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MODERN BUILDING

1 Overview iR
JEE: K X B E T I X fE(Seshappa, V.; Seeber, K. Technical Data CC-

Connectors, THERMOMASS, Thermomass, March, 2014 £} 7 #£2¢.

SE[F CTC 4'A]#9 THERMOMASS %0 (RIGIE#E 75, 2/ TREIEEFEL BB I TR
i, BEE T EEREFES B RINE, 5 T 5 R 100mm 2/ LI_E #9500 (715 55 B HT 22 5F
Y, ZCTC AAIRIEIE, B EAEERRITGHCEEFRZHIRA AL FF Thermomass /=
da ) CC+MS/MC AR 77K, HEERZH EE 1) &5 A% .

el 1 s CC Ay AL 4t 1) MC/MS FERSAT R RS ISR . O BAT SR
BRI AR, CC IERAR W] LA MC/MS #4%as — R TAF, 1S IRAH & S0 RabE i 2 P s TAFE
SORZ TP HY B E R AT S AR o IO SR (AR AT 21 AR KI5 & AR R,
JeHRN FERERFEALZ)ZE (RIRZ) K.  (RIRZEERKT4T 100mm)
XA 6 R B AL B SR G RN SAE BT I £ e U I R A BT 58, A
BTN AR AT I T 7 € AT AR AT RIS B AR AR5 S
KT HE CCIELATN MC/IMS L S A &= B A T A — N mg 5 R
VLB RSP S (0 R K T45 1 150mm [, B4 ] CC IERER Al MCIMS H#ficas 41
B AT REE BRI e . A 0RBR T AR ETHRBCR RIS OL, X MC/MS 3 #2288 N fie
R R ETHABOR 22 2 S-S - i RUEE . mTATE R R] AR
WEE: BIERIEHTFEEERE DT 50mm Bk, H4%EAF 150mm Ff, BS5E
A LEENTIGER -

SR

&l 1: CC & MC/MS #3854 Hr &
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2 Geometry JL{7 & &
AIEETHNER) CC EHEBH LM EMEE R WR 1 s, BRSNS B IS il 5

MU R RLRE o SEA WS B ROT W] DL — FPfE iR it A R [ 2R 50mm, HI T8
JEig it 55mm IS 53— AE TR L A G [ PR 40mm, T B E DY 50-55mm ) Ah i

Ko

CC BRI LTI 1
Bt AHIRAL | FEHIRAL
Area (A) 306.3 mm? 0.47 in?
TR
Moment of Inertia Strong Axis (Ix) 37645 mm* 0.09 in*
SRR PR
Moment of Inertia Weak Axis (ly) 1566 mm* .004 in*
S5 FB R
Height (a) 40 mm 1.6in
=
Thickness (b) 8 mm 0.30in
JELJE

& 2: CC EEB/H MR T ~EHE.
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3 Connector Behavior and Considerations 3238 /12247 A

CC A /£ TARRE 2B — RIISMTEAE N, BB BB XA A
B LSRR NOEIE R T, ERSASGEGET . JukormBA —E % bk
#HEJ7. HE A R vHE Al A e, RIBLSZRIZEIAR, BARRHELAT L
BATUSEAL, A= TR2 T,

2R 2 Ut LA St TR AN R] J2 2 (4 25 )2 T AT R SR U 1 g, i TR RA A
MBS, ATl 2 T ARIHES .

CC eyl CRiEPiIkAE ) MALZMERETIR, 24 25 4 1 S Vrfh i
%N 3.34kN, &M T RKZE M.
& 2 PRcTHE R EOH & AT LR I
o REELIRI 28 KuRfE, KT45T 30MPa
o NMENREELZE K T4ET 50mm
o ERARRIENPAT T AN I A RER R ] 23
o IEYES REEMEAZZRE/N T T 150mm Mtk &AL~ CRT 150mm 15
EAh A AR
o TR R BEMITESMU T RS R K T4 T 50mm [ L
o AHRLLZHIREE L 2 PRSP RS ) CRIARTE, KR 25D
o CC ZEBHER AR5 EHELEH CC ELHEFXRZNEHE T
o JRH¥4H CC 5 MCIMS &8 %% (kR A B 2% Uit
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® 2 fCVFI) CC f#k. HREEAM™ LR MC/MS 113

CC HERA B R ARVF B VI 013 Valleen S KR VFBI VI A /E R T B m A% AL FEAE S I fir
FEAESHS HLAR MC/MS 4228 A H 1 B U 1T R 3R
1 2 3 4 5
(CRIEAUESE t Ax(a) AR(b) A=)
CRLmm) - viems e | CORBRBMBUI VAR | fea i fra valle FEFIT R, 4h | 7E0E BB o isond,
B BT A da Iy CEEZRH D Vall, I 0 T AR S MS/MC HE45 38 T A %
A mm) CE L kN C#7 mm) HIBIILIT Vspac
CELAT KND

50 67 3.25 0.71 0.21

55 71 3.25 0.84 0.21

60 75 3.24 0.96 0.20

65 79 3.22 1.08 0.19

70 84 3.19 1.19 0.18

75 88 3.16 1.30 0.17

80 93 3.11 1.41 0.15

85 97 3.06 1.50 0.14

90 102 2.99 1.59 0.13

95 106 2.92 1.66 0.12
100 111 2.84 1.73 0.11
105 116 2.75 1.78 0.10
110 120 2.65 1.82 0.09
115 125 2.54 1.85 0.08
120 130 2.43 1.86 0.07
125 135 2.30 1.86 0.07
130 139 2.17 1.83 0.06
135 144 2.02 1.79 0.05
140 149 1.87 1.73 0.05
145 154 1.71 1.65 0.04
150 158 1.54 1.54 0.03
AR (a): | Vallee (kN) =-0.00018t%+ 0.0189t+ 2.75 EEAR () BLEHT 4.0 HRE R
A (b): | 8 (mm) = (Vallec)(0.000002t2 + 0.0075t - 0.16)
A%t (o) | Ymsme (KN =(12*30000%243.5*3/1000) / (dA®) = 12E18 /1 * ; S{EIL I 24 (b)

