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Utility shear of R/C columns using high
strength concrete of 60MPa grade

Hirotsugu KUWADA and Koich MINAMI

ABSTRACT

In Japan, to realize construction of super high-rise and lightweight reinforced concrete buildings, the
synthetic research project on ultra-high strength reinforced concrete structures has carried out under the
leadership of the Ministry of Construction. A study on the shear strength of high strength reinforced
concrete columns was conducted by the authors as a link in the chain of the project. Thirty column
specimens using high strength concrete of 48MPa ~120MPa grade and high strength longitudinal
reinforcing bars of 700MPa ~ 1000MPa grade and transverse reinforéing bars of 345MPa ~ 1300MPa
grade were tested. The variables investigated were the quantity and yield stress of transverse
reinforcement and the level of axial load. Failure modes,crack observation,and strain distributions of
transverse reinforcement are described. Diagonal tension cracking load using elastic theory, and ultimate
shear strength obtained by plastic theory were compared with test results.

The conclusions are follows;

1. A method is presented for calculation of ultimate shear strength to high strength concrete columns,

based on the plastic theory, which gave a fair estimation of test result. The presented ultimate shear

strength are functions of the factor of effective compressive strength of concrete; V. and an upper limit

of the yield stress of transverse reinforcement; V g

2. The diagonal tension cracking load of high strength reinforced concrete columns can be estimated
by using the elasticity.

3. The factor of an upper limit of lhé yield stress of transverse reinforcement ; V4 were estimated by
the distribution of the maximum stress of transverse reinforcements on the ultimate shear strength stage.

4. Substituting ultimate shear strength from experiments and the factor of Vg estimated from
experiments into calculation of shear strength based on the plastic theory, the factor of effective

compressive strength of concrete ; V . were estimated.

Keyword: Reinforced concrete column, Diagonal tension cracking load, Ultimate shear strength
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Table 1 Parameters of experiments and measured strength

Ref. — - —
. Pw- o QD QD | Qmax
Da'\:::\b_ Spacimen| n N | oB otf] ¢ s Pw | owy wy gy exp.  exp. | exp. Rmax 0 . .
(pos.) (reg.)

(tf) [(kgf/cm2)} (mm) (cm) (%) (kgf/cm2) ()  (@f) (tf) (% rad.) (kgf/cm2)
8) 1|CA12-6-1} 0.167 1175|1160 49(4-D10 8 1.19] 4147 49.35 7509] 50.80 -50.90{ 95.3 2.49 4147
2{CA12-6-2| 0.167 175| 1160 49]4-D6 8 0.53| 7492 39.71 7509| 54.20 -46.90i 81.4 2.56 7492
_____ 3]CA12:6:31 0.167 1175|1160 49/4-D10__ 8_1.19| 7810_92.94 7509|5000 -55.60i 93.1 __ 2.56___7240,
8) 4]CA12-3-110.335 35041160 49|4-D10 8 1.19]| 4147 49.35 7509(82.00 83.90{ 96.2 1.31 4147
5|CA12-3-2| 0.335 350[ 1160 49)4-D6 8 0.53] 7492 39.71 7509|75.30 -73.10] 84.4 1.62 7492
6|CA12-3-3] 0.335 350]/ 1160 49{4-D10__ 8 1.19]| 7810 92.94 7509{79.00 -74.10{ 103.2 2.71 7450
9) 7{CA06-6-1| 0.166 110| 735 49[4-D6 8 0.53| 3718 19.71 7565( 39.00 -32.95; 48.00 0.97 3718
8]CA06-6-2( 0.166 110| 735 49|4-D10 8 1.19| 4134 49.19 7565| 37.50 -37.55; 68.82 2.06 4134
9|(CA06-6-3] 0.166 110| 735 49|4-D6 8 0.53| 8921 47.28 7565(35.00 -40.10{ 59.79 1.80 8921
.___10|CA06-6-4| 0.166 _110| 735 49]4-010__ 8 1.19]10740127.81 _7565| 37,50 -40.00 74,57 _ 2.46___ 5483,
9) 11|CA06-3-1| 0.295 195| 735 49|4-D6 8 0.53] 3718 19.71 7565|47.45 -42.50; 55.04 0.67 3718
12]CA06-3-2] 0.295 195] 735 49{4-D10 8 1.19} 4134 49.19 7565|45.00 -50.05! 76.15 2.00 4134
13|CA06-3-3| 0.295 195| 735 49(|4-D6 8 0.53] 8921 47.28 7565/ 50.00 -50.10{ 62.79 1.56 8921
14|CA06-3-4{ 0.295 195] 735 49]|4-D10 8 1.19]|10740 127.81 7565] 49.95 -52.50; 81.73 2.56 7575
10) 15|CB06-6-1] 0.162 91| 622 49{4-D10 12 0.79| 8215 64.90 7596}29.95 -40.00:-56.10 -1.00 8205
.___16|CBOG-6-2]| 0.162_ 91| 622 49|4:D10_ _ 6 1.56| 8215 128.15 7596 34.95 -37.40; 79.23__ 3.88___7896_

