 100 | 30.7 |0.70 | - 530 | 56.6
36 4 700 | 640 | 51 | 41 | 100 | 34.8 |0.80 | - 530 | 56.2
37 5 700 | 640 | 51 | 41 | 100 | 34.8 |0.80 | - 530 | 57.3
38 6 700 | 640 | 51 | 41 | 100 | 34.8 |1.00 | - 530 | 65.6
39 7 700 | 640 | 51 | 41 | 100 | 29.7 |1.20 | - 530 | 70.9
40 8 700 | 640 | 51 | 41 | 100 | 29.7 |1.20 | - 530 | 71.1
41 9 700 | 640 | 51 | 41 | 100 | 29.7 | 140 | - 530 | 78.6
42 10 700 | 640 | 51 | 41 | 100 | 29.9 | 050 | - 530 | 43.6
43 11 700 | 640 | 51 | 41 | 100 | 299 |0.80 | - 530 | 55.0
44 12 700 | 640 | 51 | 41 | 100 | 29.9 |1.00 | - 530 | 67.1
45 13 700 | 640 | 51 | 41 | 100 | 34.0 |0.70 | - 530 | 494
46 14 700 | 640 | 51 | 41 | 100 | 34.0 |0.70 | - 530 | 525
47 15 700 | 640 | 51 | 41 | 100 | 34.0 |1.99 | - 530 | 84.8
48 1A 700 | 640 | 57 | 47 | 100 | 28.8 | 043 | - 530 | 45.2
49 2A 700 | 640 | 57 | 47 | 100 | 28.8 | 0.69 | - 530 | 66.2
50 3A 700 | 640 | 57 | 47 | 100 | 28.8 |1.22 | - 530 | 89.7
51 4A 700 | 640 | 57 | 47 | 100 | 309 |1.91| - 530 | 974
52 1B 700 | 640 | 46 | 35 | 100 | 37.7 | 058 | - 530 | 289
53 2B 700 | 640 | 46 | 35 | 100 | 37.7 | 0.69 | - 530 | 37.6
54 3B 700 | 640 | 46 | 35 | 100 | 37.7 |1.38 | - 530 | 56.7
55 4B 700 | 640 | 46 | 35 | 100 | 309 | 2.08 | - 530 | 725
56 1C 700 | 640 | 64 | 54 | 100 | 27.8 | 053 | - 530 | 62.7
57 2C 700 | 640 | 64 | 54 | 100 | 324 |0.75 | - 530 | 87.9
58 3C 700 | 640 | 64 | 54 | 100 | 324 | 121 | - 530 | 124.1
59 4C 700 | 640 | 64 | 54 | 100 | 27.8 |1.96 | - 530 | 125.9
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3041 BT BT R FORE(H)

WA EE RS

No. Spec. ID v | 4y h d b, fl pe | pr B d Vet

(mm) | (mm) | (mm) | (mm) | (mm) | (MPa) | (%) | (%) |(MPa)| (kN)

Marzouk and Hussein (1991)
60 NS1 1700 [ 1500 | 120 | 95 | 150 | 42.0 | 1.07 | 0.24 | 490 | 320.0
61 HS1 1700 [ 1500 | 120 | 95 | 150 | 67.0 | 0.39 | 0.24 | 490 | 178.0
62 HS2 1700 [ 1500 | 120 | 95 | 150 | 70.0 | 0.63 | 0.24 | 490 | 249.0
63 HS7 1700 [ 1500 | 120 | 95 | 150 | 74.0 | 0.88 | 0.24 | 490 | 356.0
64 HS3 1700 [ 1500 | 120 | 95 | 150 | 69.0 | 1.07 | 0.24 | 490 | 356.0
65 HS4 1700 | 1500 | 120 | 90 | 150 | 66.0 | 1.96 | 0.26 | 490 | 418.0
66 NS2 1700 | 1500 | 150 | 120 | 150 | 30.0 | 0.50 | 0.19 | 490 | 396.0
67 HS5 1700 | 1500 | 150 | 95 | 150 | 68.0 | 0.63 | 0.24 | 490 | 365.0
68 HS6 1700 | 1500 | 150 | 120 | 150 | 70.0 | 0.50 | 0.19 | 490 | 489.0
69 HS8 1700 | 1500 | 150 | 120 | 150 | 69.0 | 0.95| 0.19 | 490 | 436.0
70 HS9 1700 | 1500 | 150 | 120 | 150 | 74.0 | 1.39 | 0.19 | 490 | 543.0
71 HS10 1700 | 1500 | 150 | 120 | 150 | 80.0 | 1.91 | 0.19 | 490 | 645.0
72 HS11 1700 {1500 | 90 | 70 | 150 | 70.0 | 0.73 | 0.33 | 490 | 196.0
73 HS12 1700 {1500 | 90 | 70 | 150 | 75.0 | 1.12 | 0.33 | 490 | 258.0
74 HS13 1700 {1500 | 90 | 70 | 150 | 68.0 | 1.45| 0.33 | 490 | 267.0
75 HS14 1700 | 1500 | 120 | 95 | 220 | 72.0 | 1.07 | 0.24 | 490 | 498.0
76 HS15 1700 | 1500 | 120 | 95 | 300 | 71.0 | 1.07 | 0.24 | 490 | 560.0
Tomaszewicz (1993)
77 ND65-1-1 | 3000 | 2500 | 320 | 275 | 200 | 64.3 | 1.19 | - 550 |2050.0
78 ND65-2-1 | 2600|2200 | 240 | 200 | 150 | 70.2 | 145 | - 550 |1200.0
79 ND95-1-1 | 3000|2500 | 320 | 275 | 200 | 83.7 | 1.19 | - 550 |2250.0
80 ND95-1-3 | 3000 | 2500 | 320 | 275 | 200 | 89.9 | 2.08 | - 550 |2400.0
81 ND95-2-1 | 2600|2200 | 240 | 200 | 150 | 88.2 | 145 | - 550 |1100.0
82 | ND95-2-1D | 2600 | 2200 | 240 | 200 | 150 | 86.7 | 1.45| 1.45| 550 |1300.0
83 ND95-2-3 | 2600 | 2200 | 240 | 200 | 150 | 89.5 | 2.17 | - 550 |1450.0
84 | ND95-2-3D | 2600 | 2200 | 240 | 200 | 150 | 80.3 | 2.17 | 2.17 | 550 |1250.0
85 |ND95-2-3D+| 2600 | 2200 | 240 | 200 | 150 | 98.0 | 2.17 | 2.17 | 550 |1450.0
86 ND95-3-1 | 1500|1100 | 120 | 88 | 100 | 85.1 | 1.20 | - 550 | 330.0
87 ND115-1-1 | 3000|2500 | 320 | 275 | 200 | 112.0 | 1.19 | - 550 |2450.0
88 ND115-2-1 | 2600|2200 | 240 | 200 | 150 | 119.0 | 1.45| - 550 |1400.0
89 ND115-2-3 | 2600 | 2200 | 240 | 200 | 150 | 108.1 | 2.17 | - 550 |1550.0
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3041 BT BT R FORE(H)

A EE RS

No. Spec. ID £ tq h d b, fl pe | po | fy | Viest

(mm) | (mm) | (mm) | (mm) | (mm) | (MPa) | (%) | (%) | (MPa)| (kN)

HREE 0 FR4ciz o He 1A (1996)
90 3 1200 | 850 | 120 | 76 | 150 | 55.6 | 7.38 | - 321 | 449.0
91 4 1200 | 850 | 120 | 76 | 150 | 719 | 7.38| - 321 | 515.0
92 29 1200 | 850 | 150 | 112 | 150 | 369 | 1.09 | - 529 | 521.0
93 30 1200 | 850 | 150 | 112 | 150 | 70.1 | 1.09 | - 529 | 685.0
94 31 1200 | 850 | 150 | 112 | 150 | 43.0 | 1.09 | - 529 | 532.0
95 32 1200 | 850 | 150 | 112 | 150 | 82.6 | 1.09 | - 529 | 695.0
96 33 1200 | 850 | 150 | 112 | 150 | 46.3 | 1.09 | - 529 | 549.0
97 34 1200 | 850 | 150 | 112 | 150 | 80.8 | 1.09 | - 529 | 639.0
98 35 1200 | 850 | 150 | 115 | 150 | 814 | 1.33| - 529 | 697.0
99 36 1200 | 850 | 150 | 115 | 150 | 81.8 | 1.33 | - 529 | 693.0
100 43 1200 | 850 | 150 | 115 | 250 | 89.6 | 1.33 | - 529 | 738.0
101 44 1200 | 850 | 150 | 115 | 250 | 68.3 | 1.33 | - 529 | 601.0
102 45 1200 | 850 | 150 | 115 | 150 | 855 | 3.05| - 321 | 695.0
103 46 1200 | 850 | 150 | 115 | 150 | 58.8 | 3.05| - 321 | 656.0
104 53 1200 | 850 | 120 | 85 | 120 | 57.7 |4.12| - 321 | 470.0
105 54 1200 | 850 | 120 | 85 | 120 | 459 |4.12| - 321 | 446.0
106 55 1200 | 850 | 150 | 110 | 150 | 834 |2.12| - 321 | 691.0
107 56 1200 | 850 | 150 | 110 | 150 | 70.2 | 2.12 | - 321 | 590.0
108 63 1200 | 850 | 150 | 110 | 250 | 80.7 |2.12 | - 321 | 888.0
109 64 1200 | 850 | 150 | 110 | 250 | 72.7 |2.12| - 321 | 792.0
Oliveira et al. (2000)

110 1 1800 | 1392 | 130 | 93 | 120 | 60.9 | 1.47 | 0.22 | 695 | 270.0
111 2 1800 | 1392 | 130 | 97 | 120 | 62.9 | 1.41|0.21| 695 | 335.0
FotE FE (2000)

112 |CSR1-C1-F0Oa| 1000 | 840 | 100 | 70 | 150 | 18.2 | 049 | - 500 | 113.7
113 |CSR1-C1-FOb| 1000 | 840 | 100 | 70 | 150 | 18.2 | 049 | - 500 | 123.6
114 |CSR1-C2-F0Oa| 1000 | 840 | 100 | 70 | 150 | 27.6 | 049 | - 500 | 136.8
115 |CSR1-C2-FOb| 1000 | 840 | 100 | 70 | 150 | 27.6 | 049 | - 500 | 1225
116 |CSR2-C1-F0Oa|1000| 840 | 100 | 70 | 150 | 18.2 | 098 | - 500 | 145.9
117 |CSR2-C1-FOb| 1000 | 840 | 100 | 70 | 150 | 18.2 | 0.98 | - 500 | 159.1
118 |CSR2-C2-F0a| 1000 | 840 | 100 | 70 | 150 | 27.6 | 098 | - 500 | 176.1
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3041 BT BT R FORE(H)

WA EEERSS

No. Spec. ID £ tq h d b, f) pe | Py B d Vet
(mm) | (mm) | (mm) | (mm) | (mm) | (MPa) | (%) | (%) |(MPa)| (kN)
FFiz4 (2013)
119 | TS-R1-C1-0 | 1800|1380 | 120 | 87 | 180 | 32.5 | 0.65|0.18 | 435 | 216.0
120 | TS-R2-C1-0 | 1800 | 1380 | 120 | 87 | 180 | 32,5 | 0.97 | 0.18 | 435 | 260.0
121 | TS-R1-C2-0 | 1800 | 1380 | 120 | 87 | 180 | 58.5 | 0.65 | 0.18 | 435 | 266.0
122 | TS-R2-C2-0 | 1800 | 1380 | 120 | 87 | 180 | 58.5 | 0.97 | 0.18 | 435 | 307.0
123 | CS-R1-C1-0 | 1220|1080 | 120 | 87 | 180 | 325 | 0.95 | 0.27 | 435 | 222.0
124 | CS-R2-C2-0 | 1220|1080 | 120 | 87 | 180 | 58.5 | 1.43 | 0.27 | 435 | 482.0
Hassan et al. (2017)

125 S1-1 1700 | 1650 | 160 | 130 | 200 | 28.4 | 1.27 | 0.49 | 409 | 366.8
5% 7. (2021)
126 P2 1800 | 1450 | 200 | 154 | 200 | 38.3 | 1.72 | 0.62 | 472 | 823.7

1 *RAFd A GRS B Y 2380 B3 58t (p)B~ T4 T o

2. Py R A EMER S
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%42 3 FA S TERTHE

ELEE S ke R

Spec. -
No. D ¢ | bq | h | d | be| f | pe | po | fy | Stirrup | p; i S| Viest

(mm){(mm){(mm)|(mm)|(mm)|{(MPa)| (%) | (%) |(MPa)|Dist.type| (%) |(MPa) |(mm)| (kN)
Oliveira et al. (2000)
1 | 3V |1800(1392| 130 | 105 | 120 | 63.0 | 1.30 | 0.20 | 575 | Beam | 0.08 | 900 | 80 |386.0
2 | 4V |1800(1392| 130 | 103 | 120 | 66.4 | 1.32 | 0.20 | 575 | Beam | 0.13 | 643 | 80 |377.0
3 | 5V |1800(1392| 130 | 103 | 120 | 61.5| 1.32 | 0.20 | 575 | Beam | 0.13 | 643 | 80 |423.0
Hassan et al. (2017)
4 [S1-2|1700(1650| 160 | 130 | 200 | 28.4 | 1.27 | 0.49 | 409 | Beam | 0.21 | 280 | 65 |470.2
S1-3/1700|1650| 160 | 130 | 200 | 20.4 | 1.27 | 0.49 | 409 | Beam | 0.21 | 280 | 65 |412.7
6 |S1-4|/1700|1650| 160 | 130 | 200 | 28.4 | 1.27 | 0.49 | 409 | Beam | 0.21 | 280 | 65 |530.0
I A (2021)
7 | P1 |1800(1450| 200 | 154 | 200 | 37.7 | 1.72 | 0.62 | 472 | Beam | 0.26 | 385 | 70 |1005.3
8 | P3 |1800(1450| 160 | 117 | 200 | 38.3 | 1.68 | 0.95 | 451 | Beam | 0.31 | 385 | 60 |677.8
9 | P5 |{1800(1450| 200 | 154 | 200 | 44.7 | 1.72 | 0.62 | 472 | Uniform | 0.60 | 385 | 70 |1157.0

30§ 4 4w 5 pe B A Y (Distribution type) 4 E ip g & 2 w42 % fie ¥ (Beam type) o

YR 323 Ao BT k2 353 Fe ¥ (Uniform type) -
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243 AL AR AT 0T R T AL L R

TR S FE%RE rEG TR
No. Spec. fé | pe | Po | Veest |Vsnear 1:1|Vshear 1:2| Vriex |Failure|Failure|Viose/Vssr
ID |a/d |b./d Mode | Mode [slope|slope
(MPa) | (%) | (%) |(kN)| (kN) | (kN) | (kN)
(1:1) | (1:2) | 1:1] 12
Elstner and Hognestad (1956)
1 | Ala| 65|22 ]| 141 | 1.20 | 0.59 (3025 264.1 289.0 | 433.5 | shear | shear |1.15|1.05
2 |Alb| 65| 22| 252 | 1.20 | 0.59 |364.8| 428.9 465.4 | 467.8 | shear | shear |0.85]0.78
3 | Alc| 65|22 | 29.0 | 1.20 | 0.59 |355.9| 481.3 521.2 | 476.9 |flexure|flexure|0.75|0.75
4 | A-ld| 65| 22 | 36.8 | 1.20 | 0.59 |351.4| 584.9 631.3 | 492.2 |flexure|flexure|0.71/0.71
5 | Ale| 65 | 22 | 20.3 | 1.20 | 0.59 |355.9| 357.9 389.6 | 452.8 | shear | shear [0.99]0.91
6 | A-2a | 6.7 | 22 | 13.7 | 241 | 1.10 |333.6| 307.4 | 343.8 | 720.8 | shear | shear |1.09|0.97
7 | A2b| 6.7 | 22 | 195 | 241 | 1.10 |400.3| 418.3 465.0 | 753.4 | shear | shear |0.96|0.86
8 | A2c| 6.7 | 22 | 374 | 241 | 1.10 |467.1| 728.6 801.3 | 822.7 | shear | shear |0.64|0.58
9 |A-7Tb| 6.7 | 22 | 27.9 | 241 | 1.10 |511.5| 568.3 628.0 | 790.3 | shear | shear [0.90|0.81
10 | A-3a| 6.7 | 22 | 128 | 3.76 | 1.10 |355.9| 3225 366.7 | 850.8 | shear | shear |1.10|0.97
11 | A-3b | 6.7 | 22 | 22.6 | 3.76 | 1.10 |444.8| 534.7 601.9 |1108.9| shear | shear [0.83|0.74
12 | A-3c | 6.7 | 22 | 26,5 | 3.76 | 1.10 |533.8| 615.1 690.4 |1139.1| shear | shear |0.87|0.77
13 | A-3d | 6.7 | 22 | 345 | 3.76 | 1.10 |547.1| 773.2 864.0 |1188.8| shear | shear |0.71/0.63
14 | A4 | 6.0 | 3.0 | 26.1 | 1.20 | 0.59 |400.3| 556.6 590.0 | 503.6 |flexure|flexure|0.790.79
15 | A5 | 62 | 31| 278 | 241 | 1.10 |533.8| 717.3 771.6 | 846.1 | shear | shear |0.74|0.69
16 | A6 | 6.2 | 3.1 | 25.0 | 3.76 | 1.10 |498.2| 743.7 810.6 |1208.7 | shear | shear |0.67|0.61
*17 | A9 | 6.7 | 22 | 29.9 (212) 1.10 |444.8| 652.0 726.4 | 728.2 | shear | shear |0.68|0.61
*18 | A-10 | 6.2 | 3.1 | 29.7 (2;2) 1.10 |489.3| 802.5 866.6 | 778.9 |flexure|flexure|0.63|0.63
19 | A-13 | 59| 29 | 26.2 | 057 | 0.29 |235.8| 433.2 452.9 | 253.9 |flexure|flexure|0.93|0.93
20 | B-1 | 67|22 | 142 | 048 | - |1784| 186.2 198.5 | 179.1 |flexure|flexure|1.00|1.00
21 | B2 | 67|22 | 476 | 048 | - |200.2| 456.4 | 480.0 | 185.9 |flexure|flexure|1.08|1.08
22 | B4 | 67|22 | 477 |095| - |333.6/ 598.6 639.1 | 339.0 |flexure|flexure|0.98|0.98
23 | B9 | 67|22 | 439 | 204 | - |504.9| 766.8 836.9 | 768.8 | shear |flexure|0.66 |0.66
24 | B-11 | 6.7 | 22 | 135 | 295 | - [329.2| 320.8 361.3 | 593.4 | shear | shear |1.03]0.91
25 | B-14 | 6.7 | 22 | 505 | 295 | - |578.3] 905.4 997.3 [1040.0| shear | shear |0.64|0.58
Regan (1986)
*26 | 1/1 |106| 2.6 | 25.8 (152) - |194.0| 264.2 288.0 | 281.4 | shear |flexure|0.73|0.69
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243 AE T AR ET 4 S TORTRE RS % ()