TEZERH 400, BA CC R fTik favrAR# 1 3.34KN (750 f55) (S HRIRJFET R
*CC {55577 1A i) ST VFHT B AR AT A2 R Rk 7 ) T SE0E A0 2/3 HUfE.
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4 Connector design EERHI¥iT

HERE AR BT NOZ SRS IR B WAE L i8S BB AR WIA T 7T fe 2 2T 8. B dE4h
JFHE g XL w. fESMNE B A HGIRBEZE (AT) PSR B 2 P R B2 72 (Bex — Bine) FIAE T, 21T B 3 s,
E— L th DR Z5 R RR AT 48 % T4 28 WM o AR/ INE L O #8 23 TRIA

AZ Exterior -

Fayer Layer

W _<_ Insulation
~al” % A
/)Vsd \3 “ | Connector

o E‘:%% Nsd’%j}%,,ﬂ/

¥ A
. [
eext s /} » eint

LR hv

Bl 3: CC K& MS/MC & #2283 fIf BME il A i B

AR T 2 U AR ST AR R S, 98 B 8 ST 39 0 e A 410 e (ST — 591 T
(4L A ELIG A MU 2 2 R 59 LA % 4 MR IO BUL DR B0 1 B B R SRR T SERERS . CC A
MC/MS % 85 28 VP AP LUK 0 0 0 SRR B4 T — /S L SR 2 o
FERALIL.

4L SRR AT AR

ACHRHAIE FI T (AL UHEAR oGP CC JEBEA A MCIMS JEBE B B RO TR . F40L 5 9 LB R A
SEATHB ISR Z . 415 MCIMS MEHE A RL & (6T CC B BB ML % IR A b 470
. T AR P T B N, BRI CC i B BLAERU KT LB . 9 MCIMS Kb 28
ELAE AR (00 AR B ELRAE TR B AR (e O (AR

[ 41 S 5 2 BT T A OC MEBES b, HL CC B BB AL TIRRITERY BT LHIXS T A5,
SIS — AR N R OB, CC XEHERS B2 WA AR PR BELE T R R- Delh (T N BN )
Hi% 16 CC IERL S MBI YIAI 5 M HIE . BRIEZAh, CC B 48 1 MR 27 AL Y BN HE Bt 2 B B gl (8
e PISE AR PR A IR R R AL 2 AL 2 LR A 0 T 4
PR T R4S R IA I AT, B AT R 219 F 7

bR VAR R 2 AN, EHTE RFRAIR (KD BREME . FTRIIRA] MC/IMS #424% 30 4R TiEL
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i, FATEIZX NG IRGEHERE S 2.54mm (0.1 5i~f) REMERE MRS 7ER TAF. PIATE R R R A R
DeHi{E

FEMIMESR 2 1, FRATRBLWH E CC M4 W IR 5 BTAA 1 22 & RACW 4 1, 16 B i A IR 58 il (8 2 2 /b T
2.54mm. HUILFEA W HCE R CC ER A K RIHANH- R 1) 5 FE I, S5 % w5 M 5 2N T 2.54mm. (%
e EfEH CC R L T RB N ER VUG, AT EHESE, BT SS REE /N T 2.54mm 1), X5t
fai b 7 et 5D

PRI A 35 =24 RS A4 A BB BT B R 1 (A RSN SR AET- T NI EETE R KD, MCIMS i 2 H
ot E R A BB g, A R BB HE AT DL R S AR 2

8, mm = (Vec)(0.000002t2 + 0.0075t - 0.16) AR
Horp: Voo = B4 CC A2 RIHIES /), kN
t=4Z)ZHERE, mm
AR A1 3B BHE R T FAER MCIMS & #4852 3187 )

V(wms/mc), kN = [(12*30000%243.5*3) / (da*)]/1000 = 12E15 /1 3 2K 2

Hpda (mm) , ARERFHABEIHRE, rTLSHR 2 A
(IR 2R 2 ARSI HORIAZ)ZEE, dA W BUE I (E AT R 2D
E =30,000 MPa,  I=Iave=243.5mm?

R By CCIERE AR 2 IR IR S BB i AT ), MCIMS HE4% 3 i A VF 3T BB JME A BEE 64 2
R AR AR, Bk, IR 2 ESR-1746 (W18, 2% H AT FE 1 S/IMETF 3 -

MC/MS ZVFBY JJ it (%24 2% 4) =0.50 kN (113 Ibs.)

MC/MS EVFHL I WA (24 R30I 4) = 2.57 kN (577 Ibs.)

S H E TR

H AR AR B BT ) Vg 2 MR (A) s 5 (o) AR 38 £ 28 F (Yoono™ 24 KN/mS) = 2 AH Ife 15
o THHEAEAS CCIER G T2 B8 ) 75 E H] AM B R L CC &AM . Ky CC EHAS R0 7 e
RO ANE S, A AR AT BE SR IR O — M ) CC &R Z B BT u38m, 53— M2 28T 7)
Wb FERITES, CC IEHER T 8 R 4 i H1L AT, MC/MS 248 BT 2 2 AR 7T LLZG o S T Al D4
HbF CC IEFEAS ™4 T AIMNEY /7, FATEYIG CC LA E H IR, T EIE I 10%-15% [ 715 5
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V, = (110 to LA5) (¥ 00 —)
T Wer