10) 17|CB06-3-1| 0.338 189| 622 49|4-D10 12 0.79| 8215 64.90 7596|40.00 -42.35;-61.40 -1.00 5240
18|CB06-3-2] 0.339 190 622 49{4-D10 6 1.56| 8215 128.15 7596] 44.95 -42.50} 77.30 2.88 8215

11) 19{CC06-6-1] 0.156 96| 683 53|4-D10 8 1.19| 3761 44.76 7596|40.00 -39.75{ 67.06 2.00 3761
20|CC06-3-1] 0.322 198] 683 53(4-Di0 8 1.19] 3761 44.76 7596/ 40.00 -55.05¢ 62.59 -1.00 3761

12) 21|HT6-4BL | 0.167 94| 623 40{4-D5 8 0.33{14558 48.04 9373| 35.60 -34.80; 57.1 - -

.___22|HT6-4CL | 0.167 94| 623 40/4-D7.4 _ 8 0.67/13634_ 91.35 9373|3660 -36.50] 66.9 __ ~ ____5300,

12) 23}HT6-2AH | 0.335 188 623 40}4-D5 6 0.22]14558 32.03 9373} 44.60 -36.50; 54.7 - 11500
24|HT6-2BH | 0.335 188 623 40}{4-DS 4 0.33]14558 48.04 9373]47.00 -42.70; 56.8 - -
25|HT6-4BH | 0.335 188| 623 40}4-D5 8 0.33{14558 48.04 9373 50.70 -41.80; 63.6 - 7500
26{HT6-4CH | 0.335 188| 623 40{4-D7.4 8 0.67[13634 91.35 9373{42.00 -44.40; 64.5 = -

13) 27|CA048-T6| -0.17 -42( 485 30|4-DS 8 0.33(14092 46.50 10457{ 8.10 -13.90; 41.9 1.83 12125
28|CA048-NO 0 O} 485 30|4-D5 8 0.33(14092 46.50 10457} 15.60 -12.20; 44.1 2.34 13136
29|CA048-C6| 0.169 74| 485 30[4-D5 8 0.33[14092 46.50 10457} 26.00 -27.50; 44.6 1.73 10290
30{CA048-C3] 0.337 147] 485 30{4-D5 8 0.33]14092 46.50 10457} 40.00 -33.90; 51.0 1.00 9908

n : level of axial load applied (compression; +n=N/bd o , tension; -n=N/A_ ¢ ), N: axial load applied,

o , . concrete compressive cylinder strength, ¢ : tensile strength of concrete, ¢ : diameter of transverse
reinforcement, s : spacing of transverse hoop reinforcement, p_ : transverse reinforcement ratio, o wy - yield
stress of transverse reig_forcement, Py Oyt quantity of transverse reinforcement, ¢ v yield stress of longitudi-

: measured maximum

max exp.

nal reinforcement, Q Dexp. - ObsEIved value of diagonal tension cracking load, Q

shear strength, R_: story drift angle of Q » O s

observed maximum stress of transverse rinforcement

max

on the ultimate shear strength stage

max exp
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Fig. 2(a) Arrangement of reinforcements, crack observation and
strain distributions of transverse reinforcements on the ultimate
shear strength stage
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Fig. 3 The factor of an upper limit of the yield stress of transverse
reinforcement ; 0 wy max/ @ wy i( v'5) V8. the ratio of quantity of
transverse reinforcement to concrete compressive cylinder strength ;
Pw @ wy! ' B
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|\ /— pw ammu=4'59f05
S [ TS
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s < N
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Fig. 4 The effective quantity of transverse reinforcement ; py, o ws max
vs. quantity of transverse reinforccment ; py 0 wy