TR S FE%RE rEG TR
No. Spec. fé | pe | Po | Veest |Vsnear 1:1|Vshear 1:2| Vriex |Failure|Failure|Viose/Vssr
ID |a/d |b./d Mode | Mode [slope|slope
(MPa) | (%) | (%) |(kN)| (kN) | (kN) | (kN)
(1:1) | (1:2) | 1:1] 12
Regan (1986)
27 /2 [106| 26 | 234 | 120 | - |176.0] 2185 236.1 | 270.9 | shear | shear |0.81|0.75
*28 | 1/3 |106| 26 | 274 (SZZ) - [194.0| 254.8 275.3 | 225.2 |flexure|flexure|0.86|0.86
29 /4 |106| 26 | 323 | 092 | - |194.0/ 260.1 278.0 | 223.9 |flexure|flexure|0.87 |0.87
*30 | I/5 |103| 25 | 282 (2(7)2) - |165.0| 251.2 270.3 | 190.6 |flexure|flexure|0.87|0.87
31 I/l6 |103| 25 | 219 | 0.75| - |165.0] 180.6 193.2 | 181.7 | shear |flexure|0.91|0.91
32 | V/4 | 59|09 | 362 |078| - 2850 2745 315.3 | 538.1 | shear | shear |1.04|0.90
Rankin and Long (1987)
33 1 6.7 | 25| 307 | 050 | - |36.4| 492 51.8 39.0 |flexure|flexure|0.93{0.93
34 2 6.7 | 25| 307 |0.70 | - |49.1]| 56.1 59.6 53.5 |flexure|flexure|0.92(0.92
35 3 6.7 | 25| 307 |0.70| - |56.6| 56.1 59.6 53.5 |flexure|flexure|1.06 | 1.06
36 4 6.7 | 25| 348 |080| - |56.2| 653 69.4 61.1 |flexure|flexure|0.92(0.92
37 5 6.7 | 25| 348 |080| - |57.3| 653 69.4 61.1 |flexure|flexure|0.94|0.94
38 6 6.7 | 25| 348 | 1.00| - |656]| 71.0 75.9 74.9 | shear |flexure|0.92|0.88
39 7 6.7 | 25| 29.7 | 1.20| - |709| 66.5 71.6 86.2 | shear | shear [1.07|0.99
40 8 6.7 | 25| 29.7 | 120| - |711| 665 71.6 86.2 | shear | shear [1.07|0.99
41 9 6.7 | 25| 297 |140| - |786]| 702 75.8 98.2 | shear | shear [1.12]1.04
42 10 | 67 25| 299 |050| - |436| 481 50.7 39.0 |flexure|flexure|1.12|1.12
43 11 | 6.7 | 25| 299 [ 080 | - |550| 5738 61.5 60.3 | shear |flexure|0.95(0.91
44 12 | 67 | 25| 299 |100| - |[67.1| 628 67.2 73.7 | shear | shear |1.07 [1.00
45 13 | 67 |25 | 340 |070| - [494| 609 64.6 53.9 |flexure|flexure|0.92(0.92
46 14 | 67 | 25| 340 |070| - |[525| 60.9 64.6 53.9 |flexure|flexure|0.97 [0.97
47 15 | 67 |25 ] 340 |199| - |848| 884 96.2 | 134.3 | shear | shear |0.96|0.88
48 | 1A | 58 | 22| 288 |043| - |452| 511 54.0 45.0 |flexure|flexure|1.00 | 1.00
49 | 2A | 58| 22| 288 |069| - |66.2| 616 65.9 69.8 | shear | shear |1.07[1.01
50 3A | 58|22 | 288 | 122 - |89.7| 758 82.3 114.7 | shear | shear |1.18|1.09
510 | 4A | 58| 22| 309 |191| - |974]| 936 102.8 | 167.6 | shear | shear |1.04|0.95
52 1B | 7.7 |29 | 377 |058 | - |289| 526 55.2 33.8 |flexure|flexure|0.85(0.85
53 2B | 7.7 | 29| 37.7 | 0.69 - |376| 565 59.5 40.2 |flexure|flexure|0.94|0.94
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243 AT AFTRAHET 4 4 85 TR TORE 2 RS 5 (5)

TE PSR SSE AT A%
fc, Py pé Vtest Vshear_l:l Vshear_l:z Vflex Fa”ure Fa”ure Vtest/VSST
No. | Spec. ID

a/d|b./d Mode | Mode |slop | slop

(MPa) | (%) | (%) | (kN)| (kN) (kN) | (kN)
(1:1) | (1:2) |lel:1lel:2

Rankin and Long (1987)

54 3B 77129 | 377 |138| - |56.7| 729 77.9 75.5 | shear [flexure|0.78(0.75
55 4B 77129 | 309 [208| - |[725| 704 76.2 101.1 | shear | shear {1.03|0.95
56 1C 50| 19| 278 |053| - |627| 626 66.9 71.5 | shear | shear |1.00[0.94
57 2C 50| 19| 324 |0.75| - |87.9| 814 87.7 100.7 | shear | shear {1.08|1.00
58 3C 50| 19| 324 |121| - |1241| 972 106.1 | 153.6 | shear | shear |1.28|1.17
59 4C 50| 19| 278 |196| - [1259| 101.1 112.4 | 220.3 | shear | shear |1.25]1.12

Marzouk and Hussein (1991)

60 NS1 |7.1]| 16 | 420 [1.07|0.24|320.0| 336.2 370.4 | 392.9 | shear | shear |0.95|0.86

61 HS1 |7.1]| 16 | 67.0 {0.39|0.24|178.0| 257.0 273.4 | 171.3 |flexure|flexure|1.04|1.04

62 HS2 |7.1]| 16 | 70.0 [0.63|0.24|249.0f 3195 343.9 | 261.3 |flexure|flexure|0.95|0.95

63 HS7 |7.1]| 16 | 740 [0.88|0.24|356.0f 370.6 402.2 | 350.1 |flexure|flexure|1.02|1.02

64 HS3 |7.1]| 16 | 69.0 [1.07|0.24|356.0f 392.4 428.9 | 414.0 | shear |flexure[0.91|0.86

65 HS4 | 75| 1.7 | 66.0 |1.96 |0.26 |418.0 454.4 505.4 | 637.2 | shear | shear |0.92|0.83

66 NS2 |56| 1.3 | 30.0 |0.50|0.19 [396.0| 248.2 272.1 | 312.2 | shear | shear |1.60|1.46

67 HSS |7.1| 16 | 68.0 |0.63|0.24 |365.0{ 316.7 341.1 | 291.1 |flexure|flexure|1.25|1.25

68 HS6 56| 1.3 | 70.0 {0.50|0.19|489.0f 373.1 403.9 331.7 |flexurel|flexure|1.47|1.47

69 HS8 |56| 1.3 | 69.0 |0.95|0.19 |436.0 485.6 536.2 | 591.4 | shear | shear |0.90|0.81

70 HS9 |56| 1.3 | 740 |1.39|0.19 |543.0{ 574.3 641.6 | 830.7 | shear | shear |0.95|0.85

71 HS10 |56| 1.3 | 80.0 |1.91|0.19|645.0{ 662.6 747.9 |1115.9| shear | shear |0.97|0.86

72 HS11 96| 21 | 70.0 |0.73|0.33 |196.0] 243.3 258.9 | 165.3 |flexure|flexure|1.19|1.19

73 HS12 (96| 21 | 75.0 |1.12|0.33|258.0f 293.9 316.0 | 240.7 |flexure|flexure|1.07|1.07

74 HS13 (96| 21 | 68.0 |1.45|0.33|267.0 313.0 339.3 | 295.8 |flexure|flexure|0.90|0.90

75 HS14 |6.7| 23 | 72.0 |1.07|0.24 |498.0| 506.8 538.6 | 438.8 |flexure|flexure|1.13|1.13

76 HS15 [6.3| 3.2 | 71.0 |1.07|0.24 |1560.0| 624.1 652.4 | 467.3 |flexure|flexure|1.20|1.20

Tomaszewicz (1993)

77 |ND65-1-1{4.2| 0.7 | 643 |119| - |2050| 1845.7 2145.1 [4046.3| shear | shear |1.11|0.96

78 |ND65-2-1/5.1| 08 | 70.2 |145| - [1200| 1169.7 1373.6 |2555.7| shear | shear |1.03|0.87

79 |[ND95-1-1/4.2| 0.7 | 83.7 |1.19| - [2250| 1995.9 | 2306.8 [4106.1| shear | shear |1.13|0.98

80 |ND95-1-3|4.2| 0.7 | 89.9 |2.08| - |2400| 2544.1 | 3008.4 |6967.6| shear | shear |{0.94|0.80

81 |ND95-2-1|5.1| 0.8 | 882 |1.45| - |1100| 12544 | 1465.6 |2593.0| shear | shear |{0.88|0.75
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243 AT AFTRAHET 4 4 85 TR TORE 2 RS 5 (5)

& PHERE%RY AEG AR
No.| Spec. ID f¢ | pe | Pr |Viest |Vshear 1:1|Vshear 1:2| Vriex |Failure|Failure| Viose/Vssr
a/d |b./d Mode | Mode |slope |slope
(MPa) | (%) | (%) | (kN) | (kN) | (kN) | (kN)
(1:1) | 1:2) | 11| 12
Tomaszewicz (1993)
82 | ND95-2-1D | 5.1 | 0.8 | 86.7 [1.45/1.45/1300| 1247.9 | 1458.5 |2614.2|shear| shear |1.04 |0.89
83| ND95-2-3 | 5.1 | 0.8 | 89.5 (2.17| - |[1450| 1468.9 | 1747.6 |3785.0|shear| shear |0.99|0.83
84 | ND95-2-3D | 5.1 | 0.8 | 80.3 [2.17(2.17|1250| 1418.9 | 1692.5 |3676.0|shear| shear |0.88|0.74
85 IND95-2-3D+| 5.1 | 0.8 | 98.0 [2.17|2.17|1450| 1511.7 | 1794.7 |3739.9|shear| shear |0.96 | 0.81
86 | ND95-3-1 | 5.7 | 1.1 | 85.1 [1.20| - | 330 | 288.7 | 3229 |429.1 |shear| shear |1.14|1.02
87 | ND115-1-1 | 4.2 | 0.7 | 112.0 {1.19| - |[2450| 2173.6 | 2497.5 |4156.1|shear| shear |1.13|0.98
88 | ND115-2-1 | 5.1 | 0.8 | 119.0 (1.45| - |[1400| 1373.3 | 1594.1 |2630.7 |shear| shear |1.02|0.88
89 | ND115-2-3 | 5.1 | 0.8 | 108.1 [2.17| - |[1550| 1559.3 | 1846.9 |3840.6|shear| shear |0.99|0.84
HRE & FR4xiz 0 HRE A (1996)
90 3 46 | 2.0 | 55.6 |7.38| - |449.0| 462.8 | 527.5 |912.6 |shear| shear |0.97 |0.85
91 4 46 | 20| 719 |7.38| - |515.0f 509.5 | 578.0 [1072.0|shear| shear |1.01 |0.89
92 29 31|13 369 [1.09] - |521.0f 3154 | 347.3 | 637.6 |shear| shear |1.65|1.50
93 30 31|13 | 70.1 |1.09] - [685.0/ 405.0 | 4415 |668.1 |shear| shear |1.69 |1.55
94 31 31| 13| 43.0 |1.09] - |532.0/ 350.2 | 384.7 | 646.7 |shear| shear |1.52|1.38
95 32 31| 13| 826 [1.09] - [695.0] 425.0 | 462.1 | 673.3 |shear| shear |1.64 |1.50
96 33 31| 13| 46.3 |1.09] - [549.0/ 358.1 | 392.9 |650.7 |shear| shear |1.53|1.40
97 34 31| 13| 80.8 [1.09| - [639.0] 422.2 | 459.3 | 672.6 |shear| shear |1.51|1.39
98 35 30| 13| 814 |1.33] - [697.0] 472.3 | 517.6 | 855.4 |shear| shear |1.48|1.35
99 36 30| 13| 81.8 |1.33] - [693.0/ 473.0 | 518.3 | 855.7 |shear| shear |1.47|1.34
100 43 26 | 22 | 89.6 |1.33| - |738.0/ 686.8 | 726.7 |1002.9|shear| shear |1.07 | 1.02
101 44 26 | 22 | 68.3 [1.33| - |601.0f 633.5 | 672.3 | 987.8 |shear| shear |0.95]0.89
102 45 30| 13| 8.5 [3.05| - [695.0/ 659.8 | 743.5 |1172.9|shear| shear |1.05|0.93
103 46 30| 13| 588 [3.05| - [656.0] 584.4 | 663.3 |1134.5|shear| shear |1.12|0.99
104 53 43 | 1.4 | 57.7 |4.12| - |470.0, 393.0 | 451.9 | 771.0 |shear| shear |1.20|1.04
105 54 43 | 14 | 459 (4.12| - |446.0| 362.7 419.0 | 740.1 |shear| shear |1.23|1.06
106 55 32| 14| 834 (212 - |691.0 544.9 604.5 | 763.4 |shear| shear |1.27|1.14
107 56 32|14 | 702 |2.12| - |590.0/ 516.4 574.6 | 756.1 |shear| shear |1.14|1.03
108 63 27| 23| 80.7 |2.12| - |888.0] 763.5 | 816.1 | 889.1 |shear| shear |1.16|1.09
109 64 27 | 23 | 72.7 |2.12| - |792.0 739.1 | 791.1 | 884.0 |shear| shear |1.07|1.00
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243 AT AFTRAHET 4 4 85 TR TORE 2 RS 5 (5)

TR PO EHRSE A AR
No. | Spec. ID fé | pe | Po| Viest |Vshear1:1|Vshear 1:2| Vriex |Failure|Failure| Vese/Vssr
a/d |b./d Mode | Mode |slope|slope
(MPa)((%) | (%)| (kN) | (kN) | (kN) | (kN)
(1:1) | (1:2) | 1:1 ] 1:2
Oliveira et al. (2000)

110 1 6.8 | 1.3 | 60.9 [1.47|0.22| 270.0 | 355.6 | 400.3 |696.3 | shear | shear |0.76|0.67
111 2 6.6 | 1.2 | 62.9 [1.41|0.21| 335.0 | 371.1 | 418.1 |[729.1| shear | shear |0.90|0.80
MR (2000)

112 |CSR1-C1-F0Oa| 4.9 | 2.1 | 18.2 |0.49| - | 1137 80.5 85.5 |108.9 | shear | shear |1.41(1.33
113 |CSR1-C1-FOb| 4.9 | 2.1 | 18.2 |0.49| - | 123.6 80.5 85.5 |108.9 | shear | shear | 1.54|1.45
114 |CSR1-C2-F0a| 4.9 | 2.1 | 27.6 |0.49| - | 136.8 | 112.1 118.6 | 112.0 [flexure|flexure| 1.22 | 1.22
115 |CSR1-C2-FOb| 4.9 | 2.1 | 27.6 |0.49| - | 1225 | 112.1 118.6 | 112.0 [flexure|flexure| 1.09 | 1.09
116 |CSR2-C1-FOa| 4.9 | 2.1 | 18.2 |0.98] - | 1459 | 104.8 113.4 | 199.1 | shear | shear |1.39|1.29
117 |CSR2-C1-FOb| 4.9 | 2.1 | 18.2 |0.98] - | 159.1 | 104.8 113.4 | 199.1 | shear | shear |1.521.40
118 |CSR2-C2-FOa| 4.9 | 2.1 | 27.6 |0.98] - | 176.1 | 147.2 158.4 | 211.8 | shear | shear |1.20|1.11
Fi=Z& (2013)

119 | TS-R1-C1-0 | 6.9 | 2.1 | 32,5 |0.65|0.18| 216.0 | 226.1 2415 |198.3 |flexure|flexure| 1.09 | 1.09

120 | TS-R2-C1-0 | 6.9 | 2.1 | 32,5 |0.97|0.18| 260.0 | 264.1 285.0 |280.3 | shear |flexure|0.98|0.93

121 | TS-R1-C2-0 | 6.9 | 2.1 | 58.5 |0.65(0.18| 266.0 | 304.6 323.1 | 205.4 |flexure|flexure| 1.30| 1.30

122 | TS-R2-C2-0 | 6.9 | 2.1 | 58.5 |0.97|0.18| 307.0 | 358.1 383.5 | 295.3 flexure(flexure| 1.04 | 1.04

123 | CS-R1-C1-0 | 5.2 | 2.1 | 32,5 |0.95(0.27| 222.0 | 246.2 264.4 | 290.9 | shear | shear |0.90|0.84

124 | CS-R2-C2-0 | 5.2 | 2.1 | 58.5 |1.43|0.27| 482.0 | 389.3 419.4 |439.0 | shear | shear [1.24|1.15

Hassan et al. (2017)

125 S1-1 56| 15| 284 |1.27/0.49| 366.8 | 454.1 505.0 |714.0| shear | shear |0.81|0.73

3% 4 (2021)

126 P2 41| 13383 |1.72|0.62| 823.7 | 757.2 853.4 |1557.3| shear | shear |1.09|0.97

Average (AVG)| 1.05(0.98

Coefficient of variation (COV)|0.22|0.22

T\
I

1 *M A Hed 45 A WA S B9 2300 > Haed 4 5500 (pp)B~ T35 4 7 o
2. ppR "R AR ARA S o
59

doi:10.6342/NTU202201109



30 Y B SAGAL G EY 2B ppdE i e 5 F R T (bsiap) M 2 A

&% Y ] 0 N s
b SRR B AT 24 i o

4. giﬁ%@*?“%ﬁ i\" g.— Z 332 E» (VSST) ’ ‘7; T ﬁ;@’ 4 @ &(Vshear)z‘ j’%d” ?’ﬁ &(Vflex)ﬁ‘*

M2 3P A

44 Fd S e vl E B ZFEHAERES

A& Sk AT AT

f& 1 pe | Pr | Veest Vshear 1:1|Vshear 1:2 Vflex Failure|Failure | Viese /Vssr
Mode | Mode |slope [slope
(1:1) | 1:2) | 1.1 | 1:2

No. |Spec. ID

(MPa)| (%) | (%) | (kN) | (kN) | (kN) | (kN)

Elstner and Hognestad (1956)
1* | A9 |29.9|2.15/3.19|444.82| 652.0 726.4 | 728.2 | shear | shear | 0.68 | 0.61
2 | A7b |27.9 |241| - |511.55| 568.3 628.0 |790.3 | shear | shear | 0.90 | 0.81
3* | A-10 | 29.7 |2.15|2.90{489.30| 802.5 866.6 | 778.9 |flexure|flexure| 0.63 | 0.63
4 A-5 | 27.8 |241] - |533.79| 717.3 771.6 |846.1 | shear | shear | 0.74 | 0.69
Regan (1986)
5* 1/1 25.8 |1.20{1.70{194.00| 264.2 288.0 |281.4 | shear |flexure| 0.73 | 0.69
6 1/2 23.4 11.20| - |176.00| 2185 236.1 |270.9 | shear | shear | 0.81 | 0.75
7* 1/3 27.410.92/1.28|194.00| 254.8 275.3 | 225.2 |flexure|flexure| 0.86 | 0.86
8 1/4 32.310.92| - |194.00| 260.1 278.0 | 223.9 [flexure|flexure| 0.87 | 0.87
g* 1/5 28.2 |0.75/1.06|165.00| 251.2 270.3 | 190.6 [flexure|flexure| 0.87 | 0.87
10 1/6 21.9 |0.75| - |165.00| 180.6 193.2 | 181.7 | shear |flexure| 0.91 | 0.91

1o *f & Fd s o Fal s Y 23

2. pjd b MeH WOV SR EPE B L
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245 AF T ARG T ST RTHRELFERES

RS Sk AL AT R
fc, Pe pé Vtest Vshear_l:l Vshear_l:z Vflex Failure|Failure Vtest/VSST
No. |Spec. ID
a/d|b./d Mode | Mode [slope|slope
(MPa)| (%) [(%)| (kN) | (kN) | (kN) | (kN)
(1:1) | (1:2) | 1:1 | 1:2

Oliveira et al. (2000)
1 3V |6.1| 1.1 | 63.0 |1.30/0.20| 386.0 | 404.7 | 457.0 |671.5| shear | shear |0.95|0.84
2 4V |6.2]| 1.2 | 66.4 |1.32|0.20|377.0| 4109 | 463.3 |662.4 | shear | shear |0.92|0.81
3 5V |6.2| 1.2 | 615 |1.32/0.20{ 423.0 | 402.6 | 454.5 |657.3| shear | shear |1.05|0.93
Hassan et al. (2017)
4 | S1-2 |56| 15 |28.4|1.27(0.49/470.2| 5055 | 562.2 |714.0| shear | shear |0.93|0.84
5 | S1-3 (56| 1.5 |20.4 |1.27|0.49|412.7 | 4055 | 453.5 |692.4 | shear | shear |1.02|0.91
6 | S1-4 |56| 1.5 |28.4|1.27|0.49/530.0| 505.5 | 562.2 |714.0 | shear | shear |1.05|0.94
254 (2021)
7 P1 |4.1| 1.3 | 37.7 |1.72/0.62/1005.3] 870.3 | 981.1 |1554.1| shear | shear |1.16|1.02
P3 |53 1.7 | 38.3 |1.68/0.95/677.8| 6615 | 731.6 |859.5] shear | shear |1.02|0.93
9 P5 |4.1| 1.3 | 44.7 |1.72/0.62|1157.0| 1097.0 | 1232.8 |1587.0| shear | shear |1.05|0.94