~n 3

1 H., s W UK AR IS A A e R Hh A B 1) B EEAT R Cilial I RIET 1)

Rt H

4
Nr.tr =W,
Tye A 4

AT B 2% LB il m) 7y, A 0l s b J7 R T AR = A e IR I8 & . T N R A e
A S SRR R R o AR A N BT, Bl B RUE Cpw) RS2 AR A MRS 3, B ULEB SN SN
(CC 1 MC/MS ZEHEa M BE) , RN ERE RS K SZ 1 AT 8 o

WRERTHE
BEANTEAR AR I 52 B 0 12 7 A 1A il e i 28 T A2 IR 55 DX 8 ) 7 VR E

Db R AR FAE AR BRI ey R AR AR R, SRS B A T BT . BRIy CC i HE & 55 4k U7 1R O I B2 L
MC/MS &4 E R 2, Pril etz sy /#lh CC Mmai & (A0 WUERANGRIBRIT, AT LAAZ RN [ Wi 2 Bk
rEeTHE, Fé4rtt CC SRR BITHE T A M TR ) o TR SRR A EEATE, R EiizE &) CC
HEA BT AR, SO SRS B B DU AR L H . LR 2 RBiE, CCIERR AR 594y 7 I PUBY R E 1
FESRAH T R (1 2/3

LR AR R B IR, K30 4 A SR KU B O R AT R GW,  RRNIERE 35 52 B3t = A 80T
SRR R T, EXFHEER TS, B CC Al MS/MC 4248 32 B # /il ey s sl 7).

G e R I, CC ERAR BT MUK IE T A B 1) e A7 28, AN SCHE b ik B R ISR BRI 19 {8t
(BiE: AHFIE MC/MS HIfEH, tHEAM TR .

BEERTHE

IREAF A WREOL: SRR AN R T IE EETT 18 N A IR 5 22 (AT ) = 7 A — PSRBT (0255 AR T (A4
HSF I AN D), XL R Sk et ™ AN RL g o 0 SR RO AR SR U, X Ry g BN T B B IR,
U] EA S o

5 MR 2R R A R AN A S TR IR 22 (A8) , X AMIRLRE ZE A A OG, A i R E R IEA S
5 S bE R . ARG ORI, R AE AT S - J5 £ T P AR A R O B E RE b . X TR AR
A SCHERIRRL, AR G R R Ao B o RTS8 O o B (R R R 28 AR 2 AR TR OR (i e Rzt iy PR 2 2%



thermomass’ REE®E
HZ KT ki) .

SFF— NN B BIANER, A S, BIASEE BN X E R R KA S TH AR 55, T
TR BEANHB5 1 2 I RS 8 R 52 B 88 52 (8 0E s B Ah RS AE P2 A IR P K 4, e 28 4 T 3 vk TR IR

)

E TR
8., num = .ﬁ&.{—-z }mmw kil
g THITL ™ (L = E ':m ) Eq. 5

Hr;

oir= 1x10°/K; AG = S-S A SR IR RE 22, B A oK

B = Btk i, HAzm X =IEFAS PRI ORI B, m

Bzt i 1 MC/MS i&E#2 88 7= A R8T T LA 6 115
V(E2), kN = 8,) / (da?)1/2000 (N/KN) Eq. 6

Hrfida, mm GERESARSHTEKE) BRBMNE 25 2 5 E5)

AT FIABHIHU AL S E Z [ n] BEAFAE 27 (A0 MRIETH Pribhid A, BaxfZER) , NARTEAHN A4
MIRVER A . (ERZ%E, ShrEREER SR 7 R B 22 AT AT LAE 5K, N4 Z A 1A i B 22 A0 FT LLEY 40K,
e AL R (SRR A

The safety verification of each connector consists of the analysis of the ultimate limit cases for
different relevant load combinations, as well as deformation limit cases. Each ultimate load case is verified if
the following interaction Eq. 7 is true for the axial and shear forces. Where Nrd and Vrd are respectively the
resisting axial and shear forces. As previously stated, when factored loads are used to check the
adequacy of the connector system, the allowable connector loads (Nrs and Vrd) for the CC and
MC/MS connectors may be doubled. The acting design loads Nss and Vsq¢ are determined by using

appropriate load combinations and the associated code load factors.

Tee y 2 o g
Noa  Va ART

During the safety verification, it is essential to compare the load design value to the design resistance of each

connector type separately, when using the non-composite system that uses both MC and CC connectors.

FEAN L AR 5 X A AR DL T I BT AL S b, A RIRATIE 0T, KRG . InRER G2
Ffda B ER, AN 7 AT RARES T AL . Nra Bl Vra 2 BIARE A RIEY JybiJy. Gomim Ak, 4k
L2z 4 280U BOFT 30R HERIGUE RN IE R 88 R ATFEVERS, CC A1 MC/MS 3% % &5 ) 25 ¥ 7iif (Nra @and Vra) T LA
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HOK— 1. HEIHRTER Noa 1 Vo FELAFIBE IR &1 RHOASE K
AEMRAEALE JL SN . MC/MS Al CC HEBEB ABHER IS, S A M B B 050

BRI ITRA

5 Connector spacing ZEE:88 ) Ah B 8] R
CC B AN I MCIMS IEH R RZ S IR T AR & e OBtk R T Fe b AT &

System Non-Composite (NC)IELH & % J1Je 05 HR R G0 i% 5288 A B R N

(1) CC HEHedt NiAT BAENR M HO ML,  HN 3 B3 W ABCR X, i 4 B, B4 BRTHRE T
—HAWHE CC ARG B, FEH R 7 —HEk R S 35 1 [ =
MC/MS HEFE & N AEF R B E AL A E, SR MR EE AL 625mm (25 %)) .
TEHUAR %4 8 10 8 H B T4 ZRANER IR, RS IBATRH .
ERAR I BN AT EE /2 150mm.
B INS H Be/INBE RS & 100mm.
BI04 B KR B8 2 300mm.
EAGZEEGE — 2, RN BB RS (B WRGRBREZ ZAR, BRI E
ERAR K I 2 ARG, BRI BN R A, VR TR

TEAM RS (X I, BN gt 113k, RS N A D S A E i B

SHCONCRONORDS

+ + * +* * + *

- - - - - - -

= g et g )

', 5, | - ]

LR T SR e EiT W W [ W e [ :

I | I I | | I

Ny L e e R P Al i B P PP e P o e i B PP T PP o B P B P P 'I
* + * * * - *

* * * * * * *
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MC/MZ CONNECTORS

[ T
CC CONNECTORS

Kl 4: CCIEHAA MC/MS JE AR AR AL & Y Db L i R AT BUREIR], ZEIEAE AR O X I8l B feds CRZIBRIAZAT 100mm 2 P9)
i KREBAFE—H CCERES, AHEMH.