TR B EMIER(5) CHMT 5,

7.99<py o wy /V agDBHE;

Ows max / o wy =459(\/_ oB / Pw* o wy) (5)

4.3 a7V — MNERREDEIRK Y 2

22 = MEFREOHIRI v old. Bk AW
DI DFBREHR (1) TEEM L 72 Qe & BET 5 SN 5,
H(6) Tve test¥ ROTHRETT 5, () Tl BREA
[ﬁﬁﬂﬁfﬁ@%gﬁf@ Qmax exp. tﬁi(.?) 'C%Fﬁﬂi L f:‘@.‘ktﬁf?ﬁ?ﬁ%
DEMFRE Yy a2 fRAL T, BHRBEEDI Y 2 ) — MES
BEH R Y ¢ test B KD 2,

Ve test =[ Qumax exp./ Itan 6 -b-D( s p/2)} ]+

[2vsipv owy /oB) [1-ji/(tan6 D)} ] (6)

NERDEBHERDP ORIz v ¢ rest ML Y . B2 D
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BB AN D B, EERENSFSNT2 v ¢ testlTHF LT, ‘“
(08, vetes) = (0, 1) ThrHEEBAERKXICEARL B o
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7)) — FNEREEORF R v % FHET %, ~
(@]
vez = 0.8 -op/5000 7) © 2 e
o o 5}50 iy \ = =
44 FIR - T—FERIC L BEANTRAD < L T Mas,,o,
RIS & SKERE o ®in 7 ooawaygf()if/m:) T~
R(DBORDZ R TR - T—FHEI LAY o | oan 1/6] AA 5000 grade ~
FHEflE & 3CHRS) ~ 13) M EBRMED LB X Table 2 17T, o 00 O/mNOM13000grade  ~ ~
& AW 1) D EER /5 EAEIZ0. 99~ 1. 5DFH TH Y | o 0 -1/8 : : , [~
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Fig. 5 The factor of effective compressive strength of concrete § v ¢

vs. quantity of transverse reinforcement 5 Py 0 wy

5. $ERNVUEHNED

A OBEIKETOERNEEE 5 X 5FRNVUEINR
i B3 % ER B2 HER L 5§ %0 Table 312#1R
jJ v U%Mum-j] @%ﬁﬁ_ﬁ_ %fﬁj—o Imj])giigﬁ?é\?ﬁ L Table 2 Theoretical prediction vs. experimental result of ultimate
7eFERD O UG & (ER I OBk %, Fig. 612 shear strength
Y. HEEFERN OUEINMA L 2> 2 ) — MR — —
BEOLET L. METEMEGDE D> 7 ) — NI Specimen [P 7V Qe | @ouz QU a9 Qe
EDERT, Fig. 6DFEREBMRIZ

(tH) (tf) (tf) ¢hH)

CA12-6-1| 1.45 95.30[ 66.52 25.61 40.91| 1.43
an/(b'D-a:) = |V (+oen o)/« (8) CA12-6-2| 1.7 81.40( 62.92 20.61 42.32 1.29
e CA12-6-3| - 2.73 93.10| 81.15 4597 35.18| 1.15
Ik ot. vz b@é’lﬁﬁ‘s‘ﬁﬁ CA12-3-1 1.45 96.20| 66.52 25.61 40.91 1.45
(7277 L EI3LehEE) ca12-3-2| 1.7 84.40( 62.92 20.61 42.32| 1.34
cA12-3-3| 273 103.20|81.15 45.97 35.18| 1.27
. SZHE "