Average (AVG)|1.02|0.91

Coefficient of variation (COV)|0.07|0.07

L O

Ik

Z wfz }i (VSST) v d F Eﬁ—iﬁ 4 5@ }i (Vshear)zK al%d” 5;5 )%»(Vflex)ﬁi le—(‘—i
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1046 RFTE AT S R RFEHET 4 a0 TR TR 2 TR %

TEPI R 2 v R

No. Spec. ID Veai(kN) Viest/Veal

Vsst 11 | Vsst 1:2 | Vmact | Vngcz |SST_1:1|SST_1:2| ACI | EC2
Elstner and Hognestad (1956)
1 A-la 264.1 | 289.0 | 216.3 | 270.7 1.15 1.05 | 140 | 1.12
2 A-1b 428.9 | 4654 | 289.8 | 329.0 | 0.85 078 | 1.26 | 1.11
3 A-1c 476.9 | 476.9 | 310.8 | 3447 | 0.75 0.75 | 1.15 | 1.03
4 A-1d 492.2 | 492.2 | 3500 | 373.1 | 0.71 0.71 | 1.00 | 0.94
5 A-le 357.9 | 389.6 | 259.7 | 305.8 | 0.99 091 | 137 | 1.16
6 A-2a 307.4 | 3438 | 205.3 | 303.9 1.09 097 | 162 | 1.10
7 A-2b 418.3 | 465.0 | 2455 | 3423 | 0.96 086 | 163 | 1.17
8 A-2c 728.6 | 801.3 | 340.0 | 4253 | 0.64 058 | 137 | 1.10
9 A-7b 568.3 | 628.0 | 293.6 | 385.7 | 0.90 081 | 174 | 1.33
10 A-3a 3225 | 366.7 | 1985 | 297.1 1.10 097 | 179 | 1.20
11 A-3b 534.7 | 6019 | 264.3 | 3595 | 0.83 074 | 168 | 1.24
12 A-3c 615.1 | 690.4 | 286.3 | 379.3 | 0.87 077 | 1.86 | 141
13 A-3d 7732 | 864.0 | 326.6 | 4141 | 0.71 063 | 1.68 | 1.32
14 A-4 503.6 | 503.6 | 3755 | 387.1 | 0.79 0.79 | 107 | 1.03
15 A-5 7173 | 771.6 | 373.7 | 448.9 0.74 0.69 143 | 1.19
16 A-6 743.7 | 810.6 | 354.7 | 4335 0.67 0.61 140 | 1.15
*17 A-9 652.0 | 726.4 | 303.6 | 3944 | 0.68 061 | 1.47 | 1.13
*18 A-10 7789 | 7789 | 386.5 | 459.1 | 0.63 063 | 1.27 | 1.07
19 A-13 2539 | 2539 | 2539 | 2539 | 0.93 093 | 0.93 | 0.93
20 B-1 179.1 | 179.1 | 179.1 | 179.1 1.00 1.00 | 1.00 | 1.00
21 B-2 1859 | 1859 | 1859 | 1859 1.08 1.08 | 1.08 | 1.08
22 B-4 339.0 | 339.0 | 339.0 | 339.0 | 0.98 098 | 0.98 | 0.98
23 B-9 766.8 | 768.8 | 368.3 | 448.6 | 0.66 066 | 137 | 1.13
24 B-11 320.8 | 361.3 | 204.3 | 302.8 1.03 091 | 161 | 1.09
25 B-14 905.4 | 997.3 | 395.0 | 470.1 | 0.64 058 | 1.46 | 1.23
Regan (1986)
*26 1/1 264.2 | 2814 | 1429 | 179.0 | 0.73 069 | 136 | 1.08
27 112 2185 | 236.1 | 136.3 | 149.0 | 0.81 0.75 | 1.29 | 1.18
*28 1/3 225.2 | 2252 | 1475 | 166.2 | 0.86 086 | 1.32 | 1.17
29 1/4 2239 | 2239 | 160.1 | 1517 | 0.87 087 | 1.21 | 1.28
*30 1/5 190.6 | 190.6 | 154.4 | 1634 | 0.87 0.87 | 1.07 | 1.01
62
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TEPI R 2 v R

No. Spec. ID Veai(kN) Viest/Veal

Vsst 11 | Vsst 1:2 | Vmact | Vngcz |SST_1:1|SST_1:2| ACI | EC2

Regan (1986)
31 1/6 180.6 | 181.7 | 136.2 | 1295 | 0.91 091 | 121 | 1.27
32 V/4 2745 | 3153 | 206.3 | 2445 1.04 090 | 1.38 | 1.17
Rankin and Long (1987)

33 1 39.0 39.0 39.0 329 0.93 093 | 093 | 111
34 2 53.5 53.5 41.6 36.8 0.92 092 | 118 | 1.33
35 3 53.5 53.5 41.6 36.8 1.06 1.06 | 1.36 | 1.54
36 4 61.1 61.1 44.3 40.1 0.92 092 | 127 | 1.40
37 5 61.1 61.1 44.3 40.1 0.94 094 | 129 | 143
38 6 71.0 74.9 44.3 43.2 0.92 0.88 | 1.48 | 1.52
39 7 66.5 71.6 40.9 43.6 1.07 099 | 173 | 1.63
40 8 66.5 71.6 40.9 43.6 1.07 099 | 174 | 1.63
41 9 70.2 75.8 40.9 45.9 1.12 1.04 | 192 | 171
42 10 39.0 39.0 39.0 32.6 1.12 112 | 112 | 1.34
43 11 57.8 60.3 41.1 38.2 0.95 0.91 134 | 144
44 12 62.8 67.2 41.1 41.1 1.07 1.00 163 | 1.63
45 13 53.9 53.9 43.8 38.1 0.92 092 | 113 | 1.30
46 14 53.9 53.9 43.8 38.1 0.97 097 | 120 | 1.38
47 15 88.4 96.2 43.8 54.0 0.96 0.88 | 194 | 157
48 1A 45.0 45.0 45.0 38.3 1.00 1.00 | 1.00 | 1.18
49 2A 61.6 65.9 48.3 44.7 1.07 1.01 | 1.37 | 1.48
50 3A 75.8 82.3 48.3 53.9 1.18 1.09 | 1.86 | 1.66
51 4A 93.6 | 102.8 | 50.0 64.2 1.04 095 | 195 | 1.52
52 1B 33.8 33.8 33.8 29.5 0.85 0.85 | 0.85 | 0.98
53 2B 40.2 40.2 38.3 314 0.94 094 | 098 | 1.20
54 3B 72.9 75.5 38.3 39.5 0.78 0.75 | 148 | 1.43
55 4B 70.4 76.2 34.7 41.8 1.03 0.95 2.09 | 1.73
56 1C 62.6 66.9 57.2 50.6 1.00 094 | 110 | 1.24
57 2C 81.4 87.7 61.7 60.0 1.08 1.00 | 142 | 147
58 3C 97.2 106.1 61.7 70.1 1.28 1.17 2.01 | 1.77
59 4C 101.1 112.4 57.2 78.4 1.25 1.12 2.20 | 161
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246 AT APTERE R REHET S ST RT AR IR ()

TER S R 20 R
No. Spec. ID V.ai(KN) Viest/Vear
VSST_l:l VSST_l:Z Vn,ACI VTL,ECZ SST_l 1 SST_l 2 ACI ECZ

Marzouk and Hussein (1991)

60 NS1 336.2 | 3704 | 199.1 | 218.1 0.95 0.86 1.61 | 1.47
61 HS1 1713 | 171.3 | 171.3 | 1713 1.04 1.04 1.04 | 1.04
62 HS2 261.3 | 2613 | 257.0 | 217.0 0.95 095 | 097 | 1.15
63 HS7 350.1 | 350.1 | 264.3 | 246.4 1.02 1.02 135 | 1.44
64 HS3 3924 | 4140 | 2552 | 2574 0.91 0.86 1.39 | 1.38
65 HS4 4544 | 5054 | 2316 | 283.8 0.92 0.83 1.80 | 1.47
66 NS2 248.2 | 2721 | 234.2 | 2247 1.60 1.46 169 | 1.76
67 HS5 291.1 | 2911 | 253.3 | 2149 1.25 1.25 144 | 1.70
68 HS6 3317 | 331.7 | 3317 | 298.0 1.47 1.47 147 | 1.64
69 HS8 485.6 | 536.2 | 3553 | 367.5 0.90 0.81 123 | 1.19
70 HS9 5743 | 6416 | 3679 | 426.3 0.95 0.85 148 | 1.27
71 HS10 662.6 | 747.9 | 382.5 | 486.5 0.97 0.86 169 | 1.33
72 HS11 165.3 | 165.3 | 165.3 | 138.1 1.19 1.19 119 | 1.42
73 HS12 240.7 | 240.7 | 176.0 | 163.4 1.07 1.07 1.47 | 1.58
74 HS13 295.8 | 2958 | 167.6 | 172.3 0.90 0.90 159 | 1.55
75 HS14 438.8 | 438.8 | 3352 | 3018 1.13 1.13 1.49 | 1.65
76 HS15 467.3 | 467.3 | 417.4 | 346.7 1.20 1.20 134 | 1.62

Tomaszewicz (1993)

77 ND65-1-1 | 1845.7 | 2145.1 | 1349.3 | 1657.0 | 1.11 0.96 152 | 1.24

78 ND65-2-1 | 1169.7 | 1373.6 | 774.2 | 1046.6 | 1.03 0.87 155 | 1.15

79 ND95-1-1 | 1995.9 | 2306.8 | 1539.5 | 1809.3 | 1.13 0.98 146 | 1.24

80 ND95-1-3 | 2544.1 | 3008.4 | 1595.5 | 2203.0 | 0.94 0.80 1.50 | 1.09

81 ND95-2-1 | 1254.4 | 1465.6 | 867.8 | 1129.3 | 0.88 0.75 127 | 0.97

82 ND95-2-1D | 12479 | 1458.5 | 860.4 | 11229 | 1.04 0.89 151 | 1.16

83 ND95-2-3 | 1468.9 | 1747.6 | 874.1 | 1263.3 | 0.99 0.83 166 | 1.15

84 ND95-2-3D | 1418.9 | 1692.5 | 828.0 | 1218.4 | 0.88 0.74 151 | 1.03

85 | ND95-2-3D+ | 1511.7 | 1794.7 | 914.7 | 1302.1 | 0.96 0.81 159 | 111

86 ND95-3-1 288.7 | 3229 | 2015 | 223.0 1.14 1.02 164 | 1.48

87 ND115-1-1 | 2173.6 | 2497.5 | 1780.8 | 1993.7 | 1.13 0.98 1.38 | 1.23

88 ND115-2-1 | 1373.3 | 1594.1 | 1008.0 | 1247.9 | 1.02 0.88 139 | 112

89 ND115-2-3 | 1559.3 | 1846.9 | 960.7 | 1345.3 | 0.99 0.84 161 | 1.15
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TEPI R 2 v R

No. Spec. ID Veai(KN) Viest/Vear

Vsst 1.1 | Vsst 12 | Vnacr | Vngcz |SST_1:1|SST_1:2| ACI | EC2

HREE 0 FR4ciz o e 1A (1996)
90 3 462.8 | 5275 | 169.1 | 204.6 | 0.97 085 | 2.66 | 2.19
91 4 509.5 | 578.0 | 192.2 | 2229 1.01 089 | 268 | 231
92 29 315.4 | 3473 | 2353 | 2773 1.65 150 | 221 | 1.88
93 30 405.0 | 4415 | 3243 | 3435 1.69 155 | 211 | 1.99
94 31 350.2 | 384.7 | 254.0 | 291.8 1.52 138 | 2.09 | 1.82
95 32 425.0 | 462.1 | 352.0 | 362.8 1.64 150 | 1.97 | 1.92
96 33 358.1 | 3929 | 263.6 | 299.1 1.53 140 | 2.08 | 1.84
97 34 422.2 | 459.3 | 348.2 | 360.1 151 139 | 184 | 177
98 35 472.3 | 517.6 | 362.9 | 403.2 1.48 135 | 1.92 | 1.73
99 36 473.0 | 518.3 | 363.8 | 403.9 1.47 134 | 190 | 1.72
100 43 686.8 | 726.7 | 524.5 | 497.8 1.07 1.02 | 141 | 1.48
101 44 633.5 | 672.3 | 4579 | 454.7 | 0.95 089 | 131 | 1.32
102 45 659.8 | 7435 | 372.0 | 470.0 1.05 093 | 1.87 | 1.48
103 46 584.4 | 663.3 | 3085 | 41438 1.12 099 | 213 | 1.58
104 53 393.0 | 451.9 | 174.7 | 230.6 1.20 1.04 | 269 | 2.04
105 54 362.7 | 419.0 | 155.8 | 213.7 1.23 1.06 | 2.86 | 2.09
106 55 5449 | 6045 | 3448 | 432.1 1.27 1.14 | 2.00 | 1.60
107 56 516.4 | 574.6 | 316.3 | 408.0 1.14 1.03 187 | 145
108 63 763.5 | 816.1 | 469.6 | 5136 1.16 1.09 | 1.89 | 1.73
109 64 739.1 | 791.1 | 4457 | 496.1 1.07 1.00 | 1.78 | 1.60
Oliveira et al. (2000)

110 1 355.6 | 400.3 | 204.0 | 246.7 | 0.76 0.67 | 1.32 | 1.09
111 2 371.1 | 418.1 | 220.3 | 264.2 | 0.90 080 | 152 | 1.27
e s (2000)

112 |CSR1-C1-FOa| 80.5 85.5 87.5 78.1 141 1.33 130 | 1.46
113 |CSR1-C1-FOb| 80.5 85.5 87.5 78.1 154 1.45 141 | 158
114 |CSR1-C2-FOa| 112.0 | 112.0 | 107.8 89.7 1.22 122 | 1.27 | 1.52
115 |CSR1-C2-FOb| 112.0 112.0 107.8 89.7 1.09 1.09 114 | 1.37
116 |CSR2-C1-FOa| 104.8 113.4 87.5 98.4 1.39 1.29 1.67 | 1.48
117 |CSR2-C1-FOb| 104.8 113.4 87.5 98.4 152 1.40 182 | 1.62
118 |CSR2-C2-FOa| 147.2 | 158.4 | 107.8 | 113.1 1.20 111 | 1.63 | 1.56
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TER S R 20 R
No. Spec. ID V.ai(KN) Viest/Vear
VSST_l:l VSST_l:Z VTL,ACI VTL,ECZ SST_l 1 SST_l 2 ACI ECZ

Bi-4 (2013)

119 | TS-R1-C1-0 | 198.3 | 198.3 | 175.6 | 157.5 1.09 1.09 1.23 | 1.37

120 | TS-R2-C1-0 | 264.1 | 280.3 | 175.6 | 180.2 0.98 0.93 148 | 1.44

121 | TS-R1-C2-0 | 2054 | 2054 | 2054 | 1915 1.30 1.30 1.30 | 1.39

122 | TS-R2-C2-0 | 295.3 | 2953 | 235.6 | 219.3 1.04 1.04 1.30 | 1.40

123 | CS-R1-C1-0 | 246.2 | 264.4 | 1756 | 179.3 0.90 0.84 126 | 1.24

124 | CS-R2-C2-0 | 389.3 | 419.4 | 235.6 | 249.6 1.24 115 | 2.05 | 1.93

Hassan et al. (2017)

125 S1-1 454.1 | 505.0 | 301.8 | 376.6 | 081 | 073 | 1.22 | 0.97
3k A4 (2021)
126 P2 757.2 | 8534 | 4456 | 6128 | 1.09 | 097 | 1.85 | 1.34

Average (AVG)| 1.05 | 098 | 1.53 | 1.39

Coefficient of variation (COV)| 0.22 022 | 025 | 0.21

TN A MW A A GG B 2B

66

doi:10.6342/NTU202201109



247 AP T APHAERGRPET TS S TR 2RSS

TEPI 9 R 2 iR
No. Spec. ID Veai(kN) Viest/Veal

Vst 11 Vst 1:2 Vpacr | SST_1:1| SST_1:2 ACI

Oliveira et al. (2000)
1 3V 404.7 457.0 212.8 0.95 0.84 1.81
2 4V 410.9 463.3 239.1 0.92 0.81 1.58
3 5V 402.6 454.5 255.3 1.05 0.93 1.66

Hassan et al. (2017)
4 S1-2 505.5 562.2 380.7 0.93 0.84 1.24
S1-3 405.5 453.5 356.9 1.02 0.91 1.16
6 S1-4 505.5 562.2 440.7 1.05 0.94 1.20

I A (2021)
7 P1 870.3 981.1 657.2 1.16 1.02 1.53
P3 661.5 731.6 460.6 1.02 0.93 1.47
9 P5 1097.0 1232.8 677.5 1.05 0.94 1.71
Average (AVG)| 1.02 0.91 1.48
Coefficient of variation (COV)| 0.07 0.07 0.16
67
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Bl 2.1 ACI 318-19 (2019)> 454 %75 Tkt % &