6 References 3% ik

[1] Seshappa, V.; Seeber, K. Design of energy efficient partially-composite sandwich wall panels using fiber
composite polymer (FRP) wythe connectors. 3“fib International Congress 2010.

[2] Technical Design Guide for the THERMOMASS® C-Wall Sandwich Panel System. Thermomass, October
2006.

[3] ESR-1746, THERMOMASS® MC and MS Fiber Reinforced Composite Wythe Connectors Integrally
Insulated Wall Panels, ICC Evaluation Services, Inc., August 1 2007.

[4] Metric Guide for MC and MS Connectors, THERMOMASS®, Thermomass, January, 2014.

[5] Seshappa, V.; Seeber, K. Technical Data CC-Connectors, THERMOMASS, Thermomass, March, 2014.
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Example 1
4000 600
Y
600 500
L |
" Ext. Wythe = 60 mm
Insulation = 90 mm
3
@©
215
% N
8
I~
]
X

A =12.96 m2; Wext = (24)(12.96)(60/1000) = 18.66 kN
From Table 2 with insulation thickness, t of 90 mm,
Vall(CC) = 2.99 kN per CC

(Multiply Wext by 1.15 to account for torsion loads)

# CCr'qd = (1.15)(18.66 kN) / (2.99 kN/CC) = 7.17

Try (8) CC
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Example 1 (cont'd)
4000 600
Y
600 500
300
Ext. Wythe = 60 mm -
Insulation = 90 mm 8
+ + + A‘
K
+©
25| 350 |125 200 £§J & 500 = 2500 200 o)
’iu ’[v 'IV 71%4 ¥ N
| | | giﬂ— + } | | |
3 CC1 CC2 ccaig | cc4 #ccs cce CC7 cC8| g
8 8 C Cgx 1988 ©
N g Bt i
? eX = 127 mm 2| o
eY =253 mm ©
§ @
. . 8- .
g V g
Y
©
| X

Using the guideline spacing requirements the above layout
results in:
Total # Connectors = (8)CC + (37)MC/MS = 45 Total

Check how many MC/MS connectors would be needed to

if no CC used. From reference [3] the maximum shear per
MC/MS connector in order to keep the deflection below 2.54 mm
is 230 N or 0.23 kN.

Thus the number of MC/MS connectors required

equals (18.66 kN)/(0.23 kN/connector) = (82) MC/MS.

So, the cost comparison would be between:
1) (37)MS/MC + (8)CC and,;
2) (82)MS/MC - (Approximately 400 mm x 400 mm)

E-3
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Example 1 (cont'd)
Determination of Shear Loads on CC Connectors

CC ex = 2115 - 1988 = 127

CC ey = 1697 - 1950 = -253

lcc = (1863)*2 + (151322 + (688)*2 + (188)~2
+(312)72 + (812)"2 + (1312)*2 + (1812)"2

lcc = 12030002 CC*mm2

Sce1 = 12030002 / 1863 = 6457 CC-mm

Scc8 = 12030002 / 1812 = 6639 CC-mm

CC1 will resist the most shear due to vertical load

and CC1, CC8 will resist the most horizontal load torsion.

If V is the vertical force, then CC1 resists V/7 + (127)V/(6457)
or Vee1l =V/8 + 0.020 = 0.145V

If H is the horizontal load (seismic) then, Hce1,cc8 = H/8

and Vce1 = (253)H/(6457) = 0.039H

Vee8 = (253)H/(6639) = 0.038H

; —7F 1 0.038H
0.039H LJL’/,JFJ:&?T
CC1 CC2 cc3 H CE8 Ter e

Diagram Showing how Torsion due to Horizontal Loads is Resisted

Calculation and Checking Service Shear Loads on CC Connectors

V = Wext = 18.66 kN
Vee1(W) = (0.145)(18.66) = 2.71 kN < Vall(CC) = 2.99 kN //OK

If V(seismic)y T = V(E) = (20%)Wext,

then V(E) = (0.2)(18.66) = 3.73 kN

Vce1(E) = (0.145)(3.73) = 0.54 kN

(This value will be used in the Ultimate Load Combinations)

If H(seismic) = (40%)Wext then H = (0.4)(18.66) = 7.46 kN
H per CC = 7.46/8 = 0.93 kN/CC

From Table 2 for CC weak axis, Use Hall(CC) = ()(vall(CC))
Hall(CC) = (3)(2.99) = 1.99 kN > 0.93 kN //OK

Additional V on CC1 due to H(ey) = (+/-)(0.039)(7.46)
Vee1(H) = (+/-)0.29 kN
(This value will be used in the Ultimate Load Combinations)
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Example 1 (cont'd)

Temperature Shear Loads on CC Connectors

(Since the CC row is not at the mid-height of the panel, there
will be some shear in the CC connectors due to temperature.
Use 0=40K;L/2-XH =0.300 m

3 = (1x107-5)(40)(0.300)(1000) = 0.12 mm

From Table 2 with insulation thickness of 20 mm,

the shear due to a 1.59 deflection is 2.99 kN.