o N : 1EAIE T IERRICTIBE CA06-6-1| 0.73 48.00[ 42.40 10.23 3217 1.3
(7275 LIS A51F) ca06-6-2| 1.81 68.82] 53.40 25.53 27.86| 1.29
R CA06-6-3| 1.74 59.79]| 52.68 24.54 28.14| 1.13
kL TRARIREK CA06-6-4| 4.71 74.57] 73.71_53.79 19.91]  1.01
CA06-3-1| 0.73 55.04| 42.40 10.23 32.17| 1.30
PoRDIEHREERL. Ok OFNIERE L TT, veaers INDSRAZ Baedioniibriiod IRMIAN
Fig.6 12L& ETRIRBHM e % v=1.5L L72BE, EBBIE  caoe-3-4] 471 81.73] 73.71_53.79 19.91] 1.1
‘i}£%1E®50%\70% &/J\é\ﬂﬁﬁ’i’?_ﬁ L“C\,)%f)i‘\ %@ EBOG—G-; 2.60 -56.12(; 53.97 32.;3 216.57 1.04
BOG- 6- S5.14 79. 67.97 51. 16.09 1.17

~ — - 0}
HEEL LTy s )~ FEIRMEE o UCHIBMBEE MV Gog s 1| 260 T61.40| 53.97 32.40 21.57| 1.14
IV ERERSH L, FoC. a5 ) — BRI CB06-3-2| 5.14 77.30| 67.97_51.88 16.09| 1.14
CC06-6-1| 1.71 67.06| 49.78 23.23 26.55| 1.35

ot &AYI Y — MERBE o DBIFRE 01 =/ opt L CC06:3:1 1.71 62.59]| 49.78 23.23 26.55 1.26

T, Q)R AL L-BELFERO Q)X TEEEH VT HT6-4BL 1.92 57.10| 48.64 24.93 23.71 117
HT6-4CL 3.66 66.90| 60.91 42.00 18.91 1.10

B )] & 3T 5 o HT6-2AH 1.28 54.70| 42.67 16.62 26.05 1.28
HT6-2BH 1.92 56.80| 48.64 24.93 23.71 117

b-D o =qa+ - p 9 HT6-4BH 1.92 63.60| 48.64 24.93 23.71 1.31

QD#( B) atp ( N/J_ B) ( ) HT6-4CH 3.66 64.50] 60.91 42.00 18.91 1.06
CA048-T6| 2.1 41.90( 42.24 24.14 18.11 0.99

R = stz - Y CA048-NO 2.1 44.10] 42.24 24.14 18.11 1.04

(9) sUCEI N2 ANE o L B EPET BT, FER CAQ48-C6 2.11 44.60]1 42.24 24.14 18.11 1.06

VUEI) & (ERBIC DR ZFig. TIZ/R ¥, #it#  caoss-c3| 2.1 51.00| 42.24 24.14 18.11]  1.21

i Qpz- (b-D-V/ op) %, HhIZ o WY op 2ET, Ot 6mmm : measured maximum shear strength, me‘ : predicted
QNI EERE T, SN CUEIN I LEREIC B  ultimate shear strength with equation (1), Q) : shear contributed
PRI RERBRICH Y. (DAL T D T EMFRE by the truss mechanism, Q

W5, SEEHOUEINH IO TRIEIZa=1.0£ #=0.1&  mechanism

.Q, : shear contributed by the arch
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Table 3 Observed vs. calculated diagonal tension cracking load