B 22 ACI318-19 (2019)% ¥ + 4k & T mfpf % £

70

doi:10.6342/NTU202201109



Bl 2.3 Eurocode 2 (2004) = 2541 %75 f2 it ¥ &

B 2.4 Yield-line pattern [Lips, Fernandez Ruiz and Muttoni (2012)]
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AL 74 G TR TR 2 FERIS % (4 S5 C b+ 2d ~ b + 4d)
TR FEEREHREF AEG AR
No. Spec f¢ pe (%) Pt | Veest |Vsnear 1:1|Vshear 1:2| Vriex |Failure(Failure| Viese/Vssr
ID |a/d|b./d slope |slope Mode | Mode [slope|slope
(MPa) (%) | (kN) | (kN) (kN) | (kN)
1.1 | 1.2 10| (1:2) | 1.1 1:2
Elstner and Hognestad (1956)
1 |Ala| 65|22 | 141 |120|1.20|0.59 |3025| 218.0 273.0 | 433.5 | shear | shear |1.39|1.11
2 |Alb| 65|22 | 252 |120|1.20|0.59 |364.8| 350.3 438.3 | 467.8 | shear | shear |1.04|0.83
3 |Alc| 65|22 | 290 |120|1.20|0.59 |355.9| 392.2 490.5 | 476.9 | shear |flexure|[0.91|0.75
4 | A-ld| 65| 22 | 36.8 |1.20|1.20 | 0.59 |351.4| 474.8 593.5 | 492.2 | shear |flexure|0.74]0.71
5 |Ale| 65|22 | 203 | 1.20| 1.20 | 0.59 |355.9| 2935 367.3 | 452.8 | shear | shear |1.21]0.97
6 | A2a| 6.7 | 22 | 13.7 | 241|241 |1.10 |333.6| 260.9 325.8 | 720.8 | shear | shear |1.28|1.02
7 |A2b| 6.7 |22 | 195 | 241|241 | 1.10 |400.3| 3520 4395 | 753.4 | shear | shear |1.14|0.91
8 |A2c | 67|22 | 374 | 241|241 |1.10 |467.1| 604.1 753.9 | 822.7 | shear | shear |0.77]0.62
9 |ATb| 67|22 | 279 | 241|241 | 1.10 |511.5| 474.2 592.0 | 790.3 | shear | shear |1.08|0.86
10 | A-3a| 6.7 | 22| 128 | 3.76 | 3.76 | 1.10 |355.9| 280.6 350.2 | 850.8 | shear | shear |1.27|1.02
11 | A3b| 6.7 | 22 | 226 | 3.76 | 3.76 | 1.10 |444.8| 458.2 572.1 |1108.9 | shear | shear |0.97|0.78
12 | A-3c | 6.7 | 22 | 26,5 | 3.76 | 3.76 | 1.10 |533.8| 524.9 655.4 |1139.1| shear | shear |1.02|0.81
13 | A-3d| 6.7 | 22 | 345 | 3.76 | 3.76 | 1.10 |547.1| 655.5 818.5 |1188.8 | shear | shear |0.83|0.67
14 | A4 | 6.0 | 3.0| 26.1 |1.20|1.20 | 0.59 [400.3| 466.7 559.6 | 503.6 | shear |flexure|0.86|0.79
15 | A5 | 6.2 | 31| 278 | 241|241 | 1.10 |533.8| 612.6 732.4 | 846.1 | shear | shear |0.87]0.73
16 | A6 | 6.2 | 31| 250 |3.76 | 3.76 | 1.10 |498.2| 648.0 774.3 |1208.7 | shear | shear |0.77|0.64
*17 | A9 | 6.7 | 22 | 29.9 S 1.10 |444.8| 618.7 | 711.8 | 728.2 | shear | shear |0.72|0.62
(4.66)|(3.56)
*18 | A-10 | 6.2 | 3.1 | 29.7 215 ) 215 1.10 |489.3| 756.9 | 847.9 | 778.9 | shear |flexure|0.65]0.63
(3.88)|(3.16)
19 | A-13| 59 | 29| 26.2 | 057 | 057 | 0.29 |235.8| 358.1 429.9 | 253.9 |flexure|flexure|0.93|0.93
20 B-1 | 6.7 | 22 | 142 | 048|048 - |178.4| 1485 184.5 | 179.1 | shear |flexure|1.20|1.00
21 B-2 | 6.7 | 22 | 476 | 0.48 | 048 - 1200.2| 358.7 4445 | 185.9 |flexure|flexure|1.08|1.08
22 | B4 | 67|22 | 477 | 095|095 | - |333.6| 478.2 594.6 | 339.0 |flexure|flexure|0.98|0.98
23 | B9 | 67|22 | 439 | 204|204 | - |504.9| 629.3 784.9 | 768.8 | shear |flexure|0.80|0.66
24 | B-11 | 6.7 | 22| 135 [ 295|295 | - |329.2| 275.1 343.5 | 593.4 | shear | shear |1.20|0.96
25 | B-14 | 6.7 | 22 | 505 [ 295|295| - |578.3| 7523 939.0 [1040.0| shear | shear |0.77]0.62
Regan (1986)
*26 | 1/1 |106| 2.6 | 25.8 L0 1200 194.0| 2149 | 262.8 | 281.4 | shear | shear |0.90|0.74
(2.07)|(2.07)
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ALl 294 &S TORTAHEZRRIE S SR b +2d » b + 4d)(F)
RSB RSHLEE AR AR
No. Spec. fe pe (%) Pt | Veest [Vshear 1:1|Vshear_1:2| Vriex |Failure(Failure| Veese/Vssr
ID |a/d |b./d slope |slope Mode | Mode [slope|slope
(MPa) (%) | (kN) | (kN) (kN) (kN)
1.1 ] 1.2 1) | (12 | 1.1 1:2
Regan (1986)
27 /2 {106| 2.6 | 234 |1.20|1.20 - |176.0| 162.6 198.6 | 270.9 | shear | shear |1.08|0.89
*28 | 1/3 |10.6| 2.6 | 27.4 0921092 194.0| 2111 | 258.1 | 225.2 | shear |flexure|0.92|0.86
(1.71)[(1.70)
29 /4 110.6| 2.6 | 32.3 | 0.92|0.92 - 1194.0| 1894 231.1 | 223.9 | shear |flexure|1.02|0.87
*30 | I/5 |10.3| 25 | 28.2 071075 165.0| 200.4 | 245.6 | 190.6 |flexure|flexure|0.87|0.87
(1.29)(1.29)

31 /6 110.3| 25 | 219 |0.75|0.75 - 1165.01 132.0 161.5 | 181.7 | shear | shear |1.25|1.02
32 | VI4 | 59|09 362 |0.78]0.78 - |285.0| 216.7 308.8 | 538.1 | shear | shear |1.32]0.92
Rankin and Long (1987)

33 1 6.7 | 25 | 30.7 | 0.50 | 0.50 - 36.4 | 39.2 48.0 39.0 |flexure|flexure|0.93|0.93
34 2 6.7 | 25| 30.7 | 0.70 | 0.70 - 491 451 55.3 53.5 | shear |flexure|1.09|0.92
35 3 6.7 | 25| 30.7 | 070 {0.70| - |56.6| 45.1 55.3 53.5 | shear |flexure|1.25|1.06
36 4 6.7 | 25 | 348 | 0.80|080| - |[56.2| 52.6 64.6 61.1 | shear |flexure|1.07|0.92
37 5 6.7 | 25| 348 | 080|080| - |[57.3| 526 64.6 61.1 | shear |flexure|1.09|0.94
38 6 6.7 | 25| 348 | 1.00 [1.00| - 65.6 | 57.6 70.7 74.9 | shear | shear |1.14|0.93
39 7 6.7 | 25| 29.7 | 1.20 | 1.20 - 709 | 544 66.9 86.2 | shear | shear |1.30|1.06
40 8 6.7 | 25| 29.7 | 1.20 | 1.20 - 71.1| 544 66.9 86.2 | shear | shear |1.31|1.06
41 9 6.7 | 25| 29.7 | 1.40 | 1.40 - 786 | 57.7 70.9 98.2 | shear | shear [1.36]1.11
42 10 6.7 | 25| 29.9 | 0.50 | 0.50 - 436 | 384 47.0 39.0 | shear |flexure|1.14|1.12
43 11 6.7 | 25| 29.9 | 0.80 | 0.80 - 55.0 | 46.6 57.2 60.3 | shear | shear |1.18|0.96
44 12 6.7 | 25| 29.9 | 1.00 | 1.00 - 67.1| 510 62.6 73.7 | shear | shear [1.32|1.07
45 13 6.7 | 25| 34.0 | 0.70 | 0.70 - 494 | 48.9 60.0 53.9 | shear |flexure|1.01|0.92
46 14 6.7 | 25| 34.0 | 0.70 | 0.70 - 525 | 48.9 60.0 53.9 | shear |flexure|1.07|0.97
47 15 | 6.7 | 25| 340 | 199 |199| - |[848| 734 90.4 134.3 | shear | shear |1.16|0.94
48 1A | 58| 22| 288 [043(043| - |452| 417 51.9 45.0 | shear |flexure|1.08|1.00
49 | 2A |58 | 22| 288 | 069|069 - |66.2| 508 63.4 69.8 | shear | shear |1.30|1.04
50 3A | 58|22 | 288 |122|122| - |89.7| 635 79.4 114.7 | shear | shear |1.41]|1.13
51 | 4A | 58| 22| 309 (191|191 - |974| 794 99.5 167.6 | shear | shear |1.23|0.98
52 1B | 7.7 |29 | 37.7 | 0.58 | 0.58 - 289 | 409 49.3 33.8 [flexure|flexure|0.85|0.85
53 2B | 7.7 |29 | 37.7 | 0.69 | 0.69 - 37.6 | 44.2 53.3 40.2 |flexure|flexure|0.94 | 0.94
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ALl 2% 4 &S TORTAHEZRRIS S (G SR b+ 2d » b + 4d)(F)
RS SRl S KFE G A S
No. | Spec. ID fé | pe (%) | pp | Veest |Vsnear1:1|Vshear 1:2| Vriex |Failure|Failure| Viese/Vssr
a/d | b./d slope|slope Mode | Mode |slope |slope
(MPa) (%) | (KN) | (KN) (kN) | (kN)
1.1 1:2 1) | (1:2) | 1:1 ] 1:2
Rankin and Long (1987)
54 3B 77 | 29 | 37.7138|138| - |56.7| 583 70.4 75.5 | shear | shear | 0.97 | 0.80
55 4B 7.7 | 29 | 30.9 [2.08|208| - 725 | 576 69.5 | 101.1 | shear | shear | 1.26 | 1.04
56 1C 50| 19 | 278 |0.53]|0.53| - 62.7 | 52.7 67.0 71.5 | shear | shear | 1.19 | 0.94
57 2C 50| 19 | 324 |0.75|0.75| - |87.9| 69.0 87.8 | 100.7 | shear | shear | 1.27 | 1.00
58 3C 50| 19 | 324 121|121 - |1241| 832 106.2 | 153.6 | shear | shear | 1.49 | 1.17
59 4C 50| 19 | 278 |196|196| - |1259| 88.0 1125 | 220.3 | shear | shear | 1.43 | 1.12
Marzouk and Hussein (1991)
60 NS1 71 | 1.6 | 420 |1.07|1.07| 0.24 |320.0| 261.3 | 340.8 | 392.9 | shear | shear | 1.22 | 0.94
61 HS1 71| 1.6 | 67.0 |0.39]/0.39| 0.24 |178.0| 193.0 | 249.1 | 171.3 |flexure|flexure| 1.04 | 1.04
62 HS2 7.1 | 1.6 | 70.0 |0.63]0.63| 0.24 {249.0| 2424 | 314.2 | 261.3 | shear |flexure| 1.03 | 0.95
63 HS7 71 | 16 | 740 |0.88|0.88| 0.24 |356.0| 283.5 | 368.3 | 350.1 | shear |flexure| 1.26 | 1.02
64 HS3 7.1 | 1.6 | 69.0 |1.07|1.07| 0.24 |356.0| 302.4 | 393.6 | 414.0 | shear | shear | 1.18 | 0.90
65 HS4 75 | 1.7 | 66.0 |196|1.96| 0.26 |418.0| 355.0 | 460.5 | 637.2 | shear | shear | 1.18 | 0.91
66 NS2 56 | 1.3 | 30.0 |0.50({0.50| 0.19 |396.0| 200.0 | 268.3 | 312.2 | shear | shear | 1.98 | 1.48
67 HS5 71 | 1.6 | 68.0 |0.63]0.63| 0.24 |365.0| 240.5 | 311.6 | 291.1 | shear |flexure| 1.52 | 1.25
68 HS6 56 | 1.3 | 70.0 |0.50|{0.50| 0.19 |489.0| 298.2 | 398.1 | 331.7 | shear |flexure| 1.64 | 1.47
69 HS8 56 | 1.3 | 69.0 |0.95(0.95| 0.19 |436.0| 393.3 | 529.0 | 591.4 | shear | shear | 1.11 | 0.82
70 HS9 56 | 1.3 | 740 |1.39(1.39| 0.19 |543.0| 469.3 | 633.3 | 830.7 | shear | shear | 1.16 | 0.86
71 HS10 |56 | 1.3 [ 80.0|191]1.91|0.19 |645.0| 5459 | 738.6 |1115.9| shear | shear | 1.18 | 0.87
72 HS11 | 9.6 | 21 | 70.0 |0.73|0.73| 0.33 |196.0| 174.1 | 216.9 | 165.3 |flexure|flexure| 1.19 | 1.19
73 HS12 | 9.6 | 2.1 | 75.0 |1.12(1.12| 0.33 |258.0| 213.5 | 266.6 | 240.7 | shear |flexure| 1.21 | 1.07
74 HS13 | 9.6 | 2.1 | 68.0 [1.45(1.45| 0.33 |267.0| 230.5 | 288.3 | 295.8 | shear | shear | 1.16 | 0.93
75 HS14 | 6.7 | 23 | 72.0 |1.07[1.07| 0.24 |498.0| 403.7 | 499.2 | 438.8 | shear |flexure| 1.23 | 1.13
76 HS15 6.3 | 3.2 | 71.0 |1.07|1.07| 0.24 |560.0| 511.8 609.9 | 467.3 |flexure(flexure| 1.20 | 1.20
Tomaszewicz (1993)
77 |ND65-1-1| 4.2 | 0.7 | 64.3 |1.19]1.19 - 2050 | 1617.5 | 2372.9 |4046.3| shear | shear | 1.27 | 0.86
78 |[ND65-2-1| 5.1 | 0.8 | 70.2 |1.45|1.45| - |1200| 968.6 | 1416.9 |2555.7 | shear | shear | 1.24 | 0.85
79 [ND95-1-1| 42 | 0.7 | 83.7 |1.19]1.19| - |2250 | 1745.3 | 2555.7 |4106.1| shear | shear | 1.29 | 0.88
80 |ND95-1-3| 4.2 | 0.7 | 89.9 |2.08|2.08| - |2400 | 2246.0 | 3311.1 |6967.6| shear | shear | 1.07 | 0.72
81 |ND95-2-1| 5.1 | 0.8 | 88.2 |1.45|1.45| - | 1100 | 1035.5 | 1512.5 |2593.0| shear | shear | 1.06 | 0.73
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F ALl ET 4 45 TOR TR 2 TR 5 (4K 400 ¢ b+ 2d » b + 4d)(F)
TE S HREERES A AP RS
No.| Spec. 1D fe pe (%) | P |Viest |Vshear 1:1|Vshear1:2 | Vriex |Failure|Failure| Viese/Vssr
a/d |b./d slope|slope Mode | Mode |slope|slope
(MPa) (%) [ (kKN) | (kN) (kN) (kN)
1:1 ] 1:2 D | (12| 1.1 12
Tomaszewicz (1993)
82 | ND95-2-1D | 5.1 | 0.8 | 86.7 |1.45|1.45|1.45|1300| 1030.3 | 1505.1 |2614.2| shear | shear | 1.26 | 0.86
83| ND95-2-3 | 5.1 | 0.8 | 895 |2.17|2.17| - |1450| 1226.6 | 1800.4 |3785.0| shear | shear | 1.18 | 0.81
84 | ND95-2-3D | 5.1 | 0.8 | 80.3 [2.17|2.17|2.17 |1250| 1187.0 | 1743.2 |3676.0| shear | shear | 1.05 | 0.72
85 [ND95-2-3D+| 5.1 | 0.8 | 98.0 |2.17|2.17|2.17 |1450| 1260.6 | 1849.4 |3739.9| shear | shear | 1.15|0.78
86| ND95-3-1 | 5.7 | 1.1 | 8.1 |1.20(1.20) - | 330 | 2331 318.5 | 429.1 | shear | shear | 1.42| 1.04
87 | ND115-1-1 | 4.2 | 0.7 | 112.0 |1.19(1.19| - |2450| 1896.5 | 2771.1 |4156.1| shear | shear | 1.29 | 0.88
88 | ND115-2-1 | 5.1 | 0.8 | 119.0 |1.45|1.45| - |1400| 1129.2 | 1646.1 |2630.7| shear | shear | 1.24 | 0.85
89 | ND115-2-3 | 5.1 | 0.8 | 108.1 {2.17{2.17| - |1550| 1298.3 | 1903.5 |3840.6| shear | shear | 1.19 | 0.81
HE B o HRAr = o R A (1996)
90 46 | 2.0 | 55.6 |7.38|7.38| - |449.0| 4209 534.4 | 912.6 | shear | shear | 1.07 | 0.84
91 46 | 20| 719 |7.38(7.38| - |515.0| 4614 585.9 |1072.0| shear | shear | 1.12 | 0.88
92 29 31| 13| 369 (1.09|1.09| - |521.0 297.4 397.6 637.6 | shear | shear | 1.75| 1.31
93 30 31| 13| 701 [1.09/1.09| - |685.0f 381.0 507.9 | 668.1 | shear | shear | 1.80 | 1.35
9 31 31| 13| 430 (1.09|1.09| - |532.0{ 330.1 441.0 646.7 | shear | shear | 1.61 | 1.21
95 32 31| 13| 826 [1.09|1.09| - |695.0{ 399.6 532.2 673.3 | shear | shear | 1.74 | 1.31
96 33 3.1 | 13| 463 [1.09|1.09| - 1|549.0| 3374 450.6 650.7 | shear | shear | 1.63 | 1.22
97 34 31| 13| 808 (1.09|1.09| - |639.0{ 397.0 528.9 672.6 | shear | shear | 1.61 | 1.21
98 35 30| 13| 814 (133|133 - |697.0| 4475 599.6 855.4 | shear | shear | 1.56 | 1.16
99 36 30| 13| 818 [1.33|1.33| - |693.0| 448.2 600.5 855.7 | shear | shear | 1.55 | 1.15
100 43 26 | 22 | 89.6 |1.33|1.33] - |738.0] 657.8 820.3 |1002.9 | shear | shear | 1.12 | 0.90
101 44 26 | 22 | 683 |1.33|1.33] - |[601.0f 607.1 757.6 987.8 | shear | shear | 0.99 | 0.79
102 45 3.0 1.3 | 855 |3.05/3.05| - |[695.0]{ 629.1 848.2 |1172.9| shear | shear | 1.10 | 0.82
103 46 30| 13| 58.8 [3.05/3.05| - |656.0/ 558.2 753.4 |1134.5| shear | shear | 1.18 | 0.87
104 53 43 | 1.4 | 57.7 |4.12|4.12| - |470.0| 353.9 472.5 771.0 | shear | shear | 1.33 | 0.99
105 54 43 | 1.4 | 459 |4.12|4.12| - |446.0| 327.7 437.6 740.1 | shear | shear | 1.36 | 1.02
106 55 32 | 14| 834 (212|212 - |691.0| 512.8 685.1 763.4 | shear | shear | 1.35| 1.01
107 56 32 | 14| 702 (2.12]|2.12| - 1|590.0| 486.4 650.2 756.1 | shear | shear | 1.21 | 0.91
108 63 2.7 | 23 | 80.7 |212|2.12| - |888.0 727.5 903.9 889.1 | shear |flexure| 1.22 | 1.00
109 64 2.7 | 23 | 727 (212|212 - |792.0f 704.5 875.5 884.0 | shear | shear | 1.12 | 0.90
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ALl 294 & S TORTAREZRRIE S (G SR b+ 2d » b + 4d)(F)
TR SHERHRLEE AFEG AT
No.| Spec. ID b, fe pe (%) Pt | Veest [Vshear 1:1|Vshear_1:2| Vriex |Failure|Failure|Veese/Vssr
a/d slope|slope Mode | Mode [slope|slope
/d |(MPa) (%) | (kN) | (kN) (kN) | (kN)
1.1 1:2 1:1) | (1:2) | 1.1 1:2
Oliveira et al. (2000)

110 1 6.8|13|60.9 (1.47|1.47|0.22 |270.0| 277.7 373.5 |696.3 | shear | shear |0.97|0.72
111 2 6.6|12]629 (1.41|1.41| 0.21 |335.0| 291.9 394.9 | 729.1 | shear | shear [1.15|0.85
g P2 (2000)

112 |[CSR1-C1-FOa| 4.9 | 2.1 | 182 |0.49|049| - |113.7| 68.6 85.7 |108.9 | shear | shear |1.66|1.33
113 |CSR1-C1-FOb| 4.9 | 2.1 | 18.2 |0.49|0.49| - |123.6| 68.6 85.7 |108.9 | shear | shear {1.80|1.44
114 |CSR1-C2-FOa| 4.9 | 2.1 | 276 |0.49|049| - |136.8| 95.2 118.9 | 112.0 | shear |flexure|1.44|1.22
115 |CSR1-C2-FOb| 4.9 | 2.1 | 27.6 |0.49]|0.49| - |1225| 95.2 118.9 | 112.0 | shear |flexure|1.29|1.09
116 [CSR2-C1-FOa| 4.9 | 2.1 | 182 |0.98|0.98| - |1459| 90.6 113.6 | 199.1 | shear | shear |1.61|1.28
117 |CSR2-C1-FOb| 4.9 | 2.1 | 18.2 |0.98/0.98| - |159.1| 90.6 113.6 | 199.1 | shear | shear |1.76|1.40
118 [CSR2-C2-F0a| 4.9 | 2.1 | 276 |0.98|0.98| - |176.1| 126.7 158.7 | 211.8 | shear | shear |1.39|1.11