The shear due to a 0.12 mm deflection can be calculated

by, V(CC) = (0.12/1.59)(2.99 kN) = 0.23 kN

Temperature Shear Loads on MS/MC Connectors

Use 6 =40K;L/2-XH=1.550m

o = (1x107-5)(40)(1.550)(1000) = 0.62 mm

V(MS/MC), kN = [(12*30000*243.5*3) / (dA*3]/1000
From Table 2, dA = 102 mm

V(MS/MC), kN = 0.05 kN < Vall(MS/MC) = 0.50 kN //OK

Tensile Loads on All Connectors

Tensile Loads due to Wind

Use Wind Suction = 3.00 kN/m2
Total Panel Area = (3.3)(4.0) + (0.6)(0.6) = 13.56 m2
Total Wind Force = (3.00)(13.56) = 40.7 kN
Total # Connectors = (8)CC + (37)MS =45
Wind Tension per MS and CC connector
=40.7/45 = 0.90 kN
< Nall(CC) = 3.34 kN and < Nall(MC/MS) = 2.57 kN //OK

Tensile Loads due to Seismic perpendicular to Panel Face

(from previous calculations)
H = 7.46 kN, then Tension Load per MS and CC Connector
= 7.46/45 = 0.17 kN (less than allowables //OK)
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Example 1 (cont'd)

Now Check Ultimate Level Load Interactions

(Nsd/Nrd) + (Vsd/Vrd) <=1

Note: Remember Nrd and Vrd are equal to twice the allowable
values, Nrd = (2)Nallowable and Vrd = (2)(Vallowable)

CC Connector Interactions

U = (1.4)Weight + (1.0)Seismic + 0.5(Wind + Temperature)
(Vertical Seismic)

ZN = (1.4)(0) + (1.0)(0.17) + 0.5(0.90 + 0) = 0.62 kN

2V =(1.4)(2.71) + (1.0)(0.54) + 0.5(0 + 0.23) = 4.45 kN
Interaction

(Nsd/Nrd) + (Vsd/Vrd) = ((0.62)/(2)(3.34)) + ((4.45)/(2)(2.99))

=0.09+0.74 =0.83 < 1.0 OK//

U = (1.4)Weight + (1.0)Seismic + 0.5(Wind + Temperature)
(Horizontal Seismic<« —)

ZN = (1.4)(0) + (1.0)(0) + 0.5(0.90 + 0) = 0.45 kN

IV =(1.4)(2.71) + (1.0)(0.29) + 0.5(0 + 0.23) = 4.20 kN
Interaction

(Nsd/Nrd) + (Vsd/Vrd) = ((0.45)/(2)(3.34)) + ((4.20)/(2)(2.99))

=0.07 +0.70=0.77 < 1.0 OK//

U = (1.4)Weight + (1.6)Wind + (0.5)Temperature
ZN = (1.4(0) + (1.6)(0.90) + 0.5(0) = 1.44 kN
2V =(1.4)(2.71) + (1.6)(0) + 0.5(0.23) = 3.91 kN
Interaction
(Nsd/Nrd) + (Vsd/Vrd) = ((1.44)/(2)(3.34)) + ((3.91)/(2)(2.99))
=0.22 +0.65=0.85 < 1.0 OK//

MC/MS Connector Interactions

Note: Similar calculations as done for the CC connectors above
could be done for the MC/MS connectors, but by comparing the
loads against the capacities reveals that these calculations will
not be needed.




y 4
2 A\ \4
thermomass Pyd-nd

MODERN BUILDING

Example 2 (Same geometry as example 1, but now the insulation thickness is 100 mm
and the exterior wythe thickness is 75 mm.)

4000 600
Y
600 500
| l
" " Ext. Wythe = 76 mm
Insulation = 100 mm
gf
3
(o]
2115
8 N =
S| 8
o
|\.‘
2
X

A =12.96 m2; Wext = (24)(12.96)(75/1000) = 23.33 kN
From Table 2 with insulation thickness, t of 100 mm,
Vall(CC) = 2.84 kN per CC

(Multiply Wext by 1.15 to account for torsion loads)

# CCr'qd = (1.15)(23.33 kN) / (2.84 kN/CC) = 9.44

Try (10) CC
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Example 2 (cont'd)
4000 600
Y
600 500
300
Ext. Wythe = 75 mm > A
Insulation = 100 mm o]
x= —r
+ + + N
o || &
+©
125| 350 (125 200(3)e 350 =%050400 (3) @ 350 = 1050 200 Te)
L L, e 1 I i v N
T 7 I »
| [ | | | [ I |
S CC1 CC2 ccsﬁgg CC§ cC6 |CC7 CC8 CCOCC10 9
Q Q Cegx F 2100 b
N R i
%’ eX=15mm ﬁ 8
eY =253 mm ©
§ Q
y . i &
; ” g
o
©
X
: S

Using the guideline spacing requirements the above layout
results in:
Total # Connectors = (10)CC + (37)MC/MS = 47 Total

Check how many MC/MS connectors would be needed to

if no CC used. From reference [3] the maximum shear per
MC/MS connector in order to keep the deflection below 2.54 mm
is 160 N or 0.16 kN.

Thus the number of MC/MS connectors required

equals (23.33 kN)/(0.16 kN/connector) = (146) MC/MS.

So, the cost comparison would be between:
1) (37)MS/MC + (10)CC and;
2) (146)MS/MC - (Approximately 300 mm x 300 mm)

E-8
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Example 2 (cont'd)
Determination of Shear Loads on CC Connectors

CC ex =2115-2100 = 15

CC ey = 1697 - 1950 = -253

lcc = (1975)A2 + (1625)*2 + (800)"2 + (440)72 + (100)"2
+ (250)72 + (650)A2 + (1000)72 + (1350)*2 + (1700)2

lcc = 13582350 CC*mm2

Sce1 = 13582350 / 1975 = 6877 CC-mm

Scc10 = 13582350 / 1700 = 7989 CC-mm

CC1 will resist the most shear due to vertical load

and CC1, CC10 will resist the most horizontal load torsion.