SpaCimen O'B O’t 'Q—D QD mean _'__‘{__N QD mean __0_{‘1 QD mean QD mean QDZ
mean bDUt 7, bD\/—UB \/_U QDl QDZ
(kgf/em?) | (tf) B (tf)
CA12-6-1 | 1160 49| 50.85 1.15 3.96 1.66  5.70 0.78 1.06] 54.27
CA12-6-2 | 1160 49| 50.55 1.15 3.96 1.65  5.70 0.77 1.05| 54.27
CA12-6-3 | 1160 49| 52.80 1.20 3.96 1.72  5.70 0.81 1.10| 54.27
CAT2-3"1 | 71160 49| 82095 188 7.94] - 2.70 11.44|° T 0.94 26| 71.82
CA12-3-2 | 1160 49| 74.20 1.68 7.94 2.42  11.44 0.84 1.13| 71.82
CA12-3-3 | 1160 49| 76.55 1.74 7.94 2.50 11.44 0.87 1.17] 71.82
CA06-6- 1 735 49| 36.68 0.83 2.49 1.50 . 4.50 0.67 1.04| 40.23
CA06-6-2 735 49| 38.13 0.87 2.49 1.56  4.50 0.69 1.08| 40.23
CA06-6-3 735 49| 38.14 0.87 2.49 1.56  4.50 0.69 1.08| 40.23
CA06-6:4 | 735 49| 39.35| 089 2.49| _1.61__ 450/ __072_ __1.1] 40.23
CA06-3-1 735 49| 46.03 1.04 4.42 1.89 ~ 8.01| ~0.67  1.04| 48.78
CA06-3-2 735 49| 48.72 1.10 4.42 2.00 8.01 0.71 1.11| 48.78
CA06-3-3 735 49| 51.34 1.16  4.42 2.10 8.0 0.75 1.17| 48.78
CA06-3-4 735 49| 52.49 1.19 4.42 2.15  8.01 0.77 1.19| 48.78
CB06-6- 1 622 49| 35.56 0.81 2.06 1.58  4.06 0.69 1.13| 36.00
CB06-6-2 622_49| 36.74| 0.83 2.06] 1.64 _ 4.06 0.71 1.17| 36.00
TBO6-3-1 | ¢ 622 49| 42.14] 096 4.29] 188  8.43] " 0.62  1.02] 45.81
CB06-3-2 622 49| 44.85 1.02 4.30 2.00  8.47 0.66 1.08] 45.81
CCO06- 6- 1 683 53| 40.62 0.85 2.00 1.73 4.06 0.74 1.23| 37.80
CC06-3-1 683 53| 48.98 1.03 4.15 2.08  8.43 0.68 1.13| 48.06
HT6- 4BL 623 40| 35.20 0.98 2.60 1.56 4.16 0.77 1.10| 36.36
HT6-4CL | 623 40| 36.55| _1.02 2.60| 1.62 _ 4.16] __ 0.80 _ 1.15| 36.36
HT6-2AH |~ 623 40| 4055 1.3 5.23] 180  8.36 0.68 0.98] "45.81°
HT6- 2BH 623 40| 44.85 1.24 5.23 1.99  8.36 0.75 1.08| 45.81
HT6-4BH 623 40| 46.25 1.29 5.23 2.06  8.36 0.77 1.12| 45.81
HT6- 4CH 623 40| 43.20 1.20 5.23 1.92 8.36 0.72 1.05| 45.81
CA048-T6 485 30| 10.8 0.40 -1.56 0.54 -2.12 — 0.69] 15.70
CA048-NO 485 30| 13.9 0.51 0.00 0.70  0.00 0.77 0.70| 19.80
CA048-C6 485 30| 27.1 1.00 2.74 1.37  3.73 0.78 1.00| 27.20
CA048-C3 485 30| 37.6 1.39 5.44 1.90 7.42 0.82 1.09| 34.50

o , - concrete compressive cylinder strength,

observed mean value of diagonal tension cracking load, b : width of column,
column, ¢ : axial stress (o =N/bd, compression; +),

tension cracking load with equation (8) and (10)

Qp /0D g ) =(V (I+oN/0 )}/ &

~
© ~ - -
-
(&)
o) -
< =7 "N (k=2.0)
(o) -—
o
.7 O: ¢ g= 485~ 600kgf/lcm? class
ﬂ)‘
O/ @®: o 5= 1200kgffcm? class
L 1 1 1 1 1 1 1
o
-5 0 5 10
oN/ 0y

Fig. 6 Calculated with o, vs. observed diagonal tension cracking
load

o ,: tensile strength of concrete, Q. . :

D : depth of
Q,,-Qp, : calculated diagonal

A o Qp /(DY o) = 12+40.1(a gV o p)
© Y P ’
e - s_ —
3 ==
St o8
[a]
o | g1
-~ o
A
“ / O: ¢ =485~ 600kgf/cm? class

®:0p= 1200kgffem? class

sz/(bD*/—UB)=

1.0+0.1(a gV o p)