FFizZ& (2013)
119 | TS-R1-C1-0 | 6.9 | 2.1 | 325 [0.65(0.65| 0.18 (216.0| 177.7 222.8 |198.3 | shear |flexure|1.22|1.09
120 | TS-R2-C1-0 | 6.9 | 2.1 | 32,5 {0.97|0.97| 0.18 |{260.0| 210.0 264.0 | 280.3 | shear | shear |1.24|0.98
121 | TS-R1-C2-0 | 6.9 | 2.1 | 58.5 |0.65|0.65| 0.18 |266.0| 237.6 297.5 | 205.4 |flexure|flexure|1.30|1.30
122 | TS-R2-C2-0 | 6.9 | 2.1 | 58.5 |0.97|0.97| 0.18 |307.0| 282.2 354.2 | 295.3 | shear |flexure|1.09|1.04
123 | CS-R1-C1-0 | 5.2 | 2.1 | 32,5 |0.95|0.95| 0.27 |222.0| 208.6 262.2 |290.9 | shear | shear |1.06|0.85
124 | CS-R2-C2-0 | 5.2 | 2.1 | 58.5 |1.43|1.43| 0.27 |482.0| 330.8 | 416.0 |439.0 | shear | shear |1.46|1.16
Hassan et al. (2017)
125 S1-1 5615|284 |127|1.27| 0.49 |366.8| 378.7 497.0 | 714.0 | shear | shear {0.97|0.74
5 A (2021)
126 P2 4113|383 |1.72|1.72| 0.62 |823.7| 678.8 915.0 |1557.3| shear | shear |1.21|0.90

Average (AVG)|1.20(0.97

Coefficient of variation (COV)|0.21/0.19

L% A A AR S B 2R B R e 0 (0BT A 7 o
2. pya" AR E R A 6
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. HEHE S A FAIG G F Y 2 E M ppdEBU P BolE S b +2d ~ b + Ad N 2 4 85
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4. giﬁ%‘i&‘#ﬁ%?‘ ?“ €2 9% & (Vssr) > o F w4 B (Vshear) ® #8953 }i(vflex)ﬁi X2 78

T

FOA2 B A GG S B Y L EMIRIS S (U ST D b +2d b, + 4d)

ey AR
No. [Spec. ID fe Py p;(%) Viest |Vsnear 1:1|Vshear 1:2 Vflex Failure| Failure | Vigse /Vsst
' ' slope|slope Mode | Mode |slope |slope
(MPa)| 6) | | | (kN) | (kN) | (kN | kN | g
11| 1:2 @D | @2 | 11| 1:2

Elstner and Hognestad (1956)
1* | A9 |29.9|215|4.66|3.56|444.82| 618.7 711.8 |728.2| shear | shear | 0.72 | 0.62

2 | A7b | 279241 - - |511.55| 474.2 592.0 |790.3 | shear | shear | 1.08 | 0.86
3* | A-10 | 29.7 |2.15|3.88|3.16|489.30| 756.9 847.9 | 778.9 | shear |flexure| 0.65 | 0.63
4 A5 | 278|241 - - [533.79] 612.6 732.4 |846.1 | shear | shear | 0.87 | 0.73

Regan (1986)
5* 1/1 25.8 [ 1.20 |2.07(2.07|194.00| 214.9 262.8 | 281.4 | shear | shear [0.90 | 0.74

6 172 234|120 - - 1176.00| 162.6 198.6 |270.9 | shear | shear | 1.08 | 0.89
™ 1/3 2741092 (1.71(1.71{194.00| 211.1 258.1 |225.2 | shear |flexure| 0.92 | 0.86
8 1/4 3231092 - - |194.00| 189.4 231.1 |223.9 | shear |flexure| 1.02 | 0.87
9* 1/5 28.2 1 0.75|1.29]1.29|165.00| 200.4 245.6 | 190.6 [flexure|flexure| 0.87 | 0.87
10 1/6 219|075 | - - |165.00| 132.0 161.5 |181.7 | shear | shear | 1.25 | 1.02
E

1L *fAfd st o GRS B9 2338

2. piEA B HEW S > SRR E AT 2 45 50 o
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£ A3 BT 4 48 TR TR 2 TFRIS % (B S EF b, + 3R)
TE S HREERES ARG AT RS
No. Spec f¢ Pe | Pr | Viest [Vshear 1:1|Vshear_1:2| Vriex |Failure|Failure|Vyos/Vssr
ID |a/d |b./d Mode | Mode [slope|slope
(MPa) | (%) | (%) |(kN)| (kN) | (kN) | (kN)
(1:1) | 1:2) | 1:1] 1:2
Elstner and Hognestad (1956)
1 | Ala| 65|22 | 141 | 1.20 | 0.59 (302.5| 249.0 271.1 | 433.5 | shear | shear |1.211.12
2 |Alb| 65| 22| 252 | 1.20 | 0.59 [364.8| 403.0 435.1 | 467.8 | shear | shear [0.91/0.84
3 |Alc| 65|22 29.0 | 1.20 | 0.59 |355.9| 4519 487.0 | 476.9 | shear |flexure|0.79|0.75
4 | A-1ld| 65| 22 | 36.8 | 1.20 | 0.59 |351.4| 5485 589.2 | 492.2 |flexure|flexure|0.71/0.71
5 | A-le| 65 | 22 | 20.3 | 1.20 | 0.59 |355.9| 336.7 364.7 | 452.8 | shear | shear |1.06|0.98
6 | A-2a | 6.7 | 22 | 13.7 | 241 | 1.10 |333.6| 293.0 325.8 | 720.8 | shear | shear |1.14|1.02
7 | A2b| 6.7 | 22 | 195 | 241 | 1.10 |400.3| 397.7 439.5 | 753.4 | shear | shear {1.01]0.91
8 | A2c | 6.7 | 22 | 374 | 241 | 1.10 |467.1| 689.3 753.9 | 822.7 | shear | shear |0.68|0.62
9 |AT7b| 67|22 | 279 | 241|110 |5115| 538.7 592.0 | 790.3 | shear | shear [0.95|0.86
10 | A-3a| 6.7 | 22 | 128 | 3.76 | 1.10 [355.9| 309.9 350.2 | 850.8 | shear | shear |1.15|1.02
11 | A-3b| 6.7 | 22 | 226 | 3.76 | 1.10 |444.8| 511.3 572.1 |1108.9 | shear | shear [0.87|0.78
12 | A-3c | 6.7 | 22 | 26,5 | 3.76 | 1.10 |533.8| 587.4 655.4 | 1139.1| shear | shear [0.91/0.81
13 | A-3d | 6.7 | 22 | 345 | 3.76 | 1.10 |547.1| 736.8 818.5 |1188.8| shear | shear |0.74|0.67
14 | A-4 | 6.0 | 3.0 | 26.1 | 1.20 | 0.59 |400.3| 526.3 556.1 | 503.6 |flexure|flexure|0.79|0.79
15 | A5 | 62| 31| 278 | 241 | 1.10 |533.8| 6835 732.4 | 846.1 | shear | shear [0.78|0.73
16 | A6 | 6.2 | 3.1 | 25.0 | 3.76 | 1.10 (498.2| 7134 774.3 |1208.7 | shear | shear [0.70|0.64
*17 | A9 | 6.7 | 22 | 29.9 (2;2) 1.10 (444.8| 640.3 711.8 | 728.2 | shear | shear |0.69|0.62
*18 | A-10 | 6.2 | 3.1 | 29.7 (2'12) 1.10 |489.3| 786.5 847.9 | 778.9 |flexure|flexure|0.63|0.63
19 | A-13 | 59| 29 | 26.2 | 057 | 0.29 |235.8| 407.0 424.4 | 253.9 |flexure|flexure|0.93|0.93
20 | B-1 | 67|22 | 142 | 048 | - |1784| 1739 184.5 | 179.1 | shear |flexure|1.03|1.00
21 | B2 | 6.7 | 22| 476 | 0.48 - 1200.2| 4241 4445 | 185.9 |flexure|flexure|1.08|1.08
22 | B4 |67 |22 | 477 | 095 | - [333.6| 559.3 594.6 | 339.0 |flexure|flexure|0.980.98
23 | B-9 [ 6.7 |22 | 439 |204 | - |504.9| 723.0 784.9 | 768.8 | shear |flexure|0.70|0.66
24 | B-11 |67 | 22 | 135|295 | - (329.2| 306.8 343.5 | 593.4 | shear | shear |1.07|0.96
25 | B-14 | 6.7 | 22 | 505 | 295 | - |578.3| 857.1 939.0 |1040.0| shear | shear |0.67|0.62
Regan (1986)
*26 | 1/1 |106| 2.6 | 25.8 (;'(2)3) - |194.0f 241.6 261.3 | 281.4 | shear | shear [0.80(0.74
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A3 BT 4 4SBT RTHEZIFRIEE G SR b+ 30)(H)

TE S HREERES ARG AT RS
No. Spec. fe pe | Pe | Viest |Vshear1:1|Vshear 1:2| Vriex |Failure|Failure|Viose/Vssr
ID |a/d|b./d Mode | Mode |slope|slope
(MPa) | (%) | (%) |(kN)| (kN) | (kN) | (kN)
(1:1) | 1:2) | 1:1] 1:2
Regan (1986)
27 /2 [106| 26 | 234 | 120 | - |176.0] 184.9 197.4 | 270.9 | shear | shear |0.95|0.89
*28 | 1/3 |106| 26 | 274 (23?) - [194.0| 238.7 256.6 | 225.2 |flexure|flexure|0.86|0.86
29 /4 [10.6| 2.6 | 323 | 092 | - |194.0| 217.2 229.6 | 223.9 | shear |flexure|0.890.87
*30 | I/5 |103| 25 | 28.2 (S;Z) - |165.0f 227.2 242.7 | 190.6 |flexure|flexure|0.87|0.87
31 I/6 [10.3| 25| 21.9 |0.75| - |165.0{ 150.7 159.4 | 181.7 | shear | shear |1.09|1.03
32 | V/I4 |59 09| 3.2 |078| - (2850 265.2 303.5 | 538.1 | shear | shear [1.07|0.94
Rankin and Long (1987)
33 1 6.7 | 25| 307 |050| - |364]| 451 47.3 39.0 |flexure|flexure|0.93{0.93
34 2 6.7 | 25| 30.7 | 0.70 | - |49.1| 516 54.5 53.5 | shear |flexure|0.95|0.92
35 3 6.7 | 25| 30.7 | 0.70| - |56.6| 516 54.5 53.5 | shear |flexure|1.10|1.06
36 4 6.7 | 25| 348 | 080 | - |56.2| 60.2 63.6 61.1 | shear |flexure|0.93|0.92
37 5 6.7 | 25| 348 | 080 | - |57.3| 602 63.6 61.1 | shear |flexure|0.95]0.94
38 6 6.7 | 25| 348 | 1.00| - |656| 656 69.7 74.9 | shear | shear |1.00|0.94
39 7 6.7 | 25| 29.7 | 120| - |709| 617 66.0 86.2 | shear | shear |1.15|1.08
40 8 6.7 | 25| 297 |120| - |711| 617 66.0 86.2 | shear | shear |1.15(1.08
41 9 6.7 | 25| 297 | 140| - |786]| 652 70.0 98.2 | shear | shear |1.21(1.12
42 10 | 6.7 | 25| 299 | 050 | - [436]| 441 46.3 39.0 |flexure|flexure|1.12(1.12
43 11 | 6.7 | 25| 299 [ 080 | - |550| 533 56.4 60.3 | shear | shear |1.03(0.97
44 12 | 67 |25 ] 299 |100| - |67.1| 58.0 61.8 73.7 | shear | shear |1.16 |1.09
45 13 | 67 |25 | 340 |070| - |494| 56.0 59.1 53.9 |flexure|flexure|0.92(0.92
46 14 | 6.7 25| 340|070 - |525| 56.0 59.1 53.9 |flexure|flexure|0.97|0.97
47 15 | 6.7 25| 340|199 | - |848| 824 89.2 134.3 | shear | shear [1.03|0.95
48 1A | 58 | 22| 28.8 | 043 - | 452 48.1 50.7 45.0 |flexure|flexure|1.00|1.00
49 | 2A | 58 | 22| 288 |069| - |66.2| 582 62.0 69.8 | shear | shear |1.14|1.07
50 3A | 58|22 | 288 | 122 - |89.7| 720 77.8 114.7 | shear | shear |1.25]|1.15
510 | 4A |58 |22 309 |191| - |974]| 89.2 97.6 167.6 | shear | shear |1.09|1.00
52 1B | 7.7 | 29 | 377 | 058 | - |289| 47.0 49.0 33.8 |flexure|flexure|0.85 | 0.85
53 | 2B |77 |29 | 377 |069| - |[376]| 50.6 52.9 40.2 |flexure|flexure|0.94 | 0.94
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# A3 &Y 4 G TR TR 2 FERLS % (4K S5 1 be + 3R)(H)
TR SHERHRLE AT AR
No. | Spec. ID fo | pe | P2 | Veest |Vsnear1:1Vshear 1:2) Vriex |Failure|Failure| Viese/Vssr
a/d | b./d Mode | Mode |slope [slope
(MPa)| (%) | (%) | (kN) | (kN) | (kN) | (kN)
1) | (12) | 1.1 1:2
Rankin and Long (1987)
54 3B 77 | 29 | 377|138 - |56.7| 66.0 70.0 75.5 | shear | shear | 0.86 | 0.81
55 4B 77 | 29 | 309 |208| - |725| 644 69.2 | 101.1 | shear | shear | 1.13 | 1.05
56 1C 50 | 19 | 278 |053| - | 627 | 60.8 64.9 71.5 | shear | shear | 1.03 | 0.97
57 2C 50 | 1.9 | 324 |0.75| - | 879 | 792 85.1 | 100.7 | shear | shear | 1.11 | 1.03
58 3C 50 | 1.9 | 324 |121| - |1241| 947 103.2 | 153.6 | shear | shear | 1.31 | 1.20
59 4C 50 | 1.9 | 278 |196| - |1259| 989 109.6 | 220.3 | shear | shear | 1.27 | 1.15
Marzouk and Hussein (1991)
60 NS1 71 | 1.6 | 420 |1.07|0.24[320.0| 306.8 | 335.4 | 392.9 | shear | shear | 1.04 | 0.95
61 HS1 71 | 16 | 67.0 |0.39|0.24(178.0| 231.2 | 244.7 | 171.3 |flexure(flexure| 1.04 | 1.04
62 HS2 71 | 1.6 | 70.0 |0.63|0.24249.0| 288.7 | 308.8 | 261.3 |flexure|flexure| 0.95 | 0.95
63 HS7 71 | 1.6 | 740 |0.88|0.24|356.0| 336.0 | 362.2 | 350.1 | shear |flexure| 1.06 | 1.02
64 HS3 71 | 1.6 | 69.0 |1.07|0.24|356.0| 356.8 | 387.2 | 414.0 | shear | shear | 1.00 | 0.92
65 HS4 75 | 1.7 | 66.0 |1.96|0.26 |418.0| 417.4 | 460.5 | 637.2 | shear | shear | 1.00 | 0.91
66 NS2 56 | 1.3 | 30.0 |0.50|0.19[396.0| 240.1 | 262.6 | 312.2 | shear | shear | 1.65 | 1.51
67 HS5 7.1 | 1.6 | 68.0 |0.63|0.24[365.0| 306.4 | 329.3 | 291.1 |flexure|flexure| 1.25 | 1.25
68 HS6 56 | 1.3 | 70.0 |0.50|0.19[489.0| 360.4 | 389.3 | 331.7 |flexure|flexure| 1.47 | 1.47
69 HS8 56 | 1.3 | 69.0 |0.95|0.19(436.0| 470.2 | 517.8 | 591.4 | shear | shear | 0.93 | 0.84
70 HS9 56 | 1.3 | 74.0 |1.39|0.19|543.0| 557.0 | 620.5 | 830.7 | shear | shear | 0.97 | 0.88
71 HS10 56 | 1.3 | 80.0 |1.91|0.19|645.0| 643.5 | 724.2 |1115.9| shear | shear | 1.00 | 0.89
72 HS11 96 | 2.1 | 70.0 |0.73|0.33[196.0| 203.7 | 214.7 | 165.3 |flexure|flexure| 1.19 | 1.19
73 HS12 96 | 2.1 | 75.0 |1.12|0.33|258.0| 248.3 | 264.0 | 240.7 |flexure|flexure| 1.07 | 1.07
74 HS13 96 | 2.1 | 68.0 |1.45|0.33(267.0| 266.5 | 285.5 | 295.8 | shear | shear | 1.00 | 0.94
75 HS14 6.7 | 23 | 72.0 |1.07|0.24498.0| 465.3 | 492.1 | 438.8 |flexure|flexure| 1.13 | 1.13
76 HS15 6.3 | 3.2 | 71.0 |1.07|0.24 |560.0| 578.2 602.3 | 467.3 |flexure|flexure| 1.20 | 1.20
Tomaszewicz (1993)
77 |ND65-1-1| 42 | 0.7 | 643 |1.19| - | 2050 | 1933.0 | 2257.7 |4046.3 | shear | shear | 1.06 | 0.91
78 |ND65-2-1| 5.1 | 0.8 | 70.2 |1.45| - |1200| 1162.9 | 1364.6 |2555.7 | shear | shear | 1.03 | 0.88
79 |ND95-1-1| 4.2 | 0.7 | 83.7 |1.19| - |2250| 2092.1 | 2429.7 |4106.1| shear | shear | 1.08 | 0.93
80 |ND95-1-3| 4.2 | 0.7 | 89.9 |2.08| - |2400 | 2656.7 | 3158.5 [6967.6| shear | shear | 0.90 | 0.76
81 |ND95-2-1| 5.1 | 0.8 | 88.2 |1.45| - | 1100 | 1247.0 | 1455.9 |2593.0| shear | shear | 0.88 | 0.76
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A3 ET 4 gy S TR E AL 2 FEIRLE S (8 S W b+ 3h)(F)