If V is the vertical force, then CC1 resists V/10 + (15)V/(6877)
or Veel =V/10 + 0.002 = 0.102V

If H is the horizontal load (seismic) then, Hce1,cc10 = H/10
and Vcc1 = (253)H/(6877) = 0.037H

Vee10 = (253)H/(7989) = 0.032H

o, 1 F _ 10.032H
o e m— s
C 3 cc4 CC? CC6 CC7 CC8 CCYCC10

Diagram Showing how Torsion due to Horizontal Loads is Resisted

Calculation and Checking Service Shear Loads on CC Connectors

V = Wext = 23.33 kN
Vee1 (W) = (0.102)(23.33) = 2.38 kN < Vall(CC) = 2.84 kN //OK

If V(seismic)y T = V(E) = (20%)Wext,

then V(E) = (0.2)(23.33) = 4.67 kN

Vcc1(E) = (0.102)(4.67) = 0.48 kN

(This value will be used in the Ultimate Load Combinations)

If H(seismic) = (40%)Wext then H = (0.4)(23.33) = 9.33 kN
H per CC = 9.33/10 = 0.93 kN/CC

From Table 2 for CC weak axis, Use Hall(CC) = (3)(Vvall(CC))
Hall(CC) = (3)(2.84) = 1.89 kN > 0.93 kN //OK

Additional V on CC1 due to H(ey) = (+/-)(0.037)(9.33)
Vee1(H) = (+/-)0.34 kN
(This value will be used in the Ultimate Load Combinations)
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Example 2 (cont'd)

Temperature Shear Loads on CC Connectors

(Since the CC row is not at the mid-height of the panel, there
will be some shear in the CC connectors due to temperature.
Use 0=40K;L/2-XH =0.300 m

3 = (1x107-5)(40)(0.300)(1000) = 0.12 mm

From Table 2 with insulation thickness of 100 mm,

the shear due to a 1.73 deflection is 2.84 kN.

The shear due to a 0.12 mm deflection can be calculated

by, V(CC) = (0.12/1.73)(2.84 kN) = 0.20 kN

Temperature Shear Loads on MS/MC Connectors

Use 6 =40K;L/2-XH=1.550m

o = (1x107-5)(40)(1.550)(1000) = 0.62 mm

V(MS/MC), kN = [(12*30000*243.5*3) / (dA*3]/1000
From Table 2, dA =111 mm

V(MS/MC), kN = 0.04 kN < Vall(MS/MC) = 0.50 kN //OK

Tensile Loads on All Connectors

Tensile Loads due to Wind

Use Wind Suction = 3.00 kN/m2
Total Panel Area = (3.3)(4.0) + (0.6)(0.6) = 13.56 m2
Total Wind Force = (3.00)(13.56) = 40.7 kN
Total # Connectors = (10)CC + (37)MS =47
Wind Tension per MS and CC connector
=40.7/47 = 0.87 kN
< Nall(CC) = 3.34 kN and < Nall(MC/MS) = 2.57 kN //OK

Tensile Loads due to Seismic perpendicular to Panel Face

(from previous calculations)
H = 9.33 kN, then Tension Load per MS and CC Connector
=9.33/47 = 0.20 kN (less than allowables //OK)
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Example 2 (cont'd)

Now Check Ultimate Level Load Interactions

(Nsd/Nrd) + (Vsd/Vrd) <=1

Note: Remember Nrd and Vrd are equal to twice the allowable
values, Nrd = (2)Nallowable and Vrd = (2)(Vallowable)

CC Connector Interactions

U = (1.4)Weight + (1.0)Seismic + 0.5(Wind + Temperature)
(Vertical Seismic)

ZN = (1.4)(0) + (1.0)(0.20) + 0.5(0.87 + 0) = 0.64 kN

2V =(1.4)(2.38) + (1.0)(0.48) + 0.5(0 + 0.20) = 3.91 kN
Interaction

(Nsd/Nrd) + (Vsd/Vrd) = ((0.64)/(2)(3.34)) + ((3.91)/(2)(2.84))

=0.10+0.69=0.79 < 1.0 OK//

U = (1.4)Weight + (1.0)Seismic + 0.5(Wind + Temperature)
(Horizontal Seismic<« —)

ZN = (1.4)(0) + (1.0)(0) + 0.5(0.87 + 0) = 0.44 kN

TV =(1.4)(2.38) + (1.0)(0.93) + 0.5(0 + 0.20) = 4.36 kN
Interaction

(Nsd/Nrd) + (Vsd/Vrd) = ((0.22)/(2)(3.34)) + ((4.36)/(2)(2.84))

=0.03 +0.77 =0.80 < 1.0 OK//

U = (1.4)Weight + (1.6)Wind + (0.5)Temperature
ZN = (1.4(0) + (1.6)(0.87) + 0.5(0) = 1.39 kN
2V =(1.4)(2.38) + (1.6)(0) + 0.5(0.23) = 3.45 kN
Interaction
(Nsd/Nrd) + (Vsd/Vrd) = ((1.39)/(2)(3.34)) + ((3.45)/(2)(2.84))
=0.20 +0.61 =0.81 < 1.0 OK//

MC/MS Connector Interactions

Note: Similar calculations as done for the CC connectors above
could be done for the MC/MS connectors, but by comparing the
loads against the capacities reveals that these calculations will
not be needed.
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A=12.96m2; Wext=(24)(12.96)(60/1000)=18.66kN
MK 2 462 )2 B —F%, t=90mm, H:
Vall(CC)=2.99kN (44> CC &%)