5 10
ON/’/_O.B

15

Fig. 7 Calculated with V" o 5 vs. observed diagonal tension
cracking load
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LTiRIZ5 2 5, gRDOUEINR DR & LTU0)R
YIRETH, B@RIE. 32— M RBEYR
Z 55 SRIER#N T TSR O USINH AS5EME T &
ZVZ EICH LT, Q0O)RIIFFEETEeTH B, 5I5RIEM
BAOTICBY 2568580 T, (10)X TRk 2-888H0
UrEINm h & EEREDOBEFR % Table 3 2R T,
Qp/(b'D-op) = 1.0+ 0.1(an// op) (10)
6. ¥R AW DOFEMER
RCHDILF & AW I3 56 % 0 L 78 AWt
Fear )~ O5ERMEEC X 2 &R U g
DY) BLVFNAREVEQER (11) TRBE AW &
LCEFlET %

Qu = max(quZ, QDZ) (ll)
I Qeu2 MR EICH L 728 AW D
Qo2 . #ERH VU EIED

7. #REANRHOROMEH

2 (11) TIRE L ZRCEDOREE AW DR 2 VT
Bk 8 ~13) DEERER L DB TR L, EERE FE
fEDEFR A Table 4127 F, Fig. SICEREBRKDRBEA
Wil 1) DEERE & SHEHEDOE R RT, Fig. 8D E¥ 4513
A (11) TRDO KT AW EHEME & EBREOBE Y
AL, fEd AR AR D EERESHEM T, HEh

HREBREOFSEEL, OHNIEBRERTH S, Fig. 82
&% &R 8~13) DI0HDRERIKITH LTH(11) TEHi
L7 AW, REUMOIIZTRIELZ S X T
BTN B.

Fig.8 OTFE4RSRHVUEINHE PSR - 7—
FHBOTANT I OFEE L . REE AW DO EER
EORRERT, il AR I OEEE & ERIES
KT L 72 flq=Q/(bDop) R L. 7 T 7A51EMET
QENASHFE AW I OESRE X R T, BT EHERK
DHEFERT, HtHoEs 5 7 ¢ix, R(1) CFHEELE
TAMTSO 5 ABEOFBE 7 —FBEOSHEE Z
NER L. & 512X (10) T L 221580 0 Ul 1
*EREDLETHERLTVS, RADIC X 5 LTS ~13)
WRENB30EDREED ) B 2k 2B b DIZFEEN
DUEINN LY FI A - 7—F1BHIC X 52 AW
ALEEY ., BRSO L2 AR 3 CEREAGE
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ns,

Fig.8 124 % & ZRBRMKDOEEREILAERE D E 2 K8
RTTh 2 AR B Epw- o wyll & o TE AR A
ZEET HH5, (1) THHM L 22 5HEME L. EREDEE)
KRIEAZIZEHMNCHATE L LM S NS,

LA L&dts, ESREEE A WSR2 ERED
BEI. #RE AR OFEREFHREAMET I 5
MAsH 5, SO 2MEMIE. CHERS) ~9) T ABTHEEA

Epy oy FIROHE. RIS AR % AR

(_g 1.50 f e o ® .
L ® e o ® ® ° ® [

c? 1.25 - o . ° . ® o o ° o ° e
. 1 00 7Y [ ] [ J ° o O
g == qpp 4 © Calculated diagonal tension cracking load
% 075 F

< O.

;g“ 0.50 L memmmmm— . q, ., : Shear contributed by the arch mechanism

0.15 — O:Gmax exp. [ tdycal * Shear contributed by the truss mechanism
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Fig. 8 Theoretical prediction vs. experimental result of ultimate shear strength