TR SHERHRLE AT AR
No.| Spec. ID f& | pe | P | Veest |Vshear 1:1Vshear_1:2| Vriex |Failure|Failure| Vigse/Vssr
a/d |b./d Mode | Mode |slope | slope
(MPa) | (%) | (%) | (kN) | (kN) | (kN) | (kN)
(1) | 1:2) | 11 1:2
Tomaszewicz (1993)
82 | ND95-2-1D | 5.1 | 0.8 | 86.7 |1.45]1.45|1300| 1240.5 | 1448.9 |2614.2| shear | shear | 1.05 | 0.90
83| ND95-2-3 | 51 | 0.8 | 89.5 |2.17| - |1450| 1460.7 | 1736.6 |3785.0| shear | shear | 0.99 | 0.83
84 | ND95-2-3D | 5.1 | 0.8 | 80.3 |2.17|2.17|1250| 1411.2 | 1682.0 |3676.0| shear | shear | 0.89 | 0.74
85 [ND95-2-3D+| 5.1 | 0.8 | 98.0 |2.17|2.17|1450| 1503.3 | 1783.4 |3739.9| shear | shear | 0.96 | 0.81
86 | ND95-3-1 | 57 | 1.1 | 851 |1.20| - | 330 | 287.1 | 320.9 | 429.1 | shear | shear | 1.15 | 1.03
87 | ND115-1-1 | 4.2 | 0.7 | 112.0 |1.19| - |2450| 2280.4 | 2632.5 |4156.1| shear | shear | 1.07 | 0.93
88 | ND115-2-1 | 5.1 | 0.8 | 119.0 |1.45| - |1400| 1364.9 | 1583.4 |2630.7| shear | shear | 1.03 | 0.88
89 | ND115-2-3 | 5.1 | 0.8 | 108.1 |2.17| - |1550| 1550.5 | 1835.2 |3840.6| shear | shear | 1.00 | 0.84
HE & o ez 2 12 (1996)
90 3 46 | 20 | 55.6 |7.38| - [449.0| 481.1 | 551.6 | 912.6 | shear | shear | 0.93 | 0.81
91 4 46 | 20 | 719 |7.38| - |[515.0| 530.7 | 605.7 [1072.0| shear | shear | 0.97 | 0.85
92 29 31|13 | 369 |1.09| - |521.0|/ 357.6 | 398.1 | 637.6 | shear | shear | 1.46 | 1.31
93 30 31|13 | 701 |1.09| - |685.0| 461.8 | 508.6 | 668.1 | shear | shear | 1.48 | 1.35
94 31 31| 13| 430 |1.09| - |532.0| 397.7 | 4416 | 646.7 | shear | shear | 1.34 | 1.20
95 32 31|13 | 826 |1.09| - |695.0| 4852 | 533.0 | 673.3 | shear | shear | 1.43 | 1.30
96 33 31| 13| 463 |1.09| - |549.0| 406.9 | 451.2 | 650.7 | shear | shear | 1.35 | 1.22
97 34 31|13 | 80.8 |1.09| - |639.0| 482.0 | 529.6 | 672.6 | shear | shear | 1.33 | 1.21
98 35 30|13 | 814 |133| - |697.0/ 537.6 | 5954 | 855.4 | shear | shear | 1.30 | 1.17
99 36 30| 13| 818 |1.33| - |693.0/ 538.4 | 596.3 | 855.7 | shear | shear | 1.29 | 1.16
100 43 26 | 22 | 89.6 |1.33| - |738.0| 765.9 | 815.4 |1002.9| shear | shear | 0.96 | 0.91
101 44 26 | 22 | 683 |1.33| - [601.0{ 705.1 | 753.2 | 987.8 | shear | shear | 0.85 | 0.80
102 45 30| 1.3 | 8.5 |3.05| - |695.0| 738.6 | 843.0 |1172.9| shear | shear | 0.94 | 0.82
103 46 30| 1.3 | 588 |3.05| - |656.0/ 651.2 | 749.0 |1134.5| shear | shear | 1.01 | 0.88
104 53 43 | 1.4 | 57.7 |4.12| - |470.0| 413.7 479.2 | 771.0 | shear | shear | 1.14 | 0.98
105 54 43 | 14 | 459 (412 - |446.0| 38l.1 443.6 | 740.1 | shear | shear | 1.17 | 1.01
106 55 32|14 | 834 (212 - |691.0| 6144 | 689.7 | 763.4 | shear | shear | 1.12 | 1.00
107 56 32|14 | 702 |2.12| - |590.0| 581.2 | 6545 | 756.1 | shear | shear | 1.02 | 0.90
108 63 27 | 23 | 80.7 |2.12| - |888.0| 844.4 | 909.0 | 889.1 | shear |flexure| 1.05 | 1.00
109 64 27 | 23 | 727 |2.12| - |792.0| 816.7 | 880.4 | 884.0 | shear | shear | 0.97 | 0.90
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# A3 &Y 4 G TR TR 2 FERLS % (4K S5 1 be + 3R)(H)
T RSB RSLEE AT AR
No.| Spec. ID fé | pe | Pe| Viest |Vshear1:1|Vshear 1:2| Vriex |Failure|Failure|Vies, /Vssr
a/d|b./d Mode | Mode |slope|slope
(MPa)[ (%) | (%)| (kN) | (kN) | (kN) | (kN)
(1:1) | (1:2) | 11| 1:2
Oliveira et al. (2000)

110 1 6.8 | 1.3 | 60.9 [1.47/0.22] 270.0 | 338.3 379.0 | 696.3 | shear | shear {0.80/0.71
111 2 6.6 | 1.2 | 62.9 |{1.41/0.21] 335.0 | 352.8 395.5 | 729.1 | shear | shear {0.95]0.85
MR (2000)

112 |CSR1-C1-FOa| 4.9 | 2.1 | 18.2 |0.49| - | 113.7 81.9 87.2 108.9 | shear | shear [1.39|1.30
113 |CSR1-C1-FOb| 4.9 | 2.1 | 18.2 |0.49| - | 123.6 81.9 87.2 108.9 | shear | shear |1.51|1.42
114 |CSR1-C2-FOa| 4.9 | 2.1 | 27.6 |0.49] - | 136.8 114.3 121.0 | 112.0 |flexure |flexure|1.22|1.22
115 |CSR1-C2-FOb| 4.9 | 2.1 | 27.6 |0.49| - | 1225 114.3 121.0 | 112.0 |flexure |flexure|1.09 | 1.09
116 |CSR2-C1-FOa| 4.9 | 2.1 | 18.2 |0.98] - | 145.9 106.5 115.4 | 199.1 | shear | shear |1.37|1.26
117 |CSR2-C1-FOb| 4.9 | 2.1 | 18.2 |0.98| - | 159.1 106.5 115.4 | 199.1 | shear | shear |1.49|1.38
118 |CSR2-C2-FOa| 4.9 | 2.1 | 27.6 |0.98] - | 176.1 149.7 161.3 | 211.8 | shear | shear |1.18|1.09

B i-% (2013)

119 | TS-R1-C1-0 | 6.9 | 2.1 | 32,5 |0.65|0.18| 216.0 | 211.3 224.7 | 198.3 |flexure |flexure|1.09|1.09

120 | TS-R2-C1-0 | 6.9 | 2.1 | 32,5 |0.97(0.18] 260.0 | 247.7 266.2 | 280.3 | shear | shear |1.05|0.98

121 | TS-R1-C2-0 | 6.9 | 2.1 | 58.5 |0.65/0.18] 266.0 | 284.0 300.1 | 205.4 |flexure |flexure|1.30|1.30

122 | TS-R2-C2-0 | 6.9 | 2.1 | 58.5 |0.97]|0.18] 307.0 | 335.0 357.2 | 295.3 |flexure |flexure|1.04|1.04

123 | CS-R1-C1-0 | 5.2 | 21 | 32.5 |0.95|0.27| 222.0 | 246.2 264.4 | 290.9 | shear | shear |0.90|0.84

124 | CS-R2-C2-0 | 5.2 | 2.1 | 58.5 |1.43|0.27| 482.0 | 389.3 419.4 | 439.0 | shear | shear |1.24|1.15

Hassan et al. (2017)

125 S1-1 56| 15| 284 |1.27/0.49 366.8 | 438.4 485.9 | 714.0 | shear | shear [0.84|0.75

3% 4 (2021)

126 P2 4113|383 |1.72|0.62| 823.7 | 800.6 907.8 |1557.3| shear | shear |1.03|0.91

Average (AVG)| 1.05|0.97

Coefficient of variation (COV)|0.18 |0.19

e
f

L%t R Hew g 852 530 f 5 B0 23880 H e 4 550 (p) P T4 7 o
2. ppi "R AGEE RS S o
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3. H¥EEd S o GAL S FY 2B pp AR RN BB S b+ 3R 2B 0 SRR
—\gi;g_.’: B-—i*b'“rq* 2_4% 5L o
4. giﬁ%‘i&‘#ﬁ%?‘ i\‘g‘?‘ o & (Vssr) > o F w4 5% & (Vsnear) ® #EW 5§}§(Vflex)$ii'§11ét

T

AL 0 ARG B 2 EMIERILE % (8 55 5 F 1 b+ 3h)
A 2 A TS

fe Py p; Viest |Vsnear 1:1|Vshear 1:2 Vflex Failure| Failure | Viese /Vssr
Mode | Mode |slope [slope
(1:1) | 1:2) | 1.1 ] 1:2

No. |Spec. ID
(MPa)| (%) | (%) | (kN) | (kN) | (kN) | (kN)

Elstner and Hognestad (1956)
1* | A9 |29.9 |2.15(3.56|444.82| 640.3 711.8 |728.2| shear | shear | 0.69 | 0.62
2 | A7b |27.9 |241| - |511.55| 538.7 592.0 |790.3 | shear | shear | 0.95 | 0.86
3* | A-10 | 29.7 |2.15|3.16(489.30| 786.5 847.9 | 778.9 |flexure|flexure| 0.63 | 0.63
4 A-5 | 27.8 |241| - |533.79| 683.5 732.4 |846.1 | shear | shear | 0.78 | 0.73
Regan (1986)
5* 1/1 25.8 [1.20(2.07{194.00| 241.6 261.3 | 281.4 | shear | shear | 0.80 | 0.74
6 172 23.411.20| - |176.00| 184.9 197.4 |270.9 | shear | shear | 0.95 | 0.89
7* 1/3 27.410.92/1.71|1194.00| 238.7 256.6 |225.2 |flexure|flexure| 0.86 | 0.86
8 1/4 32.3 10.92| - |194.00| 217.2 229.6 |223.9 | shear |flexure| 0.89 | 0.87
9* 1/5 28.2 |0.75]1.29|165.00| 227.2 242.7 |190.6 [flexure|flexure| 0.87 | 0.87
10 1/6 21.9 |10.75| - [165.00| 150.7 159.4 | 181.7 | shear | shear | 1.09 | 1.03

I

1o *f L 80 GG BY 230

2. prE T B YRR AE S 2P pEATE 24 500
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A5 TRV ARZ BT A S TRTREIERE RGBSR b+ 2d)

TR RS EHES RET Tk
No. | Spec. ID ¢ pe | P | Viest |Vshear 11| Vriex Failure
a/d |be/d (I\/IIIPa) (%) (f%i) (kN) (kN; (iN) Mode | test/ VssT
Elstner and Hognestad (1956)
1 | Ala |65|22]| 141 | 1.20 | 059 | 302.5| 218.0 | 4335 shear 1.39
2 | Alb |[65|22| 252|120 | 059 |364.8| 3503 | 467.8 shear 1.04
3 | Alc |65|22]| 290 | 120 | 059 |355.9| 3922 | 476.9 shear 0.91
4 | Ald | 65|22 | 368 | 120 | 059 |351.4| 4608 | 4922 shear 0.76
5 | Ale |65|22]| 203 | 120|059 |355.9| 2935 | 452.8 shear 1.21
6 | A2a |67 |22| 137 | 241 | 1.10 |333.6| 2609 | 720.8 shear 1.28
7 | A2 |67 |22 195 | 241 | 1.10 | 4003 | 3216 | 753.4 shear 1.24
8 | A2 |67 |22]|374 | 241 | 110 | 467.1| 4455 | 822.7 shear 1.05
9 | A7 |67 |22 279|241 | 110 |5115| 3848 | 7903 shear 1.33
10 | A3a |67 |22 128|376 | 1.10 | 3559 | 2600 | 850.8 shear 1.37
11 | A3b |67 |22 226 | 3.76 | 1.10 | 4448 | 3463 | 1108.9 shear 1.28
12 | A3c |67 |22]| 265|376 | 1.10 |533.8| 3751 | 1130.1 shear 1.42
13 | A3d |67 22| 345|376 | 1.10 |547.1| 427.9 | 1188.8 shear 1.28
14 | A4 |60|30]| 261 | 120 | 059 | 4003 | 466.7 | 503.6 shear 0.86
15 | A5 |62 31278 | 241 | 1.10 | 533.8| 4646 | 846.1 shear 1.15
16 | A6 |62 31| 250|376 | 1.10 | 498.2| 441.0 | 1208.7 shear 1.13
27| A9 |67 |22 209 | “ | 110 | a4a8| 3978 | 7282 shear 1.12
(4.66)
18| A10 |62 |31 207 | “ | 110 |4893| 4805 | 778.9 shear 1.02
(3.88)
19 | A13 |59 |29 | 262 | 057 | 029 | 2358 | 3581 | 253.9 | flexure 0.93
20| B1 |67 |22 142|048 | - |1784| 1485 | 179.1 shear 1.20
21 | B2 |67 |22|476 | 048 | - |2002| 3587 | 1859 | flexure 1.08
22 | B4 |67 |22|477|095| - |3336| 4782 | 339.0 | flexure 0.98
23 | B9 |67 |22|439|204| - |5049| 4825 | 7688 shear 1.05
24 | B11 |67 22| 135|295 | - |[3202]| 2677 | 5934 shear 1.23
25 | B-14 |67 |22|505|295| - |[5783| 5176 | 1040.0 shear 1.12
Regan (1986)
s26 | 1 |106|26 | 258 | " | - |1040| 1826 | 2814 shear 1.06
(2.07)
27 /2 |106| 26| 234 | 120 | - |1760| 1626 | 270.9 shear 1.08
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LAS L RT R R BT 4 S TR TR ETRIS S (&5

B © b, + 2d)(4)

TE SRS A AR
No. | Spec. ID ¢ pe | P | Viest |Vshear 11| Vriex Failure
a/d |be/d (I\/IIIPa) (%) (f%i) (kN) (kN; (iN) Mode | test/ VssT
Regan (1986)
s28 | 13 |106|26 | 274 | " - |1040| 1885 | 2252 shear 1.03
(1.71)
29 /4 [106| 26 | 323 | 092 | - |1940| 1894 | 2239 shear 1.02
*30 | I/5 |10.3| 25 | 28.2 0 165.0 | 198.1 | 190.6 flexure 0.87
(1.29)

31 I/6 [103] 25| 219 | 075 | - |1650| 1320 | 1817 shear 1.25
32| Vvi4 |59|09]|362]|078| - |2850]| 2167 | 538.1 shear 1.32
Rankin and Long (1987)

33 1 6.7 | 25| 307 | 050 | - | 364 | 392 39.0 flexure 0.93
34 2 67 | 25| 307 | 070 | - | 491 | 451 53.5 shear 1.09
35 3 67 | 25| 307 | 070 | - | 566 | 451 53.5 shear 1.25
36 4 67 | 25| 348 | 080 | - | 562 | 526 61.1 shear 1.07
37 5 67 | 25| 348 | 080 | - | 573 | 526 61.1 shear 1.09
38 6 67 | 25 | 348 | 1.00 | - | 656 | 57.1 74.9 shear 1.15
39 7 67 | 25| 297 | 120 | - | 709 | 527 86.2 shear 1.35
40 8 67 | 25| 297 | 120 | - | 711 | 527 86.2 shear 1.35
41 9 6.7 | 25| 29.7 | 140 | - | 786 | 527 98.2 shear 1.49
42 10 6.7 | 25| 299 | 050 | - | 436 | 384 39.0 shear 1.14
43 11 6.7 | 25| 299 | 080 | - | 550 | 466 60.3 shear 1.18
44 12 6.7 | 25| 299 | 1.00 | - | 671 | 510 73.7 shear 1.32
45 13 6.7 | 25 | 340 | 070 | - | 494 | 489 53.9 shear 1.01
46 14 67 | 25| 340 | 070 | - | 525 | 489 53.9 shear 1.07
47 15 67 | 25 | 340 | 1.99 | - | 848 | 564 134.3 shear 1.50
48 1A |58 |22 (288|043 | - | 452 | 417 45.0 shear 1.08
49 2A | 58|22| 288|069 | - |662]| 508 69.8 shear 1.30
50 3A | 5822|288 | 122 | - |897| 635 114.7 shear 1.41
51 4A | 5822|309 | 191 | - | 974 | 658 167.6 shear 1.48
52 1B |77 |29|377| 058 | - | 289 | 409 33.8 flexure 0.85
53 2B | 7729377 | 069 | - | 376 | 442 40.2 flexure 0.94
54 3B | 7729|377 |13 | - |567| 482 75.5 shear 1.18
55 4B | 77129309208 | - | 725]| 436 101.1 shear 1.66
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ZAS TRTERRZ &Y A A ST RTREIRRIE %G S PR b+ 2d)(H)

TE S HREERES rEG TR
No.| Spec. ID ¢ | pe | Pe | Viest |Vsnearaa| Vriex Failure
a/d |be/d (I\/)ICPa) (%) (cyz) (kN) (kN; (iN) Mode | cest/VssT
Rankin and Long (1987)
56 1C 50 | 19 | 27.8 | 0.53 - 62.7 52.7 71.5 shear 1.19
57 2C 50 | 19 | 324 |0.75 - 87.9 69.0 100.7 shear 1.27
58 3C 50 | 19 | 324 |121] - 124.1| 832 153.6 shear 1.49
59 4C 50 | 19| 278 |1.96| - 1259 | 77.1 220.3 shear 1.63
Marzouk and Hussein (1991)
60 NS1 71 | 16 | 420 [1.07| 0.24 | 320.0 | 261.3 392.9 shear 1.22
61 HS1 71 |16 | 670 [039] 0.24 | 178.0| 193.0 171.3 flexure 1.04
62 HS2 71 | 1.6 | 70.0 {0.63| 0.24 | 249.0 | 2424 261.3 shear 1.03
63 HS7 71 | 16 | 740 |0.88| 0.24 | 356.0 | 2835 350.1 shear 1.26
64 HS3 71 | 16 | 69.0 |1.07| 0.24 | 356.0 | 3024 414.0 shear 1.18
65 HS4 75 | 1.7 | 66.0 |1.96| 0.26 | 418.0| 3185 637.2 shear 131
66 NS2 56 | 1.3 | 30.0 [0.50| 0.19 | 396.0 | 200.0 312.2 shear 1.98
67 HS5 71 | 16 | 68.0 |0.63| 0.24 | 365.0| 2405 291.1 shear 1.52
68 HS6 56 | 1.3 | 70.0 [0.50| 0.19 | 489.0 | 298.2 331.7 shear 1.64
69 HS8 56 | 1.3 | 69.0 [095| 0.19 | 436.0| 393.3 591.4 shear 1.11
70 HS9 56 | 1.3 | 740 [139| 0.19 | 543.0| 469.3 830.7 shear 1.16
71 HS10 56 | 1.3 | 80.0 {191 | 0.19 | 645.0| 545.9 1115.9 shear 1.18
72 HS11 96 | 21| 700 |{0.73] 0.33 | 196.0| 1741 165.3 flexure 1.19
73 HS12 96 | 21| 750 |[1.12] 0.33 | 258.0| 2135 240.7 shear 121
74 HS13 96 | 21| 680 [145] 0.33 | 267.0| 221.0 295.8 shear 121
75 HS14 6.7 | 23 | 72.0 |1.07| 0.24 | 498.0 | 403.7 438.8 shear 1.23
76 HS15 6.3 | 3.2 | 71.0 |1.07| 0.24 | 560.0 | 511.8 467.3 flexure 1.20
Tomaszewicz (1993)
77 | ND65-1-1 | 4.2 | 0.7 | 64.3 |1.19 - 2050.0| 1617.5 4046.3 shear 1.27
78 | ND65-2-1 | 5.1 | 0.8 | 70.2 |1.45 - 1200.0|/ 968.6 2555.7 shear 1.24
79 | ND95-1-1 | 42 | 0.7 | 83.7 |1.19 - 2250.0| 1745.3 4106.1 shear 1.29
80 | ND95-1-3 | 4.2 | 0.7 | 89.9 |2.08 - 2400.0| 2246.0 6967.6 shear 1.07
81 | ND95-2-1 | 5.1 | 0.8 | 88.2 | 145 - 1100.0| 1035.5 2593.0 shear 1.06
82 IND95-2-1D| 5.1 | 0.8 | 86.7 | 145| 1.45 |1300.0| 1030.3 2614.2 shear 1.26
83 | ND95-2-3 | 5.1 | 0.8 | 895 | 217 - 1450.0| 1226.6 3785.0 shear 1.18
84 IND95-2-3D| 5.1 | 0.8 | 80.3 |2.17| 2.17 |1250.0| 1187.0 3676.0 shear 1.05
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ZAS TRTERARZ ET A 4 ST RTH AR R @S F R b+ 2d)(H)