(Wext L 1.15, ZEHEERD
#CCrqd=(1.15)(18.66kN)/(2.99kN/CC)=7.17

% LT, Wk 8 4 CC ks
A B 41=(8)CC+(37)MC/MS=45

FTRFE WM BEATE CC i#fzds, MCIMS BT EZ /DAY, HICHR[3E, fif MC/MS EH il {E/ N T
2.54mm [F)i K BT f75& 230N (0.23kN) , FE4FT 7 MCIMS FER288 1N 500 K -
(18.66kN)/(0.23kN)=(82)MC/MS

W, BRI L
1) (37)MS/MC+(8)CC;
2) (82)MS/MC (K% 400mm X 400mm )47 &)

ffisE CC 1HY y:

CC ex=2115-1988=127

CC ey=1697-1950=-253
lcc=(1863)"2+(1513)"2+(688)"2+(188)"2+(312)"2+(812)"2+(1312)*2+(1812)"2=12030002 CC*mm2
Scc1=12030002/1863=6457 CC-mm

Scc8=12030002/1812=6639 CC-mm

CC1 &Rk KL ¥ & Jifm# 5 21087 /), 1 H CC1, CC8 £&x&IH kL Huk Tk 5| k1% .
BV R, W CC1 RS HECA VIT+(127)VI(6457), Bl Vec1=V/8+0.020=0.145V
B HOAKCER 2R, ) Heel,ce8=H/8, Vec1=(253)H/(6457)=0.039H, Vcc8=(253)H/(6639)=0.038H

V=Wext=18.66kN
Vece1(W)=(0.145)(18.66)=2.71kN<Vall(CC)=2.99kN, i &

V(B =V(E)=(20%)Wext, 4 V(E)=(0.2)(18.66)=3.73kN, Vcc1(E)=(0.145)(3.73)=0.54kN (iZ%ti44
2 AR BR 7 A D

FH (HIE) = (40%)Wext, A4 H=(0.4)(18.66)=7.46kN, H (4} CC 4% =7.46/8=0.93kN % 2
#5#k CC 35, Hall(CC)=(2/3)(Vall(CC))=(2/3)(2.99)=1.99kN>0.93kN, 3 .

i H(ey)7E CC1 3l EMIFINET /19 Veel (H)=(+/-)0.29kN  GiZ{i K< FHAE M BR ik 20 & 1)

CC i%Ehegs b i P A iy sy
CHHT CC BEReas 3% A A TEMR s B ik, BT A TRR B P2 A2 89 1)
AR 7204 40K; L/2-XH=0.300m
8 =(1x107-5)(40)(0.300)(1000)=0.12mm
M 2 th i 4t 2 R FE 90mm, HFei 1.59mm 77487 /708 2.99kN, R FdiE 545 0.12mm £2ih 7= A4 1)
8777, V(CC)=(0.12/1.59)(2.99kN)=0.23kN
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MS/MC R s b s B 7= A i B

4705 40K; L/2-XH=1.550m

8 =(1x10-5)(40)(1.550)(1000)=0.62mm
V(MS/MC),kN=[(12*30000*243.5* & )/dA*3]/1000
% 22 dA=102mm

V(MS/MC),kN=0.05kN < Vall(MS/MC)=0.50kN, i /&

LR ML)
e o= OE 1A

A= AR [ 7L 3.00kN/m2

B B #1=(3.3)(4.0)+(0.6)(0.6)=13.56m2

JUI R 11=(3.00)(13.56)=40.7kN

HERE R B =(8)CC+(37)MS=45

FE MS/MC HI CC 82 #5532 3 (1 W7 11=40.7/45=0.90kN < Nall(CC)=3.34kN F1 Nall(MC/MS)=2.57kN,
T 2

I Ot 7B 1 2 5 R
AR 545 A5 . H=7.46kN, &4 MS/MC Fl CC #3282 B (K7 11=7.46/45=0.1TkN (/N FZVFHE,
2
SAZAR SR faf B EAE S A
(Nsd/Nrd)+(Vsd/Vrd)<=1
YERE, Nrd Al Vrd & BV 1)1

CCIE B RA L

U=(1.4)H FE+(1.0) & [ Hh Z+0.5( A+ E)
TN=(1.4)(0)+(1.0)(0.17)+0.5(0.90+0)=0.62kN
TV=(1.4)(2.71)+(1.0)(0.54)+0.5(0+0.23)=4.45kN

FHEAEH :
(Nsd/Nrd)+(Vsd/Vrd)=((0.62)/(2)(3.34))+((4.45)/(2)(2.99))=0.09+0.74=0.83<1.0 jii /&

U=(1.4)H FE+(1.0)8 7] 1o 2 +0.5( A+ JE)
TN=(1.4)(0)+(1.0)(0)+0.5(0.90+0)=0.45kN
TV=(1.4)(2.71)+(1.0)(0.29)+0.5(0+0.23)=4.20kN

FHHAEH
(Nsd/Nrd)+(Vsd/Vrd)=((0.45)/(2)(3.34))+((4.20)/(2)(2.99))=0.07+0.70=0.77<1.0 J# &

U=(1.4) 3 E+(1.6) X +0.5(i %)

>N=(1.4)(0)+(1.6)(0.90)+0.5(0)=1.44kN

TV=(1.4)(2.71)+(1.6)(0)+0.5(0.23)=3.91kN

FHEAER:
(Nsd/Nrd)+(Vsd/Vrd)=((1.44)/(2)(3.34))+((3.91)/(2)(2.99))=0.22+0.65=0.85<1.0 i &

MS/MC 3% 1% a5 i) (o 2 A
. A% CC M ds B P SRAHRL, (F S b A A B R AINAR B EE /), TH5R0A] DLAEIK o
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F 2. CHEEAK)UTRSMHEE, £ 2855 100mm, SRR 75mm)