Table 4 Theoretical prediction vs. experimental result of ultimate
shear strength
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. Pw-owy/ qD gD igmax | qD2 i qsu2 aqu tqu qmax exp./ |failure
Specimen J oB exp.  exp. exp. cal cal cal cal qucal qucal mode
pos. neg. -
CA12-6-1 1.45 0.049 0.049; 0.091] 0.046: 0.064 0.039 0.025| 0.064 1.43 SuU
CA12-6-2 1.17 0.052 0.045: 0.078] 0.046; 0.06 0.041 0.02 0.06 1.29 SuU
CA12-6-3 2.73 0.048 0.053: 0.089] 0.046: 0.078 0.034 0.044| 0.078 1.15 Su
CA12-3-1 1.45 0.079 0.08 ;i 0.092] 0.063; 0.064 0.039 0.025| 0.064 1.45 SuU
CA12-3-2 1.17 0.072 0.07 ;: 0.081}0.063: 0.06 0.041 0.02| 0.063 1.29 SD
CA12-3-3 2.73 0.076 0.071: 0.099] 0.063: 0.078 0.034 0.044| 0.078 1.27 SuU
CA06-6-1 0.73 0.059 0.05 i 0.073]| 0.054; 0.064 0.049 0.015] 0.064 1.13 SuU
CA06-6-2 1.81 0.057 0.057; 0.104] 0.054; 0.081 0.042 0.039] 0.081 1.29 SuU
CA06-6-3 1.74 0.053 0.061 0.09] 0.054; 0.08 0.043 0.037| 0.08 1.13 SuU
CA06-6-4 4.71 0.057 0.06 i 0.11310.054: 0.111 0.03 0.081]| 0.111 1.01 SU
CA06-3-1 0.73 0.072 0.064: 0.083| 0.066i 0.064 0.049 0.015| 0.066 1.25 SD
CA06-3-2 1.81 0.068 0.076: 0.115]| 0.066{ 0.081 0.042 0.039| 0.081 1.43 Su
CA06-3-3 1.74 0.076 0.076; 0.095{ 0.066; 0.08 0.043 0.037] 0.08 1.19 Su
CA06-3-4 4.71 0.076 0.079: 0.124] 0.066: 0.111  0.03 0.081| 0.111 1.11 SuU
CBO6-6-1 2.60 0.054 0.071 0.1] 0.056; 0.096 0.039 0.058| 0.096 1.04 SuU
CB06-6-2 5.14 0.062 0.067: 0.142| 0.056i 0.121 0.029 0.093| 0.121 1.17 SuU
CBO6-3-1 2.60 0.071 0.076 0.11] 0.074; 0.096 0.039 0.058] 0.096 1.14 su
CB06-3-2 5.14 0.08 0.076: 0.138] 0.074: 0.121 0.029 0.093]| 0.121 1.14 SuU
CCO6-6-1 1.71 0.065 0.065; 0.109] 0.054: 0.081 0.043 0.038{ 0.081 1.35 Su
CCO6-3-1 1.71 0.065 0.09 i 0.102] 0.07: 0.081 0.043 0.038] 0.081 1.26 SuU
HT6- 4BL 1.92 0.063 0.062: 0.102} 0.057: 0.087 0.042 0.044] 0.087 1.17 Su
HT6-4CL 3.66 0.065 0.065: 0.119]| 0.057: 0.109 0.034 0.075| 0.109 1.10 Su
HT6- 2AH 1.28 . 0.08 0.065; 0.098] 0.074{ 0.076 0.046 0.03] 0.076 1.28 Su
HT6- 2BH 1.92 0.084 0.076i 0.101] 0.074i 0.087 0.042 0.044| 0.087 1.17 SuU
HT6- 4BH 1.92 0.09 0.075 0.113]| 0.074i 0.087 0.042 0.044] 0.087 1.31 SuU
HT6-4CH 3.66 0.075 0.079i 0.115] 0.074: 0.109 0.034 0.075] 0.109 1.06 SuU
CA048-T6 2.11 0.019 0.032: 0.096} 0.036: 0.097 0.041 0.055| 0.097 0.99 SuU
CA048-NO 2.1 0.036 0.028: 0.101} 0.045: 0.097 0.041 0.055| 0.097 1.04 SuU
CA048-C6 2.1 0.06 0.063: 0.102| 0.062i 0.097 ©.041 0.055] 0.097 1.06 Su
CA048-C3 2.11 0.092 0.078: 0.117]0.079: 0.037 0.041 0.055§ 0.097 1.21 SU
qDexp. : QDexp./ (b‘D. JB)’ qmaxexp Qmaxexp/ (b D- UB) qDZ'cal : QDanl/(b.D. dB)’ qschal: qu2cal
/(d'D:ap), q,,=max(qy, . q,,.,): calculated withequation(11), q, ,: shear contributed by the

arch mechanism, q, . : shear contributed by the truss mechanism, failure mode : "SU"; shear strength

based on the plastic theory, "SD"; diagonal tension cracking load-based on the elasticity
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