TE S HREERES ARG AT RS
No. | Spec. ID ¢ | pe | Pe | Viest | Vshearaa Viiex Failure
a/d \be/d (I\/IIIPa) (%) (f%i) (kN) (kN; (EN) Mode | eest/VssT
Tomaszewicz (1993)
85 |ND95-2-3D+| 5.1 | 0.8 | 98.0 | 2.17 | 2.17 | 1450.0 | 1260.6 3739.9 shear 1.15
86 | ND95-3-1 |57 |11 851 |120| - | 3300 | 2331 429.1 shear 1.42
87 | ND115-1-1 | 42 | 0.7 [112.0| 1.19 | - |2450.0 | 1896.5 4156.1 shear 1.29
88 | ND115-2-1 | 5.1 | 0.8 [119.0 | 1.45 | - |1400.0 | 1129.2 2630.7 shear 1.24
89 | ND115-2-3 | 5.1 | 0.8 [108.1|217 | - |1550.0 | 12983 3840.6 shear 1.19
FRIFE G o Rz o HRE 1A (1996)
90 3 46| 20| 556 |738| - | 449.0 | 2259 912.6 shear 1.99
91 4 46 20| 719 | 738| - | 5150 | 256.9 1072.0 shear 2.00
92 29 31|13[369[109| - | 5210 | 2974 637.6 shear 1.75
93 30 31|13[701[109| - | 6850 | 3810 668.1 shear 1.80
94 31 31| 13430 [109| - | 5320 | 3301 646.7 shear 1.61
95 32 31|13[826|109| - | 6950 | 399.6 673.3 shear 1.74
96 33 31|13 |463 109 | - | 5490 | 3374 650.7 shear 1.63
97 34 31|13[808[109| - | 6390 | 397.0 672.6 shear 1.61
98 35 30 | 13| 814 |133| - | 697.0 | 4475 855.4 shear 1.56
99 36 30 [ 13| 818 |133| - | 6930 | 4482 855.7 shear 1.55
100 43 26 | 221|896 |133| - | 7380 | 657.8 1002.9 shear 1.12
101 44 26 | 22|683|133| - | 601.0 | 6022 987.8 shear 1.00
102 45 30 | 13| 855 |305| - | 6950 | 5334 1172.9 shear 1.30
103 46 30 | 13| 588 |305| - | 6560 | 442.3 11345 shear 1.48
104 53 43|14 | 577 | 412| - | 4700 | 247.2 771.0 shear 1.90
105 54 43|14 | 459 | 412| - | 4460 | 2204 740.1 shear 2.02
106 55 32|14 (834 [212| - | 691.0 | 4906 763.4 shear 1.41
107 56 32|14 (702|212 - | 590.0 | 4501 756.1 shear 1.31
108 63 271 23(807|212| - | 8880 | 6131 889.1 shear 1.45
109 64 2723|727 212 - | 7920 | 5819 884.0 shear 1.36
Oliveira et al. (2000)
110 1 6.8 | 1.3 | 60.9 | 1.47 | 0.22 | 270.0 | 277.7 696.3 shear 0.97
111 2 66 | 1.2 | 62.9 | 1.41 | 021 | 335.0 | 291.9 729.1 shear 1.15
MU 2 (2000)
112 |CSR1-C1-FOa| 4.9 | 2.1 | 182 | 049 | - | 1137 68.6 108.9 shear 1.66
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2AS TRTERARZ &Y A ST RTREIRRIE %G S PR b+ 2d)(F)

TE S HREERES ARG AT RS
No. |  Spec.ID < | pe | Pe | Viest | Vsnear11 | Vriex Failure
a/d |be/d (I\/TPa) (%) (cyz) (kN) (kN; (EN) Mode | " test/VssT
MR (2000)
113 |CSR1-C1-FOb| 49 | 21 | 182 |0.49| - 123.6 68.6 108.9 shear 1.80
114 | CSR1-C2-FOa| 49 | 21 | 276 [0.49| - 136.8 95.2 112.0 shear 1.44
115 |CSR1-C2-FOb | 49 | 2.1 | 27.6 |049| - 122.5 95.2 112.0 shear 1.29
116 |CSR2-C1-FOa| 49 | 21 | 182 | 098 | - 145.9 90.6 199.1 shear 1.61
117 |CSR2-C1-FOb| 49 | 21 | 182 [ 0.98| - 159.1 90.6 199.1 shear 1.76
118 | CSR2-C2-FOa| 49 | 21 | 276 |0.98| - 176.1 126.7 211.8 shear 1.39
B i=4 (2013)
119 | TS-R1-C1-0 | 6.9 | 21 | 325 |0.65|0.18| 216.0 177.7 198.3 shear 1.22
120 | TS-R2-C1-0 | 6.9 | 21 | 325 |0.97|0.18| 260.0 210.0 280.3 shear 1.24
121 | TS-R1-C2-0 | 6.9 | 21 | 585 |0.65|0.18 | 266.0 237.6 205.4 flexure 1.30
122 | TS-R2-C2-0 | 6.9 | 21 | 585 |0.97|0.18| 307.0 282.2 295.3 shear 1.09
123 | CS-R1-C1-0 | 52 | 21 | 325 |0.95|0.27| 222.0 208.6 290.9 shear 1.06
124 | CS-R2-C2-0 | 52 | 21 | 585 |1.43|0.27| 482.0 312.5 439.0 shear 1.54
Hassan et al. (2017)
125 S1-1 56 | 1.5 | 284 |1.27(0.49| 366.8 378.7 714.0 shear 0.97
% 4 (2021)
126 P2 41 113 | 383 |1.72]0.62| 823.7 639.6 1557.3 shear 1.29
Average (AVG) 1.28
Coefficient of variation (COV) 0.20

L% A 5 A A S B Y LRl Bk 45 (p) B T T o

2. ppa "R AGRHARS 5

\_
Jary
"

3. AR M 4 TR S B 2GR ppdE LN BE S b+ 3R 24 S5 0 B F

3%
R\

DR 24k A5 L o

>
5

prow

FREFS LT P E 2 8 R (Ver) » F T RT 4 58 R (Vonear) ® #8958 R (Vo) 275 P 2

o
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A6 YRV B RN AN A GALEG B FMIERE G S FER b+ 2d)

ok Sk ARG AR
No. |Spec. ID| f' | pe | Pz | Viest | Vshear11 | Vriex Failure

(MPa)| (%) | (%) | (kN) (kN) (kN) Mode | testl/VssT

Elstner and Hognestad (1956)
1* | A9 |209|215 | 4.66 | 444.82 | 397.8 728.2 shear 1.12
2 | ATb | 279|241 | - |51155| 384.8 790.3 shear 1.33
3* | A-10 |29.7 | 215 | 3.88 | 489.30 | 4805 778.9 shear 1.02
4 | A5 |278|241| - |533.79| 464.6 846.1 shear 1.15
Regan (1986)

5% | 11 | 258|120 | 2.07 | 194.00 | 1826 281.4 shear 1.06
6 | 12 |234|120| - |17600| 1626 270.9 shear 1.08
7% | U3 |274|092|171|19400| 1885 225.2 shear 1.03
8 | 14 |323|092| - |194.00| 189.4 223.9 shear 1.02
9% | I/5 |282|075]| 129 |16500 | 198.1 190.6 flexure 0.87
10| 16 |219]075| - |16500| 1320 181.7 shear 1.25

e
f

1o *d L gd o FAIG G F7 2378 -

2. ppAom B W L B R PP L gn i o
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AT § P S TR T R R 2 FERE F (e ﬂpc@ D b, +2d)

TE S HREERES AET AT RS
No. |Spec. ID ¢ | pe | P | Viest | Vsheara Vitex Failure
a/d | be/d (I\jICPa) (%) (f%i) (kN) (kN; (iN) Mode | cest/VssT

Oliveira et al. (2000)

1 3V 6.1 1.1 | 63.0 {1.30]0.20| 386.0 330.2 671.5 shear 1.17

4V 6.2 1.2 | 664 (1.32/0.20| 377.0 338.7 662.4 shear 1.11

3 5V 6.2 | 1.2 | 615 (1.32/0.20| 423.0 3334 657.3 shear 1.27
Hassan et al. (2017)

4 S1-2 5.6 15 | 284 (1.27|0.49| 470.2 459.7 714.0 shear 1.02

5 S1-3 5.6 15 | 204 |1.27|049| 412.7 372.9 692.4 shear 1.11

6 S1-4 5.6 15 |28.4|1.27|0.49| 530.0 459.7 714.0 shear 1.15

3% A (2021)

P1 4.1 1.3 | 37.7 |{1.72]0.62 | 1005.3 825.6 1554.1 shear 1.22

P3 5.3 1.7 | 38.3|1.68/0.95| 677.8 612.2 859.5 shear 1.11

P5 4.1 1.3 | 44.7 |1.72]0.62| 1157.0 995.0 1587.0 shear 1.16

Average (AVG) 1.15

Coefficient of variation (COV) 0.06

FE g &Wﬁ#“&ﬁi’ﬁ i\“ E2 & (Vssr) o T O B (Vshear) * ¥EW 5 &(Vflex)ﬁ*%‘—iﬁt B

127

doi:10.6342/NTU202201109



128

doi:10.6342/NTU202201109



#dh 49 7) se B

@ #&#A£x1LleT @_{iﬁ\%gg%ﬁ

etk 49 55 46 B 0]

(b) & 5 1.2 % ™ @if2 4 55§

AL Srirdlr T 4 {32 5 Fx L F
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AVG=1.20 @ Shear control_1:1
| COV=0.21 o Flexural control
52 o
| o
2RI i 1? 0 ®
s
T Py R 0T 0082 89° Q0 oo 0%,
S ¥ oge
Q0 \
0 T | I I T | I I T | T I
0 20 40 60 80 100 120
Number of specimen
@ #£F Lle™ @iz $%
3
AVG=0.97 &  Shear control 1:2
CcOv=0.19 o Flexural control

Number of specimen
(b) £ 2% 12 % @if2 &%

BA2 ET 4 4t TR T AR A 455 % B 5 B 0 b+ 2d - b, + 4d)
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AVG=1.05
COV=0.18

@ Shear control 1:1
o Flexural control

0 T | I I L) | I I T | T I
0 20 40 60 80 100 120
Number of specimen
@ #£F Lle™ @iz $%
3
AVG=0.97 &  Shear control_1:2
COv=0.19 o Flexural control

60
Number of specimen

(b) AL 1:2 % 7 Gif2 2

BA3 &T4 48T RFHRESTE S B S FR
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be d

AVG=1.28 @ Shear compression
COV=0.20 o Flexure

% Shear tension

0 20 40 60 80 100 120
Number of specimen

WAL FR¥sAz &4 TRFREEAITES B S #H b+ 2d)
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AVG=1.15 @ Shear control _1:1

COV=0.06 o Flexural control
2 —]

0] ® @
1 @ ° ) @ ®
0 ' | ' | ' | | '
0 2 4 6 8 10
Number of specimen
BlA6 7 T4 &5 TR FTRE S 175 % B4 5 F b+ 2d)
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B RY 4 ST RZFF P

[#2% # (2021) Specimen ID: P2]

% 4.3 # 2_ Specimen No. 126

- R C T RPN W

2R E R = 1800mm

A AREgEL, = 1450mm

B h = 200mm

R4 4553 siFRd = 39.5mm
24453 wERd = 154.1mm

1. % b, = 200mm

K320
FRIAE30T R L 2507) /ﬁm’rmo*zo

/
\ /

Section A-A 70
4-#4 =
ka2 SN
[~ “ 2307 K
A
I~
€ J
A A o TT——F T T T° ” UUUUU [ o U O U O U U U U U U O
“ 2507 7~
? ? (2] (o]
20
180

180

P2 sxkf e 5 F(H 0 2 A4) [BE% 4 (2020)]
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—

-
—

CHP AR

R d RS R f = 38.3MPa

RS S HCHE, = 29079MPa

4 5 3B+ H#cE; = 200000M Pa

A 55 S H B R 4 B e v Bn = Eg/E, = 6.9
1. 48

&4 4 55t pyp = 0.62%

B4 p, = 1.72%

4 4 8578 R4 f, = 458MPa

44 5% R4 f, = 472MPa
N ;‘L;ﬁ:;éﬁﬁ 4 g’1‘!"‘}ivshear(§'ﬁ,Eg'i‘!"-)i)

1. ¥4 NAFL1leTBE2 P4 g'f’!‘-’i(VShear_l:l)

L

3 E A Y TR (by)
by = b, +d = 200 + 154.1 = 354.1mm
b. - EHF RPN 2450 (of)
A = pp X (bc + %fq) xd=0.0172 x (200 + % X 1450) X 154.1 = 1809.5mm?
pr = As/bsd = 1809.5/(354.1 x 154.1) = 0.033
C. FER4 EER(K)

kd = (\/(npf)z + 2npy — npf> X d

= (V(6.9%0.033)2+2x 6.9 x 0.033 — 6.9 x 0.033) x 154.1 = 74.7mm

d. ET TR
by = b, +2x1xkd/3 =200+ 2 x 74.7/3 = 249.8mm
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WPy 4 R R (bs) & B H R (b)) F AP E
br = 354.1mm # bs = 249.8mm > ¥ F #H EHd TR (b)x £ R FE N

g RS2 el KR (by)
by = 255.4mm

R BEY BR800 (pf)

1 1 ,

A = pp X (bc + gfq) xd=0.0172 x (200 + 3 X 1450) X 154.1 = 1809.5mm
ps = As/bpd = 1809.5/(255.4 X 154.1) = 0.046

FHR 4 % ER (k)

kd = (\/(npf)z + 2npy — npf> x d

= (V(6.9% 0.046)2 + 2 X 6.9 x 0.046 — 6.9 X 0.046) x 154.1 = 83.1mm

FET A R R (D)
by =b,+2x1xkd/3 =200+ 2 x 83.1/3 = 255.4mm
Webi ¥ 4 TR (by) 2 9 TR (by) LF A0 %
by = by = 255.4mm » %} scte f 5 A (b,) & 255.4mm
SE AR I ARG A (Agry)
Agr = b, X kd = 255.4 X 83.1 = 21238.9mm?
FERPE LK E
O R R T A 0L TR RPEREEKE S L
CFERGD T B E()
3.35 3.35

= = =0.54>0.52 (=052
¢ Jfi(MPa) 383 g :

ERAY D RRERAE(C)

0%

Ch=K-0 f Agr =1x0.52 % 38.3 x 21238.9/1000 = 422.8kN
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0. 3B H - Rt BREHFEERE )
V, =C4zsin@ = 422.8 X sin 26.6° = 189.3kN
p. ;’L—?-r 'F&E" 4+ 5&"L‘)ﬂﬁ(vshear_lzl)

Vihear 11 = 4 X V,, = 4 X 189.3 = 757.2kN

2. FAAF12% T @382 F 4 %R Vshear 1.2)

PP A A F 12 v BipE o BRI E RS AN R BT 4 TR (D)2 T
R B R RS SR ok P AR () B ke R A K

BRI i RE(QF > TEANIE 0 kT R

a.  gd 22 el TR (by)
bs = 304.7mm

b EHEd ERN 250 (op)
As = pp X (bc + %fq) xd=0.0172 X (200 + % X 1450) X 154.1 = 1809.5mm?
ps = As/bgd = 1809.5/(304.7 X 154.1) = 0.039

c. PERA FIFR(kD)

kd = (\/(npf)z + 2npy — npf> X d

= ((6.9 % 0.039)Z +2x 6.9 x 0.039 — 6.9 X 0.039) x 154.1 = 78.6mm

d. FET 4 TARD): TH®

by =b,+2x2xkd/3=200+2x2x78.6/3 = 304.8mm
e WPT 4 TARD)EHEY TRD)LTE

by = by = 304.7mm » & F rcte LR (be) 7 304.7mm
f B R N2 KR G A (Agyy)

Ager = b, X kd = 304.7 X 78.6 = 23937.9mm?

138

doi:10.6342/NTU202201109



).

g P EmEL A ERERE(C)

Ci=K-T-f Ay =1%0.52 x 38.3 X 23937.9/1000 = 476.5kN
h. 5 - Rt BREHE%E 1)

V, =C4zsin@ = 476.5 X sin 26.6° = 213.35kN
LR AT 4 %R Verear 1:2)

Vshear_l:z =4 X I/TL =4 X 21335 ES 8534‘kN

> %‘Lﬂ'ﬁ: %*‘;*ﬁi%‘*’ 5. &Vﬂex

P R H - B RCREF T H  BES S REHRY BRI RIFR() 3 ER
P RRAL A (C) R B S A(T)E RS RS R (T)E 0 BT R
E(My)» SRR AR A SRR o
a Gd B2y RS RIER(C)

¢ =51.9mm
b. 8 &4 EAB I FF(B)

! — 28 38.3 — 28
p1 =0.85—0.05x M = 0.85—0.05 X % = 0.77 = 0.65

C. FERS FRKEI A
C. = 0.85f; X Bic % ¥, =0.85 %383 x0.77 X 51.9 X 1450/1000 = 1837.7kN
d 3 Base fi(d): FEEB DL % 2R SEAE B B RIS G
B4 &85 Age = pp X € X d—71.33(No.3) X 2
= 0.0062 x 1800 x 154.1 — 71.33 x 2 = 1569.26mm?
oA 450 Ay = pp X £ xd —198.6(No.5) X 2
= 0.0172 x 1800 x 154.1 — 198.6 x 2 = 4369.20mm?

e. 1 4w 5% (&)

!

" . c . d—c fy
B A 4 55 1 g5 = min {0.003 X » £y} = min {0.003 X . » =}
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39.5 — 51.9) 458
51.9 200000

= —0.0007(f % % &2 )

— min {0.003 x ( } — min {0.0007 > 0.0023}

C)  £,} = min {0.003 x (d ~ C) y

o4 4§ g, = min {0.003 X (
E

154.1 — 51.9) 472

= min {0'003 % ( 51.9 > 200000

} = min {0.0059 > 0.0024}
= 0.0024

28 4 555 B (T)

A &S DT, = Age X foo = Age X Eg X &

= 1569.26 X 200000 X (—0.0007)/1000 = —224.6kN (/& 4 )

T4 855 1Ty = Age X fr = Age X Eg X &gt

= 4369.20 x 200000 x 0.0024/1000 = 2062.3kN(+-+4 )

Wwhere £F 4 T4 S 0)

Z F=T,+T,—C, = 2062.3 — 224.6 — 1837.7 = 0 (OK)

P E R EM,)

M, =T.x (d' — 0.58,¢) + T; X (d — 0.58,¢)

= —224.6 X (39.5—-0.5 x0.77 X 51.9) + 2062.3 X (154.1 — 0.5 X 0.77 x 51.9)
= 272133.4kN — mm

PR RS EM)H BT 4 5 E (V)

M, M, 272133.4
an - -

¢y (Bg—bo) (14502— 200)
— 2

= 435.4kN

PR %A (Viey)

Vitex = 4 X V= 4 X 435.4 = 1741.7kN
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I~ AT EWETRRVgrB B

Vinear 1:1 = 757.2kN < Vjyor = 1741.7kN
SETA 11T BER o FERIBURECN 5 T 4 B 0 Vegr 1. = 757.2kN
Vinear 1:2 = 853.4kN < Vjyor = 1741.7kN

CETA 1 2% T BERF > SERIBURECN 5 T 4 B 0 Vigr 40 = 853.4kN

Viest = 823.7kN
5;1 }i Lt T—E’;Vtest/VSST_l:l == 8237/7572 - 109

% B 8 Vyesr/Vist 1.2 = 823.7/853.4 = 0.97
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ST IR R BR T EF SR 4

[#%% # (2021) Specimen ID: P1]

% 4.4 # 2_ Specimen No. 7

- CRF G T AEHERAE

2R F AL = 1800mm

L REEEL, = 1450mm

W h = 200mm

B4 4 55y pFERd =39.5mm
#4453 pFARd = 154.1mm

1. % b, = 200mm

#2520
@7 B TR 30T (pR JEE0AT) /&EQ’TEJZU*‘ZU
54 \/ 4-z4
R o 20
210] 23@5.