A=12.96m2; Wext=(24)(12.96)(75/1000)=23.33kN
MF 2 a2 2 5 —£, t=100mm, f3:
Vall(CC)=2.84kN (44> CC &%)

(Wext L 1.15, ZEHEERD
#CCrqd=(1.15)(23.33kN)/(2.84kN/CC)=9.44

& b, R H 10 4> CC RS
HERE S B ¥=(10)CC+(37)MC/MS=47

FRF WM BEATE CC i#ids, MCIMS BT EZ /DAY, HICHR[3)E, fif MC/MS EH: 2 il {E/ N T
2.54mm [ kBT /75& 160N (0.16kN) , FE4Fr i MCIMS FER288 1N 500 K -
(23.33kN)/(0.16kN)=(146)MC/MS

e, R BRI
1) (37)MS/MC+(10)CC;
2) (146)MS/MC (k%2 300mm X 300mm F4i &)

e CC _LHAYBT .

CC ex=2115-2100=15

CC ey=1697-1950=-253
lcc=(1975)"2+(1625)"2+(800)"2+(440)"2+(100)*2+(250)*2+(650)"2+(1000)*2+(1350)*2+(1700)"2=13582
350 CC*mm?2

Scc1=13582350/1975=6877 CC-mm

Scc10=13582350/1700=7989 CC-mm

CC1 &7k KRZHH & /151 R8T /7, 1 H CC1, CC10 &7&+H KZHUK P12k 51
BV R, W CC1 AN VI10+(15)V/(6877), B Vec1=V/10+0.002=0.102V
B HOAKCERiER, ) Heel,cc8=H/10, Vecl1=(253)H/(6877)=0.037H, Vcc8=(253)H/(7989)=0.032H

V=Wext=23.33kN
Vee1(W)=(0.102)(23.33)=2.38kN<Vall(CC)=2.84kN, i &

V(B =V(E)=(20%)Wext, 4 V(E)=(0.2)(23.33)=4.67kN, Vcc1(E)=(0.102)(4.67)=0.48kN (i%{t¥4
2 AR BR a7 2D

HH i) = (40%)Wext, JE4 H=(0.4)(23.33)=9.33kN, H (44> CC i&E4£#%) =9.33/10=0.93kN )% 2 f
4k CC §9#hitE =, Hall(CC)=(2/3)(Vall(CC))=(2/3)(2.84)=1.89kN>0.93kN, i &

1 H(ey)7E CC1 3l EMIFINET /19 Veel (H)=(+/-)0.34kN  GiZ{i K< FHAE NP ik 20 & 1)

CC i%Ehegs b g P A iy sy

CHHT CC EReas %A A TEMR s B ik, BT A TRR B P2 A2 89 1)
AR 7204 40K; L/2-XH=0.300m

8 =(1x107-5)(40)(0.300)(1000)=0.12mm
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MR 2 P& 422 R 100mm, BHeh 1.73mm P2 AR 85 574 2.84kN, R HEE A 0.12mm Feihr=4:

(8T /7, V(CC)=(0.12/1.73)(2.84kN)=0.20kN

MS/MC %48

AR ZEON 40K; L/2-XH=1.550m

8 =(1x107-5)(40)(1.550)(1000)=0.62mm
V(MS/MC),kN=[(12*30000*243.5* § )/dA*3]/1000
H#E 275: dA=111mm

V(MS/MC),kN=0.04kN < Vall(MS/MC)=0.50kN, i &

P IR A B )
H XA Ry

A= AR [ 7L 3.00kN/m2

R A B A =(3.3)(4.0)+(0.6)(0.6)=13.56m2

U X 171=(3.00)(13.56)=40.7kN

R AR B E=(10)CC+(37)MS=47

A MS/MC HI CC 4% #5532 3 i) W $1 11=40.7/47=0.87kN < Nall(CC)=3.34kN F1 Nall(MC/MS)=2.57kN,
i 2

B (L 7 B

BT T8 45 245 H=9.33kN, 54> MS/MC il CC &85 52 3 0$7 11=9.33/47=0.20kN (/N T25V4-1H,
W)

A HERMEEAEH S

(Nsd/Nrd)+(Vsd/Vrd)<=1

VER, Nrd fl Vrd & 208 1 1%

CC A I A &

U=(1.4)H HE+(1.0)5 [ 1B +0.5( A+ i)
¥N=(1.4)(0)+(1.0)(0.20)+0.5(0.87+0)=0.64kN
YV=(1.4)(2.38)+(1.0)(0.48)+0.5(0+0.20)=3.91kN

FEAEH:
(Nsd/Nrd)+(Vsd/Vrd)=((0.64)/(2)(3.34))+((3.91)/(2)(2.84))=0.10+0.69=0.79<1.0 3 /&

U=(1.4)H FE+(1.0)8 7] 1 2 +0.5( X +IR )
TN=(1.4)(0)+(1.0)(0)+0.5(0.87+0)=0.44kN
TV=(1.4)(2.38)+(1.0)(0.93)+0.5(0+0.20)=4.36kN

AHHAEH
(Nsd/Nrd)+(Vsd/Vrd)=((0.22)/(2)(3.34))+((4.36)/(2)(2.84))=0.03+0.77=0.80<1.0 3 /&

U=(1.4) 3 E+(1.6) X +0.5(i7 %)

N=(1.4)(0)+(1.6)(0.87)+0.5(0)=1.39kN

YV=(1.4)(2.38)+(1.6)(0)+0.5(0.23)=3.45kN

FHEAER:
(Nsd/Nrd)+(Vsd/Vrd)=((1.39)/(2)(3.34))+((3.45)/(2)(2.84))=0.20+0.61=0.81<1.0 J# &
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