20

N
A i A T TF Y
cn 25h@ 8
—
20
180

180

P1:&agpe 5 B(H = 0 2 4) [32% 4 (2021)]
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C o HEARER

MR FURS R f) = 37.7MPa

iR 5% 2 S HHE, = 28850MPa

4% 55 584 HicicE, = 200000M Pa

& 35 SR B R R 2 S 2 v En = Eg/E; = 6.9
1. 4 5

R4 4 55 pp = 0.62%

P4 b p, = 1.72%

B4 4 55 R4 f, = 458MPa

P45 R4 f, = 472MPa

2. A 4t

EORR A, =4x%x31.67 = 126.68mm?
T4 4% 5 A Es = 70mm

126.68

L % 100% = —=2% _ «100% = 0.26%

’é;fl > % 55 L —- v
P (be+32q)%s (200+722)x70

T4 a5 R4 fy, = 385MPa

Z PPN g@}ivshear(gﬁ,Eéi)i)

4

1 T4 nadlleT @82 ¥4 %8R Vsnear 1.1)
a. 3 EA Y TR (by)
bf = b, +d =200 + 154.1 = 354.1mm
b. P E Y TAEP 245 (o))
1 1
As = pp X (bc + §£q) xd=0.0172 X (200 + 3 X 1450) X 154.1 = 1809.5mm?
pr = As/bpd = 1809.5/(354.1 x 154.1) = 0.033
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13

FERA RIFE (k)
kd = (\/(npf)z + 2np; — npf> xd

= (V(6.9% 0.033)2+ 2% 6.9 x 0.033 — 6.9 X 0.033) x 154.1 = 74.9mm

FETER (b)
bs =b.+2x1Xkd/3=200+2x749/3 =249.9mm
BT TR (b)Y TR LE A E
bf = 354.1mm # by = 249.9mm > = F A BEHed AR (b)) £ AR FES
g B2 Y R R (by)
by = 255.6mm
PREAEY WR P 2455 (pf)
Ay =pp % (bc + %f’q) xd=0.0172 x (200 + % X 1450) x 154.1 = 1809.5mm?
pr = As/bpd = 1809.5/(255.6 X 154.1) = 0.046

S ERS FER (kd)
kd = (J(npf)z + 2nps — npf> x d

=(JmQXQW%V+2x69me%—69x00M0xﬂM1=8&&mn

FET A RR®D)

b = b, +2x1xkd/3 =200+ 2x 83.3/3 = 255.6mm
WP T 4 RR(by)E el TR (b)) ETF AR E

by = bg = 255.6mm > # F »cte f T A& (b,) & 255.6mm
R AR IR KR G A (Agry)

Ager = b, X kd = 255.6 X 83.3 = 21299.2mm?
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L P E R LR

A=12=p, =12 X ==x%x0.0026 =032 <1
1 37.7

B=30=—p, =30 Xx-—==x%x0.0026 =081<1
1 37.7

K = tan®6 + cot%6 — 1 + 0.14B
= tan®3226.6° + cot?3226.6° — 1+ 0.14 x 0.81 = 1.16 < 1.64

m. 3B R i G
(= 3.3 —3'35—055>052 (= 0.52
Ji(MPa) 377 o '

FEGRES A BB (C)

>
b

Ca=K 0 f+Agr = 1.16 X 0.52 X 37.7 X 21299.2/1000 = 485.9kN
0. ¥ H - R REHESR R

V, = Cysin6 = 485.9 X sin 26.6° = 217.6kN
p. 3 E AT 4 % AR Venear 1:1)

Vinear 1:1 = 4 X V, = 4 X 217.6 = 870.3kN

2. B4 upF12% 7 BE2F 4 BR Vinear 12)
BE A TS 12 e T @i FRE RS AR O BT 4 TR (D)2 T
Frcgo FP R P S A RE G A PR (D) B AR S R IRKE
BRI i RE(QF > TEANIE 0 R R
a. gd B2 dd TR (by)

bs = 305.0mm
b. EIEY AP 2450 (pf)

As = pp X (bc + %fq) xd=0.0172 X (200 + % X 1450) X 154.1 = 1809.5mm?

ps = Ag/bpd = 1809.5/(305.0 x 154.1) = 0.039
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13

FERA RIFE (k)
kd = (\/(npf)z + 2np; — npf> xd

= (\/(6.9 X 0.039)? + 2 X 6.9 X 0.039 — 6.9 x 0.039) x 154.1 = 78.7mm

d. 3FET 4 RARD): THx®

bs =b.+2%x2xkd/3=200+2x2x787/3=3049mm
e. W1 RARD)EHEY RRMD)LETHE

by ~ bs = 305.0mm » ¢ F »z4e ¢ & (b) # 305.0mm
foo 3B R 302 KR G A (Aser)

Agr = b, X kd = 305.0 X 78.7 = 24013.0mm?
9. FEREIIEERERDE(C,)

Cy=K- T fAgr = 1.16 X 0.52 X 37.7 x 24013.0/1000 = 547.8kN
h. B - Rt B ()

V, = C;sinf = 547.8 X sin 26.6° = 245.3kN
3R RT 4 %R Varear_1:2)

Vinear 12 = 4 X V, = 4 X 245.3 = 981.1kN
r o~ E;J‘-;é: %ﬁfﬂ&‘-" gé‘-}ivflex

Hew R H - £ RCEEFAFE - BFE A REPY BRI RFR() ZFER
T RRRIRAE(C) S BA RHARAT)ERS Fa S RA(T)E o 1 EF R
E(My) 0 5 8RR MBI NS ARRE o
a Sd ZRs2 i RS FIFRE(C)

¢ =52.3mm
b. 38 &4 ®AE BT FF (B

' — 28 37.7— 28
M = 0.85—0.05 x % =0.78 = 0.65

B, = 0.85 — 0.05 X
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DERA RRES % E(C)

Ce = 0.85f; X Byc X £, = 0.85 X 37.7 X 0.78 X 52.3 x 1450/1000 = 1832.7kN
FEMOGAHA) FEEBE &Y 2ETH S 4e% A B B2 5 5 A
B4 x5 A = pyx€xd—71.33(No.3) X 2

= 0.0062 x 1800 x 154.1 — 71.33 X 2 = 1569.26mm?

P45 Ay =pp X € X d—198.6(No.5) X 2

= 0.0172 x 1800 X 154.1 — 198.6 X 2 = 4369.20mm?

)‘L LN éﬁ? ’97)@%(35)

_ d—c _ d —c fy
B4 4 55 1 e = min {0.003 X . » £y} = min {0.003 x . ; E—}
N

39.5 - 52.3) 458
52.3 200000

= —0.0007(f % <X Bz )

— min {0.003 x ( } — min {=0.0007 » 0.0023}

C)  £,} = min {0.003 x (d — C) b

P4 B8 g, = min {0.003 X (
Es

154.1 — 52.3) 472

= min {0.003 X ( 523 ’ 200000

} = min {0.0058 > 0.0024}
= 0.0024

B R (T)

B4 a5 T = Age X foo = Ase X Eg X &

= 1569.26 x 200000 x (—0.0007)/1000 = —229.6kN (& #)

A a3t T = Age X for = Ast X Eg X €

= 4369.20 x 200000 x 0.0024/1000 = 2062.3kN (4% )

Hhtre 434 T s

Z F=T,+T, —C, = 2062.3 — 229.6 — 1832.7 = 0 (OK)

R EWM,)

M, =T, % (d — 0.58,¢) + T, X (d — 0.58,¢)
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= —229.6 X (39.5 — 0.5 x 0.78 X 52.3) + 2062.3 X (154.1 — 0.5 x 0.78 X 52.3)
= 271566.1kN — mm
i R RS EM) R T4 %R (V)

M, M, 271566.1
Voan =5—=

¢, (q—bo) (14502— 200)
— 2

j. %\‘L -7Elr ".'345&%‘1’ £ i3 (Vflex)

= 434.5kN

Vitex = 4 X Vipy = 4 X 434.5 = 1738.0kN

I~ ARTFNIEERR gor BB H

Vinear 1:1 = 870.3kN < Vjyor = 1738.0kN
ST A1l e T GEpE s TRRBRRCN 3 T 4 B 0 Voer 14 = 870.3kN
Vinear 1:2 = 981.1kN < Vjyor = 1738.0kN

LT A1 2% T BEpE s TRRIBRREN 2T 4 B 0 Ve 1. = 981.1kN

Vtest == 1005kN
gé}i L ]/:EI’;VteSt/VSST_l:l = 1005/8703 = 1.16

5 B 5V ese/Vesr 12 = 1005/981.1 = 1.02
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e D AR R RIP 4 TR PR 6

AR Z R4 B2 AT AN TR e 4 2 TR iE s & Hwang
(1989)#7it 7 2. T 4= R 34% & & - Hwang (1989)ix f& ACI 318-83 (1983)%R 423k 3+ '
- Ak 55052 TORGHEEM ) W R E R TR E 3 0 R e T
PA SR RHORA S - AR Y RR L AT REH FIRETRE
54 B4 o MR E S RAlZ 04 B Al At A T HPERTEEL B

RAIGHARIT T Bl 5 ML ARRIE LR > B S R e fE 0 P RIS I fe

BbSERA A 2 R M -

N
N N " =y
I'\_a_,/l I:\.b_/J I:\_ _/I [\_d_,f'l
108
(’ij 2| T LT )
e 36_'—1}(6 4 0O 9.63'—1_52
e A 96x96 12.8x6.4 A
(i )
'/;i\:—-"l ] M —
Ry 6.4x6.4 6.4x6.4 9.6x4.8 9.6x4.8
1 R, 18]
[N
[T [1 [ []
o0 o
. Rl

R4 B (Eri A-A)

2 RY AL B2 RIALBI(E = 1 3 ) [Hwang (1989)]
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f‘f@:%\ﬁ/’a\ P TORRAE P 353 2y B R ASHL o MR £ ‘%’?—ég,‘é?ﬁ o 4 &
w85 e 2 e f £ R v L reversible hydraulic actuator 3% & # 3 & # & % fndlE
WEH Iz drlftratIO°4c§\)ﬁ'ﬁii,ug—}té.j\re«;}gﬁ,@;ﬂ}zr] FEE R
i B - & {s &= driftratio ¥ ERE . SR E T b € S

d N RHRELT 0 B H AL S KT o' 6 krHd o telh- BRI HLD
WA Ef W F R B FPL AR BREEE BN S T RERE
B4R o A a2 R bA b K4 G LB N TR 2 PR
AR R T RAF e B R ERE WA v o g 2R a2 Bk e
@ e (W)~ B4 b4 g2 o S e (N) ) YT REAES v B T RS E > ¥R

22 G A8 17

[Hwang (1989) Specimen ID: a2]

T 2 B B 5 5B (W) R BT LA R KRR LR
- R

2ET R, = 108" = 2743.2mm ~ £, = 72" = 1828.8mm
A KBRS, = 2743.2mm ~ £, = 1828.8mm

wEh =3.2"=813mm

B4 455 sFERd = 14.0mm

4 455 sFARd = 67.3mm

1.5 b, = 6.4" = 162.6mm
© R

HE L FURS R = 21.8MPa
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-
—

i 54 S HOHE, = 21938MPa

4% 55 44 fodcE; = 200000M Pa

oy
1.
e
Eaal

55 B R R 2 S 2 B = EgJE, = 9.1
EREIE

4w S50 ph = 0.31%

4 4% 8514 p, = 0.18%

B4 45 K4 f, = 444MPa

Eul

4 a5 R f, = 444MPa

> ;-L;E:;é‘[ﬁ‘iﬁ 4 5I‘!':}ivshear(-i{l,Eéé")i)

PR Rl 4 2 ToRgp o T4 R BRI R o mET R T A K 129 T
BE2 T4 %R (Vsnear_1:2) ©
a FEA e KR (by)

bf = b, +d =162.6 + 67.3 = 229.9 mm
b. -5 Hed TR P 24500 (pp) ¢ AHERR RIS 2 ToRiEE g 2k 3 (effective

slab width) § B & % i & » 5 2b + 52,
1
A, =’Dgx<2 xbc+§{’q,x) xd
1
= 0.0018 x (2 X 162.6 + 3 X 2743.2) X 67.3 = 150.3mm?

ps = As/bgd = 150.3/(229.9 X 67.3) = 0.010

FERA RIFR (k)
kd = (\/(npf)z + 2npy — npf> X d

= (J(9.1 X 0.010)2 + 2 x 9.1 X 0.010 — 9.1 X 0.010) X 67.3 = 23.0mm
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FET 4R R(D,)

by =b.+2x2xkd/3=162.6+2x2x23.0/3 =193.2mm

Wi T 4 B R(b)EHed BR(b)ELTARSF

by = 229.9mm # bs = 193.2mm > #& F R Y TR(b) T E 78N
g Rt 2 el KR (by)

bs = 195.2mm
PRE Y RRP 24 5 (pp)

1
As=pg>(<2>(bc+§‘€q’x)><d

1
= 0.0018 X (2 X 162.6 + 3 X 2743.2) X 67.3 = 150.3mm?

pr = As/bpd = 150.3/(195.2 X 67.3) = 0.011

FERA FTFER (k)

kd = (\/(npf)z + 2npy — npf> x d

= (J(9.1 X 0.011)2 + 2 X 9.1 x 0.011 — 9.1 X 0.011) X 67.3 = 24.5mm

FET A R R(b)
by =b,+2x2xkd/3=162.6+2x2x245/3 = 195.2mm
Wb T 4 R R (b) 2 e TR (by)E A0 %
by = by = 195.2mm » & § »z4e § K & (be) = 195.2mm
PR R R AR RN KR G (Agey)
Ay = b, X kd = 195.2 X 24.5 = 4784.8mm?
A RPEREKE
i ERE TS TR BREEREKES 1
CFERGS g Ha(Q)
3.35 3.35

= = =0.72>0.52 ~(=0.52
RN R Z
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PPER GRS OB R R AE(C)

Ca=K- U f Ay =1%x0.52x21.8%x4784.8/1000 = 54.2kN

PR H - R R R (L) FERR R L TR B McosAs B
FIip e 4

V, = C4cos0 = 54.2 X cos 26.6° = 48.5kN

PERT S 3R Vonear 12) © B4 e WH R 5D R SFL ki ? 1

Vinear 12 = 1 X V, = 1 X 48.5 = 48.5kN

U ‘?;‘L-;ﬁ: ;é‘lﬁ:f%ﬂ" 5. &Vﬂex

Bed R I H - $5RCERAIE > BBE & RLEHE RS FIER(C) ¥ E R

SRR SR (C) R T 9 R (T) B R R 9 R ()% 0 1T Ry

(M) 0 B E AR AR R AR o

a.

Gd B RS2 HEY BRA RIFRE()

c =8.1mm

FEEAIFERB T FF(B)

f! = 21.8 < 28(MPa); 8, = 0.85

PERA R HAE(C)

Cc = 0.85f; X Bic X €4,

= (0.85x%x21.8 x 0.85 x 8.1 x 1828.8/1000 = 234.4kN

PEm NG (A) FERABE R 2RI BAef B A RIS 6
B4 &5 Age = pp X £y, X d —31.67(No.2) X 2

=0.0031 x 1828.8 X 67.3 — 31.67 x 2 = 316.7mm?

PGS Ay =ppxd,xd (3G RACERA W0 &I BD)

= 0.0018 x 1828.8 X 67.3 = 221.7mm?
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e 4R (s)
!

. s . d - . d, e fy
A A% 55 g, = min {0.003 X c » &} = min {0.003 X 0 ) E—}
S

14.0 — 8.1) 444

- min {0'003 % ( 8.1 * 200000

} = min {0.0021 > 0.0022} = 0.0021

d;c> ’ f_y

o4 4§ g, = min {0.003 X (
E

c
) » &} = min {0.003 X (

67.3 — 8.1) 444

- min {0'003 % ( 8.1 * 200000

} = min {0.0218 > 0.0022} = 0.0022
£, ok 4w 5555 A (T)
B4 55 DT = Age X foo = Age X Eg X €5
= 316.7 x 200000 x 0.0021/1000 = 136.0kN(+-4 )
P T = Age X for = Age X Es X €t
= 221.7 x 200000 x 0.0022/1000 = 98.4kN(+.4 )
0 WwAe L F A THA(HA ELT)
Z F=T,+T,—C, = 984+ 136.0 — 234.4 = 0 (OK)
h. 3 B E(M,)
M, =T.x (d"—0.58,c) + Ts X (d — 0.58;¢)
=136.0 x (14.0 — 0.5 x 0.85 x 8.1) + 98.4 x (67.3 — 0.5 X 0.85 x 8.1)
= 7714.1kN — mm
3B AR s R (Mpey) B4 S e B g TRR SR 4 Kl P 1

Mpjery = 1 X My, = 1 X 77141 = 7714.1kN — mm
I PR BRI EHREES
M;.s¢ = 84.8kip — in = 9581.1kN — mm

0y
;“) = M,ps/ (48" + 3.2"/2) = 9581.1/1259.8 = 7.6kN

Viest = Miest/ (L% +
'é_;"’ 4 o S ’/-g—Vtest/Vshear_l:Z = 7-6/48'5 =0.16
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Hew 35 R B Mg /Mpjox = 9581.1/7714.1 = 1.24

Bd g RV E =124>F 4 %R E 0.16 0 FERPIEUREC S R B

[Hwang (1989) Specimen ID: b4]

FlE DABE A m Z A (N)» s R4 A2 FA5 3358 - RRIMIB - BRI P o
- R

2ET R, = 108" = 2743.2mm ~ £, = 72" = 1828.8mm
A ARESEEL, , = 2743.2mm 4, = 1828.8mm

wEh =3.2"=813mm

R4 455 sFERd = 14.0mm

P4 453 2iFRd = 67.3mm

1% b, = 6.4" = 162.6mm

S s S

Rt 7R A =21.8MPa
A 3 sEM fiCcE, = 21938MPa
4% 55 2 odcE; = 200000M Pa

A 55 SR BB R R 2 SR B2 En = Ey/E, = 9.1

B4 4 5500 pl) = 0.33%
P45 p, = 0.31%
B4 450 KB4 f, = 456.4MPa

44 5% KL f, = 456.4MPa
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= %‘L-}: ﬁ,“ﬂlﬂi" 4 fq’f‘!“}ivshear(gﬁ,gg'f‘i‘a)

PR R 4 2 ToRiEE > B4 R EERY AR o kWY g A 128 T
BE2 F 4 58 R (Vsnear_1:2) °
a PHE A R (by)
bf = b, +d =162.6 + 67.3 = 229.9 mm
b. - FHed TR P 24500 (pf) ¢ AHERE RIS 2 TR 5 2k B (effective

slab width) # fFl & % i © > 732bc+§fq
1
As:p[X(ZXbC-I_g'gq,y)Xd

= 0.0031 x (2 X 162.6 + % X 1828.8) X 67.3 = 194.2mm?
pr = As/bpd = 194.2/(229.9 X 67.3) = 0.013

Cc. ERA %FAE(K)
kd = (J(npf)z + 2npy — npf> xd

- (J(9.1 % 0.013)2 + 2 x 9.1 x 0.013 — 9.1 x 0.013) x 67.3 = 25.4mm

d. 834 T R(D)
by =b.+2x2xkd/3=162.6+2xX2x254/3 =196.4mm
e WP 4 RARD)EEY T RMD)ETAE
by = 229.9mm # by = 196.4mm > = F # ey TR (b)) T £ g7z s
f. i5d 22 3 BR(by)
bs = 198.4mm
0. REHEEY R RMN 24 (o)

1
As=p5x<2xbc+§t’q,y)xd

1
= 0.0031 x (2 X 162.6 + 3 X 1828.8) X 67.3 = 194.2mm?
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ps = Ag/bpd = 194.2/(198.4 X 67.3) = 0.015

FEERA FIFR (k)
kd = (J(npf)z + 2npy — npf> xd

= (VO X 0.015)Z +2x 9.1 x 0.015 — 9.1 X 0.015) X 67.3 = 26.9mm

FET A TR
bs=b,+2%x2xkd/3=162.6+2x2Xx269/3 =198.4mm
WP T 4 R (by)EHed B R (b)) ETF AR FE
by = by = 198.4mm > #} »cse § % A& (be) 5 198.4mm
PR H AR IR KR G (Agry)

Ager = bp X kd = 198.4 x 26.9 = 5330.5mm?
PEREE G EKE
W EpE T S TR BREEREKES L

C BRI i R l(0)

3.35 3.35
‘= Jf(MPa) T V218
PERED A RRE R (C)

=0.72>0.52 ~{=0.52

Ca=K-U f -Agr =1x0.52x%21.8%5330.5/1000 = 60.4kN

P EE R R R () D BHICE R L TR R cos A £
FFp e 4

V, = C4zcos08 = 60.4 X cos 26.6° = 54.0kN

PERT %R Vopear12) © B4 * % S F R0 BRI &Gl r 1

Vinear 12 = 1 X V, = 1 X 54.0 = 54.0kN
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2
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